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Millions of people throughout the world perform 
physical exercise and play sport. Th ese people 

have specifi c medical needs. To cater for these people 
a branch of medicine known as ‘sports medicine’ has 
evolved.1, 2 Sports medicine includes: injury preven-
tion, diagnosis, treatment and rehabilitation; per-
formance enhancement through training, nutrition 
and psychology; management of medical problems; 
exercise prescription in health and in chronic disease 
states;3 the specifi c needs of exercising in children, 
females, older people and those with permanent dis-
abilities; the medical care of sporting teams and events; 
medical care in situations of altered physiology, such 
as at altitude or at depth; and ethical issues, such as 
the problem of drug abuse in sport.

Because of the breadth of content, sports medicine 
lends itself to being practiced by a multidisciplinary 
team of professionals with specialized skills who 
provide optimal care for the athlete and improve 
each other’s knowledge and skills.4 A sporting adage 
is that a ‘champion team’ would always beat a ‘team of 
champions’ and this also applies to sports medicine. 
Individuals who provide specialized skills and who 
utilize the skills off ered by other members of the team 
provide the best athlete care. Th is team approach can 
be implemented in a multidisciplinary sports medi-
cine clinic or by individual practitioners of diff erent 
disciplines collaborating by cross-referral.

The sports medicine team
Th e most appropriate sports medicine team depends 
on the setting. In an isolated rural community, the 
sports medicine team may consist of a family physi-
cian or a physiotherapist/physical therapist alone. In 
a fairly populous city, the team may consist of:

CHAPTER 

1
Sports Medicine:
The Team Approach

• family physician
• physiotherapist/physical therapist
• sports physician
• massage therapist
• orthopedic surgeon
• radiologist
• podiatrist
• dietitian/nutritionist
• psychologist
• sports trainer/athletic trainer
• other professionals such as osteopaths, 

chiropractors, exercise physiologists, 
biomechanists, nurses, occupational therapists, 
orthotists, optometrists

• coach
• fi tness adviser.

In the Olympic polyclinic, an institution that 
aims to serve all 10 000 athletes at the games, the 
sports medicine team includes 160 practitioners 
(Table 1.1).

Multiskilling

Th e practitioners in the team have each developed 
skills in a particular area of sports medicine. Th ere 
may also be a considerable amount of overlap between 
the diff erent practitioners. Practitioners should be 
encouraged to increase their knowledge and skills 
in areas other than the one in which they received 
their basic training. Th is ‘multiskilling’ is particularly 
important if the practitioner is geographically isolated 
or is travelling with sporting teams.

Th e concept of multiskilling is best illustrated by a 
number of examples. When an athlete presents with 
an overuse injury of the lower limb, it is the podia-
trist or biomechanist who has the best knowledge 
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of the relationship between abnormal biomechanics 
and the development of the injury, in clinical bio-
mechanical assessment and in possible correction of 
any biomechanical cause. However, it is essential that 
other practitioners, such as a sports physician, ortho-
pedic surgeon, physiotherapist/physical therapist and 
sports/athletic trainer, all have a basic understand-
ing of lower limb biomechanics and are able to 
perform a clinical assessment. Similarly, in the ath-
lete who presents complaining of excessive fatigue 
and poor performance, the dietitian is best able to 
assess the nutritional state of the athlete and deter-
mine if a nutri tional defi ciency is responsible for the 
patient’s symptoms. However, other practitioners such 
as a sports physician, physiotherapist/physical thera-
pist or trainer must also be aware of the possibility of 
nutritional defi ciency as a cause of tiredness and be 
able to perform a brief nutritional assessment.

The sports medicine model

Th e traditional medical model (Fig. 1.1) has the 
physician as the primary contact practitioner with 
subsequent referral to other medical and para medical 
practitioners.

Th e sports medicine model (Fig. 1.2) is diff er-
ent. Th e athlete’s primary medical contact may be 
with a physician, however, it is just as likely to be a 
trainer, physiotherapist/physical therapist or massage 

ther apist. Athletes usually present to the practitioner 
with whom they have the best relationship or are most 
accustomed to seeing. Th erefore, it is essential that all 
practitioners in the sports medicine team understand 
their own strengths and limitations and are aware of 
which other practitioners can off er the required skills 
for the best management of the patient.

If a patient is not responding to a particular treat-
ment regimen, it is necessary to reassess the situation, 
reconsider the diagnosis and consider alternative 
methods of treatment. Th is may require referral to 
another member of the sports medicine team.

Table 1.1 Staff  who provide medical coverage at an Olympic and Paralympic polyclinic

Administration/organization

Chief Medical Offi  cer
Deputy Chief Medical Offi  cer, and Chief, Athlete Services (sports physician)
Director of Clinical Services—Polyclinic (sports physician)
Director of Nursing
Director of Physiotherapy/Physical therapy
Director of Remedial Massage
Director of Podiatric Services
Director of Dental Services
Director of Emergency Services

Consulting

Medical practitioners: sports physicians; orthopedic surgeons; general practitioners; rehabilitation specialists; 
emergency medicine specialists; ear, nose and throat specialists; gynecologists; dermatologists; ophthalmologists; 
ophthalmic surgeons; radiologists; amputee clinic physician; spinal clinic physician

Physiotherapists/Physical therapists
Massage therapists
Podiatrists
Optometrists
Pharmacists
Dentists
Interpreters

Figure 1.1 The traditional medical model

Patient

Physician

Physiotherapist/
Physical therapist

Podiatrist Others

Massage therapist Dietitian
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The challenges of 
management
Th e secret of success in sports medicine is to take 
a broad view of the patient and his or her problem. 
Th e narrow view may provide short-term ameliora-
tion of symptoms but will ultimately lead to failure. 
Examples of the narrow view may include a runner 
who presents with shin pain, is diagnosed as having 
a stress fracture of the tibia and is treated with rest 
until free of pain; a baseball pitcher who presents 
with shoulder pain, is diagnosed as having rotator 
cuff  tendinitis and is treated with anti-infl ammatory 
medication and rest from aggravating activities; or 
a triathlete who presents with excessive fatigue and 
poor performance and is treated with rest.

In all these examples, it is likely that in the short 
term each of these athletes will improve and return to 
activity. However, in each case there is a high likeli-
hood of recurrence of the problem on resumption 
of activity. It is not adequate simply to diagnose the 
athlete’s presenting problem and treat accordingly. Th e 
clinician must always ask ‘Why has this injury/illness 
occurred?’. Th e cause may be obvious, for example, 
recent sudden doubling of training load, or it may be 
subtle and, in many cases, multifactorial.

Th e greatest challenge of sports medicine is to 
identify and correct the cause of the injury/illness. 
In the cases mentioned above, the runner with shin 
pain arising from a stress fracture will continue to 
have problems unless the cause is corrected. Th e 
cause may be one or more factors, such as abnormal 
biomechanics, inappropriate footwear, change of 

training surface or change in quantity or quality 
of training. Th e baseball pitcher may have shoulder 
tendinopathy because of poor throwing technique, 
excessive pitching or the presence of mild instability 
of the shoulder joint. Th e triathlete may have fatigue 
and impaired performance because of overtraining 
and/or inadequate recovery, poor nutrition, accom-
panying viral illness or a medical condition such as 
exercise-induced asthma. In each of these cases, it is 
essential to take a broad rather than narrow view of 
the problem.

In medicine, there are two main challenges—diag-
nosis and treatment. As mentioned, in sports medi-
cine, it is necessary to diagnose both the problem and 
the cause. Treatment then needs to be focused on 
both these areas.

Diagnosis

Every attempt should be made to diagnose the precise 
anatomical and pathological cause of the present-
ing problem. With adequate knowledge of anatomy 
(especially surface anatomy) and an understanding of 
the pathological processes likely to occur in athletes, 
a precise diagnosis can usually be made. Th us, instead 
of using a purely descriptive term such as ‘shin splints’, 
the practitioner should attempt to diagnose which 
of the three underlying causes it could be—stress 
fracture, chronic compartment syndrome or periost-
itis—and use the specifi c term. Accurate diagnosis 
permits precise treatment.

Th ere are, however, some clinical situations in 
which a precise anatomical and pathological diagnosis 
is not possible. For example, in many cases of low 

Trainer

Physician

Dietitian Athlete—Coach

Psychologist

Others

Podiatrist

Massage therapist

Physiotherapist/Physical therapist

Figure 1.2 The sports medicine model. In professional sport the player’s agent also features prominently in 
athlete–coach interaction
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back pain, it is clinically impossible to diff erentiate 
between potential sites of pathology. In situations 
such as these, it is necessary to monitor symptoms 
and signs through careful clinical assessment and 
correct any abnormalities present (e.g. hypo mobility 
of an intervertebral segment) using appropriate treat-
ment techniques.

As mentioned, sports medicine oft en requires not 
only the diagnosis of the presenting problem but also 
the diagnosis of the cause of the problem. Th e US 
orthopedic surgeon, Ben Kibler, has coined the term 
‘victim’ for the presenting problem and ‘culprit’ for the 
cause.5 Diagnosis of the presenting problem requires 
a good knowledge of anatomy and possible pathology, 
while diagnosis of the cause oft en requires a good 
understanding of biomechanics, technique, training, 
nutrition and psychology. Just as there may be more 
than one pathological process contributing to the 
patient’s symptoms, there may also be a combination 
of factors causing the problem.

As with any branch of medicine, diagnosis 
depends on careful clinical assessment, which con-
sists of obtaining a history, physical examination 
and investigations. Th e most important of these is 
undoubtedly the history but, unfortunately, this is 
oft en neglected. It is essential that the sports clinician 
be a good listener and develop skills that enable him 
or her to elicit the appropriate information from the 
athlete. Once the history has been taken, an exami-
nation can be performed. It is essential to develop 
examination routines for each joint or region and 
to include in the examination an assessment of any 
potential causes.

Investigations should be regarded as an adjunct 
to, rather than a substitute for, adequate history and 
examination.6 Th e investigation must be appropriate 
to the athlete’s problem, provide additional informa-
tion and should only be performed if it will aff ect the 
diagnosis and/or treatment.

Treatment

Ideally, treatment has two components—treatment 
of the presenting injury/illness and treatment to 
correct the cause. It is important to understand that 
no single form of treatment will correct all or even the 
majority of sports medicine problems. A combina-
tion of diff erent forms of treatment will usually give 
the best results.

Th erefore, it is important for the clinician to be 
aware of the variety of treatments and to appreci-
ate when their use may be appropriate. It is also 
important to develop as many treatment skills as 

possible or, alternatively, ensure access to others 
with particular skills. It is essential to evaluate the 
eff ectiveness of treatment constantly. If a particular 
treatment is not proving to be eff ective, it is important 
fi rstly to reconsider the diagnosis. If the diagnosis 
appears to be correct, other treatments should be 
considered (Chapter 36).

Meeting individual needs

Every patient is a unique individual with specifi c 
needs. Without an understanding of this, it is not 
possible to manage the athlete appropriately. Th e 
patient may be an Olympic athlete whose selection 
depends on a peak performance at forthcoming 
trials. Th e patient may be a non-competitive business 
executive whose jogging is an important means of 
coping with everyday life. Th e patient may be a club 
tennis player whose weekly competitive game is as 
important as a Wimbledon fi nal is to a professional. 
Alternatively, the patient may be someone to whom 
sport is not at all important but whose low back pain 
causes discomfort at work.

Th e cost of treatment should also be considered. 
Does the athlete merely require a diagnosis and 
re assurance that he or she has no major injury? Or 
does the athlete want twice-daily treatment in order 
to be able to play in an important game. Obviously, 
the latter approach is more costly but may be what 
the patient wants. Treatment depends on the patient’s 
situation, not purely on the diagnosis.

The coach, the athlete 
and the clinician
Th e relationship between the coach, the athlete and 
the clinician is shown in Figure 1.3. Th e clinician 
obviously needs to develop a good relationship with 
the athlete. A feeling of mutual trust and confi dence 
would lead to the athlete feeling that he or she can 
confi de in the clinician and the clinician feeling that 
the athlete will comply with advice.

As the coach is directly responsible for the athlete’s 
training and performance, it is essential to involve 

Athlete + Agent

Coach Clinician

Figure 1.3 The coach, the athlete and the clinician

Brukner-A-01_06.indd   6Brukner-A-01_06.indd   6 5/6/06   11:43:50 AM5/6/06   11:43:50 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 7

CHAPTER 1 SPORTS MEDICINE: THE TEAM APPROACH 1

the coach in medical decision making. Unfortu-
nately, some coaches have a distrust of clinicians, 
feeling, rightly or wrongly, that the main role of the 
practitioner is to prevent the athlete from training or 
competing. It is essential for the coach to understand 
that the practitioner is also aiming to maximize the 
performance and health of the athlete. When major 
injuries occur, professional athletes’ agents will be 
involved in discussions.

Involving the coach in the decision-making pro-
cess and explaining the rationale behind any recom-
mendations will increase athlete compliance. Th e 
coach will also be a valuable aid in supervising the 
recommended treatment or rehabilitation program. 
Discussion with the coach may help to establish 
a possible cause for the injury as a result of faulty 
technique or equipment.

A good practitioner–coach relationship is a 
win–win situation. Th e coach will develop a better 
understanding of what the clinician has to off er and 
is more likely to seek help for minor problems which, 
if managed appropriately, may prevent subsequent 
major problems. Th e clinician will benefi t from an 
increased understanding of the demands of the sport 
and may have an opportunity to institute various 
preventive measures.

‘Love thy sport’
To be a successful sports clinician it is essential to 
know and love sport and to be an advocate for physical 
activity. Th e sports clinician needs to understand the 
importance of sport to the athlete and the demands 
of the sport. Th ese demands may be physical, such 
as training and technique, or psychological. As well 
as understanding the general philosophy of sport 
and the athlete, it is important to have a thorough 
understanding of particular sports.

A good understanding of a sport and exercise 
confers two advantages. Firstly, if the clinician under-
stands the physical demands and technical aspects of 
a particular sport, then this will improve his or her 
understanding of possible causes of injury and also 
facilitate development of sport-specifi c rehabilitation 
programs. Secondly, it will result in the athlete having 
increased confi dence in the clinician.

Th e best way to understand the sport is to attend 
both training and competition or to actually partici-
pate in the sport. Th us, it is essential to be on site, not 
only to be available when injuries occur, but also to 
develop a thorough understanding of the sport.
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Regular physical activity is probably the most 
important overall determinant of a population’s 

health. Unfortunately, physical activity may extract 
a cost in the form of an activity-related injury. Such 

an injury may be categorized as either being an 
acute injury or an overuse injury depending on the 
mechanism of injury and the onset of symptoms 
(Table 2.1).

Sports Injuries CHAPTER 

2

Table 2.1 Classifi cation of sporting injuries

Site Acute injuries Overuse injuries

Bone Fracture
Periosteal contusion

Stress fracture
‘Bone strain’, ‘stress reaction’
Osteitis, periostitis
Apophysitis

Articular cartilage Osteochondral/chondral 
fractures

Minor osteochondral injury

Chondropathy (e.g. softening, fi brillation, fi ssuring, 
chondromalacia)

Joint Dislocation
Subluxation

Synovitis
Osteoarthritis

Ligament Sprain/tear (grades I–III) Infl ammation

Muscle Strain/tear (grades I–III)
Contusion
Cramp
Acute compartment syndrome

Chronic compartment syndrome
Delayed onset muscle soreness
Focal tissue thickening/fi brosis

Tendon Tear (complete or partial) Tendinopathy (includes paratenonitis, tenosynovitis, 
tendinosis, tendinitis)

Bursa Traumatic bursitis Bursitis

Nerve Neuropraxia Entrapment
Minor nerve injury/irritation
Adverse neural tension

Skin Laceration
Abrasion
Puncture wound

Blister
Callus
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Acute injuries
Acute injuries may be due to extrinsic causes, such as 
a direct blow, either as a result of contact with another 
player or equipment, or intrinsic causes, such as a 
ligament sprain or muscle tear. As shown in Table 
2.1, acute injuries may be classifi ed according to 
the particular site injured (e.g. bone, cartilage, joint, 
ligament, muscle, tendon, bursa, nerve or skin) and 
the type of injury (e.g. fracture, dislocation, sprain 
or strain).

Bone

Fractures

Fractures may be due to direct trauma such as a blow, 
or indirect trauma such as a fall on the outstretched 
hand or a twisting injury. Fractures may be closed 
or open (compound), where the bony fragment 
punctures the skin.

Fractures are classifi ed as transverse, oblique, spiral 
or comminuted (Fig. 2.1). Another type of fracture 
seen in athletes, particularly children, is the avulsion 
fracture, where a piece of bone attached to a tendon 
or ligament is torn away.

Th e clinical features of a fracture are pain, tender-
ness, localized bruising, swelling, and, in some cases, 
deformity and restriction of movement. Fractures are 
managed by anatomical and functional realignment. 
Non-displaced or minimally displaced fractures can 
be treated with bracing or casting. Displaced fractures 
require reduction and immobilization. A displaced, 
unstable fracture requires surgical stabilization.

Th ere are a number of possible complications of 
fracture. Th ese include:

• infection
• acute compartment syndrome
• associated injury (e.g. nerve, vessel)
• deep venous thrombosis/pulmonary embolism
• delayed union/non-union
• malunion.

Infection is most likely to occur in open (com-
pound) fractures. Prophylactic antibiotic therapy is 
required in the treatment of any open fracture.

Occasionally a fracture may cause swelling of a 
muscle compartment that is surrounded by a non-
distensible fascial sheath, usually in the fl exor com-
partment of the forearm or the anterior compartment 
of the lower leg. Th is condition, acute muscle com-
partment syndrome (see below), causes pain out of 
proportion to the fracture, pain on passive stretch, 
pulselessness and paresthesia. Th is may require urgent 

Figure 2.1 Types of fracture

(a) transverse (b) oblique (c) spiral 
(d) comminuted

(a) (b)

(c) (d)
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fasciotomy, that is, release of the tight band of tissue 
surrounding the muscle compartment.

Occasionally, deep venous thrombosis and pulmon-
ary embolism may occur aft er a fracture, especially a 
lower limb fracture. Th is should be prevented by early 
movement and active muscle contraction. Delayed 
union, or malunion, of a fracture causes persistent 
pain and disability that may require bone graft ing, 
with or without internal fi xation.

Th e problems of immobilization are discussed in 
Chapter 10. If immobilization is required for frac-
ture healing, muscle wasting and joint stiff ness will 
occur. Muscle wasting can be reduced by the use of 
electrical muscle stimulation and by isometric muscle 
contractions. Joint stiff ness can be reduced by the 
use of limited motion braces instead of complete 
immobilization or by the use of surgical fi xation, 
which allows early movement.

Growth plate fractures in children and adolescents 
present a particular problem. Th ese fractures are 
reviewed in Chapter 40.

Soft  tissue injury, such as ligament or muscle 
damage, is oft en associated with a fracture, and may 
cause more long-term problems than the fracture 
itself. Th us, it is important not to ignore the soft  tissue 
components of any bony injury. Specifi c fractures that 
are common in athletes are discussed in Part B.

Periosteal injury

Acute periosteal injuries are uncommon. Like frac-
tures, they can be extremely painful. Examples of 
periosteal injury include the condition known as a 
‘hip pointer’, an injury to the periosteum of the iliac 
crest caused by a direct blow, and periosteal injury 
of the tibia resulting from a blow from a kick, stick 
or ball.

Articular cartilage

Articular cartilage lines the ends of long bones. It 
absorbs shock and compressive forces and permits 
almost frictionless movement of joints. Th ese injuries 
are far more common than was previously realized.

With the advent of new imaging techniques such as 
magnetic resonance imaging (MRI) and the increas-
ing availability of arthroscopy, it is now possible to 
distinguish three classes of articular cartilage injuries 
(Fig. 2.2):

1. disruption of the articular cartilage at its 
deeper layers with or without subchondral 
bone damage, while the articular surface itself 
remains intact (Fig. 2.2a)

2. disruption of the articular surface only 
(Fig. 2.2b)

3. disruption of both articular cartilage and 
subchondral bone (Fig. 2.2c).

Articular cartilage may be injured by acute shearing 
injuries such as dislocation and subluxation. Common 
sites of chondral and osteochondral injuries are the 
superior articular surface of the talus, the femoral con-
dyles, the patella and the capitellum of the humerus. 
Osteochondral injuries may be associated with soft  
tissue conditions such as ligament sprains and com-
plete ruptures (e.g. anterior cruciate ligament injury). 
As an initial X-ray examination is oft en normal, the 
clinician must maintain a high index of suspicion of 
osteochondral damage if an apparently ‘simple joint 

Figure 2.2 The three types of articular cartilage injury
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sprain’ remains painful and swollen for longer than 
expected. Th ese injuries should be investigated with 
MRI. Arthroscopy may be required to assess the 
degree of damage and to remove loose fragments or 
to perform chondroplasty (smooth loose edges of 
damaged articular cartilage).

Acute damage to articular cartilage is present 
in association with complete ligament ruptures1 
and may predispose to premature osteoarthritis.2 
Th erefore, every attempt should be made to restore 
the smooth surface of the articular cartilage. Immo-
bilization has a detrimental eff ect on articular car-
tilage but continuous passive movement may help 
counter this eff ect.

Articular cartilage injuries generally do not heal 
fully. A variety of treatments have the potential to 
improve healing of articular surfaces, including per-
foration of subchondral bone, altered joint loading, 
periosteal and perichondral graft s, cell transplanta-
tion, growth factors, artifi cial matrices and mesen-
chymal stem cells. Th e latter treatments are still at an 
experimental stage and as yet no treatment can be said 
to restore a durable articular surface reliably.3

Joint

Dislocation/subluxation

Dislocation of a joint occurs when trauma produces 
complete dissociation of the articulating surfaces of 
the joint. Subluxation occurs when the articulating 
surfaces remain partially in contact with each other 
(Fig. 2.3).

Th e stability of a joint depends on its anatomy. 
Th e hip is relatively stable because it has a deep ball 
and socket confi guration, whereas the shoulder is far 

less stable because it has a small area of bony contact. 
Less stable joints such as the shoulder and fi ngers 
are more likely to dislocate. More stable joints such 
as the hip, elbow, ankle and subtalar joints require 
much greater forces to dislocate and are, therefore, 
more likely to be associated with other injuries (e.g. 
fractures, nerve and vascular damage). All dislocations 
and subluxations result in injuries to the surrounding 
joint capsule and ligaments.

Complications of dislocations include associated 
nerve damage, for example, axillary nerve injury 
in shoulder dislocations, and vascular damage, for 
example, brachial artery damage in elbow disloca-
tions. All dislocations should be X-rayed to exclude 
an associated fracture.

Dislocated joints, in most cases, may be reduced 
relatively easily. Occasionally, muscle relaxation is 
required and this is achieved either by the use of 
an injected relaxant such as diazepam or by general 
anesthetic. Aft er reduction, the joint needs to be 
protected to allow the joint capsule and ligaments to 
heal. Where possible, early protected mobilization is 
encouraged. Subsequent muscle strengthening gives 
the joint increased stability. Management of the more 
common dislocations is discussed in Part B.

Ligament

Th e stability of a joint is increased by the presence 
of a joint capsule of connective tissue, thickened at 
points of stress to form ligaments. Th e ends of the 
ligament attach to bone.

Ligament injuries range from mild injuries involv-
ing the tearing of only a few fi bers to complete tears 
of the ligament, which may lead to instability of the 
joint. Ligament injuries are divided into three grades 
(Fig. 2.4). A grade I sprain represents some stretched 
fi bers but clinical testing reveals normal range of 
motion on stressing the ligament. A grade II sprain 
involves a considerable proportion of the fi bers and, 
therefore, stretching of the joint and stressing the liga-
ment show increased laxity but a defi nite end point. 
A grade III sprain is a complete tear of the ligament 
with excessive joint laxity and no fi rm end point. 
Although they are oft en painful conditions, grade 
III sprains can also be pain-free as sensory fi bers are 
completely divided in the injury.

The management of acute ligament sprains is 
summarized in Figure 2.5. Th e initial management 
consists of fi rst aid to minimize bleeding and swelling 
(Chapter 10). For grade I and II sprains, treatment 
aims to promote tissue healing, prevent joint stiff -
ness, protect against further damage and strengthen 

Figure 2.3 (a) Subluxation and (b) dislocation of a 
joint

(a)

(b)
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muscle to provide additional joint stability. Th e heal-
ing of collagen in a partial ligament tear takes several 
months.4, 5 However, depending on the degree of dam-
age, return to sport may be possible sooner than this, 
especially with protection against further injury.

Th e treatment of a grade III sprain may be either 
conservative or surgical. For example, the torn medial 
collateral ligament of the knee and the torn lateral 
ligament of the ankle may be treated conservatively 
with full or partial immobilization. Alternatively, the 
two ends of a torn ligament can be reattached surgi-
cally and the joint then fully or partially immobilized 
for approximately six weeks. In certain instances (e.g. 
anterior cruciate ligament rupture), torn ligament 
tissue is not amenable to primary repair and surgical 
reconstruction of the ligament, usually using tendon, 
may be performed instead.

Muscle

Strain/tear

Muscles are strained or torn when some or all of the 
fi bers fail to cope with the demands placed upon 
them. Muscles that are commonly aff ected are the 
hamstrings, quadriceps and gastrocnemius; these 
muscles are all biarthrodial (cross two joints) and thus 
more vulnerable to injury. A muscle is most likely to 
tear during sudden acceleration or deceleration.

Muscle strains are classified in three grades 
(Fig. 2.6). A grade I strain involves a small number 
of muscle fi bers and causes localized pain but no loss 
of strength. A grade II strain is a tear of a signifi cant 
number of muscle fi bers with associated pain and 
swelling. Pain is reproduced on muscle contraction. 

Figure 2.4 Ligament sprains

(a) Grade I (b) Grade II (c) Grade III

Grade I and II Grade III

First aid management

Electrotherapeutic
    modalities
Joint mobilization
Soft tissue massage

Surgery—repair
 —reconstruction
 or
Protective bracing

Muscle strengthening
Proprioceptive training
Functional training

Figure 2.5 Management of acute ligament sprains
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Strength is reduced and movement is limited by pain. 
A grade III strain is a complete tear of the muscle. 
Th is is seen most frequently at the musculotendinous 
junction.

Management of muscle strains requires fi rst aid 
to minimize bleeding, swelling and infl ammation. 
Subsequent treatment promotes effi  cient scar for-
mation through the use of strengthening exercises, 
electrotherapeutic modalities, soft  tissue therapy and 
stretching.

A number of factors predispose to muscle strains:

• inadequate warm-up
• insuffi  cient joint range of motion
• excessive muscle tightness
• fatigue/overuse/inadequate recovery
• muscle imbalance
• previous injury
• faulty technique/biomechanics
• spinal dysfunction.

Most muscle strains are preventable. Methods of 
injury prevention are discussed in Chapter 6.

Contusions

A muscle contusion usually results from a direct blow 
from an opposition player or fi rm contact with equip-
ment in collision sports, such as football, basketball 
and hockey. Th e blow causes local muscle damage with 
bleeding. Th e most common site of muscle contusions 
is the front of the thigh in the quadriceps muscle. Th is 
injury is known as a ‘cork thigh’ or ‘charley horse’.

Management of contusion includes minimization 
of bleeding and swelling, followed by encouragement 
of resorption of the blood clot with electrotherapeutic 
modalities, carefully controlled soft  tissue therapy as 
well as stretching and strengthening. Although most 
of these injuries are relatively minor and do not limit 
participation in sport, occasionally a severe contusion 
may result in a large amount of bleeding, especially if 
the player continues in the game aft er sustaining the 
injury. Heat, alcohol and vigorous massage increase 
bleeding aft er a contusion and must be avoided.

Athletes playing sports with a high risk of contu-
sions in a specifi c area, such as the thigh in some 
football codes, should consider the use of protective 

Figure 2.6 Muscle strains

(a) Grade I (b) Grade II (c) Grade III

(a) (b) (c)
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equipment such as padding. Th e athlete must weigh 
up the benefi t of reducing injury risk versus the 
reduction in mobility that may result from wearing 
the equipment.

An occasional complication of a muscle hematoma 
is myositis ossifi cans. Th is occurs when the hematoma 
calcifi es. Although this is most common following 
more severe muscle contusions, it may also occur 
in relatively minor cases. Myositis ossifi cans should 
be suspected in any muscle contusion that does not 
resolve in the normal time frame. An X-ray performed 
10 to 14 days aft er the injury may show an area of 
calcifi cation. Management of myositis ossifi cans is 
conservative and recovery is usually slow.

Cramps

Muscle cramps are painful, involuntary muscle con-
tractions that occur suddenly and can be temporar-
ily debilitating. Th e most common site of muscle 
cramps is the calf muscle but they may occur in any 
muscle. Disturbances at various levels of the central 
and peripheral nervous system and skeletal muscle 
are involved in the mechanism of cramp and may 
explain the diverse range of conditions in which cramp 
occurs.4, 6 Other popular theories as to the cause of 
cramps include dehydration, low potassium or low 
sodium levels, inadequate carbohydrate intake or 
excessively tight muscles but these hypotheses appear 
to be falling out of favor as the weight of evidence 
supports the ‘neural excitability’ hypothesis.7

Th e treatment of cramps is aimed at reducing 
muscle spindle and motor neuron activity by refl ex 
inhibition and aff erent stimulation. Th ere are no 
proven strategies for the prevention of exercise-
induced muscle cramp but regular muscle stretch-
ing, correction of muscle balance and posture, 
adequate conditioning for the activity, mental prepa-
ration for competition and avoidance of provocative 
drugs may all be benefi cial. Other strategies such 
as incorporating plyometrics or eccentric muscle 
strengthening into training programs, maintaining 
adequate carbo hydrate reserves during competition 
or treating myofascial trigger points require further 
investigation.8

Prevention of cramps involves maintenance of 
normal muscle tissue through adequate recovery 
aft er training with stretching and massage. A high 
carbohydrate meal should be eaten 2 to 3 hours before 
exercise. Adequate fl uid, carbohydrate and electrolyte 
intake is also helpful. True muscle cramps should be 
distinguished from cramp-like muscle pain that is 
commonly seen in referred pain from the spine to 
the extremities (Chapter 3).

Tendon

Complete or partial tendon ruptures may occur 
acutely (Fig. 2.7). Normal tendons consist of tight 
parallel bundles of collagen fi bers. Injuries to tendons 
generally occur at the point of least blood supply, 
for example, with the Achilles tendon usually 2 cm 
(0.75 in.) above the insertion of the tendon, or at the 
musculotendinous junction.

A tendon rupture occurs without warning, usually 
in an older athlete without a history of injury in that 
particular tendon. Th e two most commonly ruptured 
tendons are the Achilles tendon and the supraspinatus 
tendon of the shoulder. Th e main objective of the 
treatment of tendon injuries is to restore full motion 
and function. Partial tears are characterized by the 
sudden onset of pain and by localized tenderness but 
they may be diffi  cult to distinguish from tendinopathy 
(see below).

Figure 2.7 Tendon rupture

(a) Partial (b) Complete

(a)

(b)
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When investigation is indicated, ultrasound and 
MRI can be useful. Both modalities can distinguish 
between a partial or complete tendon rupture and 
overuse tendinopathy. Generally, acute tendon rupture 
requires surgical treatment followed by progressive 
rehabilitation.

Bursa

Bursae are small fl uid-fi lled sacs usually situated 
between a bone and a tendon. Th e role of a bursa is to 
reduce friction. Th ere are numerous bursae around the 
hips, knees, feet, shoulders and elbows. Most injuries 
to bursae are associated with overuse but occasionally 
a direct fall onto a bursa may result in acute traumatic 
bursitis due to bleeding into the bursa. Th e manage-
ment of acute hemorrhagic bursitis involves the 
application of ice and compression. Aspiration may 
be indicated if the condition does not resolve.

Nerve

Fortunately, major nerve injuries are unusual in ath-
letes. However, a few nerves are relatively exposed and 
susceptible to injury from a direct blow. Th e nerves 
most oft en injured in this way are the ulnar nerve at 
the elbow and the common peroneal nerve at the neck 
of the fi bula. Th e immediate symptoms are tingling, 
numbness and pain in the distribution of the nerve.

In minor nerve injuries the symptoms usually 
diminish quickly but in more severe injuries there 
will be persistent pain in the area of the distribution 
of the nerve. Occasionally, in severe injuries there will 
be paralysis or weakness of the muscles innervated 
by that nerve, in addition to sensory loss in the sen-
sory distribution of the nerve. While this paralysis 
is present the area should be supported in a brace 
or cast. Th is injury, known as neuropraxia, usually 
resolves spontaneously but slowly.

Th ere is increasing evidence that minor nerve 
injury is a common accompanying feature of many 
injuries. Th ese nerve injuries are detected clinically 
by changes in neural tension and may make a sig-
nifi cant contribution to the patient’s symptoms. Th e 
concept of neural tension is discussed more fully in 
Chapter 3.

Skin

Injury to skin is common among athletes, espe-
cially those playing contact sports. Possible dam-
age to underlying structures, such as tendons, 
muscles, blood vessels and nerves, should always 
be considered.

Open wounds may be abrasions, lacerations or 
puncture wounds. Th e principles of treatment of all 
open wounds are shown in Table 2.2.

Table 2.2 Principles of treatment of all open wounds

Principle Details

1.  Stop any associated 
bleeding

Apply a pressure bandage directly to the injured part and elevate it. If the wound is 
open and clean, bring the wound edges together using adhesive strips or sutures. 
A contaminated wound should not be closed.

2. Prevent infection Remove all dirt and contamination by simple irrigation. Extensively wash and 
scrub with antiseptic solution as required as soon as possible. If the wound is 
severely contaminated, prophylactic antibiotic therapy should be commenced 
(e.g. fl ucloxacillin, 500 mg orally four times a day). If anaerobic organisms are 
suspected (e.g. wound infl icted by a bite), add an antibiotic such as metronidazole 
(400 mg orally three times a day).

3.  Immobilization 
(where needed)

This applies when the wound is over a constantly moving part, for example, the 
anterior aspect of the knee. Certain lacerations, such as pretibial lacerations, require 
particular care and strict immobilization to encourage healing.

4. Check tetanus status All contaminated wounds, especially penetrating wounds, have the potential 
to become infected with Clostridium tetani. Tetanus immunization consists of a 
course of three injections over 6 months given during childhood. Further tetanus 
toxoid boosters should be given at 5 to 10 year intervals. In the case of a possible 
contaminated wound, a booster should be given if none has been administered 
within the previous 5 years.
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Overuse injuries
Overuse injuries present three distinct challenges to 
the clinician—diagnosis, treatment and an under-
standing of why the injury occurred. Diagnosis 
requires taking a comprehensive history of the onset, 
nature and site of the pain along with a thorough 
assessment of potential risk factors, for example, 
training and technique. Careful examination may 
reveal which anatomical structure is aff ected. It is 
oft en helpful to ask patients to perform the maneuver 
that produces their pain.

Th e treatment of overuse injuries may include 
relative rest, that is, avoidance of aggravating activi-
ties while maintaining fi tness; the use of ice and 
various electrotherapeutic modalities; soft  tissue 
techniques; and drugs, such as the non-steroidal 
anti-infl ammatory drugs (NSAIDs) (Chapter 10).

A cause must be sought for every overuse injury. 
Th e cause may be quite evident, such as a sudden 
doubling of training quantity, poor footwear or an 
obvious biomechanical abnormality, or may be more 
subtle, such as running on a cambered surface, mus-
cle imbalance or leg length discrepancy. Th e causes 
of overuse injuries are usually divided into extrinsic 
factors such as training, surfaces, shoes, equipment 
and environmental conditions, or intrinsic factors 
such as malalignment, leg length discrepancy, muscle 
imbalance, muscle weakness, lack of fl exibility and 
body composition. Possible factors in the development 
of overuse injuries are shown in Table 2.3.

Bone

Stress fractures

Stress fractures, a common injury among sports people, 
were fi rst reported in military recruits in the 19th 
century.9 A stress fracture is a microfracture in bone 
that results from repetitive physical loading below the 
single cycle failure threshold. Overload stress can be 
applied to bone through two mechanisms:

1. the redistribution of impact forces resulting in 
increased stress at focal points in bone

2. the action of muscle pull across bone.

Histological changes resulting from bone stress 
occur along a continuum beginning with vascular 
congestion and thrombosis. Th is is followed by osteo-
clastic and osteoblastic activity leading to rarefaction, 
weakened trabeculae and microfracture and ending 
in complete fracture. Th is sequence of events can 
be interrupted at any point in the continuum if the 
process is recognized.

Similarly, the process of bony remodeling and stress 
fracture in athletes is recognized as occurring along a 
clinical continuum with pain or radiographic changes 
presenting identifi able markers along the continuum. 
Since radioisotopic imaging and MRI can detect 
changes in bone at the phase of accelerated remod-
eling, these investigations can show stress-induced 
bony changes early in the continuum.

Stress fractures may occur in virtually any bone 
in the body. Th e most commonly aff ected bones are 
the tibia, metatarsals, fi bula, tarsal navicular, femur 
and pelvis.9–11 A list of sites of stress fractures and 
the likely associated sports or activities is shown in 
Figure 2.8. Table 2.4 lists the diagnostic features of 
a stress fracture.

It is important to note that a bone scan, although 
a routine investigation for stress fractures, is non-
specifi c, and other bony abnormalities such as tumors 
and osteomyelitis may cause similar pictures. It 
may also be diffi  cult to localize the site of the area 
of increased uptake precisely, especially in an area 
such as the foot where numerous small bones are in 
close proximity.

Table 2.3 Overuse injuries: predisposing factors

Extrinsic factors Intrinsic factors

Training errors Malalignment
 Excessive volume  Pes planus
 Excessive intensity  Pes cavus
 Rapid increase  Rearfoot varus
 Sudden change in type  Tibia vara
 Excessive fatigue  Genu valgum
 Inadequate recovery  Genu varum
 Faulty technique  Patella alta
Surfaces  Femoral neck anteversion
 Hard  Tibial torsion
 Soft Leg length discrepancy
 Cambered Muscle imbalance
Shoes Muscle weakness
 Inappropriate Lack of fl exibility
 Worn out
Equipment

  Generalized muscle 
tightness

 Inappropriate
Environmental

  Focal areas of muscle 
thickening

conditions
 Hot

  Restricted joint range of 
motion

 Cold Sex, size, body composition
 Humid Other
Psychological factors
Inadequate nutrition

   Genetic factors, 
endocrine factors, 
metabolic conditions
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MRI is being increasingly advocated as the investi-
gation of choice for stress fractures. Even though MRI 
does not image fractures as clearly as do computed 
tomography (CT) scans, it is of comparable sensitivity 
to radioisotopic bone scans in assessing bony dam-
age. Th e typical MRI appearance of a stress fracture 
shows periosteal and marrow edema plus or minus 
the actual fracture line (Fig. 2.12).

Th e treatment of stress fractures generally requires 
avoidance of the precipitating activity. Th e majority of 
stress fractures heal within six weeks of beginning rela-
tive rest. Healing is assessed clinically by the absence 
of local tenderness and functionally by the ability to 
perform the precipitating activity without pain. It is 
not useful to attempt to monitor healing with X-ray 
or radioisotopic bone scan.9 CT scan appearances of 
healing stress fractures can be deceptive as in some 
cases the fracture is still visible well aft er clinical 
healing has occurred.12

Th e return to sport aft er clinical healing of a stress 
fracture should be a gradual process to enable the 
bone to adapt to an increased load (Chapter 12). An 
essential component of the management of an over-
use injury is identifi cation and modifi cation of risk 
factors (Table 2.3).14 Th ere are, however, a number 
of sites of stress fractures in which delayed union or 
non-union of the fracture commonly occurs. Th ese 
fractures need to be treated more aggressively. Th e 
sites of these fractures and the recommended treat-
ments are shown in Table 2.5.

Coracoid process of scapula  Trapshooting

Scapula Running with hand weights

Humerus Throwing;  racquet sports

Olecranon Throwing;  pitching

Ulna Racquet sports (esp.  tennis);  gymnastics;
 volleyball;  swimming;  softball;  wheelchair
 sports

Ribs—1st Throwing;  pitching

Ribs—2nd–10th Rowing;  kayaking

Pars interarticularis Gymnastics;  ballet;  cricket fast bowling
 volleyball;  springboard diving

Pubic ramus   * Distance running;  ballet

Femur—neck Distance running;  jumping;  ballet

Femur—shaft Distance running

Patella Running;  hurdling

Tibia—plateau Running

Tibia—shaft Running;  ballet

Fibula Running;  aerobics;  race-walking;  ballet

Medial malleolus    x Running;  basketball

Calcaneus Long-distance military marching

Talus Pole vaulting

Navicular Sprinting;  middle-distance running;  
 hurdling; long jump;  triple jump;  football

Metatarsal—general Running;  ballet;  marching

Metatarsal—2nd base Ballet

Metatarsal—5th Tennis;  ballet

Sesamoid bone—foot Running;  ballet;  basketball;  skating 

Site of stress fracture Associated sport/activity

Femur - Neck

Tibial Plateau

Pubic 
Ramus

Medial Malleolus

*

1st rib

coracoid

humerus

pars
interarticularis

ulna

olecranon

ribs 2–10

scapula

pubic
ramus

femur

fibula

tibiapatella

femur—neck

tibial plateau

tibia/fibula

5th
metatarsal

calcaneus

sesamoid

navicular

talus

metatarsals

medial malleolus

Figure 2.8 Stress fractures: site and common associated activity

Table 2.4 Diagnostic features of a stress fracture

Diagnostic features

•  Localized pain and tenderness over the fracture 
site

•  A history of a recent change in training or taking up 
a new activity

•  X-ray appearance is often normal12 or there may be 
a periosteal reaction (Fig. 2.9)

•  Abnormal appearance on radioisotopic bone scan 
(scintigraphy) (Fig. 2.10),13, 14 CT scan (Fig. 2.11) or 
MRI (Fig. 2.12)
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Figure 2.9 X-ray showing periosteal new bone 
formation indicative of a stress fracture

Figure 2.10 Stress fracture: radioisotopic bone scan 
appearance COURTESY OF Z. S. KISS

Figure 2.11 CT of a stress fracture showing a cortical 
defect (arrowed)

Figure 2.12 MRI of a stress fracture showing bony 
edema (white)
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Bone strain

In some athletes bone scans show uptake of radio-
isotope at non-painful sites. Th is is thought to rep-
resent bony remodeling at a very early subclinical 
level and has been termed ‘bone strain’. Another 
situation encountered in clinical practice is the pain-
ful, tender focal area of bone that demonstrates a 
mildly increased uptake of radioisotope on bone 
scan, insuffi  cient to be classifi ed as a stress fracture. 
Th is has been termed ‘stress reaction’. It would appear 
that there is a continuum of bone response to stress 
that ranges from mild (bone strain) to severe (stress 

fracture) (Fig. 2.13). Th e clinical features of bone 
strain, stress reaction and stress fractures are sum-
marized in Table 2.6.

Th e presence of bone strain or a stress reaction 
are probably an indication that the patient is moving 
further along the continuum towards a stress fracture 
and should probably be an indication for reduction 
or modifi cation of activity.

Osteitis and periostitis

Osteitis (impaction trauma or primary infl amma-
tion of bone) and periostitis (abnormal histological 

silent
stress
reaction

stress
reaction

CT, X-ray or MRI
changes

Bone strain

Pa
in

stress
fracture

Figure 2.13 (a) The continuum of bone stress: from silent stress reaction through to stress fracture. At present, 
stress fracture is detected by changes on X-ray, CT scan or MRI. (b) MRI, bone scan and CT scan return to their 
normal appearance well after clinical union occurs

Table 2.5 Stress fractures that require specifi c treatment other than rest

Stress fracture Treatment

Femoral neck Undisplaced: initial bed rest for 1 week, then gradual weight-bearing
Displaced: surgical fi xation

Talus (lateral process) Non-weight-bearing cast immobilization for 6 weeks, or surgical excision 
of fragment

Navicular Non-weight-bearing cast immobilization for 6–8 weeks

Metatarsal—2nd base Non-weight-bearing for 2 weeks; partial weight-bearing for 2 weeks

Sesamoid bone of the foot Non-weight-bearing for 4 weeks

Metatarsal—5th base(a) Cast immobilization or percutaneous screw fi xation

Anterior tibial cortex Non-weight-bearing on crutches for 6–8 weeks, or intramedullary screw 
fi xation

(a) This is not a Jones’ fracture, which is an acute fracture (see Chapter 35).

CT scan
(6 + years)

6 + years

Bone scan
(1–2 years)

MRI
(months)

Clinical
features
(weeks)

Time

A
bn

or
m

al
N

or
m

al

(a) (b)
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appearance of periosteal collagen) are also considered 
overuse injuries. Th e condition known as osteitis 
pubis occurs in the pubic bones of the pelvis and is 
characterized by deep-seated pain and tenderness of 
the symphysis pubis with generalized increased uptake 
on the radioisotopic bone scan. Th e exact pathogenesis 
of this injury remains in debate (Chapter 23).

Periostitis or tenoperiostitis (pain at the tendinous 
attachment to bone) occurs commonly, mainly at the 
medial border of the tibia, a condition oft en known 
as ‘shin splints’. In this condition, tenderness along 
the medial border of the tibia corresponds with an 
area of increased uptake on bone scan.

Th e treatment of periostitis (or tenoperiostitis) con-
sists of local symptomatic therapy as well as unloading 
the muscle contraction on the periosteum. In the shin, 
strain may be reduced by altering the biomechanics 
through controlling excessive pronation. Soft  tissue 
therapy and stretching may also be eff ective.

Apophysitis

Bony infl ammation and separation may occur at 
the attachment of the strong, large tendons to the 
growth areas. Th is condition is called ‘apophysitis’ 
and the most common examples are Osgood-Schlatter 
disease at the attachment of the patellar tendon to the 
tibial tuberosity and Sever’s disease at the attachment 
of the Achilles tendon to the calcaneus. A full descrip-
tion of apophysitis is given in Chapter 40.

Articular cartilage

Overuse injury can aff ect the articular cartilage lining 
of joints, particularly in osteoarthritis. Changes range 
from microscopic infl ammatory changes to soft ening, 
fi brillation, fi ssuring and ultimately to gross visible 
changes. In younger people, this pathology can arise 

at the patella (patellofemoral syndrome), but it is 
important to note that the pain of patellofemoral 
syndrome can occur in the presence of normal joint 
surfaces. Th is very common condition is discussed 
in Chapter 28.

Joint

Infl ammatory changes in joints associated with over-
use are classifi ed as synovitis or capsulitis. Examples 
of these problems are the sinus tarsi syndrome of the 
subtalar joint and synovitis of the hip joint.

Ligament

Overuse injuries of ligaments are uncommon. Th e 
medial collateral ligament of the knee occasion-
ally becomes infl amed, particularly in breaststroke 
swimmers.

Muscle

Focal tissue thickening/fi brosis

Repetitive microtrauma caused by overuse damages 
muscle fi bers. Th is is thought by some to lead to devel-
opment of adhesions between muscle fi bers and the 
formation of cross-linkages in fascia (Fig. 2.14).

Clinically, these changes may be palpated as fi rm, 
focal areas of tissue thickening, taut, thickened bands 
arranged in the direction of the stress or as large areas 
of increased muscle tone and thickening.

Th ese lesions may cause local pain or predispose 
other structures, such as tendons, to injury due to a 
reduction in the ability of the tissue to elongate under 
stretch or eccentric load. Th is will also compromise 
the ability of the aff ected muscle to contract and 
relax rapidly.

Table 2.6 Continuum of bony changes with overuse

Clinical features Bone strain Stress reaction Stress fracture

Local pain Nil Nil Nil

Local tenderness Nil Nil Nil

X-ray appearance Normal Normal Abnormal (periosteal reaction or 
cortical defect in cortical bone, 
sclerosis in trabecular bone)

Radioisotopic bone 
scan appearance

Increased uptake Increased uptake Increased uptake

CT scan appearance Normal Normal Features of stress fracture 
(as for X-ray)

MRI appearance May show increased high 
signal

Increased high signal Increased high signal ± cortical 
defect
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Th ese minor muscle injuries, which occur fre-
quently in association with hard training, may respond 
to regular soft  tissue therapy, strengthening and 
stretching (Chapter 10). Prevention of these injuries 
is discussed in Chapter 6.

Chronic compartment syndrome

Chronic compartment syndromes usually aff ect the 
lower leg but may also occur in the forearm. Th e 
muscles of the lower leg are divided into a number of 
compartments by fascial sheaths, which are relatively 
inelastic thickenings of collagenous tissue. Exercise 
raises the intracompartmental pressure and may cause 
local muscle swelling and accumulation of fl uid in the 
interstitial spaces. Th e tight fascia prevents expan-
sion. Th is impairs the blood supply and causes pain 
with exertion. A vicious cycle may occur (Fig. 2.15). 
Muscle hypertrophy may also be a precipitating factor 
in chronic compartment syndrome.

The main symptom of chronic compartment 
syndrome is pain that commences during activity 
and ceases with rest. Th is diff ers from other overuse 
injuries such as tendinopathies, where pain may be 
present with initial exercise, then diminish as the 
aff ected area warms up, only to return following 

cessation of activity. Compartment pressures may 
be measured both at rest and during pain-provoking 
exercise. Compartment pressure testing is described 
in Chapter 9.

Treatment of chronic compartment syndrome 
initially involves soft  tissue therapy15 and correction 
of biomechanical abnormalities where possible. If this 
fails, surgical treatment may be required—fasciotomy 
(release of the fascia) or fasciectomy (removal of the 
fascia).

Muscle soreness

Soreness accompanies muscle strains. A particular 
type of muscle soreness known as delayed onset 
muscle soreness (DOMS) develops 24–48 hours 
aft er unaccustomed physical activity. It appears to 
be more severe aft er eccentric exercise (involving 
muscle contraction while muscle is lengthening), 
such as downhill running.

The etiology of DOMS is unclear. Six theories 
have been proposed: lactic acid, muscle spasm, torn 
tissue, connective tissue, enzyme effl  ux and tissue 
fl uid theories.16 It is thought to occur less in those who 
train regularly, although even trained individuals may 
become sore aft er an unaccustomed exercise bout. Anti-
infl ammatory medication does not alleviate DOMS. 
Factors that appear to lessen DOMS include warm-
down, post-event massage, active non-weight-bearing 
exercise, hydrotherapy and spa baths.

Tendon

Tendon injuries are among the most common overuse 
injuries.17, 18 Tendons, which are made up of tight 
parallel collagen bundles, transmit forces from muscle 
to bone and are, therefore, subject to great tensile 
stresses. Tendons withstand strong tensile forces, resist 
shear forces less well and provide little resistance to 
compression force. Th e stress–strain curve for tendons 
is shown in Figure 2.16. As the strain increases, tissue 

Overuse

Gross muscle/fascial tightness

Microscopic muscle damage

Interfibril muscle adhesions
with formation of

cross-linkages in fascia

Increased muscle
tension and tightness

Pain, decreased
function

Continued
overuse

Injury to associated structure
(e.g. tendon, bone)

Figure 2.14 A theoretical model of the eff ect of 
overuse on muscle tissue

Overuse

Local tissue swelling

Decreased blood supply Tight compartment

Figure 2.15 The development of increased muscle 
compartment pressure

Brukner-A-01_06.indd   21Brukner-A-01_06.indd   21 5/6/06   11:44:05 AM5/6/06   11:44:05 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL22

PART A FUNDAMENTAL PRINCIPLESA

deformation begins, some fi bers begin to fail and 
ultimately macroscopic tendon failure occurs. Th ere 
is, however, a large margin between the stresses that 
cause tendon failure and those that are experienced 
during normal physiological loading.

Th e vasculature of tendons is variable with the 
blood supply originating at both the musculotendin-
ous and bone–tendon junctions. Vascular tendons 
are surrounded by a paratenon and avascular tendons 
are in sheaths. Tendon vascularity is compromised at 
sites of friction, torsion or compression.

Tendinosis

Collagen disarray and separation is the primary 
pathology in athletes who have undergone surgery 
for chronic tendinopathy of the rotator cuff , extensor 
carpi radialis brevis, patellar and Achilles tendons.19 
Histological examination of these tendons reveals 
separation of collagen bundles, increased hydrophilic 
ground substance, increased poor quality blood 
vessels (neovascularization) and absent infl amma-
tory cells (Fig. 2.17). Other sites of tendinopathy that 
are likely to be due to tendinosis are the adductor 
longus, biceps, tibialis posterior and fl exor hallucis 
longus tendons. It is uncertain whether tendinosis is 
preceded by acute infl ammation. In animal models, 
acute infl ammation lasts only fi ve days aft er surgically 
induced tendon injury. Th us, even if infl ammation 
precedes tendinosis, it is unlikely to be present for a 

Figure 2.16 The stress–strain curve for tendons

Figure 2.17 Tendon seen under polarized light 
microscopy. (a) Tightly bundled collagen of normal 
tendon compared with (b) collagen fi bers in disarray. 
In three dimensions (c), the tissue appears somewhat 
frayed; abnormal blood vessels are present in parts, 
and cells are abnormal in number (elevated in parts, 
absent in parts)
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long period so clinicians should consider that they 
are treating the histopathological entity of tendinosis 
when they are confronted with a patient with overuse 
tendon pain (Table 2.7).

It would be ideal to grade tendinopathies but at 
present there is no reliable, widely accepted grading 
system that has been shown to provide useful guid-
ance for treatment or prognosis. For patients with 
patellar tendinopathy or Achilles tendinopathy, we 
recommend the tendon-specifi c scoring systems 
called the VISA-P and VISA-A scores, respectively. 
Th ese scoring system (range 0–100, see Chapters 28, 
32) quantify the severity of symptoms and extent of 
loss of function.

Tendinosis oft en takes a long time to resolve, 
particularly if symptoms have been present for some 
months before presentation. Th e evidence-based treat-
ments include exercise therapy (e.g. heel drops, partial 
squats, wrist exercises) and nitric oxide paste patches. 
Th ere is emerging evidence for sclerosing therapy, a 
novel treatment (Chapter 10). Other commonly used 
treatments include relative rest, electrotherapeutic 
modalities and soft  tissue therapy.20, 21 Occasionally, 
tendinopathies do not respond to conservative man-
agement. Ultrasonography and MRI do not appear 
to predict which cases should be operated on,22, 23 
so the indication for surgery is clinical, based on 
failed conservative management. Tendon surgery 
may involve stripping of the paratenon, release of 
adhesions, removal of degenerative tissue, repair of 
a partial tear or excision of a torn fl ap. Overall, it 
appears that surgery relieves chronic tendon pain 
with 90% success or more, but only about 50–70% 

of patients who undergo tendon surgery return to 
sport at the previous level.

Tendinitis

Tendinitis refers to infl ammation of the tendon itself 
and, despite the popularity of the diagnostic label, has 
rarely been proven to occur histologically. Th is may 
be because tissue is not obtained from tendons in 
humans who have only had tendon pain for a short 
time (days). Tendinitis may occur in association with 
paratendinitis. True infl ammatory tendinitis may 
underpin the tendinopathies associated with the 
infl ammatory arthritides.24

Paratenonitis

This term includes peritendinitis, tenosynovitis 
(single layer of areolar tissue covering the tendon) 
and tenovaginitis (double-layered tendon sheath). 
Th is is particularly likely to occur in situations where 
the tendon rubs over a bony prominence and directly 
irritates the paratenon. It is also seen in association 
with partial tears and tendinosis. Paratenonitis is 
also called tenosynovitis or tenovaginitis. A common 
example is de Quervain’s tenosynovitis at the wrist. 
Clinically, it may be diffi  cult to diff erentiate between 
tendinosis and paratenonitis. Th e principles of treat-
ment are identical.

Partial tears

Th e term ‘partial tear of a tendon’ should be reserved 
for a macroscopically evident subcutaneous partial 
tear of a tendon, an uncommon acute, not over-
use, injury, at least in the Achilles and patellar 
tendon.25

Bursa

Th e body contains many bursae situated usually 
between bony surfaces and overlying tendons. Th eir 
role is to facilitate movement of the tendon over the 
bony surface. Overuse injuries in bursae are quite 
common, particularly at the subacromial bursa, 
the greater trochanteric bursa, the bursa deep to 
the iliotibial band at the knee and the retrocalca-
neal bursa separating the Achilles tendon from the 
calcaneus.

Bursitis is associated with local tenderness and 
swelling and pain on specifi c movements. Treat-
ment involves the use of NSAIDs but this may be 
ineff ective due to the poor blood supply of most 
bursae. Occasionally, a bursa needs to be drained of 
its fl uid with or without subsequent corticosteroid 
infi ltration.

Table 2.7 Clinical presentation of patients with 
overuse tendon pain (tendinosis)

•  Pain some time after exercise or, more frequently, 
the following morning upon rising.

•  Can be painful at rest and initially becomes less 
painful with use.

•  Athletes can ‘run through’ the pain or the pain 
disappears when they warm up, only to return after 
exercise when they cool down.

•  The athlete is able to continue to train fully in the 
early stages of the condition; this may interfere with 
the healing process.

•  Examination, local tenderness and thickening.
•  Frank swelling and crepitus may be present, 

although crepitus is more usually a sign of 
associated tenosynovitis or is due to the hydrophilic 
(water attracting) nature of the collagen disarray 
(it is not ‘infl ammatory fl uid’).
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Nerve

Nerve entrapment syndromes occur in athletes as 
a result of swelling in the surrounding soft  tissues 
or anatomical abnormalities. Th ese may aff ect the 
supra scapular nerve, the posterior interosseous, ulnar 
and median nerves in the forearm, the obturator 
nerve in the groin, the posterior tibial nerve at the 
tarsal tunnel on the medial aspect of the ankle and, 
most commonly, the interdigital nerves, especially 
between the third and fourth toes, a condition known 
as Morton’s neuroma. Th is condition is not a true 
neuroma but rather a nerve compression. Th ese 
nerve entrapments occasionally require surgical 
decompression.26

Chronic mild irritation of a nerve may result in 
damage manifested by an increase in neural tension. 
Th ese may be the primary cause of the patient’s symp-
toms or may contribute to symptoms. Th is concept 
is discussed more fully in Chapter 3.

Skin

Blisters may occur at any site of friction with an exter-
nal source, such as shoes or sporting equipment. Foot 
blisters can be prevented by wearing-in new shoes, 
wearing socks, and smearing petroleum jelly over the 
sock at sites of friction. Strategies to prevent blisters 
also serve to prevent callus. Symptomatic callus can 
be pared down with a scalpel blade, taking care not 
to lacerate the normal skin.

At the fi rst sign of a blister, the aggravating source 
should be removed and either adhesive tape applied 
over the blistered area or blister pads should be 
applied. Blister pads prevent blisters by acting as a 
barrier between skin and shoe. Treatment of blisters 
involves prevention of infection by the use of anti-
septics and protection with sticking plaster. Fluid-fi lled 
blisters may be punctured and drained.

But it’s not that simple …
While it is important to have a good understand-
ing of the conditions outlined in this chapter, three 
important additional components are necessary for 
successful management of patients with musculo-
skeletal pain and sporting injuries.

Pain: where is it coming from?

Th e pain your patient feels at a particular site may not 
necessarily be emanating from that site. It is essential 
to understand the concept of referred pain, which is 
the topic of Chapter 3.

Masquerades

Th ere are many medical conditions whose presenta-
tion may mimic a sporting injury. While many of 
these conditions are relatively rare, it is nevertheless 
important to keep them at the back of your mind. If 
the clinical pattern does not seem to fi t the obvious 
diagnosis, then think of the conditions that may 
masquerade as sporting injuries. Th ese are described 
in Chapter 4.

The kinetic chain

Every athletic activity involves movements of joints 
and limbs in coordinated ways to perform a task. 
Th ese activities include running, jumping, throw-
ing, stopping or kicking. Th e tasks may include 
throwing a ball, hitting a ball, kicking a ball, jump-
ing over an object or propelling the body through 
air or water. Individual body segments and joints, 
collectively called links, must be moved in certain 
specifi c sequences to allow effi  cient accomplishment 
of the tasks.

Th e sequencing of the links is called the kinetic 
chain of an athletic activity.27 Each kinetic chain has 
its own sequence but the basic organization includes 
proximal to distal sequencing, a proximal base of 
support or stability and successive activation of each 
segment of the link and each successive link. Th e net 
result is generation of force and energy in each link, 
summation of the developed force and energy through 
each of the links, and effi  cient transfer of the force 
and energy to the terminal link.

Injuries or adaptations in some areas of the kinetic 
chain can cause problems not only locally but distantly, 
as distal links must compensate for the lack of force 
and energy delivered through the more proximal 
links. Th is phenomenon, called catch-up, is both 
ineffi  cient in the kinetic chain and dangerous to the 
distal link because it may cause more load or stress 
than the link can safely handle. Th ese changes may 
result in anatomical or biomechanical situations that 
increase injury risk, perpetuate injury patterns or 
decrease performance. For example, a tennis player 
with stiff ness of the lumbar spine may overload the 
rotator cuff  muscles while serving in order to gener-
ate suffi  cient power and, thus, develop a tear of the 
rotator cuff  muscles.

Th ese defi cits in the kinetic chain must be identifi ed 
and corrected as part of the treatment and rehabilita-
tion process. We will be constantly returning to the 
theme of the kinetic chain throughout the following 
chapters.
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Just because a patient complains of pain at a certain 
site, it does not necessarily mean that site is the 

source of all, or even any, of the patient’s pain. Th is 
is an essential concept for any clinician dealing with 
musculoskeletal pain.

Pain may be perceived via any of the pain-sensitive 
nerve endings that are present extensively throughout 
the body. Th ese nerve endings, known as nocicep-
tive nerve endings, are found within bone, cartilage, 
ligaments, muscle, tendon, fascia, bursa and neural 
structures. Stimulation of these nociceptive nerve 
endings will result in an individual perceiving pain. 
Nerve endings may be stimulated by chemicals such 
as potassium ions, histamine, 5-hydroxytryptophan, 
plasma kinins and prostaglandins released from 
damaged tissue. Nociceptors can also be stimulated 
by mechanical means.

In most cases of musculoskeletal injury, the 
nociceptive nerve endings of more than one struc-
ture are stimulated. Th e more severe the injury, the 
more likely that a greater number of structures will 
be damaged and contribute to the individual’s pain. 
Th e longer the duration of the injury, the more likely 
that altered movement patterns and compensatory 
mechanisms will cause other structures to become 
damaged and painful. Th erefore, the pain that the 
patient perceives and describes to the clinician is 
the sum total of all the stimulated pain-sensitive 
nerve endings.

Th e relative contribution of each structure to the 
overall perception of pain can be estimated from the 
clinical fi ndings but can only be accurately assessed 
by the use of selective local anesthetic blocking 
techniques. Obviously this is not practical in a clini-
cal setting. Th e other means of assessing the relative 
contribution to the perceived pain of the various 

structures is by treating each abnormality detected in 
these structures and assessing the eff ect on the total 
perceived pain.

Pain-producing structures
Th e three major groups of structures causing mus-
culoskeletal pain are:

1. joints (including ligaments)
2. muscles (including tendons and fascia)
3. neural structures.

Th e pain perceived by the patient may arise from 
one of these groups or, more frequently, from two or 
three of the groups.

As an example, consider the patient who presents 
with low back pain. Th e initial incident may have 
involved a small tear of the outer part of the anulus 
fi brosus. Nociceptive nerve endings in the anulus may 
have been stimulated by the mechanical eff ect of the 
tear and by the chemicals released in the accompany-
ing infl ammatory process. In response to the localized 
pain and infl ammation, there will be associated muscle 
spasm and possibly also direct chemical stimulation 
of nociceptive nerve endings in the muscles. As the 
pain and spasm persist, it is likely that small areas 
of fi brosis may develop within the muscle, further 
stimulating nociceptive nerve endings.

Because of the close proximity of the spinal cord 
and nerve roots to the primary site of injury, it is likely 
that neural structures such as the dura mater will 
also be stimulated, either by chemical or mechanical 
means, or both. As the pain and infl ammation persist, 
local fi brosis, scarring and tethering may develop, 
resulting in further stimulation of the nociceptive 
nerve endings.

Pain: Where is it 
Coming From?

CHAPTER 

3
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By the time the patient presents to the clinician 
there may be a contribution to the perceived pain 
from joint, muscle and neural structures. It is essential 
for the correct management of these conditions that 
each of these three elements is fully assessed and, if 
abnormalities are present, they are treated success-
fully. A major reason for unsuccessful treatment 
of musculoskeletal pain is a failure to recognize its 
multifactorial nature.

How does damage or abnormal function of joint, 
muscle and neural structures cause pain?

Joints

All joints within the body are richly innervated. Th ese 
nerve endings may be stimulated chemically as a 
result of infl ammation or mechanically as a result of 
stretch. Any abnormality of movement within a joint 
can result in stretching of the joint tissues and stimula-
tion of nociceptive nerve endings. Examples of these 
abnormalities include hypomobility, hypermobility 
or abnormal quality of movement.

Abnormalities may occur either in physiological 
movements or accessory movements. Physiological 
movements are movements that patients can perform 
by themselves. However, in order to achieve a full range 
of physiological movement, it is necessary to have suf-
fi cient accessory movements.

Accessory movements are the involuntary, inter-
articular movements, including glides, rotations and 
tilts, which occur in both spinal and peripheral joints 
during normal physiological movements. Loss of 
these normal accessory movements may cause pain, 
altered range or abnormal quality of movement. As 
all of these abnormal movements may produce pain, 
it is important to assess joints carefully and identify 
any abnormal movement during patient examination. 
Restoration of normal movement is an important part 
of the treatment of musculoskeletal injuries.

Muscle

Muscles, tendons and fascia are also richly supplied 
with nociceptive nerve endings. Th ese structures may 
be damaged acutely (Chapter 2). Th ey may also be 
damaged in association with other injuries. Muscle 
spasm occurs to protect underlying damaged tissue 
such as joints. If pain and infl ammation from the 
joint injury persist, muscle spasm will also persist 
and the increase in muscle tension will lead to both 
chemical and mechanical stimulation of nociceptive 
nerve endings.

Chronic muscle tightness, abnormal movement 
or overuse may result in localized areas of muscle 

thickening that represent areas of infl ammation and 
fi brosis. Lack of full pain-free motion will eventually 
cause stimulation of nociceptive nerve endings and 
pain. Successful treatment requires restoration of the 
full range of motion.

Palpation of these localized thickened areas within 
muscle tissue will usually reveal local tenderness. 
Occasionally, palpation of these areas will also produce 
pain referred in a characteristic pattern. Th ese points 
are known as ‘trigger points’.

Trigger points

Trigger points are present in all patients with chronic 
musculoskeletal pain. Travell and Simons have defi ned 
a trigger point as a discrete, focal, hyperirritable spot 
in a taut band of muscle.1 Th e spots are painful on 
compression and can produce referred pain, referred 
tenderness, motor dysfunction, and autonomic phe-
nomena. Trigger points are classifi ed as being active 
or latent depending on their clinical characteristics.

An ‘active’ trigger point causes pain at rest. It 
is tender to palpation with a referred pain pattern 
that is similar to the patient’s pain complaint. When 
stimulated, an active trigger point sets off  a ‘local 
twitch response’ in the aff ected muscle. A local twitch 
response is defi ned as a transient visible or palpable 
contraction or dimpling of the muscle and skin. 
Evaluation of the electromyographic activity of the 
trigger point reveals unique, prolonged and rapid 
motor end-plate activity.2

A latent trigger point or ‘tender point’ is locally 
tender, does not refer pain and does not elicit a twitch 
response. Tender points may be associated with muscle 
tightness or weakness. Multiple tender points are 
present in fi bromyalgia (see p. 32).

Th ere are several proposed mechanisms to account 
for the development of trigger points and subsequent 
pain patterns, but scientifi c evidence is lacking. Both 
acute trauma and repetitive microtrauma may lead 
to the development of trigger points. Poor posture, 
sleep disturbance and anxiety may all predispose to 
their development.

Mense and Simons3 proposed that a sensitization of 
nociceptors leads to local edema, venous congestion 
and ischemia. Th e ischemia interferes with normal 
energy (ATP) production, which leads to disturbance 
of the normal calcium pump activity, thus prevent-
ing actin and myosin fi laments from releasing their 
contractured state. Th is is the hypothesized cause of 
the taut bands.

Patients with active trigger points present with 
persistent regional pain. It is usually related to activity 
although it can be constant. Occasionally it is worse 
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at night and can interfere with sleep. It is frequently 
associated with muscle shortening and decreased 
range of motion. Th e most common areas aff ected, 
with the site of the trigger points in brackets, are 
the head and neck (upper trapezius, sternocleido-
mastoid muscles), shoulder girdle (supraspinatus, 
infra spinatus), low back and pelvis (quadratus lumb-
orum, gluteal muscles) and hamstring region (gluteal, 
piriformis).

Elimination of myofascial trigger points is an 
important component of the management of chronic 
musculoskeletal pain. Suggested methods of eliminat-
ing trigger points include the cold and stretch tech-
nique advocated by Travell and Simons,1 application 
of various physical therapy modalities, soft  tissue 
techniques such as myofascial release and ischemic 
pressure, and injections of local anesthetic or cortico-
steroid. We have found ischemic pressure and dry 
needling to be the most eff ective (Chapter 10).

Neural structures

Injury to the structures of the nervous system may 
be the major source of the patient’s perceived pain. 
More commonly, however, injury to neural structures 
accompanies joint or muscle injuries.4, 5 Like the other 
structures, neural structures have nociceptive nerve 
endings that may be stimulated chemically by local 
infl ammation from surrounding injured structures 
or mechanically, either by direct trauma or by acute 
or prolonged stretching. Th e most common example 
of mechanical nerve irritation is from nerve impinge-
ment secondary to a prolapsed intervertebral disk 
or osteophyte. Th is impingement causes the classic 
radicular pain (see below).

Neural tension

Alteration to the mechanics of the nervous system, 
similarly to joints and muscles, may result in increased 
tension within the nervous system and, thus, pain. 
Butler6 has shown that ‘adverse tension’ in the nervous 
system can impair its mobility and elasticity, and 
painful problems can arise as a result. He refers to 
the tissues that surround neural structures as the 
mechanical interface.

Th e assessment of neural mechanics and neural 
tension is an important component of the clinical 
examination. Neural provocation (or neural tension) 
tests assess the mobility of neural tissue in the extremi-
ties and spinal canal. Positive adverse neural tension 
tests suggest poor mobility of neural tissue. Many 
factors cause hypomobility of neural tissue, includ-
ing scar tissue, tight muscles, ectopic bone growth 

and adhesions within nerves.7 Ankle sprains8 and 
hamstring strains,9, 10 for example, have been shown 
to be associated with damage to neural tissues as well 
as muscle and ligamentous structures.

Tests to determine the presence of adverse neural 
tension are described in Chapter 8. Th ey include the 
straight leg raise, slump test, neural Th omas test and 
the upper limb tension test. When the patient’s pain is 
reproduced with increased tension and subsequently 
relieved when tension is decreased, abnormalities of 
neural structures are likely to be present.

Autonomic nervous system

While the central and peripheral nervous systems play 
an important role in pain production, the autonomic 
nervous system must not be overlooked. Autonomic 
fi bers in the peripheral and central nervous system 
are also aff ected by abnormal neural mechanics and 
increased tension. Th e autonomic nervous system 
is particularly susceptible to abnormal mechanics 
where it is separate from the rest of the nervous 
system in the trunks, rami and ganglia. Th e sympa-
thetic trunk, located just anterior to the mobile costo-
vertebral joints, is particularly susceptible to damage. 
Involvement of the sympathetic trunk may explain 
the presence of unusual symptoms such as nausea, 
temperature changes and changes in the amount of 
sweating that may accompany pain. Th ese can be 
aff ected by altering neural tension.

Referred pain
Pain is perceived by the patient as coming from a 
particular site. However, the patient’s perception of 
the pain does not necessarily correspond to the source 
of the pain. Pain may indeed arise from a local struc-
ture but, equally, it may be referred to that site from 
a structure some distance away. Th e best example of 
this concept occurs in amputees who perceive pain in 
their amputated limbs, known as ‘phantom limb pain’. 
Another example occurs when pain is perceived in the 
neck or arm in patients with angina. An understanding 
of the concept of referred pain is vital for successful 
treatment of musculoskeletal pain.

Consider the following clinical presentations:

• A patient presents with a long history of 
intermittent, dull, occipital headache. Th e 
patient is thoroughly investigated for eye 
problems and the presence of intracranial 
pathology. All tests are normal.

• A patient presents with a history of an ache in 
the right shoulder that is diffi  cult to localize and 
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is associated with pain on the medial aspect of 
the upper arm. Th ere is some neck stiff ness and 
tightness in the trapezius muscle.

• A 35-year-old executive complains of episodes 
of sharp, left -sided chest pain related to activity. 
Th e patient has already undergone extensive 
cardiological investigations that were all normal.

• A young athlete presents with a history of 
recurrent episodes of buttock and hamstring 
pain. Th ere is no history of an acute tear and 
the patient describes the pain as deep-seated 
and dull with occasional sharp cramping in 
the hamstring. Examination of the hamstring 
shows some mild tenderness but full stretch and 
strength.

All of the above clinical presentations are common 
in sports medicine practise. All these patients are 
experiencing referred pain. Unless this is recognized, 
treatment will be unsuccessful.

It is important to remember that there is always 
a reason for pain. Because the pattern of pain does 
not fi t a recognized diagnosis, it does not mean that 
the pain does not exist. It may mean that there is a 
lack of understanding by the clinician, rather than 
a problem being imagined by the patient. Obviously, 
many injuries are purely local problems, such as 
Achilles tendinopathy. Similarly, many problems are 
primarily referred, for example, dull hamstring ache. 
Th ere is also a large group, probably the majority 
of patients with long-term pain, in which there is 
both a local and referred component. Unless both 
components are treated appropriately, the problem 
will not be resolved.

Th e concept of referred pain is not new. For many 
years clinicians have been familiar with a form of 
referred pain originating in the lumbar spine and 
shooting down the buttock and back of the leg. Th is 
was known as ‘sciatica’ and was attributed to nerve root 
compression, usually as a result of a herniated lumbar 
disk. For many years, any referred leg pain was thought 
to result from nerve root compression. However, nerve 
root compression is a relatively infrequent cause of 
leg pain referred from the lumbar spine.

Radicular pain

Th ere are two types of referred pain. Radicular pain is 
the pain associated with nerve root compression and 
has the characteristic quality of sharp, shooting pain 
in a relatively narrow band. Radicular pain is caused 
by nerve root compression and must, therefore, be 
accompanied by other neurological abnormalities, for 
example, paresthesia corresponding to a dermatomal 

distribution or muscle weakness. Nerve root compres-
sion results in a fairly consistent pattern of pain dis-
tribution, known as a dermatome. Th ese dermatomes 
are mapped out and used to determine the segmental 
level of the nerve root compression.

Somatic pain

The other type of referred pain is somatic pain. 
Somatic pain is pain perceived in one area that origi-
nates from another. Somatic referred pain may be from 
myofascial trigger points (see above) or from joints.

Pain perceived in the hamstring and buttock, for 
example, may arise from one of the pain-sensitive 
structures of the lumbar spine, such as the anulus 
fi brosus of the intervertebral disk or the apophyseal 
joint. Pain felt around the shoulder may originate 
from structures in the cervical spine.

Th e perception of pain at a point distant to the 
source of the pain is thought to be due to the brain 
misinterpreting the origin of a painful stimulus. For 
example, impulses from pain-sensitive structures in 
the lumbar spine may converge with impulses from 
the buttock or hamstring. Th e brain is, therefore, 
unable to distinguish between the two impulses. It is 
important to remember that it is possible to have pain 
at the site distant from the source without pain at the 
source itself. For example, lumbar spinal structures 
can be the source of pain in the hamstring region 
without causing low back pain.

Somatic pain is a static, dull ache that is hard to 
localize. It is not accompanied by neurological abnor-
malities. Th us, the possibility of referred somatic pain 
should be considered in any patient presenting with 
pain that is dull and poorly localized.

Local tenderness may occur even when the pain is 
referred from another source. However, the tenderness 
associated with referred pain will usually be consider-
ably less than that found when pathology is local.

Pain referred from somatic structures, unlike 
radicular pain, does not have a consistent distribu-
tion. Fields of referred pain from particular segments 
overlap greatly, both in individuals and between 
individuals. Th erefore, mapping of these areas of 
pain distribution (sclerotomes) should only be used 
as a guide.

Clinical assessment of referred pain

Th e possibility that some or all of the patient’s pain 
may be referred from another source should be con-
sidered in all cases of musculoskeletal pain. Features 
of pain that suggest it is more likely to be referred 
include:
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• a dull aching nature
• poorly localized
• deep-seated
• movement from point to point
• less local tenderness than expected
• longstanding pain
• a failure to respond to local treatment.

While it is not possible to map out distinct patterns 
of referred somatic pain, there are common sites of 
referred pain that tend to emanate from particular 
regions. These sites are shown in Table 3.1. The 
examination of any patient presenting with pain in 
one of these regions must include an examination of 
all possible sites of origin of the pain.

Th e aim of clinical assessment is to reproduce 
the referred pain by stressing the site of the source 
of the pain. Th is is achieved by local palpation if the 

source is muscle, by passive or active joint movement 
(physiological or accessory) if the source is joint or 
by increasing neural tension if the source is neural. 
Inability to reproduce the referred pain does not 
necessarily exclude the diagnosis of referred pain.

Any signifi cant abnormality of joints, muscle or 
neural structures at a site that is a possible source of 
the referred pain should be noted and considered a 
possible source of the patient’s pain. Th e best means 
of confi rming this is to treat the abnormality (e.g. 
restore full motion to the joint, eliminate active trig-
ger points or restore normal neural tension) and then 
determine the eff ect on the pain. If the pain is modi-
fi ed or abolished, it is likely that the treated area was 
contributing signifi cantly to the patient’s pain.

Consider the example mentioned in the earlier 
part of this chapter of the patient presenting with low 
back pain with contributions from joint, muscle and 
neural structures. Th is patient later develops unilat-
eral buttock and upper hamstring pain in addition 
to the low back pain. It is dull and aching in quality 
and poorly localized. On local examination, there is 
diff use minimal local tenderness with good hamstring 
stretch and strength.

Assessment of possible sources of this patient’s 
hamstring and buttock pain involves a neural ten-
sion test (the slump test) to assess the contribution 
of neural structures, palpation of the joints of the 
lumbar spine to assess the possible joint contribution 
and palpation of the paravertebral and gluteal muscles 
to assess the presence of active trigger points and taut 
bands. Any abnormalities found on assessment are 
then treated and the eff ect on the patient’s symptoms 
and functional activity reviewed.

Pain syndromes
Th e existence and defi nition of various pain syn-
dromes has changed considerably in recent years. 
Th ese syndromes include refl ex sympathetic dys-
trophy, complex regional pain syndrome type 1, 
sympathetically maintained pain, sympathetically 
independent pain, causalgia, myofascial pain syn-
drome and fi bromyalgia.

Complex regional pain syndrome type 1

For many years a syndrome of pain associated with 
unusual vasomotor (vascular-related) and sudomotor 
(sweat-related) features has been recognized and was 
until recently known as refl ex sympathetic dystrophy 
(RSD). Th e International Association for the Study of 
Pain (IASP) has proposed the terminology ‘complex 

Table 3.1 Common sites of referred pain

Site of referred pain Source of pain

Occipital headache Upper cervical spine
TrPs in upper trapezius, 

sternocleidomastoid

Shoulder Lower cervical, upper 
thoracic spine

TrPs in supraspinatus, 
infraspinatus

Lateral elbow Lower cervical (C5–6), upper 
thoracic

TrPs in forearm extensor 
muscles, supinator and 
triceps

Chest wall Thoracic spine
TrPs in pectoralis major, 

intercostal muscles

Sacroiliac region, loin, 
fl ank

Thoracolumbar junction 
(L4–5)

TrPs in quadratus lumborum

Groin Sacroiliac joint, 
thoracolumbar junction, 
upper lumbar spine

TrPs in adductors, gluteal 
muscles

Buttock, hamstring Lumbar spine, sacroiliac joint
TrPs in gluteal muscles and 

piriformis

Lateral knee/thigh Lumbar spine
TrPs in tensor fascia lata, 

gluteus minimus

TrPs = trigger points.
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regional pain syndrome’ (CRPS) to replace the old 
terms RSD and causalgia.11, 12

CRPS  type 1, formerly known as RSD, refers to 
a complex regional pain syndrome usually involv-
ing pain, swelling, stiffness and discoloration of 
an extremity that presents aft er trauma or disease. 
Typically in CRPS type 1, pain is out of proportion to 
the initial injury and is not attributable to a specifi c 
peripheral nerve injury. Th e pain associated with 
CRPS type 1 may be further divided into sympa-
thetically maintained pain (SMP), in which pain is 
accompanied by signs of autonomic dysfunction and 
relieved by sympathetic blockade, and sympathetically 
independent pain (SIP), which is seen in treatment-
resistant cases of CRPS type 1 suggesting some other 
neuropathic mechanism.

CRPS type 2, formerly known as causalgia, may 
present similarly to CRPS type 1 but it is diff erentiated 
by identifi cation of a specifi c peripheral nerve injury. 
Th e ongoing pain usually exceeds the distribution 
of the injured nerve. It may also be associated with 
features of autonomic dysfunction.

CRPS type 1 occurs aft er trauma to either soft  
tissues, bone or nerves, or it may occur aft er surgery. 
It is unclear why a small proportion of those suff ering 
these traumas go on to develop CRPS type 1. It may be 
that certain individuals have a genetic predisposition 
towards developing CRPS type 1.

A number of investigations, such as thermography, 
triple phase bone scan, quantitative sensory testing 
and sympathetic blockade, may help to confi rm the 

diagnosis of CRPS type 1, but none has been shown 
to be reliable. Th ese conditions are notoriously dif-
fi cult to treat. Th e basis of treatment is an aggressive 
physiotherapy and exercise rehabilitation program. 
Patients must be encouraged to continue exercising in 
spite of their pain. Other treatments used with some 
success are drug treatments such as corticosteroids 
and tricyclic antidepressants, sympathetic blockade, 
continuous infusion of epidural opioids and local 
anesthetics, peripheral nerve stimulation, and spinal 
cord stimulation.13

Myofascial pain syndrome and fi bromyalgia

Myofascial pain syndrome is a common local painful 
muscle disorder caused by myofascial trigger points 
(see above). Fibromyalgia is a generalized condition 
more common in females (4:1) and associated with 
the presence of multiple tender points. Th e features 
that diff erentiate the two conditions are shown in 
Table 3.2.

Th e American College of Rheumatology14 intro-
duced criteria for the diagnosis of fi bromyalgia, which 
include a history of widespread pain that must be 
both above and below the waist and on both sides 
of the body, and the presence of at least 11 out of 
18 designated tender points throughout the body. 
Fatigue, poor sleep and reduced muscle endurance 
are features of fi bromyalgia. It is oft en associated 
with conditions such as irritable bowel syndrome, 
dysmenorrhea and a feeling of swollen joints.

Table 3.2 Diff erences between myofascial pain syndrome and fi bromyalgia15

Feature Myofascial pain syndrome Fibromyalgia

Origin Muscular Systemic or central nervous system

Female:male ratio 1:1 4–9:1

Pain Local or regional Widespread, general

Tenderness Focal Widespread, most of body

Muscle palpation Tense (taut bands) Soft and doughy

Range of motion Restricted stretch Commonly hypermobile

Look for Trigger points anywhere Prescribed tender points

Response to trigger point 
treatment

Immediate Delayed

Other May also have fi bromyalgia Nearly all also have myofascial trigger points

All myofascial trigger points 
are tender

Not all tender points are myofascial trigger points
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Conclusion
Pain is oft en multifactorial in nature. Th e pain per-
ceived by the patient may arise from a number of 
diff erent structures, either locally or from some other 
point that may refer pain to the region perceived. 
Contributions to pain may be from joint, muscle 
and neural structures. Pain is usually associated 
with altered mechanics—commonly decreased but 
occasionally increased movement of these tissues. 
All abnormalities contributing to the patient’s per-
ceived pain require clinical assessment and treatment. 
Restoration of normal mechanics and full range of 
motion invariably leads to a signifi cant reduction, if 
not complete resolution, of pain.
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Not every patient who presents to the sports 
medicine clinician has a sports-related condition. 

Sports medicine, like every branch of medicine, has 
its share of conditions that must not be missed but 
that may appear at fi rst to be rather benign condi-
tions. Th e aim of this chapter is to remind you that 
the patient with the minor ‘calf strain’ may, in fact, 
have a deep venous thrombosis, or that the young 
basketball player who has been labeled as having 
Osgood-Schlatter disease because of playing may 
actually have an osteosarcoma. Th e fi rst part of the 
chapter outlines a clinical approach that should 
maximize your chances of recognizing a condition 
that is ‘masquerading’ as a sports-related condition. 
Th e second part of the chapter describes some of these 
conditions and illustrates how they can present in the 
sports medicine setting.

How to recognize a condition 
masquerading as a sports 
injury
Th e key to recognizing that everything is not as the 
fi rst impression might suggest is to take a thorough 
history and perform a detailed physical examination. 
If the clinician has not recognized a masquerading 
condition from the history and examination, it is 
unlikely that he or she will order the appropriate 
investigations to make the diagnosis. For example, 
if a patient presents with tibial pain and it is, in fact, 
due to hypercalcemia secondary to lung cancer, a 
bone scan of the tibia looking for stress fracture will 
usually not help with the diagnosis, but a history of 
weight loss, occasional hemoptysis and associated 
abdominal pain may. In a basketball player with 

shoulder pain, the history of associated arm tightness 
and the physical fi nding of prominent superfi cial veins 
are more important clues to axillary vein thrombosis 
than would be a gray-scale ultrasound scan looking 
for rotator cuff  tendinopathy.

If there is something about the history and exami-
nation that does not fi t the pattern of the common 
conditions, then consider alternative, less common 
conditions. To be able to make the diagnosis of a 
rare or non-musculoskeletal condition, you must ask 
yourself, ‘Could this be a rare condition or unusual 
manifestation?’ Th en other options are entertained, 
and the appropriate diagnosis can be conceived. Th us, 
successful diagnosis of masquerading conditions 
requires recognition of a discrepancy between the 
patient’s clinical features and the typical pattern that 
one is familiar with from clinical experience.

Conditions masquerading 
as sports injuries
Table 4.1 lists some of the conditions that may mas-
querade as sports medicine conditions. Th ese are 
outlined below.

Bone and soft tissue tumors

Primary malignant tumors of bone and soft  tissues 
are rare but when they occur it is most likely to be 
in the younger age group (second to third decade). 
Osteosarcomata can present at the distal or proximal 
end of long bones, more commonly in the lower limb, 
producing joint pain. Patients oft en recognize that 
pain is aggravated by activity and hence present to 
the sports medicine clinic. Th e pathological diagnosis 
of osteosarcoma is dependent on the detection of 

CHAPTER 
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tumor-producing bone and so an X-ray may reveal a 
moth-eaten appearance with new bone formation in 
the soft  tissues and lift ing of the periosteum (Codman’s 
triangle, Fig. 4.1). In young patients, the diff erential 
diagnosis includes osteomyelitis. It is recommended 
that any child or adolescent with bone pain be X-rayed. 
Surgery is the preferred treatment.

Synovial sarcomata frequently involve the larger 
lower joints such as the knee and ankle. Patients 
present with pain, oft en at night or with activity, 
maybe with instability and swelling.

Trauma may result in hemorrhage into a rhab-
domyosarcoma. In patients with hematomata that are 
slow to resolve or where the history of trauma does 
not fi t with the clinical signs, the clinician should 
consider this alternative diagnosis.

Malignant tumors (e.g. of the breast, lung and 
prostate) may metastasize to bone. Patients may not 
recognize that a previously treated malignancy could 
be related to their limb pain. Breast carcinoma may 
also present as a frozen shoulder. An accurate history 
is, therefore, central to making an accurate diagnosis. 
Red fl ag signs for malignancy or infection include 

Table 4.1 Conditions that may masquerade as sports medicine conditions

Vascular disorders

Venous thrombosis (e.g. deep venous thrombosis, 
axillary vein thrombosis)

Artery entrapment (e.g. popliteal artery entrapment)
Peripheral vascular disease

Genetic disorders

Marfan’s syndrome
Hemochromatosis

Granulomatous diseases

Tuberculosis
Sarcoidosis

Infection

Osteomyelitis
Septic arthritis
Shingles

Regional pain syndromes

Complex regional pain syndrome type I
Fibromyalgia/myofascial pain syndrome

Bone and soft tissue tumors

Osteosarcoma
Synovial sarcoma
Synovial chondromatosis
Pigmented villonodular synovitis
Rhabdomyosarcoma
Osteoid osteoma
Ganglion cyst

Rheumatological conditions

Infl ammatory monoarthritis
Infl ammatory polyarthritis
Infl ammatory low back pain (e.g. sacroiliitis)
Enthesopathies (e.g. psoriatic, reactive arthritis)

Disorders of muscle

Dermatomyositis
Polymyositis
Muscular dystrophy

Endocrine disorders

Dysthyroidism
Hypercalcemia
Hypocalcemia
Hyperparathyroidism
Diabetes
Cushing’s syndrome
Acromegaly

Figure 4.1 X-ray of an osteosarcoma in the distal 
femur of a 12-year-old boy presenting with knee pain 
with exercise
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prominent night pain, oft en being woken at night with 
pain, fever, loss of appetite, weight loss and malaise. 
Patients exhibiting these symptoms should be examined 
and investigated thoroughly to determine the cause.

Synovial chondromatosis and pigmented villo-
nodular synovitis are benign tumors of the syn-
ovium found mainly in the knee, which present with 
mechanical symptoms.

Osteoid osteoma (Fig. 4.2) is a benign bone 
tumor that often presents as exercise-related bone 
pain and tenderness and is, therefore, frequently 
misdiagnosed as a stress fracture. The bone scan 
appearance is also similar to that of a stress frac-
ture, although the isotope uptake is more intense 
and widespread. This condition is characterized 
clinically by the presence of night pain and by the 
abolition of symptoms with the use of aspirin. The 
tumor has a characteristic appearance on CT scan 
(Fig. 4.2b) with a central nidus.

Ganglion cysts are lined by connective tissue, 
contain mucinous fl uid and are found mainly around 
the wrist, hand, knee and foot (see also p. 323). Th ey 
may be attached to a joint capsule or tendon sheath 
and may have a connection to the synovial cavity. 
Th ey are usually asymptomatic but can occasionally 
cause pain and cosmetic deformity.1

Rheumatological conditions

Th ese are dealt with in greater detail in the section 
on multiple joint problems (Chapter 50). Patients 
with infl ammatory musculoskeletal disorders fre-
quently present to the sports medicine clinic with a 
masquerading traumatic or mechanical condition. 
Low back pain of ankylosing spondylitis, psori-
atic enthesopathy or early rheumatoid arthritis are 
common examples.

In patients presenting with an acutely swollen knee 
without a history of precipitant trauma or patellar 
tendinopathy without overuse, the clinician may be 
alerted to the possibility that these are infl ammatory 
in origin. Prominent morning joint or back stiff ness, 
night pain or extra-articular manifestations of rheu-
matological conditions (e.g. skin rashes, nail abnor-
malities, Fig. 4.3), bowel disturbance, eye involvement 
(conjunctivitis, iritis) or urethral discharge may all 
provide clues.

Infl ammation of entheses (e.g. in lateral epicondyl-
itis, patellar tendinopathy (Fig. 4.4), insertional Achil-
les tendinopathy and plantar fasciitis) is universal 
among those with HLA (human leukocyte antigens) 
B27-related, seronegative (for rheumatoid factor) 
arthropathies. Enthesopathy is usually associated 

with other joint or extra-articular involvement, 
although a subgroup exists with enthesitis as the sole 
presentation.2

Disorders of muscle

Dermatomyositis and polymyositis are inflam-
matory connective tissue disorders characterized 
by proximal limb girdle weakness, oft en without 

Figure 4.2 Osteoid osteoma

(a) X-ray of an osteoid osteoma

(b) CT scan of an osteoid osteoma about to undergo 
radioablation therapy
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pain. Dermatomyositis, unlike polymyositis, is also 
associated with a photosensitive skin rash in light-
exposed areas (hands and face). In the older adult, 
dermatomyositis may be associated with malig-
nancy in approximately 50% of cases. Th e primary 
malignancy may be easily detectable or occult. In 
the younger adult, weakness may be profound (e.g. 
unable to rise from the fl oor) but in the early stages 
may manifest only as under-performance in training 
or competition.

Dermatomyositis and polymyositis may also be 
associated with other connective tissue disorders such 
as systemic lupus erythematosus or systemic sclerosis, 
and muscle abnormality is characterized by elevated 
creatine kinase levels and electromyographic (EMG) 
and muscle biopsy changes.

Regional dystrophies such as limb girdle dystro-
phy and facio-scapulo-humeral dystrophy may also 
present with proximal limb girdle weakness in young 
adults. Th ey are also associated with characteristic 
EMG changes.

Endocrine disorders

Several endocrine disorders, for example, hypothy-
roidism and hyperparathyroidism, may be associated 
with the deposition of calcium pyrophosphate in 
joints.3 Patients may develop acute pseudogout or 
a polyarticular infl ammatory arthritis resembling 
rheumatoid arthritis. X-rays of the wrists or knees 
may demonstrate chondrocalcinosis of the menisci 
or triangular fi brocartilage complex (Fig. 4.5).

Adhesive capsulitis or septic arthritis may be the 
presenting complaint in patients with diabetes mel-
litus and those with other endocrine disorders such as 
acromegaly may develop premature osteoarthritis or 
carpal tunnel syndrome. Patients with hypercalcemia 
secondary to malignancy (e.g. of the lung) or other 
conditions such as hyperparathyroidism can present 
with bone pain as well as constipation, confusion and 
renal calculi. A proximal myopathy may develop in 
patients with primary Cushing’s syndrome or aft er 
corticosteroid use.

Vascular disorders

Patients with venous thrombosis or arterial abnor-
malities (Fig. 4.6) may present with limb pain and 
swelling aggravated by exercise. Calf, femoral or 
axillary veins are common sites for thrombosis. While 
a precipitant cause may be apparent (e.g. recent sur-
gery or air travel), consider also the thrombophilias 
such as the antiphospholipid syndrome or defi ciencies 
of protein C, protein S, antithrombin III or factor V 
Leiden.

Figure 4.3 Typical pitted appearance of nails in a 
patient with psoriatic arthropathy

Figure 4.4 Calcifi c patellar tendinopathy in psoriatic 
arthropathy

Figure 4.5 Chondrocalcinosis of the triangular 
fi brocartilage in calcium pyrophosphate dihydrate 
deposition disease
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Th e claudicant pain of peripheral vascular disease 
is most likely to be fi rst noticed with exercise and so 
patients may present to the sports medicine practi-
tioner. Remember also that arteriopathy can occur 
in patients with diabetes. Various specifi c vascular 
entrapments are also found, such as popliteal artery 
entrapment, which presents as exercise-related calf 
pain, and thoracic outlet syndrome.

Genetic disorders

Marfan’s syndrome is an autosomal dominant disorder 
of fi brillin characterized by musculoskeletal, cardiac 
and ocular abnormalities.4 Musculoskeletal problems 
are common due to joint hypermobility, ligament 
laxity, scoliosis or spondylolysis. In patients with the 
Marfanoid habitus, referral for echocardiography and 
ophthalmological opinion should be considered as 
sudden cardiac death (Chapter 45) or lens disloca-
tion may result.

Hemochromatosis is an autosomal recessive dis-
order of iron handling, which results in iron overload. 
Patients may present with a calcium pyrophosphate 
arthropathy with characteristic involvement of the 
second and third metacarpophalangeal joints and 
hook-shaped osteophytes seen on X-ray of these 
joints. While ferritin levels are raised in patients 
with hemochromatosis, it is important to remember 
that ferritin is also an acute-phase protein and so 
levels can be elevated in response to infl ammatory 
arthropathy.

Granulomatous diseases

Tuberculosis is a granulomatous mycobacterial infec-
tion. Musculoskeletal involvement includes chronic 
septic arthritis and Pott’s spine fracture.

Patients with acute sarcoidosis can present with 
fevers, lower limb (commonly) rash and ankle swell-
ing. Th e rash of erythema nodosum (Fig. 4.7) may be 
mistaken for cellulitis and antibiotics have frequently 
been prescribed in error. Th e diagnosis is easily made 
by chest X-ray, which shows changes of bilateral hilar 
lymphadenopathy. Th e clinician should remember 
that the diff erential diagnosis of bilateral hilar lymph-
a denopathy includes tuberculosis and lymphoma. 
Chronic sarcoidosis is a systemic disorder involving 
the lungs, central nervous system, skin, eyes and 
musculoskeletal system. Patients can present with 
chronic arthropathy together with bone cysts or with 
bone pain due to hypercalcemia.

Infection

Bone and joint infections, while uncommon, may 
have disastrous consequences if the diagnosis is 
missed. Bone pain in children, worse at night or with 
activity, should alert the clinician to the possibility of 
osteomyelitis. Bone infection near a joint may result 
in a reactive joint eff usion.

Septic arthritis is rare in the normal joint. In 
arthritic, recently arthrocentesed or diabetic joints, 
sepsis is much more common. Rapid joint destruction 
may follow if left  untreated.

Even though Staphylococcus aureus is the causa-
tive organism in more than 50% of cases of acute 
septic joints, it is imperative that joint aspiration for 
Gram stain and culture and blood cultures are taken 
before commencement of antibiotic treatment. Once-
only or repeated joint lavage may be considered in 

Figure 4.6 Common iliac artery stenosis

Figure 4.7 Erythema nodosum in acute sarcoidosis
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patients receiving intravenous antibiotic treatment. 
Th e immunocompromised patient may present with a 
chronic septic arthritis. In this situation, tuberculosis 
or fungal infections should be considered.5

Regional pain syndromes

Complex regional pain syndrome type 1 (formerly 
known as refl ex sympathetic dystrophy [RSD]), is a 
post-traumatic phenomenon characterized by local-
ized pain out of proportion to the injury, vasomotor 
disturbances, edema and delayed recovery from injury. 
Th e vasomotor disturbances of an extremity manifest 
as vasodilatation (warmth, redness) or vasoconstric-
tion (coolness, cyanosis, mottling). Early mobilization 
and avoidance of surgery are two important keys to 
successful management.6

Myofascial pain syndromes develop secondary 
to either acute or overuse trauma. Th ey present as 
regional pain associated with the presence of one or 
more active trigger points (Chapter 3).

Fibromyalgia is a chronic pain syndrome character-
ized by widespread pain, chronic fatigue, decreased 
pain threshold, sleep disturbance, psychological 
stress and diff usely tender muscles. It is oft en associ-
ated with other symptoms, including irritable bowel 
syndrome, dyspareunia, headache, irritable bladder 
and subjective joint swelling and pain. Fibromyalgia 
is diagnosed on the examination fi nding of 11 of 18 
specifi c tender point sites in a patient with widespread 
pain. Current treatment evidence is for a stepwise 
program emphasizing education, certain medica-
tions, exercise and cognitive therapy.7 Chronic fatigue 
syndrome has many similarities to fi bromyalgia8 and 
may be the same disease process. It may present as 
excessive post-exercise muscle soreness but is always 
associated with excessive fatigue. Behavioral therapy 
and graded exercise therapy have shown promise as 
treatment.8
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The term biomechanics can be used in a variety 
of ways. Most simply, biomechanics can be con-

sidered the evaluation of sporting technique (e.g. 
running biomechanics, swim stroke biomechanics) 
and this is how the term is oft en used in clinical 
circles. As this book is aimed at clinicians, we use 
the term in that way also. In the scientifi c world, 
the way we use the term biomechanics in this book 
would be referred to as ‘subjective biomechanical 
analysis’. Th at is, we are describing movement such 
as walking, running or the tennis serve as it appears 
to direct observation.

Th e aim of this chapter is to provide clinically 
relevant and easily applicable descriptions of the 
common sporting techniques so that the clinician 
can better evaluate the sporting patient. It is becom-
ing increasingly obvious that correct biomechanics 
plays a key role in both performance and injury 
prevention. For example, the javelin thrower with 
incorrect biomechanics will not only have a shorter 
throw than he or she could have but is also more 
prone to injury. In this chapter we explain how the 
thrower’s injury may occur at the shoulder or elbow 
and, because of the interdependence of body parts 
in biomechanics, injury may also occur in the low 
back or lower limb.

Th us, an understanding of the biomechanics of 
diff erent sporting activities is a vital foundation for the 
sports medicine practitioner—in the same way that 
an understanding of anatomy provides an important 
foundation for the surgeon. Once the practitioner 
understands normal sporting biomechanics, he or 
she is in a position to apply injury prevention strate-
gies (Chapter 6).

Correct biomechanics
Correct biomechanics provides effi  cient movement and 
is likely to reduce injury risk. Abnormal bio mechanics 
should always be considered as a potential cause of a 
non-traumatic sporting injury. Faulty biomechanics 
may result from static (anatomical) abnormalities or 
functional (secondary) abnormalities.

Static abnormalities such as leg length discrepan-
cies or genu valgum cannot be altered. However, 
the secondary eff ects of these abnormalities can be 
minimized by compensatory devices such as a shoe 
build-up in the case of leg length discrepancy or an 
orthosis in the case of genu valgum.

Functional abnormalities may occur following 
injury or because of poor technique. For example, 
a ligament sprain may result in joint laxity, while a 
lengthy period of immobilization may lead to muscle 
imbalance.

Poor technique can cause abnormal biomechanics 
and contribute to subsequent injury.1 Running with 
excessive anterior pelvic tilt and lumbar lordosis may 
result in hamstring strain, poor throwing technique 
may lead to the development of shoulder instability, 
and faulty backhand drive technique in tennis may 
cause extensor tendinopathy at the elbow. A list of 
technique faults and possible associated injuries is 
shown in Table 5.1.

Th roughout this section, references will be made 
to the diff erent planes of motion. Th ese are shown 
in Figure 5.1.

The chapter first outlines normal and abnor-
mal lower limb biomechanics before discussing bio-
mechanics of various largely upper limb activities.

Biomechanics of 
Common Sporting Injuries
WITH JASON AGOSTA

CHAPTER 

5
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Table 5.1 Relationship of technique faults to injury

Sport Technique Injury

Tennis Excessive wrist action with backhand
Service contact made too far back (i.e. ball 

toss not in front)

Extensor tendinopathy of elbow
Flexor tendinopathy of elbow

Swimming Insuffi  cient body roll
Low elbow on recovery
Insuffi  cient external rotation of the shoulder

Rotator cuff  tendinopathy

Diving Shooting at the water too early (backward 
dives)

Lumbar spine injuries

Cycling Incorrect handlebar and seat height
Toe-in/toe-out on cleats

Thoracic/lumbar spine injuries
Iliotibial band/patellofemoral syndrome

Weightlifting 
(Olympic)

Bar position too far in front of body in clean 
phase/jerk phase

Lumbar spine injuries
Sacroiliac joint injury

Weightlifting 
(power lifting)

Grip too wide on bar in bench press
Toes pointing forward on squatting

Pectoralis major tendinopathy
Patellofemoral syndrome/medial meniscus 

injury

Javelin Elbow ‘dropped’
Poor hip drive

Medial elbow pain
Thoracic/lumbar spine dysfunction

Triple jump ‘Blocking’ on step phase Sacroiliac/lumbar spine injuries, patellar 
tendinopathy, sinus tarsi syndrome

High jump Incorrect foot plant Patellar tendinopathy
Sinus tarsi syndrome
Fibular stress fracture

Pole vault Too close on take-off 
Late plant

Lumbar spine injuries (e.g. spondylolysis)
Ankle impingement
Talar stress fracture
Shoulder impingement

Running Anterior pelvic tilt
Poor lateral pelvic control

Hamstring injuries
Iliotibial band friction syndrome

Cricket bowling Mixed side-on/front-on action Stress fracture pars interarticularis

Baseball pitching Opening up too soon

Dropped elbow ‘hanging’

Anterior shoulder instability
Medial collateral ligament sprains elbow
Osteochondritis radiocapitellar joint
Rotator cuff  tendinopathy

Gymnastics Excessive hyperextension on landing
Tumble too short (not enough rotation)

Stress fracture pars interarticularis
Anterior ankle impingement

Rowing Change from bow side to stroke side Stress fracture ribs

Ballet Poor turnout

‘Sickling’ en pointe

Hip injuries
Medial knee pain
Stress fracture second metatarsal
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Lower limb biomechanics
An understanding of ideal lower limb biomechanics 
is essential to allow detection of excessive motion and 
asymmetrical mechanics.2 Th e ideal stance position 
will be considered fi rst, followed by the ideal position 
and range of motion of the joints of the lower extrem-
ity. Th e biomechanics of walking and running will also 
be considered. Th e clinician should always be aware 
that each individual has his or her own mechanical 
make-up due to structural characteristics and may 
never assume an ideal position.

Stance position

With the patient standing, the stance position may 
be examined. Ideal stance occurs when the joints of 
the lower limbs and feet are symmetrically aligned, 

with the weight-bearing line passing through the 
anterior superior iliac spine, the patella and the second 
metatarsal (Fig. 5.2).

When the feet are in a symmetrical position, the 
subtalar (talocalcaneal) joint is neither pronated nor 
supinated and the midtarsal joint (talonavicular and 
calcaneocuboid joints) is maximally pronated. In the 
neutral foot, the forefoot is perpendicular to the bisec-
tion of the heel (Fig. 5.3), the ankle joint is neither 
plantarfl exed nor dorsifl exed, the tibia is perpendicu-
lar to the supporting surface and the knee is fully 
extended. Th e hips are in neutral position (neither 
internally nor externally rotated, neither fl exed nor 
extended). When the feet are in neutral position, both 
anterior superior iliac spines of the pelvis are level. 
A slight anterior tilt of the pelvis is normal.

Range of motion of joints in neutral position

Th e normal range of motion at the hip includes 120° 
fl exion, 20° of extension in the sagittal plane, 40° 
abduction and 25° adduction in the frontal plane, 
and 45° internal rotation and 45° external rotation 
in the transverse plane. Th ere should be no change 
in the degree of rotation of the hip with hip fl exion 
or extension.

Th e ideal range of motion at the knee in the sagit-
tal plane is approximately 135° fl exion from a fully 

Figure 5.1 Anatomical planes of the body

Figure 5.2 The alignment of the lower limb in neutral 
position. The weight-bearing line runs through the 
anterior superior iliac spine, patella and second 
metatarsal. The calcaneus is in line with the tibia and 
the forefoot is perpendicular to the calcaneus
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extended position. Th e knee is in a neutral position 
when fully extended. Normally, no hyperextension 
or frontal plane motion exists. Th e position of the 
knee in the frontal plane is oft en dictated by the 
angle between the neck and the shaft  of the femur. 
No transverse plane movement occurs at the fully 
extended knee but up to 45° of transverse movement 
is available when the knee is fl exed at 70°.

Th e normal range of motion of the ankle is approxi-
mately 45° of plantarfl exion and 10–20° of dorsi-
fl exion.3 Th e ankle joint is in neutral position when 
the foot is perpendicular to the leg. Th ere is normally 
very little transverse or frontal plane motion at the 
ankle joint, however, abduction of the foot occurs 
with dorsifl exion and adduction with plantarfl exion. 
Th e minimum range of ankle dorsifl exion required 
for normal locomotion is 10–20°. Th e axis of motion 
of the ankle joint is shown in Figure 5.4.

Subtalar joint motion permits pronation and supi-
nation. Pronation consists of eversion, dorsifl exion 
and abduction of the foot. Supination consists of 
inversion, plantarfl exion and adduction of the foot. 
Th e calcaneus will invert and evert with subtalar joint 
motion. Th e calcaneal inversion represents subtalar 
joint supination and pronation. Th e amount of inver-
sion is usually twice that of eversion, approximately 20° 
inversion compared with 10° eversion (Fig. 5.5).

Th e midtarsal joint consists of two joints, the cal-
caneocuboid joint and the talonavicular joint. Th e 
midtarsal joint has two axes of motion, the oblique 
and the longitudinal axis. Th e oblique axis allows a 
large range of motion to occur, including dorsifl exion 

Figure 5.4 Axis of motion of ankle joint

(a) Superior view
(b) Posterior view

Figure 5.5 Axis of motion of subtalar joint

(a) Lateral view. Angle of inclination approximately 
50° to transverse plane

Figure 5.3 Normal relationship between the forefoot 
and rear foot when the foot is in neutral

(a)

(b)
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and abduction (with pronation), and plantarfl exion 
and adduction (with supination). For every 1° of 
abduction there is 1° of dorsifl exion and for every 1° 
of adduction there is 1° of plantarfl exion. Th e longi-
tudinal axis has a small range of motion that consists 
of inversion and eversion of the forefoot (Fig. 5.6).

The range of motion of the midtarsal joint is 
dependent upon the subtalar joint. Pronation of 
the subtalar joint increases the range of motion of the 

(b) Superior view. Angle between axis of motion of 
subtalar joint and longitudinal axis of the rear foot is 
approximately 15°

(c) Supination at subtalar joint with 20° calcaneal 
inversion

(d) Pronation at subtalar joint with 10° calcaneal 
inversion

midtarsal joint, whereas supination of the subtalar 
joint decreases midtarsal joint range of motion.

Th e fi rst ray of the foot consists of the fi rst meta-
tarsal and the fi rst (or medial) cuneiform bones. 
Dorsifl exion of the fi rst ray is associated with an equal 
amount of inversion. Plantarfl exion is accompanied by 
an equal amount of eversion. Th ere should be equal 
amounts of both movements (dorsifl exion/inversion 
and plantarfl exion/eversion) (Fig. 5.7).

Th e second ray consists of the second metatarsal 
and second (intermediate) cuneiform bones. Th e 
third ray consists of the third metatarsal and the third 
(lateral) cuneiform, while the fourth ray consists of 
the fourth metatarsal alone. Each of these rays exhibits 
plantarfl exion and dorsifl exion only.

Th e fi ft h ray consists of the fi ft h metatarsal only. 
It exhibits equal amounts of plantarfl exion and dorsi-
fl exion with supination and pronation respectively. 
Th e neutral position is at the midpoint of the total 
range of motion of the fi ft h ray (Fig. 5.8).

Th e fi rst metatarsophalangeal joint is the articula-
tion between the head of the fi rst metatarsal and the 
proximal phalanx. Th e most important motion at 
the fi rst metatarsophalangeal joint is dorsifl exion. 
Dorsifl exion is necessary for toe-off  and optimal 
function of the windlass mechanism during the gait 
cycle. Th e windlass mechanism is the direct relation-
ship between the arch rising and the toe extending. 
With heel lift  the toes are passively extended due to 
pressure against the ground. Th e normal range is 
approximately 65° (Fig. 5.9).
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Biomechanics of walking
During normal walking, the gait cycle is divided 
into stance and swing phases.4 One full gait cycle is 
the time from heel strike of one foot to the next heel 
strike of the same foot (Fig. 5.10).

Th e stance phase is divided into contact, midstance 
and propulsive phases. Th e stance phase begins and 
ends with the period where both feet are in contact 
with the ground. During this period the support of the 
body is being transferred from one foot to the other. 
Th is is known as the double support phase. Th e swing 
phase is divided into follow-through, forward swing 
and foot descent phases. Th e foot is in stance phase 
for 60% and in swing phase for 40% of the duration 
of each gait cycle.

Joint motion during walking

Movements of the pelvis occur during walking and 
are considered in three planes—sagittal, frontal and 
transverse. Posterior tilting of the pelvis occurs dur-
ing the double support phase. Anterior tilting of the 
pelvis occurs during the single support phase of walk-
ing (Fig. 5.11). Sagittal plane motion increases with 
increased walking speed and the amount of motion 
appears to vary among individuals.

In the frontal plane, the pelvis tilts downward 
(‘lateral tilting’) on the non-weight-bearing limb side 
during the single support phase. Lateral tilting occurs 

Figure 5.6 Oblique and longitudinal axis of midtarsal 
joint

(a) Lateral view
(b) Superior view

Figure 5.7 First ray axis of motion

(a) Superior view
(b) Anterior view

(a)

(b)

(a)

(b)
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during the early stance phase as the body passes over 
the supporting limb.

Rotation of the pelvis also occurs in the transverse 
plane. Th is transverse rotation occurs at each hip joint 
and serves to reduce the fall in the center of gravity dur-
ing the double support phase. Angular displacement 
during hip fl exion and extension is also reduced.

Th e hip joint is fl exed at heel contact and extends 
during midstance and toe-off . It is internally rotated 
during contact. During propulsion the hip extends 
and externally rotates in both the midstance and 
propulsive phases.

In the contact period, the knee fl exes approxi-
mately 15° and the tibia internally rotates. The 
knee then extends from midstance until heel lift . 
Th e tibia externally rotates during midstance and 
propulsion. Th e knee fl exes again throughout the 
propulsive period.

Th e ankle joint plantarfl exes from heel contact to 
forefoot contact. Th e body and the lower limb then 
move forward, causing dorsiflexion at the ankle 
during the midstance period. Plantarfl exion occurs 
again from heel lift  to toe-off .

Th e subtalar joint is slightly supinated at heel 
strike and, therefore, the heel is inverted. During 
the contact phase the subtalar joint is pronated 
while the leg internally rotates. Th e heel is slightly 
everted. Pronation does not occur past the contact 
period in the normal foot.

From the beginning of midstance, the leg extern-
ally rotates and the subtalar joint supinates. Th e heel 
moves from a pronated position to a neutral position 
of the subtalar joint. During midstance, the subtalar 
joint continues to supinate and the heel becomes 
inverted. During the propulsion phase, the tibia 
continues to externally rotate and the subtalar joint 
supinates just before toe-off .

Th e forefoot is inverted around the long axis of 
the midtarsal joint at heel strike. As the forefoot is 
loaded, the heel is everting with subtalar pronation. 
When the subtalar joint is in neutral position, ground 
reaction locks the midtarsal joint around the long axis 
in pronation to lock the rear foot and forefoot in the 
necessary position for propulsion. During propulsion, 
external rotation causes supination of the forefoot at 
the midtarsal joint axis.

As the forefoot contacts the ground and the subtalar 
joint pronates, the fi rst ray may dorsifl ex and invert. 
If midtarsal joint inversion around the long axis is 
suffi  cient to compensate for the rear foot eversion, 
the fi rst ray may not dorsifl ex. Inadequate midtarsal 
inversion would allow ground reaction forces to 
dorsifl ex and invert the fi rst ray.

Figure 5.8 Fifth ray axis of motion

(a) Superior view
(b) Anterior view

Figure 5.9 Motion of the hallux around the transverse 
axis of the fi rst metatarsophalangeal joint

(a)

(b)
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Figure 5.10 Phases of gait ADAPTED FROM ROOT ET AL. 1977

(a) Normal gait cycle of walking

(b) Motion and position at subtalar joint during stance phase
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Biomechanics of running
The phases of running are similar to walking 
(Fig. 5.12). Th e stance phase is divided into contact, 
midstance and propulsion. Th e swing phase is divided 
into follow-through, forward swing and foot descent. 
Whereas walking is the alternate placement of one foot 
in front of the other separated by periods when both 
feet are in contact with the ground, during running 
there is a fl ight phase when neither foot is in contact 
with the ground between stance phases.

In slower, longer running, the stance phase is 
of longer duration than the fl ight phase. As run-
ning speed increases, stance phase and fl ight phase 
times approach each other until the stance phase 

becomes shorter than the swing phase in sprinting 
(Fig. 5.13).

During running, there is an increased range of 
pelvic, hip and knee rotation due to increases in joint 
movements. Th is must be absorbed by increasing 
muscle forces acting over these joints.5 As running 
speed increases, the foot maintains the same move-
ments as in walking but with variations. In slower 
running, the foot functions in a heel–toe manner. In 
quicker running (striding), the foot may strike with 
the heel and forefoot simultaneously prior to toe-off  
or may strike with the forefoot initially and then the 

Figure 5.11 Tilting of the pelvis during walking

(a) Neutral position of the pelvis just before heel strike
(b) Anterior tilting of the pelvis occurs during single 
support phase

Figure 5.12 The swing and stance phases of running

Figure 5.13 Pattern of the stance phase during 
diff erent speeds of walking and running
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heel lowering to the surface prior to toe-off . Sprinters 
maintain weight-bearing on the forefoot from contact 
to toe-off , although the heel may lower to the sup-
porting surface at midstance.

Angle and base of gait in walking 
and running

Th e angle of gait is the angle between the longitudinal 
bisection of the foot and the line of progression (Fig. 
5.14). Th e normal angle of gait is approximately 10° 
abducted from the line of progression in walking. 
Abducted gait describes an angle of gait greater than 
10°. Th e angle of gait refl ects the hip and tibial trans-
verse plane positions. Th e base of gait is the distance 
between the medial aspect of the heels (Fig. 5.15). 
A normal base of gait is approximately 2.5–3.0 cm 
(~1 in.).

Changes from the normal angle and base of gait 
may be secondary to structural abnormalities or, more 
commonly, as compensation for another abnormality. 
For example, a wide base of gait may be necessary to 
increase stability. As speed increases while walking 
and running, the angle and base of gait decrease. 
While running, the angle of gait approaches zero and 
foot strike is on the line of progression. Th is limits 
deviation of the center of gravity as the lower limbs 
move beneath the body, thus allowing more effi  cient 
locomotion (Fig. 5.15b).

Whenever possible, the practitioner should observe 
the patient running. Abnormal rotations of the lower 
limbs and feet may be seen from the front or rear. 
From a side-on position, anteroposterior posture as 
well as stride length may be observed.

Abnormal lower limb 
biomechanics
Overuse injuries have been linked with abnormal lower 
limb biomechanics. Recent studies suggest that many 
injuries can be the result of increased foot pronation.6 

Figure 5.14 The angle of gait is the angle 
between (a) the long axis at the foot and (b) the 
line of progression. (c) Base of gait is the distance 
between the medial aspect of the heels

Figure 5.15 Angle and base of gait

(a) Walking

(b) Running
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As the science of biomechanics advances and meas-
urement of runners becomes more commonplace, 
researchers are confi rming some of the clinically noted 
associations between biomechanics and injuries.7, 8 Th e 
area of biomechanics and injury prevention is a popular 
area of research that continues to provide interesting 
results, and hopefully in the future will provide more 
evidence-based practice.

A list of common lower limb injuries and the 
biomechanical abnormalities observed clinically is 
shown in Table 5.2.

Th ere are three main biomechanical abnormalities 
aff ecting the lower limb: excessive pronation, excessive 
supination and abnormal pelvic movement.

Excessive pronation

Pronation of the foot occurs at the subtalar joint. 
Abnormal pronation occurs when the degree of 
pronation is excessive or when pronation occurs 
during the phase of gait when the foot should be 
supinating. An excessively pronated foot may cause 
excessive internal rotation of the entire lower limb 
during weight-bearing and this increases demands 
on numerous structures.

Excessive pronation causes increased ground 
reaction forces on the medial aspect of the foot. Th is 
contributes to the development of first metatar-
sophalangeal joint abnormalities, including exostoses 
and hallux valgus. Sesamoid pain is also commonly 
associated with excessive pronation. Due to the 
instability of the foot, callus and corn build-up is 
common. Interdigital (Morton’s) neuroma may be 
caused by metatarsal hypermobility.

Excessive pronation also causes increased load on 
the medial longitudinal arch and increased strain 
on the plantar fascia and plantar musculature.

Th e gastrocnemius–soleus complex and tibialis 
posterior may eccentrically contract harder and longer 
in order to decelerate rotation of the leg and pronation 
of the foot. Th is may contribute to tendinopathy of the 
Achilles and tibialis posterior tendons. Overload of the 
long fl exors of the leg may result in tibial periostitis 
presenting as medial shin pain.

Excessive pronation leads to an increased internal 
rotation of the tibia, a tendency to lateral subluxation 
of the patella, and muscle imbalance of the quadri-
ceps, all of which contribute to patellofemoral joint 
dysfunction. Internal rotation of the tibia contributes 
to a change in alignment of the patellar tendon, which 
may predispose to patellar tendinopathy. Internal 
rotation of the tibia may also contribute to tightening 
of the iliotibial band.

Stress fractures are commonly associated with 
the unstable, pronated foot. Metatarsal fractures 
may occur due to uneven distribution of weight and 
excessive movement of the metatarsals with fore-
foot lowering. Stress fractures of the sesamoids may 
occur with greater loading of the fi rst ray. Excessive 

Table 5.2 Lower limb injuries and associated 
biomechanical abnormalities often noted clinically

Injury Common 
biomechanical 
abnormalities

Sesamoiditis Pronated foot
Abducted gait
Limited fi rst ray range of 

motion
Forefoot valgus/

plantarfl exed fi rst ray

Plantar fasciitis Pronated foot/high 
arched foot

Abducted gait
Ankle equinus

Achilles tendinopathy Pronated foot
Ankle equinus

Peroneal tendinopathy Pronated foot at toe-off 
Excessive supination

Medial shin pain Pronated foot
Ankle equinus
Varus alignment
Abducted gait

Patellar tendinopathy Pronated foot
Tight quadriceps, 

hamstrings, calves
Anterior pelvic tilt
Varus alignment

Patellofemoral pain Pronated foot
Anterior pelvic tilt
Varus alignment
Abducted gait

Iliotibial band friction 
syndrome

Lateral pelvic tilting
Varus alignment

Hamstring strain Anterior pelvic tilt
Ankle equinus

Metatarsal stress fractures Pronated foot
Supinated foot

Navicular stress fractures Pronated foot
Varus alignment
Ankle equinus

Fibular stress fractures Supinated foot
Pronated foot
Varus alignment
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pro nation may lead to stress fractures of the tibia. 
Overuse of the tibialis posterior muscle and long fl exor 
tendons may contribute to traction on the periosteum 
and bending of the tibia. As these muscles become 
increasingly fatigued due to excessive pronation, the 
tibia is subjected to greater impact.

With pronation of the foot through the propulsive 
phase of gait, the peroneal musculature attempts to 
stabilize the medial and lateral columns of the foot. 
Chronic overloading may result in stress fracture of 
the fi bula.

Excessive supination

Excessive supination of the subtalar joint may occur 
to compensate for structural foot abnormalities. It also 
may occur as a result of weakness of the antagonist 
pronating musculature (e.g. peroneal) or as a result 
of spasm or tightness of the supinating musculature 
(e.g. tibialis posterior and the gastrocnemius–soleus 
complex). Th e supinated foot may be less mobile, 
which may result in poor shock absorption. It is pos-
sible that this may predispose to the development of 
stress fractures of the tibia, fi bula, calcaneus and meta-
tarsals (especially fourth and fi ft h metatarsals).

Lateral instability of the foot and ankle may be 
associated with excessive supination. A forefoot valgus 
foot type may be present. Th is results in an increased 
incidence of sprains of the ankle and the foot. Due to 
increased lateral stress on the lower limb, the iliotibial 
band becomes tighter and bursitis may occur at the 
femoral epicondyle.

Abnormal pelvic mechanics

In running, a certain amount of pelvic movement 
(rotation, anterior–posterior and lateral tilt) is required. 
However, there may be excessive movement in any of 
the three planes (sagittal, frontal and transverse) due 
to poor control of the stabilizing muscles. Th is poor 
control leads to less eff ective transmission of forces 
through the pelvis and less effi  cient movement. Fre-
quently, abnormalities exist in more than one plane. 
Lack of stability in one plane may predispose to devel-
opment of problems in another plane. Th e most com-
mon abnormalities are excessive anterior tilt, excessive 
lateral tilt and asymmetrical pelvic movement.

Excessive anterior tilt

An athlete with poor pelvic muscle control (abdomi-
nal, gluteus medius and minimus, hamstrings and 
external hip rotators) in combination with tightness 
of the hip fl exors may be unable to dissociate active 
hip extension from pelvic movement, thus increasing 

the anterior tilt or rotation while running. Th is may 
also increase the length and tension of the hamstrings 
and abdominal muscles.

Th e external rotator muscles of the hip become 
tight as they work excessively to provide pelvic stabil-
ity to compensate for the reduced contribution by the 
gluteal muscles. Tight hip external rotators cause an 
abducted angle of gait.

Increased anterior pelvic tilt with hip extension 
leads to an increased lumbar lordosis and strain on 
the lumbar apophyseal joints and sacroiliac joints.

With anterior pelvic tilting, knee fl exion is greater 
than normal at foot strike and midstance. Th is increases 
the eccentric load across the extensor mechanism of 
the knee, and may contribute to patellar tendinopathy. 
With greater knee fl exion, the patella will be compressed 
against the femur with greater force, which may predis-
pose to patellofemoral joint syndrome. Th e excessive 
anterior tilt may be bilateral or unilateral.

Excessive lateral tilt

Excessive lateral tilt occurs due to poor control of hip 
abductors and adductors of the weight-bearing limb 
allowing the contralateral hip to drop during its swing 
phase. Th is may lead to excessive strain and infl amma-
tion of lateral hip structures, adductors, tensor fascia 
lata, iliotibial band and other lateral knee structures 
as well as the lumbar spine.

Excessive anterior tilt of the pelvis results in 
increased gluteal muscle length and, therefore, reduced 
force of contraction. Th is also leads to increased lateral 
tilting of the pelvis.

Asymmetrical pelvic movement

Due to the large number of muscles that attach to the 
pelvis, asymmetry may be caused by:

• tight/shortened muscles
• incoordinate weakened muscles
• structural abnormalities (e.g. leg length 

discrepancy, scoliosis).

Th ese may occur primarily as an adaptation to a pre-
vious injury. Asymmetry is commonly exacerbated 
by running and is oft en associated with osteitis pubis 
and lower limb overuse injuries.

Common structural 
abnormalities
Structural abnormalities of the foot, subtalar joint, 
ankle joint, lower leg bones and hip joint may con-
tribute to abnormal biomechanics.
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Forefoot varus

Forefoot varus is a structural abnormality in which the 
forefoot is inverted on the rear foot in the frontal plane 
at the midtarsal joint (Fig. 5.16a). Th e foot pronates 
excessively at the subtalar joint to compensate and 
allow the medial aspect of the foot to make ground 
contact (Fig. 5.16b).

Forefoot valgus

Forefoot valgus occurs when the forefoot is everted 
on the rear foot in the frontal plane (Fig. 5.17a). 
Supination occurs at the long axis of the midtarsal 
joint but is usually not suffi  cient to compensate for 

the abnormality and subtalar joint supination occurs 
(Fig. 5.17b).

Plantarfl exed fi rst ray

Th e fi rst ray may be plantarfl exed with regard to the 
other metatarsals. Supination around the long axis 
of the midtarsal joint and the subtalar joint occurs 
to compensate.

Rear foot varus

Rear foot varus occurs when the calcaneus is 
inverted in relation to the bisection of the tibia due 
to the position of the subtalar joint (Fig. 5.18a). To 

Figure 5.16 (a) Forefoot varus
(b) Compensated forefoot varus

Figure 5.17 (a) Forefoot valgus
(b) Compensated forefoot valgus

(a) (b)

(a) (b)
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compensate, the subtalar joint pronates excessively to 
allow the medial aspect of the foot to make ground 
contact (Fig. 5.18b).

Rear foot valgus

Rear foot valgus (Fig. 5.19a) is uncommon and may 
occur when the calcaneus is everted in relation to the 
bisection of the tibia due to the position of the subtalar 
joint. Th e midtarsal and subtalar joints supinate to 
compensate (Fig. 5.19b).

Ankle equinus

Ankle equinus (Fig. 5.20) occurs when there is less 
than 10–20° of dorsifl exion present. Th e 10–20° of 
ankle joint dorsifl exion is necessary for the tibia to 
rotate over the foot during the stance phase without 
early heel lift  or pronation of the foot as compensa-
tion. Bony limitation of ankle joint motion may cause 
ankle equinus.

Ankle equinus may also be caused by tightness or 
shortening of the gastrocnemius or soleus muscles. 
With limited ankle joint dorsifl exion, the subtalar 
joint may pronate excessively in order to utilize the 

Figure 5.18 (a) Rear foot varus
(b) Compensated rear foot varus 

Figure 5.19 (a) Rear foot valgus
(b) Compensated rear foot valgus

(a) (b)

(a) (b)
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dorsifl exion component of pronation. Th e midtarsal 
joint may also collapse to utilize the sagittal plane 
motion associated with dorsiflexion around the 
oblique midtarsal joint axis.

A bouncy gait may be observed in athletes with lim-
ited ankle joint dorsifl exion as a result of the early heel 
lift  caused by the equinus. Weight is then transferred 
prematurely to the forefoot, predisposing to injuries 
of the plantar fascia, metatarsals and toes. Compensa-
tory mechanisms for limited ankle joint dorsifl exion 
may contribute to ligament sprains and muscle strains 
of the foot, Achilles tendon and calf muscle injuries, 
medial shin pain and stress fractures.

Tibial alignment

Tibia varum is a lateral deviation or bowing of the 
tibia causing inversion of the foot at heel strike. Th e 
foot pronates excessively to allow the medial aspect 
of the foot to contact the ground.

Increased tibial external torsion results in an 
abducted gait. Th is produces an excessive varus posi-
tion at heel strike, greater lateral stress to the lower limb 
and possibly increased stress on lateral structures such 
as the iliotibial band. Excessive pronation of the foot 
follows. Internal tibial torsion results in an in-toed 
gait, lateral instability of the ankle, and supination 

aft er contact. Th e foot may pronate to utilize the 
abduction component of pronation.

Genu varum

Genu varum (Fig. 5.21) or bowed legs causes increased 
varus heel strike and greater lateral stress. Varus 
strain at the knee may cause increased stress on 
the lateral knee structures and the development of 
patello femoral pain. Excessive pronation occurs at 
the subtalar joint to allow the medial aspect of the 
foot to make ground contact.

Genu valgum

Genu valgum or ‘knock knees’ (Fig. 5.22) causes 
excessive pronation of the feet as the center of gravity 
during gait is medial to the subtalar joint.

Leg length diff erences

Th ese may be structural or functional. Structural dif-
ferences occur when diff erent length osseous structures 

Figure 5.20 Ankle equinus

(a) Normal ankle dorsifl exion
(b) Abnormal ankle dorsifl exion

Figure 5.21 Genu varum

(a)

(b)
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are present. Functional diff erences occur with asym-
metry of pelvic alignment, asymmetrical pronation or 
supination, or unilateral contractures. Structural and 
functional diff erences may both be present.

Manifestations of leg length diff erences include:

• head tilt and shoulder drop, oft en towards 
longer leg

• asymmetry of arm swing—abducted arm leads 
to increased deviation of center of gravity, oft en 
towards long side as center of gravity is deviated 
towards short side

• increased speed of arm swing due to increased 
elbow fl exion—this indicates pelvis on opposite 
side is moving more quickly

• pelvis higher on long limb side
• circumduction of longer limb during swing phase
• increased stress on short side as weight falls to 

that side
• external rotation of hip to widen angle of gait to 

increase support on short side—increased angle 
of gait leads to increased base of support

• functional diff erences where one foot is 
pronating more, leading to a drop in the anterior 
pelvis and elevation of the posterior pelvis

• increased supination of one foot leading to 
increased elevation of the anterior and posterior 
superior iliac spines on this side.

Assessment of lower limb 
biomechanics
Biomechanical assessment is an important component 
of the examination of any athlete presenting with 
an overuse injury of the lower limbs. As with any 
examination procedure (Chapter 8) it is important to 
develop a routine. A routine for biomechanical lower 
limb assessment is shown in Figure 5.23. Clinically, 
measurements are not usually performed due to poor 
reliability and reproducibility, and rate of error.

Figure 5.22 Genu valgum

Figure 5.23 Biomechanical assessment

(a) Stance: front view. Assess the level of the anterior 
superior iliac spines, knee orientation, angle of stance, 
medial longitudinal arch and limb alignment
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(b) Stance: rear view. Assess shoulder height, 
alignment of spine, level of posterior superior iliac 
spines, alignment of tibia in frontal plane, rear foot 
position and any medial ankle bulging

(c) Stance: lateral view. Assess lumbar lordosis, pelvic 
tilt and any hyperextension of the knee

(d) Observation of lower limb alignment (supine) with 
knees fl exed. Observe knee heights

(e) Observation of lower limb alignment (supine)

(f) Assessment of hamstring fl exibility (supine)
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(g) Assessment of hip range of motion (supine). The 
leg is rotated outwards for internal hip rotation and 
inwards for external hip rotation

(h) Subtalar joint: range of motion. The quality of 
subtalar movement is assessed while inverting and 
everting

(i) Oblique and long axis (supine) of midtarsal joint. 
Subtalar joint is in neutral and foot is held just distal to 
talonavicular and calcaneocuboid joints

(j) First ray range of motion and position. With 
the subtalar joint in neutral and the midtarsal joint 
pronated, the fi rst ray is dorsifl exed and plantarfl exed 
through its range

(k) Forefoot/rear foot positions. With the subtalar 
joint in neutral and the midtarsal joint pronated, the 
alignment of the rear foot to the leg is determined. 
The position of the forefoot on the rear foot is also 
determined
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(l) Forefoot/rear foot positions looking from above

(m) Ankle: range of motion with knee extended 
(prone). With the subtalar joint in neutral, the angle 
between the lateral aspect of the leg and the fi fth 
metatarsal is assessed

(n) Pelvic symmetry (standing)

(o) Assessment of neutral calcaneal stance by 
palpation of talar heads
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Correction of biomechanics
Asymmetries detected in biomechanical assessment 
may require correction. Th ese abnormalities include 
muscle tightness, weakness or incoordination, joint 
stiff ness and increased neural tension (Chapter 3). 
Muscle tightness is corrected with appropriate stretch-
ing. Specifi c muscle weakness or incoordination 
require strengthening and retraining (Chapter 12). 
Joint stiff ness may be treated with active or passive 
joint mobilization, while increased neural tension 
should be treated with appropriate neural stretching 
and correction of possible causes, for example, spinal 
hypomobility (Chapter 10).

Two important methods of correcting lower 
limb biomechanics are the use of orthoses and foot-
wear and the correction of poor pelvic mechanics. 
A number of studies have investigated the eff ects 
of foot orthoses on the lower extremity, and many of 
these have documented the clinical effi  cacy of these 
devices.9–15

(p) Foot (right) position at heel strike

(q) Foot (right) position at midstance

(r) Foot (right) position at toe-off 
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Orthoses

Orthoses are placed in the shoe to correct abnormal 
lower extremity mechanics and alignment. Th ey 
control excessive subtalar and midtarsal movements 
that may occur to compensate for structural abnor-
malities. Th ey do not change structural abnormali-
ties and should not be considered the only means 
of treatment of excessive movement. It is important 
also to consider the infl uence of excessive muscle 
tightness and weakness, the infl uence of shoes and 
the infl uence of surfaces. Correct foot function is 
not achieved with orthoses alone and ideal control 
is achieved by using the appropriate orthosis with 
the appropriate footwear. It is important to note that, 
clinically, many athletes do not tolerate large degrees 
of control from orthoses and oft en a percentage of 
control is helpful. Adaption to one’s own mechanics 
should never be underestimated. Orthoses may also 
assist in proprioceptive changes in controlling exces-
sive motion. Orthoses should always be worn with 
complete comfort.

Th e factors infl uencing the type of orthoses used 
include foot type, severity of abnormal motion, 
sporting activity, footwear and weight of the patient. 
Orthoses range in material from fl exible to semirigid 
devices, and may be casted or preformed.

Preformed orthoses

Preformed orthoses (Fig. 5.24) provide conservative 
control of the motion of the foot as they are most 
oft en fl exible. Th e use of a preformed device is useful 
in determining whether control of motion can assist 
in injury management and can also indicate how 
tolerant an individual may be to changes in posture. 

Preformed fl exible orthoses are oft en relatively poor 
in durability but may give an indication of whether 
or not more rigid orthoses will be helpful in treating 
lower limb problems. Diff erent materials used in 
preformed orthoses include EVA, polyurethane, cork, 
rubber and plasterzote.

Casted orthoses

Casted orthoses (Fig. 5.25) are manufactured from 
plaster impressions of the feet aft er biomechanical 
examination of the lower limbs and feet. Plaster 
impressions of the feet are taken and provide a means 
by which greater control of foot function may be 
restored. Casted orthoses may alter the mechanics 
of the foot signifi cantly. Th e clinician should always 
be aware of an individual’s tolerance to change in 
mechanics. Most oft en the materials used are poly-
propylene and carbon-fi ber composites.

It is also useful to observe athletes participating in 
their sport to see the extent of abnormal movement 
that occurs during activity. Oft en, observations noted 
in stance and during walking may not refl ect the extent 
of excessive motion during running.

Manufacture of casted orthoses

There are many different ways of manufactur-
ing orthoses. It is important to prescribe a device 
that provides appropriate control of the structural 
abnormality.

Aft er clinical examination and observation of the 
patient running and walking, plaster impressions of 
the feet (Fig. 5.26) are taken with the subtalar joint in 
the neutral position. Following the neutral casting, the 
orthosis is manufactured in the laboratory according 
to the prescription provided. Th e practitioner needs 
to determine how the device should control the foot, 
and how much pressure is required to control it. Th e 

Figure 5.24 Preformed orthoses Figure 5.25 Casted orthoses
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prescription also includes recommendations regarding 
the materials to be used and the extent of accommoda-
tive postings, and takes into account shoe fi t.

In the laboratory, the impression is fi lled with 
plaster to provide a solid model of the foot. From 
the solid model, additional plaster is used to provide 
the appropriate degrees of control. Once the plaster 
model has been modifi ed, the material of choice is 
vacuum-pressed onto the plaster model. Th e molded 
fi rm plastic is then ground and covered to suit the 
individual.

Casted orthoses are durable and may infl uence 
lower limb function signifi cantly. At times it may be 
necessary to reassess and evaluate the eff ectiveness of 
the orthosis by further gait analysis, including video 
analysis. Additional minor adjustments can be made 
to the orthosis.

Correction of abnormal pelvic biomechanics

Excessive pelvic movements, either bilateral or uni-
lateral, are usually a result of poor control of the 
abdominals, gluteus minimus and medius, and exter-
nal hip rotators in association with tightness of the 
postural muscles, for example, the hamstrings.

Correction is, therefore, directed at stretching the 
appropriate muscles, such as the psoas, rectus femoris, 
tensor fascia lata, hamstrings and hip adductors, to 
optimize hip and pelvic movement. Th is may require 
dissociating hip and pelvic movements. Soft  tissue 
therapy is an important component of restoration of 
optimal tissue length.

Weak muscles require a strengthening program. 
Th is may initially be non-weight-bearing but should 
progress to weight-bearing functional positions as soon 

as possible. As control improves, other components 
may be added gradually, such as hip movements. Large 
Swedish balls and the Pilates’ method of exercise are just 
two of the many varieties of exercise programs currently 
used to achieve ‘core’ stability (Chapter 11).

Th e next stage involves the integration of this 
new control into functional activities, such as run-
ning. Small components of the overall movement 
should be incorporated initially. Th ese movements 
may need to be performed slowly to allow them to 
be integrated successfully into the functional activity 
(Chapter 12).

Upper limb biomechanics
WITH W. BEN KIBLER
Correct biomechanics is as important in upper limb 
activities as it is in lower limb activities. For example, 
repeated throwing places tremendous stresses on the 
upper limb, especially the shoulder and elbow joints.16 
Th rowing, however, is a ‘whole body activity’, involving 
the transfer of momentum from body to ball.

The biomechanics of throwing

Th rowing is a whole body activity that commences 
with drive from the large leg muscles and rotation 
of the hips and progresses through segmental rota-
tion of the trunk and shoulder girdle. It continues 
with a ‘whip-like’ transfer of momentum through 
elbow extension and through the small muscles of 
the forearm and hand, transferring propulsive force 
to the ball.

Th e skilled clinician should assess both the scapu-
lohumeral and the truncal mechanics in a throwing 
athlete. Th e role of the scapula in throwing is discussed 
in more detail below, and the back, trunk and hips 
serve as a center of rotation and a transfer link from 
the legs to the shoulder.

Th rowing can be divided into four phases:

1. preparation/wind-up } 
80% time sequence

2. cocking 
3. acceleration 2% time sequence
4. deceleration/follow-through 18% time sequence

Wind-up

Wind-up (Fig. 5.27) establishes the rhythm of the 
pitch or throw. During wind-up, the body rotates so 
that the hip and shoulders are at 90° to the target. 
Th e major forces arise in the lower half of the body 
and develop a forward-moving ‘controlled fall’. In 
pitching, hip fl exion of the lead leg raises the center 

Figure 5.26 Plaster impression
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of gravity. Th e wind-up phase lasts 500–1000 milli-
seconds. During this phase, muscles of the shoulder 
are relatively inactive.

Cocking

Th e cocking movement (Fig. 5.28) positions the 
body to enable all body segments to contribute to 
ball propulsion. In cocking, the shoulder moves into 
abduction through full horizontal extension and then 
into maximal external rotation. When the scapula is 
maximally retracted, the acromion starts to elevate. 
With maximal external rotation, the shoulder is 
‘loaded,’ with the anterior capsule coiled tightly in 
the apprehension position storing elastic energy. Th e 
internal rotators are stretched.17 At this stage, anterior 
joint forces are maximal and can exceed 350 newtons 
(N). Towards the end of cocking, the static anterior 
restraints (anterior inferior glenohumeral ligament 
and anterior inferior capsule) are under the greatest 
strain. Because of the repetitive nature of throwing, 
these structures can become attenuated and lead to 
subtle instability.18 In the trunk, tensile forces increase 
in the abdomen, hip extensors and spine, with the lead 
hip internally rotating just prior to ground contact.

Th e cocking phase ends with the planting of the 
lead leg, with the body positioned for energy transfer 
through the legs, trunk and arms to the ball. Th is phase 
also lasts 500–1000 milliseconds. Th e wind-up and 

cocking phases together constitute 80% of the duration 
of the pitch (approximately 1500 milliseconds).

Shoulder cocking continues with the counterclock-
wise rotation of the pelvis and trunk (when viewed 
from above), which abruptly places the arm behind 
the body in an externally rotated position.

Lateral trunk fl exion determines the degree of arm 
abduction. When viewed in the coronal plane, the rela-
tive abduction of the humerus to the long axis of the 
trunk is a fairly constant 90–100°, regardless of style. 
Th e overhand athlete leans contralaterally, while the 
side-arm or submarine thrower actually leans towards 
the throwing arm. Rotation of the trunk also aids in 
abduction. Although the muscles of the shoulder pro-
duce little abduction during the early cocking phase 
of a well-executed throw, the periscapular muscles 
are quite active. Th e force couple between the upper 
trapezius and serratus initiates acromial elevation and 
the lower trapezius maintains elevation at abduction 
angles greater than 65°.

Acceleration

Th e acceleration phase (Fig. 5.29) is extremely explo-
sive. It consists of the rapid release of two forces—the 
stored elastic force of the tightly bound fi brous tissue 
of the capsule and forceful internal rotation from the 
internal rotators (subscapularis, pectoralis major, 

Figure 5.27 Throwing: wind-up
Figure 5.28 Throwing: cocking
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latissimus dorsi, teres major). Th is generates excessive 
forces at the glenohumeral articulation19 and, thus, 
the cuff  musculature remains highly active to keep 
the humeral head enlocated in the glenoid.

Large muscles outside the rotator cuff  are respon-
sible for the subsequent acceleration of the arm. Th is 
includes muscles of the anterior chest wall as well as 
the muscles and fascia that surround the spine. Th e 
critical role of the muscles controlling scapulo thoracic 
motion—scapular positioning and stabilization against 
the thorax—is discussed below.

At the shoulder, acceleration is the shortest phase 
of the throwing motion, lasting only 50 milliseconds 
(2% of the overall time). In both the acceleration and 
the late cocking phases, muscle fatigue (which is 
accelerated if there is mild instability due to attenu-
ated static restrains) can lead to loss of coordinated 
rotator cuff  motion and, thus, decreased anterior 
shoulder wall support.

Th e acceleration phase concludes with ball release, 
which occurs at approximately ear level. Th e movements 
involved in acceleration place enormous valgus forces 
on the elbow, which tends to lag behind the inwardly 
rotating shoulder.

Deceleration/follow-through

Not all the momentum of the throw is transferred to 
the ball. In the deceleration/follow-through phase 

(Fig. 5.30), very high forces pull forward on the 
glenohumeral joint following ball release, which 
places large stresses on the posterior shoulder struc-
tures. During this time both intrinsic and extrinsic 
shoulder muscles fi re at signifi cant percentages of their 
maximum, attempting to develop in excess of 500 N 
to slow the arm down. Th e force tending to pull the 
humerus out of the shoulder socket can exceed 500 N 
(roughly equivalent to 135 kg [300 lb]). Th e eccentric 
contraction of the rotator cuff  external rotators decel-
erates the rapid internal rotation of the shoulder, as 
does eccentric contraction of the scapular stabilizers 
and posterior deltoid fi bers. In the properly thrown 
pitch, the spine and its associated musculature have 
a signifi cant role as a force attenuator.

Towards the end of the pitching motion, the 
torso, having decelerated so the arm could acquire 
kinetic energy in the arm acceleration phase, begins 
to rotate forward. Th e forward rotation of this larger 
link segment helps to reacquire some of this energy. 
Th is theoretically reduces the burden on the serratus 
anterior and other stabilizers, which are attempting 
to eccentrically maintain the position of the scap-
ula and maintain the humeral head within the 
glenoid.

In addition to the high stresses on the posterior 
shoulder structures, this phase places large stresses 

Figure 5.29 Throwing: acceleration

Figure 5.30 Throwing: deceleration/follow-through
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on the elbow fl exors that act to limit rapid elbow 
extension. Th is phase lasts approximately 350 milli-
seconds and constitutes approximately 18% of the 
total time.

Th e role of the trunk in throwing is clear. When 
trunk motion is inhibited or the potential ground 
reaction force reduced, throwing velocity is mark-
edly lower. With a normal overhead throw rated 
at 100%, peak velocities dropped to 84% when a 
forward stride was not allowed and down to 63.5% 
and 53.1% when the lower body and lower body 
plus trunk were restricted, respectively.20 Peak 
ball-release velocities attained by water polo players 
are approximately half the velocity that a thrown 
baseball might reach on land where a ground reac-
tion force can be generated.

Normal biomechanics of the scapula 
in throwing

In recent years, the importance of the scapula in 
normal throwing biomechanics has been increas-
ingly recognized. For optimal shoulder function, and 
to decrease injury risk, the scapula must move in a 
coordinated way (Fig. 5.31). Th is section outlines 
Ben Kibler’s21 description of the role of the scapula 
in throwing (Table 5.3). If the clinician understands 
the normal scapular biomechanics, he or she will be 
then able to detect abnormal scapular biomechan-
ics in patients with upper limb injuries (for clinical 
implications of abnormal shoulder biomechanics, 
see p. 65).

The scapula provides a stable socket 
for the humerus

In normal shoulder function, the scapula forms 
a stable base for glenohumeral articulation. Th e 
glenoid is the socket of the ball-and-socket gleno-
humeral joint. Th us, the scapula must rotate as the 
humerus moves so that the center of rotation of the 
glenohumeral joint remains optimal throughout 
the throwing or serving motion. Th is coordinated 
movement keeps the angle between the glenoid and 
the humerus within the physiologically tolerable or 
‘safe zone’, which extends about 30° of extension or 
fl exion from neutral. In this range, there is maximal 
‘concavity/compression’ of the glenohumeral joint, 
and the muscle constraints around the shoulder are 
also enhanced. Th e maximal concavity/compression 
results from the slightly negative intra-articular 
pressure of the normal joint, with optimal position-
ing of the glenoid in relation to the humerus, and 
coordinated muscle activity.

The scapula must retract and protract 
along the thoracic wall

In the cocking phase of throwing (as well as in the 
tennis serve and swimming recovery), the scap-
ula retracts (see above). Once acceleration begins, 
the scapula protracts smoothly laterally and then 

Figure 5.31 Normal scapulothoracic rhythm allows 
the scapula to rotate upwardly during abduction, 
bringing the glenoid fossa directly under the humeral 
head to lend stability to the glenohumeral joint

Table 5.3 Scapular function in normal shoulder 
mechanics

1. Provides a stable socket for the humerus.
2. Retracts and protracts along the thoracic wall.
3. Rotates to elevate the acromion.
4. Provides a base for muscle attachment.
5. Provides a key link in the kinetic chain.
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anteriorly around the thoracic wall to keep the scapula 
in a normal position relative to the humerus and also 
to dissipate some of the deceleration forces that occur 
in follow-through.

The scapula rotates to elevate the acromion

As almost all throwing and serving activities occur 
with a humerus-to-spine angle of between 85° and 
100° of abduction, the scapula must tilt upwards to 
clear the acromion from the rotator cuff .

The scapula provides a base for muscle attachment

Stabilizing muscles attach to the medial, superior and 
inferior borders of the scapula to control its position 
and motion. Th e extrinsic muscles (deltoid, biceps 
and triceps) attach along the lateral aspect of the 
scapula and perform gross motor activities of the 
glenohumeral joint. Th e intrinsic muscles of the rota-
tor cuff  attach along the entire surface of the scapula 
and work most effi  ciently with the arm between 70° 
and 100° of abduction. In this position, they form a 
‘compressor cuff ’ enlocating the humeral head into 
the socket.

The scapula provides a key link in the kinetic chain

Th e scapula links the proximal-to-distal sequencing 
of velocity, energy and forces that optimize shoulder 
function. For most shoulder activities, this sequenc-
ing starts at the ground. Individual body segments, or 
links, move in a coordinated way to generate, summate 
and transfer force through various body segments 
to the terminal link. Th is sequencing is termed the 
‘kinetic chain.’ Large proximal body segments provide 
the bulk of the force.

Th e scapula is pivotal in transferring the large forces 
and high energy from the legs, back and trunk to the 
arm and the hand. Forces generated in the proximal 
segments are transferred effi  ciently and regulated as 
they go through the funnel of the shoulder when the 
scapula provides a stable and controlled platform. Th e 
entire arm rotates as a unit around the stable base of 
the glenohumeral socket.

Th us, the scapula performs various interrelated 
functions to maintain the normal glenohumeral 
path and provide a stable base for muscular function. 
Abnormalities in scapular function that predispose 
to injury are discussed below.

Abnormal scapular biomechanics 
and physiology

Th e scapular roles can be altered by many anatomi-
cal factors to create abnormal biomechanics and 

physiology, both locally and in the kinetic chain 
(Table 5.4).

Clinical signifi cance of scapular biomechanics 
in shoulder injuries

Abnormal shoulder biomechanics can compromise 
normal shoulder function. Th is observation has been 
given various descriptive titles, such as ‘scapulo thoracic 
dyskinesis’, ‘fl oating scapula’ or ‘lateral scapular slide’. 
It is important for the clinician to recognize that these 
are merely titles for the same phenomenon, that is, 
abnormal scapular function. We provide examples 
of how abnormal biomechanics can cause shoulder 
and elbow problems.

Lack of full retraction of the scapula on the thorax 
destabilizes the cocking point and prevents accelera-
tion out of a fully cocked position. Lack of full scapular 
protraction increases the deceleration forces on the 
shoulder and alters the normal safe zone between 
the glenoid and the humerus as the arm moves 
through the acceleration phase. Too much protrac-
tion because of tightness in the glenohumeral capsule 
causes impingement as the scapula rotates down and 
forward. Th ese cumulatively lead to abnormalities in 
concavity/compression due to the changes in the safe 
zone of the glenohumeral angle.

Loss of coordinated retraction/protraction in 
throwing opens up the front of the glenohumeral 
joint and, thus, provides an insuffi  cient anterior bony 
buttress to anterior translation of the humeral head. 
Th is increases shear stress on the rest of the anterior 
stabilizing structure, the labrum and glenohumeral 
ligaments, which further decreases the stability of the 
glenoid for the rotating humerus.

Lack of acromial elevation leads to impingement 
in the cocking and follow-through phases. Impinge-
ment can also occur secondary to painful shoulder 
conditions that inhibit the function of the serratus and 
lower trapezius muscles. As these muscles normally 
act as a force couple to elevate the acromion, their 
inhibition commonly causes impingement. Th us, 
detecting and, if necessary, reversing serratus and 
trapezius inhibition is an important step in treating 
shoulder conditions.

If the scapula is unstable, the lack of an anchor 
aff ects the function of all scapula muscles. Muscles 
without a stable origin cannot develop appropriate or 
maximal torque and are predisposed to suff ering mus-
cular imbalance. If the scapula is truly unstable on the 
thoracic wall, as in spinal accessory nerve palsies or in 
extremely inhibited muscles, then the muscle origins 
and insertions are eff ectively reversed and the distal 
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end of the muscle becomes the origin. Th e scapula is 
then pulled laterally by the muscle, which contracts 
from the more stable distal humeral end rather than 
from the proximal scapular end. A further problem 
of the unstable scapula is that it does not provide a 
stable base for glenohumeral rotation during link 
sequencing. Th erefore, the arm works on an unstable 
platform and loses mechanical effi  ciency.

One of the most important scapular biomechani-
cal abnormalities is the loss of the link function in 
the kinetic chain. Th e kinetic chain permits effi  cient 
transfer of energy and force to the hand. Th e scapula 
and shoulder funnel forces from the large segments, 
the legs and trunk, to the smaller, rapidly moving 
small segments of the arm.

Scapular dysfunction impairs force transmission 
from the lower to the upper extremity. Th is reduces 
the force delivered to the hand or creates a situation 
of ‘catch-up’ in which the more distal links have to 
overwork to compensate for the loss of the proximally 
generated force. Th e distal links have neither the 
size, the muscle cross-sectional area, nor the time in 
which to develop these larger forces effi  ciently. For 
example, a 20% decrease in kinetic energy delivered 
from the hip and trunk to the arm necessitates an 80% 
increase in muscle mass or a 34% increase in rotational 

velocity at the shoulder to deliver the same amount of 
resultant force to the hand. Such an adaptation would 
predispose to overload problems.

Th is explains why injuries apparently unrelated 
to the upper limb, for example, decreased push-off  
due to Achilles tendinopathy, decreased quadriceps 
drive aft er a muscle strain or decreased segmental 
trunk rotation secondary to thoracic segmental hypo-
mobility, can aff ect upper limb throwing mechanics 
and predispose to further, or more serious, upper 
limb injury.

Changes in throwing arm with repeated 
pitching

Repeated throwing causes adaptive changes to gradu-
ally develop in the shoulder and elbow. Changes 
occur in fl exibility, soft  tissue/muscle strength and 
bony contour.

At the shoulder, long-term throwing athletes 
have increased range of external rotation. Th is arises 
because of the repeated stress to the anterior capsule 
in the cocking phase and stretch or breakdown in 
the anterior static stabilizers of the shoulder joint 
(the inferior glenohumeral ligaments). Th is may 
compromise the dynamic balance that exists between 

Table 5.4 Alterations to scapular function

Scapular function alteration Eff ect on scapular function

Anatomical factors

Cervical spine lordosis Excessive scapular protraction—leads to impingement with elevation

Thoracic spine kyphosis Excessive scapular protraction—leads to impingement with elevation

Shoulder asymmetry (i.e. drooping of 
the shoulder or ‘tennis shoulder’)

Impingement/muscle function and fatigue

Injuries of scapula, clavicle Alters orientation of scapula, length of clavicular strut; painful conditions 
that inhibit muscle function

Abnormalities in muscle function

Overuse, direct trauma, 
glenohumeral causes (instability, 
labral lesions, arthrosis)

Muscle weakness or force couple imbalances. Serratus anterior and lower 
trapezius particularly susceptible. Can be a non-specifi c response to a 
variety of glenohumeral pathologies (this can be seen as analogous to the 
knee in that weakness of the vastus medialis obliquus can result in the 
patellofemoral syndrome)

Glenohumeral infl exibility, posterior 
(capsular or muscular)

Limits smooth glenohumeral joint motion and creates wind-up eff ect so 
that the glenoid and scapula get pulled in forward and inferiorly by the 
moving arm, leading to excessive protraction, which, in turn, holds the 
scapula and, importantly, the acromion inferiorly and, thus, makes it prone 
to impingement

Nerve injury (causes less than 5% 
of abnormal muscle function in 
shoulder problems)

Long thoracic nerve, serratus anterior, inhibited. Accessory nerve—trapezius 
function inhibited
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shoulder function and stability. Th e combination of 
increased shoulder external rotation range of motion 
and breakdown of the static stabilizers may lead to 
anterior instability of the shoulder and secondary 
impingement.

Th e normal strength ratio of internal rotators to 
external rotators is approximately 3:2 but in throwers 
this imbalance is exaggerated and, over time, lack of 
external rotation strength may increase vulnerability 
to injury. Th ese dynamic changes in the shoulder joint 
highlight the need for a structured exercise program 
to prevent or correct muscle imbalances.

Th rowing also produces structural changes at the 
elbow. Due to the valgus stress applied in the throwing 
action there is a breakdown of the medial stabilizing 
structures (medial collateral ligament, joint capsule, 
fl exor muscles). Th is leads to the development of an 
increased carrying angle at the elbow.

Less frequently, the eccentric overload on elbow 
structures causes anterior capsular strains, posterior 
impingement or forearm fl exor strains and, subse-
quently, a fi xed fl exion deformity.

Common biomechanical abnormalities 
specifi c to pitching

One of the most common biomechanical problems is 
caused by the pitcher ‘opening up too soon’. Normally 
the body rotates out of the cocking phase when the 
arm is fully cocked (externally rotated). If the body 
opens up too soon, the arm lags behind and is not 
fully externally rotated. Th is results in increased 
stress to the anterior shoulder structures and an 
increased eccentric load to the shoulder external 
rotators. It also results in increased valgus stress at 
the elbow.

The other common abnormality seen in pitchers 
is known as ‘hanging’, which is a characteristic sign 
of fatigue. Decreased shoulder abduction leads to 
dropping of the elbow and a reduction in velocity. 
There is an associated increase in the likelihood 
of injury, particularly to the rotator cuff as well 
as the shoulder joint and the elbow. It is normally 
related to excessive intensity, frequency or dura-
tion of activity.

Th e type of pitch is determined by the spin imparted 
onto the ball by the hands and fi ngers at ball release. 
Th e normal follow-through involves forearm prona-
tion. In ‘breaking’ pitches, the forearm is relatively 
supinated at release and then pronates. ‘Breaking’ 
pitches are associated with an increased risk of injury. 
Some pitchers incorrectly forcefully supinate against 
the normal pronation of follow-through.

Biomechanics of swimming
Swimming relies on propulsion through the water 
using both the upper and lower limbs.22 Approximately 
90% of propulsion is generated by the upper limbs. 
Th e forward propulsive forces must overcome the 
drag force of the water. Th erefore, when swimming 
front crawl (freestyle), the swimmer tries to maintain 
as horizontal a position as possible. If the head and 
shoulders are high in the water and the hips and legs 
are lower, or there is excessive side-to-side movement, 
there is an increased drag eff ect.

In freestyle, butterfl y and backstroke there are two 
phases of the stroke—the pull-through and recovery. 
In simple terms, the pull-through involves adduction 
and internal rotation of the shoulder as the elbow 
fl exes and then extends. Th e recovery phase involves 
abduction and external rotation of the shoulder, again 
followed by elbow fl exion and then extension.

In all four competitive swimming strokes, swimmers 
do not simply pull the arm straight through the water. 
For example, pull-through is S-shaped in freestyle. Not 
all of the underwater phase of the stroke contributes to 
propulsion. In all strokes the beginning of propulsion, 
or catch point, begins approximately one-third of the 
way through the underwater phase. Th is represents 
the arm position where the elbow is above the hand. 
Understanding swimming biomechanics can aid stroke 
profi ciency and minimizes risk of injury.

Swimming biomechanics and shoulder pain

Shoulder pain is extremely common among swimmers 
and is usually due to impingement and rotator cuff  
tendinopathy. Traditionally, anatomical factors were 
thought to cause impingement but it now appears that 
it is largely due to muscle weakness, dynamic muscle 
imbalance and biomechanical faults.

If the scapular stabilizing muscles are weak and 
the short scapulohumeral muscles tight, there will 
be insuffi  cient scapular protraction and lateral rota-
tion during the swimming stroke and, thus, a ten-
dency for rotator cuff  impingement. Th is problem 
is exacerbated if cervical and thoracic hypomobility 
is present. Dynamic imbalance between the internal 
and external shoulder rotators may also promote 
impingement in the pull-through phase of a stroke as 
the internal rotators are oft en excessively (>3:2 ratio) 
strong in swimmers.

Swimmers strive to have a long stroke as this 
improves propulsion but the resultant prolonged 
shoulder adduction and internal rotation may lead 
to hypovascularity of the supraspinatus muscle and 
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increased risk of tendinopathy. Th is is exacerbated 
if hand paddles are used. Th erefore, the stroke may 
need to be shortened to decrease injury risk. Other 
technique factors that predispose to impingement are 
an excessively straight arm during the recovery phase 
and insuffi  cient body roll. Body roll also increases 
the effi  ciency of forward propulsion in freestyle and 
backstroke by allowing the shoulder to act in a more 
neutral position relative to the coronal plane, balanc-
ing the adductors and abductors.

To prevent shoulder injury in a swimmer, ensure 
that the athlete has adequate strength and control of 
the scapular stabilizing muscles and that the internal:
external rotator strength ratio is normal (for the 
sport).23 Ensure the athlete stretches the scapulo-
humeral muscles, including the infraspinatus, teres 
minor and subscapularis muscles. Correct cervical 
and thoracic hypomobility.

When assessing swimming technique to prevent 
injury, the practitioner should look for good elbow 
height during the recovery phase of the stroke and 
adequate body roll. A bilateral breathing pattern 
increases body roll.

Common technical errors in specific swim-
ming strokes that predispose to injury are shown 
in Table 5.5.

Biomechanics of tennis
Tennis places great stress on the shoulder and elbow. 
Th e shoulder receives maximal loads during the serve 
and overhead strokes and rotator cuff  impingement 
may arise from a mechanism parallel to that in throw-
ers and swimmers. Th e tennis service begins with 90° 
abduction and external rotation in the cocking phase. 
Th e shoulder then moves rapidly from external to 
internal rotation and from abduction into forward 
fl exion. Th e deceleration or follow-through phase 

is controlled by the external rotators. Impingement 
is exacerbated by increased internal rotation of the 
shoulder in forward fl exion. Over 50% of the total 
kinetic energy and total force generated in the tennis 
serve is created by the lower legs, hips and trunk.

In many tennis serving motions, the feet and 
body are actually off  the ground when this rotation 
reaches its maximum peak. Th e entire stable base of 
the arm, in this situation, rests on the scapula rather 
than on the feet or the ground. Th erefore, stability 
of the scapula in relationship to the entire moving 
arm is the key point at this important time in the 
throwing sequence.

If we compare the biomechanics of serving to that 
of pitching, we fi nd that the forces transmitted to the 
shoulder are lower in serving as the tennis racquet 
dissipates much of the impact force. Th is enables 
the tennis player to serve more than 100 times daily, 
whereas the pitcher can only pitch approximately 
every fourth day. Because of the racquet, tennis serv-
ing requires a smaller range of internal/external rota-
tion than pitching. Nevertheless, shoulder instability 
may develop over time.

Tennis biomechanics and elbow pain

Elbow pain (Chapter 18) is extremely common among 
tennis players. Th is may be due to the dominant activ-
ity of the wrist extensors. Poor backhand technique is 
a major predisposing factor.24 Th e role of racquets in 
the development of increased force through the elbow 
is discussed in Chapter 6. Commencing tennis late in 
life also appears to be a risk factor for elbow pain.

Tennis racquets

Tennis racquets can play an important role in injury 
and, although they could be categorized as a factor in 
tennis biomechanics, we discuss them in Chapter 6.

Table 5.5 Common technical errors in specifi c swimming strokes that predispose to injury

Swimming stroke Common technical error that predisposes to shoulder injury

Butterfl y Entering the arms into the water too far outside the line of the shoulders or with the arms 
too close together

Backstroke Pull-through with elbows extended, which results in a straight pull-through instead of an 
S-shaped pull-through

Insuffi  cient body roll

Freestyle A line of pull-through that crosses far beyond the midline
Striving for too much length in the stroke
Insuffi  cient body roll

Breaststroke Excessive elbow extension
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Biomechanics of other 
overhead sports
Any sport involving overhead activity may lead to 
the development of shoulder and elbow problems. 
Many of the principles of biomechanics discussed 
above apply to these sports. Water polo and volleyball 
provide the clinician with some specifi c challenges.

Water polo

Water polo players are particularly susceptible as 
the sport involves a combination of swimming and 
throwing. Shoulder impingement commonly occurs 
in association with anterior instability. Instability may 
be atraumatic or traumatic, for example, as a result of 
a block. Water polo players are susceptible to imbal-
ance between internal and external rotators and they 
may have poor scapular control. Prevention of injury 
may be enhanced by prophylactic strengthening of 
the external rotators and scapular stabilizers.

Water polo players have a restricted throwing 
action due to the large ball size, the presence of the 
water and the lack of a base of support. Th is leads to 
poor throwing biomechanics—shoulder stabilizers 
must generate more forces and there is reduced elbow 
angular acceleration. Th ey may attempt to overcome 
this by angling their bodies to become more horizontal 
in the water when shooting, thus enabling them to 
throw with the shoulder at 90° of abduction, reducing 
the likelihood of impingement.

Volleyball

Th e overhead spike in volleyball is associated with a 
high incidence of shoulder injury. Th e technique is 
similar to the throwing action. Th ere is limitation in 
the amount of follow-through available with a spike 
due to the proximity of the net. Another potential 
hazard for the ‘spiker’ is that the spike may be blocked 
by an opponent. Internal and external rotator muscle 
balance must be maintained to prevent injury and 
the practitioner should also ensure that athletes have 
adequate scapular control.

An injury that is unique to volleyball, and results 
from specifi c biomechanics in association with an ana-
tomical predisposition, is suprascapular nerve entrap-
ment at the spinoglenoid notch.25 Bio mechanical and 
EMG studies showed that the muscle contraction pat-
tern in players who use the ‘fl oat’ serve and who have 
a suprascapular nerve that turns sharply aft er passing 
through the spinoglenoid notch are predisposed to 
traction-induced palsy of the suprascapular nerve.

Biomechanics of cycling
WITH EMMA COLSON
Cycling is unique due to the combination of extreme 
postural inertia of the upper and lower body together 
with excessive repetitious load on the lower limbs. 
A competitive road cyclist sits in the same position for 
25–35 hours per week and cycles at a rate of 80–120 
rpm, thus performing in excess of 150 000 lower limb 
repetitions per week. Th ere are four main Olympic 
cycling disciplines: road, track, mountain bike and 
BMX. Within some of these disciplines, there are 
diff erent events with diff erent athlete types in competi-
tion (sprint, endurance and a mixture of both). Th ere 
are also a huge variety of recreational cyclists.

As most kilometers are done on road bikes we 
present below the set-up basics of a road bike.

Set-up and positioning on the bike

Factors that the clinician must take into account when 
assessing bike set-up include seat height, seat fore/aft  
position and reach. When assessing set-up always 
ensure the cyclist has warmed up fi rst.

Seat height

Incorrect seat height has several sequelae. If the seat 
is too high, power is diminished because lower limb 
muscles must work beyond their optimal length–ten-
sion range. Also, there is excess stress on the posterior 
structures (hamstrings, gastrocnemius and posterior 
knee joint capsule). Furthermore, compensatory 
excessive hip extension causes loss of the stable pelvic 
core.26 In this situation, the rider oft en rocks the pelvis 
from side to side to maintain stability on the bicycle 
and this fatigues structures such as the adductors, 
gluteals, spine and even upper body musculature.

Conversely, a low seat increases knee flexion 
throughout the pedal cycle and increases patello-
femoral and suprapatellar bursal loading.27 It also places 
the hamstring, gluteal and gastrocnemius muscles in 
a suboptimal length–tension relationship.26

Measurement

• Foot at bottom stroke (Fig. 5.32a). With the elite 
cyclist, measurements are a guide but in the end 
this is the desired ‘look’.

• In-seam measurement (Fig. 5.32b). A useful 
rough guide is the ‘Le Mond’ method fi rst 
described by American cyclist Greg Le Mond. 
Th is measurement multiplied by a factor of 0.88 
will roughly approximate the measurement of 
the center to top height (see Fig. 5.32c).
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Figure 5.32 Measurement of seat height

(a) Elite rider extension of stroke

(b) In-seam measuring

(c) Center to top measuring

• Center to top measurement (Fig. 5.32c). 
Th is height should be equal to the in-seam 
measurement multiplied by 0.88 (Le Mond 
method).

Variations to seat height measure ment will be 
dependent upon:

• seat type and weight distribution
• cleat position—movement fore or aft  will 

eff ectively alter leg length
• cleat stack height—will aff ect relative leg length
• personal preference—excessively plantarfl exed 

riders might like a high seat
• seat fore/aft —a set-back seat may need to be 

lower
• crank length—smaller cranks will require a 

higher seat
• shoe thickness—thicker soles increase relative 

leg length
• rider experience—for the recreational cyclist 

or one new to the sport the fi rst priority is the 
ability to safely dismount, so this type of cyclist 
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might ride with the seat at lower than optimum 
height.

Seat fore/aft position

Fore/aft  position is important for knee loading.27 
A seat too far forward will result in increased patello-
femoral compression forces. Th e seat fore/aft  position 
also aff ects hip fl exion and gluteal–hamstring muscle 
length. If the seat is too far back, the hamstring 
and gluteal muscles will be overlengthened, which 
appears to inhibit force production. If the seat is too 
far forward, the knees become more fl exed, the hips 
more extended and the muscles of the lower limb 
are at a less than optimal length–tension relation-
ship. In addition, the more upright position is less 
aerodynamic.

Seat inclination can also be varied from 0° of ante-
rior tilt (i.e. a ‘fl at’ seat) to about 15°, as inclination 
beyond this angle causes the rider to slip off  the seat. 
Traditionally, it has been recommended that the seat 
be fl at. A biomechanical study suggested that 10–15° 
of anterior inclination reduces low back pain.28 Further 
study of this matter is required.

Measurement

• Plumb bolt method for saddle fore/aft  
measurement (Fig. 5.33). Here the bike is 
level and the plumb bolt is dropped from the 
posterior part of the tibial tuberosity to land 
either over the pedal axis or behind it. Landing 
in front of the axis will result in increased 
patellofemoral joint loading.

Th e amount of seat set-back is a personal one and 
will relate to the following:

• rider size—a larger cyclist will be more 
comfortable further back

• hip fl exibility—a cyclist with poor hip range will 
need to be further forward

• bike handling—moving behind the bottom 
bracket may lighten the front end a little, which 
could feel unbalanced and less stable for a road 
bike but allow a mountain biker to lift  the front 
and push the front wheel into corners more

• event type—time trial and triathlon cyclists are 
usually very far forward as they lean down and 
stretch out in front of the bike into an extreme 
aerodynamic position; this sort of riding is 
not comfortable for long distance, endurance 
training

• rider stability and fl exibility—a cyclist needs 
fl exibility and also stability to sustain a set-back 
seat position; this comes with years of cycling 

experience and can be assisted by specifi c 
exercises.

Reach

Th is measurement probably has the most variability 
with set-up. Th ere is no measurement for reach as it 
will depend upon rider fl exibility, experience, comfort, 
desired bike handling and desired aerodynamics. In 
Figure 5.34, it is clear that the same setting of reach 
can look right if the cyclist has the fl exibility and 
control to maintain the position (Fig. 5.34a) or look 
wrong if the cyclist is stiff  or unable to maintain the 
desired position (Fig. 5.34b).

Measurement

• Bar reach and drop—good positioning (Fig. 
5.34a). With good positioning, the set-up allows 
the cyclist to attain an anteriorly tilted pelvis, a 
fl at unkinked back, retracted scapulae, unlocked 
elbows and relaxed upper limbs.

Figure 5.33 Measurement of seat fore/aft position: 
plumb bolt over axis
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• Bar reach and drop—poor positioning 
(Fig. 5.34b). Poor positioning results when, 
for the same settings as those used in Figure 
5.34a, the cyclist has poor fl exibility through the 
pelvis, hip and hamstrings. Th is pulls the cyclist 
backwards and makes the bike reach look too 
extreme.

Variations to reach will be dependent on the type 
of cycling. Track riders and time trial athletes will be 
very stretched out, whereas a mountain biker will 
be more upright, refl ecting less aerodynamic demand 
and more about handling and maneuverability.

Cranks

Crank size is proportionate to trochanteric height (leg 
length). In general the issue is really only for small 
riders. Riders under about 165 cm (5 ft  5 in.) should 
be on 170 length cranks or less. Very small riders of 
160 cm (5 ft  3 in.) or less could be better on 167.5 or 
even 165 cranks. If there is any issue of knee problems 
in a smaller cyclist, this is one point to give early 
consideration to. Conversely, very tall riders should 
be on 175 cranks and those over 180 cm (6 ft ) might 
consider 177.5 cranks. Crank size seems unimportant 
for people of average height.

Cleats/pedal interface

Cleats are the most fi nicky part of elite cycling. Eff ec-
tive force transference and hence less injury potential 
is gained with a cleat with a low stack height. Th is 
places the foot closer to the pedal.

Float has become a popular and controversial part 
of cleat design. Th e desired outcome of fl oat is motion 
that allows the cyclist to move the foot unrestrained if 
required. Getting out of the seat is one such example. 
If the foot were fi xed rigidly to the pedal, the knee 
would be strained excessively. Float, however, should 
not be confused with slop. Slop is undesired motion 
of the foot while applying power to the pedals. Hence, 
a good cleat design has a midpoint that the foot will 
sit at most of the time with a small amount of force 
required to move off  that midpoint.

Cleat positioning

• Fore/aft . Th e cleat should allow the base of the 
fi rst metatarsal to sit over the pedal axis. Th is 
facilitates maximum leverage though the foot 
(Fig. 5.35a).

• Medial and lateral. Most cleats allow adjustment 
towards the inside or outside of the shoe. Riders 
with narrow hips would place the cleats to 
the maximum outside position, thus allowing 
their legs to be close together–mimicking their 
standing alignment. Riders with wide hips or a 
wide natural stance would do the opposite.

• Rotation. In general the feet should be pointing 
straight ahead. However, if the cyclist has a 
natural toe-out position, then the cleat needs 
to be rotated in to accommodate that. Many 
cyclists ride quite comfortably hitting the crank 
with their heel slightly on each pedal stroke.

Th e main aim of cleat setting is to align the hip, 
knee and ankle (Fig. 5.35b). However, should the 
natural stance of the cyclist be poorly aligned, then 
the cleats will be set to allow for this.

Figure 5.34 Measurement of reach

(a) Bar reach and drop—good positioning

(b) Bar reach and drop—poor positioning
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Figure 5.35  (a) Cleat position. Note the therapist’s 
thumb is over the base of the fi rst metatarsal, which 
lines up with the center point of the pedal spindle

(b) Limb alignment. Note the alignment of the hip, 
knee and ankle

Pedal and cleat systems mostly go together. Th e size 
of the pedal platform might be relevant for very tall 
cyclists who fi nd smaller cleat systems too unstable. 
Similarly, very small riders might fi nd a large pedal 
platform reduces their foot leverage.

Cyclists with narrow hips may also have problems 
with the increased Q angle of some pedal systems that 
are set along way out from the crank. Th is situation 
is aggravated by a wide bottom bracket (on many 
mountain bikes) and also cranks that angle outwards 
at the pedal end.

Seats

Comfort on the seat is imperative to endurance 
cycling. Seats should be set horizontal as mentioned 
above. A slight downward tilt can be useful with 
aerobar use or for someone with limited hip motion. 
Seats should be narrow enough to allow the legs to 
pedal freely without impingement (Fig. 5.36).

Figure 5.36 Seat width. Note how the narrow seat 
allows the cyclist’s legs to drop down unimpeded
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Shoes

Many road shoes have a poor foot bed and may 
require the addition of an orthosis, especially for 
riders with pronation. Also assess the diff erent shoe 
shapes. Recreational cyclists riding ‘street wear’ bike 
shoes sacrifi ce rigidity and will overload the knees if 
they do any substantial distance in them.

Handlebars

Handlebars come in diff erent shapes and sizes. Th e 
addition of aerobars to a road bike without any 
adjustment to seat position will probably create over-
stretching and neck problems.

Bike set-up in other forms of cycling

Other forms of riding follow this basic bicycle set-
up but alter some aspects because of the specifi cs 
of the sport. In mountain biking, the aerodynamic 
positioning is less important than control (depend-
ing upon the technical diffi  culty of the course). Th us, 
the rider is more upright and maneuverability of the 
bicycle becomes paramount. Hence, the frames tend 
to be small in comparison to the rider and reach 
is oft en shortened to make the front end easier to 
position and lift  over objects. For the same reason 
trick/trial bikes look ridiculously small for the rider. 
For downhill mountain biking, power generation is 
not as important as stability and control, so the seat 
is positioned to maintain a center of gravity as low 
as possible. Downhill cyclists usually have another 
bike with a ‘correct’ seat set-up for fi tness training as 
distance training with their competition bike set-up 
would predispose to knee problems.

For time trial, track sprinting and triathlons, the 
relative height of the seat to handlebars is sometimes 
increased to improve aerodynamics. Th ese athletes 
need good fl exibility and excellent stability. Aerobars 
are added in triathlons to enhance aerodynamics. 
Triathletes tend to ride with the seat positioned higher 
and further forward than recommended and hence 
‘toe’ more (i.e. paddle using the toe rather than dipping 
the heel to plantar grade). Th is most likely increases 
the contribution of their quadriceps at the expense of 
underutilization of the hamstring, gastrocnemius and 
gluteal muscles.26 Anecdotally, triathletes report that 
their hamstrings feel better for the running section aft er 
using this position in the ride.

Aerodynamics and wind resistance

Wind resistance is the primary retarding force in road 
cycling.29 Th e single most important factor in reducing 

the eff ect of wind resistance is the front-on surface 
area that the cyclist exposes to the wind. Th is becomes 
particularly important for the cyclist involved in 
time trial events. Th e rider must be able to position 
the pelvis in an anterior tilt to fl atten out the lumbar 
spine and so reduce his or her front-on surface area. 
It appears that there is a metabolic cost for the cyclist 
to attain such a position but this is far outweighed by 
the aerodynamic power savings.30

Road bikes are designed with this ideal in mind, 
and hence an inability to attain an aerodynamic 
posture can result in injuries. Physical assessment 
and rehabilitation of the road cyclist should be 
directed towards the cyclist attaining an effi  cient 
aerodynamic posture without placing strain on 
his or her body to do so. Th is requires fl exibility, 
strength and motor control. Should the cyclist be 
unable to control a posture to fi t the bike, then the 
setting of the bicycle needs to be modifi ed to ensure 
injury-free cycling.

Pedaling technique

Motion of the pedal stroke needs to appear (and 
sound) smooth and continuous. Trying to create an 
upstroke can be injurious to the cyclist. Cleats aid 
proprioception to stop the foot falling off  the pedal 
and during high-intensity pedaling.31

An upstroke utilizes the psoas and hamstrings at 
their less than optimal length–tension range and so 
will destabilize the pelvis, providing an ineff ective 
base for generation of leg muscle power. Th e last ‘up’ 
phase of the pedal cycle is very short. It corresponds 
to the power phase of the opposite pedal in steady 
state riding. Th e momentum of the ascending leg 
and drive of the opposite leg creates a negative torque 
situation that drives the ascending leg through to the 
top stroke.

Assessment

Th e practitioner needs to understand the cycling 
discipline of the injured athlete. Athlete experience, 
phase of training program and current goals must 
be established. As always, the history of the injury is 
important, with special attention to recent crashes, 
equipment modifi cations, training spikes or training 
variations. Th e important components of the physical 
assessment are:

• body type and size—big sprinters will have very 
diff erent issues to small hill climbers; very small 
females are oft en riding equipment designed for 
much larger people
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• physical alignment (or malalignment) and how 
that might relate to the injury

• fl exibility and stability—to attain the on-bike 
posture (Fig. 5.37) the cyclist needs to be fl exible 
through:
— arm overhead
— thoracic spine
— pelvis anterior tilt
— hamstrings in tilt position
— gluteals/hips (tightness here will aff ect knee 

tracking)
— iliotibial band
— knee range
— ankle dorsifl exion range.

Th e cyclist also needs the appropriate muscle 
strength to hold the on-bike position (Fig. 5.37) and 
dissociation of the hip motion from the pelvis and 
trunk to deliver power.

Strength imbalances in cycling can result in over-
loading of one leg or other regions of the body. 
Assessment should be made of right versus left  leg, 
the lower nerve roots, the vastus medialis obliquus, 
gluteus maximus, gluteus medius, erector spinae, 
pelvic fl oor, transversus abdominis, pelvic fl oor, the 
upper body stabilizers (the retractor group) and also 
single leg balance and control.

Rehabilitation

Th e key to the management of cycling injuries is to 
identify and treat the cause. It is important for the 
cyclist to continue riding, in a modifi ed form, if at 
all possible.

Rehabilitation exercises should, as much as pos-
sible, mimic the on-bike demands. Hence, working the 
body while maintaining an on-bike anterior tilt posi-
tion is useful. Examples of important rehabilitation 
exercises for the cyclist are shown in Figure 5.38.

Figure 5.37 Cyclist in ‘on-bike’ posture. Maintenance 
of this posture requires both fl exibility and stability. 
The ability to deliver power in the posture requires 
dissociation of the hips from a stable pelvis and trunk

Figure 5.38 (a) Scapular strengthening exercises. 
Cyclists with neck problems should strengthen the 
scapular retractors while maintaining an anterior 
pelvic tilt
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Conclusion

An appreciation of the postural/biomechanical and 
physical demands of the sport of cycling will enhance 
the practitioner’s ability to diagnose and manage 
cycling injuries.
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(b) Gluteal strengthening exercise. A weak gluteal 
muscle can be worked in this on-bike position. Thus, 
the rehabilitation aims of stability (holding the pelvis 
in single leg stance), strengthening of the gluteals and 
rehearsing dissociation of the limb from the pelvis are 
incorporated

(c) High box step-ups. Strength imbalances in the 
right quadriceps are addressed in this high stepping 
activity. The cyclist maintains an anterior tilt to mimic 
the on-bike position
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CHAPTER 

6

An important role for the sports medicine practi-
tioner is to minimize activity-related injury, that 

is, to improve the benefi t:risk ratio associated with 
physical activity and sport. Th ere have been many 
advances in the fi eld of sports injury prevention in 
the past decade.

Sports injury prevention can be characterized 
as being ‘primary’, ‘secondary’ or ‘tertiary’. In this 
book, we use the term ‘prevention’ synonymously 
with what is technically known as ‘primary preven-
tion’.1 Examples of primary prevention include health 
promotion and injury prevention (e.g. ankle braces 
being worn by an entire team, even those without 
previous ankle sprain). Secondary prevention can 
be defi ned as early diagnosis and intervention to 
limit the development of disability or reduce the risk 
of reinjury. We to refer to this as ‘treatment’ in this 
book (e.g. early RICE treatment of an ankle sprain, 
see Chapter 10). Finally, tertiary prevention is the 
focus on rehabilitation to reduce and/or correct an 
existing disability attributed to an underlying disease. 
We refer to this as ‘rehabilitation’ (Chapter 12); in the 
case of a patient who has had an ankle sprain, this 
would refer to wobble board exercises and graduated 
return to sport aft er the initial treatment for the sprain. 
Th e proactive clinician will initiate injury prevention 
strategies, give prevention advice during consultations 
where treatment is being sought and devise in-season 
strategy planning sessions with coaches and during 
screening of athletes (Chapter 57).

Th is chapter begins with a widely used model of 
how sports injuries occur. Th is is a very useful guide 
to ways to prevent sport injuries in a systematic 
manner. From there, we direct the reader to review 
the importance of correct biomechanics of sports for 
injury prevention, as outlined in Chapter 5. Th en, we 

Principles of Injury 
Prevention
WITH ROALD BAHR

discuss other important factors that may assist in the 
prevention of injury:

• warm-up
• stretching
• taping and bracing
• protective equipment
• suitable equipment
• appropriate surfaces
• appropriate training
• adequate recovery
• psychology
• nutrition.

Systematic injury prevention 
Research on sports injury prevention typically fol-
lows a sequence described by van Mechelen et al. 
(Fig. 6.1).2 Th is conceptual model can be applied 
successfully by sports clinicians as well. Firstly, the 
magnitude of the problem must be identifi ed and 
described in terms of the incidence and severity of 
sports injuries. If you are responsible for a team, this 
would involve recording all injuries within the squad, 
as well as training and match exposure. Secondly, the 
risk factors and injury mechanisms that play a part 
in causing sports injuries must be identifi ed. For the 
clinician, this could involve systematic steps to exam-
ine the athletes and their training and competition 
program (see below). Th e third step is to introduce 
measures that are likely to reduce the future risk 
and/or severity of sports injuries. Such measures 
should be based on information about the etiological 
factors and the injury mechanisms as identifi ed in 
the second step. Finally, the eff ect of the measures 
must be evaluated by repeating the fi rst step. From 
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a research standpoint, it is preferable to evaluate 
the eff ect of preventive measures by means of a ran-
domized controlled trial. For the medical practitioner 
responsible for a team, continuous surveillance of the 
injury pattern within the team will reveal whether 
changes occur in the injury risk.

Sports clinicians who want to prevent injuries in a 
systematic way could base their approach on a model 
of potential causative factors for injury, which was fi rst 
described by Meeuwisse,3 and later expanded by Bahr 
and Holme4 and Bahr and Krosshaug5 (Fig. 6.2). Th e 

model not only takes into account the multifactorial 
nature of sports injuries, but also the time sequence 
of events leading to injuries.

Firstly, it considers the internal risk factors—factors 
that may predispose to or protect the athlete from 
injury. Th is includes athlete characteristics, factors 
such as age, maturation, gender, body composition 
and fi tness level. One factor that consistently has been 
documented to be a signifi cant predictor is previous 
injury—almost regardless of the injury type studied. 
Internal factors such as these interact to predispose 
to or protect from injury. Internal risk factors can be 
modifi able and non-modifi able, and both are impor-
tant from a prevention point of view. Modifi able risk 
factors may be targeted by specifi c training methods. 
Non-modifi able factors (such as gender) can be used 
to target intervention measures to those athletes who 
are at an increased risk.

Th e second group of risk factors is the external 
factors the athletes are exposed to, for example, fl oor 
friction in indoor team sports, snow conditions in 
alpine skiing, a slippery surface (running track), very 
cold weather, or inappropriate footwear. Exposure 
to such external risk factors may interact with the 
internal factors to make the athlete more or less sus-
ceptible to injury. When intrinsic and extrinsic risk 
factors act simultaneously, the athlete is at far greater 

1. Establish
 the extent of
 the injury:
• incidence
• severity

2. Establish
 the etiology and
 mechanisms of
 the injury

4. Assess its
 effectiveness
 by repeating
 step 1

3. Introduce a
 preventive
 measure

Figure 6.1 The sequence for prevention of sports 
injuries2

Internal risk factors:

Risk factors for injury
(distant from outcome)

Injury mechanisms
(proximal to outcome)

• Human factors (e.g. team
 mates, opponents, referee)
• Protective equipment (e.g.
 helmet, shin guards)
• Sports equipment (e.g. skis)
• Environment (e.g. weather,
 snow and ice conditions,
 floor and turf type, 
 maintenance)

Exposure to external 
risk factors: Playing 

situation

Player/opponent
‘behavior’

Gross biomechanical
description

Detailed biomechanical
description

Inciting event:

Susceptible
athlete

Predisposed
athlete

INJURY
• Age (maturation, aging)
• Gender
• Body composition (e.g.
 body weight, fat mass,
 BMI, anthropometry)
• Health (e.g. history of
 previous injury, joint
 instability)
• Physical fitness (e.g.
 muscle strength/power,
 maximal O2 uptake, joint
 ROM)
• Anatomy (e.g. alignment,
 intercondylar notch
 width)
• Skill level (e.g. sport-
 specific technique,
 postural stability)

Figure 6.2 A comprehensive injury causation model based on the epidemiological model of Meeuwisse3 and 
modifi ed by Bahr and Krosshaug5 BMI = body mass index; ROM = range of motion
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risk of injury than when risk factors are present in 
isolation.

Th e fi nal link in the chain of events is the incit-
ing event, which is usually referred to as the injury 
mechanism—what we see when watching an injury 
situation. Again, it may be helpful to use a compre-
hensive model to describe the inciting event, which 
accounts for the events leading to the injury situation 
(playing situation, player and opponent behavior), 
as well as includes a description of whole body and 
joint biomechanics at the time of injury (Chapter 5).5 
Each injury type and each sport does have its typical 
patterns, and for team medical staff  it is important to 
consult the literature to reveal the typical injuries and 
their mechanisms for the sport in question. However, 
one limitation of the model is that it is not obvious 
how the team’s training routine and competitive 
schedule can be taken into consideration as potential 
causes, and the model has therefore traditionally been 
mainly used to describe the causes of acute injuries. 
For overuse injuries, the inciting event can sometimes 
be distant from the outcome. For example, for a stress 
fracture in a long distance runner, the inciting event 

is not usually the single training session when pain 
became evident but the training and competition 
program he or she has followed over the previous 
weeks or months.

For clinicians, this model can be used to identify 
potential causes of injury. Th e key questions to ask 
are: Who is at increased risk? Why? How do injuries 
typically occur? When caring for a defi ned group of 
athletes, such as a soccer team or an alpine skiing team, 
this can be done using a systematic risk management 
approach. Individual risk factors (and protective fac-
tors) can be mapped during the pre-season physical 
examination (e.g. history of previous injury, malalign-
ment) or tested as part of the team’s fi tness testing 
program (e.g. strength, fl exibility, neuromuscular 
control). Th en it is possible to do a risk analysis to 
document the parts of the season when athletes are at 
the greatest risk of sustaining injuries as a result of the 
training or competitive programs (Fig. 6.3). Examples 
of situations in which risk increases are when athletes 
switch from one training surface to another (e.g. from 
grass to gravel) or to new types of training (e.g. at 
the start of a strength training period). Th is type of 

Basic training

Jan. Feb.

1

2

3

4
5 7

6 8

Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Training camp

Competition

Rest period

Figure 6.3 Risk profi le. Examples of periods of the season when a college basketball team may be at particular risk 
of injury. The comments below concern the risk periods that are circled:

1. Change of time zone, off -court training surface, climate, and altitude during training camp in Colorado. Emphasis 
on defensive stance training and quick lateral movements could lead to acute groin injuries (Chapter 23). 
Athletes should not increase the amount or intensity of training too much.

2. Transition to greater amount of on-court training and intensity, combined with several practise games. Floor 
surface quite hard. Risk of lower leg overuse injuries such as Achilles tendinopathy, shin splints.

3. New training camp to fi ne-tune players before beginning the competitive season; practise games on unusually 
slippery courts. Competition to avoid being cut from the squad leads to increased intensity during training and 
competition.

4. The beginning of the competitive season. A higher tempo and a packed competitive schedule to which the 
athlete is unaccustomed. Risk of overuse injury (e.g. patellar tendinopathy, tibial stress fracture) compounded by 
heavy academic program, leading to additional fatigue.

5. High risk of acute ankle and knee injuries during the competitive season and a tough competition schedule at 
full intensity.

6. Interposed period of hard basic training, strength exercises to which the athlete is not accustomed, and 
plyometric training increases risk of tendinopathy and muscle strain.

7. The end of the competitive season. Worn out and tired players? This is an important time to treat low-level 
‘grumbling’ injuries aggressively. Waiting for the injury to heal simply with ‘rest’ is not recommended.

8. Transition to basic training period with running on trails.
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analysis is an important basis for planning preventive 
measures, particularly for the purpose of avoiding 
overuse injuries. Th e analysis is based on the idea 
that the risk of injuries is greater during transitional 
periods and that each stage has certain characteristics 
that may increase risk. Th e risk profi le usually varies 
from sport to sport. Healthcare personnel responsible 
for teams or training groups should do this type of 
analysis in collaboration with the coaches and athletes 
and create a plan for relevant preventive measures 
based on the risk analysis. In this chapter we examine 
strategies that are oft en used to ameliorate intrinsic 
and extrinsic sports injury risk factors or prepare the 
athlete for potential inciting events.

Warm-up
Warm-up prepares the body for exercise. Th e type 
of exercise to be performed determines the type of 
warm-up. Th e most eff ective warm-up consists of both 
general and specifi c exercises. General exercises may 
include jogging, general stretching and resistance 
exercises. Specifi c exercises include stretches and 
movements that are appropriate for the particular 
activity about to be undertaken.

Th e possible benefi ts of warm-up prior to physical 
activity include:6–8

• increased blood fl ow to muscles
• increased oxyhemoglobin breakdown, with 

increased oxygen delivery to muscles
• increased circulation leading to decreased 

vascular resistance
• increased release of oxygen from myoglobin
• enhanced cellular metabolism
• reduced muscle viscosity leading to smoother 

muscle contraction and increased mechanical 
effi  ciency

• increased speed of nerve impulses
• increased sensitivity of nerve receptors
• decreased activity of alpha fi bers and sensitivity 

of muscles to stretch
• decreased number of injuries due to increased 

range of motion
• decreased stiff ness of connective tissue leading 

to decreased likelihood of tears
• increased cardiovascular response to sudden 

strenuous exercise
• increased relaxation and concentration.

Th ere are no data on which to prescribe intensity 
and duration of a warm-up. Th us, it may make sense 
to allow athletes to determine their own warm-up 

regimen. In team sports there can be a group regimen 
with a built-in period of ‘free warm-up’. One guideline 
for the intensity of the warm-up is to produce some 
mild sweating without fatigue. Th e eff ect of a warm-
up lasts approximately 30 minutes, so it is important 
not to warm up too early.6

Several clinical studies, including a recent high-
quality randomized trial,9 have shown that structured 
warm-up programs designed to prevent injuries can 
reduce injury risk by 50% or more. However, it is not 
known whether it is the physiological eff ects of the 
warm-up program as described above which confer 
the eff ect on injury risk, or whether the reduced risk 
results from training eff ects on strength, neuromus-
cular control, technique or other factors.

Stretching
Th e ability to move a joint smoothly throughout a 
full range of movement is considered an important 
component of good health. Th ere is a hereditary 
component to general fl exibility, and specifi c joints or 
muscles may become stiff  as a result of injury, over-
activity or inactivity. Although increased fl exibility 
attained through stretching was widely believed to 
decrease musculotendinous injuries, and minimize 
and alleviate muscle soreness, and perhaps even 
improve performance, research by Peter Magnusson 
and others has thrown enormous doubt on these 
widely held dogmas.10–17 Such relationships are dif-
fi cult to prove,3, 6 and studies on military personnel 
have not shown any eff ect from general, systematic 
stretching programs on the overall injury risk.18, 19 It 
is not known whether a specifi c stretching program 
to prevent a particular injury type, such as stretching 
the hamstrings to prevent hamstring strains, is eff ec-
tive. Because of the need to randomize elite athletes 
to a trial of ‘not stretching’ and ‘stretching’ specifi c 
muscles, and then waiting to see whether there are 
more injuries of that muscle in the non-stretching 
group, it may be diffi  cult to obtain defi nitive data 
on the ‘stretching prevents injury’ hypothesis. It, 
does, however, seem unlikely that stretching, per se, 
improves performance in sports,20–25 except in sports 
where range of motion is a key performance factor, 
such as gymnastics and diving.

Witvrouw et al.26 have raised an interesting hypoth-
esis that stretching may be more important for pre-
venting injury in sports that have a high intensity of 
stretch–shortening cycles (e.g. football, basketball) 
than in sports with relatively low demands on the 
muscle–tendon stretch–shortening cycle (e.g. jogging, 
cycling, swimming).
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Th ere are two types of fl exibility—static and 
dynamic. Static fl exibility describes the degree to 
which joints may be passively moved to the end 
points of range of motion. Dynamic flexibility 
is the degree to which a joint can be moved as a 
result of muscle contraction. Low static or dynamic 
fl exibility may be an intrinsic risk factor for some 
injury types.

Athletes commonly perform three diff erent types 
of stretching exercises—static, ballistic and proprio-
ceptive neuromuscular facilitation (PNF).

Static stretching

In static stretching, the stretch position is assumed 
slowly and gently and held for 30–60 seconds.7 Th e 
athlete should not experience any discomfort in the 
stretched muscle. As the position is held, tension 
from the stretch becomes strong enough to initiate 
the inverse myotatic stretch refl ex with subsequent 
muscle relaxation. Th e muscle can then be stretched a 
little further, again without discomfort. Th is increased 
stretch should also be held for approximately 30 sec-
onds, then relaxed. If, during either stage of the stretch, 
there is a feeling of tension or pain, overstretching 
is occurring and this may cause injury. Th e athlete 
should ease off  to a more comfortable position. Of 
the diff erent types of stretches, static stretch produces 
the least amount of tension and is probably the safest 
method of increasing fl exibility.

Ballistic stretching

In a ballistic stretch, the muscle is stretched to near 
its limit, then stretched further with a bouncing 
movement. Th e disadvantage of this stretch is that 
the quick bouncing causes a strong refl ex muscle 
contraction. Stretching a muscle against this increased 
tension heightens the chances of injury. Th erefore, 
this technique is not commonly used.

Ballistic stretching may be used, however, by 
athletes in the latter stages of a stretching program. It 
should be preceded by an adequate warm-up and slow 
static stretching. It is used particularly in gymnastics, 
ballet and dance where maximal range of motion is 
advantageous.

Proprioceptive neuromuscular 
facilitation stretching

PNF stretching is performed by alternating contrac-
tion and relaxation of both agonist and antagonist 
muscles. PNF stretching is based on the observations 

that muscle relaxation is increased both aft er agonist 
contraction and antagonist muscle contraction.

Th ere are a number of diff erent PNF stretching 
techniques (Fig. 6.4). PNF stretching may produce 
greater fl exibility gains than other stretching tech-
niques. Its major disadvantage is that there is a ten-
dency to overstretch. PNF stretches should ideally be 
performed with a partner who is aware of the potential 
dangers of the technique.

Principles of stretching

Th e basic principles of stretching are:

• warm-up prior to stretching
• stretch before and aft er exercise
• stretch gently and slowly
• stretch to the point of tension but never pain.

A general stretching program involving stretches 
of the major muscle groups is shown in Figure 6.5. 
Specifi c stretches used in the prevention or rehabili-
tation of specifi c injuries are shown in the relevant 
chapters in Part B.

Taping and bracing
Taping (or strapping) and bracing are used to restrict 
undesired, potentially harmful motion and allow 
desired motion. Th ere are two main indications for 
the use of tape and braces:

Figure 6.4 PNF hamstring stretch. The partner 
passively stretches the hamstring to the onset of 
discomfort. The athlete then performs isometric 
hamstring contraction against the partner’s shoulder. 
The partner then passively stretches the hamstring 
further to the point of discomfort
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Figure 6.5 General stretching program

(a) Gastrocnemius. Pushing against a wall or fence with 
leg straight out behind, feeling a gentle calf stretch

(b) Soleus. Supported by a wall or fence with knee 
fl exed, bring leg to be stretched underneath body and 
lunge forward, again feeling a gentle steady calf stretch

(c) Calf (general). With the toes supported on a step or 
gutter, allow the heel to drop beneath the level of the 
toe. Allow gravity to impart a gentle stretch

(d) Hamstring. With the leg supported on a beam 
or bench and keeping the leg straight, gently bend 
forward at the hips until a stretch is felt at the 
hamstring. Do not bend the back in order to get the 
chest closer to the knee; rather bend at the hips with 
the back kept straight
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1. prevention—taping is used as a preventive 
measure in high-risk activities, for example, 
basketball players’ ankles

2. rehabilitation—taping is used as a protective 
mechanism during the healing and 
rehabilitation phases.27, 28

Although taping and bracing are used in the injury 
management of conditions in numerous joints, they 
have not been proven to be eff ective for primary injury 
prevention in the shoulder, elbow, knee and spinal 
joints. However, there is good evidence to suggest 
that bracing may prevent reinjuries in athletes with 
a history of a previous ankle sprain.

(e) Groin. Sitting on the fl oor with the knees fl exed, 
soles of feet together and the back kept straight, 
gently push the outside of the knees towards the 
ground until a stretch is felt in the groin

(f) Groin. Sitting on the fl oor with the legs straight 
and the hips abducted, bend forward at the hips until 
a stretch is felt in the groin. By bending towards either 
leg, this stretch can be used to stretch the hamstrings

(g) Quadriceps. In a standing position, pull the heel 
to the buttock until a stretch is felt at the front of the 
thigh. The stretch can be increased if necessary by 
pressing the hips forward. Attempt to keep the knees 
together and do not rotate at the pelvis

(h) Gluteals/piriformis (left). Sitting on the fl oor, bend 
the left leg up in front. Place the left heel over the 
thigh of the right leg and pull the left knee towards 
the chest, until a stretch is felt in the left gluteal region. 
Attempt to keep both buttocks square on the ground
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Taping

Th ere are many diff erent tapes and bandages available 
for use by athletes. However, when the purpose is to 
restrict undesired motion, only adhesive, non-stretch 
(rigid) tape is appropriate (Fig. 6.6). Elastic tape 
is inappropriate for restricting motion. Good tape 
should be adhesive, strong, non-irritant and easily 
torn by the therapist.

Tape is ideally applied over joints where skin sliding 
can be limited to one direction. Th e joints most suit-
able for taping are the ankle, wrist, fi nger, acromiocla-
vicular joint and the fi rst metatarsophalangeal joint. 

(i) Low back. Lying on the ground or the bed, bend up 
one knee and rotate towards the opposite side until 
the knee touches the fl oor. Keep the shoulders fl at on 
the ground. A gentle stretch should be felt in the lower 
back

(j) Pectoral girdle. Standing or in a seated position, 
clasp both hands behind the back and straighten the 
elbows. A partner then lifts the hands gently. Keep the 
back straight. A stretch should be felt in the front of 
the shoulder and in the chest

(k) Triceps. Lifting the arm into maximum fl exion and 
abduction, bend the elbow to its fully fl exed position. 
Then, placing the opposite hand on the elbow, pull 
across and back until a stretch is felt in the triceps and 
shoulders

(l) Levator scapulae. To stretch the levator scapulae, 
place the chin on the chest and then rotate the head 
away from the side to be stretched. Then apply a 
stretch with the hand on the side of the head. A stretch 
should be felt in the neck and shoulder
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As well as providing mechanical support, tape may 
enhance proprioception. Guidelines for tape applica-
tion are given below.

Preparation

• Th e athlete and the therapist should be in a 
comfortable position for tape application.

• Tailor the taping to the needs of the individual 
and the sport being played. It is important 
to provide support but not restrict essential 
movement.

• Injured ligaments should be held in a shortened 
position during taping. Ligaments that have 
not previously been injured should be held in 
neutral position.

• Shave body hair, preferably at least 8 hours prior 
to tape application to avoid skin irritation.

• Clean skin, remove grease and sweat.
• Apply an adhesive skin spray prior to taping, 

especially if sweating is likely to reduce the 
adhesiveness of the tape.

• Use an underwrap if a skin allergy exists.
• Care should be taken with the use of non-stretch 

tape around swollen joints.
• Use tape of appropriate width.

Application

• Use anchors proximally and distally, as tape 
adheres better to itself than to skin.

• Unroll the tape before laying it upon the skin to 
ensure correct tension.

• Apply even pressure.
• Overlap the previous tape by one-half to ensure 

strength and even application.

• Smooth out all folds and creases to prevent 
blisters and lacerations.

• If discomfort is present aft er tape application, 
adjust the tape.

Removal

• Remove tape carefully with the use of tape 
cutters or tape scissors.

Complications

Complications of tape application include reduced 
circulation from tight taping, skin irritation due to 
mechanical or allergic phenomena, and decreased 
eff ectiveness of tape with time. Tape provides substan-
tial material support but, as with any material, does 
have a threshold where it fails.29 It may be necessary 
to reapply tape at a suitable break during the athletic 
activity, for example, at half-time. Tape application 
requires practise to perfect technique.

Bracing

Bracing has several advantages over taping. An athlete 
can put a brace on by himself or herself and although 
the initial cost of a brace may be high, a good quality, 
strong brace will last a considerable time and may 
prove to be cheaper than repeated taping.

Bracing also has a number of disadvantages. Th ese 
include possible slipping of the brace during use, the 
weight of the brace, problems with exact sizing and 
the risk of the brace wearing out at an inopportune 
moment. Sometimes it may be necessary for braces 
to be custom-made.

A number of diff erent types of braces are available. 
Heat-retaining sleeves are commonly used in the 
treatment of many chronic infl ammatory conditions. 
Th ese sleeves are commonly made out of neoprene. 
Th e neoprene support off ers increased warmth and 
comfort over the aff ected area and may improve 
proprioception but provides little or no mechanical 
support. Th e sleeves are available for most joints 
and muscles. Increased mechanical support can be 
gained by the use of harder material or the addi-
tion of straps or laces. Certain braces are used only 
to restrict movement, such as a hinged knee brace 
(Fig. 6.7).30–32

Braces can be custom-made by molding thermo-
plastic material over the aff ected part. Such splints are 
commonly used in the hand and wrist, particularly 
over the fi rst carpometacarpal joint aft er a Bennett’s 
fracture or at the fi rst metacarpophalangeal joint aft er 
a hyperextension sprain or ulnar collateral ligament 
sprain (Fig. 6.8).

Figure 6.6 Taping application—an example of ankle 
taping
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Protective equipment
Protective equipment has been designed to shield vari-
ous parts of the body against injury without interfering 
with sporting activity. Protective equipment can also 
be used on return to activity aft er injury in situations 
where direct contact may aggravate the injury.

Helmets are mandatory in certain sports such as 
motor racing, motor cycling, cycling, ice hockey, horse 
riding and American football (Fig. 6.9). In other sports 
the use of helmets is not universally accepted, such 

as in rugby football and skateboarding. Th e role of 
helmets, and face shields33 in protection against head 
injuries is discussed in Chapter 13.

Other protective equipment commonly worn 
includes: mouthguards in most collision sports; 
shoulder pads in American and rugby football; chest, 
forearm and groin protectors in ice hockey; knee pads 
when playing on artifi cial surfaces or while rollerblad-
ing; wrist guards in rollerblading and snowboarding; 
and shin pads in soccer and hockey. It is important 
that protective equipment fi ts correctly. Protective 
equipment may provide a psychological benefi t by 
increasing a player’s confi dence.

Suitable equipment
Running shoes, football boots, ski boots and tennis 
racquets are important elements that contribute to, 
or prevent, sports injuries.

Running shoes

Th e sports clinician must be able to assess foot type 
and advise athletes on the type of shoe most suited 
to their needs. Th e optimum shoe for a runner is 
one that matches the runner’s specifi c mechanical 
features. Several features of shoes may aff ect foot 
function. Th e fi rst part of the shoe to be considered 
is the heel counter, the upper rear part of the shoe. 
Th e heel counter should be made of rigid, fi rm plastic 
to assist in rear foot stability.34

Forefoot fl exibility (Fig. 6.10a) must be adequate to 
allow easy motion of the foot fl exing at toe-off . With 
a rigid sole, the calf muscles may need to perform 
extra work in order to plantarfl ex the foot during 
propulsion. A shoe with a lack of fl exibility in the 
forefoot may help the individual with metatarsalgia 
(Chapter 35).

Figure 6.7 Hinged knee brace

Figure 6.8 Molded braces

Figure 6.9 Helmets
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Th e midsole of the shoe is probably the most 
important feature (Fig. 6.10b). Midsoles are usu-
ally made of EVA, which is light and a good shock 
absorber. Th e midsole houses the more complex 
shock-absorbing materials such as gel pads and air 
bladders. Th e most important feature of the midsole 
is its density (durometer). It should be appropriately 
fi rm or soft  depending on the mechanics and weight 
of the individual. Midsoles that are too soft  permit 
excessive mobility, whereas fi rmer ones allow a more 
stable platform and oft en extended wear.

Runners requiring control of excessive motion 
should use a midsole of dual density that is harder 
on the medial aspect of the foot (Fig. 6.10c). Runners 
requiring extra shock absorption should choose a shoe 
with a soft  midsole that still provides lateral stabil-
ity. Maximum impact forces vary little in magnitude 
between soft  and hard midsoles but the maximal forces 
occur at a later stage in the soft  shoes.

Midsoles that are fl ared promote rapid and exces-
sive pronation of the foot and should be avoided. 
Th is negative aspect of lateral fl aring outweighs the 
advantage of decreased impact forces.

Last construction refers to the method used to 
join the upper of the shoe to the midsole. Shoes are 
generally slip lasted where the upper is sewn together 
and glued directly to the sole. Th is promotes shoe 
fl exibility but may reduce stability. Stroebel lasting 
is a technique whereby canvas or foam is perimeter-
stitched to the base of the upper and then glued to 
the midsole. Th is lasting technique became popular 
when manufacturers replaced the fi ber boards with 
rigid plates lodged directly in the midsole to increase 
torsional rigidity. Last construction, once the primary 
feature in footwear design, is now seen as a prime fac-
tor infl uencing the fi t of a shoe (Fig. 6.10d) but it has 

Figure 6.10 Characteristics of a running shoe

(a) Forefoot fl exibility

(b) Midsole: this is the part between the upper and 
the outsole

(c) Midsole: dual density. Medial side of the midsole is 
harder than the lateral side. This promotes stability

(d) Last shape. Shoe on the left is straight while shoe 
on the right is curved

Brukner-A-01_06.indd   88Brukner-A-01_06.indd   88 5/6/06   11:45:37 AM5/6/06   11:45:37 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 89

CHAPTER 6 PRINCIPLES OF INJURY PREVENTION 6

little infl uence on mechanics and foot function. Th ere 
is no evidence to support the commonly held view 
that the shape of a shoe infl uences foot function.

Th ere is a range of last shapes available in today’s 
shoe market. It is important that the athlete is fi tted 
by a professional and is comfortable with the ‘feel’ of 
the running shoes before they are purchased. Note 
that footwear brands diff er in their construction.

A summary of the recommended features of the 
running shoe for diff erent foot types is shown in 
Table 6.1.

 Th ere is no optimal running shoe, per se. 
However, certain shoes are optimal for an 
individual.

 Running spikes

Poorly designed running spikes may contribute to 
foot and lower limb injuries but there is a dearth 
of published literature in this fi eld. Th e majority of 
running spikes are designed so that the spike plate is 
plantar grade in relation to the heel. When running 
on a fl at surface the heel lift  is negligible and, thus, 
the heel is lower than the forefoot, which we call 
‘negative heel’ (Fig. 6.11). Th is phenomenon is the 
opposite of a heel ‘raise’, as used in the treatment of 
Achilles’ problems.

When running in spikes, the athlete strikes the 
ground on the forefoot and midfoot with the heel off  
the ground. Th e heel does not usually make contact 
with the ground while running at or near top speed. 
However, at lesser speeds, as the body weight moves 
over the foot, the foot lowers to the ground with little 
stability due to the negative heel.

Th e calf muscles may be subject to greater eccentric 
load due to the negative heel lift  as the tibia is required 
to dorsifl ex over the foot through a greater range. In 
addition, the small heel provides little stability for 
the eccentric lowering of the heel by the calf muscles. 
Th ese factors may predispose to the development of 
Achilles tendinopathy and shin pain in runners, as well 

as increasing the amount of compensatory pronation 
and midtarsal joint dorsifl exion. Running spikes may 
be modifi ed to provide more stability by increasing 
the heel lift  and balancing the shoe (Fig. 6.11).

Football boots

Football boots (Fig. 6.12) require all the features 
of a good running shoe in addition to features that 
will allow kicking and rapid changes of direction, 
particularly on soft  surfaces.

Th e construction of many types of football boots 
provides inadequate support for the lower limb. Com-
mon structural features found in football boots and 
the problems associated with each particular feature 
are summarized in Table 6.2.

Th e ideal football boot should be of adequate foot 
depth in the upper, have a rigid heel counter, have suf-
fi cient forefoot fl exibility, have a wide sole, be slightly 
curved in shape and the ‘stops’ or cleats should be 
placed to allow adequate forefoot fl exibility.

Ski boots

Generally, ski boots have become stiff er. However, a 
stiff  ski boot does not allow adequate compensatory 

Table 6.1 Shoe features appropriate for diff erent foot types

Shoe features Excessive pronator Normal Excessive supinator

Heel counter Rigid Rigid Rigid

Forefoot fl exibility Yes Yes Yes

Midsole density Hard dual density Intermediate Soft

Last construction Combination Slip or combination Slip

Shape of last Straight or slightly curved Slightly curved Curved or slightly curved

Figure 6.11 Running spikes with negative heel (left) 
compared with modifi ed heel lifted with EVA material 
(right)
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movement at the midtarsal and subtalar joint and 
places additional stress on the bones and joints of the 
lower limb. More advanced skiers require stiff  boots. 
Ski boots should be individually fi tted and boots are 

available that allow individual molding to the shape 
of the skier’s foot.

During skiing, control is maintained by pronating 
the foot to edge the downhill ski into the slope. Skiers 
who have certain biomechanical abnormalities (e.g. 
forefoot varus, rear foot varus) already have their 
foot fully pronated in a fl at position in the boot. Th is 
forces the skier to internally rotate the lower limb 
and adopt a valgus knee position to maintain edge 
control. Th is may lead to ineffi  cient skiing, fatigue 
and medial knee pain.

Excessive foot pronation may be corrected with an 
orthosis placed in the ski boot to restore the foot to 
a neutral position. As the degree of correction pos-
sible with orthoses is limited by boot fi t, additional 
control is sometimes required by the use of canting or 
wedging of the underside of the boot. Th ese changes 
to the boot may aff ect the release mechanism of the 
binding.

Most equipment-related skiing injuries occur when 
the ski acts as a lever to turn or twist the lower leg, 
and many can be prevented with appropriate binding 
release. Beginners are particularly at risk as they have 
relatively tighter bindings and boots and bindings of 
lower quality than the intermediate level skier.35, 36

Tennis racquets

In tennis, the impact between ball and racquet pro-
duces a signifi cant amount of force, and how much 
force reaches the tennis player’s arm depends on how 
hard the player swings, the speed of the incoming 
ball, where on the racquet face the ball is struck, the 
qualities of the racquet, the string tension and the 
stroke mechanics.

Figure 6.12 Football boots

(a) Midsole cushioned boot

(b) Thermoplastic outsole with cleats designed to 
enhance rotation

Table 6.2 Problems associated with certain structural features of football boots

Structural features Associated problems

Soft heel counter Decreased rear foot support

Narrow heel counter Heel irritation

Reinforced rigid heel counter Heel friction and irritation (especially on bony prominences)

Outsole in two pieces Decreased midfoot stability

Narrow sole (width) Decreased stability
Skin lesions—blisters

Curved shape Decreased stability/poor fi t

Rigid sole Decreased forefoot fl exibility

Shallow upper Decreased stability/poor fi t

‘Stop’/cleat placement Often at point of forefoot fl exibility
Sometimes causes pain under fi rst metatarsophalangeal joint
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Each racquet has an area where the initial shock 
is at a minimum—the center of percussion or ‘sweet 
spot’. When the ball is hit in the sweet spot, the shot 
feels good. If the ball is not hit in the sweet spot, 
there is increased shock transmitted to the hand, 
wrist and elbow.

Th e major factor in the etiology of tennis-related 
elbow pain is incorrect stroking technique, especially 
the backhand drive. However, the characteristics of the 
racquet may also contribute. Th e older style wooden 
racquets were heavy and flexible, both of which 
reduced shock on impact. Th e modern wide-body 
racquets are lighter and stiff er in order to generate 
increased power but these racquets do not absorb the 
shock of impact as well as wooden racquets.

Th ere are a number of ways of altering the tennis 
racquet to reduce the shock at impact and lessen the 
force transmitted to the player’s arm:

• lower string tension
• increase fl exibility of the racquet
• increase the size of the racquet head
• increase the weight (add lead tape to head and 

handle)
• increase the grip size (Fig. 6.13)
• grip higher on the handle of the racquet.

Th e tennis player should choose the largest com-
fortable grip size (Fig. 6.13). A larger grip size prevents 
the player gripping the racquet too tightly. Players 
should also be encouraged to loosen their grip on the 
racquet. It is only necessary to squeeze fi rmly on the 
grip during the acceleration phase of the stroke.

Appropriate surfaces
Th e surface on which sportspeople play is under the 
spotlight as it may be a major contributor to injury 
risk through excessive shoe–surface traction. Th is 
possibility was proposed as a mechanism for anterior 
cruciate ligament (ACL) rupture in European hand-
ball as early as 1990,37 and has later been examined 
in a large, epidemiological study where the ACL 
injury rate was compared between two diff erent fl oor 
types—wooden fl oors (parquet, generally having 
lower friction) and artifi cial fl oors (generally having 
higher friction).38 Th ese results indicated that the risk 
of ACL injury among female team handball players 
is higher on high-friction artifi cial fl oors than on 
wooden fl oors. However, other factors also have a 
signifi cant role in shoe–surface friction, principally 
shoe type and fl oor maintenance.

In Australian football, Orchard and colleagues39 
noted the greater rate of ACL injuries in the northern 

(warmer) climes. Although it was tempting to attribute 
this to hotter weather, thus leading to drier, harder 
ground,40 that hypothesis was not supported by data 
from American football teams where games were 
played on natural grass. Further analysis of both the 
Australian and the US data suggested that the type of 
grass itself and, thus, the tightness of the thatch, may 
infl uence ACL risk; the more northern Australian 
venues had types of grass that permitted excessive 
shoe–surface traction (Fig. 6.14).

According to turf authority McNitt,41 perennial rye 
grass is associated with lower shoe–surface traction 
than Kentucky blue grass or bermuda grass because 
it creates less thatch. Th ese studies suggest that rye 
grass generally off ers a safer surface with respect to 
ACL injuries for football than some other grasses.

Figure 6.13 Grip size. Optimal racquet grip 
circumference should equal the distance from the 
proximal palmar crease to the tip of the ring fi nger
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To prevent all possible injuries, it is important 
to consider playing surface hardness because of 
its association with overuse injuries such as stress 
fractures, shin pain and tendinopathy. A hard surface 
such as concrete generates greater force through the 
musculoskeletal system than a forgiving surface such 
as grass. Sporting activities can generate extremely 
high loads that may, or may not, be modulated by 
the surface. Maximal impact forces during walking 
have been shown to approach twice body weight, 
during running three to four times and during 
jumping fi ve to 12 times.42

Appropriate training
It is essential for sports clinicians to understand 
the diff erent elements of training and their possible 
relationship to injury. Th is familiarity facilitates 
clinicians obtaining a full training history from an 
injured athlete or learning about the longer term 
training strategy from a coach. Th is makes it possible 
to determine where training error occurred and to 
take active steps to prevent this recurring.

Principles of training

‘Training’ is the pursuit of activity that will ultimately 
lead to an increase in performance in a given sport. 
A number of general principles of training apply to 
all sports:

• periodization
• specifi city
• overload
• individuality.

Figure 6.14 Four diff erent types of grasses that 
provide the surface for Australian Rules football and 
have been associated with diff erent rates of ACL injury. 

(a) Bermuda (‘couch’) grass surface, showing a thick 
thatch layer between grass leaves and soil

(b) Kikuyu grass, also showing a thick thatch layer

(c) Rye grass surface, showing a minimal thatch layer. 
This is probably a safer surface than the others as the 
blades or cleats of the football boot are less likely to be 
‘gripped’ by the surface

(d) Annual blue grass surface, showing a moderate 
thatch layer 
WITH PERMISSION FROM ORCHARD ET AL. 200539
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Periodization

Periodization is an important component of all train-
ing programs, both in the long term and short term. 
Training can be divided into three distinct phases: 
conditioning (preparation), pre-competition (tran-
sitional) and competition.

Th e conditioning phase emphasizes developing 
aerobic and anaerobic fi tness, strength and power. 
Oft en during this period, the athlete is ‘training tired’ 
and if required to compete would probably perform 
poorly. During the pre-competition phase of train-
ing, the emphasis switches from pure conditioning 
to technique work. During the competition phase, 
the emphasis is on competitive performance while 
maintaining basic conditioning (Table 6.3).

In many sports, for example, basketball, football 
and hockey, a four to six month competition season 
is usual. In some instances, an athlete is required to 

undertake two periods of competition in the one 
year. A suggested program for athletes in these types 
of sports is shown in Figure 6.15. In other instances, 
the competition period may last as long as eight to 
10 months and conditioning work must extend into 
the competitive season. However, the same principles 
of training apply. Th e athlete should aim for a peak 
performance at a predetermined time in a competitive 
season, such as a specifi c championship or fi nal.

To ensure complete recovery from the physical and 
mental stress of competition, adequate time should be 
allowed between the end of one season and the start 
of the next. Th is period may last four to six weeks.

In the intermediate time frame, it is important 
to introduce easy weeks into the training program; 
these give the athlete time to recover (Chapter 7) and 
diminish the risk of injury. During these easy weeks, 
the volume and intensity of training may be decreased 
and the opportunity may be taken to test the athlete’s 

Table 6.3 Diff erent types of training are performed during the three phases of the yearly cycle

Training phase
Aerobic 
training

Anaerobic 
training

Plyometrics 
training

Weight 
training

Technique 
training Competition

Preparation/
conditioning

+++ ++ ++ +++ + –

Transitional/
pre-competition

++ +++ ++ ++ +++ –

Competition + + – + ++ +++

Rest Conditioning
(preparation)

Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Transitional
(pre-competition)

Competition

Figure 6.15 Periodization of training

(a) Team sports (e.g. basketball) with fi ve to six month season

May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Conditioning
(preparation)

Pre-competition
(transitional)

Pre-competition
(transitional)

Competition Competition Active
rest

(b) Eighteen month program for an athlete who wishes to peak twice in that period
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progress in the form of a time trial, mini competition 
or practise match. Th e optimal spacing of these easy 
weeks is probably every third or fourth week.

In the short term, the training program must allow 
for adequate recovery between training sessions. For 
example, an athlete whose training program involves 
weight training, aerobic and anaerobic training as well 
as technique work might plan to combine aerobic 
work with a weight session and technique work with 
an anaerobic session. A suggested weekly program for 
such an athlete is shown in Table 6.4.

Overload

Overload is a variable that athletes and coaches 
manipulate to allow the athlete to perform work at 
a greater intensity or to perform a greater volume of 
work at a given intensity, or to decrease recovery time 
between eff orts of a given volume and intensity.

Overload principles include the following:

• Apply stress to the body over and above that 
which is normally encountered.

• If increased stress is not excessive and 
adequate adaptation time is allowed, the 
work capacity of the athlete will be increased 
(‘supercompensation’).

• Allow adequate recovery time to produce a 
training eff ect.

• Increase training load by changing the volume 
(quantity or duration) or the intensity (quality) 
of training.

• Only increase volume or intensity at any 
particular time (increases in volume should 
precede increases in intensity).

• Progress new training activities slowly so as 
not to cause injury to muscle groups and joints 
unaccustomed to that activity.

• Titrate overload to maximally improve 
performance without incurring injury (this is an 
art!).

• Monitor the athlete closely for signs of decreased 
performance or overtraining (Chapter 52).

Specifi city

Specifi city refers to the principle of directing train-
ing to performance in the athlete’s given sport. It is 
important, therefore, to identify the most important 
components of fi tness for each particular sport and 
tailor the athlete’s training towards improving these 
particular components. Th ere is no advantage for a 
power athlete in doing large amounts of endurance 
training, nor for an endurance athlete to spend con-
siderable time on strength training. Some sports, for 
example, football, require both strength and endur-
ance training.

Table 6.4 Suggested three-weekly cycle for a track and fi eld athlete(a)

Week 1 2 3

Monday Jog
Weights

Jog
Weights (pyramid)

Jog
Test bench press
Light weights

Tuesday Interval 6 × 120 m
Technique
Plyometrics

2 × 150 m (timed)
Technique

Wednesday Jog
Weights

Jog
Weights (pyramid)

Jog
Test power clean
Light weights

Thursday Interval (e.g. 4 × 300 m)
Plyometrics

400 m + 300 m + 200 m + 100 m
Technique

1 × 300 m (timed)
Technique

Friday Jog
Weights

Jog
Weights

Jog
Gymnastics
Swim

Saturday Interval (e.g. 6 × 100 m) 4 × 200 m 6 × 20 m

Sunday Rest Rest Rest

(a) For example, a pole vaulter, whose training requires aerobic and anaerobic training, weight training, plyometrics and 
technique work. The third week of the cycle is a ‘recovery week’.
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Individuality

As individual diff erences between athletes are great, 
training must be tailored to the individual’s needs. 
Individuals diff er in their tolerance of particular 
training loads, response to specifi c training stimuli, 
speed of recovery, psychological make-up, nutritional 
intake and lifestyle habits. Individual responses to 
training are infl uenced by previous training history, 
age, current state of fi tness and genetic make-up.

Training methods

Types of training include endurance or aerobic train-
ing, anaerobic training, strength and power training, 
fl exibility training, speed and agility training, specifi c 
skill training and cross-training.

Aerobic training

Aerobic training is performed to increase aero-
bic capacity or fi tness. Th e aerobic capacity of an 
individual is the ability to utilize the body’s glyco-
gen stores via the aerobic metabolic pathway. An 
individual’s aerobic capacity is measured by the 
maximum oxygen consumption, better known as the 
Vo2max—the maximum amount of oxygen an indi-
vidual is able to utilize in one minute per kilogram 
of body weight. Th is can be measured in the labora-
tory by exercising the individual to exhaustion and 
directly measuring the amount of oxygen consumed 
and carbon dioxide produced. From this procedure, 
the maximum amount of oxygen consumed can be 
determined accurately. A simpler, but less exact, 
method known as ‘the predicted Vo2max’ is estimated 
by measuring the heart rate at a specifi c workload. 
Th is predicted Vo2max is commonly performed in 
health and fi tness centers. Alternatively, the rating of 
perceived exertion (RPE) can also be measured at a 
series of submaximal workloads so that the maximal 
workload predicted to occur at a maximal RPE of 
20 units can be estimated. Although the athlete is 
unable to monitor oxygen consumption directly 
during training he or she can monitor heart rate 
or RPE or both, which correlates well with oxygen 
consumption during submaximal activity. Th us, heart 
rate or RPE can be used to monitor the intensity of 
aerobic training (see box).

In muscle, aerobic activity increases mitochondrial 
number and activity, glycogen storage, ability to use 
free fatty acids and vascularity. Cardiovascular eff ects 
include decreased heart rate and blood pressure 
with increased cardiac stroke volume and improved 
endothelial function.43

Anaerobic training

Anaerobic exercise utilizes the anaerobic (oxygen 
independent, i.e. without the need for oxygen) metab-
olism of glucose to produce energy. Th is pathway 
utilizes ATP as its energy substrate and, as a result, 
produces less energy per molecule of glucose utilized 
than does aerobic exercise.

Anaerobic training improves the capacity to main-
tain a high rate of power production for short dura-
tions of exercise at very high intensities. Th is requires 
that muscle recruitment and muscle contractile func-
tion be better maintained aft er training so that the 
onset of fatigue is developed. Th is may result, in part, 
from the increased effi  ciency of the body’s anaerobic 
metabolism while also improving its tolerance of 
lactic acidosis. Th e level of discomfort experienced in 
training correlates well with measured serum lactate 
concentrations. Physiologists and coaches regularly 
measure blood lactate concentrations during training 
to assess progress. Th is usually occurs in submaximal 
exercise where the blood lactate concentration is 
plotted against speed of movement (e.g. in swim-
ming, rowing, running, cycling). However, many 
other variables probably contribute to the superior 
performance seen aft er ‘anaerobic’ training.

Th e concept of maximum oxygen consumption 
(Vo2max) and lactic acidosis limiting athletic perform-
ance is currently undergoing critical evaluation.44–46 
Th e ‘classic’ model of Hill, which still enjoys support 
among a substantial number of exercise physiologists, 
suggests that:

1. progressive muscle hypoxia limits maximal 
exercise performance; as a result, the main 
determinant of exercise performance is the 
heart’s ability to supply suffi  cient blood (and 
oxygen) to the exercising muscles

2. anaerobiosis (lack of muscle oxygen) secondary 
to the inability to further increase the cardiac 
output (producing a ‘plateau’ in cardiac output) 

Guide to aerobic training
Aerobic training eff ects occur while maintaining 
a heart rate of between 70% and 85% of the maxi-
mum heart rate.

Maximum heart rate is estimated by subtracting 
the age of the athlete from 220 (e.g. a 30-year-old 
athlete has a maximum heart rate of approximately 
190 (220 – 30). The ideal range of heart rate for a 
30-year-old to gain an aerobic eff ect would, there-
fore, be between 135 and 160 beats per minute.

Brukner-A-01_06.indd   95Brukner-A-01_06.indd   95 5/6/06   11:45:45 AM5/6/06   11:45:45 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL96

PART A FUNDAMENTAL PRINCIPLESA

explains the onset of lactate production by 
skeletal muscle at the ‘anaerobic threshold’

3. mitochondrial adaptation in the exercising 
muscles alone explains changes in performance 
with endurance training.

Th is model has been challenged with the contem-
porary, but certainly not universally accepted, model 
of Timothy Noakes, the South African physician 
and exercise physiologist. Noakes’ data refute the 
classic model and he concludes that skeletal muscle 
recruitment and contractile function are regulated by 
a hierarchy of controls (conceptually ‘the governor’) 
specifi cally to prevent damage to any number of dif-
ferent organs.46–52 He argues that, according to the Hill 
model in which a plateau in cardiac output precedes 
the development of skeletal muscle anaerobiosis 
and lactic acidosis, the fi rst organ to be threatened 
by the plateau in cardiac output would be the heart, 
not skeletal muscle. Th e plateau in cardiac output 
would prevent any further increase in blood fl ow to 
the heart, leading to myocardial ischemia, the onset 
of chest pain (angina pectoris) and heart failure. He 
also provides evidence that this was, in fact, the belief 
of the early exercise physiologists, including Hill in 
England and Dill at the Harvard Fatigue Laboratory 
in the United States, and was a central component 
of their teachings. Hill conceived the presence of a 
‘governor’ in either the heart or the brain that would 
reduce heart function as soon as myocardial ischemia 
developed. Noakes and colleagues have extended this 
interpretation to suggest that the governor exists in the 
central nervous system, hence the central governor, 
and that it responds to the input of multiple sensory 
inputs from all the organs in the body. In response 
to those inputs the central governor regulates the 
number of motor units that can be recruited in the 
exercising limbs, reducing or limiting the number that 
can be recruited when their continued recruitment, 
necessary to maintain the work output or exercise 
intensity, threatens whole-body homeostasis. Hence, 
Noakes suggests that during maximal exercise the 
progressive myocardial ischemia that precedes skeletal 
muscle anaerobiosis must be prevented so that ‘neither 
the heart nor the skeletal muscle develop irreversible 
rigor and necrosis with fatal consequences’. Th e reader 
is directed to the publications that summarize this 
argument to date.46–48, 50–52

Irrespective of the theoretical background that 
underpins the physiology, the most effi  cient method 
of increasing anaerobic fi tness is to undertake a form 
of intermittent exercise or interval training. Interval 
training involves a number of bouts of exercise that are 

separated by periods of rest or recovery. Th e principle 
of such training is to achieve a level of lactic acidosis 
with one individual eff ort and then allow the body to 
recover from its eff ects before embarking on another 
bout of exercise. Th ere is scope for enormous variation 
in the intensity and duration of the exercise bouts and 
the duration of the recovery period.

Interval training must be activity-specifi c. It is also 
important to note that interval training is only one 
component of an athlete’s training, oft en undertaken 
in conjunction with an aerobic program. Because 
of its increased intensity, the potential for injury 
or accelerated chronic fatigue while undertaking 
interval training is relatively greater than for aerobic 
training.

Strength and power training

Muscular strength is the amount of force that may 
be exerted by an individual in a single maximum 
muscular contraction. Power is the maximum amount 
of work an individual can perform in a given unit of 
time. Both of these qualities are inherent to many 
athletic pursuits; therefore, the development of mus-
cular strength and power is an important component 
of training.

Muscular strength may be increased by utilizing 
one of three diff erent resistance training techniques. 
Th ese are summarized in the box.

Isotonic strength training

Isotonic strength training is a commonly utilized 
strength technique.

• It may be concentric (in which the muscle 
shortens as it contracts to move a weight) or 

Three diff erent resistance training 
techniques
1. Isotonic (‘same rate of contraction’) exercise: 

resistance to movement is constant and the 
speed of movement is varied.

2. Isokinetic (‘same speed of movement’) 
exercise: a muscle group contracts to move 
through a range of motion at a constant 
speed with variable resistance. To achieve 
this, the resistance must be increased as the 
movement progresses (i.e. with an isokinetic 
machine).

3. Isometric (‘same length’, i.e. muscle does not 
change length) exercise: maximal muscular 
contraction against immovable resistance.
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eccentric (in which the muscle contracts as it 
lengthens) or utilize a combined movement.

• Resistance can be provided by free weights, 
rubber bands, pulleys, weight machines or the 
individual’s own body weight.

• Examples include the bench press, the dumbbell 
curl, the power squat and the calf raise.

Th e advantages of isotonic weight training over 
isometric and isokinetic techniques include:

• tend to be more functional, natural movements
• athlete can observe the work being done as the 

weight is lift ed
• may be performed over a full range of 

movement or, alternatively, over a specifi c 
limited range of movements

• athlete/coach can measure the amount of weight 
lift ed and the number of repetitions performed.

Th e potential dangers of isotonic weight training 
include:

• athletes require adequate supervision in the 
gymnasium

• athlete should never attempt to lift  a maximal 
weight without a ‘spotter’—an assistant who is 
able to help the athlete if problems arise

• isotonic machines such as the Universal or 
Nautilus machines may provide a safe alternative 
to free weights but these machines limit the 
range of motion and are unable to provide truly 
constant resistance through the lift .

Isotonic exercises in which the body weight of the 
individual is used as resistance are also safer than free 
weights and are oft en more convenient to perform. 
Exercises such as sit-ups, push-ups and chin-ups can 
be done almost anywhere and require no supervision. 
However, it is diffi  cult to increase the resistance of the 
exercise and the only way to increase the eff ort is to 
increase the number of repetitions performed.

Isokinetic and isometric strength training

Because of the need for specialized equipment, the 
use of isokinetic training by athletes is usually limited 
to rehabilitation from injury (Chapter 12). Isometric 
training is usually discouraged because it develops 
strength in a very small range of motion but it is used 
in rehabilitation aft er injury where range of motion 
may be restricted.

Olympic-type weightlifting

Olympic-type weightlift ing is oft en used as part of a 
strength training program. Olympic lift ing involves 

the lift ing of a weight from the fl oor to a position above 
the ground. Th e Olympic-type lift s are the power 
clean, snatch, and clean and jerk. Th ese lift s exercise 
a greater number of muscle groups than conventional 
weightlift ing, exercising them both concentrically 
and eccentrically. Th e potential for injury is high and 
athletes must learn correct lift ing techniques before 
attempting large weights. It is advisable to wear a 
weight belt to prevent back injuries. Because of the 
explosive nature of the lift , Olympic-type lift ing is 
an excellent means for improving power as well as 
strength.

Plyometric training

Another technique of increasing power is plyometric 
training. Plyometric exercises (plyometrics) use the 
natural elastic recoil elements of human muscle and 
the neurological stretch refl ex to produce a stronger, 
faster muscle response. Plyometrics is a form of resist-
ance training that combines a rapid eccentric muscle 
contraction followed by a rapid concentric contrac-
tion to produce a fast forceful movement. It must be 
performed in conjunction with a resistance training 
program as athletes need to have minimum basic 
strength levels before commencing plyometrics.

Th ere are a number of plyometric exercises avail-
able. Th ese include hopping and bounding drills, 
jumps over hurdles and depth jumps (see Fig. 11.18). 
All of these activities emphasize spending as little time 
as possible in contact with the ground.

Because of the explosive nature of the exercise, 
plyometrics has a great potential for injury and, 
therefore, an athlete’s plyometrics program should 
be carefully supervised. Delayed onset muscle sore-
ness (Chapter 2) may occur following this form of 
exercise.

Plyometric training should only be performed 
one to two times per week and when the athlete is 
fresh. Th e surface must be fi rm, but forgiving, such 
as sprung basketball fl oors. Injury risk is minimized 
if the athlete warms up and warms down correctly 
and the volume of work is built up gradually. When 
technique begins to deteriorate, the exercise should 
be stopped.

Flexibility training

Flexibility training using one or more of the stretch-
ing techniques mentioned earlier in this chapter is 
an important component of training. In developing 
an increased range of motion across a joint, it is also 
important to develop muscle strength and power 
through this newly acquired range of motion to avoid 
muscle injuries.
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Speed training

Running speed, a largely inherited ability, is an impor-
tant component of many sports. Athletes can, however, 
develop speed by improving muscular power and 
strength, thus increasing stride length and cadence, as 
well as by improving technique, which increases the 
effi  ciency of ground coverage. Th erefore, running speed 
can be increased by undertaking resistance and power 
training as well as by performing running drills. Th ese 
drills may include ‘high knees’, ‘heel to buttock’ and 
‘overspeed’ work, for example, downhill running.

Agility training

Agility and rapid refl exes are also inherited charac-
teristics. However, like speed, they can be improved 
somewhat by training and, thus, are included in 
training programs of all sports. Th ere is an increasing 
emphasis on agility training for exercise prescription 
among seniors to prevent falls.53 Examples of specifi c 
agility exercises include the classic military stepping 
exercises and fi gure of eight running. Th ese exercises 
should be sport-specifi c whenever possible.

Specifi c skill training

Sports have specifi c skills that require training in 
order to achieve a high level of effi  ciency. A propor-
tion of training time must be devoted to developing 
these specific skills, preferably with the aid of a 
coach. Oft en, skill training requires the repetition 
of explosive movements and, therefore, has a high 
risk of injury. To prevent injury, a proportion of skill 
training should be done at an intensity level below 
normal competition conditions.

Cross-training

To prevent injury it may be benefi cial to reduce the 
amount of weight-bearing exercise. Cross-training 
enables the athlete to maintain aerobic fi tness while 
reducing stress on weight-bearing joints, muscles 
and tendons.

In athletes with a chronic condition such as articu-
lar cartilage damage to a weight-bearing joint, cross-
training may be used to reduce the impact load while 
maintaining adequate training volume. Similarly, in 
a patient returning to sport from an overuse injury, 
such as a stress fracture, cross-training can reduce 
the risk of recurrence.

Runners may wish to introduce one to two sessions 
per week of activities such as cycling, swimming or 
water running. Th ese alternative work-outs can mir-
ror the athlete’s usual training session (e.g. interval 
training, aerobic or anaerobic training).

Adequate recovery
Adequate recovery is essential if the athlete is to 
benefi t fully from training and prevent injuries from 
occurring. Th is is discussed in Chapter 7.

Psychology and injury 
prevention
Excessive psychological arousal (Chapter 39) can not 
only impair sporting performance but is also likely to 
increase the risk of injury. Overarousal is associated 
with impairment of natural technique, which players 
describe as a ‘loss of rhythm’. Loss of concentration 
can also predispose to injury by giving the athlete less 
time to react to cues. Th is is clearly a risk in contact 
and collision sports but can also cause injury in non-
contact sports. For example, an overaroused tennis 
player who does not react optimally to an opponent’s 
serve will then be forced to return from a biomechani-
cally poor position, which increases stress on certain 
muscle groups.

Underarousal can also predispose to injury. For 
example, if a player has been relegated to a lower 
level of competition, he or she may not warm up as 
diligently as normal. Furthermore, visual cues may 
not cause as rapid a response as when truly focused. 
Th is may lead to injury in a body contact sport or 
technical errors that can lead to falls in a sport such 
as gymnastics.

Nutrition and injury 
prevention
Inadequate nutrition may increase the risk of injury 
due to its eff ect on recovery (Chapter 7). Inadequate 
glycogen repletion causes a reliance on fat and protein 
stores and this may result in increased protein break-
down, which, in turn, may lead to soft  tissue injury.

Th ere are several mechanisms by which inadequate 
dietary protein intake may lead to muscle injury. 
Intense training causes skeletal muscle breakdown, 
which can be exacerbated by inadequate dietary pro-
tein. Inadequate hydration may compromise blood 
fl ow to working muscle, which may increase suscepti-
bility to injury. Hydration is thought to infl uence the 
amount and composition of joint fl uid, which helps 
to nourish articular cartilage.

Calcium is the major mineral component of bone 
but inadequate dietary intake does not appear to be 
directly associated with bony injury, such as stress 
fracture.54 Because of the role of micronutrients in 
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bone and/or muscle metabolism, deficiencies in 
nutrients such as potassium, iron, zinc, magnesium, 
chromium, copper and various vitamins may increase 
susceptibility to injury. However, at present no data 
demonstrate this to be the case.

Maintaining low weight and low body fat is impor-
tant in many sports and confers an advantage in 
sports such as running and gymnastics. In sports 
such as rowing and wrestling, weight limits are set. 
Athletes may have rapid, large fl uctuations in weight 
immediately prior to competition, which is associated 
with signifi cant losses of lean body tissue and water. 
Another group of athletes constantly strives to lower 
weight. Certain female athletes with chronic low-
energy diets are at risk of menstrual disturbance and 
reduced bone formation (Chapter 41). Th ese women 
have an increased risk of stress fracture. Similarly, 
people suff ering from eating disorders such as ano-
rexia nervosa and bulimia have low bone density and 
increased risk of bony injury.
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In recent years there has been an increased empha-
sis on recovery following bouts of heavy training 

or competition, and the possible means by which 
recovery can be enhanced. Th ere are a number of 
situations where enhancing recovery can be helpful 
for the athlete.

The athlete may have to perform again in a few 
hours time, such as running a heat of an event in 
the morning and then the final later in the day. 
Occasionally in tournaments, individuals or teams 
have to compete twice in one day. A tennis player 
may have to play a singles match and then a doubles 
match a few hours later, or a team sport athlete 
may have a number of games in a day as part of a 
weekend round robin tournament. Even though 
playing another high-intensity competition the 
same day is the exception rather than the rule, it is 
not uncommon to have to play on consecutive days 
or at least two or three times a week. Full recovery 
is obviously very important.

Even for those playing weekly, it is important to 
be fully recovered as quickly as possible to enable 
the athlete to train effectively during the week. 
In all these situations, recovery from exhaustive 
activity is important and coaches and conditioning 
staff have, in recent times, implemented post-game 
programs to enhance recovery.

Overall the aim is to maximize performance and 
minimize potential for injury at the next event. 
There are a number of specific objectives in the 
recovery process:

• restoration of function
• neuromuscular recovery
• tissue repair
• resolution of muscle soreness
• psychological recovery.

CHAPTER 

7
Recovery

Unfortunately there is limited research into the 
various recovery methods. Current research has a 
number of limitations:

• poor study design:
— oft en not randomized
— lack appropriate control populations

• small numbers:
— increased likelihood of chance fi ndings
— diffi  culty fi nding statistical benefi t
— confusing statistical and clinical benefi t

• optimum regimen unknown for most 
techniques

• sports have diff erent requirements
• underlying mechanisms unclear/speculative
• indirect outcome measures.

A number of methods are commonly used to hasten 
the recovery process. Th ese include warm-down 
(active recovery), the use of ice baths, contrast baths, 
whirlpools or spas, and soft  tissue massage, as well as 
nutritional and psychological techniques.

Ensuring adequate recovery
Warm-down or active recovery

Most serious athletes perform a warm-down or active 
recovery following the conclusion of intense exercise. 
Th e length of warm-down generally varies with the 
level of the participant’s activity but ranges from 5 to 
15 minutes. Th is is usually followed by stretching of 
the muscles used in training or competition.

Active recovery has been shown to remove lactate 
from the circulation more quickly than does passive 
recovery.1 Th e clearance of lactate appears to be related 
to the intensity of the exercise performed in the warm-
down up to about 50% of maximal oxygen uptake 
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(Vo2max), which is a higher intensity than routinely 
practiced by most sportspeople. Th e warm-down 
appears particularly important if the next bout of 
activity is within 2–4 hours.

Th e benefi ts of warm-down on muscle soreness 
and performance aft er 24–48 hours are not clear from 
current research. Dawson et al. compared immediate 
recovery procedures to next-day recovery training 
(25 minutes of pool exercise) and found no diff erence 
in recovery of muscle soreness, fl exibility and power 
at 48 hours aft er an Australian football match.2

Deep-water running

Deep-water running involves ‘running’ in the deep 
end of a swimming pool using a buoyancy vest. Th is 
technique can be used to maintain fi tness during 
recovery from lower limb injury (Chapter 12), and 
as a form of cross-training to reduce impact with 
the aim of reducing overuse injuries (Chapter 6). Its 
use has also been advocated as part of the recovery 
program either immediately aft er the bout of strenu-
ous exercise or the following day. Reilly et al. showed 
that a regimen of deep-water running for three con-
secutive days aft er intense exercise reduced muscle 
soreness and appeared to speed up the restoration of 
muscle strength.3

Ice immersion, contrast baths, 
whirlpools and spas

Th e use of ice immersion, contrast baths, whirl-
pools and spas has become common among athletes 
attempting to enhance the recovery process. Despite 
this, there is little evidence for their effi  cacy. Most 
of the research has looked at the effect of these 
various treatments in delayed onset muscle soreness 
(DOMS)—one of but by no means the only feature 
of muscle damage following intense exercise.

Cryotherapy has long been used to treat mus-
culoskeletal injury (Chapter 10) due to its eff ect 
on reducing the hemodynamic response to injury. 
Decreasing tissue temperature results in constriction 
of local blood vessels, thus reducing the accumula-
tion of edema. Th rough predominantly vascular 
effects, cold application is thought to diminish 
the edema response to musculoskeletal trauma 
and decrease metabolism in injured tissues, thus 
lowering the oxygen requirement and limiting the 
infl ammatory response in the tissues. It is thought 
that cold application has various other eff ects on 
injured tissues, such as reduction of muscle spasm 
and slowing of nerve conduction velocity, thus alter-
ing perceived pain.4

Th ere is much variation in the preferred method of 
ice or cold application. Research has thus far failed to 
show convincing evidence for a positive eff ect from 
ice massage,5, 6 crushed ice,7 ice water immersion8–12 
or contrast water immersion.2, 13

Th ere are currently two common methods used. 
Th e simplest and easiest method involves use of an 
ice bath (2–10°C). Although no specifi c protocol 
exists, in current practice the regimen commonly 
used involves the athlete standing waist deep in the 
ice bath for 1 minute followed by a minute out of the 
bath. Th is is repeated two or three times. Th e second 
common technique is the contrast bath, alternating 
warm and cold baths for a minute each, repeated 
three or four times. Despite the lack of scientifi c 
evidence, these techniques are widely used and may 
have a signifi cant placebo eff ect. Anecdotally, players 
invariably report that they believe these techniques 
help their recovery.

Th e use of whirlpools and spas appears to improve 
the recovery process. Th ese baths may have both a 
physiological eff ect on muscle and other soft  tissue as 
well as a psychological eff ect by decreasing arousal.

Soft tissue massage

Regular soft  tissue massage contributes to soft  tissue 
recovery from intense athletic activity. Intense training 
causes prolonged elevation of muscle tone in both the 
resting and the contractile states. Th is is oft en felt as 
muscle ‘tightness’ by athletes and occurs particularly 
during periods of adaptation to increased volume and 
intensity of training.

It is thought that hard training and ‘abnormal 
tone’ have numerous eff ects. Th ese may impair the 
delivery of nutrients and oxygen to the cells and slow 
the removal of metabolites. Th ey may contribute to 
biomechanical abnormalities, particularly if muscle 
tightness is asymmetrical. Increased tone also limits 
the extensibility and shock absorbency of soft  tissue 
and thus predisposes the tissue to strain. Fatigue asso-
ciated with hard training also impairs proprioceptive 
mechanisms and may directly trigger nociceptors.

Intense training also causes irritation of previously 
inadequately treated soft  tissue lesions. Repetitive 
microtrauma of these lesions may cause bulky con-
nective tissue to develop, which further compromises 
muscle function and fl exibility. Fascial tissue may 
become less pliable due to cross-linkages developing. 
Active trigger points that result from heavy training 
may reduce muscle strength. Th ese problems can 
impair training and competition and can progress 
to injury if they are not resolved.
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Although not entirely clear, soft  tissue massage is 
thought to work by reducing excessive post-exercise 
muscle tone, increasing muscle range of motion, 
increasing the circulation and nutrition to damaged 
tissue and deactivating symptomatic trigger points. 
As well as improving soft  tissue function, regular soft  
tissue massage provides the opportunity for the mas-
sage therapist to identify any soft  tissue abnormalities, 
which, if untreated, could progress to injury.

Once again there is little scientifi c evidence as 
to the effi  cacy of soft  tissue massage in enhancing 
recovery, although it would appear to have a positive 
psycho logical eff ect.14, 15 One study has shown that a 
combination of active recovery and soft  tissue massage 
was more eff ective than single interventions of passive 
recovery, active recovery or soft  tissue massage in 
maintaining performance time in two simulated 5 km 
maximal cycling tests separated by 20 minutes.1

Lifestyle factors

Adequate rest and sleep are thought to be important 
in the recovery process although there has been little 
research into this area. It has been shown that sleep 
loss following a match can interfere with performance 
at training the next day; however, any loss of sleep is 
likely to be compensated for the next night.16

It is traditional in certain sports to overindulge 
in alcohol following a competition. Th is can have 
a signifi cant negative eff ect on recovery. Studies in 
cyclists showed that muscle glycogen storage was 
impaired when alcohol was consumed immediately 
aft er exercise and displaced carbohydrate intake 
from the recovery diet.17 It is likely, however, that 
the most important effects of alcohol intake on 
glycogen resynthesis are indirect—by interfering 
with the athlete’s ability, or interest, to achieve the 
recommended amounts of carbohydrate required for 
optimal glycogen restoration.18 Athletes are therefore 
encouraged to follow the guidelines for sensible use 
of alcohol in sport.19

The role of nutrition in aiding recovery

Nutrition aids recovery from intense exercise by 
replenishing glycogen stores and by providing neces-
sary protein and water.

Glycogen replacement

Glycogen is the major energy source for muscular 
activity (Chapter 37). Training depletes muscle and 
liver glycogen stores. Repetitive bouts of activity can 
cause profound glycogen depletion and impair sport-
ing performance.

Th e aim of a high-carbohydrate diet is to restore 
glycogen levels to normal within 24 hours of strenuous 
exercise. Th e type, amount and timing of carbohydrate 
ingestion infl uences glycogen replenishment. Th e 
guidelines for carbohydrate needs in training and 
recovery have recently been revised and are shown 
in Table 7.1.

Protein replacement

Intense exercise results in breakdown of muscle tissue. 
Intake of protein in recovery meals is recommended 
to enhance net protein balance, tissue repair and 
adaptations involving synthesis of new proteins.

Th e co-ingestion of protein with carbohydrate will 
increase the effi  ciency of muscle glycogen storage 
when the amount of carbohydrate ingested is below 
the threshold for maximum glycogen synthesis or 
when feeding intervals are more than 1 hour apart. Th e 
eff ectiveness of protein to enhance muscle glycogen 
storage appears limited to the fi rst hour aft er supple-
mentation. It has been shown that glycogen storage 
during the fi rst 40 minutes of recovery aft er exercise 
was twice as fast aft er a carbohydrate–protein feeding 
than aft er an isoenergetic carbohydrate feeding, and 
four times faster than aft er a carbohydrate feeding of 
the same carbohydrate concentration. Th is trend also 
continued following the second feeding 2 hours into 
recovery.20 Th ese results have important implications 
for sports with very short recovery periods during 
competition, such as soccer and ice hockey.18

Th e consumption of excessively large amounts 
of protein and fat in an athlete’s diet is discouraged 
because they may displace carbohydrate foods within 
the athlete’s energy requirements and aff ect gastric 
comfort, thereby indirectly interfering with glyco-
gen storage by preventing adequate carbohydrate 
intake.18

Rehydration

Large amounts of fl uid may be lost during exertion, 
particularly with increasing intensity and in hot or 
humid conditions. It can be diffi  cult for athletes to 
maintain fl uid balance in certain environmental 
conditions. Athletes should weigh themselves before 
and aft er exercise and replace the weight lost with 
water.

Restoration of fl uid balance aft er exercise is an 
important part of the recovery process and becomes 
even more important in hot, humid conditions. If 
a second bout of exercise has to be performed aft er 
a relatively short interval, the rate of rehydration is 
of crucial importance. Rehydration aft er exercise 
requires not only replacement of volume losses, but 
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also replacement of the electrolytes, mainly sodium 
lost in the sweat.

Daily sweat and sodium losses vary widely among 
individuals and depend on many factors, including the 
environment, diet, physical fi tness and heat acclima-
tization status. However, when sweat losses are large, 
the total sodium loss will generally be high.

Th e replacement of sweat losses with plain water 
will lead to hemodilution. Th e fall in plasma osmo-
lality and sodium concentration that occurs reduces 
the drive to drink and stimulates urine output, and 
has potentially more serious consequences such as 
hyponatremia. Hyponatremia is a major problem in 
ultra-endurance events. A moderate excess of salt 
intake would appear to be benefi cial as far as hydration 
status is concerned without any detrimental eff ects on 
health. Any excess sodium ingested will be excreted 
in the urine. Drinks intended for rehydration should 
therefore have a higher electrolyte content than drinks 
formulated for consumption during exercise.21

Th e addition of an energy source is not necessary 
for rehydration, although intake of a small amount of 

carbohydrate may improve the rate of intestinal uptake 
of sodium and water, and will improve palatability. 
Where sweat losses are high, rehydration with carbo-
hydrate solutions has implications for energy balance 
(e.g. 10 L of soft  drink will provide approximately 
1000 g of carbohydrate, which is equivalent to about 
17 000 kJ or 4000 calories). Th e volume of beverage 
consumed should be greater than the volume of sweat 
lost to allow for ongoing obligatory urine losses, and 
palatability of the beverage is a major issue when large 
volumes of fl uid have to be consumed.21

Intravenous rehydration appears equally eff ective 
in rehydration and has the added advantage of speed 
in situations where time is limited and rehydration 
is required. Th ere is no evidence that intravenous 
rehydration is more eff ective than oral rehydration 
in recovery aft er 24 hours or more.22

The role of psychology in aiding recovery

As the nervous system controls cardiovascular func-
tion, respiration and metabolism during and aft er 

Table 7.1 Revised guidelines for the intake of carbohydrate in the everyday or training diets of athletes18

• Athletes should aim to achieve carbohydrate intakes to meet the fuel requirements of their training program 
and to optimize restoration of muscle glycogen stores between work-outs. General recommendations can be 
provided but should be fi ne-tuned with individual consideration of total energy needs, specifi c training needs 
and feedback from training performance.
– Immediate recovery after exercise (0–4 hours): 1.0–1.2 g/kg/h consumed at frequent intervals
– Daily recovery for moderate duration/low intensity training: 5–7 g/kg/day
– Daily recovery for moderate-to-heavy endurance training: 7–12 g/kg/day
– Daily recovery for extreme exercise program (4–6 hours per day): 10–12+ g/kg/day

• It is valuable to choose nutrient-rich carbohydrate foods and to add other foods to recovery meals and snacks to 
provide a good source of protein and other nutrients. These nutrients may assist in other recovery processes and, 
in the case of protein, may promote additional glycogen recovery when carbohydrate intake is suboptimal or 
when frequent snacking is not possible.

• When the period between exercise sessions is <8 hours, the athlete should begin carbohydrate intake as soon as 
practical after the fi rst work-out to maximize the eff ective recovery time between sessions. There may be some 
advantages in meeting carbohydrate intake targets as a series of snacks during the early recovery phase.

• During longer recovery periods (>24 hours), the athlete should organize the pattern and timing of carbohydrate-
rich meals and snacks according to what is practical and comfortable for the individual situation. There is no 
diff erence in glycogen synthesis when liquid or solid forms of carbohydrate are consumed.

• Carbohydrate-rich foods with a moderate-to-high glycemic index (GI) provide a readily available source of 
carbohydrate for muscle glycogen synthesis and should be the major carbohydrate choices in recovery meals.

• Adequate energy intake is important for optimal glycogen recovery; the restrained eating practises of some 
athletes, particularly females, make it diffi  cult to meet carbohydrate intake targets and to optimize glycogen 
storage from this intake.

• Guidelines for carbohydrate (or other macronutrients) should not be provided in terms of percentage 
contributions to total dietary energy intake. Such recommendations are neither user-friendly nor strongly related 
to the muscle’s absolute needs for fuel.

• Athletes should not consume excessive amounts of alcohol during the recovery period since it is likely to interfere 
with their ability or interest to follow guidelines for post-exercise eating. Athletes should follow sensible drinking 
practises at all times, but especially in the period after exercise.
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exercise, psychological factors play an important role 
in recovery (Chapter 39).

The function of the autonomic nervous system

Aft er exercise, the nervous system, which functions 
by releasing neurotransmitters, may be substantially 
fatigued. Th e eff erent cells of the peripheral nerv-
ous system are categorized into those that control 
skeletal muscle (somatic nerves) and those that 
control glands, cardiac muscle and smooth muscle 
found in the walls of body organs such as the gas-
trointestinal tract, the blood vessels and airways 
(autonomic nerves).

Autonomic nerves themselves are divided into 
sympathetic and parasympathetic nerves according 
to both anatomical and physiological diff erences. 
Some organs receive input from both sympathetic 
and parasympathetic nerves.

Eff ect of exercise on the autonomic nervous system

Th e sympathetic nervous system controls the ‘fi ght or 
fl ight’ reaction, which is characterized by an adrena-
lin rush, tachycardia, increased cardiac output and 
bronchodilation. At the same time, blood is shunted 
away from the gastrointestinal organs to enhance 
muscle blood fl ow. Liver glycogen stores are used up 
to provide blood glucose.

Aft er exercise, this automatic eff ect should be 
reversed to allow muscles to relax and to replenish 
body stores of glycogen. If there is insuffi  cient recov-
ery of the nervous system, the athlete may remain 
sympathetically aroused. Th is manifests as increased 
resting heart rate, muscle tiredness and insomnia. 
Sympathetic overarousal may delay absorption of 
nutrients from the gastrointestinal tract as well as 
elevating the metabolic rate. Over time, the sympa-
thetic nervous system can become exhausted and the 
patient develops bradycardia, an inability to utilize 
glycogen and a diminution in work capacity. Th is 
psychological state parallels depression.

Techniques that aid psychological recovery

Athletes who have a good understanding of their 
arousal level are generally calm and stable. Th ey, 
thus, tend to place less stress on their autonomic 
nervous system. Specific techniques can lower 
arousal level. Th ese include the use of soft  tissue 
massage, spas, warm baths and showers, fl otation 
tanks, music, visualization and relaxation tapes, all 
of which are discussed in Chapter 39. As recovery 
is vital for optimal performance, coaches should 
be encouraged to incorporate recovery time into 
athletes’ schedules.
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The importance of making an accurate, pathological 
diagnosis cannot be overemphasized. Th is chapter 

addresses what physicians call the history and physi-
cal examination and what physiotherapists/physical 
therapists consider as the subjective and objective 
assessment. Chapter 9 addresses investigations.

Far too oft en sporting injuries are given descrip-
tive labels such as ‘swimmer’s shoulder’ or ‘tennis 
elbow’. These terms do not represent diagnoses. 
Accurate pathological diagnosis is essential because 
it enables:

1. the clinician to explain the problem and the 
natural history of the condition to the athlete, 
who will want to know precisely for how long 
he or she will be aff ected. A patient may present 
with an acute knee injury but the diagnosis of 
anterior cruciate ligament tear has markedly 
diff erent implications to the diagnosis of minor 
meniscal injury.

2. optimum treatment. Numerous conditions 
have similar presentations but markedly 
diff erent treatments. For example, consider 
the diff erences in treatment between: lateral 
ligament sprain of the ankle and osteochondral 
fracture of the talus; patellofemoral joint 
syndrome and meniscal tear; hamstring tear and 
hamstring pain referred from the lumbar spine.

3. optimum rehabilitation prescription. For 
example, rehabilitation aft er shin pain due 
to stress fracture will be more gradual than 
that aft er identical shin pain due to chronic 
compartment syndrome.

 When a patient presents with an overuse 
injury, an accurate pathological diagnosis must 
be supplemented by assessment of the etiologic 

factors underlying the condition, otherwise 
the injury is likely to be slow to recover and 
highly likely to recur. 

Etiologic factors include training error, malalign-
ment, faulty technique and inappropriate equipment. 
An important etiologic factor can sometimes be 
identifi ed by examining the entire ‘kinetic chain’.

Occasionally, it may be impossible to make a 
precise pathological diagnosis. For example, in a 
patient with low back pain, the exact source of the 
pain is oft en diffi  cult to isolate. In such cases it is still 
possible to exclude certain causes of low back pain 
(e.g. spondylolysis) and identify abnormalities such 
as areas of focal tenderness, altered soft  tissue consist-
ency or abnormalities of range of motion. Treatment 
then aims to correct these abnormalities. How treat-
ment aff ects symptoms and signs can help determine 
how each particular abnormality contributes to the 
overall picture.

Making a diagnosis
Diagnosis relies on taking a careful history, performing 
a thorough physical examination and using appropri-
ate investigations. Th ere is a tendency for clinicians 
to rely too heavily on sophisticated investigations and 
to neglect their clinical skills.1

Keys to accurate diagnosis in patients presenting 
with apparent musculoskeletal pain include:

• whether the symptoms are of musculoskeletal 
origin (Chapter 4)

• possible local causes of the patient’s symptoms
• sites that could be referring pain to the site of 

the symptoms (Chapter 3)

CHAPTER 

8
Principles of Diagnosis: 
Clinical Assessment
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• the relevant kinetic chain (e.g. the back and 
lower limb in a shoulder injury of a tennis 
player)

• biomechanics (Chapter 5)
• other possible causative factors (e.g. metabolic).

History
History remains the keystone of accurate diagnosis; 
it will provide the diagnosis in the majority of cases. 
Please consider the following principles when taking 
a history.

Allow enough time

Th e patient must feel that the clinician has time avail-
able to allow the story to unfold, otherwise important 
symptoms will not surface.2 In addition to the details 
of the injury, there must be time to take the his-
tory of the training program or diet as appropriate. 
Look into possible causes of injury. As a minimum, 
30 minutes is required to assess a patient with a new 
injury but in complex chronic cases up to 1 hour may 
be necessary.

Be a good listener

Th e clinician must let the story unravel. Appropri-
ate body language and focus on the patient (not the 
medical record) will aid this.3 Th e sports clinician is 
in the fortunate position that many patients have good 
body awareness and are generally able to describe 
symptoms very well. When seeing inactive patients 
for exercise prescription, take the time to listen to 
their goals and fears (Chapter 55).

Know the sport

It is helpful to understand the technical demands of a 
sport when seeing an athlete as this engenders patient 
confi dence. More importantly, knowledge of the bio-
mechanics and techniques of a particular sport can 
assist greatly in both making the primary diagnosis 
and uncovering the predisposing factors.

Discover the exact circumstances of the injury

Th e fi rst task in history taking is to determine the 
exact circumstances of the injury. Most patients 
will be able to describe in considerable detail the 
mechanism of injury. In acute injuries this is the 
single most important clue to diagnosis. For example, 
an inversion injury to the ankle strongly suggests a 
lateral ligament injury, a valgus strain to the knee 
may cause a medial collateral ligament injury, and a 

pivoting injury accompanied by a ‘pop’ in the knee 
and followed by rapid swelling suggests an anterior 
cruciate ligament injury.

Obtain an accurate description of symptoms

An accurate description of the patient’s symptoms is 
essential. Common musculoskeletal symptoms include 
pain, swelling, instability and loss of function.

Pain

Consider the characteristics of the patient’s pain.

 1. Location. Note the exact location of pain. 
A detailed knowledge of surface anatomy will 
enable you to determine the structures likely 
to be involved. If the pain is poorly localized or 
varies from site to site, consider the possibility 
of referred pain.

 2. Onset. Speed of onset helps determine whether 
the pain is due to an acute or overuse injury. 
Was the onset of pain associated with a snap, 
crack, tear or other sensation?

 3. Severity. Severity may be classifi ed as mild, 
moderate or severe. Assess the severity of 
the pain immediately aft er the injury and 
subsequently. Was the patient able to continue 
activity?

 4. Irritability. Th is refers to the level of activity 
required to provoke pain and how long it 
subsequently takes to settle. Th e degree of 
irritability is especially important because 
it aff ects how vigorously the examination 
should be performed and how aggressive the 
treatment should be.

 5. Nature. Th is refers to the quality of the pain. It 
is important to allow patients to describe pain 
in their own words.

 6. Behavior. Is the pain constant or intermittent? 
What is the time course of the pain? Is it worse 
on waking or does it worsen during the day? 
Does it wake the patient at night?

 7. Radiation. Does the pain radiate at all? If so, 
where?

 8. Aggravating factors. Which activity or posture 
aggravates the pain?

 9. Relieving factors. Is the pain relieved by rest or 
the adoption of certain postures? Do certain 
activities relieve the pain? Is the pain aff ected 
by climatic changes, for example, cold weather?

10. Associated features. Th ese include swelling, 
instability, sensory symptoms, such as pins 
and needles, tingling or numbness, and motor 
symptoms, such as muscle weakness.
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11. Previous treatment. What was the initial 
treatment of the injury? Was ice applied? Was 
fi rm compression applied? Was the injured 
part immobilized? If so, for how long? What 
treatment has been performed and what eff ect 
did that treatment have on the pain?

Swelling

Immediate swelling following an injury may indicate a 
severe injury such as a fracture or major ligament tear 
accompanied by hemarthrosis. Record the degree of 
swelling—mild, moderate or severe—and subsequent 
changes in the amount of swelling.

Instability

Any history of giving way or feeling of instability is 
signifi cant. Try to elicit the exact activity that causes 
this feeling. For example, in throwing, does the feel-
ing of instability occur in the cocking phase or the 
follow-through?

Function

It is important to know whether the athlete was able 
to continue activity without any problems immedi-
ately aft er the injury, was able to continue with some 
restriction or was unable to continue. Note subsequent 
changes in function with time.

History of a previous similar injury

If the athlete has had a previous similar injury, record 
full details of all treatment given, response to each type 
of treatment and whether any maintenance treatment 
or exercises have been performed following initial 
rehabilitation. Previous injury is a major risk factor 
for recurrence.4

Other injuries

Past injuries may have contributed to the current 
injury, for example, an inadequately rehabilitated 
muscle tear that has led to muscle imbalance and a 
subsequent overuse injury. Because of the importance 
of spinal abnormalities as a potential component of the 
athlete’s pain (Chapter 3), the patient should always 
be questioned about spinal symptoms, especially 
pain and stiff ness in the lower back or neck. Past or 
present injuries in body parts that may at fi rst seem 
unrelated to the present injury may also be important. 
For example, a hamstring injury in a throwing athlete 
can impair the kinetic chain leading to the shoulder, 
alter throwing biomechanics and, thus, contribute to 
a rotator cuff  injury.

General health

Is the patient otherwise healthy? Th e presence of 
symptoms such as weight loss and general malaise may 
suggest a serious abnormality, for example, a tumor. It 
must be remembered that musculoskeletal symptoms 
are not always activity-related (Chapter 4).

Work and leisure activities

Work and leisure activities can play a role in both the 
etiology and subsequent management of an injury. 
For example, a patient whose job involves continual 
bending or who enjoys gardening may aggravate his 
or her low back pain. It is important to know about 
these activities and to ascertain whether they can be 
curtailed.

Consider why the problem has occurred

Predisposing factors should be considered not only 
in overuse injuries but also in medical conditions 
and in acute injuries. In an athlete suff ering from 
exercise-induced asthma, symptoms may occur only 
during important competition if there is an underlying 
psychological component. Alternatively, the asthma 
may occur only at a particular time of the year or at 
a particular venue if allergy is present.

An athlete with an acute hamstring tear may have 
a history of low back problems or, alternatively, a 
history of a previous inadequately rehabilitated tear. 
Recurrence can only be prevented by eliminating the 
underlying cause.

Training history

In any overuse injury, a comprehensive training 
history is required. Th is is best done as a weekly diary 
as most athletes train on a weekly cycle (Chapter 6). It 
should contain both the quantity and quality of train-
ing and describe any recent changes. Note the total 
amount of training (distance or hours depending on 
the sport) and training surfaces. Continual activity 
on hard surfaces or a recent change in surface may 
predispose to injury. In running sports, pay particular 
attention to footwear (Chapter 6). For both training 
and competition shoes, note the shoe type, age and 
the wear pattern. Record recovery activities such as 
massage, spa/sauna and hours of sleep.

Equipment

Inappropriate equipment may predispose to injury 
(Chapter 6). For example, a bicycle seat that is set too 
low may contribute to patellofemoral pain.
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Technique

Patients should discuss technique problems that either 
they, or their coach, have noted. Faulty technique may 
contribute to injury. For example, a ‘wristy’ backhand 
drive may contribute to extensor tendinopathy at 
the elbow.

Overtraining

Symptoms such as excessive fatigue, recurrent ill-
ness, reduced motivation, persistent soreness and 
stiff ness may point to overtraining as an etiologic 
factor (Chapter 6).

Psychological factors

Injury can be caused or exacerbated by a number 
of psychological factors that may relate to sport 
(i.e. pressure of impending competition) or may con-
cern personal or business life. Th e clinician needs to 
consider this possibility and approach it sensitively.

Nutritional factors

Inadequate nutrition can predispose to the overtrain-
ing syndrome and may play a role in the development 
of musculoskeletal injuries. In an athlete presenting 
with excessive tiredness (Chapter 52), a full dietary 
history is essential.

Determine the importance of the sport 
to the athlete

Th e level of commitment to the sport, which will 
not necessarily correlate with the athlete’s expertise, 
has a bearing on management decisions. Be aware 
of the athlete’s short- and long-term future sporting 
commitments to schedule appropriate treatment and 
rehabilitation programs.

At the conclusion of taking the history, it is impor-
tant to consider the diff erential diagnosis and the 
possible etiologic factors. Th en proceed to a thorough 
focused examination.

Examination
A number of general principles should be followed in 
an examination5 and these are outlined below.

Develop a routine

Use a specifi c routine for examining each joint, region 
or system as this forms a habit and allows you to con-
centrate on the fi ndings and their signifi cance rather 

than thinking of what to do next. In Part B, we outline 
a routine for examining each body part.

Where relevant, examine the other side

With some aspects of the examination, for example, 
ligamentous laxity or muscle tightness, it is impor-
tant to compare sides using the uninjured side as a 
control.

Consider possible causes of the injury

Try to ascertain the cause of the injury. It is not 
suffi  cient to examine the painful area only (e.g. the 
Achilles tendon). Examine joints, muscles and neural 
structures proximal and distal to the injured area, 
seeking predisposing factors (e.g. limited dorsifl exion 
of the ankle, tight gastrocnemius–soleus complex, 
lumbar facet joint dysfunction).

Attempt to reproduce the patient’s 
symptoms

It is helpful to reproduce the patient’s symptoms if 
possible. Th is can be achieved both by active and/or 
passive movements and by palpation either locally 
or, in the case of referred pain, at the site of referral. 
It may require you to send the patient for a run or 
some other test of function prior to examination 
(see below).

Assess local tissues

Assess the joints, muscles and neural structures at 
the site of pain for tenderness, tissue feel and range 
of motion.

Assess for referred pain

Assess the joints, muscles and neural structures that 
may refer to the site of pain (Chapter 3).

Assess neural tension

Neural tension (Chapter 3) should be assessed using 
one or more of the neural tension tests (see below).

Examine the spine

Many injuries have a spinal component to the pain 
or dysfunction. Th e presence of abnormal neural 
tension suggests a possible spinal component. In 
lower limb injuries, examine the lumbar spine and 
the thoracolumbar junction. In upper limb injuries, 
examine the cervical and upper thoracic spines. In 
particular, it is important to seek hypomobility of 
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isolated spinal segments as this may contribute to 
distant symptoms.

Biomechanical examination

As biomechanical abnormalities are one of the major 
causes of overuse injuries, it is essential to include this 
examination in the assessment of overuse injuries 
(Chapter 5). Th e biomechanical examination of the 
lower limb is illustrated in Chapter 5.

Functional testing

If a particular maneuver reproduces the patient’s pain, 
then have the patient perform that maneuver in an 
attempt to understand why the pain has occurred. Th is 
can sometimes be done in the offi  ce, for example, a 
deep squat, or it may be necessary to watch the athlete 
perform the activity at a training venue, for example, 
a long jumper taking off  or a gymnast performing a 
backward walkover. Video analysis may be helpful.

The examination routine

Inspection

It is important to observe the individual walking 
into the offi  ce or walking off  the fi eld of play as well 
as inspecting the injured area. Note any evidence of 
deformity, asymmetry, bruising, swelling, skin changes 
and muscle wasting. Th ere may, however, be a degree 
of asymmetry due to one side being dominant, such 
as the racquet arm in a tennis player.

Range of motion testing (active)

Ask the athlete to perform active range of motion exer-
cises without assistance. Look carefully for restriction 
of range of motion, the onset of pain at a particular 
point in the range and the presence of abnormal 
patterns of movement. In many conditions, such as 
shoulder impingement or patellofemoral pain, the 
pattern of movement is critical to making a correct 
diagnosis.

If a patient’s pain is not elicited on normal plane 
movement testing, examine ‘combined movements’ 
(i.e. movements in two or more planes). By combin-
ing movements and evaluating symptom response, 
additional information is gained to help predict the 
site of the lesion. Other movements, such as repeated, 
quick or sustained movements, may be required to 
elicit the patient’s pain.

Range of motion testing (passive)

Passive range of motion testing is used to elicit joint 
and muscle stiff ness. Injury may be the cause of joint 

stiff ness. Alternatively, stiff ness may already have been 
present and predisposed to injury by placing exces-
sive stress on other structures (e.g. a stiff  ankle joint 
can predispose to Achilles tendinopathy). Range of 
motion testing should include all directions of move-
ment appropriate to a particular joint and should be 
compared both with normal range and the unaff ected 
side. Overpressure may be used at the end of range 
to elicit the patient’s symptoms.

Palpation

Palpation is a vital component of examination and 
precise knowledge of anatomy, especially surface 
anatomy, optimizes its value. At times it is essential 
to determine the exact site of maximal tenderness, for 
example, in diff erentiating between bony tenderness 
and ligament attachment tenderness aft er a sprained 
ankle. When palpating soft  tissues, properties of the 
soft  tissue that need to be assessed include:

• resistance
• muscle spasm
• tenderness.

Palpate carefully and try to visualize the structures 
being palpated. Commence with the skin, feeling for 
any changes in temperature or amount of sweating, 
infection or increased sympathetic activity. When 
palpating muscle, assess tone, focal areas of thickening 
or trigger points, muscle length and imbalance.

It is important not only to palpate the precise 
area of pain, for example, the supraspinatus tendon 
attachment, but also the regions proximal and distal 
to the painful area, such as the muscle belly of the 
trapezius muscle. Determine whether tenderness is 
focal or diff use. Th is may help diff erentiate between, 
for example, a stress fracture (focal tenderness) and 
periostitis (diff use tenderness).

To palpate joints correctly, it is important to under-
stand the two diff erent types of movement present at 
a joint. Physiological movements are movements that 
patients can perform themselves. However, in order 
to achieve a full range of physiological movement, 
accessory movements are required.

Accessory movements are the involuntary, inter-
articular movements, including glides, rotations and 
tilts, that occur in both spinal and peripheral joints 
during normal physiological movements. Loss of 
these normal accessory movements may cause pain, 
altered range or abnormal quality of physiological 
joint movement. Palpation of the spinal and periph-
eral joints is based on these principles. An example of 
palpation of accessory movements involves postero-
anterior pressure over the spinous process of the 
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vertebra, producing a glide between that vertebra 
and the ones above and below.

Ligament testing

Ligaments are examined for laxity and pain. Specifi c 
tests have been devised for all the major ligaments 
of the body. Th ese involve moving the joint to stress 
a particular ligament. Th is may cause pain or reveal 
laxity in the joint. Laxity is graded into +1 (mild), 
+2 (moderate) and +3 (severe). Pain on stressing 
the ligament is also signifi cant and may indicate, in 
the absence of laxity, a mild injury or grade I liga-
ment sprain. A number of diff erent tests may assess 
a single ligament: for example, the anterior drawer, 
Lachman’s and pivot shift  tests all test anterior cruci-
ate ligament laxity.

Strength testing

Muscles or groups of muscles should be tested for 
strength and compared with the unaff ected side. 
Muscle weakness may occur as a result of an injury, 
for example, secondary to a chronic joint eff usion, or 
may be a predisposing factor towards injury.

Neural tension testing

Advances in the understanding of neural tension 
have led to improved awareness of why pain occurs in 
chronic overuse injuries and pain syndromes. Changes 
in neural tension are an important component of 
these disorders (Chapter 3).

Just as restrictions of the normal mechanics of 
joints and muscles may contribute to symptoms, 
restriction of the normal mechanics of the nervous 
system may also produce pain. Certain movements 
require considerable variations in nerve length. Neural 
tension testing examines restriction of these normal 
mechanics and their eff ect on the patient’s symptoms. 
Treatment aims to restore normal nerve mechanics.

Neural tension tests produce systematic increases 
in neural tension by successive addition of movements 
that increase neural tension. Th e tests may provoke 
the presenting symptoms or, alternatively, other 
symptoms such as pins and needles or numbness. Th e 
amount of resistance encountered during the test is 
also signifi cant, especially when compared with the 
uninjured side. Th e assessment of symptom produc-
tion and resistance may be aff ected by each step in the 
neural tension test (see Figs 8.1–8.4). Th is may give 
an indication of the location of the abnormality.

Th e main neural tension tests are:

• straight leg raise (SLR) (Fig. 8.1)
• slump test (Fig. 8.2)

• neural Th omas test (Fig. 8.3)
• upper limb tension test (ULTT) (Fig. 8.4).

A summary of the tests, the methods, indications 
for their use, normal responses and variations of each 
test is shown in Table 8.1.

A tension test can be considered positive if:

• it reproduces the patient’s symptoms
• the test response can be altered by movements of 

diff erent body parts that alter the neural tension
• diff erences in the test occur from side to side 

and from what is considered normal.

Figure 8.1 Straight leg raise

(a) Patient lies supine. The examiner places one hand 
under the Achilles tendon and the other above the 
knee. The leg is lifted perpendicular to the bed with 
the hand above the knee preventing any knee fl exion

(b) Dorsifl exion of the ankle is added. Eversion and 
toe extension may sensitize this test further. Other 
variations can be added (Table 8.1)
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Figure 8.2 Slump test

(a) Patient slumps forward and overpressure is 
applied. The sacrum should remain vertical

(b) Patient is asked to put chin on chest and 
overpressure is applied

(c) Patient actively extends one knee

(d) Patient actively dorsifl exes the ankle and 
overpressure may be applied
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(e) Neck fl exion is slowly released. Steps (d), (e) and (f ) 
are repeated with the other knee. Other variations can 
be added (Table 8.1)

Figure 8.3 Neural Thomas test

(a) Patient lies supine over the end of the couch in the 
Thomas position

(b) Patient’s neck is passively fl exed by the examiner, 
then the examiner passively extends the patient’s 
(right) knee with his or her leg

Figure 8.4 Upper limb tension test

(a) Patient lies supine close to the edge of the couch. 
Neck is laterally fl exed away from the side to be tested
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(b) The shoulder is depressed by the examiner’s hand 
(left) and the arm abducted to approximately 110° and 
externally rotated

(c) The forearm is supinated and the wrist and fi ngers 
extended

(d) The elbow is extended to the point of onset of 
symptoms

(e) The neck position returns to neutral and is then 
laterally fl exed towards the side of the test. Any 
change in symptoms is noted. Other variations can be 
added (Table 8.1)
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reassess the patient’s symptoms and signs. If there is a 
change in the pain and/or range of movement, then 
this strongly suggests that the spine is contributing 
to the symptoms.

Occasionally, palpation of a particular site in the 
spine will actually reproduce the patient’s symptoms 
distant from the spine. It is important to understand 
that, even if the symptoms are not produced by palpa-
tion of the spine, this does not rule out the possibility 
of a spinal component.

Biomechanical examination

Th e role of abnormal biomechanics in the production 
of injuries, especially overuse injuries, is discussed 
in Chapter 5. Because abnormal biomechanics can 
contribute to any overuse injury, all clinicians need 
to perform a biomechanical examination.

As with other components of the examination, it 
is important to develop a routine for the assessment 
of biomechanical abnormalities. A routine for the 
assessment of lower limb biomechanics is illustrated 
in Chapter 5.

Technique

Faulty technique is another common cause of injury. 
A list of technique faults associated with particular 
injuries is shown in Table 5.1. While the clinician 
cannot be aware of all techniques in various sports, 
he or she should be able to identify the common 
technique faults in popular activities, for example, 
pelvic instability while running or faulty backhand 
drive in tennis. Clinicians should seek biomechani-
cal advice and assistance with assessment from the 
athlete’s coach or a colleague with expertise in the 
particular area. Video analysis with slow motion or 
freeze frame may be helpful.

Neural tension tests are non-specifi c but form an 
extremely useful part of the examination. Abnor-
malities of neural tension should lead the clinician 
to examine possible sites producing the abnormal 
tension, especially the spine. Neural tension tests 
can also be used as a treatment procedure. Th is is 
discussed in Chapter 10.

Spinal examination

Clinical experience suggests that spinal abnormality 
(e.g. hypomobility) can present in various ways. Th e 
presentation may be as pain or injury and this may 
occur either locally (at the spine) or distantly. Examples 
for both upper limb and lower limb spinal abnormalities 
are given in Table 8.2. Th e pathophysiology underlying 
these concepts has been discussed in Chapter 3.

In patients presenting with upper limb pain, the 
cervical and upper thoracic spines must be examined. 
Examine the lumbar spine (including the thoraco-
lumbar junction) in any patient presenting with lower 
limb pain. An abnormal neural tension test strongly 
indicates a spinal component to the pain. However, 
a negative neural tension test does not exclude the 
possibility of a spinal component.

Begin examining the relevant area of the spine 
by assessing range of movement with the patient 
standing. Th e patient should then lie prone on a 
fi rm examination table so the examiner can palpate 
the vertebrae centrally over the spinous processes 
and laterally over the apophyseal joints to detect any 
hypomobility and/or tenderness. Hypomobility or 
tenderness at a level appropriate to that of the patient’s 
symptoms indicate the site is a possible source of 
referred pain (Chapter 3).

Aft er detecting spinal abnormality on examina-
tion, perform a trial treatment (Chapter 10) and then 

Table 8.2 Examples of how spinal abnormality can manifest locally or distantly, with either pain or injury in the 
upper limb and lower limb

Presentation Local manifestation Distant manifestation

Upper limb

Pain Hypomobility of C5–6 joint 
presenting as neck pain

Hypomobility of C5–6 joint presents as elbow pain

Injury Hypomobility of C5–6 joint predisposing to lateral 
elbow tendinopathy in a tennis player

Lower limb

Pain Hypomobility of L5–S1 joint 
presenting as lumbosacral pain

Hypomobility of L5–S1 joint presents as buttock and 
hamstring pain

Injury Hypomobility of L5–S1 joint predisposing to a 
hamstring tear in a sprinter
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Equipment

Inappropriate equipment predisposes to injury 
(Chapter 6). Inspect the athlete’s equipment, such as 
running shoes, football boots, tennis racquet, bicycle 
or helmet.

At the conclusion of the examination, consider 
the diff erential diagnosis and possible predisposing 
factors. If the practitioner is certain of the diagnosis 
and of the predisposing factors, then counseling 
and treatment can begin. However, in many cases, 
further information may be required and the prac-
titioner must decide what, if any, investigations may 
be needed.
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Investigations
Appropriate investigations can confi rm or exclude 
a diagnosis suggested by the history and physical 
examination but should never be a substitute for care-
ful history taking and a comprehensive examination 
(Chapter 8). We begin with seven principles that may 
help clinicians maximize the utility of investigations. 
We then detail the utility of current radiological inves-
tigations, before outlining a broad range of laboratory 
and special investigations that can add detail to the 
sports medicine diagnosis.

Understand the meaning of test results

Th e sports clinician should be able to interpret investi-
gation results and not rely blindly on the investigation 
report. For example, a clinician who is aware that stress 
fractures are rarely demonstrated on plain X-rays is 
better able to help an athlete with bony tenderness and 
a normal plain X-ray than one who assumes a normal 
X-ray excludes the possibility of a fracture. A clinician 
who knows that about a quarter of asymptomatic elite 
jumping athletes have ultrasound abnormalities in 
their patellar tendons can reassure the patient that 
the imaging fi nding is not an indication for surgery. 
Th is is an example of a false positive investigation. 
Many such examples exist.

Know how soon changes can be detected 
by investigations

To detect certain abnormalities, the timing of an inves-
tigation may need to be appropriate. A female gymnast 
must have hormone levels tested in the second half 
of her menstrual cycle to detect low progesterone 

levels in luteal defi ciency. Likewise, there is nothing 
to be gained by repeating a radioisotopic bone scan 
or a CT scan to assess fracture healing two months 
aft er diagnosing a lumbar pars interarticularis defect 
in a tennis player.

Only order investigations that will infl uence 
management

It is inappropriate to perform extensive (and expen-
sive) investigations to confi rm an already obvious 
diagnosis. If a stress fracture is seen on a plain X-ray, 
there is rarely anything to be gained from a radio-
isotopic bone scan, CT scan or MRI. On the other 
hand, if plain X-ray reveals a fractured dome of the 
talus, further tests may be indicated to stage the 
fracture as this aff ects treatment.

Provide relevant clinical fi ndings on 
the requisition

Th e written requisition should contain a brief sum-
mary of the patient’s condition and your diff erential 
diagnosis to aid correct imaging interpretation.1 
If particular X-ray views are required, they should 
be requested. If you cannot remember the names 
of certain views, write that down on the request 
forms—generally the radiographer will know and, 
if not, the radiologist will! It is oft en helpful to call 
the radiologist in advance to discuss the best way to 
image a patient. Remember that weight-bearing views 
are important to assess suspected osteoarthritis at 
the hip, knee and ankle. ‘Functional’ views (with the 
patient placing the joint in the position of pain) are 
useful for anterior and posterior impingement of the 
ankle (Chapter 34).

CHAPTER 

9
Principles of Diagnosis: 
Investigations including Imaging
WITH BRUCE FORSTER, JAIDEEP RAMPURE, ZOLTAN KISS 
AND JOCK ANDERSON
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Do not accept a poor quality test

Inappropriate views or investigations performed 
on inferior equipment can lead to more diagnostic 
confusion than no investigation at all.

Develop a close working relationship 
with the investigators

Clinicians and investigators can learn from each other 
and assist the patient maximally by discussing clinical 
problems when this is appropriate.1 Regular clinico-
radiological rounds or case presentations should be 
encouraged. Th e advent of digital imaging has made 
discussion of images easier; the clinician and radiolo-
gist can be separated by miles and each can be viewing 
the images on his or her own monitor.

Explain the investigations to the patient

Give the patient an understanding of the rationale behind 
each investigation. An athlete who complains of persist-
ent ankle pain and swelling several months aft er an ankle 
sprain may need an X-ray, a radioisotopic bone scan and 
possibly a CT scan or MRI. If the patient is merely told 
that an X-ray is necessary to exclude bony damage, he 
or she might become confused when told that the X-ray 
is normal but that further investigations are required to 
exclude bony or osteochondral damage. Also, be sure 
to alert patients who are going for a minimally invasive 
procedure (e.g. MR arthrogram), that there will be an 
‘injection’. Otherwise our radiologist and radiography 
colleagues are put in the awkward position of having 
to explain this to the patient de novo.

Th e patient should understand exactly what is 
involved in each procedure as well as why the pro-
cedure is being performed. It is helpful to give the 
patient a leafl et explaining the investigation, how long 
it will take and when he or she should be reviewed 
with the results of the investigation.

Radiological investigation
Plain X-ray

Despite the availability of sophisticated imaging 
techniques, plain fi lm radiography oft en provides 
diagnostic information about bony abnormalities, 
such as fractures, dislocations, dysplasia and calci-
fi cation (Fig. 9.1).2 Correctly positioning the patient 
is vital for a useful X-ray. A minimum of two per-
pendicular views is required to evaluate any bone 
adequately. Complex joints such as the ankle, wrist 
or the elbow may require additional or specialized 

views. Weight-bearing or ‘stress’ views may give 
further information.

Radioisotopic bone scan

Radioisotopic bone scan (scintigraphy) (Fig. 9.2) 
is a highly sensitive but non-specifi c nuclear medi-
cine investigation used to detect areas of increased 
blood fl ow (infl ammation, infection) and bone turn-
over (fractures and other bone lesions, including 
tumors).

Nuclear medicine provides physiological rather 
than anatomical information. In contrast to routine 
radiography and CT, which measure X-ray trans-
mission through a patient, nuclear medicine detects 
gamma ray emission from a patient following intra-
venous administration of a radiopharmaceutical. Th e 
radio pharmaceutical contains a radioactive atom that 
decays, resulting in gamma ray photon emission. Th ese 
emitted photons are detected by a gamma camera 
imaging system.3

A triple-phase bone scan is performed aft er the 
injection of a technetium-labeled bone-seeking 
agent. Scans are obtained immediately (isotope angio-
gram), aft er 2 minutes (blood pool phase) and aft er 
2 hours (bone phase). Th is sequence of scans allows 

Figure 9.1 X-ray of an osteochondral fracture of the 
talar dome (COURTESY OF I.F. ANDERSON)
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diff erentiation between soft  tissue and bone injury. 
Radioisotopic bone scans are particularly useful for 
the detection of stress fractures and osteochondral 
lesions4, 5 but give little information regarding soft  
tissue and mean signifi cant radiation exposure. Th e 
blood pool phase can show hyperemia. Bone scans 
are particularly useful when seeking hook of hamate 
fractures as these subtle fractures can be overlooked 
when using CT scans or MRI.

Single photon emission computed tomography 
(SPECT) techniques are also used in sports medicine. 
In SPECT, gamma cameras are mounted on a rotating 
gantry, and a full 360° acquisition can be obtained.3 
Th e main advantage of SPECT over planar imaging is 
enhanced tissue contrast, resulting in improved sensitiv-
ity and specifi city of lesion detection and localization.6 
Th e main use of SPECT in sports medicine is in the 
detection of stress fractures of the pars interarticularis 
of the lumbar spine. In some centers, SPECT bone scan 
for pars injuries is more sensitive than MRI.

Computed tomographic scanning

CT scanning (Fig. 9.3) allows cross-sectional imaging 
of soft  tissue, calcifi c deposits and bone. Conventional 
CT scanning consists of a rotating X-ray tube emitting 

a collimated radiation beam and multiple detectors to 
measure transmission through a stationary patient. A 
computer then processes the data to provide a two-
dimensional or simulated three-dimensional image. 
Technical advances have led to the development of 
helical or spiral CT scanning.

CT scanning is particularly useful in evaluation of 
the spine, fractures in small bones and fractures in 
anatomically complex regions, such as the ankle, foot 
or pelvis. Newer multi-detector scanners have 4, 16 
or 64 rows of detectors, and are capable of providing 
high-resolution reconstructions of the imaging data 
in any plane.

CT arthrography is performed aft er an injection 
of radio-opaque contrast medium into the joint cav-
ity—most commonly the shoulder or ankle. Th is pro-
cedure is becoming superseded by MR arthrograms 
(MRA) with gadolinium in centers where MRI is 
readily available (see below). Th e disadvantage of CT 
scanning is the signifi cant radiation dose, especially 
in children.

Magnetic resonance imaging

MRI (Fig. 9.4) is based on the number of free water 
protons present within a tissue sample. When a patient 
is placed in a strong magnetic fi eld, the free water 
protons align with the external magnetic fi eld. In MRI 
a series of radiofrequency (RF) pulses are applied to 
the tissue sample, which causes the protons to change 
their alignment relative to the external magnetic 
fi eld. Th e energy released during this realignment of 
protons is used to create the image.

Figure 9.2 Radioisotopic bone scan of an 
osteochondral fracture of the talar dome
COURTESY OF I. F. ANDERSON

Figure 9.3 CT scan of an osteochondral fracture of the 
talar dome
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A pulse sequence is a specifi c series of RF pulses 
or gradient changes that result in excitation and 
realignment of water protons in a predictable fashion, 
allowing for the creation of an image. Spin echo (SE), 
gradient echo (GRE) and inversion recovery (IR) 
sequences are the basic types of sequences used in 
musculoskeletal imaging.3 T1-weighted, T2-weighted, 
proton density and short T1 inversion recovery (STIR) 
sequences are oft en taken (Table 9.1). Fat-suppressed 
and fat-saturated sequences can also be taken.

MRI is not dependent on ionizing radiation and is 
not invasive. Compared with CT scanning, it is less 

capable of defi ning bone details and detecting small 
areas of calcifi cation, but it is nevertheless very use-
ful at revealing occult bony abnormalities,7–9 and its 
superior contrast resolution allows the detection of 
subtle soft  tissue changes. Th is latter property, together 
with its multiplanar scanning capability, is most 
valuable in detecting spinal disk/root abnormalities, 
avascular necrosis and bone marrow tumors, and in 
evaluating soft  tissue masses. MRI is commonly used 
to assess internal derangement of joints.10, 11

 Th ere are a few strict contraindications to MRI 
(e.g. certain brain aneurysm clips, neurostimu-
lators and cardiac pacemakers) but, contrary 
to popular medical opinion, patients with 
metallic orthopedic hardware and metallic 
surgical clips outside the brain, in place for 
more than six weeks, can be safely scanned.

Sports clinicians must be aware that MRI can 
be overly sensitive to abnormal tissue signals and, 
thus, provide false positive results. In asympto-
matic athletes in numerous studies, MR images 
are consistent with significant injury but none 
exists.12, 13 Th is emphasizes the need for the appropri-
ate selection of patients for investigation and careful 
clinical–imaging correlation.1 As with any medical 
investigation, errors can occur; ideally, images 
should be read by an experienced musculoskeletal 
MRI radiologist.

Ultrasound scan

High-resolution ultrasound scanning (Fig. 9.5) with 
10–12 megahertz (MHz) probes is a painless method 
of imaging tendons, muscles and other soft  tissues 
without exposing the patient to any radiation. Other 

Figure 9.4 MRI of an osteochondral fracture (circled) 
of the talar dome. The plain X-rays and CT were normal

Table 9.1 Diff erent MRI images

Image Signal intensity Clinical use

T1-weighted image Fat: bright
Muscle: intermediate
Water, tendons and fi brocartilage: dark

Good for anatomical detail, bone marrow
Lacks sensitivity in detecting soft tissue injury
Good for meniscal pathology

T2-weighted image Water: bright
Fat: intermediate
Muscle, fi brocartilage: dark

Good for most soft tissue injury, especially 
tendons

Proton density (PD) Fat: bright
Calcium, tendons, fi brocartilage: dark
Water: intermediate

Good for menisci and ligaments

Short T1 inversion 
recovery (STIR)/
Fat saturated T2 
sequence

Water: very bright
Fat, muscle, fi brocartilage: dark

Good for bone marrow and soft tissue 
pathology
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or early calcifi cation, and may be useful in localizing 
foreign bodies.

Ultrasound scanning is able to distinguish complete 
tendon rupture from other tendon abnormalities (e.g. 
tendinopathy). As with MRI, ultrasound imaging of 
elite athletes reveals morphological ‘abnormalities’ 
that are not symptomatic and do not appear to predict 
imminent tendon pain.14

Real-time ultrasound examination during active 
movement (dynamic ultrasound) is particularly 
helpful in the evaluation of shoulder impingement. 
In recent years, color Doppler ultrasound has gained 
popularity in sports medicine for the assessment 
of tendons as innovative research suggested that 
the abnormal fl ow detected using the color Dop-
pler feature provided a better guide as to whether 
tendons were painful or not.15 Although this had 
been the case in cross-sectional studies,16 longitu-
dinal studies have failed to show that color Doppler 
ultrasound fi ndings of vascularity predict changes 
in symptoms.16–18 Also, exercise aff ects the level of 
vascularity.19 Th us, as this text goes to print, the jury 
is still out as to the additional clinical utility of this 
modality. New data that come to hand, including 
standardized exercise protocols and warm-up tech-
niques for assessing this interesting phenomenon, 
will be summarized in updates to this chapter at 
<http://www.clinicalsportsmedicine.com>. Also, 
in several studies ablation of this abnormal fl ow 
using the sclerosing agent polidocanol was shown 
to reduce tendon pain.20, 21

Neurological investigations
Electromyography

Electromyography (EMG) measures muscle activity 
by recording action potentials from the contract-
ing fi bers, either by using surface electrodes or by 
inserting needle electrodes into the muscle. Aft er an 
electrical stimulus is applied to muscle, the type of 
response provides information regarding the nature 
of the dysfunction.

Nerve conduction studies

Motor and sensory nerve conduction studies aim to 
recognize and localize peripheral nerve abnormalities. 
Aft er a stimulus (either electrical or mechanical) is 
applied to a distant part of the nerve, electrical action 
potentials are measured. Characteristic changes in the 
amplitude or velocity of action potential conduction 
refl ect abnormalities of nerve function, for example, 
demyelination or axonal damage.

(a)

(b)

(c)

Figure 9.5 (a) Method of imaging tendons. 
(b) Gray-scale ultrasound scan and (c) color 
Doppler ultrasound scan of the patellar tendon

advantages include its dynamic nature, short examina-
tion time and ability to guide therapeutic injection 
under real time. Disadvantages include the less graphic 
images, the fact that it is more operator-dependent 
with respect to image quality than any other modal-
ity, and the fact that it cannot penetrate tissues to 
show deeper structures, such as shoulder/hip labra or 
anterior cruciate ligaments/menisci. Th e most com-
monly examined areas are large tendons, for example, 
the Achilles, patellar and rotator cuff  tendons, and 
the muscles of the thigh and calf. Ultrasound can 
also demonstrate muscle tear, hematoma formation 
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Neuropsychological testing

Neuropsychological testing is used to assess the 
severity of and recovery from minor head injury. 
The specific techniques used are discussed in 
Chapter 13.

Muscle assessment
Compartment pressure testing

Intracompartmental pressures are measured at rest 
and during exercise using a Stryker catheter. Th e 
patient then exercises the muscles of the specifi c 
compartment either to exhaustion or until symptoms 
are reproduced. Post-exercise resting pressure is moni-
tored for 5 minutes. Th e diagnosis of compartment 
pressure syndrome is confi rmed when the compart-
ment pressures reach a diagnostic threshold during 
and aft er exercise (Chapter 30).

Cardiovascular investigations
Electrocardiography

Electrocardiography (ECG/EKG) measures the 
electrical activity and function of the heart via sur-
face electrodes. A number of recognizable electrical 
deflections (P wave, QRS complex, T wave) are 
observed. Characteristic ECG abnormalities may 
refl ect underlying cardiac disease.

Ambulatory ECG monitoring is the long-term 
ECG monitoring of patients during normal daily 
activity. Th e patient wears a portable monitor that 
records the ECG changes. Th is technique may be 
useful in the diagnosis of arrhythmia or intermit-
tent ischemia, the evaluation of drug therapy and in 
detecting pacemaker malfunction.

Stress electrocardiography

Stress or exercise ECG is performed by monitoring 
the patient electrocardiographically while exercising. 
It is used to investigate ischemic heart disease. Th is 
procedure is discussed further in Chapter 45.

Echocardiography

Echocardiography is the clinical application of ultra-
sound to the diagnosis of heart disease. Ultrasound 
waves refl ected from the diff erent parts of the heart can 
map out the normal anatomical structure of the heart 
in two dimensions. Doppler echo techniques enable 
accurate measurements of intracardiac blood velocity 
and, therefore, enable the clinician to determine the 
gradients across valves or shunts.

Respiratory investigations
Pulmonary function tests

Th ere are a number of simple tests of ventilatory 
capacity, such as forced expiratory volume in one 
second (FEV

1
) and vital capacity (VC), which require 

relatively simple apparatus. Coupled with arterial blood 
gas measurements, these tests provide information 
on the mechanical characteristics of the ventilatory 
pump and the adequacy of pulmonary gas exchange. 
Carbon monoxide transfer indicates the gas exchange 
mechanisms and may detect subtle changes in function. 
More sophisticated techniques enable measurement 
of lung compliance, peripheral airway disease, airway 
reactivity, mucociliary clearance, respiratory muscle 
function and work of breathing.

Figure 9.6 Compartment pressure testing of the 
anterior compartment of the lower limb
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Bronchial provocation challenge tests used in the 
diagnosis of exercise-induced bronchospasm (EIB) 
are discussed fully in Chapter 46.

The diagnosis
As a result of careful clinical assessment (Chapter 8) 
and the judicious use of investigations, the diagnosis 
should be evident. Th e next step is to discuss the 
diagnosis, the possible causes of the problem and an 
outline of the treatment program with the patient. 
Muscle charts and models of particular joints can assist 
the athlete understand the condition. Internet links 
can oft en provide the athlete with a lot of information; 
this will be appreciated.

Once the diagnosis is made and a clear explana-
tion given to the patient, it is time to consider what 
treatment is appropriate for the condition. Chap-
ter 10 provides an overview of current treatment 
alternatives.

Recommended Reading

Anderson J, Read JW, Steinweg J. Atlas of Imaging in Sports 

Medicine. Sydney: McGraw-Hill, 1998.

Calkins C, Sartoris DJ. Imaging acute knee injuries: direct 

diagnostic approaches. Physician Sports Med 1992; 20(6): 

91–8.

Cross TM, Smart RC, Th omson JEM. Exposure to diagnostic 

ionizing radiation in sports medicine: assessing and 

monitoring the risk. Clin J Sport Med 2003; 13: 164–70.

Interesting article highlighting concerns about multiple 

procedures exposing athletes to high levels of ionizing 

radiation.

Halpern B, Herring SA, Altchek D, et al. Imaging in 

Musculoskeletal and Sports Medicine. Malden, MA: 

Blackwell Scientifi c, 1997.

Ishibashi Y, Okamura Y, Otsuka H, et al. Comparison of 

scintigraphy and magnetic resonance imaging for stress 

injuries of bone. Clin J Sport Med 2002; 12: 79–84.

Sanders TG, Fults-Ganey C. Imaging of sports-related injuries. 

In: DeLee JC, Drez D Jr, eds. Orthopaedic Sports Medicine. 

2nd edn. Philadelphia: Saunders Elsevier Science, 2003.

Spritzer CE. Impact of magnetic resonance imaging in sports 

medicine. In: Garrett WE, Speer KP, Kirkendall DT, eds. 

Principles and Practice of Orthopaedic Sports Medicine. 

Philadelphia: Lippincott, Williams & Wilkins, 2000.

Stanitski CL. Correlation of arthroscopic and clinical 

examinations with magnetic resonance imaging fi ndings of 

injured knees in children and adolescents. Am J Sports Med 

1998; 26(1): 2–6.

Stoller DW, Tirman PFJ, Bredella MA. Diagnostic Imaging 

Orthopaedics. Salt Lake City, UT: Amirsys, 2004.

Outstanding textbook with excellent images and adjacent 

beautiful diagrams.

References

 1. Kilhenny C. Improving communications between team 

physician and radiologist. Am J Sports Med 1972; 1: 20.

 2. Taljanovic MS, Hunter TB, Fitzpatrick KA, et al. 

Musculoskeletal magnetic resonance imaging: importance 

of radiography. Skeletal Radiol 2003; 32: 403–11.

 3. Spritzer CE. Impact of magnetic resonance imaging in 

sports medicine. In: Garrett WE, Speer KP, Kirkendall DT, 

eds. Principles and Practice of Orthopaedic Sports Medicine. 

Philadelphia: Lippincott, Williams & Wilkins, 2000.

 4. Shikare S, Samsi AB, Tilve GH. Bone imaging in sports 

medicine. J Postgrad Med 1997; 43: 71–2.

 5. Ishibashi Y, Okamura, Y, Otsuka, H, et al. Comparison of 

scintigraphy and magnetic resonance imaging for stress 

injuries of bone. Clin J Sport Med 2002; 12: 79–84.

 6. Groshar D, Gorenberg M, Ben Haim S, et al. Lower 

extremity scintigraphy: the foot and ankle. Semin Nucl 

Med 1998; 28: 62–77.

 7. Bencardino J, Rosenberg ZS, Delfaut E. MR imaging in 

sports injuries of the foot and ankle. Magn Reson Imaging 

Clin N Am 1999; 7: 131–49, ix.

 8. Ascenti G, Visalli C, Genitori A, et al. Multiple 

hypervascular pancreatic metastases from renal cell 

carcinoma: dynamic MR and spiral CT in three cases. 

Clin Imaging 2004; 28: 349–52.

 9. Gaeta M, Minutoli F, Scribano E, et al. CT and MR 

imaging fi ndings in athletes with early tibial stress 

injuries: comparison with bone scintigraphy fi ndings and 

emphasis on cortical abnormalities. Radiology 2005; 235: 

553–61.

10. De Smet AA, Norris MA, Yandow DR, et al. MR diagnosis 

of meniscal tears of the knee: importance of high signal in 

the meniscus that extends to the surface. Am J Roentgenol 

1993; 161: 101–7.

11. De Smet AA, Tuite MJ, Norris MA, et al. MR diagnosis 

of meniscal tears: analysis of causes of errors. Am J 

Roentgenol 1994; 163: 1419–23.

12. Miniaci A, Mascia AT, Salonen DC, et al. Magnetic 

resonance imaging of the shoulder in asymptomatic 

professional baseball pitchers. Am J Sports Med 2002; 

30: 66–73.

13. Ludman CN, Hough DO, Cooper TG, et al. Silent meniscal 

abnormalities in athletes: magnetic resonance imaging of 

asymptomatic competitive gymnasts. Br J Sports Med 1999; 

33: 414–6.

Brukner-A-07_12.indd   126Brukner-A-07_12.indd   126 5/6/06   11:46:44 AM5/6/06   11:46:44 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 127

CHAPTER 9 PRINCIPLES OF DIAGNOSIS: INVESTIGATIONS INCLUDING IMAGING 9

14. Cook JL, Khan KM, Harcourt PR, et al. Patellar tendon 

ultrasonography in asymptomatic active athletes reveals 

hypoechoic regions: a study of 320 tendons. Victorian 

Institute of Sport Tendon Study Group. Clin J Sport Med 

1998; 8: 73–7.

15. Weinberg EP, Adams MJ, Hollenberg GM. Color Doppler 

sonography of patellar tendinosis. Am J Roentgenol 1998; 

171: 743–4.

16. Zanetti M, Metzdorf A, Kundert HP, et al. Achilles 

tendons: clinical relevance of neovascularization 

diagnosed with power Doppler US. Radiology 2003; 227: 

556–60.

17. Khan KM, Forster BB, Robinson J, et al. Are ultrasound 

and magnetic resonance imaging of value in assessment of 

Achilles tendon disorders? A two year prospective study. 

Br J Sports Med 2003; 37: 149–53.

18. Reiter M, Ulreich N, Dirisamer A, et al. Colour and power 

Doppler sonography in symptomatic Achilles tendon 

disease. Int J Sports Med 2004; 25: 301–5.

19. Cook JL, Kiss ZS, Ptasznik R, et al. Is vascularity more 

evident aft er exercise? Implications for tendon imaging. 

Am J Roentgenol 2005; 185: 1138–40.

20. Alfredson H, Ohberg L. Neovascularisation in chronic 

painful patellar tendinosis—promising results aft er 

sclerosing neovessels outside the tendon challenge the 

need for surgery. Knee Surg Sports Traumatol Arthrosc 

2005; 13: 74–80.

21. Alfredson H, Ohberg L. Sclerosing injections to areas 

of neovascularisation reduce pain in chronic Achilles 

tendinopathy: a double-blind randomised controlled 

trial. Knee Surg Sports Traumatol Arthrosc 2005; 13: 

338–44.

Brukner-A-07_12.indd   127Brukner-A-07_12.indd   127 5/6/06   11:46:44 AM5/6/06   11:46:44 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL128

Treatment begins when the patient fi rst presents 
with symptoms. But the boundary between the end 

of treatment and the start of rehabilitation is blurry. In 
many conditions that are managed conservatively (e.g. 
hamstring muscle strain, tendinopathy) the exercises 
that are started for ‘treatment’ also contribute to the 
rehabilitation process. If one were required to make 
a distinction, it might be that the treatment exercises 
are focused on the pathological structure, whereas 
the rehabilitative exercises have a wider scope and 
ensure that other structures are not suff ering from 
the injury-related immobility.

For the reader’s convenience, we discuss therapies 
that apply to both ‘treatment’ and ‘rehabilitation’ in 
just one of the relevant chapters. For example, manual 
therapy is covered in this chapter even though it can 
be an important part of ongoing rehabilitation. On 
the other hand, exercise prescription (resistance exer-
cises, proprioceptive training, fl exibility training and 
activities that combine these elements), an essential 
‘treatment’ of musculoskeletal conditions, is covered 
in Chapter 12.

Evidence for treatment 
eff ectiveness is continually 
changing
Th e purpose of this chapter is to provide the essential 
background information regarding various treatments 
that are referred to in Part B. Here we defi ne and 
describe specifi c treatments, we report the level of 
evidence for their eff ectiveness and we aim to provide 
a clinical perspective on their use in musculoskeletal 

medicine. For therapies that have uniform doses of 
treatment (e.g. glyceryl trinitrate [GTN] patches for 
various tendinopathies) the doses are specifi ed in this 
chapter. Where treatment instructions vary by body 
part (e.g. electrotherapy modes and doses), specifi cs 
are held over to the chapter dealing with treatment 
of that region.

Overall, the past decade has seen an augmentation 
of evidence for many treatments in sports medicine 
(see box).

Some people believe that no treatment is really 
eff ective for any condition. Th is view is captured in 
the aphorism ‘Time heals and the physician sends 
the bills’ (note that other members of the clinical 
team are not guilty of this!). Another term for this 
philosophical position is ‘therapeutic nihilism’. Such 
a position has little merit in the 21st century with 
the increasing evidence for successful treatments for 
musculoskeletal conditions and the overwhelming 
evidence for physical activity as a very major deter-
minant of all-system health.

Our fi nal introductory point regarding treatment, 
and evidence or absence of it, is to remind the reader 
that there has been no randomized controlled trial 
evidence suggesting that, when jumping from an air-
plane, using a parachute provides superior outcomes 
to jumping without one. All evidence of harm to 
those who jumped without a parachute has been in 
retrospective case series (level 4 evidence; Fig. 10.1). 
As clinicians, we should take note of the evidence 
that has been gathered but celebrate that our craft  
remains as much art as science.

Part of the art of musculoskeletal medicine is 
ensuring that patients can benefi t from the appropriate 

CHAPTER 

10
Treatments Used for 
Musculoskeletal Conditions: 
More Choices and More Evidence
WITH ROBERT GRANTER
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elements of a large menu of available treatments. Th is 
chapter discusses this menu according to the follow-
ing subheadings:

• minimizing extent of injury (RICE)
• immobilization and early mobilization
• therapeutic drugs, including glyceryl trinitrate 

(GTN), sclerosing therapy, glucosamine
• heat and cold
• electrotherapeutic modalities

• extracorporeal shock wave therapy
• manual therapy

— joints
 – mobilization
 – manipulation
 – traction

— muscles
– soft  tissue therapy
 – muscle energy techniques

— neural—stretching
• acupuncture
• dry needling
• hyperbaric oxygen
• surgery.

Th e clinician should evaluate the eff ectiveness of 
each type of treatment by comparing symptoms and 
signs before and aft er treatment (i.e. both immedi-
ately aft er treatment and again at the next visit). Th is 
enables the clinician to choose the most appropriate 
mode of treatment for the specifi c injury and the 
specifi c individual.

Minimizing extent of injury 
(RICE)
Th e most important time in the treatment of acute soft  
tissue injuries is in the 24 hours immediately following 
injury. When soft  tissue is injured, blood vessels are 
usually damaged too. Th us, blood accumulates around 
damaged tissue and compresses adjoining tissues, 

Examples of treatments with a long history of ‘clinical use’ which were 
investigated in randomized controlled trials (RCTs)

RCTs found that the established treatment was eff ective
Manual therapy in neck pain1, 2

Manual therapy in back pain3, 4

Resistance training for adductor tendinopathy5

McConnell program for patellofemoral pain6

McConnell program for knee osteoarthritis7

Strength and balance exercises after ankle sprain8

Early mobilization after injury9

Strength and balance training for fall prevention in seniors10

RCT(s) found that the established treatment was ineff ective (at 1 April 2006)
Corticosteroid injection for early lateral elbow tendinopathy11

When the knee is mobilized with exercise after knee replacement, adding continuous passive motion or slider 
board therapy did not provide additional benefi t12

NSAIDs in Achilles tendinopathy13

Low-intensity infra-red laser for plantar fasciitis14

Figure 10.1 Skydiving. There is only level 4 evidence 
(case reports) to suggest that wearing a parachute is 
associated with outcomes superior to those when not 
wearing one when jumping from an airplane

Co
rb

is
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which causes secondary hypoxic injury and further 
tissue damage. Consequently, every eff ort should be 
made to reduce bleeding at the site of injury. Th e most 
appropriate method of doing this is summarized by 
the letters RICE.

R Rest
I Ice
C Compression
E Elevation

Rest

Whenever possible following injury, the athlete should 
cease activity to decrease bleeding and swelling. For 
example, with a thigh contusion, bleeding will be 
increased by contraction of the quadriceps muscle 
during running. Where necessary, complete rest can 
be achieved with the use of crutches for a lower limb 
injury or a sling for upper limb injuries.

Ice

Immediately aft er injury, ice is principally used to 
reduce tissue metabolism.15 Ice is also used in the 
later stages of injury treatment as a therapeutic 
modality (this is discussed further under heat and 
cold on page 137).

Ice can be applied in a number of forms:

• crushed ice can be wrapped in a moist cloth or 
towel and placed around the injured area, held 
in place with a crepe bandage

• reusable frozen gel packs
• instant ice packs that do not need pre-cooling
• ice immersion in a bucket (useful for treatment 

of injuries of the extremities)
• cold water and cooling sprays, which are oft en 

used in the immediate treatment of injuries but 
are unlikely to aff ect deeper tissues.

Although there is no high-quality evidence for 
how long, and how oft en, to apply ice aft er an acute 
injury,15, 16 a systematic review suggested that inter-
mittent 10-minute ice treatments are most eff ective 
at cooling injured animal tissue and healthy human 
tissue.17 Many practitioners apply ice for 15 minutes 
every 1–2 hours initially and then gradually reduce 
the frequency of application over the next 24 hours. 
Ice should not be applied where local tissue circu-
lation is impaired (e.g. in Raynaud’s phenomenon, 
peripheral vascular disease) or to patients who 
suff er from a cold allergy. Other adverse eff ects of 
prolonged ice application are skin burns and nerve 
damage.18

Compression

Compression of the injured area with a fi rm bandage 
reduces bleeding and, therefore, minimizes swelling. 
Compression should be applied both during and aft er 
ice application. Th e width of the bandage applied 
varies according to the injured area.

Th e bandage should be applied fi rmly but not so 
tightly as to cause pain. Bandaging should start just 
distal to the site of bleeding with each layer of the 
bandage overlapping the underlying layer by one-half. 
It should extend to at least a hand’s breadth proximal 
to the injury margin.

Elevation

Elevation of the injured part decreases hydrostatic 
pressure and, thus, reduces the accumulation of inter-
stitial fl uid. Elevation can be achieved by using a sling 
for upper limb injuries and by resting lower limbs on a 
chair, pillows or bucket. It is important to ensure that 
the lower limb is above the level of the pelvis.

Other minimizing factors

In the initial phase of injury (fi rst 24 hours), heat 
and heat rubs, alcohol, moderate/intense activity and 
vigorous soft  tissue therapy should all be avoided. 
Whether or not electrotherapeutic modalities (e.g. 
magnetic fi eld therapy, interferential stimulation, 
TENS) provide eff ective pain relief and reduction of 
swelling in the initial period is a subject of debate. 
Th ese modalities are described later in this chapter.

Immobilization and early 
mobilization
Immobilization has benefi cial eff ects in the early phase 
of muscle regeneration and is crucial for fracture heal-
ing. However, lengthy immobilization has detrimental 
eff ects; it causes joint stiff ness, degenerative changes 
in articular cartilage, muscle atrophy, weakness and 
stiff ness.

Complete immobilization is primarily required for 
acute fractures. Certain stress fractures, for example, 
tarsal navicular fractures, also require immobiliza-
tion. Occasionally in severe soft  tissue injuries, it may 
be helpful to immobilize the injured area for up to 
48 hours to limit pain and swelling.

Immobilization can be obtained through the use of 
rigid braces, air splints, taping, thermoplastic materi-
als or, most commonly, with the use of a plaster cast. 
Plaster casts have the disadvantages of being relatively 
heavy, prone to damage and not water-resistant. For 
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undisplaced fractures and immobilization of soft  
tissue injuries, fi berglass casts are preferred. Fiber-
glass casting material is light, strong and waterproof. 
A waterproof underwrap is available that enables the 
athlete to bathe without the need to protect the cast. 
Th is allows those with lower limb casts to exercise in 
water to maintain fi tness.

Protected mobilization

Mobilization, on the other hand, has numerous 
tissue benefi ts.19 One way to achieve early, but safe, 
mobilization is by ‘protected mobilization’. Th is term 
refers to the use of protective taping or bracing to 
prevent movement in a direction that would cause 
excessive stress on an injured structure. For example, 
a hinged knee brace prevents valgus strain in a second 
degree medial collateral ligament injury. Non-injured 
structures are allowed to move (i.e. the knee joint 
continues to function), and this feature distinguishes 
protected mobilization from complete immobilization. 
Th is allows enough movement to prevent stiff ness, 
maintain muscle strength and improve the nourish-
ment of the articular cartilage, while still protecting 
the damaged ligament.

Early mobilization in patients with acute limb 
injuries (e.g. ankle sprains, stable factures and aft er 
surgical tendon repair), decreases pain and swelling, 
and improves functional outcomes compared to cast 
immobilization.9

Continuous passive motion

Continuous passive motion (CPM) may be used 
aft er surgery using a specifi c CPM machine. It is 
particularly benefi cial when pain limits active range 
of motion exercises or when there is a need to control 
the range of movement to allow wound healing. CPM 
may also encourage nourishment of articular cartilage 
and minimize joint stiff ness. CPM may have a role in 
the early stages of treatment of second or third degree 
muscle tears, for example, in the hamstring or quad-
riceps, to encourage alignment of healing fi bers.

Mobilization and exercise therapy

Whether ‘early mobilization’ or exercise therapy is 
‘treatment’ or rehabilitation remains a gray area; it is 
covered in Chapter 12. However, we emphasize that 
exercise therapy itself may provide a tissue regenera-
tive stimulus. For example, with respect to muscle, 
early mobilization promotes rapid and intensive 
capillary ingrowth into the injured area, regenera-
tion of muscle fi bers and more parallel orientation of 

myofi bers compared with immobilization.20 In tendon, 
it appears that certain ‘strengthening’ protocols (e.g. 
heavy resistance training heel drops; Fig. 10.2) may 
stimulate collagen synthesis among tendon cells 
which, in turn, strengthen tendon.21, 22

Therapeutic drugs
Drugs commonly used in the treatment of sporting 
injuries include analgesics, NSAIDs, corticosteroids; 
novel therapies include hyaluronic acid injections, 
glyceryl trinitrate (GTN) patches and sclerosing 
agents such a polidocanol.

Analgesics

Analgesics are used in the acute phase immediately 
aft er injury to reduce pain. Subsequent use depends 
on the degree and duration of pain. Pain reduction 
during rehabilitation may facilitate movement. Aspirin 
(ASA), paracetamol (acetominophen) and codeine 
are the most commonly used analgesics, either singly 
or in combination.

At low dosages (250–300 mg), aspirin (ASA) has 
an analgesic and antipyretic eff ect. At higher dosages 
aspirin also has an anti-infl ammatory eff ect but these 
dosages are associated with a signifi cant incidence of 
side-eff ects, particularly of the gastrointestinal system. 

Figure 10.2 Evidence that exercise therapy (heel 
drops) acts as a stimulus for tendon tissue repair 
(treatment). Exercise (macroscopic view, heel drop, left 
panel) causes sliding of collagen fi bers (microscopic 
view, top center panel), that leads to intercellular 
communication via gap junctions (top right panel) and 
communication with the cell nucleus to upregulate 
protein synthesis (lower right panel). This is the process 
of mechanotransduction. Thus, exercise therapy is not 
just part of ‘rehabilitation’ but can act as a therapy itself 
through the process of mechanotransduction

proteins
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transcription
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We advise against the use of aspirin in acute injuries 
because it inhibits platelet aggregation and, thus, may 
increase bleeding associated with the injury.

Paracetamol (acetaminophen) has an analgesic and 
antipyretic eff ect but has no infl uence on the infl am-
matory process and no eff ect on blood clotting. It is 
safe to use in the acute phase of injuries; the standard 
dose is up to 3–4 g per day.

Codeine is a more potent analgesic. It is a nar-
cotic analgesic and was formerly listed as a banned 
substance by the International Olympic Committee 
(Chapter 61). Th is ban was lift ed in the mid 1990s.

Topical analgesics

Topical analgesics are used extensively by athletes and 
are known as ‘sports rubs’, ‘heat rubs’ and ‘liniments’. 
Most commercially available topical analgesics contain 
a combination of substances such as menthol, methyl 
salicylate, camphor and eucalyptus oil.

Th e majority act as skin counterirritants. Most 
products contain two or more active ingredients that 
produce redness, dilate blood vessels and stimulate 
pain and temperature receptors. Th e type and intensity 
of the eff ect depends on the particular counterirritant, 
its concentration, dosage and method of application. 
Th e exact mechanism of action of counterirritants 
is unknown.

Counterirritants should not be used to replace a 
proper warm-up as they do not penetrate to deeper 
muscles but they may be of use as an adjunct to 
warm-up. Counterirritants may irritate the skin and 
occasionally cause blistering or contact dermatitis.

Non-steroidal anti-infl ammatory drugs

NSAIDs are widely used in the treatment of sporting 
injuries. Th e fi rst NSAIDs used were aspirin and the 
salicylates, while more recently other NSAIDs have 
been introduced. All these drugs have analgesic, anti-

infl ammatory and antipyretic properties. Th ey are 
also widely used in the treatment of arthritis.

Infl ammation occurs at the site of acute injury. 
A local soft  tissue injury such as a ligament tear causes 
the release of arachidonic acid from cell walls. Arachi-
donic acid is converted by a number of enzymes, in 
particular cyclo-oxygenase (COX), to prostaglandins, 
thromboxane and prostacyclins. Th ese substances 
mediate the infl ammatory response. NSAIDs block 
the conversion of arachidonic acid to prostaglandin 
by inhibiting the action of cyclo-oxygenase. NSAIDs 
may also have other eff ects on the infl ammatory 
response.23

In spite of the widespread clinical use of NSAIDs, 
there are no convincing research data proving their 
eff ectiveness in the treatment of acute soft  tissue 
injuries. Most studies lacked a placebo group and com-
pared the eff ectiveness of one NSAID with another.23 
Th ey do not appear to be any more eff ective than 
simple analgesics in the management of acute muscle 
injuries.24 Th e lack of scientifi c support for the use of 
NSAIDs in acute injury may refl ect biological reality 
or may be due to the methodological diffi  culties in 
performing randomized placebo-controlled trials in 
the diverse range of acute sporting injuries.

More studies are needed to investigate the eff ective-
ness of NSAIDs, particularly in the management of 
overuse injuries. In the meantime, the precise criteria 
for the use of NSAIDs in the management of sporting 
injuries remain a matter for debate. Th ere are a large 
number of NSAIDs currently available (Table 10.1) 
and there are considerable diff erences in their dosage 
schedules (Table 10.1).25

In general, the NSAIDs have minimal adverse 
eff ects; the most common are gastrointestinal symp-
toms, especially epigastric pain, nausea, indigestion 
and heartburn. Th ere appears to be considerable 
individual variation of side-eff ect profi les among the 
diff erent NSAIDs.

Table 10.1 Commonly used NSAIDs

Drug Some trade names Usual dose (mg) Daily doses

Acetylsalicylic acid (ASA) Aspirin 650 3–4

Celecoxib Celebrex 100–200 1–2

Diclofenac Voltaren 25–50 2–3

Ibuprofen Brufen, Motrin, Advil 400 3–4

Meloxicam Mobic 7.5–15 1

Naproxen Naprosyn, Anaprox 250–1000 1–4
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Th e risk of dyspeptic side-eff ects can be lowered 
by using the minimum eff ective dose, taking the drug 
with or immediately aft er food or milk, or by the use of 
antacids. Alcohol, cigarettes and coff ee may aggravate 
the dyspepsia. To our knowledge, frank peptic ulcera-
tion with the short-term use of NSAIDs has not been 
reported among sportspeople. Occult bleeding may 
contribute to iron depletion in athletes. Th e clinician 
should be wary of prescribing long-term use of these 
drugs in iron-depleted sportspeople.

Other occasional side-effects include asthma, 
allergic rhinitis, rashes, tinnitus, deafness, head-
ache and confusion. Th e NSAIDs have a number 
of important drug interactions with anticoagulants, 
antihypertensives, diuretics and peripheral vasodila-
tors. Older patients with a history of hypertension, 
congestive heart failure or coronary artery disease 
are at particular risk of adverse cardiovascular events 
with NSAIDs. Patients with impaired renal function 
are at risk of fl uid retention, hyperkalemia (increased 
serum potassium level) and hypertension.

A group of anti-infl ammatory medications, the 
selective COX-2 inhibitors, have been available 
since the late 1990s. Th ese drugs appeared to be 
eff ective in the management of osteoarthritis with 
a reduction of the side-eff ects associated with the 
non-selective NSAIDs. Th ere were concerns regard-
ing their eff ectiveness in the management of acute 
musculoskeletal injuries as they had been shown, in 
animal models of acute injury, to be detrimental to 
tissue-level repair.26

Two of these medications, rofecoxib and valdecoxib, 
were withdrawn from the market in 2004 because of 
an increased risk of cardiovascular complications27 
associated with long-term use.28, 29 Note that COX-2 
blockade promotes thrombosis. Th e future role of 
COX-2 inhibitors is unclear at this time.30

A recent study suggested that two commonly used 
non-selective NSAIDs (diclofenac and ibuprofen) may 
also be associated with a higher risk of myocardial 
infarction.31

Topical anti-infl ammatory agents

A number of topical anti-infl ammatory products are 
available. Th ese include benzydamine, adrenocortical 
extract, indomethacin and diclofenac gel. Traditionally 
these topical drugs have been administered through 
creams, gels and sprays which oft en required three 
to four applications per day. More recently, anti-
infl ammatory drugs have been applied through a 
patch which releases the drug over 24 hours. Early 
trials have shown a ketoprofen patch32 and a diclofenac 

patch33 to be eff ective in the treatment of ankle sprain 
and acute impact injuries, respectively.

Corticosteroids

Th e use of corticosteroids, which are potent anti-
infl ammatory drugs, is controversial due to the inci-
dence of side-eff ects and concern regarding the eff ect 
of corticosteroids on tissue healing. Corticosteroids 
may be administered either by local injection, orally or 
by iontophoresis. We found no randomized controlled 
trials of iontophoresis for sports medicine conditions. 
A goal of the use of local corticosteroid injection is to 
reduce pain and infl ammation suffi  ciently to allow a 
strengthening program to commence. Corticosteroid 
injections should be considered a ‘bridge’ treatment 
that provides immediate symptomatic relief while the 
underlying cause of the problem is addressed with 
defi nitive, disease-modifying therapy.

Local injection for various pathologies

Local injection of corticosteroid agents maximizes 
the concentration at the site of the injury and mini-
mizes the risk of side-eff ects associated with systemic 
administration. Clinicians oft en use local injection 
of corticosteroids in conditions that include bursitis, 
paratenonitis, tenosynovitis, joint synovitis, osteo-
arthritis, chronic muscle strain and trigger points.

Local corticosteroid injection may be particularly 
eff ective in the treatment of bursitis. Conditions such 
as subacromial, olecranon, pre-patellar and retrocal-
caneal bursitis may be resistant to standard physio-
therapy/physical therapy combined with NSAIDs. 
Side-eff ects of corticosteroid injections include the 
potential systemic eff ects of absorbed cortisone, and 
local eff ects of injection. Corticosteroids inhibit col-
lagen synthesis and tissue repair. As deleterious eff ects 
of corticosteroids appear to be dose-related, repeated 
injections are discouraged.

Intra-articular injections, particularly into weight-
bearing joints, must be approached with considerable 
caution because of possible long-term damage to artic-
ular cartilage. Th ey should be performed only when 
the condition has proven refractory to treatments 
such as physiotherapy and NSAIDs. Rheumatologists 
have long used corticosteroids intra-articularly in 
acute monoarticular exacerbations of osteoarthritis. 
An acute attack of gouty arthritis may also respond 
well to aspiration and corticosteroid injection as part 
of the overall management.

Apophyseal joint injections have been used in the 
management of patients with back pain and who have 
only a short-term response to manual therapy, but the 
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effi  cacy of such treatment at the lumbar spine is no 
better than placebo.25 Controversy surrounds the use 
of injectable corticosteroid into the epidural space.

Th e role of corticosteroids in the treatment of ten-
don conditions has been the subject of considerable 
debate but very few well-designed studies have been 
performed.34 Th e main concern is a possible increase 
in the incidence of tendon rupture following injec-
tion, but as the tendons being injected are already 
compromised it is not clear whether the injection has 
led to the tendon rupture or the damaged tendon was 
already predisposed to rupture.

Corticosteroid injection into tendon tissue was 
generally contraindicated; recently, Danish investi-
gators actively injected the area of tendinosis with 
corticosteroid and reported symptomatic relief and 
no complications.35 Th is approach requires further 
research before entering the mainstream of therapy.

As tendinopathy is not associated with infl am-
matory cells (Chapter 2), corticosteroid therapy 
is generally falling out of favor for this condition, 
although there is evidence for one injection as part 
of the treatment of supraspinatus tendinopathy 
(Chapter 17). In a rabbit study, corticosteroids made 
the tendon more vulnerable to failure.36 Nevertheless, 
some practitioners advocate the injection of tendon 
sheaths with corticosteroid, whereas others advocate 
the ‘bathing’ of the tendon with corticosteroid by 
injection around, but not into, the tendon. Th e long-
term eff ects of these practices are unknown.

Some clinicians recommend the injection of trig-
ger points with corticosteroid. Soft  tissue therapy, 
dry needling or local anesthetic injection appear to 
be equally as eff ective.

Th e main side-eff ect of corticosteroid injection, 
apart from the possible damage to articular cartilage 
and tendon, is infection. Th is is a rare occurrence and 
should be prevented by the use of strict aseptic tech-
nique, particularly when performing intra-articular 
injections. Th e presence of an overlying skin infection 
is a contraindication to injection.

Corticosteroid injections commonly cause a short-
term exacerbation of symptoms, a phenomenon 
known as ‘post-injection fl are’. Th is may commence 
soon after injection and usually subsides within 
24 hours. Th is phenomenon is thought to be due 
to a crystalline synovitis and is considered by some 
to be a positive sign of a favorable outcome to the 
treatment. Patients should always be warned that 
this may occur.

Corticosteroid injections have a reputation of 
being a particularly painful procedure but this can 
be minimized by adding local anesthetic (0.5–1.0 mL 

1% lignocaine [lidocaine]) to the injection. Th e aboli-
tion of pain aft er the local anesthetic injection may 
be diagnostically signifi cant.

Traditionally, patients have been advised to rest and 
minimize activity for three to seven days following 
corticosteroid injection, but the advantages of this 
protocol have recently been questioned.37

Th ere are a number of diff erent forms of injectable 
corticosteroid available. Th ey include hydrocortisone, 
betamethasone, methylprednisolone and triam-
cinalone. Th e main diff erences are in the speed of 
onset and half-life of action. Th ere is no convincing 
evidence that their effi  cacy diff ers.

In summary, the use of local corticosteroid injec-
tions should be restricted to conditions that have not 
responded to other forms of treatment, such as bur-
sitis. Th e number of injections to any one site should 
be restricted and successive injections should not be 
performed within three to four weeks.

Oral corticosteroids

Despite their eff ectiveness as an anti-infl ammatory 
agent, clinicians have traditionally been reluctant 
to use oral corticosteroids for the treatment of 
musculoskeletal infl ammation probably because of 
potential side-eff ects.38 Th e most common condi-
tions for which they are used are acute cervical or 
lumbar radiculopathy/diskogenic pain, osteitis pubis, 
adhesive capsulitis (frozen shoulder) and chronic 
tendinopathies.

Possible complications include avascular necrosis of 
the femoral head.39 However, the use of short courses 
(fi ve to seven days) of oral prednisolone (25–50 mg) 
appears to be associated with minimal detrimental 
eff ects.

Note that the use of oral corticosteroids is still 
banned by the International Olympic Committee in 
competition.

Iontophoresis

Iontophoresis is a process by which drugs can be 
transmitted through the intact skin via electrical 
potential. Drugs such as corticosteroids, salicylates, 
local anesthetics and NSAIDs can thus be adminis-
tered locally without the traumatic eff ects of injection, 
with no pain for the patient and no risk of infection. 
Th is process has been shown to deliver the drugs 
through skin and subcutaneous tissue. In this way, 
the drug can reach tissue that may have markedly 
reduced vascularity, for example, a bursa or tendon. 
As with all pharmacological agents, it should only 
be considered as part of the overall management of 
the patient.
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Th e results of well-controlled studies suggest that 
iontophoresis with diclofenac or salicylates improves 
symptoms in lateral epicondylitis. Iontophoresis with 
corticosteroid appears to give rapid-onset analgesia in 
both lateral epicondylitis and plantar fasciitis. Short-
term iontophoresis (two weeks) improves pain and 
facilitates rehabilitation.40

Ketorolac tromethamine

Ketorolac tromethamine is a potent analgesic and 
anti-infl ammatory medication that can be admin-
istered orally, intravenously and intramuscularly. It 
acts by blocking the synthesis of prostaglandins in 
the cyclo-oxygenase pathway.41

A survey of US National Football League teams 
revealed that 28 out of the 30 teams that responded 
to the survey used ketorolac with 93% game-day 
usage.42

Side-effects include headache, vasodilatation, 
asthma, bleeding and kidney dysfunction. Of par-
ticular concern in the sporting context is the bleeding 
tendency.

Nitric oxide donor

Glyceryl trinitrate (GTN), or nitroglycerin, is a nitric 
oxide donor used for over 100 years as a vasodila-
tor and for symptomatic treatment of angina. But 
why does it rate a mention in a 21st century sports 
medicine book? Th e mechanism of action of organic 
nitrates is through the production of nitric oxide, 
a highly reactive free radical that is an important 
mediator in many physiological and pathophysio-
logical processes. One action of nitric oxide is to 
stimulate collagen synthesis by wound fi broblasts, 
so it is proposed that nitric oxide may modulate 
tendon healing by stimulating fi broblasts to repair 
collagen. Th us, organic nitrates such as GTN may be 
viewed as prodrugs of endogenous nitric oxide, an 
endothelial cell-derived relaxing factor. Transdermal 
GTN patches are a simple way of applying and dosing 
nitric oxide.

Evidence for the eff ectiveness of nitric oxide in 
sports medicine conditions is accumulating. Topical 
GTN improved immediate short-term pain scores in 
patients with acute supraspinatus tendinopathy.43 In 
recent years, Paoloni et al. provided level 2 evidence 
that use of nitric oxide donor (GTN patches applied 
locally 1.25 mg/day) was an eff ective treatment for 
Achilles, supraspinatus and lateral elbow tendino-
pathy.44–46 About 20% more patients prescribed the 
GTN patches were asymptomatic at six months than 

control group participants who received ‘best-practice’ 
care (i.e. rehabilitation alone) (Fig. 10.3).

Sclerosing therapy

A new treatment for tendinopathy is sclerotherapy of 
abnormal vessels (Fig. 10.4) that are associated with 
painful tendons (tendinosis, Chapter 2); this sports 
medicine use of a traditional treatment for varicose 
veins was pioneered by the Swedes, Hakan Alfredson 
and Lars Ohberg. Th ey hypothesized that abnormal 
vessels, and possibly nerves accompanying the ves-
sels, were involved in the pain mechanisms in chronic 
painful Achilles tendinosis. To eliminate these painful 
structures, they studied the eff ect of sclerosing the 
abnormal vessels. Sclerosis is widely used for treating 
varicose veins and telangiectasia.47

Sclerosing abnormal vessels (termed ‘neovessels’), 
fi rstly in Achilles tendons48 but then also in patellar 
tendons,49 signifi cantly decreased pain and allowed the 
patients to return to pain-free tendon loading activity. 

Reduction in the number of abnormal neovessels by 
color Doppler ultrasound correlated well with reduced 

pain from tendons. Polidocanol irritates the vascular 
intima to cause vessel thrombosis. Polidocanol may 
also sclerose nerves adjacent to the neovessels, either 

directly (by destruction) or indirectly (by ischemia). 
Th e Swedish protagonists of the therapy would be the 
fi rst to agree that there is a need for further investiga-
tion of the mechanism by which polidocanol injection 
reduces tendon pain.

Figure 10.3 At six months GTN patches provided 
outcomes superior to those from the placebo patch for 
three diff erent tendinopathies (elbow, shoulder and 
Achilles)
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Prolotherapy

Prolotherapy, an injection-based treatment of chronic 
musculoskeletal pain, has grown in popularity and 
has received signifi cant recent attention.50 Th is treat-
ment involves a small volume of an irritant solution 
being injected at multiple sites on painful ligament 
and tendon insertions, and in adjacent joint spaces. 
Th e three commonly used prolotherapy solutions are 
purported to act in diff erent ways: dextrose 10% by 
osmotic rupture of cells, phenol-glycerine-glucose 
(P2G) by local cellular irritation, and sodium mor-
rhuate by chemotactic attraction of infl ammatory 
mediators. Th e volume depends on the region of injec-
tion but 9 mL was used in one randomized control 
trial of intra-articular prolotherapy at the knee.

Best and colleagues reviewed data from 34 case 
reports and case series and two non-randomized 
controlled trials;50 these suggested that prolotherapy 
was effi  cacious for many musculoskeletal conditions. 
However, results from six randomized controlled 
trials are confl icting. Two trials on osteoarthritis 
reported decreased pain, increased range of motion, 
and increased patellofemoral cartilage thickness aft er 
prolotherapy, and two on low back pain reported 
significant improvements in pain and disability 
compared with control subjects, whereas two others 
did not. Th ey concluded that further investigation 
with high-quality randomized controlled trials was 
required before it would be possible to determine 
whether or not, and in which clinical settings, pro-
lotherapy was eff ective.

Glucosamine and chondroitin sulfate

Glucosamine sulfate and chondroitin are compounds 
extracted from animal products that have been used in 
various forms for osteoarthritic symptoms in Europe 
for more than a decade. Th ey are absorbed from the 
gastrointestinal tract and appear to be capable of 
increasing proteoglycan synthesis in articular carti-
lage. Whether or not they are eff ective, and in whom, 
remains controversial.

Th e 2005 Cochrane systematic review included 20 
studies with 2570 patients.51 Th eir authors conclude 
that the company that formulated the glucosamine 
was an important factor! Preparations made by com-
panies other than one Canadian company failed to 
show benefi t in pain and in the widely accepted meas-
ure of function (WOMAC score). Studies showed 
that Rotta-prepared glucosamine was superior to 
placebo in the treatment of pain and functional 
impairment that is seen in osteoarthritis. Clinical 
experience is that it may take two months for the 
benefi ts to be felt.

As for chondroitin, which is commonly packaged 
with glucosamine as a remedy for joint pain, a recent 
analysis of the combined results of seven randomized 
controlled trials indicated that the supplement may 
reduce osteoarthritis symptoms and improve function 
by an average of some 50%, although the studies had 
fl aws that may exaggerate the benefi ts.

No study so far has found any serious side-eff ects 
from either glucosamine or chondroitin. Th e most 
common side-eff ects are increased intestinal gas and 
soft ened stools.

Hyaluronic acid therapy

Hyaluronic acid is a polysaccharide member of the 
family of glycosaminoglycans. It is a naturally occur-
ring substance found in many extracellular tissues, 
including synovial fl uid, the aqueous humor of the 
eye, skin and cartilage. It is produced in normal joints 
but breaks down in patients with osteoarthritis and 
this appears to increase the susceptibility of articular 
cartilage to injury.

In recent years, hyaluronic acid, obtained either 
from humans or genetically engineered, has been 
given as an intra-articular injection for patients 
with osteoarthritis of the knee. Some studies sug-
gest a long-term benefi t of three to fi ve once-weekly 
injections with regard to clinically relevant outcome 
measures.52–56 Side-eff ects are uncommon but include 
gastrointestinal discomfort, knee swelling and/or eff u-
sion (incidence rate less than 1% per year). It appears 
that hyaluronic acid may be a safe therapy for patients 

Figure 10.4 Sclerosing therapy under ultrasound 
control
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with osteoarthritis of the knee and it remains to be 
further studied at the hip.

Antidepressants

Antidepressants, especially the tricyclics and the selec-
tive serotonin reuptake inhibitors (SSRI), are widely 
used in the treatment of chronic pain. Originally, the 
therapeutic eff ect of these drugs was thought to be 
related to their antidepressant properties, but their 
analgesic effi  cacy at doses below those needed for 
a reduction of depression and their relatively rapid 
eff ect suggest another mechanism of action. Th ey can 
also improve sleep, which can be a boon to patients 
with chronic pain.

Treatment should commence with a low (ami-
tryptyline, 10 mg) bedtime dosage, which is titrated 
slowly upwards depending on patient response. 
Side-eff ects vary but include excess daytime sedation, 
dry mouth, constipation, weight gain and, in older 
patients, urinary retention. Antidepressants can be 
administered in conjunction with other analgesics 
and anti-infl ammatory medications.

Th ere is limited evidence for the use of tricyclic 
antidepressants in chronic musculoskeletal pain57 but 
more convincing evidence in fi bromyalgia.58, 59

Local anesthetic injections

Local anesthetic pain-killing injections are part of 
professional contact sports such as football. Th e 
aim of such injections is to lower the rate of players 
missing matches through injury. Th e most common 
injuries that are treated in this way are acromiocla-
vicular joint sprains, fi nger and rib injuries, and iliac 
crest hematoma. Clinicians expert in these injections 
recommend against intra-articular injections to the 
knee, ankle, wrist, joints of the foot, and to the pubic 
symphysis and major tendons of the lower limb. In 
one physician’s six-year case series, local anesthetic 
was used for 268 injuries (about 10% of players each 
week).60 Th ese injections were associated with four 
major complications (chronic tendinopathies, bursal 
infection, worsening ligament tears and osteolysis of 
the distal clavicle).

Players requesting injections should be made well 
aware of the possible complications. Th e joints aff ected 
by long-term injury sequelae of professional football, 
such as increased rates of osteoarthritis of the knee 
(in particular), hip, ankle and lumbar spine, are not 
the joints associated with injuries for which local 
anesthetic is commonly used.

To enable the benefit and risk profile of local 
anesthetic injections to be better understood, it has 

been argued that professional football competitions 
make local anesthetics legal only with compulsory 
notifi cation.

Heat and cold
Cryotherapy

Th is section focuses on the use of cryotherapy for the 
treatment of acute or chronic injury; its role in the 
RICE regimen was discussed earlier (p. 129). It has 
been argued that the main role of cryotherapy in the 
treatment phase is to provide analgesia by decreas-
ing motor and sensory nerve conduction velocity, 
thus decreasing the rate of fi ring of muscle spindle 
aff erents and stretch refl ex responses, decreasing 
acetylcholine levels and, therefore, decreasing pain 
and muscle spasm. Th e indications, contraindications 
and complications of cryotherapy are shown in Table 
10.2. Th e diff erent methods of using cryotherapy are 
summarized in Table 10.3.

Ice massage is used in the treatment of specifi c 
superfi cial conditions such as tendinopathy or ten-
operiostitis. Ice massage may be performed with 
ice blocks or, more commonly, by water frozen in a 
polystyrene cup and rubbed directly onto the aff ected 
area. Th e massage is usually performed in a circular 
motion for 5–10 minutes.

Superfi cial heat

Appropriate warm-up (Chapter 6) and superfi cial 
heat may contribute to improved treatment of soft  
tissue injuries. Stimulated warm muscles absorb 
more energy than do unstimulated muscles.20 Th e 
indications, contraindications and side-eff ects of 
superfi cial heat therapy are shown in Table 10.2. Heat 
should not be applied in the fi rst 24 hours following 
an acute injury.

Heat can be applied in a number of diff erent ways 
including warm showers and baths, warm whirlpools 
and heat packs. Th ese are summarized in Table 10.4. 
Heat packs are canvas bags fi lled with hydrophilic 
silicone gel stored in hot water and wrapped in towels. 
Th ey are then applied for 15 minutes.

Contrast baths

Contrast baths aim to decrease swelling by alternating 
heat and cold to create an alternating mechanical force. 
Th ese baths are used aft er the acute phase of injury to 
reduce swelling. Th e injured part is immersed in a hot 
bath for 4 minutes, followed by a cold bath with ice 
and water for 1–2 minutes. Th is should be repeated 
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CHAPTER 10 TREATMENTS USED FOR MUSCULOSKELETAL CONDITIONS: MORE CHOICES AND MORE EVIDENCE 10
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three to seven times. A cold bath should be used to 
fi nish to encourage vasoconstriction.

Electrotherapeutic modalities
A large number of diff erent electrotherapeutic modali-
ties are available for the treatment of sporting injuries. 
Th eir use varies widely between therapists and is based 
on clinical experience rather than scientifi c evidence. 
Although electrotherapeutic modalities are claimed to 
decrease infl ammation and promote healing, there is 
only limited evidence as yet to support many of these 
claims. In any case, such modalities should not be 
relied on as the sole form of treatment. A summary 
of the diff erent electrotherapeutic modalities, their 
clinical indications, contraindications and side-eff ects 
is shown in Table 10.2.

Ultrasound

Th e eff ects, clinical indications, contraindications and 
side-eff ects of ultrasound therapy are shown in Table 
10.2. Th ere is little evidence to support ultrasound 
treatment on overuse soft  tissue injuries,61 including 
lateral elbow tendinopathy, shoulder pain,62 low back 
pain, patellofemoral pain63 and osteoarthritis of the 
knee. Most clinical trials investigating its effi  cacy 
have small sample sizes and are poorly designed 
and reported. Th erefore, it is diffi  cult to make valid, 
irrefutable conclusions regarding its effi  cacy.

Phonophoresis is the use of ultrasound ther-
apy in combination with a pharmacological 
coupl ing medium, usually either an analgesic or 
anti-infl ammatory medication. Th e clinical eff ect of 
this method of treatment is unknown.

Low-intensity (<0.1 W/cm2) pulsed ultrasound 
(LIPUS) (Fig. 10.5) has been used successfully in 
the treatment of acute fractures as well as those that 
show delayed or non-union.64, 65 LIPUS is performed 
using a stationary treatment head over the fracture 
site. Th e low intensity of the treatment means there 
is no risk of tissue damage. LIPUS is introduced daily 
for 20 minutes in contrast to traditional ultrasound 
practice, which is usually for no more than 5 minutes, 
no more than three times a week. It is possible that 
the reason conventional ultrasound machines do not 
have the same eff ect is that the treatments have been 
too short and infrequent.66

Th e use of LIPUS in sports medicine is growing. 
A signifi cant reduction in healing time and thus time 
to return to sport has been shown in acute fractures 
and its use in the management of stress fractures, 
especially those with a tendency to delayed or non-

union (e.g. navicular, anterior cortex of tibia), is 
becoming widespread. Initial case reports suggest 
a reduction in time to return to sport.65 Th ere have 
also been suggestions that LIPUS may have similar 
eff ects with ligament, tendon, muscle and articular 
cartilage injuries.

TENS

Transcutaneous electrical nerve stimulation (TENS) is 
a modality used commonly to treat sporting injuries. 
It provides pain relief and has the advantage of being 
portable. A direct current is applied across the skin 
to cause electrical stimulation.

Th ere are two commonly used types of TENS—high 
frequency (conventional) or low frequency (acu-
puncture-like).

High-frequency currents generated by a portable 
stimulating unit are administered via conducting pads 
(electrodes) placed on the intact surface of the skin. 
Research into the eff ectiveness of TENS treatment in 
patients with both acute (mainly post-operative) pain 
and chronic pain has produced confl icting results.67 
Some patients obtain good pain relief, some respond 
initially but then become tolerant, and others fail to 
respond at all.

Acupuncture-like TENS (AL-TENS) describes 
high-intensity, low-frequency currents passed across 
the surface of the skin to elicit strong but comfortable 
phasic muscle contractions at sites myotomally related 
to the origin of the pain.68 AL-TENS appears to be 
mediated through the release of endorphins within 
the central nervous system. Th is form of TENS is oft en 
used to stimulate trigger points or acupuncture points. 
Th e indications and contraindications for TENS are 
shown in Table 10.2.

Figure 10.5 Exogen 2000 low-intensity pulsed 
ultrasound machine
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Interferential stimulation

Interferential stimulation is a form of TENS in which 
two alternating medium-frequency currents are 
simultaneously applied to the skin. Th e two sinusoidal 
currents become superimposed on each other where 
they intersect and cause wave interference, which in 
turn results in a modulated frequency equal to the 
diff erence in frequency of the two original waves 
(beat frequency).

Interferential therapy stimulates muscle in a similar 
manner to normal voluntary muscle contraction. It 
has an eff ect on pain similar to conventional TENS 
and varying eff ects on circulation depending on the 
frequency used. Vasodilatation occurs at frequencies 
of 90–100 Hz, whereas at low frequencies of 0–10 Hz, 
muscle stimulation occurs to assist removal of fl uid in 
venous and lymph channels. Th e clinical indications 
and contraindications for interferential stimulation 
are shown in Table 10.2.

High voltage galvanic stimulation

High voltage galvanic stimulation (HVGS) is also a 
form of TENS and has two distinct specifi cations. 
It transmits voltage greater than 100 V and it has a 
twin-peaked monophasic current with a high peak 
but low average current.

Th e treatment is not actually galvanic but is called 
galvanic due to its monophasic current. Th e low aver-
age current density results in minimal charge build-up 
on the electrodes, thus minimizing the possibility of 
chemical burns. Th ere are two methods of HVGS 
application. Pads or a probe are used over muscles 
requiring stimulation or local painful sites.

Th e clinical indications and contraindications for 
HVGS are shown in Table 10.2.

Low voltage stimulation

Low voltage stimulators were the earliest forms of 
electrical stimulation used for pain relief. Th ey stimu-
late innervated or denervated muscles and can also 
be used as a medium for iontophoresis.

Th ere are three types of currents—faradic (now 
rarely used), sinusoidal and galvanic (direct). Wave 
forms can deliver high average currents to produce 
chemical and thermal responses. However, this 
modality is more likely to cause thermal and chemi-
cal burns.

Neuromuscular stimulators

Neuromuscular electrical stimulators (NMES) are 
primarily used to maintain strength and fl exibility, 

minimize atrophy during the healing process and for 
re-education of weak or poorly controlled muscles. 
Th ey are similar to conventional TENS units and the 
units are interchangeable. Th e diff erence lies in the 
fact that the NMES have an interruption (on–off ) 
mode in the current to allow the muscle to contract 
for a set period of time and then relax. Th is prevents 
fatigue and maximizes strengthening. NMES is used 
to improve muscle control in situations where active 
control is reduced, for example, vastus medialis 
obliquus and scapular retraction muscles.

Point stimulators

Point stimulators or hyperstimulation analgesia is a 
form of electroacutherapy, similar to acupuncture 
except that the points are stimulated with electrical 
current instead of needles. Small electrodes deliver 
current to a well-defi ned focal region which is per-
ceived by the patient as a stinging sensation. It is 
thought that pain may be modulated when noxious 
stimuli cause descending tract inhibition.

Laser

Laser  is an acronym for Light Amplifi cation by 
Stimulated Emission of Radiation. Laser is pure 
light or amplifi ed luminous energy produced by a 
series of reactions causing emission of photons. Th e 
type of atom stimulated determines the wavelength 
of the laser.

Th ere are two categories of lasers. High-powered 
lasers with an output of up to 100 milliwatts (mW) 
are used extensively in industry, military services, 
engineering and some branches of medicine. Low- 
and mid-powered lasers (also known as cold or soft  
lasers) have a maximum output of less than 50 mW. 
Th ere is no measurable heat associated with their 
use. One feature of laser light is that it has a single, 
well-defi ned wavelength.

Two types of cold lasers are used in the treatment 
of soft  tissue injuries. Th e gallium arsenide (GaAs) 
laser has a wavelength of 904 nm and is not visible. 
Th e helium neon (HeNe) laser has a wavelength 
of 632.8 nm and is visible. Laser light waves travel 
unidirectionally and symmetrically with minimal 
diversion.

Th e clinical indications and contraindications of 
laser are shown in Table 10.2.

Various dosages are used depending on factors 
such as the depth of the lesion, the age of the patient, 
the amount of adipose tissue overlying the injury, 
the response to biostimulation and the temperature 
of the diode. Generally there is little evidence from 

Brukner-A-07_12.indd   143Brukner-A-07_12.indd   143 5/6/06   11:46:53 AM5/6/06   11:46:53 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL144

PART A FUNDAMENTAL PRINCIPLESA

clinical trials that laser therapy is helpful in the 
treatment of musculoskeletal pain, however, there 
is evidence to suggest that low-level laser therapy is 
eff ective in the treatment of subacute tendinopathy 
if a location-specifi c dose and valid treatment pro-
cedure are used.69

Diathermy

Microwave and short-wave diathermies use high-
frequency electromagnetic waves to create heat in 
superfi cial muscles. A review of clinical trials using 
short-wave diathermy showed a lack of conclusive 
evidence but overall showed a trend in favor of 
the use of short-wave diathermy in the manage-
ment of chronic pain conditions and wound 
healing.70

Magnetic therapy

Magnetic therapy is a widely used treatment, par-
ticularly in those with chronic pain. Th ere are two 
ways in which magnetic therapy is delivered: pulsed 
electromagnetic fi elds (PEMF), using an alternating 
current through a coil applicator, or static magnetic 
fi elds (SMF).

Various studies claim a positive eff ect of PEMF 
in conditions such as low back pain, osteoarthritis, 
ankle sprains and whiplash injuries, however, the 
studies are generally of poor quality.71 Th e evidence 
for the use of SMF is inconclusive,72 although a 
recent critical review suggested that the majority 
of studies demonstrated a positive eff ect of static 
magnets in achieving analgesia across a broad range 
of diff erent types of pain.73 Th e clinical indications 
and contraindications of magnetic fi eld therapy are 
shown in Table 10.2.

Extracorporeal shock 
wave therapy
Extracorporeal shock wave therapy has been used in 
the treatment of non-unions of fractures74 and tendi-
nopathy.75 Th e jury is still out as to the eff ectiveness 
of shock wave therapy in tendinopathy; there are 
several papers showing its eff ectiveness and others that 
do not agree.76–78 Th ere is a vigorous debate regard-
ing its effi  cacy in the treatment of chronic extensor 
tendinopathy at the elbow (‘tennis elbow’)79 but the 
treatment has gained US Food and Drug Administra-
tion (FDA) approval for plantar fasciitis. Details of 
its eff ectiveness at specifi c sites are discussed in the 
relevant chapters in Part B.

Manual therapy
Manual therapy is a broad group of treatments in 
which the clinician applies forces directly to the 
musculo skeletal system. Th e aim of all manual therapy 
is to restore pain-free full range of motion.

Th e discipline of manual therapy relies on careful 
clinical assessment and particular attention to iden-
tifying abnormalities of tissue texture, tenderness, 
pain and restricted movement. Manual therapy is 
used to correct these abnormalities. Each abnor-
mality detected in the clinical assessment must be 
considered as a possible contributor to the patient’s 
symptoms and signs.

An essential component of all manual therapy is 
to assess pain and restriction of movement before 
and aft er each specifi c type of treatment so that treat-
ment effi  cacy can be evaluated immediately. Before 
performing any manual therapy, the practitioner 
should explain the procedure to the patient. If the 
patient is aware of what is about to occur, he or she 
will be more likely to relax and gain maximum benefi t 
from the treatment.

Manual therapy can be applied to joints, muscles 
(including tendons and fascia) and neural structures. 
Th e diff erent types of manual therapy used in the 
treatment of abnormalities of each of these systems 
is shown below.

1. Joints: mobilization
  manipulation
  traction
2. Muscles: soft  tissue therapy
  muscle energy techniques
3. Neural structures: neural stretching

Joint mobilization

Mobilization is a passive movement technique applied 
to a spinal or peripheral joint in which an oscillatory 
movement is performed within the control of the 
patient, who can prevent the movement if desired 
(Fig. 10.6).

Mobilization aims to restore full range of motion 
to a joint that is noted to be stiff  and/or painful on 
clinical examination. Reduced range of motion (stiff -
ness) may result from restriction of either physiologi-
cal movements of the joint or accessory movements 
of the joint.

Physiological joint movements are those that can 
be performed actively by the patient. For example, 
physiological movements at the shoulder are fl exion/
extension, abduction/adduction and internal/external 
rotation.
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Accessory movements cannot be performed 
voluntarily by the patient but are a necessary com-
ponent of normal joint function. Although their 
range of movement is small, a full range of accessory 
movements is essential for normal active and passive 
joint movements. Th e clinician can detect loss of 
an accessory movement by observing or palpating 
restriction in normal joint range of motion. Accessory 
movements in the shoulder include posteroanterior 
and anteroposterior movement, longitudinal move-
ments (both superiorly and inferiorly) and lateral 
movement.

Mobilization is commonly performed at the ver-
tebral joints. Th e exact physiological mechanism by 
which mobilization exerts a benefi cial eff ect on these 
joints is uncertain but may include:

• an eff ect on the hydrostatics of the intervertebral 
disk and intervertebral bodies

• activation of type I and II mechanoreceptors in 
the capsule of the apophyseal joint

• alteration of the activity of the neuromuscular 
spindle in the intrinsic muscles

• assistance in the pumping eff ect on the venous 
plexus of the vertebral segment.

Common mobilizing techniques

A large number of mobilizing techniques are available 
to the clinician. Th ese include those recommended 
by Maitland, Kaltenborn, Cyriax, McKenzie and 
others.80–83 Th e aim of all these techniques is to restore 
normal pain-free range of motion. Maitland tech-
niques involve mobilization in either physiological or 
accessory ranges of motion using rhythmic, oscillating 
movements.80 Numerous randomized controlled trials 
have been performed with the majority of high-quality 
trials demonstrating mobilization to be an eff ective 
treatment for spinal pain.84 Mobilization appears to 
be particularly eff ective when combined with other 
treatments such as soft  tissue and muscle stabilizing 
techniques,1 and with exercise therapy.2

Grades of mobilization

When using mobilizing techniques, treatment will 
usually begin with a gentle grade of movement, 
particularly if there is local pain and tenderness. Th e 
intensity of the treatment will gradually increase until 
normal movement is restored. For a stiff , pain-free 
joint, more vigorous mobilization may be performed 
from the commencement of treatment.

Maitland describes diff erent types of mobiliza-
tion at diff erent ranges of movement and diff erent 
amplitudes (Table 10.5). Treatment grade depends 
on whether pain or stiff ness is the main problem. In 
painful joints, grades I and II are most commonly 
used (Fig. 10.7). In pain-free stiff  joints, grades III 
and IV are used. Oft en when treating painful joints, 
initial grade I and grade II treatment will improve the 
patient’s pain-free range and eventually allow grade 
III and IV movements to be performed.

Indications and contraindications for mobilization

Any joint in which there is pain or stiff ness on physio-
logical and/or accessory movements can be treated 

Figure 10.6 Mobilization

Table 10.5 Grades of mobilization

Grade Degree of mobilization

I Small amplitude movement performed at 
the beginning of range

II Large amplitude movement performed 
within the free range but not moving into 
any resistance or stiff ness

III Large amplitude movement performed up 
to the limit of range

IV Small amplitude movement performed at 
the limit of range
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with mobilization. Contraindications to mobiliza-
tion are:

• local malignancy
• local bony infection, for example, osteomyelitis, 

tuberculosis
• fractures
• spinal cord compression
• cauda equina compression.

Joint manipulation

Manipulation is a sudden movement or thrust of small 
amplitude performed at high speed at the end of joint 
range such that the patient is unable to prevent the 
movement. Manipulation is performed primarily at 
the intervertebral joints but may also be performed 
at peripheral joints.

Manipulation can be a very eff ective method of 
treatment.3, 4, 85 It is, however, associated with consider-
able risks if performed inappropriately or with faulty 
technique. Manipulation should only be performed 
by fully qualifi ed practitioners who have had formal 
training in manipulative skills.

Manipulation techniques

A number of diff erent spinal manipulation tech-
niques have been described. Th ese include cervical 
rotation, cervical transverse thrust, thoracic pos-
teroanterior rotation, thoracic rotation and lumbar 
rotation.

Indications and contraindications for manipulation

Th ere are two main indications for manipulation. Th e 
fi rst is a stiff  pain-free joint that has been mobilized 
to the full extent of range possible. Th e second is an 
acute, locked joint such as a cervical apophyseal joint. 
Th e contraindications for manipulation are:

• all the contraindications for mobilization
• vertebral artery insuffi  ciency (test prior to 

cervical manipulation; Chapter 16)
• rheumatoid arthritis of the atlanto-occipital and 

C1–2 joints

• spondylolisthesis (if symptoms arise from the 
slip)

• acute nerve root compression
• children whose epiphyseal plates have not closed
• joint instability
• pregnancy (last trimester)
• recent ‘whiplash’ injury
• hemophilia.

Joint traction

Traction, which involves intermittent or sustained 
pressure in a direction to distract joint surfaces, 
is used with variable success to treat patients with 
spinal pain. Spinal traction may result in distraction 
of the vertebral bodies or facet joints, widening of the 
intervertebral foramen and stretching of the spinal 
musculature.

Th is may be performed manually or by a traction 
apparatus, which may be either the use of weights 
or an electrical machine. Manual traction may have 
increased eff ectiveness with the use of a belt.

Types of traction

Continuous traction is applied with small weights for 
long periods of time (hours). Th is form of traction 
does not appear to be eff ective, possibly because insuf-
fi cient force is applied to separate the vertebrae.

A heavier weight is used for shorter duration 
(minutes) in sustained traction. Th is can be performed 
with hanging weights or a mechanical device. Inter-
mittent mechanical traction is provided by a device 
that alternately applies and releases tension.

Manual traction can be applied by the therapist 
usually for a short period of time (seconds). Grav-
ity traction is provided by inversion machines. Th e 
patient is usually strapped into the machine at the 
ankles.

Indications for traction

Traction has traditionally been recommended in 
the treatment of nerve root compression due to 
either herniated disc material or narrowing of the 
intervertebral foramen, although the evidence for 
its use is not convincing. Its role in the treatment of 
hypomobile intervertebral segment(s) and muscle 
spasm is unclear.

Contraindications for traction

Traction is contraindicated in the presence of local 
tumor or infection. Symptoms associated with 
segmental spinal instability may be aggravated by 
traction.

I III

II IV

BA

Figure 10.7 Grades of mobilization (A: beginning of 
range of movement; B: end of range of movement) 
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Soft tissue therapy

Soft  tissue therapy, also known as massage therapy, 
is a very popular clinical treatment for abnormalities 
such as:

• increased muscle tone/tension
• myofascial trigger points, active or latent
 —refer pain in a regular pattern
 —inhibit local muscle contraction
• palpably abnormal thickening of connective 

tissue.

In this section we touch on the biological rationale 
for soft  tissue therapy in musculoskeletal medicine, 
provide an overview of several key soft  tissue tech-
niques, which are used as specifi c treatments in Part B, 
and alert the reader to some self-treatment options.

Any assessment of soft  tissue must identify regions 
of abnormal tension and focal abnormalities such as 
trigger points by range of motion testing and precise, 
systematic palpation.

Soft  tissue abnormalities may be a cause of pain and, 
importantly, adversely aff ect neuromuscular control. 
Areas of increased muscle tone, connective tissue 
thickening, and pain-producing or inhibitory trigger 
points86 may reduce muscle power and endurance and 
lead to abnormalities of muscle activation. As such, soft  
tissue therapy may play an important role in correcting 
the inhibition of healthy activation patterns.87

As described in Chapter 3, it is important to look 
for both proximal and distal contributions to the 
patient’s pain. Pain may refer directly to the site, for 
example, from spinal structures or myofascial trig-
ger points. Similarly, pain may develop indirectly 
from altered muscle activation patterns caused by 
the inhibitory eff ect of infl ammation, active trigger 
points and pain behavior.

Position of treatment

For successful soft  tissue therapy, the ‘target tissue’ 
should be placed in an ideal position, either under 
tension or laxity. Th e advantages of treating soft  tissue 
in a position of stretch include:

• focal sites of abnormality, taut bands, or areas of 
increased tension will oft en become more easily 
palpable

• myofascial trigger points may become more 
clearly evident and refer more dramatically in 
positions of stretch

• positions of increased neural tension will 
oft en facilitate palpation of the soft  tissue 
abnormalities that contribute to improved 
neural mechanics

• enhanced eff ectiveness of rupturing abnormal 
cross-linkages between collagen fi bers.

Digital ischemic pressure

Digital ischemic pressure describes the application of 
direct pressure perpendicular to the skin towards the 
center of a muscle with suffi  cient pressure to evoke a 
temporary ischemic reaction (Fig. 10.8). Th e aims of 
this technique are to stimulate the tension-monitoring 
receptors within muscle to reduce muscle tone, to 
provide an analgesic response in soft  tissue by elicit-
ing a release of pain-mediating substances and to 
deactivate symptomatic trigger points.

Digital ischemic pressure may be performed 
either using the therapist’s thumb (Fig. 10.8a), elbow 
(Fig. 10.8b) or a hand-held device such as a T-shaped 
bar.

Sustained myofascial tension

Sustained myofascial tension is performed by apply-
ing a tensile force with the thumb, braced digits or 
forearm in the direction of greatest fascial restriction 
or in the direction of elongation necessary for normal 

Figure 10.8 (a) Digital ischemic pressure to the 
infraspinatus trigger point using the therapist’s thumb
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function. Th e aim of this technique is to restore the 
optimal length of tissue in the exact location where 
abnormal structural thickening is present.

By inducing a prolonged tensile force, the aim is 
to rupture abnormal cross-linkages between collagen 
fi bers that limit the ability of connective tissue to 
elongate. Th e cross-linkages form as a result of the 
infl ammatory response to acute or overuse injury.

Tension is developed in the tissue by blocking 
or anchoring one thumb proximal or distal to the 
lesion and moving the other thumb or braced digit 
through the region of dysfunction to impart a shear 
force. Greater shear force can be imparted by using 
passive or active joint movement in conjunction with 
local tissue contact (Fig. 10.9).

Depth of treatment

Granter and King developed a grading system for 
depth of soft  tissue therapy (Table 10.6).

The scale of treatment depth is based on the 
patient’s level of pain (I–IV) and the therapist’s sense 

of resistance to palpation (A–C). Post-acute lesions 
are fi rst treated without pain to gauge the response 
to treatment without a sense of tissue resistance, that 
is, P—IA depth. Progression of treatment would be 
to IB and then IIB about one week aft er the injury. 

(b) Digital ischemic pressure to the gluteus medius 
trigger point using the therapist’s elbow

Figure 10.9 Sustained myofascial tension

Table 10.6 Granter-King scale for grading the depth 
of soft tissue therapy

Pain grade (P) Patient’s perception of pain

I No pain perceived

II Commencement of pain

III Moderate level of pain

IV Severe level of pain (seldom used)

Resistance 
grade (R)

Therapist’s perception of tissue 
resistance

A No sense of tissue resistance

B Onset of tissue resistance

C Moderate tissue resistance
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A chronic lesion requires deep pressure such as IIC 
progressing to IIIC. Th is grading system permits clini-
cians to record depth of treatment consistently.

Combination treatment

Following these techniques aimed at restoring mus-
cle length, sustained stretching can be performed to 
maximize the goal of restoring muscle length.

Soft  tissue treatment must be used in combination 
with other forms of treatment, especially muscle 
retraining and strengthening to improve muscle 
activation patterns in chronically inhibited 
muscles.

Lubricants

Many soft  tissue techniques require a lubricant applied 
to the skin to aid both patient comfort and the thera-
pist’s ability to palpate the tissue for abnormalities. 
Th ere should be suffi  cient lubricant to prevent exces-
sive resistance, particularly when palpating areas with 
large amounts of hair. Irritation of hair follicles may 
result in contact dermatitis.

With techniques such as sustained myofascial 
tension, skin contact should be maximal; therefore, 
no lubricant (or a dense cream) is required. Because 
repetitive movements are not used in this technique, 
there is little risk of irritation to hair follicles.

Vacuum cupping

Th e aim of vacuum cupping is to stretch soft  tissue. Oil 
is applied to the skin to contain the negative pressure 
created in the cup by a vacuum pump. In the vacuum 
the soft  tissue is ‘drawn’ upwards, thereby stretching 
the soft  tissue in a regulated sustained stretch. Th e 
cup contains a one-way valve that allows the pump 
to be removed.

Vacuum cupping has been used in, for example, 
anterior compartment syndrome of the lower limb, 
thickening of the medial aponeurosis of the soleus or 
muscle tightness in the iliotibial band.

Cupping can cause signifi cant capillary rupture 
and damage to the periosteum if used with excessive 
vacuum or with incorrect placement. Th e skin color 
should be monitored closely and the cup removed 
if the skin becomes more deeply rose-colored than 
normal reactive hyperemia.

Initial application should be for 15 seconds at 
a degree of suction such that the patient does not 
perceive a stretch in the tissue. Th e procedure can 
be repeated. Subsequent application can progress to 
a duration of 90 seconds at a degree of vacuum suc-
tion where comfortable tissue stretch is perceived 
by the patient.

Self treatment

Th e patient can work on his or her own soft  tissue 
using various techniques designed to reduce muscle 
tone/tension and deactivate symptomatic myofas-
cial trigger points (Fig. 10.10). Self treatment can 
be undertaken daily and should not cause a pain 
response that is excessive, which would adversely 
aff ect training, or result in an increase in symptoms. 
Typically, self treatment would involve the applica-
tion of a sustained force (digital ischemic pressure) 
to the identifi ed lesion, with pressure sustained until 
tone/tension reduces and pain or referred symptoms 
resolve.

Muscle energy techniques

Muscle energy techniques are osteopathic techniques 
for the assessment and correction of asymmetry or 
dysfunction (or both) of the musculoskeletal system. 
Th ey are based on the principle that optimal static and 
dynamic body posture should be symmetrical.

Dysfunction and asymmetry may develop either 
as a result of a major traumatic event, such as a major 
muscle tear or severe fall, or by gradual decompen-
sation. Th is results in changes in tissue adaptability 
and resting length. These changes may occur in 
response to pain, functional loss or stiff ness. Muscle 

Figure 10.10 Self treatment. Treating the gluteus 
medius with a tennis ball
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energy techniques involve detection of asymmetry 
or dysfunction (or both) and then correction of the 
abnormality without identifi cation of specifi c tissues 
or spinal levels responsible for the abnormality. Th us, 
the unit is treated as a whole and corrected for adaptive 
changes in both normal as well as abnormal tissue.

For example, a moderately severe hamstring muscle 
tear may result in an adaptive posterior rotation of the 
ilium on the sacrum. Local treatment of the hamstring 
muscle tear may assist in healing of the tear but will 
not correct the adaptive change in the pelvis. Th us, 
further problems may arise.

Muscle energy techniques are used most com-
monly around the pelvis, spine, shoulder and lower 
limb. Most clinical experience has been with lower 
limb problems associated with abnormalities in the 
pelvis.

Muscle energy techniques utilize the concept of 
reciprocal innervation in which contraction of ago-
nist muscles refl exly inhibits the antagonist muscle. 
Th ey also make use of the principle that contraction 
of facilitated muscle in a lengthened position to 
activate the Golgi tendon organ will result in refl ex 
muscle inhibition. As a result of these two principles, 
accurately localized, low intensity, isometric contrac-
tions of the agonist or antagonist muscle may lead to 
relaxation of that muscle and, therefore, correction 
of the asymmetry and dysfunction.

Despite its widespread use in clinical practice, there 
has been only one small clinical trial investigating its 
effi  cacy. Th is trial demonstrated that treatment with 
muscle energy techniques coupled with supervised 
neuromuscular re-education and resistance training 
resulted in signifi cantly reduced disability in patients 
with low back pain compared to a control group with 
supervised neuromuscular re-education and resist-
ance training alone.88

Neural stretching

Abnormalities of neural tension and restriction of nor-
mal movement of the structures of the nervous system 
may make a signifi cant contribution to the patient’s 
symptoms and signs in certain injuries (Chapter 3). 
Unless these abnormalities are corrected in addition 
to other soft  tissue abnormalities associated with the 
injury, full recovery, as indicated by full pain-free 
range of motion, may not occur.

Abnormalities of neural tension may be secondary 
to an associated soft  tissue lesion or, alternatively, 
due to primary damage to neural tissues. Treatment 
needs to be directed at the soft  tissue lesion and the 
neural tissue itself.

Neural stretching (mobilization) is an eff ective 
method of restoring normal neural tension and 
mechanics of the nervous system. Th ese stretches are 
adaptations of the neural tension tests (Chapter 8). Th e 
two most commonly used neural stretches are adapta-
tions of the upper limb tension test (Fig. 10.11) and 
the slump test (Fig. 10.12). Th ese stretches can oft en 

Figure 10.11 Upper limb tension test stretch. Athlete 
adopts the position illustrated. The degree of stretch 
can be increased by shoulder depression

Figure 10.12 Slump stretch. Athlete adopts the 
position illustrated. The degree of stretch can be 
increased by forward fl exion of the trunk
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be helpful in the treatment of conditions in which 
neural tension is abnormal. Variations of these tests 
may be used for both diagnosis and treatment.

Particular care must be taken in acute or irritable 
conditions, as neural stretches may aggravate the 
patient’s symptoms. Stretches should always begin 
gently and gradually increase under the close super-
vision of an experienced clinician. As with other 
methods of treatment, neural stretches alone are rarely 
suffi  cient to correct all abnormalities present. Th ey are 
particularly eff ective in longstanding, chronic condi-
tions where increased neural tension is common.

Acupuncture
Acupuncture is a medical tradition dating back to the 
most ancient times in China. In an ancient Chinese 
classic, the Yellow Emperor is quoted as saying to 
his physicians:

I who am chief of a great people and who should 

receive taxes from them fi nd myself affl  icted by not 

being able to collect them because my people are sick. 

I desire, therefore, that the employment of remedies 

cease and that only the needles be used. I order that 

this method be transmitted to all future generations 

and that the laws concerning it be clearly defi ned so 

that it will be easy to practice it, hard to forget it and 

that it will not be abandoned in the future.

Historical anatomical drawings exist of points 
along lines called meridians or zing. During the Sung 
Dynasty (960–1279 AD), Emperor Wei-yi ordered 
a bronze statue to be cast on which all acupuncture 
points were located. Th is statue remains famous today 
and is still used by students of acupuncture.

At approximately the same time, treatises were 
written that established the relationship between 
the 12 meridians or zing and the body organs, which 
are divided into fi ve zsang (heart, liver, spleen, lungs 
and kidneys) and the six fu (stomach, gall bladder, 
large intestine, small intestine, bladder and the func-
tion known as triple warmer). To these 11 organs or 
functions, a twelft h meridian was added—that of the 
pericardium.

Th e word ‘acupuncture’ is derived from the Latin 
word acus (the needle) and means ‘puncturing of 
bodily tissue for the relief of pain’. Acupuncture is 
performed by inserting needles of various lengths and 
diameters into acupuncture points located all over 
the body. Th e needles are inserted to various depths, 
rotated and either immediately withdrawn or left  in 
place. Th e needles may also be stimulated electrically 
(electroacupuncture) or by moxibustion (application 

of heat to acupuncture points by burning moxa, the 
dried leaves of Artemisia vulgaris).

Th e exact mechanism of action of acupuncture 
is uncertain. Its eff ects may be explained by the gate 
control of pain in which stimulation of one part of the 
body may block pain from other parts of the body. Th e 
autonomic nervous system may also play an important 
role in mediating the acupuncture eff ect. In addition, 
acupuncture causes the body to release endorphins 
from the pituitary gland and other organs that may 
block signals in the pain pathways.

Dry needling
A number of techniques have been advocated for the 
elimination of active trigger points. Dry needling is, 
in our experience, an eff ective way to eliminate trigger 
points in taut muscle bands found in chronic mus-
culoskeletal pain syndromes.89 Needles are inserted 
perpendicularly through the skin down on to the 
tender, palpable taut band (Fig. 10.13). Usually, there 
is increased resistance to the needle in the area of the 
trigger point compared to the surrounding ‘normal’ 
muscle. If resistance and pain is not encountered at 

Figure 10.13 Dry needling
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the fi rst attempt, it may be necessary to draw back 
slightly and move the needle around to fi nd the trig-
ger point.

Originally we used 21-gauge hypodermic needles 
but in recent years we have used thin acupuncture 
needles. Th ese needles have the advantage of less local 
muscle fi ber trauma with less bleeding.

We have also changed our technique from the 
traditional method of inserting the needle into the 
taut band and leaving it in place for a few minutes. 
Instead, we introduce the needle into the taut band 
within the muscle and then repeatedly move the needle 
in and out of the muscle (but not back through the 
skin), constantly trying to fi nd points within the band 
that reproduce the patent’s pain and also produce a 
‘twitch’ response.

When the needle makes contact with the trigger 
point, the patient feels an acute pain of varying inten-
sity at the site of injection, in the area of pain referral, 
or both. Frequently, a twitch response will occur in 
the muscle when contact is made. Initially, the needle 
may be grasped by the muscle, followed by gradual 
relaxation and lengthening of the muscle.

Dry needling of a number of trigger points can be 
done at each treatment session. Usually aft er the fi rst 
treatment session, pain relief lasts three to four days. 
Th en following each subsequent session the duration 
of the pain relief is longer. Up to three or four treat-
ment sessions may be required initially to eliminate 
the trigger point. A single trigger point should not 
be needled more than twice in a week.

Following dry needling there will be some residual 
local pain and tenderness. If the needling has elicited 
a particularly painful response, then it is helpful to 
apply a heat pack to the area for 10 minutes aft er 
treatment.

Following dry needling treatment it is important 
to passively stretch the aff ected muscles to maximize 
the increased range of motion.

Various research studies have compared dry 
needling to injection of local anesthetic and various 
other substances. Th e results of dry needling have 
been found to be just as eff ective.90, 91

Hyperbaric oxygen
Hyperbaric oxygen therapy refers to the medical 
procedure in which patients inspire 100% oxygen 
while their entire bodies are subjected to pressure 
greater than ambient barometric pressure at sea level, 
that is, greater than 1 atmosphere or 760 mmHg. Th is 
treatment is widely accepted as a primary treatment 

for decompression sickness, air embolism and carbon 
monoxide poisoning. It also appears to improve 
recovery aft er severe burns and crush injuries.

Hyperbaric oxygen may work by reducing the 
inflammatory response and enhancing collagen 
deposition or, alternatively, by inhibiting the release 
of oxygen free radicals.

Anecdotal evidence suggests that hyperbaric oxygen 
may assist in the healing of soft  tissue injuries, how-
ever, well-designed studies92 have failed to show any 
benefi cial eff ect in the treatment of ankle sprains93 and 
delayed-onset muscle soreness.94 More positive evi-
dence from well-designed studies in which treatment 
is initiated in the fi rst 24 hours aft er injury are required 
before this treatment can be recommended.

Surgery
Despite the many advances in the non-operative 
management of sports injuries, surgery has a major 
role to play in the management of both acute inju-
ries and overuse injuries. Surgery is used to remove, 
repair, reconstruct or realign damaged tissue. Sports 
surgery can be classifi ed as arthroscopic surgery or 
open surgery.

Arthroscopic surgery

Arthroscopy involves the introduction of a fi ber-optic 
telescope into a joint space to provide diagnostic 
information and aff ord the opportunity to undertake 
minimally invasive surgery.

Arthroscopy is a well-established procedure for 
the knee, shoulder, elbow, ankle and hip, and, more 
recently, the wrist. Arthroscopy of the shoulder, elbow, 
knee and ankle is performed with a standard 3.2 mm 
(1.3 in.) fi ber-optic telescope inserted into a sheath. 
Th e procedure is performed using fl uid to distend the 
joint, provide irrigation and remove debris.

Arthroscopy utilizes a light source to illuminate 
the joint and a video camera to capture the image, 
which is then displayed on one or more screens. Th e 
arthroscope is introduced through a standard portal, 
while another portal or portals are used to introduce 
operating instruments. Th e location of portals is 
important to minimize the risk of damage to vessels 
and nerves. A number of instruments are available 
for use in arthroscopic procedures.

Arthroscopy can be carried out under local, 
regional or, oft en, general anesthesia as a day pro-
cedure. The main areas of interest to be viewed 
through the arthroscope are the articular surfaces, 
the synovium and intra-articular structures such as 
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the meniscus and cruciate ligaments of the knee, the 
glenoid labrum, rotator cuff  tendons of the shoulder 
and the acetabular labrum of the hip. In most joints, 
the majority of the articular surfaces can be viewed. 
Assessment of stability can be aided by combining a 
direct view of the joint with maneuvers that place the 
joint under stress.

Common procedures performed through the 
arthroscope include removal of loose bodies within 
the joint, separation of and removal of the torn part 
of a meniscus, repair of a torn structure such as a 
peripheral tear of the meniscus, a labral detachment 
in the shoulder or dividing a tight structure such as 
the glenohumeral joint capsule in the shoulder or 
scar tissue in the knee. Th ere is level 2 evidence that 
debridement of arthritic lesions is of no value in the 
knee. Th is may also be the case with other joints. More 
complex reconstructive joint procedures (anterior 
cruciate ligament reconstruction, rotator cuff  repair) 
can be performed with the aid of an arthroscope.

Arthroscopy has a low complication rate. Th ere 
is a small incidence of infection and delayed portal 
healing. Occasionally, arthroscopy can produce a 
persistent joint reaction manifesting as prolonged 
joint eff usion, persistent pain and muscle wasting. 
Whether this is due to the arthroscopy itself or to the 
underlying joint pathology is sometimes diffi  cult to 
determine. Complex regional pain syndrome type 1 
may occasionally develop aft er arthroscopy.

Open surgery

Th e open surgical treatment of sports-related prob-
lems includes surgery related to acute trauma and 
surgery for the treatment of overuse injuries. Surgery 
aft er an acute injury aims to recreate the pre-injury 
anatomy by the repair of damaged tissues. Th is may 
require internal bone fi xation for an unstable fracture 
or repair of torn ligaments or tendons. If repair of 
the damaged tissue is not possible, a reconstructive 
procedure may be performed, for example, anterior 
cruciate ligament reconstruction.

Following an acute injury, the athlete may develop 
chronic problems, such as instability, that may require 
surgical repair or reconstruction. Chronic ligamentous 
or capsular inadequacy may develop following an 
injury or as a gradual process. Surgery may be required 
to tighten the stretched tissue, either by moving the 
attachment of the tissue or by a shortening procedure, 
such as plication, reefi ng or shift ing.

Overuse injuries that have failed to respond to 
conservative measures are sometimes managed by 
surgical tissue release, division or excision. Excision 

may be performed if impingement is present or if 
degenerative change has led to tissue necrosis. In 
nerve compression, decompression or transposition 
of the nerve may be required. Stress fractures that 
fail to heal (non-union) are treated by fi xation or 
bone graft .

With all surgical procedures, arthroscopic or open, 
the surgery must be considered as only a part of the 
treatment. Adequate post-surgical rehabilitation is 
equally as important as the procedure itself. Reha-
bilitation following injury and surgery is discussed 
in Chapter 12.
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Recommended Websites
Th e British Medical Journal’s ‘Clinical Evidence’ site—

musculoskeletal subsection. Th is contains abbreviated 

evidence based on the Cochrane Collaboration and other 

systematic reviews so that the clinician can readily access 

information for the specifi c conditions listed: <http://www.

clinicalevidence.com/ceweb/conditions/msd/msd.jsp>
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In recent years an understanding of the concept 
of core stability has changed the way in which we 

rehabilitate our patients. We have chosen to use the 
term ‘core stability’ in this book but there are many 
other interchangeable terms (Table 11.1).

All these terms are a description of the muscular 
control required around the lumbopelvic–hip region 
to maintain functional stability. Particular atten-
tion has been paid to the core because it serves as a 
muscular corset that works as a unit to stabilize the 
body and spine with and without limb movement. In 
short, the core serves as the center of the functional 
kinetic chain. Th e core has been referred to as the 
‘powerhouse’, the foundation or engine of all limb 
movement. All movements are generated from the 
core and translated to the extremities.

We use the term ‘stability’ rather than ‘strength’ 
because strength is just one component of the dynamic 
stability required. Dynamic stabilization refers to the 
ability to utilize strength and endurance in a functional 
manner through all planes of motion and action 
despite changes in the centre of gravity.1 A comprehen-
sive strengthening or facilitation of these core muscles 
has been advocated as a preventive, rehabilitative and 

performance-enhancing program for various lumbar 
spine and musculoskeletal injuries.

Th e ‘core’ has been described as a box with the 
abdominals in the front, paraspinals and gluteals in 
the back, diaphragm as the roof, pelvic fl oor and hip 
girdle musculature as the bottom, and hip abductors 
and rotators laterally.2 All these muscles have direct or 
indirect attachments to the extensive thoracolumbar 
fascia and spinal column, which connect the upper 
and lower limbs.

Stability of the lumbar spine involves both pas-
sive stiff ness, through the osseous and ligamentous 
structures, and active stiff ness, through muscles. 
A bare spine, without muscles attached, is unable to 
bear much of a compressive load.3, 4 Spinal instability 
occurs when either of these components is disturbed. 
Gross instability is true displacement of vertebrae, 
such as with traumatic disruption of two out of three 
vertebrae. On the other hand, functional instability 
is defi ned as a relative increased range of the neutral 
zone (the range in which internal resistance from 
active muscular control is minimal).5 Active stiff -
ness or stability can be achieved through muscular 
co-contraction, akin to tightening the guys of a tent 
to unload the center pole (Fig. 11.1).6

A major advance in our understanding of how 
muscles contribute to lumbar stabilization came from 
recognizing the diff erence between local and global 
muscles. Global (dynamic, phasic) muscles are the 
large, torque-producing muscles, such as the rectus 
abdominis, external oblique and the thoracic part 
of lumbar iliocostalis, which link the pelvis to the 
thoracic cage and provide general trunk stabilization 
as well as movement.

Local (postural, tonic) muscles are those that attach 
directly to the lumbar vertebrae and are responsible for 

CHAPTER 

11
Core Stability

Table 11.1 Terms used to describe core stability

Lumbar/lumbopelvic stabilization
Dynamic stabilization
Motor control
Neuromuscular training
Neutral spine control
Muscular fusion
Trunk stabilization
Core strengthening
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providing segmental stability and directly controlling 
the lumbar segments during movement. Th ese muscles 
include lumbar multifi dus, psoas major, quadratus 
lumborum, the lumbar parts of iliocostalis and longis-
simus, transversus abdominis, the diaphragm and the 
posterior fi bers of internal oblique (Fig. 11.2).

Whereas previously the major emphasis in reha-
bilitation has been to strengthen the global muscles 
(e.g. the use of sit-ups as a treatment for low back 
pain), we now understand that both groups of muscles 
must be working effi  ciently. We have also come to 
realize that strength is not the only, nor indeed the 
most important, quality of the muscle. Muscle acti-
vation and endurance are probably more important 
than strength and any rehabilitation program should 
refl ect this.

Figure 11.1 Active stability is achieved through 
muscular co-contraction via the thoracolumbar fascia 
(TLF). This is similar to the stability imparted by the 
guys of a tent ADAPTED FROM PORTERFIELD6

Figure 11.2 Cross-sectional anatomy of the lumbar spine
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Anatomy
Stability and movement are critically dependent 
on the coordination of all the muscles surround-
ing the lumbar spine. Even though recent research 
has advocated the importance of a few muscles in 
particular (transversus abdominis and multifi di), all 
core muscles are needed for optimal stabilization and 
performance.7 To achieve muscular co-contraction 
precise neural input and output (which has also been 
referred to as proprioceptive neuromuscular facilita-
tion by neurorehabilitationists) is needed.8

Osseous and ligamentous structures

Passive stiff ness is imparted to the lumbar spine by the 
osseoligamentous structures. Tissue injury to any of 
these structures may cause functional instability. Th e 
posterior elements of the spine include the pedicle, 
lamina and pars interarticularis. Th ese structures 
are, in fact, fl exible. However, too much load causes 
failure, typically at the pars. Th e intervertebral disk 
is composed of the anulus fi brosus, nucleus pulpo-
sus and the end plates. Compressive and shearing 
loads can cause injury initially to the end plates and 
ultimately to the anulus such that posterior disk 
herniations result. Excessive external loads on the 
disk may be caused by weak muscular control, thus 
causing a vicious cycle where the disk no longer pro-
vides optimal passive stiff ness or stability. Th e spinal 
ligaments provide little stability in the neutral zone. 
Th eir more important role may be to provide aff erent 
proprioception of the lumbar spine segments.9

The thoracolumbar fascia

Th e thoracolumbar fascia (TLF) acts as ‘nature’s back 
belt’. It works as a retinacular strap of the muscles of 
the lumbar spine. Th e thoracolumbar fascia consists 
of three layers: the anterior, middle and posterior 
layers. Of these three layers the posterior layer has 
the most important role in supporting the lumbar 
spine and abdominal musculature. Th e transversus 
abdominis has large attachments to the middle and 
posterior layers of the TLF.2 Th e posterior layer con-
sists of two laminae: a superfi cial lamina with fi bers 
passing downward and medially, and a deep lamina 
with fibers passing downward and laterally. The 
aponeurosis of the latissimus dorsi muscle forms the 
superfi cial layer. In essence, the TLF provides a link 
between the lower limb and the upper limb.10 With 
contraction of the muscular contents, the TLF acts as 
an activated proprioceptor, like a back belt providing 
feedback in lift ing activities.

Paraspinals

Th ere are two major groups of the lumbar extensors: 
the erector spinae and the so-called local muscles 
(rotators, intertransversi, multifidi). The erector 
spinae in the lumbar region are composed of two 
major muscles: the longissimus and iliocostalis. Th ese 
are actually primarily thoracic muscles which act on 
the lumbar region via a long tendon that attaches 
to the pelvis. Th is long moment arm is ideal for 
lumbar extension and for creating posterior shear 
with lumbar fl exion.4

Deep and medial to the erector spinae muscles lie 
the local muscles. Th e rotators and intertransversi 
muscles do not have a great moment arm. It is likely 
that they represent length transducers or position 
sensors of a spinal segment by way of their rich 
composition of muscle spindles. Th e multifi di pass 
along two or three spinal levels. Th ey are theorized 
to work as segmental stabilizers. Due to their short 
moment arms, the multifi di are not involved much 
in gross movement. Multifi di have been found to be 
atrophied in individuals with low back pain.11

Quadratus lumborum

Th e quadratus lumborum is a large, thin, quadrangular-
shaped muscle that has direct insertions to the lumbar 
spine. Th ere are three major components or muscular 
fascicles to the quadratus lumborum: the inferior 
oblique, superior oblique and longitudinal fascicles. 
Both the longitudinal and superior oblique fi bers 
have no direct action on the lumbar spine. Th ey are 
designed as secondary respiratory muscles to stabi-
lize the twelft h rib during respiration. Th e inferior 
oblique fi bers of the quadratus lumborum are gener-
ally thought to be a weak lateral fl exor of the lumbar 
vertebrae. McGill believes the quadratus lumborum 
is a major stabilizer of the spine, typically working 
isometrically.12

Abdominals

Th e abdominal muscles serve as a vital component of 
the core. Th e transversus abdominis has received par-
ticular attention. Its fi bers run horizontally around the 
abdomen, allowing hoop-like stresses with contrac-
tion. Isolated activation of the transversus abdominis 
is achieved through ‘hollowing in’ of the abdomen. 
As well, the transversus abdominis has been shown 
to activate prior to limb movement, theoretically to 
stabilize the lumbar spine. Patients with low back 
pain have delayed activation of the transversus 
abdominis.1
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Th e internal oblique has similar fi ber orientation 
to the transversus abdominis, yet receives much less 
attention in regards to its creation of hoop stresses. 
Together, the internal oblique, external oblique and 
transversus abdominis increase the intra-abdominal 
pressure, thus imparting functional stability to the 
lumbar spine.4

Finally, the rectus abdominis is a paired, strap-like 
muscle of the anterior abdominal wall. Contraction 
of this muscle predominantly causes fl exion of the 
lumbar spine. Most fi tness programs incorrectly 
emphasize rectus abdominis and internal oblique 
development, thus creating an imbalance with the 
relatively weaker external oblique.13

Hip girdle musculature

Th e hip musculature plays a signifi cant role within 
the kinetic chain, particularly for all ambulatory 
activities, stabilization of the trunk/pelvis, and in 
transferring force from the lower extremities to the 
pelvis and spine.14 Poor endurance and delayed fi ring 
of the hip extensor (gluteus maximus) and abductor 
(gluteus medius) muscles have previously been noted 
in individuals with lower extremity instability or low 
back pain.15, 16 Nadler et al. demonstrated a signifi cant 
asymmetry in hip extensor strength in female athletes 
with reported low back pain.17 In a prospective study, 
Nadler et al. demonstrated a signifi cant association 
between hip strength imbalance of the hip exten-
sors measured during the pre-participation physical 
examination and the occurrence of low back pain in 
female athletes over the ensuing year.18 Overall, the 
hip appears to play a signifi cant role in transferring 
forces from the lower extremities to the pelvis and 
spine, acting as one link within the kinetic chain.

Th e psoas major is a long, thick muscle whose 
primary action is fl exion of the hip. However, based 
upon its attachment sites into the lumbar spine it has 
the potential to aid in spinal biomechanics. Anatomi-
cal dissections have shown that the psoas muscle has 
three proximal attachment sites: the medial half of the 
transverse processes from T12 to L5, the intervertebral 
disk, and the vertebral body adjacent to the disk.19 
However, it is not likely that the psoas provides much 
stability to the lumbar spine except in increased lum-
bar fl exion.4 Increased stability requirements or a tight 
psoas will concomitantly cause increased compressive 
injurious loads to the lumbar disks.

Diaphragm and pelvic fl oor

Th e diaphragm serves as the roof of the core. Stability 
is imparted to the lumbar spine by contraction of the 

diaphragm and increasing intra-abdominal pressure. 
Recent studies have indicated that individuals with 
sacroiliac pain have impaired recruitment of the 
diaphragm and pelvic fl oor.20 Likewise, ventilatory 
challenges on the body may cause further diaphragm 
dysfunction and lead to more compressive loads on 
the lumbar spine.21 Th us, diaphragmatic breath-
ing techniques may be an important part of a core 
strengthening program. Furthermore, the pelvic fl oor 
musculature is coactivated with transversus abdominis 
contraction.22

Assessment of core stability
While there is no single measure of core stability, 
a few simple tests will provide an indication of the 
endurance of certain key muscle groups. Th e four 
tests advocated are the prone and lateral bridges, and 
the torso fl exor and extensor endurance tests. Th e 
bridge tests are functional in that they assess strength, 
muscle endurance and how well the athlete is able to 
control the trunk by the synchronous activation of 
many muscles.23

Th e prone bridge (Fig. 11.3) is performed by sup-
porting the body’s weight between the forearms and 
toes and primarily assesses the anterior and posterior 
core muscles. Failure occurs when the athlete loses 
neutral pelvis and falls into a lordotic position with 
anterior rotation of the pelvis.

Th e lateral bridge (Fig. 11.4) assesses the lateral 
core muscles. Failure occurs when the patient loses the 
straight posture and the hip falls towards the table.

Testing of the torso fl exors (Fig. 11.5) can be done 
by timing how long the patient can hold a position of 
seated torso fl exion at 60°. Failure occurs when the 
athlete’s torso falls below 60°.

Figure 11.3 Prone bridge. Patients support 
themselves on the forearms, with the pelvis in 
the neutral position and the body straight
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Th e endurance of the torso extensors can be tested 
with the athlete prone, as shown in Figure 11.6. Failure 
occurs when the upper body falls from horizontal 
into a fl exed position.

McGill4 has published normative data for the 
lateral, fl exor and extensor tests for young healthy 
individuals and this is shown in Table 11.2. McGill 
has further shown that the relationship of endurance 
among the anterior, lateral and posterior musculature 
is upset once back troubles begin and persists long 
aft er symptoms have resolved. Typically, the extensor 

endurance is diminished relative to fl exor endur-
ance (e.g. fl exion/extension ratio >1.0) and lateral 
musculature.4

Th e single-legged squat exercise (Fig. 11.7) is also 
used as an indicator of lumbopelvic–hip stability. Th e 
single-legged squat is functional, requires control of 
the body over a single weight-bearing lower limb and 
is frequently used clinically to assess hip and trunk 
muscular coordination and/or control.

Ultrasound imaging is also used as an assessment 
technique (see p. 164).

Exercise of the core 
musculature
Exercise of the core musculature is more than trunk 
strengthening.7 In fact, motor relearning of inhibited 

Figure 11.4 Lateral bridge. Legs are extended and the 
top foot placed in front of the lower foot for support. 
Patients support themselves on one elbow and on 
their feet while lifting their hips off  the fl oor to create 
a straight line over their body length. The uninvolved 
arm is held across the chest with the hand placed on 
the opposite shoulder

Figure 11.5 Flexor endurance test. The athlete sits at 
60° with both hips and knees at 90°, arms folded across 
the chest with the hands placed on the opposite 
shoulder, and toes secured under toe straps or by the 
examiner

Figure 11.6 Extensor endurance test. The athlete is 
prone over the edge of the couch with the pelvis, hips 
and knees secured. The upper limbs are held across 
the chest with the hands resting on the opposite 
shoulders

Table 11.2 Mean endurance times in seconds and 
fl exion/extension ratio in young healthy subjects 
(mean age 21 years)4

Men Women

Extension 161 185

Flexion 136 134

Right side bridge 95 75

Left side bridge 99 78

Flexion/extension ratio 0.84 0.72
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muscles may be more important than strengthening 
in patients with low back pain. In athletic endeavors, 
muscle endurance appears to be more important than 
pure muscle strength.24

Th e overload principle advocated in sports medi-
cine is a nemesis in the back. In other words, the 
progressive resistance strengthening of some core 
muscles, particularly the lumbar extensors, may be 
unsafe to the back. In fact, many traditional back 
strengthening exercises may also be unsafe. For 
example, Roman chair exercises or back extensor 
strengthening machines require at least torso mass 
as resistance, which is a load oft en injurious to the 
lumbar spine.3

Traditional sit-ups are also unsafe because they 
cause increased compression loads on the lumbar 
spine.25 Pelvic tilts are utilized less oft en than in the 
past because they may increase spinal loading. In addi-
tion, all these traditional exercises are non-functional.4 
In individuals suspected to have instability, stretching 
exercises should be used with caution, particularly 
ones encouraging end-range lumbar fl exion. Th e risk 
of lumbar injury is greatly increased when the spine 

is fully fl exed and with excessive repetitive torsion.26 
Exercise must progress from training isolated muscles 
to training as an integrated unit to facilitate functional 
activity.

Th e neutral spine has been advocated by some 
as a safe place to begin exercise.27 Th e neutral spine 
position is a pain-free position that should not be 
confused with assuming a fl at back posture. It is 
said to be the position of power and balance. How-
ever, because functional activities move through the 
neutral position, exercises should be progressed to 
non-neutral positions.

Decreasing spinal and pelvic viscosity

Spinal exercises should not be done in the fi rst hour 
aft er awakening due to the increased hydrostatic pres-
sures in the disk during that time.28 Th e ‘cat/camel’ 
(Fig. 11.8) and the pelvic translation exercises are 
ways to achieve spinal segment and pelvic accessory 
motion prior to starting more aggressive exercises. As 
well, improving hip range of motion can help dissipate 

Figure 11.7 Single-legged squat exercise

Figure 11.8  Cat/camel exercise
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forces from the lumbar spine. A short aerobic program 
may also be implemented to serve as a warm-up. Fast 
walking appears to cause less torque on the lower 
back than slow walking.29

Grooving motor patterns

Th e initial core strengthening protocol should allow 
for individuals to become aware of motor patterns. 
Some individuals who are not adept at volitionally 
activating motor pathways require facilitation in 
learning to recruit muscles in isolation or with motor 
patterns. As well, some individuals with back injury 
will fail to activate core muscles due to fear–avoidance 
behavior.30 More time will need to be spent with these 
individuals at this stage. Prone and supine exercises 
to train the transversus abdominis and multifi di are 
described below.

Biofeedback units are used to help facilitate the 
activation of the multifi di and transversus abdominis.2 
Verbal cues may also be useful to facilitate muscle 
activation. For example, abdominal ‘hollowing’ is 
performed by transversus abdominis activation; 
abdominal ‘bracing’ is performed by co-contraction 
of many muscles including the transversus abdominis, 
external obliques and internal obliques. However, 
most of these isolation exercises of the transversus 
abdominis are in non-functional positions. When the 
trained muscle is ‘awakened’, exercise training should 
quickly shift  to functional positions and activities.

Ultrasound imaging in rehabilitation

Th e use of real-time ultrasound imaging has become 
increasingly popular as a means of assessing muscle 
size and activity during the rehabilitation pro cess. Most 
emphasis has been on the assessment of muscle size 
and muscle activation in the transversus abdominis 
and multifi dus muscles. Th ese measures have been 
shown to be valid.31

Ultrasound imaging may improve treatment from 
two perspectives: as a measure of muscle dysfunction 
and outcome, and as a tool for provision of feedback. 
Th ere is some evidence that the use of ultrasound to 
both guide treatment and assess outcome has been 
successful in monitoring multifi dus32 and transversus 
abdominis function33 with positive clinical outcomes 
in patients with chronic low back pain.

Accurate feedback is critical for skill learning and 
feedback with ultrasound imaging may increase the 
quality of training, particularly for that group of 
patients who fi nd it diffi  cult to activate these muscles. 
Several studies using ultrasound imaging in the 
training of muscle control in patients with low back 

pain have reported positive outcomes.32 However, 
whether the outcome with inclusion of ultrasound was 
improved above that which could be achieved without 
ultrasound feedback has not been established.

Stabilization exercises

Stabilization exercises can be progressed from a begin-
ning level to more advanced levels. Th ere are many 
diff erent programs published, however, the general 
principles are common to all. Initially the motor skill 
(e.g. activation of transversus abdominis and multi-
fi dus) must be learned, but ultimately the activation 
must become automatic without conscious eff ort when 
performing the patient’s sporting activity.

Rehabilitation of these muscles takes place in three 
distinct stages:

1. formal motor skill training
2. functional progression
3. sport-specifi c training.

Most clinicians agree that motor education, espe-
cially teaching patients to activate their deep stabiliz-
ing muscles (transversus abdominis and multifi dus), 
is the fi rst stage of the program. Richardson et al.2 
advocate the co-contraction of transversus abdomi-
nis and multifi dus and also stress the importance of 
co-contraction of the pelvic fl oor musculature and 
transversus abdominis. Th e most signifi cant motor 
skill that is linked to the stability of these two muscles 
is the action of abdominal ‘drawing in’ (Fig. 11.9).

Figure 11.9 Diagrammatic representation of the 
muscle contraction of ‘drawing in’ of the abdominal 
wall with an isometric contraction of the lumbar 
multifi dus
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Th e aim is for the patient to use the correct muscles 
in response to the command ‘draw in your abdominal 
wall without moving your spine or pelvis and hold for 
10 seconds while breathing normally’. Th e four-point 
kneeling position (Fig. 11.10) is the best position to 
teach the patient the action. Ask the patient to take 
a relaxed breath in and out and then draw the abdo-
men up towards the spine without taking a breath. 
Th e contraction must be performed in a slow and 
controlled manner. At the same time the patient con-
tracts the pelvic fl oor and slightly anteriorly rotates 
the pelvis to activate the multifi di. Assessment of 
optimal recruitment of these muscles can be done 
through palpation or with the use of biofeedback or 
ultrasound imaging. Once the contraction has been 
achieved, the patient should commence breathing in 
a slow and controlled manner, holding the contrac-
tion for 10 seconds.

Once the action is understood by the patient, the 
formal test is conducted with the patient lying prone 
and using a pressure biofeedback unit. Th e patient 
lies prone with arms by the side and the pressure 
biofeedback unit is placed under the abdomen with 
the navel in the center and the distal edge of the pad 
in line with the right and left  anterior superior iliac 
spines. Th e pressure pad is infl ated to 70 mmHg and 
allowed to stabilize. Th e patient is again instructed 
to breathe in and out and then, without breathing 
in, to slowly draw in the abdomen so that it lift s up 
off  the pad, keeping the spinal position steady. Once 
the contraction has been achieved, the patient should 
commence normal relaxed breathing. Th e contraction 
is held for 10 seconds and the procedure repeated up 
to 10 times.

A successful performance of the test reduces 
the pressure by 6–10 mmHg. Th is pressure change 

indicates that the patient is able to contract the 
transversus abdominis into its shortened range inde-
pendently of the other abdominal muscles. Once 
the abdominal drawing in technique is successfully 
learned in the prone position, the patient is encour-
aged to continue the exercise while in the sitting and 
standing positions.

Others have a diff erent approach to the ‘drawing in’ 
exercise. McGill advocates bracing of the spine,4 which 
activates all the abdominal musculature and extensors 
at once. Th is is usually performed with the patient in 
a standing position by simultaneously contracting the 
abdominal musculature and the extensors. Bracing 
activates all three layers of the abdominal musculature, 
not just the transversus abdominis.

Once the patient has learned to stabilize the lumbo-
pelvic region with the above isometric exercises to 
create a functional muscle corset, he or she can pro-
gress towards dynamic stabilization. McGill advocates 
early incorporation of his ‘big three’ exercises into the 
program.4 Th ese are outlined below:

1. Curl-ups for the rectus abdominis (Fig. 11.11). 
Th e rectus abdominis is most active during the 
initial elevation of the head, neck and shoulders. 
Th e lumbar spine should stay in neutral. Th e 
exercise can be advanced by asking the patient 
to raise the elbows a couple of centimeters.

2. Side bridge exercises for the obliques, quadratus 
lumborum and transversus abdominis 
(Fig. 11.12). Abdominal bracing is also required. 
Th e exercise can be advanced initially by placing 
the free arm along the side of the torso, and 
subsequently by straightening the legs.

Figure 11.10 The four-point kneeling position

Figure 11.11 Curl-ups. Patient lies supine with the 
hands supporting the lumbar region. Do not fl atten 
the back to the fl oor. One leg is bent with the knee 
fl exed to 90°. Do not fl ex the cervical spine. Leave 
the elbows on the fl oor while elevating the head and 
shoulders a short distance off  the fl oor

Brukner-A-07_12.indd   165Brukner-A-07_12.indd   165 5/6/06   11:47:13 AM5/6/06   11:47:13 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL166

PART A FUNDAMENTAL PRINCIPLESA

3. Bird dog exercise (Fig. 11.13). Leg and arm 
extensions in a hands–knees position eventually 
leading to the ‘bird dog’ exercise for the back 
extensors.

Other frequently used exercises include the ‘clam’ 
(Fig. 11.14) and the bridge (Fig. 11.15). It is important 
to avoid incorrect techniques (Fig. 11.15c).

(b)

 Figure 11.12 Side bridges. (a) In the beginning, 
position the patient on the side supported by the 
elbow and hip. The free hand is placed on the opposite 
shoulder pulling it down. (b) The torso is straightened 
until the body is supported on the elbow and feet

Figure 11.13 Bird dog exercise. The bird dog 
position is with hands under the shoulders and knees 
directly under the hips. Initially, simply lift one hand 
or knee a couple of centimeters off  the fl oor. The 
patient can progress to raising the opposite hand 
and knee simultaneously, then raising one arm or leg 
at a time and then raising the opposite arm and leg 
simultaneously, as shown.

Figure 11.14 Clam

Figure 11.15 Bridging

(a) Supine bridging

(b) Supine bridging with leg extension

(c) Incorrect bridging technique

(a)
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Many clinicians base their progressive exercises on 
Saal and Saal’s seminal dynamic lumbar stabilization 
effi  cacy study (Table 11.3).33

Sahrmann also describes a series of progressive 
lower abdominal muscle exercises (Table 11.4).13

Functional progression

Th e initial basic strengthening exercises described 
above are initiated on the ground. Th e exercises must 

progress to positions of function, from a stable ground 
environment to a progressively less stable environ-
ment, and movements must increase in complexity.23 
In other words, the athlete must progress from muscle 
activation and strengthening to a program of dynamic 
stabilization.

Several important principles must be applied to 
exercise progression. Th ese include dynamic exercises, 
multiplanar exercises, balance, proprioception, power 
exercises (plyometrics), sport specifi city and motor 
programming.

When the athlete has fi rst mastered proper acti-
vation and control of the lumbopelvic region, he or 
she should progress from a stable surface to a labile 
surface. Eventually, external input can be added to 
challenge the athlete even more (Fig. 11.16).

Secondly, exercises must be performed in all planes. 
While sagittal (sit-ups, lunges) and frontal plane (side 
walking, side bridges) exercises are popular, the trans-
verse/rotational plane is frequently neglected.

Th irdly, proprioceptive training should be incorpo-
rated (Fig. 11.17). Balance board or dura disk training 
improves proprioception in all the joints, tendons and 
muscles, not just those at the ankle.

Plyometrics should also be incorporated (Fig. 11.18) 
as jumping exercises require a strong and stable core. 
Advancement to a physioball (Fig. 11.19) can be done 
at this stage (Table 11.5).

Core strengthening for sports

Core training programs for sports are widely used 
by strengthening and conditioning coaches at the 
collegiate and professional levels. An example of Vern 
Gambetta’s program is provided in Table 11.6.34

Diff erent fi tness programs incorporate various 
aspects of core strengthening and may be a useful 
way to maintain compliance in many individuals 
(Table 11.7).

Effi  cacy of core strengthening 
exercise
Core strengthening programs have not been well 
researched for clinical outcomes. Studies are hampered 
by the lack of consensus on what constitutes a core 
strengthening program. For example, some studies 
describe remedial neuromuscular retraining, some 
describe sport-specifi c training and others describe 
functional education. No randomized controlled trial 
has been conducted on the effi  cacy of core strength-
ening. Most studies are prospective, uncontrolled 
case series.

Table 11.3 Stabilization and abdominal program 
described by Saal and Saal27

Finding neutral position
Sitting stabilization
Prone gluteal squeezes
Supine pelvic bracing
Pelvic bridging progression
Quadruped
Kneeling stabilization
Wall slide quadriceps strengthening
Position transition with postural control
Curl-ups
Dead bugs
Diagonal curl-ups
Straight leg lowering

Table 11.4 Sahrmann’s lower abdominal exercise 
progression13

Position Exercise

Base position Supine with knee bent and feet on 
fl oor; spine stabilized with ‘navel to 
spine’ cue

Level 0.3 Base position with one foot lifted

Level 0.4 Base position with one knee held to 
chest and other foot lifted

Level 0.5 Base position with one knee held 
lightly to chest and other foot lifted

Level 1A Knee to chest (>90° of hip fl exion) 
held actively and other foot lifted

Level 1B Knee to chest (at 90° of hip fl exion) 
held actively and other foot lifted

Level 2 Knee to chest (at 90° of hip fl exion) 
held actively and other foot lifted and 
slid on ground

Level 3 Knee to chest (at 90° of hip fl exion) 
held actively and other foot lifted and 
slid not on ground

Level 4 Bilateral heel slides

Level 5 Bilateral leg lifts to 90°

Brukner-A-07_12.indd   167Brukner-A-07_12.indd   167 5/6/06   11:47:17 AM5/6/06   11:47:17 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL168

PART A FUNDAMENTAL PRINCIPLESA

Figure 11.16 Progression from single-leg squat on 
the fl oor to a single-leg squat on a dura disk

Figure 11.17 Proprioceptive training using a balance 
board

(a) Balance board with both legs

(b) Balance board on single leg
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Figure 11.18 Plyometric exercises. These exercises 
should be multiplanar and upgraded to include labile 
surfaces

(a) Preparing for take-off  

(b) Explosive movement 

(c) Maintaining good core control 

(d) Absorbing forces on landing with knee fl exion and 
activation of deep abdominal muscles
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Figure 11.19 Use of physioball

(a) Leg lift seated on ball

(b) Bird dog or superman on ball

(c) Push-ups

(d) Bridging on ball

(e) Plant on the ball, moving hips forward

(f) Hamstring pull in

Table 11.5 Physioball exercises for the core

Abdominal crunch
Balancing exercise while seated
‘Superman’ prone exercise
Modifi ed push-up
Pelvic bridging
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Prevention of injury and performance 
improvement

In 2001, Nadler et al. attempted to evaluate the 
occurrence of low back pain before and aft er incor-
poration of a core strengthening program.18 Th e core 
strengthening program included sit-ups, pelvic tilts, 
squats, lunges, leg presses, dead lift s, hang cleans and 
Roman chair exercises. Although the incidence of 
low back pain decreased by 47% in male athletes, this 
was not statistically signifi cant. In female athletes the 
overall incidence of low back pain slightly increased 
despite core conditioning. Th is negative result may 
have been due to the use of some unsafe exercises 
(e.g. Roman chair extensor training).4, 36 In addition, 
the exercises chosen for this study included only 
frontal and sagittal plane movements, which may 
have aff ected the results. Future studies incorporating 
exercises in the transverse plane may help to solve 
the issue surrounding core strengthening exercise 
and low back pain.

A study comparing ‘core stability measures’ 
between male and female athletes and their incidence 
of lower extremity injury found that reduced isomet-
ric hip abductor and external rotation strength were 
predictors of injury. From this the authors claimed 
that ‘core stability has an important role in injury 
prevention’.37 While the fi ndings of this study may be 
important, core stability was not measured.38

Another study found a rehabilitation program 
consisting of progressive agility and trunk stabilization 
exercises more eff ective than a program emphasizing 
isolated hamstring stretching and strengthening in 
promoting return to sports and preventing injury 
recurrence in athletes suff ering an acute hamstring 
strain.39

Treatment of low back pain

Th e fi rst study conducted of a core stability program 
was an uncontrolled prospective trial of ‘dynamic 
lumbar stabilization’ for patients with lumbar disk 
herniations creating radiculopathy.33 Th e impact of 
therapeutic exercise alone was diffi  cult to ascertain in 
this study due to other non-operative interventions 
being off ered, such as medication, epidural steroid 
injections and back school. Th e exercise training 
program was well outlined and consisted of a fl ex-
ibility program, joint mobilization of the hip and the 
thoracolumbar spinal segments, a stabilization and 
abdominal program (see Table 11.3), gym program, 
and aerobic activity. Successful outcomes were appar-
ently achieved in 50 of 52 (96%) individuals. Th e 
described dynamic lumbar stabilization program 
resembles the current concept of a core stability 
program without the higher level sport-specifi c core 
training. Several other authors have since described 
similar programs.40, 41

Eff ectiveness in sports injuries

To date, the only studies to have shown a positive 
benefi t of core stability training in the management of 
sporting injuries are Sherry and Best’s study39 on the 
treatment of hamstring strains and a study by Holmich 
et al.42 on the rehabilitation of athletes with chronic 
groin pain which incorporated some stability training 
into its program. However, a number of other sport-
ing pathologies theoretically would benefi t from this 
mode of training. Th eses include stress fractures of the 
pars interarticularis of the lumbar spine, a common 
injury among cricket fast bowlers and other sports 
that involve repetitive hyperextension and rotation. 
Th e positive results from O’Sullivan et al.’s study41 
in non-sporting patients with spondylolysis would 
suggest that core stability training may be eff ective 
in this condition. Lumbar instability seen commonly 
in gymnasts is another condition for which theoreti-
cally a core stability program may be helpful. Many 
physiotherapists now incorporate an element of core 
stability training in the rehabilitation of a wide variety 
of lower limb injuries.

Table 11.6 Advanced core program used by Vern 
Gambetta34

Body weight and gravitational loading—push-ups, 
pull-ups, rope climbs

Body blade exercises
Medicine ball exercises—throwing and catching
Dumbbell exercises in diagonal patterns
Stretch cord exercises
Balance training with labile surfaces
Squats
Lunges

Table 11.7 Fitness programs utilizing core 
strengthening principles

Pilates
Yoga (some forms)
Tai-Chi
Feldenkrais
Somatics
Matrix dumbbell program35
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Conclusion
Th e concept of core stability has a theoretical basis 
in the treatment and prevention of various musculo-
skeletal conditions. However, other than studies in 
the treatment of low back pain, research is severely 
lacking. With the advancement in knowledge of motor 
learning theories and anatomy, core stability programs 
appear on the cusp of innovative new research.
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A dictionary definition of rehabilitation is the 
‘restoration to a former capacity or standing, or 

to rank, rights and privileges lost or forfeited’. Th is is 
the essence of sports medicine rehabilitation. While 
the treatment described in Chapter 10 may lead to an 
athlete becoming pain-free and able to return to activi-
ties of daily living, rehabilitation is required to return 
the athlete to the previous level of function.

All musculoskeletal injuries require active reha-
bilitation. Rehabilitation is also necessary following 
surgery. Th e primary aim of injury rehabilitation is 
to enable the athlete to return to sport with full func-
tion in the shortest possible time. If rehabilitation is 
inadequate the athlete is:

• prone to reinjury of the aff ected area
• incapable of performing at pre-injury standard
• predisposed to injuring another part of the body.

The rehabilitation program
Although sports medicine is readily classifi ed as a 
science, devising a successful rehabilitation program 
should be considered an art. Skilful rehabilitation 
cannot be replaced by a recipe approach as each athlete 
is an individual who brings very diff erent personality 
and lifestyle factors to the therapy room. Furthermore, 
each athlete has diff erent post-injury sporting goals, 
levels of skill and degrees of competitiveness, all of 
which infl uence the rehabilitation program. Several 
general principles should underpin every rehabilita-
tion program.

Every athlete is an individual

To prescribe rehabilitation requires high-level people 
skills as the psychological make-up of each athlete is 

diff erent. As some athletes are highly motivated and 
become overzealous, they may need to be held back 
throughout rehabilitation. Other athletes are hesitant 
and lack confi dence and require considerable psycho-
logical support and encouragement.

Each athlete has a diff erent lifestyle. Some have 
considerable career or job commitments whereas 
others are full-time professionals. Some athletes have 
good support from their family and peers, whereas 
others are loners. Th e therapist must establish a 
caring, trusting relationship with the patient and 
be aware of the psychological eff ects of the patient’s 
injury throughout the rehabilitation period. It may 
also be appropriate for the therapist to communicate 
regularly with the athlete’s coach or parent and keep 
them informed of progress.

Because of the individual diff erences between 
athletes, and also to improve compliance, the therapist 
must customize each rehabilitation program. Th e 
program should be monitored and may need to be 
modifi ed throughout the rehabilitation period, based 
on subjective and objective assessment fi ndings.

Once the diagnosis has been made (Chapters 8, 9) 
and initial therapy instituted (Chapter 10), the thera-
pist performs a comprehensive baseline assessment 
from which to measure progress. An appropriate, indi-
vidualized rehabilitation plan is then formulated.

Keys to a successful rehabilitation program

Explanation

Th e rehabilitation plan should be explained to the 
patient with realistic, approximate time frames. It 
should be emphasized that the time frames are only 
approximate and not ‘promises’. It is important to set 
short-term goals, for example, the removal of a brace 

CHAPTER 

12
Principles of Rehabilitation

WITH MARY KINCH AND ANDREW LAMBART
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or the commencement of jogging, and long-term 
goals, such as a return to sport.

It is also important to explain the rationale behind 
the program. Th is is only possible if the therapist has 
fi rst formulated a hypothesis as to why the injury 
occurred. For example, if lack of fl exibility con-
tributed to injury, the therapist should include an 
ongoing program to gradually improve the athlete’s 
fl exibility beyond the pre-injury level. If dynamic 
joint instability was a precipitating factor, or a result 
of injury, rehabilitation should emphasize muscle 
control and strengthening. If incorrect biomechanics 
and poor muscle control were important factors in 
the etiology of the injury, these components should 
be addressed.

Provide precise prescription

During the rehabilitation program, the therapist must 
emphasize correct exercise technique and carefully 
apply principles for the progression and limitation 
of exercises and activities. Th e therapist must also 
constantly monitor and, if necessary, modify the 
program as required. Th is requires one-to-one atten-
tion, and cannot be ‘supervised’ while attending to 
several other patients.

Make the most of the available facilities

If facilities such as a gymnasium, pool or biofeedback 
devices are available, the program may take advantage 
of these facilities. If sophisticated equipment is not 
available, however, simple equipment, such as an 
exercise bike, rubber tubes, steps, free weights, and 
the use of appropriate functional exercises incor-
porating body position and body weight, can all be 
incorporated in the program.

Begin as soon as possible

Th e rehabilitation program should start as early as 
possible following injury or surgery.1 Pain, infl amma-
tion, swelling or joint eff usion must be controlled in 
the early stages as they inhibit optimal function. Rest 
from aggravating activities, ice, electrotherapeutic 
modalities and anti-infl ammatory medications will 
help reduce these factors (Chapter 10).

In the past, it has been customary to begin rehabili-
tation with range of motion exercises (e.g. stretching) 
and introduce strength training later. A variation to 
this approach has recently been presented in acute 
hamstring strains,2 indicating that a rehabilitation 
program consisting of progressive agility and trunk 
stabilization exercises is more eff ective than a program 
that consists of hamstring stretching and strength-
ening in regards to promoting return to sport and 

preventing recurrence of injury. Th is approach may 
well be the way of the future, but more research is 
required into this area.

Th e important components of rehabilitation are:

• muscle conditioning
• fl exibility
• neuromuscular control (balance, 

proprioception)
• functional exercises
• sport skills
• correction of abnormal biomechanics
• maintenance of cardiovascular fi tness
• psychology.

Th ese components are incorporated into the overall 
rehabilitation program (Fig. 12.1).

Soft tissue response to injury
Understanding the pathophysiology, phases and 
time frames of soft  tissue healing following injury 
improves the therapist’s ability to construct a suc-
cessful rehabilitation program. Th ese phases (Fig. 
12.2) are outlined below.

1. Acute infl ammatory phase (0–72 hours): 
Damaged tissue is fi lled immediately 
with erythrocytes and infl ammatory cells. 
Phagocytosis of necrotic cells occurs within 24 
hours. Fibroblasts slowly lay down collagen scar.

2. Proliferation/repair phase (2 days – 6 weeks): 
Fibroblasts are the predominant cells, initially 
resulting in large amounts of scar collagen with 

Figure 12.1 Integration of individual components 
into a progressive rehabilitation program
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excessive cross-links. As stress is applied to 
the healing tissue, the amount of cross-links is 
reduced and the tensile strength on the tissue 
is increased.

3. Remodeling/maturation phase (4 weeks – 
12 months): Total collagen content within 
the tissue is slowly reduced, and the scar 
tends towards assuming the structure of the 
pre-injured tissue. Th e initial severity of the 
injury will largely infl uence the time taken for 
complete remodeling to occur.

Muscle conditioning
The eff ect of injury upon muscle

Aft er injury, there is rapid muscle atrophy due to a 
cellular response to pain, infl ammation and immo-
bility. Muscle strength decreases after relatively 
short periods of immobilization. Muscles also show 
increased fatigability and, therefore, less endurance 
aft er immobilization.

Persistent pain alone will cause muscle weakness 
due to decreased neural input. However, there does 
not appear to be a direct relationship between the 
intensity of pain and the amount of muscle inhibi-
tion. A joint eff usion, however small, may also lead 
to refl ex inhibition of surrounding muscles.

Muscle atrophy patterns appear to depend on 
the relative length of the immobilized muscle and, 
therefore, the type and amount of impulses from the 

stretch receptors. Muscle immobilized in a lengthened 
position maintains muscle weight and fi ber cross-
sectional area better than muscles immobilized in a 
shortened position.

In chronic injuries, measurement of limb circumfer-
ence underestimates the true extent of muscle wasting 
because the width of the subcutaneous fat increases 
when muscle is lost. On the other hand, the clinician 
should not automatically assume that reduced muscle 
mass means reduced muscle strength. A muscle may 
regain full strength at the end of the rehabilitation 
process, yet still appear smaller than the other side. 
Th e clinician should look for subtle evidence of muscle 
dysfunction such as diff erences in muscle tone, endur-
ance, fi ne control and timing of action.

Th ere are several methods of assessing defi cits 
in muscle strength. Th ese include manual muscle 
testing (e.g. comparing muscle strength against 
resistance provided by the therapist), functional 
testing (e.g. standing jump, quarter squat, hops) and 
isokinetic testing (e.g. on computerized devices such 
as KinCom).

Apart from the obvious wasting following acute 
injury or surgery, specifi c patterns of muscle wasting 
are also noted in association with overuse injuries, 
for example, wasting of the vastus medialis obliquus 
and gluteus medius in patients with patellofemoral 
joint pain.

In patients with chronic lumbar spine, hip and 
lower leg problems, weakness and wasting in the 
phasic muscles (quadriceps, gluteals, peroneals and 

Figure 12.2 Stages of soft tissue response to injury
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tibialis anterior) is oft en found in conjunction with 
tight postural muscles (gastrocnemius, hamstrings 
and psoas muscles) and weak stabilizing muscles 
(transversus abdominis, lumbar multifi dus). Similarly, 
in cases of chronic shoulder impingement or instabil-
ity, weakness, wasting and alterations of muscle timing 
occur in the scapular stabilizers (rhomboids, serratus 
anterior, lower and mid trapezius, latissimus dorsi) in 
conjunction with poor rotator cuff  function.

It is important for the clinician to recognize these 
common patterns of weakness either in association 
with, or as a possible predisposing factor to, injury. 
Adequate rehabilitation requires careful assessment, 
strengthening of the weak muscle groups, stretching 
of the tight structures and gradual motor re-education 
to facilitate correct timing of muscle activity.

Principles of muscle conditioning

Th e two basic principles of muscle conditioning 
are:

1. specifi c adaptation to imposed demand (SAID)
2. overload.

Specifi c adaptation to imposed demand

The aim of the training program is to adapt the 
individual to the demands of performance. The 
strengthening program should be injury-specifi c 
and sport-specifi c.

Th e type of muscle contraction and the speed and 
intensity of the exercise will cause specifi c training 
eff ects. If a patient exercises at submaximal levels for 
a lengthy period of time, the recruitment of motor 
units will be limited to slow oxidative fi bers, in contrast 
to high-intensity, brief bouts of training that recruit 
mainly fast twitch motor units. Specifi city of function 
means that in the more advanced stages of rehabilita-
tion, the athlete must simulate the task required in 
the sport to ensure optimal neural pattern ing and 
correct timing of all the muscle groups involved in 
the action.

Overload

A muscle must be overloaded in order to gain increases 
in strength, power or endurance. Muscle is constantly 
being broken down and resynthesized. Depending 
on the nature of the imposed stress, muscle will 
become stronger, more powerful or develop improved 
endurance.

A muscle can be overloaded by:

• increasing the speed of movement
• increasing resistance

• increasing the number of repetitions
• increasing the frequency or duration of 

work-outs
• decreasing the recovery time between work-outs
• altering the form of exercise
• altering the range through which a muscle is 

being worked.

Th e most common error in muscle conditioning 
is doing ‘too much too soon’. A high repetition, low 
resistance regimen should be used initially and then 
progressed to a low repetition, higher resistance 
program performed less frequently. As function and 
strength improve, the athlete may progress to faster, 
functional and eccentric exercises in the advanced 
stage.

Components of muscle conditioning

Th ere are four components of muscle conditioning:

1. muscle activation and motor re-education
2. muscle strength
3. muscle power
4. muscle endurance.

Each of these components is necessary to varying 
degrees in both activities of daily living and sport. Each 
component may be aff ected by injury and, therefore, 
must be assessed and, if necessary, rehabilitated.

Muscle activation and motor re-education

Muscle activation and motor re-education are crucial, 
but oft en overlooked, aspects of muscle conditioning. 
Injury causes pain and swelling, both of which have 
an inhibitory eff ect on muscle’s ability to contract. 
Furthermore, certain injuries are oft en associated 
with abnormal motor patterns in groups of muscles, 
so therapy aimed at individual muscles will not be 
eff ective. Stability is as important as muscle strength, 
because muscle acting on a joint with reduced stability 
will be less eff ective.

Muscle conditioning must commence with teach-
ing the patient how to activate an inhibited muscle. 
For example, following an anterior cruciate ligament 
reconstruction, the quadriceps muscles are inhibited, 
and the patient is taken through a series of progressive 
exercises that result in a solid isometric contraction 
being achieved. Th is is essential before other forms 
of muscle conditioning can be commenced.

It is important to understand the diff erence between 
local and global muscles.3 Global muscles are the large, 
torque-producing muscles, whereas local muscles are 
responsible for local stability. In recent years there has 
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been an increased understanding of the important role 
the local muscles play in providing joint stability.

Motor re-education is particularly important in 
the rehabilitation of injuries of the shoulder region 
(Chapter 17), groin and pelvis (Chapters 23, 24) 
and low back (Chapter 21). For example, if chronic 
shoulder impingement leads to a decrease in the eff ec-
tiveness in the scapular stabilizers (local muscles), the 
result is incorrect timing. Th e scapula protracts and 
elevates excessively, so that the long muscles (global 
muscles) attached to the scapula have reduced lever-
age. Th is leads to a reduction in the size of the sub-
acromial space and an increase in impingement on the 
rotator cuff  tendon. Th e vicious cycle is complete.

Th e pelvis provides another example of the problem 
of abnormal movement patterns. Lack of pelvic control 
(in any of the planes of the pelvis) while running places 
increased stress on lower limb muscles and tendons. 
Th is may lead to overuse injuries, for example, ham-
string injuries associated with excessive anterior 
pelvic tilt. More recently, Hodges4 has demonstrated 
an association between low back pain and abnormal 
functioning of the transversus abdominis and lumbar 
multifi dus muscles (local muscles) (Chapter 21).

Rehabilitation of these incorrect motor patterning 
syndromes relies on careful assessment of the pattern 
of movement, the individual strength and function of 
the involved muscles and the fl exibility of the muscles 
and joints. As this abnormal movement pattern has 
developed over a lengthy period, it is necessary for 
the patient to learn a new movement pattern. Th is 
takes time and patience. Th e movement should be 
broken down into its components and the patient 
must initially learn to execute each component indi-
vidually. Eventually, the complete correct movement 
will be learned.

Lack of fl exibility in muscles and muscle groups 
may prevent correct execution of a particular move-
ment. Th is tightness should gradually be corrected. 
In addition, weak, poorly functioning muscles require 
specifi c, localized strengthening initially in isola-
tion. Various methods are used to assist the patient 
to isolate the particular muscle or muscle groups. 
Th ese include palpation of the muscle by the patient 
or therapist, verbal feedback from the therapist, the 
use of a mirror, muscle stimulation and biofeedback. 
Applying strapping tape to the skin when the patient 
is in a desired position may help to increase postural 
awareness (Fig. 12.3). Th is may facilitate correct 
muscle contraction and inhibit overuse of muscle 
groups. Initially, the movement should not be resisted 
as resistance may cause the patient to compensate or 
return to the previous movement pattern.

Th e starting position of the exercise should facilitate 
the exercise. For example, pelvic tilt exercises should 
be commenced lying supine. As timing, strength 
and endurance improve, the patient progresses to 
kneeling and standing and eventually incorporates 
the correct pelvic position into functional exercises 
(e.g. step-downs, pulley work, jogging).

During shoulder re-education, scapular stabili-
zation is begun in isolation without glenohumeral 
movements (Chapter 17). Exercises in some degree 
of elevation are introduced when adequate movement 
patterns are established. Gradual loading, such as with 
free weights, is introduced with strict adherence to 
the correct movement pattern. Eventually, the athlete 
should return to sport using the new movement. 
When recommencing sport drills, the athlete should 

Figure 12.3 Tape and biofeedback
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commence with simple activities or drills and gradu-
ally progress to more complex activities.

Th e supervision of a stability program requires 
skill and patience from the therapist. It is important 
that the patient understands the concept of stability 
and what you are trying to achieve. Many athletes, 
in particular, are used to strengthening their global 
muscles and have diffi  culty with the concepts of 
stability training. Many people also have poor body 
awareness and have diffi  culty isolating the necessary 
muscles. Pressure biofeedback can be extremely useful 
in this education process.

Other techniques used to facilitate this learning 
are listed below.5

• Visualization of the correct muscle action. 
Th e therapist should demonstrate and describe 
the muscle action to the patient. Anatomical 
illustrations of the muscles involved are an 
eff ective teaching aid.

• Use of instructions that cue the correct action. 
Phrases such as ‘pull your navel up towards 
your spine’ can be used to cue the patient to the 
muscle action (transversus abdominis) required.

• Focus on precision. Th e patient has to 
concentrate and focus on the precise muscle 
action to be achieved. It should be stressed that 
activation of these muscles is a gentle action. 
Other muscles should remain relaxed during 
this localized exercise.

• Facilitation techniques. Show the patient how to 
feel the muscle contracting.

Pilates’ method

Joseph Pilates (1880–1967) had a lifelong interest in 
body conditioning and the exercises he developed 
are being used in many rehabilitation programs to 
improve muscle control. His philosophy and tech-
niques were adapted by many ballet dancers and per-
formers at his New York clinic, which he established in 
1923. Initially, his exercise programs for these dancers 
were extremely complex but in recent years his prin-
ciples have been adapted and the exercise programs 
simplifi ed and broken down into stages. Th e basis of 
Pilates’ work is his eight principles:

1. relaxation
2. concentration
3. alignment
4. breathing
5. centering
6. coordination
7. fl owing movements
8. stamina

Initially, many of Pilates’ exercises were performed 
on special machines (Fig. 12.4a) but, more recently, 
mat-work exercises (Fig. 12.4b) are being used to 
equal eff ect.

Muscle strength training

Muscle strength is the muscle’s ability to exert force. 
Muscle hypertrophy and increase in strength are 
dependent on fi ve biochemical and physiological fac-
tors that are all stimulated by conditioning:

1. increased glycogen and protein storage in 
muscle

2. increased vascularization
3. biochemical changes aff ecting the enzymes of 

energy metabolism
4. increased number of myofi brils
5. recruitment of neighboring motor units.

As strength can be gained rapidly and before 
hypertrophy occurs, it appears that initial strength 
improvement in response to exercise is related to 
increased neuromuscular facilitation.

Figure 12.4 Pilates exercises

(a) Specially designed machines

(b) Mat exercises
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Th e following factors will help maximize strength 
gains during rehabilitation:

• adequate warm-up to increase body temperature 
and metabolic effi  ciency

• good quality, controlled performance of the 
exercise

• pain-free performance of exercise
• use of a slow, pain-free pattern initially with 

little or no resistance to develop a good base for 
neural patterning to occur

• comprehensive stretching program to restore/
maintain full range of motion

• muscle strengthening throughout the entire 
range of motion available.

Types of exercise

Th e three main types of exercise used in muscle 
conditioning are:

1. isometric
2. isotonic
3. isokinetic.

Exercises can also be open chain or closed chain.

Isometric exercise

An isometric exercise occurs when a muscle contracts 
without associated movement of the joint on which 
the muscle acts. Isometric exercises are oft en the 
fi rst form of strengthening exercise used aft er injury, 
especially if the region is excessively painful or if the 
area is immobilized. Th ey are commenced as soon as 
the athlete can perform them without pain.

Isometric exercises may also be used later in the 
rehabilitation process when a muscle is too weak 
to perform range of motion exercise, in conditions 
where other forms of exercise are not possible, such 
as patellar dislocation and shoulder dislocation, or 
when isometric contraction is required in activities, 
for example, stabilizing. Isometric exercises prevent 
atrophy by increasing static strength, lessen swell-
ing through a pumping action to remove accumu-
lated fl uid and may also limit neural dissociation of 
proprioceptors.

Ideally, isometric exercises are held for 5 seconds 
with a rest of 10 seconds. Th ey should be performed 
frequently during the day in sets of 10 repetitions. 
Th e number of sets will vary at diff erent stages of 
the rehabilitation program. Th e quality of exercise is 
more important than the quantity.

Isometric exercises should be carried out at multi-
ple angles if possible, as strength gain is fairly specifi c 
to the angle of exercise, with an approximate 15° 

overfl ow eff ect on either side. Th e patient should 
progress from submaximal to maximal isometric 
exercise slowly within the limitations of pain. When 
signifi cant isometric eff ect is tolerated at multiple 
joint angles, dynamic exercises may begin.

An example of an isometric exercise for the quad-
riceps muscle is shown in Figure 12.5. If a patient has 
diffi  culty accomplishing this type of exercise, it may 
be performed against the resistance of an immov-
able object.

Isotonic exercise

Isotonic exercises are performed when the joint moves 
through a range of motion against a constant resist-
ance or weight. Isotonic exercises may be performed 
with free weights, such as dumbbells or sandbags, or 
with weight devices (Fig. 12.6).

Th e use of free weights has a number of advantages. 
Exercises with free weights result in strengthening of 
both the primary and synergistic stabilizing muscles 
as well as providing stress on ligaments and tendons. 
With free weights it is possible to simulate athletic 
activities as the body position can be varied. Th e 
strength gains from free weights translate well to the 
playing fi eld.

Isotonic exercises may be:

• concentric—a shortening isotonic contraction 
in which the origin and insertion of the muscles 
approximate. Individual muscle fi bers shorten 
during concentric contraction.

• eccentric—a lengthening isotonic contraction 
where the origin and insertion of the muscles 
separate. Th e individual muscle fi bers lengthen 
during eccentric contraction.

Figure 12.5 Isometric co-contraction of hamstrings, 
gluteals and quadriceps muscles with patient pushing 
foot into wall
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A comparison of concentric and eccentric exercises 
for the quadriceps is shown in Figure 12.7.

Th e intramuscular force produced per motor unit 
during an eccentric contraction is larger than that 
during a concentric contraction.6 Eccentric contrac-
tions may generate high tension within the series 
elastic component. Th e series elastic component 

consists of connective tissue and the actin–myosin 
cross-bridges in muscles. It has been implicated in 
the recurrent injury of muscles used in speed/power 
activities such as sprinting or jumping. Th e use of 
eccentric exercise programs helps prevent recurrence 
of musculotendinous injuries. Eccentric training has 
also been advocated in the rehabilitation of tendon 
injuries.7, 8

Eccentric muscle contraction immediately preced-
ing concentric contraction signifi cantly increases 
the forces generated concentrically. Th is eccentric–
concentric coupling in muscle action is used in many 
sporting activities, such as the eccentric quadriceps 
contraction performed before performing a standing 
jump. Incorporating this coupling of movement into 
a training program forms the basis of plyometric 
training discussed previously in Chapter 6.

Eccentric work has the potential to cause delayed 
onset muscle soreness or muscle damage if used 
inappropriately. Consequently, eccentric programs 
should commence at very low levels and progress 
gradually to higher intensity and volume.

A variation of isotonic exercise is exercise against 
variable resistance. Th ese exercises are performed 
using variable resistance devices, such as Nautilus 
and Eagle Universal. Although the specifi c amount 

Figure 12.6 Isotonic exercises

(a) Dumbbell

(b) Sandbag

Figure 12.7 Concentric (white arrow) and eccentric 
(black arrow) exercises—quadriceps
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of weight is constant, the resistance varies through-
out the range of motion in an attempt to match the 
length–tension ratio of the muscle. Th is results in 
the muscle working at, or near, maximal resistance 
throughout the range of motion.

Isokinetic exercises

Isokinetic exercises are performed on devices at a 
fi xed speed with a variable resistance that is totally 
accommodative to the individual throughout the 
range of motion. Th e velocity is, therefore, constant 
at a preselected dynamic rate, while the resistance 
varies to match the force applied at every point in the 
range of motion. Th is enables the patient to perform 
more work than is possible with either constant or 
variable resistance isotonic exercise.

A number of isokinetic devices are available and 
include the Ariel, Biodex, Cybex, KinCom, Lido and 
Merac machines. Th ese devices can be used for testing 
and rehabilitation, although they are slowly becoming 
less common in mainstream rehabilitation.

Open chain and closed chain exercises

An open (kinetic) chain exercise is performed when 
the limb is not fi xed and allowed to move freely 
through space. A closed (kinetic) chain exercise 
is performed when the limb is fi xed or maintains 
contact with a ground reactive force. Th e advantages 
and disadvantages of these two types of exercise are 
shown in Table 12.1. For example, Figure 12.8a shows 
an open chain knee extension with the foot moving 
freely, whereas Figure 12.8b shows a closed chain 
exercise with the foot immobile. Rather than the 
near isolation of the large muscle groups seen during 
open chain exercises, performance of closed chain 
knee fl exion and extension results in coactivation of 
both hamstrings and quadriceps muscle groups.9, 10 
Both agonists and antagonists are simultaneously 
strengthened through co-contraction, which mimics 

the real-life situation in lower limb sports such as 
running.

Closed chain exercises can also be performed for 
the upper limb. Closed chain upper limb exercises are 
particularly useful during the early recovery period 
from shoulder surgery (Chapter 17) as there is less 
shear force imparted across the glenoid labrum, 
whereas multiple muscles around the scapula and 
glenohumeral joint can be simultaneously activated.11 
An example of a rehabilitation technique that demon-
strates open (right arm) and closed (left  arm) chain 
exercises is shown in Figure 12.8c.

Table 12.1 Advantages and disadvantages of open and closed chain exercises

Advantages Disadvantages

Open chain exercises Decreased joint compression
Can exercise in non-weight-bearing positions
Able to exercise through increased ROM
Able to isolate individual muscles

Increased joint translation
Decreased functionality

Closed chain exercises Decreased joint forces in secondary joints 
(e.g. less patellofemoral force with squat)

Decreased joint translation
Increased functionality

Increased joint compression
Not able to exercise through 

increased ROM
Not able to isolate individual muscles

ROM = range of motion.

Figure 12.8 Open and closed chain exercises

(a) Open chain knee extension with the foot moving 
freely
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Muscle power training

Muscle power is the muscle’s rate of doing work. It 
is equivalent to explosive strength. When injury has 
decreased muscle power or when the athlete’s sport 
includes explosive activities, power activities should 
be emphasized in the later stages of the rehabilitation 
program. Th ese may include:

• fast speed isotonic or isokinetic exercises 
(concentric or eccentric)

• increased speed of functional exercises, for 
example, faster reverse calf raise, drop squat, 
hop and so on

• plyometric activities, for example, hopping, 
bounding and depth jumps.

Th ese should be as appropriate to the athlete’s 
sport as possible (e.g. bounding for a sprinter, jump 
and land for a basketballer).

Muscle endurance training

Muscle endurance is the muscle’s ability to sustain 
contraction or perform repeated contractions. Endur-
ance conditioning should be included in conjunction 
with the strengthening program.

To gain muscle endurance it is necessary to stress 
the aerobic pathways to improve the oxidative enzyme 
capacity of the slow twitch muscle fi bers and increase 
the density of mitochondria in the muscle fi bers. 
Th is requires low load, high repetition exercise. Th e 
amount of resistance can be increased gradually. 
Th is will stimulate cellular adaptation and facilitate 
strength gains.

Means of improving muscle endurance include 
riding a stationary bike, swimming, and specifi c low 
load, high repetition isotonic or isokinetic exercise or 
circuit training. Th e muscular endurance response to 
training only occurs in the specifi c muscles used in 
the exercise; there is no cross-over eff ect.

Flexibility
Regaining full fl exibility of joints and soft  tissues is 
an essential component of the rehabilitation process. 
Following injury, musculotendinous fl exibility is 
decreased as a result of spasm of surrounding muscles. 
Similarly, when infl ammation, pain or stiff ness limit 
joint range of motion, normal extensibility of the 
musculotendinous unit cannot be maintained. Th is 
may result in dysfunction of adjacent joints and soft  
tissues, for example, of the lumbar spine following 
knee surgery or foot stiff ness aft er immobilization.

Adequate soft  tissue extensibility aft er injury or sur-
gery is essential for pain-free tissue excursion during 
movements. Adequate joint mobility allows normal 
kinesiological relationships between limb segments 
during activity. Following injury, both the joint and 
surrounding soft  tissues must be gradually mobilized 
and stretched. Joint mobilization is used to regain full 
joint range of motion. Stretching is used primarily to 
regain musculotendinous fl exibility.

(b) Closed chain knee extension with the feet immobile

(c) Open chain (right arm) and closed chain (left arm) 
exercises on unstable surface
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Joint range of motion

Joint range of motion is frequently decreased in 
association with painful injury and/or infl ammation. 
Pain inhibits normal muscle function around the joint 
and swelling causes increased intra-articular pressure. 
Both these processes limit joint motion.

Prolonged limitation of motion secondary to full 
immobilization in a cast or relative immobilization 
due to pain causes adaptive tightening of the joint 
capsule and pericapsular tissues (ligaments, muscles 
and tendons). Articular cartilage is also adversely 
aff ected if joint motion is reduced.

Th ere is considerable variation among patients in 
the amount of joint stiff ness that occurs following 
injury or immobilization. Intrinsic soft  tissue stiff -
ness or laxity appears to depend on the nature of the 
patient’s collagen. Th ose patients with a known ten-
dency to develop stiff ness require intensive preventive 
measures, for example, early mobilization.

Wherever possible, early restoration of range 
of motion is an important component of the reha-
bilitation process. A number of techniques of joint 
mobilization may be used at diff erent stages of the 
rehabilitation process.

Continuous passive motion

CPM devices are used in the post-operative or post-
acute injury phase to maintain joint range of motion. 
Th e range of motion is usually increased progressively 
but should always be pain-free. CPM appears to reduce 
the amount of stiff ness as well as protect and nour-
ish the articular cartilage. CPM may be commenced 
immediately aft er surgery or injury and continued 
for up to one week.

Passive mobilization

Passive mobilization of accessory or physiological 
movement (Chapter 10) may be helpful in regaining 
or maintaining range of motion when active move-
ments cannot be performed due to pain or when active 
movements are insuffi  cient to mobilize the joint fully. 
Initially, in the presence of pain, these movements 
should be gentle but may be quite vigorous during the 
later stages of rehabilitation or in cases where range 
of motion is severely restricted.

Passive exercises

In passive exercises, the joint is moved through 
the available range of motion with the assistance 
of gravity, the patient’s other limb(s), or an outside 
force, such as a therapist. Passive exercises may be 
used to regain range of motion when active exercises 

are too painful to perform or when end of range is 
restricted (Fig. 12.9).

Active exercises

Active exercises are used to regain range of motion 
and maintain normal function. Th ey should be com-
menced as soon as possible within the limits of pain. 
Th e therapist should emphasize a progressive increase 
of range of motion without increasing symptoms. In 
the early stages, ice and appropriate electrotherapeutic 
modalities following exercise may help control infl am-
mation, pain and swelling, thereby minimizing the risk 
of exercise aggravating symptoms (Fig. 12.10).

Active-assisted exercises

Active-assisted exercise occurs when the joint is 
actively moved through the available range of motion 
with assistance from an outside force, such as a thera-
pist (Fig. 12.11) or a pulley system.

Musculotendinous fl exibility

Tight or shortened muscles are commonly associated 
with sporting injury. Th is shortening may be present 
at the site of the injury (e.g. hamstring) or proximally 
(e.g. paraspinal and gluteal muscles in hamstring 
injury). Traditionally, stretching has been the primary 
method of restoring normal fl exibility. However, if the 

Figure 12.9 Passive exercises—the left leg rests on 
the right, which takes the left leg through a range of 
motion
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muscle tightness is secondary to neural restriction or 
trigger points, these must be corrected fi rst if stretch-
ing is to be fully eff ective. Th e spinal and trigger point 
contribution to muscle tightness must be assessed 
(Chapter 8) and treated with pressure techniques or 
dry needling (Chapter 10), in conjunction with an 
appropriate stretching program.

Lack of fl exibility may be associated with specifi c 
injuries. Some examples are shown in Table 12.2.

Stretching has a number of possible benefi cial 
eff ects:12

• increases fl exibility
• increases muscle relaxation
• decreases muscle soreness
• improves circulation
• helps prevent excessive adhesion
• promotes a fl exible, strong scar
• reduces muscle resistance.

Th e three diff erent types of stretching—static, 
ballistic and proprioceptive neuromuscular facilita-
tion—are described in Chapter 6. All these stretches 
may be used in the rehabilitation process.

Recommendations for eff ective stretching

A stretching program should be designed for the 
individual, taking into consideration the nature and 
stage of the injury, the athlete’s sport and the athlete’s 
abilities and defi cits.

• Stretching should be preceded by an adequate 
warm-up involving activities such as jogging, 
cycling or swimming until there is mild sweating.

• Heat may be applied to the area prior to 
stretching. Increased tissue temperature facilitates 
stretching. Th e choice of superfi cial or deep 
heating methods depends on the structures 
contributing to the restriction of range of motion.

Figure 12.10 Active exercise—knee extension/fl exion

Figure 12.11 Active-assisted exercise—the leg is 
passively moved through a range of motion with some 
active contraction of the hamstring

Table 12.2 Tight muscle(s) and possible associated 
injuries

Tight muscles
Possible associated 
injury

Sternocleidomastoid Cervical apophyseal joint 
injuries

Psoas Lumbar apophyseal joint, 
hamstring injuries

Quadriceps vastus group Patellar tendinitis

Vastus lateralis, iliotibial 
band, tensor fascia lata

Patellofemoral syndrome

Soleus Achilles tendinopathy
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• Cryotherapy may overcome pain and spasm 
more eff ectively than heat. However, care 
must be taken not to overstretch injured parts 
while the pain threshold is eliminated by the 
application of ice. Gentle stretching may be 
performed while ice is applied early in the 
post-injury phase.

• Athletes should be carefully instructed regarding 
the correct stretching position for the particular 
muscle. Incorrectly performed stretching is 
common. Th e stretch should be held with a slow 
sustained stretch for a minimum of 15 seconds. 
Th e patient should feel stretch in the appropriate 
area. As athletes progress through a stretching 
program, they may sustain stretches for 
1 minute or longer.

• As stretching is more eff ective when the muscle 
is relaxed, elimination of antigravity refl exes by 
appropriate starting positions may be helpful, for 
example, lumbar stretching may be more eff ective 
in a sitting or lying position than standing.

• To make gains in fl exibility, the stretching 
program should be based on the overload 
principle, similar to that used to develop 
strength and endurance. Overload requires 
increases in intensity, duration, frequency 
and type of stretch. As the athlete’s fl exibility 
improves, these factors should be gradually 
and systematically increased.

• Stretching should always be pain-free.

Although ballistic stretching involving rapid appli-
cation of force in a repeated bouncing or jerky manner 
is not universally recommended as a means of injury 
prevention (Chapter 6), it may have a role in injury 
rehabilitation.

Most athletic activities incorporate fast and forceful 
stretching, therefore, ballistic stretching does pro-
mote specifi c adaptation to these imposed demands 
(SAID principle). Th e dangers of ballistic stretching 
include overstretching, which may result in soreness 
or injury, and initiation of the stretch refl ex. Th ere 
is probably no permanent soft  tissue lengthening as 
there is insuffi  cient time for neurological adaptation 
to occur with ballistic stretching.

Ballistic stretching may be performed provided 
the following criteria are met:

• the athlete is thoroughly warmed up
• it is preceded by slow static stretching
• it is only introduced in the advanced stages of a 

stretching program
• it is taught carefully and performed with 

accuracy and care

• it is performed slowly and in a controlled 
manner, gradually increasing speed.

The dangers of stretching

Regardless of which type of stretching is used, over-
stretching and subsequent injury can occur. Th is 
depends on the intensity, duration and velocity of 
the stretch as well as the number of movements 
performed in a given period. Th ese factors should 
be closely monitored and progressed gradually as the 
rehabilitation program proceeds. Stretching should 
not be performed into pain. Specifi c stretching may 
be contraindicated in hypermobility syndromes or 
in the presence of instability, for example, anterior 
instability of the shoulder in baseball pitchers.

Neuromuscular control 
(proprioception and balance)
Neuromuscular retraining following injury is another 
important component of the rehabilitation process. 
Proprioception describes nerve impulses originat-
ing from the joints, muscles, tendons and associated 
deep tissues, which are then processed in the central 
nervous system to provide information about joint 
position, motion, vibration and pressure.

In acute and overuse soft  tissue injuries, nerve 
endings and nerve pathways are damaged and, thus, 
impair segmental transmission of nerve impulses in 
a refl ex action. Th is may result in impaired balance 
and decreased coordination, diminished joint posi-
tion sense, tendency for the joints to give way and 
altered refl exes when performing specifi c or general 
movements.

Impaired proprioception and balance is a com-
mon sequel to lower limb injuries. When early and 
comprehensive neuromuscular training is undertaken, 
objective improvement in proprioception and balance 
can be demonstrated and there is a reduced rate of 
recurrence of injuries.

Proprioceptive and balance exercises should begin 
as early as possible in the rehabilitation program. 
Th ey act to restore the athlete’s kinesthetic aware-
ness. Neuromuscular retraining is not stressful to the 
healing tissues and enhances general coordination as 
well as facilitating the eff ectiveness of the strength 
and endurance exercises.

As soon as patients are weight-bearing, they are 
gaining proprioceptive input. A most simple lower 
limb neuromuscular exercise is to stand on one leg. 
Th e degree of diffi  culty of these exercises may be 
slowly increased by introducing movements of other 
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body parts, performing toe-raising exercises and 
balancing with closed eyes.

Th e addition of a moving surface, such as ski simu-
lators (Fitters), a rocker or balance board (Fig. 12.12a), 
a dura disk (Fig. 12.12b) or a Swiss ball (Fig. 12.12c), 
makes neuromuscular exercises more challenging. 

Balancing on the rocker board or disk should com-
mence with two legs, then one leg only, with gradual 
progression in diffi  culty.

Once these simple tasks are mastered, more com-
plex tasks such as hopping, exercising on a mini-
trampoline (Fig. 12.12d) and walking on soft , uneven 
or sloped surfaces may be introduced. In the later 
stages of rehabilitation, agility and sport-specifi c 
drills encourage improvement in proprioception 
and balance. Detailed progression of lower limb neu-
romuscular exercises is shown in the box.

Figure 12.12 Proprioceptive aids

(a) Rocker board

(b) Dura disk

(c) Swiss ball

(d) Minitrampoline
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Neuromuscular exercises are also important in the 
rehabilitation of upper limb injuries. Initially, exercises 
are performed with light weights in the available pain-
free range. Th ese exercises give proprioceptive input 
through the hand, wrist, elbow and shoulder girdle. 
Exercises may progress to weight-bearing exercises 
in diff erent positions, for example, push-ups either 
seated, kneeling, prone or standing against a wall or 
on a Swiss ball.

Functional exercises
Once a reasonable level of strength, power, endur-
ance, fl exibility and neuromuscular control has been 
achieved, the athlete should be gradually reintroduced 
to the functional activities that form the basis of 
his or her sport. Th ese activities prepare the athlete 
physically and mentally for the demands of the sport. 
Depending on the nature of the activity, functional 

exercises will enhance all the other components of 
the rehabilitation.

Basic functional activities (e.g. walking, jog-
ging, striding) commence early in the rehabilitation 
program and are gradually progressed. Th ey may be 
performed alone or in the company of team mates.

Agility drills relevant to the sport are gradually intro-
duced. Th ese are initially performed in isolation and 
then with appropriate equipment, for example, a bas-
ketball or hockey stick. As the athlete’s functional level 
improves, drills may be performed with a team mate 
or in team training. Th ese functional exercises will be 
supplemented by continued progressive strength, power, 
endurance, fl exibility and neuromuscular exercises that 
slowly become more sport-specifi c. Functional exercises 
are not a substitute for the more advanced stages of 
these other programs. An example of progression of 
functional exercises for an athlete recovering from a 
serious lower limb injury is shown opposite.

Progression of neuromuscular exercises

Partial weight-bearing
• Walking with support (crutches) ensuring correct 

heel–toe movement
• Seated with feet on rocker board, forward/

backwards rocking for 2 minutes pain-free, 
fi rst with both legs, then with one leg

Full weight-bearing
• Multiaxial rocker or dura disk (both legs)
 — 2–3 minutes each way circling
 —  Attempt to balance for 15 seconds, rest 

10 seconds
 —  Progressively increase complexity—arms out 

in front of body
  – arms crossed
  – eyes closed
  – knee bends
  – other leg swinging
  – bounce/catch ball
• Balance on minitrampoline
 — Same progression as above
 — Hop and land
 —  Hop and land with one-quarter turn and 

return
 —  Progress to half turn, three-quarter turn and 

full turn
 —  Rhythmical hopping, alternatively placing 

toe forwards and sideways

 —  Rhythmical hopping across a line, forward/
backwards, sideways

• Jumping
 — Various patterns
• Hopping without rebounder
 —  Alternatively two hops on one leg, two hops 

on other leg
• Skipping
 —  On spot, both legs, forwards/backwards/

sideways
 —  Single leg, two hops on one leg, two hops on 

other leg
• Advanced tasks
 — Walk/run across a steep hill each way
 — Run sideways up and down hill, each way
 —  Walk along balance beam, then bounce and 

throw ball while walking
 —  Sideways step-ups, gradually increasing 

height of step
• Running drills
 — Straight
 — Backwards
 — Sideways
 — Circle (5 m diameter)
 — Cutting 90°
 — Zigzag through cones set at 45°
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• Walking
• Jogging

— Jog 200 m, walk 200 m
— Increase jog to 400 m, walk nil
— Increase jog to 1500 m
— Increase jog to 3 km

• Running
— Increase pace during 3 km run intermittently 

for 100 m at a time (surge)
• Sprint

— Accelerate for 20 m, half pace for 40 m, 
decelerate for 30 m

— Repeat up to 10 times
— Gradually increase pace to 60, 70, 80, 90 and 

100%
• Figure of eight

— Run large (25 m) fi gure of eight, 5 times
— Gradually increase speed
— Progress to smaller (15 m, 10 m, 5 m) fi gures

• Agility drills
— 45° zigzag slowly increasing speed
— 90° cutting
— Run around square (forwards, sideways, 

backwards)
— Side to side (e.g. across tennis court)

Sport skills
When athletes sustain serious injuries requiring 
lengthy rehabilitation, they oft en harbor the fear that 
they will not regain their pre-injury skill level, even 
if the physical defi cits are corrected. An important 
part of the initial discussions with the athlete should 
consist of reassurance that talent is not lost overnight 
and that the rehabilitation process will permit sport-
specifi c skill training as soon as possible.

Once adequate strength, fl exibility and proprio-
ception have been regained, these components must 
be combined to perform the relevant sport skills. With 
graduated training, the athlete relearns the various 
motor patterns necessary for his or her sport.

For tissues that have not been subjected to perform-
ance level stress for some time, the program must 
be progressed gradually through tasks of increasing 
diffi  culty. Th e athlete begins with the most basic level 
in the program and works until the necessary level 
is reached. Th e athlete can only progress if there is 
no increase in the signs and symptoms of the injury 
following activity. If there is any exacerbation of 
symptoms, the level of activity must be reduced. Th e 
athlete should incorporate skills into the program as 
soon as he or she is able. Examples include a tennis 
player recovering from a knee injury hitting shots 

while seated in a wheelchair, a basketballer shooting 
foul shots while recovering from lower limb stress 
fracture, a footballer jogging and stretching with the 
rest of the team while recovering from a hamstring 
injury. By performing these activities, the athlete feels 
more motivated and skill levels are maintained as 
much as possible. Normal function will return more 
quickly to the athlete who is allowed to continue with 
activities that permit near-normal function without 
compromising the healing process.

During this sport skills phase of the rehabilitation 
program, careful attention must be paid to correct 
form and technique. Constant repetition is required 
as part of the relearning process. Examples of sport 
skills programs for a basketball player and a tennis 
player returning aft er serious lower limb injury are 
shown in the boxes below. Th e athlete should be 
closely observed to ensure that substitution patterns 
and compensatory movements do not occur.

Return to sport skills program after 
lower limb injury: basketball player

Individual drill
Defensive stance
• Stationary
• Side to side
• Pivoting
Dribbling
• Forwards/backwards
• Side to side
• Zigzag
• Cross-overs
Shooting
• Foul shots (no jump)
• Dribble and shoot (no jump)
• Dribble, jump shot, rebound alone
Lay ups
• Alone
Rebounding
• Post moves
• High post
• Low post
Team drills
• Set play
• One on one
• Half court play
• Full court scrimmage
• Match practise
• Match (off  bench)
• Match (start)
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Correction of biomechanical 
abnormalities
Biomechanical abnormalities are an important pre-
disposing factor to injury, especially overuse injuries 
(Chapter 5). Normal lower limb biomechanics and the 
mechanics of walking and running are discussed on 
pages 45–49. Th e biomechanics involved in throwing 
activities are discussed on pages 61–7.

Biomechanical examination must form part of the 
assessment of every overuse injury. If an abnormality 
is detected, the clinician must determine whether 
the abnormality is contributing to the injury, either 
directly or indirectly. Th is requires a good under-
standing of both biomechanics and the pathology 
of the injury.

If abnormal biomechanics is contributing to an 
injury, its correction is a vital part of treatment and 
rehabilitation. An athlete should not be allowed to 
return to the same activity that produced the overuse 
injury without the cause of the injury having been 
removed.

Abnormal biomechanics may be due to a structural 
abnormality, such as genu valgum, or secondary to 
muscle weakness, muscle imbalance or incoordinate 
muscle action. A number of treatment methods are 
available for the correction of these abnormalities. 
Th ey include muscle stretching, strengthening and 
motor re-education, taping, padding, shoe modifi ca-
tions and orthoses (casted or non-casted).

Cardiovascular fi tness
Th e maintenance of cardiovascular fi tness is another 
essential component of the rehabilitation process. 
No matter what type of injury the athlete has sus-
tained, it should always be possible to design an 
exercise program to enable cardiovascular fi tness to 
be maintained.

In injuries to the lower limb that require a period 
of restricted weight-bearing activity, cardiovascular 
fi tness may be maintained by performing activities 
such as cycling, swimming or water exercises. Th ese 
activities can be used in a training program that 
follows the same principles as the athlete’s normal 
training. Depending on the athlete’s particular sport, 
this may include a combination of endurance, interval, 
anaerobic and power work.

It is important to maintain these alternative train-
ing methods for cardiovascular fi tness even aft er the 
patient has resumed some weight-bearing training 
of his or her own. Th e clinician must explain to the 
patient that while he or she is gradually returning to 
weight-bearing activity, the cardiovascular endur-
ance aspect of training should be performed as non-
weight-bearing.

Following complete recovery and return to sport, 
it may be advantageous, particularly in patients who 
have had an overuse injury, to incorporate some 
of these non-weight-bearing forms of training as a 
substitute for some weight-bearing training.

Deep-water running

Deep-water running, or aqua running, consists of 
simulated running in the deep end of a pool, aided 
by a fl otation device (vest or belt) that maintains the 
head above water (Chapter 7). Th e form of running 
in the water is patterned as closely as possible aft er 
the pattern used on land, but therapists should be 
aware that for most athletes deep-water running 
will provide a new stress to the body, hence the risk 
of new injury caused by deep-water running will 
be increased. Athletes should therefore undergo a 
conditioning phase of deep-water running to lessen 
the risk of injury. Th e participant may be held in 
one location by a tether cord or by the force of a wall 
jet, or may actually run through the water. As there 
is no contact with the bottom of the pool, impact is 
eliminated.

A greater physiological response in terms of maxi-
mum oxygen uptake and heart rate can be obtained 
by adhering strictly to proper technique. Th e water 
line should be at the shoulder level, the mouth should 

Return to sport skills program after 
upper limb injury: tennis player
Ground strokes
• Forehand, backhand, gradually increase time 

from 5 to 20 minutes
Serving
• Service action without ball, 10 repetitions
• Half pace serves, 10 repetitions
• Gradually increase 50% to 100% serves, 

10 repetitions
• Gradually increase repetitions to 40 with 

break after each set of 20
Overhead shots
• Slow at fi rst, 15 repetitions
• Gradually increase speed
Match practise
• Initially 15 minutes
• Gradually progress to one set, two sets, full 

match
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be comfortably out of the water without having to tilt 
the head back. Th e head should be straight, not down. 
Th e body should assume a position slightly forward 
of the vertical, with the spine maintained in a neutral 
position.13 Arm and leg motion should be identical 
to that used on land.

Studies have shown that in spite of slightly lower 
heart rates (80–95%) and maximum oxygen uptake 
(83–89%) for a given level of perceived exertion, 
deep-water running elicits a suffi  cient cardiovascular 
response to result in a training eff ect. Several possible 
explanations exist for the diff erences in metabolic 
response to deep-water running and land-based run-
ning. Diff erences in muscle use and activation patterns 
contribute to these diff erences in exercise response. 
Furthermore, as weight-bearing is eliminated but 
replaced with resistance, larger muscle groups of the 
lower extremities perform relatively less work and the 
upper extremities perform comparatively more work 
than they would during land-based exercise.14

Th ere are three methods for grading deep-water 
running exercise intensity: heart rate, rating of 
perceived exertion (RPE) and cadence. Work-out 
programs are typically designed to reproduce the 
work the athlete would do on land and incorporate 
long runs as well as interval–speed training. Th e 
heart rate response is used primarily during long 
runs. RPE and cadence are most often used for 
interval sessions.13

Hydrotherapy
Hydrotherapy or pool therapy is a form of treatment 
widely used in the treatment of sporting injuries. It 
may be used in conjunction with other forms of reha-
bilitation or as the sole form of rehabilitation.

Specifi c therapeutic exercises can be performed to 
rehabilitate the injured part. Th ese exercises may be 
aimed at relief of pain or muscle spasm, relaxation 
or restoration of full joint movement. Hydrotherapy 
exercises may result in increased muscular strength, 
power and endurance, as well as improvement of func-
tional level, including coordination and balance.

Hydrotherapy may be benefi cial in acute or overuse 
injuries. In acute injuries, the warmth and buoyancy 
of the water induces relaxation, reduces pain and 
encourages early movement. Isometric exercises can 
commence against the buoyancy of the water.

Range of motion exercises may be easily performed 
and may be assisted by buoyancy. It is also possible 
to use hydrotherapy wearing the appropriate splint 
required for treatment. Exercises may be assisted by 
fl oats to aid buoyancy.

Strength exercises may also be performed in the 
water. Th ese may be isometric or isotonic (both con-
centric and eccentric). Graded progressive exercises 
can be devised utilizing buoyancy, varied speed of 
movement and movement patterns, varied equip-
ment and altering the length of the lever arm creating 
turbulence.

Progression of rehabilitation
Th ere are several diff erent parameters that the thera-
pist may manipulate to progress the athlete’s program 
to a level at which return to sport is possible. Th ese 
parameters are:

• type of activity
• duration of activity
• frequency of activity/rest
• intensity of activity
• complexity of activity.

Type of activity

In the early stages of the rehabilitation program, we 
recommend activities that do not directly stress the 
injured area. However, these exercises may still result 
in some mobilization or strengthening of the injured 
area, for example, tennis ground strokes following an 
ankle injury, cycling following shoulder impingement. 
Later in the program, activities specifi cally involving 
the injured area will test its integrity and prepare it 
for functional activity.

Duration of activity

Once the activity is directly stressing the injured 
area, the time spent performing that activity must 
be increased very gradually. It is advisable to slowly 
increase the amount of time spent performing a par-
ticular activity, for example, jogging, and then hold 
it constant at a particular level and vary one of the 
other parameters, such as frequency.

Frequency

An integral part of the rehabilitation program is 
recovery (Chapter 7). It allows tissues to adapt to the 
stress of exercise. For example, a runner with Achilles 
tendinopathy may initially run every third day, then 
every second day, then two out of every three days 
and ultimately six or seven days per week. On non-
running days, the athlete should maintain fi tness by 
swimming or cycling as well as performing the other 
elements of the rehabilitation program, for example, 
muscle strengthening.

Brukner-A-07_12.indd   191Brukner-A-07_12.indd   191 5/6/06   11:47:45 AM5/6/06   11:47:45 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL192

PART A FUNDAMENTAL PRINCIPLESA

Intensity

As the athlete progresses through the rehabilitation 
program, the intensity (speed and power) of the 
activity will increase. A rehabilitation program for 
a sprinter may involve progression from half pace 
to three-quarter pace to full pace. Race starts will be 
included later in the program.

Other variables include surfaces and shoes. Pro-
gression can be made from soft er surfaces to harder 
surfaces or from fl at running shoes to spikes once 
full speed is achieved.

Complexity of activity

Th e athlete can progress from simple activities to 
more complex movements. For example, a basket-
baller dribbles slowly in a straight line gradually 
increasing speed and introducing turns, or a tennis 
player progresses from ground strokes to incorporat-
ing overhead shots and rallying drills before playing 
points competitively.

Stages of rehabilitation
It is convenient to divide the process of rehabilita-
tion into four stages according to the athlete’s level 
of function. Th e initial stage is considered to be 
from the time of the injury to the point of almost 
full, pain-free range of motion. Th e next stage, the 
intermediate or pre-participation stage, corresponds 
with resumption of normal activities of daily living 

and commencement of some sporting activity. Th is 
activity is primarily skill-related. Fitness maintenance 
is also included, taking care to avoid stressing the 
injured area. Th e third or advanced stage corresponds 
to the commencement of functional activities related 
to the sport. Th e fi nal stage, return to sport, involves 
full participation in training and competition. Th e 
stages are summarized in Table 12.3.

Initial stage

Flexibility and mobilization exercises should be 
commenced as early as possible to improve soft 
tissue extensibility and joint range of motion. It is 
important to consider the pathophysiology of tissue 
healing, hence minimizing immediate infl ammation, 
and initially restricting excessive application of force 
to the injured area. Frequent, gentle range of motion 
exercises (passive or active) can be commenced within 
the limits of pain. Heat, ice or electrotherapeutic 
modalities may be useful adjuncts before or aft er the 
exercises. Gentle passive mobilization may be appro-
priate to relieve pain and improve mobility.

Muscle conditioning is also commenced as early 
as possible within a safe, pain-free range. It is impor-
tant to assess accurately the level of exercise at which 
the patient is able to perform the exercise correctly 
without pain and without exacerbation of signs and 
symptoms. Initially, exercises may isolate the prime 
mover or injured muscle. Later in the program, this 
muscle action will be integrated into a more functional 
movement.

Table 12.3 Progression of rehabilitation

Stage
Functional 
level Sport Management

Initial Poor Nil
Substitute activities (e.g. 

swimming, cycling)

RICE
Electrotherapeutic modalities
Stretch/range of motion exercises
Isometric exercises
Stability program

Intermediate Good Isolated skills (e.g. basketball 
shooting)

Electrotherapy (less)
Stretch/range of motion exercises
Strength
Neuromuscular exercises
Agility exercises
Stability program

Advanced Good Commence sport-specifi c 
agility work

Skills
Game drills

Strength, especially power
Neuromuscular exercises
Stability program
Functional activity

Return to sport Good Full Continue strength/power work, fl exibility
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In the early stages, exercises should progress from 
muscle activation to maximal isometric exercises, then 
to multiple angle exercises and short arc exercises. 
Isometric and short arc strength gains will transfer 
to the isotonic and isokinetic programs in the inter-
mediate phase. Performing the exercises frequently 
will improve endurance. Initially, exercises may be 
performed in a non-weight-bearing or partial weight-
bearing position and should progress to a functional 
weight-bearing position as tolerated.

Resistance may be introduced into isometric and 
short arc exercises by the use of light weights and 
elastic devices such as rubber bands or tubing. Th ese 
devices can provide a wide variety of exercises in any 
plane of motion. Progressions should consider the 
tissue healing times as mentioned previously.

Stability work should be commenced soon aft er 
initial injury. Aft er establishing defi ciencies in this 
area (e.g. poor scapular control, inadequate lumbo-
pelvic stability), motor re-education programs can 
be commenced early, as frequently they are distant 
from the injured joint or muscle and are, therefore, 
not painful to perform.

Agility type exercises, such as side stepping, grape-
vine stepping (lateral stepping with the trailing leg 
going over the lead leg then under the lead leg, 
Fig. 12.13), and stepping forward and backward over 
a line while moving sideways can also be utilized as 
pain allows.2

Proprioceptive and balance exercises may be com-
menced once the patient is allowed to weight bear. 
Gait re-education will enhance proprioception in the 
early stages. Simple standing and balancing exercises 
or rocker board exercises may also be introduced as 
tolerated.

At this stage functional activities are limited to the 
pool or stationary bicycle to maintain cardiovascular 
and muscular endurance.

Intermediate stage

Th e intermediate stage has been reached when the 
patient is able to perform activities of daily living, and 
has good range of motion and reasonable strength 
throughout that range. Th is should correspond to 
part-way through the proliferation/repair phase of 
tissue healing.

To reduce cross-linkages in scar collagen, fl ex-
ibility exercises for the injured part and adjacent 
areas should be performed regularly. Any other tight 
structures implicated in the original injury should 
also be stretched. Soft  tissue therapy may also be 
helpful. If possible, a variety of diff erent stretching 

techniques should be used on the same area. If gen-
eralized muscular tightness is present, the athlete 
should embark on a comprehensive general stretching 
program (Chapter 6).

Joints restricted in range of motion should be 
mobilized. Techniques include passive and active 
exercises performed by the patient and mobilization 
performed by the therapist.

In the intermediate stage, strengthening exercises 
are progressed according to the general principle 
of overload. Increased resistance and number of 
repetitions are used to increase strength. Increase in 
volume of work has a positive eff ect on endurance. 
In the later intermediate and advanced stages, power 
will be developed by increasing the speed of resisted 
exercises. Exercises should be performed through the 
full range of motion available. Th erapists should be 
mindful that the tensile strength of the healing tissue 
is still compromised and progress is dependent on the 
patient’s signs and symptoms.

Th e patient should use a variety of exercise modes 
depending on the availability of equipment. Free 
weights, machines, pulleys and rubber tubing are all 

Figure 12.13 Grapevine step. Lateral stepping with 
the trailing leg going over the leading leg, then under 
the leading leg 
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eff ective. Pool, exercise bike, stair climber and isoki-
netic devices may also be used if available. Th e athlete 
should perform isotonic (concentric and eccentric) 
exercises through a full velocity spectrum.

Th e closer the positions adopted during exercise 
correspond to the required sporting activity, the more 
benefi cial they will be. It is important to integrate 
these exercises slowly into functional exercises. Th is 
will facilitate return to full function and develop 
appropriate neural patterns. For example, seated 
quadriceps exercises, such as knee extension or seated 
vastus medialis obliquus exercises, can be integrated 
into quarter squats and step-downs. Th ese functional 
exercises can be gradually progressed in speed and 
load. Progression to more functional, closed kinetic 
chain exercise (e.g. leg press, squat, climbing stairs) 
will better facilitate return to weight-bearing function. 
Proprioceptive and balance exercises are progressed by 
the use of more diffi  cult tasks, for example, hopping 
or skipping, and the introduction of equipment (e.g. 
rebounder, ski simulator [Fitter], rocker board).

Functional exercises are usually introduced in the 
intermediate stage to prepare the athlete for return to 
sport. Progression through supervised walking, jog-
ging, striding and agility work acts as a bridge back 
to the sport-specifi c activities to be undertaken in the 
advanced stage. Take care to ensure a gradual increase 
in load to the injured area to allow time for adaptation. 
Th is should initially involve alternate day activity with 
a gradual increase in volume with subsequent increases 
in frequency and intensity. Only one of these param-
eters should be increased at any one time.

During this stage it may be possible for the athlete 
to maintain some sport-specifi c activities but these 
should not involve the injured part. Examples of this 
may be a tennis player with a lower limb injury stand-
ing at the net hitting volleys, a hockey player hitting 
without running or a basketball player shooting.

Other treatment modalities may be used in 
the intermediate stage but usually in diminishing 
amounts. Th ese include passive joint mobilization, 
massage therapy and electrotherapeutic modalities 
that may be used as a precursor to exercise.

Advanced stage

To reach the advanced stage of rehabilitation, the 
patient must have good strength and endurance with 
full fl exibility and range of motion. Activities of daily 
living will produce little or no symptoms or signs. 
Proprioceptive, agility and functional exercises are 
performed without adverse eff ect and the athlete is 

able to tolerate a reasonable volume of work. Gen-
eral cardiovascular fi tness has also been maintained. 
Th ese patients are then ready to commence a gradu-
ated return to sporting activity while continuing to 
progress their muscle conditioning, fl exibility work 
and proprioceptive and agility exercises. Th is should 
correspond to the healing tissue entering the remod-
eling/maturation phase.

Muscle conditioning should be specifi c to the 
activity required, for example, an emphasis on power 
for sprinters and lift ers, and endurance for distance 
runners. Th e exercise position should be as specifi c 
as possible to the sport, such as wall sits for the skier, 
prone bench pulleys for the swimmer or closed kinetic 
chain exercises for weight-bearing sports. Th e athlete 
will continue to progress strength work with high load, 
low repetition exercise and maintain an endurance 
base with low load, high repetitions appropriate to 
their defi cits and the needs of the particular sport. 
Power work is enhanced with the use of fast-speed 
isotonic exercises and functional plyometric exercises 
(e.g. hopping, bounding, depth jumps). A wide variety 
of exercise modes and equipment may be used. Th ese 
exercises can be performed in a gymnasium as well 
as the clinic.

Th e athlete is gradually prepared for return to 
sport by progressing through a sequence of functional 
activities required for the sport. Th is may include 
progression from jogging to striding to hopping to 
bounding, and agility skills of increasing complexity, 
intensity and volume. Th ese activities are oft en per-
formed initially in isolation and then slowly integrated 
into a more realistic sports environment. Th is may 
involve the introduction of equipment such as a ball 
or racquet and then performing activities with a team 
mate. Further progression occurs with the introduc-
tion of team drills and increased skills practice.

Particular attention must be devoted to the athlete’s 
biomechanics. If incorrect technique was implicated 
as a possible cause for the original injury (Chapter 5), 
the coach and therapist must ensure that the athlete 
relearns the correct technique. Alternatively, the ath-
lete may develop a new fault in technique aft er injury. 
Unconscious guarding or protective mechanisms may 
result in altered patterns of movement or technique. 
Video analysis may be helpful.

Th e athlete is usually participating in between 70% 
and 90% of normal training load by the later part of the 
advanced stage. As well as regaining the necessary mus-
cle conditioning, fl exibility and function to facilitate 
return to sport, an important component at this stage 
of the rehabilitation program is to restore the athlete’s 
confi dence. During this stage of rehabilitation, the 
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athlete may fear injury recurrence, lack of full return 
of skills or permanent residual disability. Athletes 
may be particularly apprehensive about performing 
the activity that caused the original injury. Th ese fears 
will gradually subside with support from the therapist 
and a well-programmed return to sport.

Return to sport

Th e following criteria should be used when deter-
mining whether an athlete is ready to return to full 
sporting activity:

• time constraints for soft  tissue healing have been 
observed

• pain-free full range of movement
• no persistent swelling
• adequate strength and endurance
• good fl exibility
• good proprioception and balance
• adequate cardiovascular fi tness
• skills regained
• no persistent biomechanical abnormality
• athlete psychologically ready
• coach satisfi ed with training form.

Th ere are a number of relative contraindications 
to return to sport. Th ese include:

• persistent recurrent swelling—indicates a joint 
is not ready for activity, although some minor 
degree of swelling may be tolerated

• joint instability—may be controlled by brace or 
tape and good muscle control

• loss of joint range of motion—some loss may be 
acceptable in certain sports

• lack of full muscle strength—strength of at least 
90% of the contralateral limb is recommended 
(strength of 80% of the contralateral limb may 
be acceptable in long-term ligamentous injury as 
long as there are no functional defi cits).

It is vital to emphasize to the athlete that rehabili-
tation does not stop when he or she returns to sport. 
Th erapists should be aware that collagen maturation 
and remodeling may continue for up to 12 months 
post injury. An athlete should not be considered com-
pletely rehabilitated until he or she has completed a 
full season of sport successfully following injury.

Monitoring the rehabilitation 
program
Th e therapist should continually monitor the patient’s 
progress, both subjectively and objectively, to assess 

its eff ectiveness and to determine any negative eff ects. 
A number of parameters should be monitored:

• pain
• tenderness
• range of motion
• swelling
• heat
• redness
• ability to perform exercises and functional 

activities.

If adverse eff ects occur, the program should be 
either reduced or continued at the same level, depend-
ing on their severity. Otherwise the patient progresses 
gradually through the program.

Psychology and rehabilitation 
of injury
When athletes are recovering from injury, their focus 
narrows due to pain and fear about consequences of 
the injury and the possibility of recurrence. Th is can 
result in a feedback loop developing between the atten-
tion of the athlete and the injury, causing increased 
tension in the aff ected area. Th is may aggravate pain 
and impede the healing process.

Th e factors that aff ect rehabilitation include:

• type of injury
• circumstances of the injury
• external pressure (e.g. fear of losing position on 

the team)
• pain tolerance
• psychological attributes of the player
• player–player and coach–player support system.

Players with high self-esteem and good concentra-
tion are more able to control their frustration levels, 
have a positive outlook and focus on the rehabilitation 
tasks they are required to perform. As a result they 
may have a more rapid recovery from injury. Players 
with good psychological skills tend to cope well with 
external sources of pressure during rehabilitation. 
Th ese pressures may include pressure from team 
mates, the worry of missing important events or 
being permanently replaced, and the risk of fi nancial 
loss. Injuries that result from malice from opponents, 
from a mistake by a team mate or from lack of profes-
sionalism, such as not warming up or not following 
doctor’s instructions, may cause a player to develop 
high levels of frustration.

To enhance recovery, appropriate treatment must 
be delivered in an environment where the athlete 
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feels comfortable and can relate to the practition-
ers. Visualization may enhance the healing process. 
Athletes should be taught to understand their injury 
and visualize it healing.

Th e clinician should assist players to identify and 
confront views they may have about their future. Goal-
setting is crucial to allow a step-wise approach and to 
ensure that the player concentrates on intermediate 
treatment goals rather than becoming anxious about 
the long-term outcome. In this way, the player gains 
positive feedback during injury.

When performing functional exercises and sport-
specifi c skills, the injured athlete has a tendency 
to focus on the injury rather than the task to be 
performed. Th e player can be taught psychological 
skills (e.g. progressive muscular relaxation, behav-
ior modifi cation, visualization) to change this focus 
(Chapter 39).

Oft en, full-time athletes have diffi  culty occupying 
themselves when injured. It may be useful to structure 
the day’s activities for these athletes.

Conclusion
Rehabilitation of the injured athlete requires careful 
assessment and subsequent correction of the athlete’s 
defi cit. Th e rehabilitation program should be individu-
alized for the athlete’s need. Using a recipe approach 
is fraught with danger. Functional and sport-specifi c 
activities should form a major part of the program. 
Th e injured athlete should be able to return to sport 
without functional defi cit and with any predisposing 
factors to injury corrected.
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Although head injuries are common in all contact 
sports, the vast majority are minor. Sports in 

which minor head injuries are seen include football, 
boxing, gymnastics, horse riding and martial arts.

Major head injuries are a medical emergency. Th e 
sports medicine practitioner’s role in the management 
of acute head injuries is to recognize the problem, 
ensure immediate resuscitation and transfer the 
injured athlete to the appropriate facility. Th e immedi-
ate management of severe head injuries is considered 
in Chapter 44.

Defi nition
Concussion is the term commonly used to describe 
a type of minor head injury. Th e recent expert con-
sensus conferences on sports concussion held in 
Vienna (2001) and Prague (2004) redefi ned sports 
concussion as follows: concussion is ‘a complex 
pathophysiological process affecting the brain, 
induced by traumatic biomechanical forces’. Several 
common features that incorporate clinical, patho-
logical, and biomechanical injury constructs that 
may be used in defi ning the nature of a concussive 
head injury include:

1. Concussion may be caused by direct blow to the 
head, face, neck or elsewhere on the body with 
an ‘impulsive’ force transmitted to the head.

2. Concussion typically results in the rapid onset of 
short-lived impairment of neurological function 
that resolves spontaneously.

3. Concussion may result in neuropathological 
changes but the acute clinical symptoms largely 
refl ect a functional disturbance rather than 
structural injury.

4. Concussion results in a graded set of clinical 
syndromes that may or may not involve loss 
of consciousness. Resolution of the clinical 
and cognitive symptoms typically follows a 
sequential course.

5. Concussion is typically associated with grossly 
normal structural neuroimaging studies.1, 2

Many publications on concussion also refer to 
the Glasgow Coma Scale. Th e Glasgow Coma Scale 
has stood the test of time in distinguishing between 
mild, moderate and severe head injury and for the 
measurement of serial change in clinical status post-
injury. Th e Scale, however, does not encompass sport 
concussion due to the mild nature of the symptoms 
involved. Th e terms ‘mild brain injury’ (MBI) and 
‘concussion’ are not synonymous. Concussion is a 
subset of MBI but the converse is not true.

Th e recent Prague consensus conference1, 2 also 
separated diff erent subtypes of concussion based on 
symptom duration. While this separation remains 
to be validated scientifi cally, it nevertheless refl ects 
the common clinical management situation and 
may have implications in future management and/
or resource utilization. Th e two categories are as 
follows:

1. Simple concussion: the injury progressively 
resolves without complication over seven to 
10 days.

2. Complex concussion: the athlete suff ers persistent 
(>10 days) symptoms either at rest or with 
exertion.

Concussion is common in all contact sports. Th e 
incidence ranges from 0.25–5 per 1000 player hours 
of exposure. Professional horse jumping jockeys have 
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the highest concussion rate of any sport, followed by 
Australian footballers.

Applied pathophysiology
Although neurological dysfunction in concussion 
is transient, the athlete has sustained signifi cant 
impact to the brain. More severe forms of diff use 
brain injury involve shearing forces to the brain, 
which cause pathological damage. In concussion, it 
remains controversial as to whether any pathological 
damage occurs. Most, if not all, of the neurological 
symptoms refl ect a functional rather than structural 
injury to neurons.

Th e concussed athlete, although conscious and 
without obvious focal neurological signs, may have 
impaired higher cortical function, for example, 
impaired short-term memory. Th ese subtle cognitive 
changes may only be detected by neuropsychological 
testing.

Following a blow to the head, the athlete’s conscious 
state may be altered. Th is may vary from simply being 
stunned to a signifi cant loss of consciousness. Memory 
is typically aff ected in a concussive episode. A period 
of retrograde amnesia, that is, loss of memory of events 
prior to the incident, or post-traumatic amnesia, that 
is, loss of memory of events aft er the incident, may 
follow minor head injury. Th e duration of retrograde 
or post-traumatic amnesia does not indicate the 
severity of the concussive episode.

Th e ability to think clearly, concentrate on tasks and 
process information will also be aff ected. Concussive 
symptoms such as headache, dizziness, blurred vision 
and nausea may also be present.

Frequently, in episodes of mild concussion (‘bell 
ringers’), the athlete will be dazed or stunned for a 
period of seconds only and continue playing. Th e other 
players and coaches may be unaware that a concussive 
episode has occurred. Alert medical and training staff  
should closely observe the actions of a player who has 
received a knock to the head for any signs of impaired 
performance.

Grading of concussion
Th ere is no reliable or scientifi cally validated system 
of grading the severity of sports-related concussion. 
At the present time, there are at least 28 published 
anecdotal severity scales. Th e danger is that athletes 
and/or their coaches may ‘shop around’ for a scale 
that is not in their best medical interests. At the end 
of the day, good clinical judgment should prevail over 
written guidelines.

At the fi rst international conference on concus-
sion in sport (Vienna, 2001)3 the expert committee 
endorsed no specifi c grading system for concus-
sion but recommended that combined measures of 
recovery should be used to assess injury severity and 
guide individual decisions on return to play. Th is was 
re-endorsed at the Prague 2004 meeting.1, 2 Sideline 
evaluation such as using the SCAT (Standardized 
Concussion Assessment Tool) card1, 2 or similar tool 
is recommended.

Complications of concussion
Impaired reaction time and delayed information 
processing associated with concussion may result in 
the athlete failing to cope with potentially injurious 
situations and sustaining further cerebral or musculo-
skeletal injury.

In the acute situation, concussive convulsions or 
tonic posturing may be observed immediately aft er 
impact. Th ese benign but dramatic phenomena are a 
non-epileptic manifestation of concussion.4

If a player recommences playing while symptom-
atic, post-concussive symptoms may be prolonged. 
Th is may also increase the chance of developing the 
‘post-concussive syndrome’, in which fatigue, diffi  culty 
in concentration and headaches persist for some 
time, oft en months, following the original injury. 
Th is syndrome is uncommon in sport.

Th e so-called second impact syndrome is said to 
result in catastrophic brain swelling in response 
to repeated concussive injury. A recent review has cast 
doubt as to the existence of this syndrome.5

Multiple concussive episodes may result in chronic 
cortical dysfunction. Th is is most evident in boxers 
who suffer repetitive head injuries, often over a 
lengthy period, resulting in gross pathological and 
neuropsychological changes. Th is is referred to as 
the ‘punch-drunk syndrome’.

Management of the 
concussed athlete
Exclude serious injury

Th e most important task for the clinician confronted 
with a concussed athlete is to exclude the presence of 
serious head injury or spinal injury. If the athlete is 
unconscious, the clinician should assume the pres-
ence of a head injury and spinal injury and manage 
the patient accordingly (Chapter 44).

If the patient is conscious, the fi rst step is to exclude 
the presence of a spinal injury. Once this is done, the 
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athlete needs to be removed from the fi eld of play 
(Chapter 44).

Assess severity

Once the athlete has been removed from the fi eld of 
play, a full neurological examination should be per-
formed and the features of the concussion assessed 
according to the clinical guide shown in Table 13.1. 
If prolonged loss of consciousness, signs of cortical 
dysfunction or post-traumatic amnesia are present, a 
signifi cant concussive episode has occurred.

More serious cases of concussion may require 
admission to hospital for observation. Th e criteria 
for admission to hospital are:

• loss of consciousness for longer than 5 minutes
• post-traumatic convulsion
• focal neurological signs
• symptoms of marked cerebral irritation 

persisting for more than 1 hour
• any deterioration of mental state, for example, 

development of drowsiness aft er a period of 
alertness

• more than one episode of moderate or severe 
concussion during any playing session.

In less serious cases of concussion, more subtle 
changes should be sought. Th e eff ectiveness of the 
athlete’s short-term memory should be determined 
by asking questions relating to activity over the pre-
vious hour. If the concussive episode has occurred 
in a competitive match, appropriate questions to 
determine the presence of a memory deficit are 

critical (e.g. the SCAT1 or the Maddocks6 questions). 
Other valid but less practical diagnostic tools include 
the Standardised Assessment of Concussion (SAC) 
designed for athletic trainer use.7

Neuropsychological testing

Th e major diffi  culty in the management of concussion 
has always been the lack of objective assessment of 
the degree of concussion and evidence of recovery. 
A number of neuropsychological tests have been 
evaluated in order to fi nd an objective measure of 
cognitive function that is simple, sensitive and easy 
to use in sporting situations.

One example of such pen and paper tests is a test 
known as the Digit Symbol Substitution Test (DSST), 
derived from the Wechsler Adult Intelligence Scale. 
Th is tests speed of information processing and is a 
sensitive marker of cognitive dysfunction in concussed 
athletes. Th e test involves substituting a symbol for a 
random succession of numbers. Th e athlete is given 
90 seconds to fi ll in as many symbols as possible and 
given a score (Fig. 13.1). In sports with a high potential 
for episodes of concussion, such as football, players 
are tested prior to the commencement of the season. 
Th en, if an episode of concussion occurs, a baseline 
score is available for comparison.

Th e DSST can be used in the competition setting as 
it does not require elaborate equipment. Th is provides 
an advantage over many other neuropsychological 
tests. An example of changes in DSST scores following 
mild and moderate episodes of concussion is shown 
in Figure 13.2. Th e DSST may be used on the fi eld 

Table 13.1 Guide to clinical evaluation of concussion

Cognitive features Typical symptoms Physical signs

Unaware of period, opposition, 
score of game

Headache Impaired conscious state

Confusion Dizziness Poor coordination, balance

Amnesia Nausea Concussive convulsion

Unaware of time, date, place Unsteadiness
Feeling ‘dinged’, stunned or dazed
Having one’s ‘bell rung’
Seeing stars or fl ashing lights
Tinnitus
Double vision
Sleepiness, sleep disturbance, drowsiness, 

fatigue in the setting of an impact

Gait unsteadiness
Slow to answer questions or follow 

directions
Loss of consciousness
Easily distracted, poor concentration
Unusual or inappropriate emotions
Nausea/vomiting
Vacant stare, glassy eyed
Slurred speech
Personality changes
Impaired playing ability
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immediately aft er the episode of concussion or a few 
days later to aid the clinician in deciding the timing 
of an athlete’s return to sport.

Most of these pen and paper tools have now been 
superseded by the use of computerized neuropsycho-
logical screening batteries such as CogSport, Impact, 
Headminders and ANAM.

It must be remembered that such neuropsycho-
logical tests are only an aid to the assessment of the 
degree of recovery from concussion. Other, more 
elaborate tests, including reaction time, may be used 
to assess the degree of recovery. Although the most 
important determinants are the patient’s symptoms 
and signs, there appears to be a marked correlation 
between clinical symptoms and neuropsychological 
test results.

Return to activity

Whether or not to allow the concussed patient to 
return to training and then competition is one of the 
most diffi  cult decisions the sports physician must 
make. In minor cases of concussion, where all symp-
toms resolve quickly and there is no amnesia, sign 
of cortical dysfunction nor evidence of impairment 

Figure 13.1 The Digit Symbol Substitution Test (DSST). The athlete completes as many boxes as possible in 
90 seconds

Figure 13.2 DSST changes in mild and moderate 
concussion ADAPTED FROM MADDOCKS ET AL. 19958
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of short-term memory or information processing, 
the player may be allowed to return once recovered. 
Neuropsychological testing may be used to confi rm 
full recovery. A player permitted to return to play 
should be closely observed for any signs of impaired 
function.

Apart from professional sport, it is recommended 
that the athlete does not return to the fi eld of play on 
the day of the concussive episode. Th e player should 
then be monitored clinically over several days for 
evidence of full recovery. Th e most common persist-
ing symptoms following an episode of concussion 
are headache, dizziness, lack of concentration, sleep 
disturbance and a non-specifi c complaint of ‘dull-
ness’ in the head. Th e athlete should not be permit-
ted to resume training or playing until completely 
asymptomatic.

Once asymptomatic and with evidence of full 
short-term memory and information processing as 
determined by neuropsychological testing, the athlete 
is allowed to resume activity, initially at a reduced 
level, slowly increasing to full training. Th e athlete’s 
performance in training, particularly performance 
of skills that involve hand–eye coordination, should 
be closely monitored for any signs of impairment. 
If symptoms such as headache, nausea or dizziness 
develop during exercise, the exercise should be 
ceased immediately and not resumed until symp-
toms resolve.

In professional sports where there is rapid access 
to expert neurological advice and computerized 
neuropsychological testing, more rapid return to 
play may occur providing the athlete has recovered 
from the injury fully. Th e diff erence between return 
to play in professional versus non-elite sports is not 
the individual recovery of the athlete but rather the 
access to better resources to assess recovery.

Mandatory exclusion

In a number of contact sports, such as boxing and 
Rugby football, authorities have legislated for a 
mandatory exclusion period from competition for 
concussed players. While the intent of such a policy 
is praiseworthy, an arbitrary exclusion period is hard 
to justify scientifi cally as each episode of concussion 
requires individual evaluation. For some players, the 
period of exclusion will be too long, and for other 
players not long enough.

Ideally, concussed players should be examined by 
an experienced medical practitioner with the decision 
about return to play based on the clinical fi ndings and, 
if possible, neuropsychological testing.

Post-concussion syndrome
Athletes who suff er an episode of concussion may, 
rarely, have persistence of non-specifi c symptoms for 
a number of weeks. Th is phenomenon is known as 
the post-concussion syndrome.9 Symptoms include 
headache and dizziness. Impaired mental capacity 
is revealed by poor memory, poor concentration 
and slow decision making and it is unclear whether 
these symptoms refl ect an ongoing injury or recov-
ery pro cess or are the consequence of psychological 
factors.

Th ese patients should undergo formal neuro-
psychological testing as well as an MRI brain scan. If 
these tests are normal, there is no specifi c treatment 
other than rest and reassurance. Return to sport is 
not advisable while symptoms are present as exercise 
appears to prolong the condition.

Recurrent episodes of 
concussion
Recurrent episodes of concussion are a cause for 
concern. If an athlete has more than one episode of 
concussion in a season, it is mandatory that he or she 
recovers fully and completely prior to resumption of 
sport. Th is may involve extensive neurological and 
neuropsychological assessment. Th e use of concepts 
such as ‘three episodes means retirement’ has no 
scientifi c basis and should be abandoned.

Prevention of concussion
Th ere are a number of possible ways of reducing the 
likelihood and severity of the concussion, however, 
none of these theoretical mechanisms has been sci-
entifi cally validated. Th e wearing of mouthguards 
will reduce dental and mandibular injuries although 
the evidence that concussions are reduced is non-
existent.10–12 All players in collision sports should 
wear a properly fi tting mouthguard. Th e mouthguard 
should be a laminated custom-molded guard in order 
to fi t comfortably and allow the athlete to speak and 
breathe during play without restriction.

Th e second theoretical means of reducing the 
severity of concussion is improved conditioning of 
the neck musculature. Although strengthening of the 
neck muscles will not prevent head injury, it is thought 
that properly conditioned neck muscles are able to 
absorb and withstand some of the force that occurs 
with impact. Th is may be particularly important in 
Rugby football and boxing.
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Properly fi tted and maintained hard-shell helmets 
possibly reduce the incidence of major head injury 
in certain sports, such as skull fractures in cycling. 
Th e eff ect of wearing helmets on the incidence or 
severity of concussion is less clear and is unlikely 
to be signifi cant.9 Th e commercially available soft -
shell helmets have little or no protective capability 
against concussive forces when tested in laboratory 
situations, and in two randomized controlled trials 
in Rugby and Australian football did not reduce head 
injury rates.

Th e major concern with the recommendation 
for helmet use in sport is the phenomenon known 
as ‘risk compensation’, whereby helmeted athletes 
change their playing behavior in the misguided belief 
that the protective equipment will stop all injury. As 
a result, the rate of head injury increases rather than 
decreases. Th is is a particular concern in child and 
adolescent athletes.

Th e most eff ective way to reduce head injuries may 
well be through rule changes, rule enforcement and 
coaching techniques.
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14
Headache

WITH PAUL MCCRORY

Headache has been called ‘the most common com-
plaint of civilized man’ aff ecting approximately 

two-thirds of the population. Athletes suff er from the 
same causes of headache as non-athletes. In addition, 
there are several causes of headache that relate directly 
to exercise. Numerous attempts have been made to 
classify the diff erent types of headache. Headaches 
may be classifi ed into seven groups, the fi rst four of 
which are seen commonly and the second three less 
commonly:

1. headache associated with viral illness, for 
example, respiratory infections, sinusitis, 
infl uenza

2. vascular headaches, for example, migraine, 
cluster headache

3. cervical headache, for example, referred from 
joints, muscles and fascia of the cervical 
region

4. tension headache or muscle contraction 
headache

5. intracranial causes, for example, tumor, 
hemorrhage, subdural hematoma, meningitis

6. exercise-related headache, for example, benign 
exertional headache, ‘footballers’ migraine’

7. other causes, for example, drugs, psychogenic, 
post-spinal procedure, post-traumatic.

Th e fi rst four causes listed are seen frequently in 
the community. Exercise-related and post-traumatic 
headache are of particular concern in athletes. While 
it is usually possible to diff erentiate between the 
groups, headaches of mixed type occur commonly.

Th e International Headache Society (IHS), in 
conjunction with the World Health Organization 
(WHO), has proposed an overall classifi cation for 
headache.1 While this classifi cation system is used 

mainly for research purposes, it nevertheless provides 
a framework to assist in clinical management.

Clinical approach to the 
patient with headache
Th e majority of headaches do not require medical 
assessment. However, certain symptoms may indicate 
the presence of more serious abnormalities and require 
medical assessment. Th ese symptoms are:

• new or unaccustomed headache
• atypical headache
• stiff  neck or meningeal signs
• systemic symptoms, for example, fever, weight 

loss, malaise
• neurological symptoms, for example, 

drowsiness, weakness, numbness of limbs
• local extracranial symptoms, for example, ear, 

sinus, teeth
• changes in the pattern of headache
• headache increasing over a few days
• sudden onset of severe headache
• headaches that wake the patient up during the 

night or in the early morning
• chronic headache with localized pain.

Th e clinical approach to the athlete complaining 
of headache is shown in Figure 11.1. Th e practitioner 
should:

1. exclude possible intracranial causes. Th ese 
include hemorrhage, tumor, infection and 
subdural hematoma. If an intracranial 
abnormality is suspected as a result of a full 
neurological examination, imaging of the brain 
with CT or MRI may be indicated.
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2. exclude headache associated with a viral illness. 
Th e presence of common illnesses that may 
provoke headache should be excluded. Th ese 
include respiratory tract infection, sinusitis and 
infl uenza.

3. exclude drug-induced headaches. Many 
commonly used drugs can provoke headache. 
A list of these drugs is shown below:
• alcohol
• analgesics, such as aspirin (ASA), codeine
• antibiotics and antifungals
• antihypertensives, such as methyldopa
• caff eine
• corticosteroids
• cyclosporin
• dipyridamole
• indomethacin
• monoamine oxidase inhibitors (MAOIs)
• nicotine
• nitrazepam

• nitrous oxide
• oral contraceptives
• sympathomimetics
• theophylline
• vasodilators.

4. exclude exercise-related headache.
5. diff erentiate between vascular, tension and 

cervical causes. If the above three groups are 
excluded, the majority of headaches are then 
due either to vascular causes, such as migraine, 
or referred from the joints and/or muscles 
of the neck. Classic vascular and cervical 
headaches each have distinctive features 
(Table 14.1), although frequently features of 
both types may be present. Tension headaches 
may occur unrelated to cervical injury or 
dysfunction and tend to be of a low-grade daily 
headache presentation. In some cases, external 
stress is important in both their genesis and 
continuity.

Figure 14.1 Clinical approach to the patient with headache
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History

Th e clinical history is the most important component 
of the assessment of the athlete with headache. Th e 
location of the headache is typically frontal or tempo-
ral in migrainous headaches and occipital in cervical 
headaches. However, cervical headaches may also 
present as retro-orbital or temporal headaches.

Sudden onset of severe headache may indicate 
a cerebral hemorrhage or migraine, while cervical 
headaches typically have a more gradual onset. A 
recent history of a blow to the head may also be 
relevant. Recent exposure to possible precipitating 
factors, such as particular foods, should be noted if 
migraine is suspected.

Migrainous headaches are typically severe, as are 
headaches associated with meningeal irritation due 
to hemorrhage or meningitis. Cervical headaches are 
usually less severe. A throbbing pain is typical of a 
vascular headache, while a dull ache is more typical 
of a cervical headache.

Th e behavior of a headache in both the short term 
and long term is important. Migrainous headaches 
typically occur episodically. Th e frequency of these 
attacks should be noted. Migraines usually have a fi nite 
duration (hours), whereas cervical headache can last 
for days. Th e presence of any neck and arm symptoms 
should also be noted. Brief episodes of headache asso-
ciated with exercise may indicate benign exertional 
headache. Whether the headache is easily irritated, for 
example, by neck movement, should be noted. Th is is 
particularly relevant for manual therapy treatment.

Headache aggravated by neck movements may 
indicate a cervical cause for the headache. Exercise 
usually aggravates headaches of all types. Migraine 
is usually relieved by sleep.

Prior to the onset of migrainous headaches, 
there may be associated visual or sensory symptoms 
(migraine with aura). Nausea and vomiting are also 
commonly associated with migrainous headaches and 
usually follow the headache episode. Th e presence of 
neurological symptoms or systemic symptoms such as 
weight loss and malaise may be indicative of a more 
serious cause of headache. 

Associated upper or lower respiratory tract symp-
toms, symptoms of sinusitis, temporomandibular 
joint problems or infl uenza-like symptoms may 
indicate an association with one of these conditions. 
Th e presence of neck pain or stiff ness should also 
be noted.

A past history of head trauma, even if relatively 
minor, may be signifi cant as subdural hematoma may 
present some time aft er the trauma. Previous prob-
lems such as encephalitis or major systemic illnesses 
should be recorded.

Whether the athlete is taking any medications (e.g. 
oral contraceptive pill) or recreational drugs (e.g. nico-
tine, alcohol and caff eine) should also be noted. 

Stress aggravates both vascular and, particularly, 
cervical headache. An assessment of life stresses is an 
important part of the history. Th ese include personal 
relationships, work pressures and problems related to 
the athlete’s sporting activity.

Table 14.1 Clinical features of vascular and cervical headaches

Features Vascular headache Cervical headache

Age of onset 10–40 years 20–60 years

Onset Fast Slow

Site Frontal or temporal Occipital (usually), retro-orbital or temporal

Side Unilateral/bilateral Unilateral

Type of pain Throbbing Dull ache

Constancy Episodic Constant

Time course Hours Days

Neurological symptoms Common (e.g. visual disturbances, nausea) Occasionally (e.g. paresthesia)

History of trauma Rare Common (e.g. ‘whiplash’)

Triggers Food, drugs, stress Trauma, posture

Treatment Avoid precipitating factors
Drugs
Stress reduction

Manual therapy
Stress reduction
Postural correction
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Examination

In all patients presenting with headache, a full neuro-
logical examination is required and the skull and 
cervical spine must always be particularly examined. 
Th e examination should consist of some or all of the 
following components depending on the presence or 
absence of specifi c symptoms in the history:

• general appearance
• mental state
• speech
• skull examination
• cervical spine examination
• gait and stance
• pupils and fundi
• special senses (e.g. smell, vision, hearing)
• other cranial nerves
• motor system
• sensory system
• general examination.

Vascular headaches
Vascular headaches include migraine, cluster head-
ache, toxic headache, exertional headache and some 
types of post-traumatic headache. Vascular headaches 
aff ect at least one-fi ft h of the population at some time 
during their lives. Common to all these headaches is 
a tendency towards extracranial vascular dilatation 
manifested by the throbbing headache phase of a par-
ticular attack. Vasoconstriction may also be evident 
and responsible for the painless sensory phenomena 
prior to the onset of head pain.

Vascular headaches usually begin early in life, 
oft en at puberty or in the second decade. Th ere may 
be a familial tendency (50%). Th e headache usu-
ally begins early in the morning and reaches high 
intensity within 2 hours. It may last for a number of 
hours. Headaches usually resolve within a day but 

can recur daily or several times a week. Th ere may 
be an increased frequency of occurrence in certain 
seasons, especially during spring.

Marked variations in headache frequency are 
seen within individuals. Aft er menopause, head-
aches are usually diminished but in some women 
they may become more frequent and severe. Th e 
use of medications, such as vasodilators, hormone 
replacement therapy or the oral contraceptive pill, 
may exacerbate an underlying tendency towards 
vascular headaches.

Migraine

Migraine with and without aura, that is, vascular 
headache occurring with and without neurological 
symptoms respectively, present a diffi  cult management 
problem, particularly in athletes who develop migraine 
headaches aft er exercise. Although most people think 
of migraine as headache alone, the true migraine 
suff erer usually notices a spectrum of symptoms, 
including nausea, vomiting, diarrhea and weight gain. 
Th ey may notice a prodromal period with evidence 
of endocrine disturbance (e.g. fl uid retention). In the 
typical migraine attack with aura, painless sensory 
neurological symptoms such as visual disturbances 
(e.g. scotomas), paresthesia, vertigo, hemiplegia and 
ophthalmoplegia may precede the headache.

Th e type of neurological symptoms that develop 
vary depending on which part of the intracranial vas-
cular tree is aff ected by the disturbance. In migraine 
with aura, occipital branches of the vascular tree may 
be aff ected and visual symptoms such as fl ashing lights 
and scotoma predominate. In a rare form of migraine 
seen in children known as vertebrobasilar migraine, 
brain stem abnormalities such as behavioral distur-
bances and even death have been described.

Th e IHS criteria for the diagnosis of migraine 
without aura are shown in Table 14.2

Table 14.2 The International Headache Society (IHS) criteria for the diagnosis of migraine without aura (IHS 1.1)1

A. At least fi ve attacks fulfi lling criteria B–D below
B. Headache attacks lasting 4–72 hours
C. Headache has at least two of the following characteristics:
   1. Unilateral location
   2. Pulsating quality
   3. Moderate or severe intensity (inhibits or prohibits daily activities)
   4. Aggravation by walking stairs or similar routine physical activity
D. During headache at least one of the following:
   1. Nausea and/or vomiting
   2. Photophobia and phonophobia
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Clinical features

Patients describe migraine headache pain as sharp 
and intense. It is oft en throbbing, beating or puls-
ing, although occasionally the pain is steady. Com-
monly, it begins in the temple or forehead on both 
sides. When it starts on one side, it may spread to 
the other side. If the headache is intense, it may 
spread to the occiput and even change to a muscle 
contraction type of headache. Occasionally, the 
vascular headache begins at the back of the head 
and moves forward.

Many patients do not spontaneously volunteer 
their visual or sensory symptoms, either because 
they fail to link them with their headache or because 
they are hesitant to share the hallucinatory experi-
ences. Occasionally, patients may suff er the sensory 
phenomena without the headache developing. Th e 
common neurological accompaniments to migraine 
with aura are visual. Patients speak of bright colored 
or white objects (stars, edges, angles, balls) oft en to 
one side of the visual fi eld. Th ese objects may shine 
or fl icker and may move across the visual fi eld, leav-
ing in their wake darkness or a scotoma. Th e visual 
symptoms usually last about 20 minutes and most 
oft en clear before the sensory, cognitive or headache 
symptoms begin.

Sensory symptoms are usually described as tin-
gling, pricking or pins and needles. Th ese commonly 
commence in the face or fi ngers and gradually spread 
up the limb or over the same side of the body. Vertigo, 
dysphasia, diplopia, confusion and amnesia are less 
commonly reported. Headache most oft en follows 
the neurological symptoms but may precede or 
accompany them.

Nausea, vomiting and dizziness are common dur-
ing or aft er the attack. Aft er the headache, diuresis, 
diarrhea, euphoria or a surge of energy are com-
monly described. Th e typical features associated with 
migraine are:

• precipitating factors, such as tiredness, stress or 
release from stress (e.g. ‘weekend migraine’)

• character and location of headache
• periodicity
• presence of migraine accompaniments 

(e.g. visual, gastrointestinal symptoms)
• relief with anti-migraine therapy (e.g. 

sumatriptan).

Precipitating factors in migraine

A number of precipitating factors are commonly 
found in association with migraine headaches. 
Th ese are:

• endocrine changes (e.g. premenstrual or 
menstrual, oral contraceptive pills, pregnancy, 
puberty, menopause, hyperthyroidism)

• metabolic changes (e.g. fever, anemia)
• rhinitis
• change in temperature or altitude
• change in activity
• alcohol, especially red wine
• foods (e.g. chocolates, cheese, nuts, ‘hot dogs’)
• drugs (e.g. glyceryl trinitrate [nitroglycerin], 

nitrates, indomethacin)
• blood pressure changes
• sleep—too much or too little.

Treatment

Most patients choose to lie quietly in a dark room 
during a migraine attack. Sleep oft en terminates 
the attack. The primary method of active treat-
ment is pharmacological. High-dose aspirin (ASA) 
(900–1200 mg) is the drug of choice for the acute 
treatment of migraine. Other acute agents such as 
sumatriptan (intramuscular or intranasal2) or ergot 
preparations may be used as second-line therapy. 
Frequent suff erers of migraine may fi nd prophylactic 
drug therapy necessary and reasonably eff ective. An 
important part of the management of the migraine 
suff erer is to identify and avoid precipitating factors. 
Traditional herbal remedies such as ‘feverfew’ may 
be helpful.

It is critical in the management of migraine and 
other forms of headache that the use of repeated 
doses of simple analgesia alone be avoided. One of the 
consequences of the overuse of analgesic medication 
is the so-called ‘analgesic rebound headache’, which 
becomes a self-generating headache requiring increas-
ing doses of analgesia. Analgesic rebound headache, 
once established, is extremely diffi  cult to treat and 
usually requires a specialist headache neurological 
clinic. For this reason, the use of simple analgesics in 
headache treatment should be limited to a maximum 
of three days per week. Treatment of the headache 
should be directed at the cause of the problem not 
simply pain management.

Cluster headache

Cluster headache is also known as histamine head-
ache, migrainous neuralgia and Horton’s headache. 
Th is form of headache may be distinguished from 
other vascular headaches by the typical nature of the 
history. Th e pain typically occurs in attacks and is an 
intense burning or ‘boring’ sensation. Th e attacks fre-
quently begin in middle age and may be precipitated 
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by alcohol. On the aff ected side there may be associ-
ated rhinorrhea, nasal obstruction, perspiration and 
conjunctival injection. A partial Horner’s syndrome 
is oft en seen. Th is condition is fi ve times more com-
mon in males than females. Th ere is usually no family 
history. Patients are usually disabled during a cluster 
headache.

Patients with cluster headache are usually extremely 
sensitive to vasodilating agents. Oral glyceryl trini-
trate (nitroglycerin) has been used as a provocative 
test for this condition.

Treatment depends on the age and health of the 
patient and the timing of attacks. Acute attacks may 
be aborted by inhalation of 100% oxygen at 7 L per 
minute. Th e mechanism of this relief is unclear. Head-
ache prophylaxis may be necessary. Methysergide may 
be used in younger patients and either prednisolone 
or lithium or both in older patients. Generally, the 
use of these medications requires specialist input 
due to the side-eff ect profi le. Ergot preparations may 
also be used.

Cervical headache
Cervical or cervicogenic headache is a term used to 
describe headache caused by abnormalities of the 
joints, muscles, fascia and neural structures of the 
cervical region. Th ere are a number of classifi cations 
for cervical or cervicogenic headache with diff ering 
criteria for physical dysfunction. Th ese criteria are 
summarized in Table 14.3.

Mechanism

Th e mechanism of production of headache from 
abnormalities in the cervical region is variable. It 

may be primarily referred pain caused by irritation 
of the upper cervical nerve roots. Th is may be due to 
damage to the atlantoaxial joint or compression of the 
nerves as they pass through the muscles. Headache 
emanating from the lower cervical segments probably 
originates from irritation of the posterior primary 
rami, which transmit sensation to the spinal portion 
of the trigeminocervical nucleus.

Commonly, pain may also be referred to the 
head from active trigger points (Fig. 14.2). Frontal 
headaches are associated with trigger points in the 
suboccipital muscles, while temporal headaches are 
associated with trigger points in the upper trapezius, 
splenius capitis and cervicis, and sternocleidomastoid 
muscles.

Table 14.3 Current criteria for physical dysfunction in headache classifi cation3

International Headache Society1
International Association for the 
Study of Pain4 Sjaadstad et al.5

Resistance to or limitation of 
passive neck movements

Reduced range of motion in the 
neck

Restriction of range of movement in 
the neck

Changes in neck muscle contour, 
texture or tone or response 
to active stretching or 
contraction

– –

Abnormal tenderness in neck 
muscles

– Pressure over the ipsilateral upper 
cervical or occipital region 
reproduces headache

Figure 14.2 Sites of trigger points causing cervical 
headache

splenius capitis

sternocleidomastoid

trapezius
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Clinical features

History

A cervical headache is typically described as a con-
stant, steady, dull ache, oft en unilateral but sometimes 
bilateral. Th e patient describes a pulling or gripping 
feeling or, alternatively, may describe a tight band 
around the head. Th e headache is usually in the 
suboccipital region and is commonly referred to the 
frontal, retro-orbital or temporal regions.

Cervical headache is usually of gradual onset. Th e 
patient oft en wakes with a headache that may improve 
during the day. Cervical headaches may be present for 
days, weeks or even months. Th ere may be a history 
of acute trauma, such as a ‘whiplash’ injury sustained 
in a motor accident, or repetitive trauma associated 
with work or a sporting activity.

Cervical headache is oft en associated with neck 
pain or stiff ness and may be aggravated by neck or 
head movements, such as repetitive jolting when 
traveling in a car or bus. It is oft en associated with a 
feeling of light-headedness, dizziness and tinnitus. 
Nausea may be present but vomiting is rare. Th e 
patient oft en complains of impaired concentration, an 
inability to function normally and depression. Poor 
posture is oft en associated with a cervical headache. 
Th is may be either a contributory factor or an eff ect 
of a headache. Th e abnormal posture typically seen 
with cervical headache is rounded shoulders, extended 
neck and protruded chin. Th is results in tightness of 
the upper cervical extensor muscles and weakness 
of the cervical fl exor muscles (Chapter 16).

Stress is oft en associated with cervical headache. 
It may be an important contributory factor to the 
development of the soft  tissue abnormalities causing 
the headache or may aggravate abnormalities already 
present. Th us, it is important to elicit sources of stress 
in the clinical history.

Examination

Examination of the patient with suspected cervical 
headache involves systematic examination of the 
joints, muscles and neural structures of the cervical 
region as well as assessment of cervical posture. As 
with any musculoskeletal examination, one of the aims 
of the examination is to reproduce the patient’s symp-
toms. It is important to remember that abnormalities 
of a number of diff erent structures may contribute to 
the patient’s pain.

Common joint abnormalities found on examina-
tion of the patient with cervical headache include 
stiff ness and tenderness over the upper cervical (C1–2, 
C2–3) joints. Tenderness may be maximal centrally, 

especially where bilateral pain is present, or unilat-
erally over the apophyseal joints if unilateral pain is 
present. It is not uncommon for abnormalities of the 
lower cervical joints to be present as well.

On examination of the muscles of the cervical 
region, it is common to fi nd tightness in the suboc-
cipital and erector spinae muscles. Th is is oft en asso-
ciated with weakness in the cervical fl exors. Active 
trigger points are frequently present, particularly in 
the suboccipital, sternocleidomastoid and trapezius 
muscles.

Defi cits in cervical fl exor and extensor muscle 
strength have been documented in patients with cervi-
cogenic headache. Jull and others have developed the 
craniocervical fl exion test (C-CFT) to assess defi cits 
in the endurance of the deep fl exor muscles.6

A neural component of the patient’s headache is 
suspected if movements that increase neural tension 
increase the patient’s pain (Chapter 3). Neural tension 
may be increased by adding cervical fl exion to the 
upper limb tension test and slump test (Chapter 8).

Treatment

Treatment of the patient with cervical headache 
requires correction of the abnormalities of joints, 
muscles and neural structures found on examination 
as well as correction of any possible precipitating 
factors such as postural abnormalities or emotional 
stress.

Treatment of cervical intervertebral joint abnor-
malities involves mobilization or manipulation of 
the C1–2 and C2–3 joints. Stretching of the cervical 
extensor muscles and strengthening of the cervical 
fl exor muscles are important.

Soft  tissue therapy to the muscles and the fascia 
of the cervical region is aimed at releasing generally 
tight muscles and fascia (commonly the cervical 
extensors). Active trigger points should be treated 
with spray and stretch techniques or dry needling 
(Chapter 10).

Cervical muscle retraining has been shown to be 
benefi cial by itself and in combination with manipu-
lative therapy in reducing the incidence of cervico-
genic headache.7 Th is includes retraining of the deep 
cervical fl exors (Fig. 14.3), extensors and scapular 
stabilizers.

Postural retraining is an essential part of treat-
ment. Th e patient must learn to reduce the amount 
of cervical extension by retracting the chin (Chapter 
16). Identifi cation and reduction of sources of stress 
to the patient should be incorporated in the treat-
ment program.
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Exercise-related causes 
of headache
Benign exertional headache

Benign exertional headache (BEH) has been reported 
in association with weightlift ing, running and other 
sporting activities. Th e IHS criteria include that the 
headache:

• is specifi cally brought on by physical exercise
• is bilateral, throbbing in nature at onset and may 

develop migrainous features in those patients 
susceptible to migraine

• lasts from 5 minutes to 24 hours
• is prevented by avoiding excessive exertion
• is not associated with any systemic or 

intracranial disorder.

Th e onset of the headache is with straining and 
Valsalva maneuvers such as those seen in weightlift ing 
and competitive swimming. Th e major diff erential 
diagnosis is subarachnoid hemorrhage, which needs 
to be excluded by the appropriate investigations.

It has been postulated that exertional headache is 
due to dilatation of the pain-sensitive venous sinuses 
at the base of the brain as a result of increased cerebral 
arterial pressure due to exertion. Studies of weight-
lift ers have shown that systolic blood pressure may 
reach levels above 400 mmHg and diastolic pressures 
above 300 mmHg with maximal lift s.

A similar type of headache is described in relation 
to sexual activity and has been termed benign sex 
headache or orgasmic cephalalgia (IHS 4.6).

Th e management of this condition involves either 
avoiding the precipitating activity or drug treatment, 
for example, indomethacin (25 mg three times a day). 
In practise, the headaches tend to recur over weeks 

to months and then slowly resolve, although in some 
cases they may be lifelong.

Exertional migraine

Exertional migraine shows the typical pattern of 
migraine with exertion as the precipitating factor. 
Most patients with this condition describe the 
migraine beginning immediately aft er exercise, more 
frequently when the exercise has been vigorous. Exer-
tional migraine is oft en severe and may be worse in 
hot weather. Treatment is based on standard migraine 
treatment.

Post-traumatic headache

Trauma to the head and neck in sport may lead to 
the development of headache. Th e initiating trau-
matic event may not necessarily be severe. Th e IHS 
diagnostic criteria for post-traumatic headache are 
shown in Table 14.4.

Th ere are a number of specifi c subtypes of post-
traumatic headaches and these are outlined below.

Post-traumatic migraine

Th is may be seen in sports such as soccer, where 
repetitive heading of the ball gives rise to the term 
‘footballer’s migraine’.8 Even mild head trauma can 
induce migraine. One particular syndrome that is 
recognized in the setting of minor head blows is 
migrainous cortical blindness. Th is disturbing con-
dition oft en raises fear of serious cerebral injury but 
tends to resolve over 1–2 hours.

Extra-cranial vascular headache

Th ere is a tendency to develop periodic headaches at 
the site of head or scalp trauma. Th ese headaches may 
share a number of migrainous features, although at 
times they can be described as ‘jabbing’ pains. 

Figure 14.3 Retraining of the deep cervical fl exors 
(see also Fig. 16.7, p. 239). [Photo courtesy of Professor 
Gwendolen Jull.]

Table 14.4 The International Headache Society (IHS) 
criteria for the diagnosis of acute post-traumatic 
headache (IHS 5.1–5.2)

A. Signifi cant head trauma as documented by:
    1. Loss of consciousness
    2. Post-traumatic amnesia >10 minutes
    3.  At least two abnormalities of the following: 

clinical examination, skull X-ray, neuroimaging, 
evoked potentials, cerebrospinal fl uid 
examination, vestibular function test, 
neuropsychological testing

B. Headache onset <14 days post-trauma
C. Headache disappears within 8 weeks after trauma
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Dysautonomic cephalalgia

Dysautonomic cephalalgia occurs in association with 
trauma to the anterior triangle of the neck, result-
ing in injury to the sympathetic fi bers alongside the 
carotid artery. Th is results in autonomic symptoms 
such as Horner’s syndrome and excessive sweating 
associated with a unilateral headache. Propranolol 
has been used with some success in the management 
of this condition.

External compression headache

External compression headache (IHS 4.2), formerly 
known as ‘swim goggle headache’, presents with pain in 
the facial and temporal areas produced from wearing 
excessively tight face masks or swimming goggles. It 
is commonly seen in swimmers and divers. In divers, 
this may be referred to as ‘mask squeeze’, and is seen 
on descent to depth as the eff ects of pressure reduce 
the air space inside the mask. Th e etiology is believed 
to be due to continuous stimulation of cutaneous 
nerves by the application of pressure.

High-altitude headache

High-altitude headache (IHS 10.1.1) is a well-
recognized accompaniment of acute mountain sick-
ness, which occurs within 24 hours of ascent to 
altitudes above 23 000 m. Th e headaches are vascular 
in nature and are seen in unacclimatized individuals. 
Typically these are associated with other physiologi-
cal eff ects of altitude or may be an early manifesta-
tion of acute mountain sickness. Th e treatment is to 
descend to lower altitude, although pharmacological 
interventions such as acetazolamide, ibuprofen and 
sumatriptan may be used.

Hypercapnia headache

Hypercapnia headache (IHS 10.2) or ‘diver’s head-
ache’ is a vascular type of headache thought to be 
due to carbon dioxide accumulation during ‘skip’ 
breathing. Th e arterial Pco

2 
level is usually increased 

above 50 mmHg in the absence of hypoxia. Divers 
are also prone to headaches from other causes such 
as cold exposure, muscular or temporomandibular 
joint pain from gripping the mouthpiece too tightly, 

cervicogenic headaches from incorrect buoyancy 
technique, middle ear and sinus barotrauma, and 
cerebral decompression illness.
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Injuries to the face in sport usually result from direct 
trauma. Th is chapter outlines management of inju-

ries to the nose, ears, eyes, teeth and facial bones.

Functional anatomy
Th e bones of the face are shown in Figure 15.1. As 
most of these bones are subcutaneous, they are easily 

CHAPTER 

15
Facial Injuries

examined. Examination should include palpation of 
the forehead and supraorbital rims for irregularities 
and contour deformities.

Th e orbit is a cone-shaped cavity formed by the 
union of seven cranial and facial bones. Th e orbital 
margin consists of the supraorbital ridge above, the 
infraorbital margin below, the zygomatic arch later-
ally and the nasal bone medially. Th e recess formed 
protects the eye from a blow from a large object. 
A smaller, deformable object such as a squash ball 
may, nevertheless, compress the eyeball and cause a 
‘blow-out’ fracture of the orbit.

Th e zygomatic arch of the malar bone creates the 
prominence of the cheek. Fractures in this region may 
cause fl attening of the cheek and a palpable irregularity 
in the inferior orbital margin.

Th e maxilla forms the upper jaw. Its superior 
surface helps create the fl oor of the orbit and the infe-
rior surface forms the major part of the hard palate. 
Mobility of the hard palate, determined by grasping 
the central incisors, indicates a maxillary fracture.

Th e lower jaw consists of the horseshoe-shaped 
mandible. Th e mandible is made up of body, angle 
and ramus, which are easily palpated. Th e coronoid 
process can be palpated by a direct intraoral approach. 
Th e gingiva overlying the alveolar ridge may be lacer-
ated in mandibular body fractures.

Assessment
Facial injuries1 are frequently associated with profuse 
bleeding, however, while it is important to control 
the bleeding, it is also vital to assess the underlying 
structures fully. All head and neck injuries should be 
considered closed head injuries. Cervical spine precau-
tions should be taken if the patient is unconscious or Figure 15.1 Facial bones

zygomatic
arch

frontal
bone

maxilla

mandible

nasal
bone

mastoid
process

parietal
bone
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has neurological defi cits or cervical spine tenderness. 
Th e airway is particularly vulnerable to obstruction 
because of bleeding, structural compromise of bony 
structures (e.g. mandible), or dislodged teeth, tooth 
fragments or dental appliances.

Th e mechanism of injury should be ascertained 
and the source of the patient’s pain located. Signs or 
symptoms of blurred vision, diplopia, concussion 
or cerebrospinal compromise should be evaluated.

Immediate attention should focus on:

1. identifying areas of bruising or active bleeding
2. inspecting the nasal septum and external ear for 

hematomas and nasal obstruction
3. observing facial asymmetry or structural 

depressions
4. looking for a sunken eye globe suggestive of a 

blow-out fracture
5. observing lacerations or deep abrasions 

overlying suspected fractures.

Systematic palpation of the facial bones (orbital 
rims, nasal bones, temporomandibular joints) will 
reveal signifi cant tenderness, crepitus, numbness or 
contour irregularities. Midface instability or crepitus 
may be demonstrated by stabilizing the forehead 
with one hand while gently pulling on the maxillary 
incisors with the other gloved hand. Bimanual pal-
pation along the mandible and maxilla (one gloved 
hand palpating intraorally) will uncover instability, 
irregularity or tenderness.

Extraocular eye movements and cranial nerves III, 
IV and VI can be assessed by having the patient keep 
his or her chin in a fi xed position while tracking the 
examiner’s fi nger movements in all four quadrants. 
If the patient is able to track the movements without 
reporting diplopia, acute extraocular nerve entrap-
ment caused by an orbital blow-out fracture can be 
ruled out. An inability to raise the eyebrow or wrinkle 
the forehead following laceration to the eyebrow 
suggests injury to the temporal branch of the facial 
nerve on that side. Reduced sensation over the skin 
below the eye in the distribution of the infraorbital 
nerve may be associated with a blow-out fracture of 
the orbit. Th e nerve distribution includes the upper 
gum and lip.

If the patient is unable to open his or her mouth 
or exhibits severe pain along the lateral aspect of the 
cheek or jaw when attempting to open, a fracture of 
the mandible or zygoma must be considered. With 
the mouth open, the oral cavity should be assessed 
to rule out damage to the teeth and lacerations in 
the intraoral mucosa or tongue. Locate fractured 
or missing teeth, when possible, to avoid accidental 

aspiration. When asked to close the mouth, the 
patient’s sense of malocclusion suggests a signifi cant 
fracture of the mandible, maxilla or palate.

Leakage of cerebrospinal fl uid (CSF) following 
a blow to the nose (CSF rhinorrhea) may indicate 
a fracture of the base of the anterior cranial fossa. 
CSF is a clear discharge and the patient may report 
a salty taste in the mouth. If there is doubt about the 
origin of a nasal discharge associated with trauma, 
the discharge should be tested with a urinary dipstick 
for glucose. CSF is positive for glucose.

A list of common conditions and conditions not 
to be missed is shown in Table 15.1.

Soft tissue injuries
Contusions and lacerations to the face and scalp are 
a common occurrence, particularly in sports such as 
football, ice hockey, martial arts and racquet sports.1 
Examination should include palpation of the under-
lying bone to detect bony tenderness. Neurological 
examination is required if there is a history of loss of 
consciousness or suspected skull fracture.

Begin immediate management with ice and pres-
sure to reduce local swelling. Control bleeding with 
direct pressure over the wound using sterile gauze. 
A player with a bleeding wound must be removed 
from the fi eld of play immediately as there is concern 
that the presence of blood may increase the risk of 
hepatitis B or human immunodefi ciency virus (HIV) 
infection for other players (Chapter 51).

Aft er removing the athlete from the fi eld of play, 
examine the laceration closely under good light. 
Further cleaning and removal of foreign bodies may be 
required. If necessary, infi ltrate a local anesthetic agent 
to clean the wound adequately. Th e local anesthetic 
used should be 1% or 2% lignocaine (lidocaine) con-
taining adrenalin (epinephrine) 1:100 000 to provide 
some vasoconstriction as well as analgesia.

Lacerations greater than 0.25–0.5 cm (0.1–0.2 in.) 
long should be closed if they appear clean. Closure 
may be obtained by suturing or by taping with adhe-
sive strips (Steristrips). Steristrips are ideal for small 
wounds; however, persistent bleeding or excessive 
sweating may prevent adhesion. To overcome this, 
tincture of benzoin (friar’s balsam) may be applied 
to increase adhesiveness. Adequate dressings will be 
required to keep the adhesive strips in place, especially 
if the player is returning to the fi eld. Scalp wounds 
oft en bleed profusely. Small wounds can be controlled 
with local pressure but larger ones require suturing.

If facial lacerations require suturing, use 5/0 or 
6/0 nylon. It is important that the skin edges are 
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healthy. Pieces of devitalized skin should be debrided. 
Take care to approximate the skin edges carefully while 
suturing. Remove sutures aft er fi ve days and place 
adhesive strips over the wound for a further week. Th e 
wound should be kept dry for at least 48 hours.

An alternative to suturing is skin staples, par-
ticularly as these can be inserted more quickly than 
sutures. If the player is returning to the fi eld of play, 
staples must be covered. Th is prevents them from 
being accidentally torn out or from injuring another 
player in a collision. Another alternative is the use 
of histoacryl glue.

Deep wounds require closure in appropriate layers. 
Deep forehead and scalp lacerations involve dam-
age to the galea aponeurotica. Th is layer should be 
closed with interrupted 5/0 absorbable sutures prior 
to skin closure.

Lacerations of the eyebrow and lip require strict 
anatomical approximation. Eyebrow hair should not 
be shaved. In lacerations involving the vermilion 
border of the lip, accurate alignment is obtained 
by placing the first suture at the mucocutane-
ous junction.

Full thickness lacerations of the lip require a 
three layer closure, preferably performed by a plastic 
surgeon. Th e oral mucosa is closed fi rst, then the 
orbicularis oris layer and fi nally skin. Deep intraoral 
lacerations should be closed with 3/0 silk sutures that 
should remain in place for one week.

All patients with potentially contaminated 
wounds should receive tetanus prophylaxis and a 
short course of oral antibiotic therapy, for example, 
cephalexin (250–500 mg, 6 hourly) or fl ucloxacil-
lin (250–500 mg, 6 hourly). Wounds that may be 
contaminated by another player’s saliva, such as 
bite wounds, should not be closed but should be 
cleaned meticulously. Th e player should be treated 
with oral metronidazole (400 mg, 8 hourly) in addi-
tion to penicillin and observed very closely for the 
development of cellulitis. If signs of infection appear, 
treat with intravenous antibiotics.

Nose
Nasal injuries are common in contact sports such as 
football and boxing.

Epistaxis (nosebleed)

Nasal hemorrhage occurs frequently in association 
with nasal injuries. It usually arises from the nasal 
septum, which receives its blood supply from branches 
of the internal and external carotid arteries. In most 
cases, the bleeding arises from a rich plexus of vessels 
in the anterior part of the septum, known as Little’s 
or Kiesselbach’s area (Fig. 15.2).

Initial management consists of prolonged direct 
digital pressure on the lower nose for up to 20 minutes, 

Table 15.1 Facial injuries in sport

Category Common Less common Not to be missed

Facial soft tissue Contusion
Laceration

Nose Fracture of nasal bones
Epistaxis

Fracture of nasal septum
Septal hematoma

Ear Contusion (‘caulifl ower ear’)
Otitis media
Otitis externa

Laceration
Ruptured tympanic 

membrane

Fractured petrous temporal 
bone

Torn auditory nerve

Eye Corneal abrasion
Corneal foreign body
Conjunctival foreign body
Subconjunctival hemorrhage
Eyelid laceration

Chemical burns
Vitreous hemorrhage
Retinal hemorrhage
Retinal edema
Hyphema

Corneal laceration
Retinal detachment
Lens dislocation
Blow-out fracture of the orbit
Optic nerve injury
Injury to lacrimal system

Teeth Enamel chip fracture
Luxated tooth
Avulsed tooth

Crown fracture

Facial bones Temporomandibular joint sprain 
or malalignment

Fractured maxilla
Fractured mandible
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compressing the vessels on the nasal septum with 
the patient sitting upright. Cold compresses over 
the bridge of the nose promote vasoconstriction. 
If bleeding continues, apply cotton wool soaked in 
adrenalin (epinephrine) 1:1000 to the nasal septum. 
If the bleeding site can be located, it may be cauterized 
with silver nitrate applicators (cotton swabs soaked 
in 4% trichloracetic acid).

If bleeding persists, specialist referral is indicated. 
Th e nose will usually be packed with 1 cm (0.5 in.) 
ribbon gauze impregnated with bismuth iodoform 
petroleum paste (BIPP) and left  for 48 hours. Post-
nasal packing may be required if the bleeding origi-
nates from the back of the nose. In the rare cases 
that bleeding persists despite these local measures, 
maxillary artery or anterior ethmoidal artery ligation 
may be indicated.

Nasal fractures

Fractures of the nose are usually caused by a direct 
blow. Symptoms and signs of nasal fracture include 
pain, epistaxis, swelling, crepitus, deformity and 
mobility of the nose. Nasal distortion may not be 
obvious once soft  tissue swelling develops. Initial 
management is directed towards controlling the 
nasal hemorrhage. An associated laceration should 
be sutured with 6/0 nylon and requires prophylactic 
antibiotic therapy. The nasal passages should be 
examined to exclude a septal hematoma and patients 
should be advised to return if they notice increased 
pain or develop a fever (see below).

X-rays are probably not required as undisplaced 
fractures require no treatment and displaced fractures 
are clinically obvious. Displaced nasal fractures may 

require reduction. Th ere are two indications for reduc-
tion of fractures. Th e fi rst is obstruction of the nasal 
passages and the second is cosmetic deformity.

In young athletes, displaced fractures are almost 
always reduced because of a tendency towards increased 
sinus infections and a decrease in the size of the nasal 
passage. Attempts at immediate reduction of nasal frac-
tures are associated with a risk of arterial damage and 
severe acute hemorrhage. Th us, it is preferable to delay 
fracture reduction and refer the patient to a surgeon 
within seven days of the injury. When the soft  tissue 
swelling has settled suffi  ciently, reduction, if necessary, 
can be carried out under general anesthesia.

Many sportspeople decide to delay reduction of 
their nasal fracture, provided there is no obstruction 
to the nasal passages, until a more convenient time 
such as the end of a season or at the time of retirement 
from contact sports.

Septal hematoma

Th is important condition can complicate what seems 
to be a trivial nosebleed. A septal hematoma is 
caused by hemorrhage between the two layers of 
mucosa covering the septum. Th e presenting com-
plaint is either nasal obstruction or nasal pain. Th e 
patient may be febrile and nasal examination reveals 
a cherry-like structure (the dull, red swollen septum) 
that occludes the nasal passages. Treatment of a large 
septal hematoma involves evacuation of the clot 
using a wide-bore needle or through a small incision 
followed by nasal packing to prevent recurrence of 
the hematoma. Antibiotic prophylaxis should be 
given to prevent development of a septal abscess and 
subsequent cartilage necrosis.

Ear
Ear injuries in sport are not common. Th e most 
frequent injury is a contusion to the ear known as 
an auricular hematoma.

Auricular hematoma

Th is injury occurs mainly in Rugby scrums, boxing 
or wrestling as a result of a shearing blow. Recurrent 
contusions result in hemorrhage between the peri-
chondrium and the cartilage. Th is may eventually 
develop into a chronic swelling, commonly known as 
‘caulifl ower ear’. An acute hematoma (Fig. 15.3) should 
be treated initially with ice and fi rm compression, but 
may need to be drained by aspiration under strict 
aseptic conditions. A pressure dressing (cotton wool 
soaked in collodion) is then applied and is carefully 

Figure 15.2 Little’s (Kiesselbach’s) area
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packed against the ear to follow the contours of the 
outer ear. Th is is bandaged fi rmly. Th e ear must be 
examined daily to assess progress. Return to non-
contact sports can be immediate, but headgear or a 
helmet is required for return to contact sport. Rugby 
forwards frequently wear headgear which protects 
their ears as a preventive measure.

Lacerations to the ear require careful cleansing 
and suture. As lacerations located between the scalp 
and the ear are easily missed, this area should always 
be examined, especially if there is a history of the ear 
being pulled forwards. Tears of the auricular cartilage 
should be carefully aligned and sutured with absorb-
able 5/0 sutures. Th e perichondrium should be closed 
as a separate layer. Prophylactic oral antibiotic therapy 
is recommended.

Perforated eardrum

A blow across the side of the head may occasion-
ally injure the eardrum. Pain, bleeding from the ear 
or impaired hearing suggest tympanic membrane 
rupture. Th ese ruptures usually heal spontaneously. 
Prophylactic antibiotic therapy (amoxycillin [amoxi-
cillin] 250–500 mg 8 hourly if not allergic to penicillin) 
should be administered. It is important to keep the 
ear dry while a perforation is present. In sports where 
signifi cant pressure changes occur, such as platform 
diving, scuba diving and high-altitude mountain 
climbing, athletes should not return to play until the 
tympanic membrane has healed. Athletes participating 

in water sports, such as swimming and water polo, 
should use custom-fabricated ear plugs to maintain 
a dry ear canal. Dry land athletes may return to play 
as soon as any vertigo has resolved.1

A severe blow across the head may fracture the 
skull and cause inner ear bleeding. Discharge from the 
ear (otorrhea) may signal a neurosurgical emergency 
and, thus, patients should be referred immediately for 
specialist treatment.

Otitis externa

Otitis externa is the most common ear condition 
aff ecting competitive swimmers. It is generally caused 
by bacteria, although fungal infection can also con-
tribute. Symptoms include earache, pruritus, dis-
charge and impaired hearing. On examination, there 
may be discharge in the ear and local redness along 
the external auditory meatus. Th ere may be tragal 
tenderness and pain on tragal pull.

Management involves careful aural toilet com-
bined with topical antibiotic and corticosteroid ear 
drops. Th e patient should, preferably, abstain from 
swimming until fully recovered and avoid rubbing 
or drying the ear until aft er the infection has cleared. 
Th e use of earplugs in this condition is controversial. 
Th ey may traumatize the ear canal and predispose 
the swimmer to infection. Recurrent attacks of otitis 
externa may be prevented by instillation of alcohol 
ear drops, for example, 5% acetic acid in isopropyl 
alcohol (Aquaear), aft er each swimming session.

Eye
Eye injuries are seen most commonly in stick sports, 
racquet sports, especially squash, and contact sports.2 
All eye injuries, even those that appear to be minor, 
require thorough examination. All serious eye injuries 
should be referred immediately to an ophthalmologist. 
Th e most diffi  cult dilemma for the clinician in dealing 
with eye injuries is determining which injury is serious 
and requires immediate referral. Th e indications for 
immediate referral to an ophthalmologist are shown 
in the box opposite.

Athletes with a previous history of impaired vision 
in one or both eyes or previous eye trauma or surgery 
should be evaluated by an ophthalmologist prior to 
participating in a high-risk sport.

Assessment of the injured eye

To assess the injured eye properly, it is important to 
understand the relevant anatomy. Th e anatomy of the 
eye is shown in Figure 15.4.

Figure 15.3 Acute auricular hematoma
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For a thorough assessment of the injured eye, an 
‘eye injuries kit’ (Fig. 15.5) is very useful and can be 
carried as part of the ‘physician’s bag’ (Chapter 58). 
Th e kit includes a small mirror, a pencil torch, an 
ophthalmoscope, a sterile solution for irrigation, local 
anesthetic eye drops (e.g. amethocaine), fl uorescein, 
antibiotic drops and ointments, cotton buds, contact 
lens lubricant and case, eye patches, tape and a Snellen 
chart to assess visual acuity.

Th e history of the eye injury provides useful diag-
nostic information. Seek to discover the history of the 
mechanism of injury. Were glasses, contact lenses or 
a protective device being worn at the time of injury? 
Note any previous eye injury or problems. Ask about 

symptoms such as pain, blurred vision, loss of vision, 
fl ashing lights and diplopia (double vision).

Test the visual acuity of each eye using a Snellen 
chart, with and without glasses or contact lenses. If a 
Snellen chart is not available, use pages of a newspaper 
with variable print sizes as an approximate assessment 
of visual acuity. On the sporting arena, a scoreboard 
can be used to test distant vision.

Inspect the eyelids for bruising, swelling or lacera-
tion. Note any obvious foreign body, hemorrhage or 
change in pupil size.

If pain or photophobia due to the injury prevent 
examination of the eye, instil a drop of a sterile topi-
cal anesthetic agent, such as amethocaine, to assist 
examination.

Inspect the cornea for foreign material and abra-
sions. Fluorescein staining will help reveal areas of 
corneal ulceration or foreign bodies. Evert the upper 
lid to exclude the presence of a subtarsal foreign 
body.

Test eye movements in all directions. A restric-
tion in any direction or the presence of diplopia may 
indicate orbital fracture. Compare the size, shape and 
light reaction of the pupil with the uninjured eye. An 
enlarged, poorly reacting pupil may be present aft er 
injury to the iris. A pear-shaped pupil suggests the 
presence of a full thickness corneal or scleral lacera-
tion (penetrating injury).

Inspect the anterior chamber for the presence of 
blood. Blood in the anterior chamber is known as 
hyphema (Fig. 15.6).

Indications for immediate referral 
to a specialist ophthalmologist

Symptoms
Severe eye pain
Persistent blurred or double vision
Persistent photophobia

Signs
Suspected penetrating injury (corneal laceration, 

pear-shaped pupil)
Hyphema
Embedded foreign body
No view of fundus (suspected vitreous 

hemorrhage or retinal detachment)
Markedly impaired visual acuity: 6/12 or less
Loss of part of visual fi eld

Figure 15.4 Anatomy of the eye

Figure 15.5 Eye injuries kit
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Ophthalmoscopic examination should routinely 
be performed to inspect the lens, vitreous humor and 
retina. Th e absence of a red refl ex on ophthalmoscopic 
examination may be due to a corneal opacity, a lens 
opacity (cataract), intraocular bleeding or a retinal 
detachment. Failure to visualize the fundus may be a 
sign of vitreous hemorrhage, which can result from 
a retinal tear. Contusion of the retina may produce 
retinal edema, seen as areas of pallor (and thickening) 
as well as retinal hemorrhage.

Radiological examination of the orbit is indicated 
in all cases of traumatic eye injury with diplopia and 
in cases where an intraocular or intraorbital foreign 
body is suspected.

Corneal injuries: abrasions and foreign body

Corneal injuries in sport include abrasion, foreign body 
and, less commonly, alkali burn. Corneal abrasion, one 
of the most frequent injuries to the eye during sport, 
occurs as a result of a scratch from either a fi ngernail or 
foreign body. Th e patient complains of pain, a sensation 
of a foreign body being present in the eye and blurred 
vision if the central cornea is involved.

A topical anesthetic drop should be instilled to 
assist in corneal examination. Fluorescein staining will 
help locate corneal abrasions or foreign bodies. Evert 
the upper lid to exclude a subtarsal foreign body.

Treatment of corneal abrasions includes the instil-
lation of antibiotic eye drops, for example, chloram-
phenicol, and padding of the eye (Fig. 15.7). If pain 
and photophobia are severe, add a topical mydriatic, 
for example, 2% homatropine. A local anesthetic agent 
should never be used for pain relief as it can delay 
healing and result in further damage.

Corneal foreign bodies can be removed with a 
cotton tip applicator by an appropriately trained 
practitioner. If they are more deeply embedded, 
patients should be referred to an ophthalmologist 
for removal of the foreign body. Rust rings, which 
occasionally remain aft er metallic foreign bodies have 
been embedded in the cornea, require removal by an 
ophthalmologist. Antibiotic eye ointment should be 
administered following foreign body removal and the 
eye padded for 24 hours until the corneal epithelium 
has healed.

If an athlete has sustained an alkali burn (from 
line markings), irrigate the eye copiously for 20 min-
utes with sterile saline or tap water and instil a local 
anesthetic agent to assist this. Th e player should be 
seen as soon as possible by an ophthalmologist.

Subconjunctival hemorrhage

Trauma to the conjunctiva may cause subconjunc-
tival hemorrhage—a bright red area in the white 
conjunctiva. Unless the hemorrhage is extensive or 
visual symptoms or photophobia are present, it is 
not clinically important. Blood pressure should be 
measured to exclude hypertension. It may, however, 
obscure a perforation of the globe. If this is suspected, 
the patient should be referred to an ophthalmologist. 
In most cases, however, the athlete merely requires 
reassurance.

Figure 15.6 Hyphema—note the fl uid level in the 
anterior chamber

Figure 15.7 Eye padding
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Eyelid injuries

In all injuries to the eyelids, the eye also needs to be 
examined to exclude ocular injury. Direct trauma 
to the eyelids may cause a large amount of bruising, 
which should be treated with cold compresses in the 
fi rst 24 hours. Hemorrhage may spread subcutaneously 
across the midline to the other eye. A coexisting orbital 
fracture needs to be excluded in these patients.

Lacerations of the eyelid require meticulous pri-
mary repair. Each anatomical layer (conjunctiva, tarsal 
plate and skin) should be repaired separately by an 
ophthalmic surgeon.

Trauma near the medial canthus may lacerate the 
upper or lower lacrimal canaliculus (tear duct). If 
this is not repaired, the patient may have permanent 
watering of the eye. Such injuries require ophthal-
mological referral for microscopic suturing of the 
cut ends of the canaliculus.

Hyphema

Bleeding into the anterior chamber of the eye results 
from ruptured iris vessels and may only be visible 
with slit lamp examination. More signifi cant bleeds 
will present with a clear layer in the anterior chamber, 
visible aft er the blood settles (Fig. 15.6). In hyphemas 
of small volume, visual acuity may be unaff ected. 
Associated injuries may occur and all patients with a 
hyphema should be referred to an ophthalmologist.

Th e aim of treatment of this condition is to prevent 
further bleeding, which may, in turn, result in uncon-
trollable glaucoma or blood staining of the cornea. 
Th e patient needs to rest in bed while the hemorrhage 
clears, usually over three to fi ve days. Aspirin and other 
anti-infl ammatory medications should be avoided as 
these may provoke further bleeding.

Lens dislocation

Blunt trauma may result in varying degrees of lens 
displacement. Partial dislocation causes few symp-
toms. Complete lens dislocation results in blurred 
vision. A common sign of lens dislocation is a quiv-
ering of the iris when the patient moves the eye. 
Iritis and glaucoma are possible sequelae of lens 
dislocation. Immediate ophthalmological referral is 
required. Surgical removal of the displaced lens may 
be indicated.

Vitreous hemorrhage

Bleeding into the vitreous humor signifi es damage to 
the retina, choroid or ciliary body. Ophthalmoscopic 
examination reveals loss of the red refl ex and a hazy 

appearance. Treatment generally consists of bed rest 
but more severe cases may require removal of the 
blood and vitreous humor.

Retinal hemorrhage

Injury to the retina can result from a direct blow to 
the eye or a blow to the back of the head. Valsalva 
maneuvers (e.g. in weightlift ing) may also produce 
retinal edema and hemorrhage. Th e patient may 
remain asymptomatic if peripheral areas of the retina 
are aff ected. Central retinal damage, however, blurs 
vision. On ophthalmoscopic examination, central 
retinal edema appears as a white opacity that partially 
obscures the retinal vessels. Boxers may develop 
atrophic macular holes and loss of central vision as 
a result of recurrent contusive injuries.

Retinal detachment

Retinal detachment may result from any blunt or 
perforating trauma and may occur months or even 
years aft er the initial injury. Th e patient complains 
of fl ashes of light or the appearance of a ‘curtain’ 
spreading across the fi eld of vision. Ophthalmo-
scopic examination reveals elevation and folding of 
the detached retina, which trembles with each eye 
movement. Immediate referral for surgical treatment 
is indicated. An unusual case of retinal detachment 
in sport occurred in a swimmer who received an 
accidental blow to the goggles.3

Orbital injuries

‘Blow-out’ fracture of the orbit results from direct 
trauma such as a fi st, cricket ball, baseball4 or squash 
ball (Fig. 15.8). Compression of the globe and orbital 
contents produces a fracture in the weakest part of 
the orbit, the orbital fl oor. Contents of the orbit may 
herniate through the defect. Th e patient typically 
presents with a periorbital hematoma, protruding 
or sunken eye, double vision on upward gaze and 
numbness of the cheek. Double vision on upward 
gaze is due to the entrapment of the inferior rectus 
muscle in the fracture.

A detailed examination of the eye must be per-
formed to exclude intraocular injuries such as 
hyphema, lens dislocation or ruptured globe. If an 
orbital fracture is suspected, X-ray should be per-
formed. Th e X-ray may not show the fracture but may 
demonstrate some clouding of the maxillary sinus. CT 
examination is used to confi rm the fracture.

Antibiotic therapy should be commenced immedi-
ately and the patient referred to an ophthalmologist. 
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Surgery may be required to release the trapped muscle 
and repair the bony defect.

Prevention of eye injuries

Athletes with certain eye problems should avoid 
contact sports altogether. Th ese problems include:

• functionally only one eye
• severe myopia
• Marfan’s syndrome
• previous retinal detachment.

For squash, protective eye wear must be worn by 
people who have either only one good eye, amblyopia 
(lazy eye), recent eye surgery, history of preretinal 
detachment conditions or diabetic retinopathy. Pro-
tective eye wear should meet the Australian Standard 
AS4066 1992 or the US Standard ASTM F803.

Contact lenses off er no protection against eye 
trauma. Hard contact lenses are not suitable for 
sporting activity and should never be used in con-
tact sport. Soft  lenses appear to be reasonably safe in 
contact sport. One of the most common ‘crises’ in 

injury management is a lost contact lens. Th e athlete 
will complain that the contact lens is no longer in its 
correct position and cannot be located. Usually the 
lens has been displaced and with careful examination 
can be located elsewhere on the eye, oft en at the lower 
lid. Occasionally, the lens is displaced completely from 
the eye and lost on the playing surface. Th ose who 
wear contact lenses during sport should always carry 
a spare pair of contact lenses or a pair of protective 
spectacles as a back-up.

Th ose athletes who cannot or do not like to wear 
contact lenses can use protective goggles made of 
polycarbonate, which are available for most pre-
scriptions. These polycarbonate goggles are also 
used as eye protection in sports with a high risk for 
eye injuries. Th e most obvious examples of these are 
squash and racquetball, where the size of the ball 
enables it to enter the orbit and compress the globe. 
Th e routine use of closed goggles is strongly recom-
mended (Fig. 15.9).

Certain sports require protection not only of 
the eye but of the other facial structures. In sports 
such as American football, ice hockey, cricket and 
lacrosse, protective helmets and faceguards should 
also provide adequate eye protection. Because of the 
profound eff ect of major eye injury, we encourage 
athletes and sport-governing bodies to be proactive 
in promoting and enforcing the use of eye protection 
where indicated.5

Teeth
Collisions with opponents during contact sports are 
the most common cause of dental injuries. Direct 
blows from equipment such as hockey sticks and bats 
may also injure teeth.

Figure 15.8 A squash ball fi ts precisely into the eye 
socket

Figure 15.9 Protective goggles
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Th orough examination of the oral cavity should 
be carried out in all cases of facial trauma to detect 
injuries to the teeth. If a chipped or avulsed tooth 
cannot be found, chest and abdominal X-ray may be 
required to locate the missing fragment.

Enamel chip fractures are not painful and require 
non-urgent dental referral. Crown fractures that 
expose the dentine are painful when exposed to 
air, heat or cold and require urgent dental referral. 
A severe crown injury exposing the dental pulp 
requires immediate dental referral. Th e fractured 
tooth fragment should be retained in milk.

Occasionally, a forceful blow causes a tooth or 
teeth to be luxated or moved. Th ese teeth should be 
repositioned to their original site using fi rm fi nger 
pressure and subsequently splinted with aluminium 
foil prior to dental referral.

Tooth avulsion may also occur as a result of a 
direct blow. Th e tooth may be saved by quick and 
appropriate action.6 Th e critical time is in the fi rst 
15 minutes following the injury. An avulsed tooth 
should be retrieved and handled by the crown. If dirty, 
it should be irrigated with sterile saline solution or 
milk, or sucked clean under the tongue. Debris should 
not be scraped off  the root. If the patient is conscious 
and alert, the tooth should then be reimplanted and 
splinted. It is essential to confi rm that the labial and 
lingual surfaces of the tooth are in proper position 
by comparison with the adjacent teeth. When the 
tooth has been implanted into the proper position the 
patient should be asked to bite on sterile gauze and 
be transported immediately for dental treatment. If 
the patient is not fully alert, the tooth can be stored 
in a suitable medium such as a glass jar, paper cup or 
sealable plastic bag containing sterile saline or fresh 
milk, preferably skim milk, for transport and the 
patient immediately referred to a dentist. With suitable 
storage, the tooth may be successfully reimplanted by 
the dentist within 2 hours of the injury.

Prevention of dental injuries

Most dental injuries can be prevented or reduced in 
severity by the wearing of an eff ective mouthguard. 
Th e standard ‘one size fi ts all’ mouthguard has limited 
eff ectiveness and a custom-made mouthguard fi tted 
by a dentist should be worn in sports where the risk 
of dental injury is high. In youth sports, parents, as 
well as coaches, should take responsibility for ensuring 
that competitors wear mouthguards.7 Sports such as 
basketball, baseball and soccer have a higher rate of 
dental injuries than many parents and athletes realize. 
Medical personnel should encourage mouthguard use 

in these sports, in addition to the traditional contact 
sports such as American football, Rugby, ice hockey 
and wrestling.

Bimaxillary mouthguards are also available to cover 
both the upper and lower teeth. Th ese tend to make 
breathing and speech diffi  cult and are not popular 
with sportspeople.

Mouthguards should be kept in a plastic box 
and regularly rinsed with an antiseptic mouthwash. 
Th ey should not be allowed to overheat as they will 
deform.

Fractures of facial bones
In sport, facial fractures may result from blows by 
implements such as bats or sticks, equipment such as 
skis8 and from collision injuries. Mountain biking is 
a sport that causes a signifi cant proportion of facial 
injuries. It appears that eye wear can protect against 
facial injuries.9

Symptoms and signs range from pain, swelling, 
laceration and bruising to gross deformity. Examina-
tion may reveal facial asymmetry, discoloration or 
obvious deformity. Th e bite should be examined for 
malocclusion. Bimanual examination of the facial 
bones may show areas of discontinuity and mobility. 
If maxillary fracture is suspected, the upper teeth 
can be grasped to determine evidence of excessive 
movement of the upper jaw and midface. Opening 
and closing the jaw may reveal pain, limitation or 
deviation with mandibular injuries.

Initial management of facial fractures is directed 
towards maintenance of the patient’s airway. In man-
dibular body fractures or maxillary fractures, this may 
require emergency manual reduction. Associated 
head and cervical spine injuries should be excluded. 
Th e oral cavity requires inspection for bleeding or 
dental damage.

Fractures of the zygomaticomaxillary 
complex

Zygomaticomaxillary complex fractures (Fig. 15.10) 
occur from a direct blow to the cheek such as from a 
fi st, hockey stick or baseball. Signs include swelling 
and bruising, fl atness of the cheek and mandibular 
function disturbance. If associated with an orbital frac-
ture, there may be concomitant diplopia, numbness 
of the aff ected cheek, limitation of ocular movement 
and asymmetry of the eyes.

Surgical treatment consists of closed or open 
reduction under general anesthesia. Unstable frac-
tures require fi xation. Associated orbital fractures 
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are treated by open reduction and reconstruction of 
the orbital fl oor.

Maxillary fractures

Maxillary fractures usually result from a direct 
crushing blow to the middle portion of the face 
such as from a hockey stick, a baseball or collision. 
Th ey are classifi ed as Le Fort I, II and III fractures 
depending on whether the nasal or cheek bones are 
involved. Le Fort I fractures result in the separation 
of the maxilla from the nasal–septal structures and 
the ptery goid plates. Clinically, Le Fort I fractures 
are identifi ed when the entire maxilla moves as a 
separate unit. Le Fort II fractures separate the maxilla 
and the nasal complex from the orbital–zygomatic 
structures. On clinical examination the maxilla and 
nose move together as one unit. Le Fort III fractures 
separate the maxillary, zygomatic, nasal and orbital 
structures from the cranial base (Fig. 15.11).10

Maxillary fractures are oft en accompanied by 
cranial damage, obstruction of the nasal airway, edema 
of the soft  palate, hemorrhage into the sinuses and 
disturbance of the contents of the orbit. CSF rhinor-
rhea may occur, indicating fracture of the cribriform 
plate. Reduced sensation in the infraorbital region is 
common.

Examination fi ndings include lengthening of the 
face, midface mobility, malocclusion of the bite and 
periorbital bruising. Initial treatment is aimed at 
protecting the airway—the conscious patient should 

sit leaning forward. This should be followed by 
rapid transfer for defi nitive diagnosis and treatment. 
Surgical treatment involves reduction and fi xation 
with wires, screws or a plate.

Mandibular fractures

Fracture of the mandible is one of the most common 
facial fractures in sport and usually results from a 
direct blow. Th e most common fracture sites are the 
mandibular angle and the condyle. Th e mandible 
usually breaks in more than one place as a result of the 
trauma and these fractures usually occur on opposite 
sides of the midline. Fractures may be displaced or 
undisplaced.

Undisplaced fractures

Minor mandibular fractures are painful, tender and 
swollen. Th ese are managed conservatively with anal-
gesia and rest. Th e patient should eat soft  food only 
for up to four weeks as symptoms resolve.

Displaced mandibular fractures

Displaced mandibular fractures are severe injuries 
that result from considerable force. Alveolar (tooth-
bearing) fractures are the most common type. Th ese 
fractures range from single tooth fractures or avulsions 
to complete segment mobility. Th e clinical diagnosis 
is obvious when two or more teeth move as a unit.

Inspection may reveal malalignment of teeth and 
bruising to the fl oor of the mouth. Palpation reveals 
malocclusion, tenderness and defects along the lower 

Figure 15.10 CT scan confi rming a fractured zygomatic 
arch; plain radiography did not detect the fracture

Figure 15.11 CT scan of Le Fort III fracture

Brukner-B-13_24.indt   226Brukner-B-13_24.indt   226 5/6/06   11:49:01 AM5/6/06   11:49:01 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 227

CHAPTER 15 FACIAL INJURIES 15

border of the mandible. Paresthesia or anesthesia of 
the lower lip and chin suggest damage to the inferior 
alveolar nerve.

Initial treatment includes maintenance of the 
airway in a forward sitting position with the patient’s 
hands supporting the lower jaw. A jaw bandage can 
be used in comminuted or badly displaced fractures 
but needs to be applied with caution as it may com-
promise the airway by causing backward displace-
ment of the mandible. A cervical collar can be used 
as an alternative. A concussed or unconscious patient 
should be placed in a lateral position with head tilt 
and jaw support aft er the mouth has been cleared of 
any dislodged teeth or tooth fragments. Occasionally, 
the tongue may need to be held forward to maintain 
an open airway.

Most displaced mandibular fractures require 
closed reduction and intermaxillary fi xation for four 
to six weeks. If adequate closed reduction cannot be 
achieved, then open reduction and internal fi xation 
is required. A fracture of one condyle usually does 
not require immobilization except to control pain. 
Active jaw exercises should be commenced as soon 
as pain permits.

During the period of intermaxillary fi xation, the 
athlete may perform mild exercises such as station-
ary bike riding and light weightlift ing. Resumption 
of contact sport should be delayed until at least one 
to two months aft er the jaws are unwired. Earlier 
resumption is possible when internal fi xation has 
been used. Th e use of a protective polycarbonate 
facial shield may off er some protection if early return 
to play is contemplated.

Patients with mandibular fractures who are eating 
soft  food or have their jaws wired must be referred 
to a dietitian for dietary advice. It is important to 
maintain weight and strength during the period of 
wiring. A dietitian will advise on suitable liquid meals 
and foods suitable for vitamizing.

Temporomandibular injuries

Blows to the mandible can produce a variety of tem-
poromandibular joint (TMJ) injuries. Trauma to the 
jaw while the mouth is open occasionally produces 
TMJ dislocation. Other injuries include hemarthrosis, 
meniscal displacement and intracapsular fracture of 
the head of the condyle.

Examination of the injured TMJ may reveal limita-
tion of opening, pain and malocclusion. Dislocation 
of the TMJ causes inability to close the mouth. A dis-
located TMJ may be reduced by placing both thumbs 
along the line of the lower teeth as far posteriorly as 

possible and applying downward and backward pres-
sure. Longstanding dislocations may require general 
anesthesia for reduction. Management of TMJ disloca-
tion includes rest with limitation of mouth opening 
for up to seven to 10 days, a soft  diet and analgesics 
such as aspirin. Contact sport should be avoided for 
up to two weeks depending on the symptoms. Boxers 
should not attempt sparring for at least six weeks.

Chronic TMJ problems are sometimes referred to 
as ‘temporomandibular joint dysfunction’ or ‘myo-
fascial pain dysfunction syndrome’. Th is syndrome 
appears to aff ect males more than females with a peak 
incidence in the early twenties. Patients complain of 
pain, limitation of movement, clicking and locking 
of the TMJ. Treatment is diffi  cult but should include 
assessment by a dentist to exclude any malocclusion 
problem, as well as exercise therapy.

Prevention of facial injuries
Protective equipment has been designed for sports 
where facial injury is a risk (Chapter 6). Properly 
designed helmets have reduced the incidence of 
faciom axillary injuries. Ideally, helmets should be 
individually fitted for each athlete. Helmets are 
designed for a single impact or multiple impact. 
Single-impact helmets such as most pushbike and 
motorbike helmets must be discarded aft er the user 
has had a fall.
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CHAPTER 

16
Neck Pain

WITH MEENA SRAN

This chapter will consider those acute and chronic 
soft  tissue conditions that cause neck pain. Severe 

neck injuries are considered in Chapter 44.
Th e surface anatomy of the neck is shown in Figure 

16.1. Structures that are likely to cause pain are the 
cervical disks, apophyseal joints, the ligaments and 
muscles of the neck, and neural structures.

Clinical perspective
Patients with neck pain may present with articular, 
muscular and neural system dysfunction and appro-
priate examination and clinical reasoning can oft en 
elucidate the primary source of the problem. Although 
selective local anesthesia block of each individual 
spinal structure may be the only way to precisely 

Figure 16.1 Anatomy of the neck

(a) Surface anatomy of the neck from in front (b) Anatomy of the anterior neck

determine which structure is causing the patient’s 
pain, manual examination accurately identifi es the 
segmental level responsible for a patient’s complaint 
when compared against a spinal block.1, 2 Multimodal 
treatment, including specifi c therapeutic exercise 
and manual therapy, is eff ective in the treatment of 
neck pain.3, 4

Th e management of neck pain, therefore, requires 
a thorough history, assessment of the joints, muscles 
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and neural structures, sound clinical reasoning and 
appropriate treatment to correct the abnormali-
ties found on examination. Th ere are, however, a 
number of recognizable syndromes associated with 
neck pain.

Th e acute wry neck is a well-recognized syndrome 
causing neck pain. Another is the acute acceleration/
deceleration injury commonly known as ‘whiplash’ 
injury. Occasionally, patients present with an insidi-
ous onset of symptoms associated with nerve root 
compression, oft en as the result of a local or general 
degenerative process.

Patients with mechanical neck pain typically also 
have a postural component to their condition. In some 
patients, pain is caused by posture alone—the ‘cervical 
postural syndrome’. Common postural faults seen in 
the neck region include chin protrusion, usually as a 
result of prolonged forward head posture (e.g. working 
at a computer screen). Excessive lordosis of the upper 
cervical spine can develop with subsequent irritation 
of the posterior structures (e.g. the apophyseal joints). 
Abnormalities and defi cits in the muscular system are 
common with this posture.

In the older patient, osteoarthritis may particu-
larly aff ect the apophyseal joints. Cervical headaches 
(Chapter 14) constitute 14–18% of all chronic head-
aches5, 6 and are oft en accompanied by neck pain 
and stiff ness.7 Th e other common site of referral of 
pain from the neck is to the shoulder and upper arm 
(Chapter 17).

History

Th e location of the symptoms must be determined: 
whether upper or lower cervical and/or referred to 
the head, whether primarily central, right-sided or 
left -sided, or whether there is a generalized ache. Th e 
onset of the patient’s symptoms is another important 
feature. It may have been sudden, either due to external 
trauma or an abnormal movement, or delayed follow-
ing trauma (e.g. following acute acceleration/decelera-
tion injury [whiplash]). Alternatively, the onset may 
have been insidious as a result of repetitive movement 
or prolonged abnormal posture.

Th e irritability of the pain is assessed by determin-
ing how easily the pain is aggravated. If the condition 
is irritable, the pain may be aggravated by relatively 
minor movements and may take several minutes to 
hours to ease. Th e degree of irritability will infl uence 
the examination (limited or full) and the intensity of 
treatment.

Th e nature of the pain may give an indication of 
the likely cause. Severe, lancinating pain referred in a 

(c) Surface anatomy of the neck from behind

(d) Anatomy of the posterior neck

(e) Dermatomal distribution of the neck region
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dermatomal distribution (Fig. 16.1e) suggests nerve 
root compression.

Th e time relationship of the symptoms may be 
important if the condition is primarily infl amma-
tory in nature, in which case it is oft en worse in the 
morning. If it is due to a mechanical problem, it is 
oft en worse with movement. Whether the condition 
improves during the day, whether it is related to any 
particular activity, and whether it wakes the patient 
at night are all important aspects of the history.

Any radiation of the pain to the head, shoulder, 
interscapular area, upper arm, forearm, hand or fi ngers 
should be noted.

Factors that appear to increase the pain give a guide 
to the possible source of the pain. For example, if read-
ing aggravates pain, it may indicate that prolonged 
fl exion is aggravating a disk problem. If looking up 
(extension) aggravates the pain, it is more suggestive 
of an apophyseal joint problem. If talking on the 
telephone (lateral fl exion) produces ipsilateral pain, 
it may indicate compression of structures exiting the 
foramen or apophyseal compression. Pain reproduced 
or aggravated by a combined movement position 
should also be noted. Th e eff ect of lying down, the 
position of maximum comfort and the number and 
organization of pillows used to sleep at night should 
all be considered.

Similarly, any movement or position that reduces 
the patient’s pain should be noted. Such a position 
may be an indication of a possible initial treatment 
position. If the pain is not relieved at all, then more 
serious pathology should be suspected.

Any associated symptoms in the upper arm such as 
pins and needles, numbness or weakness may be an 
indication of nerve root involvement. Any symptoms 
of vertebral artery insuffi  ciency, such as dizziness 
or syncope with turning, looking up or a sustained 
position, should be determined.

Previous treatment and the patient’s response to 
that treatment should be noted. General health ques-
tions, a recent history of unexplained weight loss and 
the use of medications may also be relevant.

Examination

Th e history will give the clinician a guide to the struc-
tures that may be producing the patient’s symptoms 
and thus infl uence the physical examination. Th e prac-
titioner must determine whether the pain is primarily 
coming from joints (including ligaments), muscles 
or neural structures in order to provide appropriate 
treatment. As with any soft  tissue injury, all three com-
ponents may be involved to some extent. Neurological 

examination is required if symptoms exist below the 
level of shoulder. Examination involves:

1. Observation
(a) from behind
(b) from in front
(c) from each side

2. Active movements
(a) upper cervical fl exion (Fig. 16.2a)
(b) lower cervical fl exion (Fig. 16.2b)
(c) upper cervical extension (Fig. 16.2c)
(d) lower cervical extension (Fig. 16.2d)
(e) lateral fl exion
(f) rotation
(g) combined movements (Fig. 16.2e)

3. Passive movements
(a) as above (if active limited)
(b) muscle length tests (if not acute and no 

suggestion of mechanosensitive neural 
tissue): levator scapulae, upper trapezius, 
scalenes, pectoralis major, upper cervical 
extensors

Figure 16.2 Examination of the patient with neck pain

(a) Active movement—upper cervical fl exion

(b) Active movement—lower cervical fl exion
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4. Palpation
(a) occiput
(b) spinous processes (Fig. 16.2f)

(c) apophyseal joints
(d) paraspinal muscles
(e) levator scapulae, upper trapezius
(f) anterior neck muscles (scalenes, 

sternocleidomastoid)
5. Special tests

(a) neurological examination
(b) neural tension tests (upper limb tension 

tests) (Chapter 8)
(c) craniovertebral ligament/instability tests

Investigations

Most patients presenting with neck pain do not 
require further medical investigation. However, 
X-rays should be performed if there has been trauma 
to the neck, acute acceleration/deceleration injury, 
or the patient has nerve root symptoms. CT scans 
and MRI may show further detail in patients with 
nerve root symptoms, especially if surgery is being 
considered.

(c) Active movement—upper cervical extension with 
chin protruding

(d) Active movement—lower cervical extension with 
upper cervical spine in neutral or fl exion

(e) Combined movements, using a combination of 
fl exion or extension and lateral fl exion or rotation, may 
reproduce pain or other symptoms. The movements 
can be adapted to be more specifi c for the upper 
cervical spine with upper cervical fl exion or extension. 
Overpressure may be applied as shown.

(f) Palpation—spinous process: assessing vertebral 
position
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Treatment of the athlete 
with neck pain
Th e management of the athlete with neck pain depends 
on careful assessment of the muscles, joints and neural 
structures. Technique selection will depend on the 
diagnosis and the irritability of the condition.

Th ere are a number of diff erent techniques available 
for the correction of these abnormalities (Chapter 10). 
Th ese include manual therapy techniques applied to 
the joints (e.g. mobilization, manipulation), muscles 
(e.g. hold–relax, soft  tissue therapy and dry needling) 
and neural structures (e.g. neural tissue mobilization), 
as well as therapeutic exercise. As there is oft en more 
than one structure involved (e.g. joint and muscle), 
a combination of treatment methods is commonly 
required (e.g. joint mobilization and specifi c thera-
peutic exercise).

Th e general principles of treatment should be 
followed. Th ese include trialing one technique at a 
time and assessing the eff ect of that technique by 
comparing pre-treatment and post-treatment clini-
cal fi ndings. If one technique is not eff ective, then a 
diff erent technique should be attempted.

Muscles and fascia

The common soft tissue abnormalities found in 
patients with neck pain are focal areas of increased 
muscle tone, trigger points, muscle tightness and 
shortening, and defi cits in motor activity and control 
(e.g. proprioception).8

Treatment should be aimed at restoring normal 
muscle length, tone, timing, strength, endurance 
and control, with the overall aim of restoring normal 
movement. Soft  tissue techniques aimed at reducing 
pain and improving muscle length and tone are shown 
in Figure 16.3. Dry needling of trigger points in the 
suboccipital muscles, sternocleidomastoid, scalenes, 
trapezius and levator scapulae can restore normal 
muscle length and eliminate trigger points. Specifi c 
therapeutic exercise, such as training of the deep neck 
fl exors, is discussed in further detail on page 238.

Joint abnormalities

Th e joints of the cervical spine frequently make a 
signifi cant contribution to the patient’s pain. Th e 
most common abnormality found on examination is 
hypomobility of one or more intervertebral segments. 
Manual therapy techniques can be used to treat stiff  
or painful intervertebral joints. Th e aim when treating 
joint dysfunction is to restore full, pain-free range of 

Figure 16.3 Soft tissue therapy

(a) Transverse friction to extensors with segmental 
rotation

(b) Sustained myofascial tension to sternocleidomastoid 
with ipsilateral passive rotations

(c) Transverse friction to levator scapulae distally
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motion. Th e two major types of manual therapy used 
in the treatment of joint abnormalities are mobiliza-
tion and manipulation (Chapter 10). Th e choice of 
which manual therapy techniques to use depends on 
the diagnosis, the clinician’s knowledge of trauma, 
pathology and the repair process, and the irritability 
of the condition.

Mobilization

A number of diff erent mobilization techniques are 
used in the treatment of neck pain. Th ere are three 
commonly used techniques for upper cervical spine 
(occiput−C2) problems and six techniques for the 
lower cervical spine.

Th e basic techniques for the upper cervical spine 
are:

1. longitudinal movement (e.g. manual traction) 
(Fig. 16.4a)

2. posteroanterior (PA) central pressure 
(Fig. 16.4b)

3. PA unilateral pressure (Fig. 16.4c)

Figure 16.4 Mobilization techniques for the cervical 
spine

(a) Longitudinal movement (e.g. manual traction)—
oscillatory or sustained longitudinal pulling is 
performed gently

(b) PA central—pressure is applied through the 
therapist’s thumbs in a posteroanterior direction over 
the spinous processes

(c) PA unilateral—pressure is applied through the 
therapist’s thumbs in a posteroanterior direction over 
the apophyseal joints
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Th e basic techniques used in the middle and lower 
cervical spine are:

1. the above three
2. lateral fl exion (Fig. 16.4d)
3. rotation (Fig. 16.4e)
4. anteroposterior (AP) unilateral pressure 

(Fig. 16.4f).

Th e choice of which manual therapy techniques to 
use depends on: the severity, irritability and nature 
of the pain; the direction of movement dysfunction 
gained from movement tests and manual examina-
tion; and knowledge of the underlying pathology. 
Th e application of the technique is infl uenced by pain 
(may need to alter the joint position), the relation-
ship between pain and resistance, whether the pain 
is infl uenced by weight-bearing, and the clinician’s 
ability to control the technique. When to progress a 
technique and the rate of progression depends on the 
results of continuous reassessment. Possible progres-
sions include the grade of mobilization, the position 
of the joint, the speed of the technique, the amount of 
compression and the use of combined movements.

A highly irritable condition should be treated with 
techniques that do not aggravate the condition. It is 

(f) AP unilateral—very gentle oscillating movements 
are performed with the therapist’s thumb over 
the transverse process. This movement should be 
performed with great care

(e) Segmental rotation (non-locking)—hand contact 
is with the cephalad vertebra of the level to be 
mobilized; the other hand grips the chin to assist with 
rotation

(d) Lateral fl exion—the oscillating movement is 
produced by the therapist using a pivoting movement 
at the pelvis to produce the lateral fl exion movement
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oft en helpful to begin with accessory movements 
performed in a neutral position or a position of ease, 
short of discomfort. Higher grades of mobilization or 
manipulation can be used in non-irritable conditions 
if loss of motion and increased tissue resistance are 
the primary problems.

Manipulation

Manipulation of the cervical spine may be an extremely 
eff ective technique but it is also potentially dangerous 
due to the location of the vertebral artery relative to 
the spine as well as possible congenital anomalies 
and pathology that may cause instability of the upper 
cervical spine. It should, therefore, only be performed 
carefully by those appropriately trained in manipula-
tive techniques.

Prior to manipulation of the cervical spine, tests 
for vertebrobasilar insuffi  ciency should be performed, 
including a pre-manipulative hold.9, 10 If any ver-
tebrobasilar insufficiency tests are positive (e.g. 
tests produce or reproduce dizziness or any asso-
ciated symptoms), then cervical manipulation is 
contraindicated.

Traction

Traction can be a useful technique, particularly for 
the treatment of a patient with cervical diskogenic 
or radicular pain. Traction can be performed manu-
ally by the therapist or by machine. Th e traction 
applied may be constant or intermittent. Th e clini-
cian should attempt manual traction fi rst and, if it 
relieves the pain, then mechanical traction may be 
trialed. In lower cervical problems, traction should 
be applied with the neck in slight fl exion. In the case 
of an acute nerve root problem, sustained traction is 
typically more helpful, whereas intermittent traction 
is typically better in the case of chronic degenerative 
cervical conditions.

Th e amount of traction applied can be varied 
by altering the weight or duration. Th e amount of 
weight to be used depends on the size and weight of 
the patient and the irritability of the condition. Th e 
therapist should palpate at the interspinous space to 
determine whether movement is occurring at the 
intended spinal level. Th e patient’s response to treat-
ment should also guide the intensity.

Traction should be commenced with light weights 
(e.g. 5 kg [12 lb]) for short duration (e.g. 5 min-
utes). Th e patient should be reassessed to determine 
whether there is a change post treatment. Based on 
this re assessment the therapist can decide whether 
to increase the duration or weight. Traction should 
not be used if it increases the pain.

Neural tissue mobilization

Increased neural tissue sensitivity may be detected 
by neural tension tests, such as the upper limb ten-
sion tests, passive neck fl exion and the slump test 
(Chapter 8). Th ese tests apply a longitudinal mechani-
cal stimulus to test the compliance of the nerve trunks 
to changes in their anatomical course.11 If neural ten-
sion is contributing to the patient’s condition, then 
movement can be achieved using direct mobilization 
of the nervous system, typically with tension tests 
(and their derivatives) and/or palpation techniques, 
and treatment of the interfacing structures (i.e. joints, 
muscles, fascia and skin).12 Th e clinician should think 
about moving neural tissue, as opposed to stretch-
ing it. Th e patient must be relaxed and comfortable 
and symptoms must be monitored repeatedly. If the 
condition is not irritable, the initial technique will 
typically move into some resistance, whereas with 
an irritable condition it is best to start with a tech-
nique some distance from the symptomatic area (e.g. 
opposite limb or lower limbs).12 Neural mobilization 
(Chapter 10), including home mobilizing exercises, 
can help reduce neural tissue sensitivity and restore 
neural tissue mobility. Neural tension tests and neural 
mobilization techniques should only be applied by 
clinicians who are adequately trained in their use.

Exercise therapy

Exercise therapy is an important component of the 
treatment of the patient with neck pain. Th e diff er-
ent types of exercise therapy used include stretching, 
range of motion, strength, endurance and motor 
control exercises.

Stretching

A number of diff erent stretching exercises can be 
performed by the patient. Muscles that can benefi t 
from stretching include:

• lateral fl exors (Fig. 16.5a)
• levator scapulae (Fig. 16.5b)
• trapezius (Fig. 16.5c)
• pectoralis major (Fig. 16.5d)
• upper cervical extensors.

Range of motion exercises

Active fl exion, rotation and side fl exion exercises 
should be performed within the pain-free range. 
Caution is required with extension exercises as they 
may irritate the condition. Circular combined move-
ments should not be performed.
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Figure 16.5 Stretching exercises

(a) Lateral fl exors

(b) Levator scapulae

(c) Trapezius

(d) Pectoralis major
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Endurance and motor control

Individuals with neck pain, both traumatic and non-
traumatic, have a reduced ability to hold inner range 
positions of upper cervical fl exion.13, 14 Th e deep neck 
fl exor muscles (longus colli and longus capitis) are 
thought to be critical for controlling intervertebral 
motion and cervical lordosis.15 Patients with neck 
pain displayed signs of motor dysfunction, including 
delayed onset of the deep neck fl exors and contra-
lateral sternocleidomastoid and anterior scalene 
muscles during unilateral shoulder fl exion/exten-
sion16 and a trend for greater sternocleidomastoid 
and anterior scalene activity than controls.17

The craniocervical flexion test was devised 
as a staged test of deep neck flexor action. This 
test (Fig. 16.6) should be conducted on patients with 
neck pain to detect defi cits in endurance (holding 
capacity) of the deep neck fl exors and the degree 
of coactivation of the superfi cial neck fl exors (ster-
nocleidomastoid, anterior scalenes).13, 17 Greater 
superfi cial neck muscle fatigue (both sternocleido-
mastoid and anterior scalenes) found on the side of 
the patient’s pain (in patient’s with chronic unilateral 
neck pain) suggests the need for exercise training to 
be specifi c.18 It is important to train cervical muscle 
control in patients with neck pain. Th e clinician must 
pay particular attention to compensation strategies 
such as cervical retraction or excessive superfi cial 
muscle activity.

Strengthening

Self-resisted isometric strengthening exercises can 
be performed in lateral fl exion, rotation, fl exion 
(Fig. 16.7) and extension.

Posture

In those patients with a forward head posture and 
increased upper cervical lordosis, postural retraining 
is aimed at reducing the amount of cervical exten-
sion and chin protrusion. It may also be necessary to 
improve thoracic and shoulder girdle posture with 
mobilization, manipulation and scapular exercises, 
including the lower trapezius. Th e position of the 
pelvis should also be addressed as it can dramatically 
infl uence thoracic and cervical posture. Taping can 
be useful in providing proprioceptive feedback for 
patients with postural problems (Fig. 16.8).

Appropriate soft  tissue therapy can facilitate pos-
tural training, and stretches to the pectoral muscles 
may also help to improve posture.

Stress management

Increased stress may lead to increased muscle ten-
sion and postural abnormalities. Stress management 
may play an important role in the treatment of some 
patients with neck pain. Widely used relaxation tech-
niques include breathing exercises, yoga, meditation 
and relaxation massage.

Figure 16.6 Endurance testing using pressure 
biofeedback suboccipitally to detect increases 
in pressure with the gentle nodding action of 
craniocervical fl exion. The pressure sensor is infl ated 
to 20 mmHg and then the patient is instructed to keep 
the superfi cial muscles relaxed and fl ex the upper 
cervical spine very slowly with a gentle nodding 
action and to hold the position steady for 10 seconds. 
Patients receive visual feedback of the pressure level. 
Ideally, the patient will increase the pressure by 
10 mmHg but most patients who present with 
neck pain can only increase the pressure by 
2–4 mmHg at fi rst and they are unable to hold 
the position steady17. [Photo courtesy of Professor 
Gwendolen Jull.]
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Neck pain syndromes
As mentioned previously, most neck pain is non-
specifi c. However, commonly recognized ‘syndromes’ 
causing neck pain include the cervical postural syn-
drome, acute wry neck, acceleration/deceleration 
injury, acute nerve root pain, as well as stingers/
burners.

Cervical postural syndromes

Th ese syndromes are characterized by a typical pos-
ture of protruding chin and increased upper cervical 
lordosis (Fig. 16.9). Th e patient typically has reduced 
thoracic extension, rounded shoulders, tight pectoral 
muscles, restricted shoulder movements and forward 
carriage of the head. It may be seen in athletes whose 
sport requires them to adopt prolonged postures. Th is 
includes cyclists, baseball catchers and hockey play-
ers. Similar problems occur in the workplace among 
people working at a computer screen, painters and 
production line workers. Problems arising in the 

Figure 16.7 Deep cervical fl exor strengthening 
exercises. Using a towel behind the head as shown to 
place the neck in a neutral position, the patient nods 
as if saying ‘yes’ (not losing contact with the towel). 
The patient is trained to palpate the superfi cial neck 
muscles (between the fi ngers) to ensure the superfi cial 
muscles remain relaxed and the movement is being 
made by the deep cervical fl exors

Figure 16.8 Taping. Rigid sports tape is applied across 
the scapular region to encourage correct posture. 
Taping is varied according to which correction is 
required

Figure 16.9 Poor cervical posture showing the chin 
protruding and increased upper cervical lordosis
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workplace may benefi t from ergonomic assessment. 
Individuals with osteoporotic vertebral compres-
sion fractures also frequently present with a similar 
thoracic, shoulder and cervical posture and reduced 
mobility.

Th e patient may complain of a burning or aching 
pain across the shoulders and neck or of sub occipital 
pain around the attachment of the trapezius and 
the upper cervical extensors. Pain is aggravated by 
prolonged static posture and is typically relieved 
by movement.

Examination usually reveals hypomobility of the 
lower cervical and upper thoracic spine with tightness 
and the presence of trigger points in the suboccipital 
muscles. Th ere is weakness of the deep neck fl exors 
and serratus anterior as well as the mid and lower 
trapezius and/or rhomboids. Th ere may be evidence 
of adverse neural tension, such as reduced mobility 
in the upper limb tension test.

Treatment includes a multimodal approach, with 
therapeutic exercise, manual therapy, ergonomic advice 
and postural retraining. Joint mobilization should be 
performed to improve mobility of stiff er spinal seg-
ments. Postural retraining is an essential component 
of the treatment program and should include educa-
tion and correction of not only cervical, thoracic and 
scapular position, but also the pelvis and lumbar spine, 
which infl uence head and thorax position.

Release of tight structures, for example, the sub-
occipital muscles, with sustained myofascial tension 
techniques or dry needling of trigger points may 
improve cervical and shoulder mobility and facilitate 
postural retraining. Stretching the pectoral muscles 
may also be indicated. Taping may be helpful in 
postural retraining (Fig. 16.8).

Acute wry neck

Th e acute wry neck is characterized by a sudden onset 
of sharp neck pain with deformity and limitation of 
movement. It typically occurs either aft er a sudden, 
quick movement or on waking. Th ere may have been 
unusual movements or prolonged abnormal postures 
prior to the onset of pain but not necessarily. Th e 
apophyseal joint and the diskogenic wry neck are the 
two most common types. Th ey can be diff erentiated 
based on the history and examination.

Apophyseal wry neck

Th e apophyseal wry neck occurs more frequently in 
children and young adults, most commonly at the 
C2–3 level.19 It is commonly associated with a sud-
den movement resulting in sharp pain. Locking of 

C0–1 or C1–2 may involve some trauma, in which 
case the craniovertebral ligaments should be assessed. 
Th e patient typically presents with an antalgic pos-
ture—usually lateral fl exion away from the side of 
the damaged joint and slight fl exion. Th e patient is 
unable to correct the abnormal posture due to pain 
and muscle spasm.

Active movements in sitting are diffi  cult to assess 
due to muscle spasm. Joint mobilization and/or 
manipulation can be eff ective in treating this condi-
tion. Lateral fl exion (Fig. 16.4d) or manual traction in 
the line of the deformity are oft en the fi rst techniques 
employed. Manual treatment should be followed by 
range of motion and motor control exercises (e.g. of 
lower trapezius, deep neck fl exors). Range of motion 
may not be fully restored immediately post manual 
therapy, possibly due to the presence of swelling. Ice, 
ultrasound or electrotherapeutic modalities may be 
an eff ective adjunct to treatment. Mobilization and 
manipulation techniques should only be performed 
by therapists with appropriate training.

Diskogenic wry neck

Th e diskogenic wry neck, on the other hand, usually 
has a more gradual onset and classically occurs when 
waking aft er a long sleep in an awkward posture. Th is 
tends to occur in an older age group (e.g. middle-aged 
adults) and pain is oft en felt in the lower cervical or 
upper thoracic region. Th is condition usually occurs 
in the lower cervical spine (C4–7), pain oft en feels 
deeper and the patient typically presents with a lateral 
fl exion deformity with a bit of rotation and possibly 
fl exion. Th ere may be some radiation of pain to the 
medial scapular region20 and the patient may have 
a history of degenerative joint disease in the lower 
cervical spine. It is important to diff erentiate this 
condition from a locked apophyseal joint as treat-
ment that is appropriate for the apophyseal wry neck 
(such as manipulation) may seriously aggravate the 
diskogenic wry neck.

Treatment oft en begins in a position of ease with 
AP (Fig. 16.4f) or PA (Fig. 16.4c) mobilization, rota-
tion (Fig. 16.4e) and/or cervical traction. Temporary 
use of a soft  collar may provide some relief, as may 
analgesic medication. Postural retraining and motor 
control exercises should begin as soon as possible.

Acceleration/deceleration injury

Acute acceleration/deceleration injury to the cervical 
spine is a common injury in motor vehicle accidents. 
It can also occur in sports when the cervical spine is 
suddenly extended in contact with the ground or by a 

Brukner-B-13_24.indt   240Brukner-B-13_24.indt   240 5/6/06   11:49:23 AM5/6/06   11:49:23 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 241

CHAPTER 16 NECK PAIN 16

direct blow from an opponent. Th is syndrome is com-
monly known as ‘whiplash’. In motor vehicle accidents 
it may result from rear end or side impact collisions. 
Th e most common symptoms of whiplash include 
neck pain, headache and decreased neck mobility.21, 22 
Occasionally, this mechanism of injury may result in 
cervical spine fracture (Chapter 44).

Th e patient may not feel pain immediately post 
injury but symptoms may increase gradually in the 
48 hours following injury. Muscles, joints (including 
ligaments) and neural tissue may all be aff ected. Early 
mobilization is essential in the management of acute 
whiplash, including education and spinal range of 
motion exercises within a comfortable range. Aft er 
the acute phase, treatment should focus on increas-
ing function and return to normal activity as soon 
as possible. Th erapeutic exercise, ergonomic advice 
and manual therapy should be used.

Acute nerve root pain

Acute cervical nerve root pain is characterized by 
moderate-to-severe arm pain which is very irritable. 
Neck pain may or may not be a feature. Th e pain is 
aggravated by movements of the cervical spine that 
reduce the intervertebral foramen (extension, rota-
tion) or any movement or posture that increases 
tension on the nerve root (cervical lateral fl exion, 
shoulder depression, arm movements such as shoulder 
abduction or elbow extension). Th e pain is eased by 
cervical fl exion or positions that decrease tension on 
the nerve root (e.g. arm cradled or overhead). Th ere 
may be associated sensory symptoms, such as pins and 
needles, paresthesia and muscle weakness, and possi-
bly reduced refl exes. Nerve root pain may be insidious 
in onset, especially following prolonged abnormal 
posture. Th is condition usually aff ects older adults and 
results from compromise of the intervertebral foramen 
due to the presence of osteophytes (zygapophyseal 
or uncovertebral joints), disk changes, spondylosis 
and/or infl ammation of a nearby structure.

Neural tension tests should not be performed but 
nerve palpation may be used to assess sensitivity. 
High-velocity manipulation is contraindicated. Treat-
ment consists of techniques that open up the foramen 
(e.g. rotation away, AP mobilization); however, care 
must be taken as this condition is usually irritable. 
Sustained traction in the position of ease can be very 
eff ective in some cases. Indirect neural tissue tech-
niques (e.g. opposite arm) may be helpful. Treatment 
should include discussion of sleeping positions and 
a full explanation of the problem. Muscular defi cits 
should be treated as soon as possible (e.g. deep neck 

fl exors) using modifi ed positions. Th is should be 
accompanied by local measures to reduce pain and 
infl ammation, for example, ice, heat, TENS, interfer-
ential stimulation and analgesic medication.

‘Stingers’ or ‘burners’

Th e ‘stinger’ or ‘burner’ phenomenon is seen relatively 
frequently in American footballers but rarely in other 
sports. Th e player experiences transient upper extrem-
ity burning type pain, paresthesia and weakness. 
Symptoms may radiate to the hand on the aff ected 
side or be localized to the neck. Th e mechanism of 
injury frequently involves downward displacement of 
the shoulder with concomitant lateral fl exion of the 
neck towards the contralateral shoulder. Th e symp-
toms are usually transient but persistent neurological 
dysfunction may occur.

Proposed mechanisms include brachial plexus 
stretch or traction injury, nerve root compression 
in the intervertebral foramen or injury from a direct 
blow to the brachial plexus. Most cases are thought 
to involve the upper trunk (C5, C6) of the brachial 
plexus. Footballers with recurrent or chronic burner 
syndromes were shown to have nerve root compres-
sion in the intervertebral foramina secondary to disk 
disease. A high incidence of cervical canal stenosis 
was found in this group.23

Th ere does not appear to be any helpful treatment 
for this condition. Usually symptoms resolve over a 
varying period of time from minutes to days. Th e 
athlete should be removed from all sport until the 
symptoms fully resolve.24
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CHAPTER 

17
Shoulder Pain

WITH W. BEN KIBLER AND GEORGE A. C. MURRELL

Normal shoulder function is essential for many 
popular sports and shoulder dysfunction causes 

signifi cant impairment of everyday quality of life. 
In recent years, there have been many advances 
in understanding the abnormalities underpinning 
shoulder pain and in new treatments for shoulder 
problems. However, the shoulder remains one of 
the most challenging regions for all sports medicine 
practitioners.

Th e aim of this chapter is to provide a sound 
background in the functional anatomy and dynamic 
forces acting around the shoulder joint so that the 
pathological processes around the shoulder can be 
understood. Aft er describing the key features of the 
clinical history and illustrating how to conduct a 
physical examination for this region, we detail the 
treatment of the various shoulder abnormalities. Th e 
chapter concludes with a prescription for practical 
shoulder rehabilitation, which is designed to aid 
the practitioner managing shoulder problems in 
the offi  ce.

Functional anatomy
Th e glenohumeral joint is a ball and socket joint. 
Unlike the hip joint, which has a deep socket, the 
glenoid cavity is a shallow socket and is inherently 
unstable. Th e relationship between the humeral head 
and the glenoid cavity has been likened to a seal bal-
ancing a ball on its nose. Th is implies that shoulder 
stability arises from a dynamic ball and socket stability 
that involves other structures. Th is additional stability 
is provided by static constraints—the glenohumeral 
ligaments, glenoid labrum and capsule—and dynamic 
constraints, predominantly the rotator cuff  and scapu-
lar stabilizing muscles (Fig. 17.1).

Th e main static stabilizers of the shoulder in the 
abducted or functional position are the anterior and 
posterior bands of the inferior glenohumeral liga-
ment. Th ey are attached to the labrum, which, in turn, 
attaches directly to the margin of the glenoid fossa. 
Th e anterior band of the inferior glenohumeral liga-
ment prevents anterior translation and the posterior 
band prevents posterior translation of the humeral 
head. Th e superior margin of the anterior band of this 
ligament attaches to the glenoid fossa anteriorly at 
the two o’clock position. When the arm is placed into 
abduction and external rotation, this broad ligamen-
tous band rotates anteriorly to prevent subluxation 
of the joint.1 Shoulder stability is also enhanced by 
the glenoid labrum, a ring of fi brous tissue attached 
to the rim of the glenoid, which expands the size 
and depth of the glenoid cavity. It increases the 
superior–inferior diameter of the glenoid by 75% and 
the anterior–posterior diameter by 50%.

Figure 17.1 Anatomy of the shoulder region

(a) Surface anatomy from the front
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Th e dynamic stabilizers of the glenohumeral joint 
are the rotator cuff  muscles, which serve to control the 
position of the humeral head in the glenoid fossa. Th e 

rotator cuff  musculature, by acting as a humeral head 
depressor, balances the forces of the deltoid muscle, 
which acts to elevate the arm and force the humeral 
head superiorly towards the acromion and coraco-
acromial arch. Th e rotator cuff  muscles, principally 
the supraspinatus and, to a lesser extent, infraspinatus, 
teres minor and subscapularis, counteract the action 
of the deltoid by preventing the head of the humerus 
from moving superiorly when the arm is raised. An 
imbalance between the deltoid and the rotator cuff  
muscle strength may result in excessive superior 
movement of the humeral head, causing impingement 
of subacromial structures.

Th e scapular stabilizers also play an important 
role in shoulder joint movement. Glenohumeral 
movement requires the scapulothoracic, acromio-
clavicular (AC) and sternoclavicular joints to also 
move. Normal shoulder function requires smooth 
integration of movement of these joints. Th is inte-
grated movement is referred to as ‘scapulohumeral 
rhythm’.

Adequate scapulohumeral rhythm is required to 
achieve full upper limb elevation. Scapular movement 
ensures that the coracoacromial arch is removed from 
the path of the upwardly elevating humerus, in par-
ticular its greater tuberosity, via upward rotation of 
the scapula, thus avoiding potential impingement.

(b) Surface anatomy from behind

(c) Rotator cuff  musculature from behind

(d) Ligaments and muscles of the glenoid
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Correct scapulohumeral rhythm also enhances 
joint stability at greater than 90° of abduction by 
placing the glenoid fossa under the humeral head, 
where stability is assisted by the action of the deltoid 
muscle. A stable scapula provides a base for the 
muscles arising from the scapula and acting on the 
humerus, allowing them to maintain their optimal 
length–tension relationship. Scapulohumeral rhythm 
should be smooth, coordinated and symmetrical.

Disturbed scapulohumeral rhythm may be detected 
clinically by altered, jerky patterns of scapulohumeral 
movement. Th is may indicate injury to the shoul-
der girdle. Abnormal scapulohumeral rhythm may 
predispose to the development of a shoulder injury. 
Abnormalities of scapulohumeral rhythm are most 
commonly due to weakness of the scapular stabilizers 
(with or without weakness of the rotator cuff  mus-
cles), tightness and shortening of the scapulohumeral 
muscles (infraspinatus, teres minor and subscapularis) 
or involuntary adaptation to avoid a painful arc.

The muscles controlling scapular rotation are 
the trapezius (all three portions), serratus anterior 
(upper and lower portions), rhomboids, levator 
scapulae and pectoralis minor. For full upper limb 
extension, upward rotation of the glenoid is required. 
Th ese muscles work in coordinated patterns called 
force couples to control three-dimensional scapular 
motion as part of scapulohumeral rhythm. Th e main 
upward rotation force couple involves the upper tra-
pezius coordinating with the lower trapezius/serratus 
anterior. Anterior/posterior tilt and rotation involves 
the upper trapezius/pectoralis minor force coupled 
with the serratus anterior/lower trapezius. Following 
shoulder injury, adequate strengthening and retrain-
ing of the scapula stabilizers facilitates rotator cuff  
muscle strengthening.

Clinical perspective
A practical approach to shoulder pain

Because there are numerous structures that can cause 
shoulder pain, it is helpful if the clinician can narrow 
the problem down into one or more of the following 
fi ve ‘categories’ of shoulder pain:

1. rotator cuff  musculature
2. instability
3. stiff ness
4. AC joint
5. referred pain.

Furthermore, the clinician must seek predisposing 
factors for the injury that is diagnosed. Careful clinical 

assessment can oft en go a long way to achieving both 
of these goals. Before explaining the key features of the 
history and physical examination, we provide a brief 
overview of the fi ve common categories of shoulder 
pain listed above.

Injuries to the rotator cuff  muscles and tendons 
may be acute, chronic or acute on chronic. Acute 
injuries include muscle strains and partial or complete 
tendon tears. Overuse injuries include tendinopathy. 
An example of an acute on chronic injury is a complete 
rotator cuff  tendon tear in a previously degenerative 
tendon. Athletes with rotator cuff  tendon injuries 
frequently present with shoulder impingement.

Shoulder instability is another common cause of 
shoulder pain. Pain resulting from instability may arise 
from the anterior, posterior or superior shoulder cap-
sule and labrum and from the periscapular muscles. 
Glenoid labral lesions may occur either as an acute 
injury or from repetitive injury. Instability may be 
obvious clinically in patients with recurrent episodes 
of dislocation or subluxation. In many cases, however, 
instability may initially cause relatively minor symp-
toms, such as impingement or joint pain.

It is important to assess the AC joint in an ath-
lete presenting with shoulder pain. Th e athlete may 
complain of shoulder pain and assume that the pain 
is from the glenohumeral joint itself. Th e AC joint is 
one area of the shoulder where pain is localized.2

Shoulder stiff ness may be secondary to trauma, 
including surgery, or from injury to the cervical nerve 
roots and brachial plexus. It may occur spontaneously 
in middle age for no apparent reason—a condition 
oft en termed idiopathic adhesive capsulitis.

Th e shoulder is a common site for referral of pain 
from the cervical spine, the upper thoracic spine and 
associated soft  tissues, especially the trapezius, leva-
tor scapulae and rotator cuff  muscles. In the patient 
with chronic shoulder problems, there are usually a 
number of factors contributing to the pain. Cervical 
and thoracic joint dysfunction, soft  tissue tightness, 
fatigue and trigger points are oft en present, in addi-
tion to primary shoulder joint abnormalities such as 
rotator cuff  tendinopathy and/or instability.

As with any sporting injury it is important to 
identify, and subsequently correct, any predisposing 
factors. Predisposing factors to the development of 
shoulder injuries include abnormal biomechanics 
(Chapter 5), such as poor throwing technique or 
faulty swimming style, stiff ness of the lower cervical 
and upper thoracic spines, or muscle imbalance and 
weakness, especially rotator cuff  weakness and weak-
ness of the scapular stabilizing muscles. It is essential 
to consider the whole kinetic chain, as any defi ciency 
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in the chain (e.g. stiff  lumbar spine) puts additional 
stress on distal parts of the chain (e.g. rotator cuff ).

Diagnosis of shoulder pain in the athlete requires 
taking a thorough history, examination and investi-
gation. A list of possible causes of shoulder pain is 
shown in Table 17.1.

History

Endeavour to determine the exact site of the patient’s 
pain; this can be diffi  cult. Although AC joint pain is 
well localized and bicipital pain reasonably well local-
ized, the pain of most other shoulder pathologies is 
poorly localized. Th e onset of shoulder pain may be 
either acute, for example, a dislocation, subluxation 
or rotator cuff  tear, or insidious, such as rotator cuff  
tendinopathy.

Th e position of the shoulder at the time of an acute 
injury provides useful information. If the arm was 
wrenched backwards while in a vulnerable position, 
it suggests anterior dislocation or subluxation. Th e 
history of a fall onto the point of the shoulder can 
cause AC joint injury. In chronic shoulder pain, the 
activity or position that precipitates the patient’s pain 
should be noted, such as the cocking phase of throwing 
or the pull-through phase of swimming.

Note the severity of the pain and the eff ect of the 
pain on activities of daily living and sporting activity. 
Although night pain is very common in complete 
tear of the rotator cuff , serious abnormalities such 
as malignancy should be excluded.

Shoulder pain may radiate proximally into the neck, 
the upper arm or, less commonly, the forearm, wrist 

and hand. Th e activities that aggravate and relieve 
pain should also be noted. In particular, the position 
of the shoulder that relieves the pain or symptoms is 
of great clinical assistance as it helps determine when 
stresses on the tissue are minimized. Periscapular and 
trapezial pain is common when the glenohumeral 
joint is malfunctioning.

Sensory symptoms such as numbness or pins and 
needles should be noted as should any muscle weak-
ness in the upper limb. Any episodes of ‘dead arm’ 
are signifi cant.

To assess whether there are any defi ciencies in the 
kinetic chain, inquire as to past or present spinal or 
lower limb problems such as knee or ankle sprains 
or lower back pain. Also, it is important to know the 
exact previous physiotherapy for prior local or distant 
problems. Attempts should be made to determine 
the existence of any predisposing factors. A training 
diary may indicate excessive load on the structures 
around the shoulders.

Examination

A complete examination involves:

1. Observation
(a) from the front
(b) from behind (Fig. 17.2a)
(c) lateral slide test

2. Active movements
(a) arm elevation—watch scapular motion and 

position (Fig. 17.2b)
(b) external rotation with elbows at side 

(Fig. 17.2c)

Table 17.1 Causes of shoulder pain

Common Less common Not to be missed

Rotator cuff 
 Strain
 Tendinopathy
Glenohumeral dislocation
Glenohumeral instability
Glenoid labral tears
Referred pain from:
 Cervical spine
 Thoracic spine
 Myofascial structures
Fracture of clavicle
AC joint sprain 
Other muscle tear
 Pectoralis major
 Long head of biceps

Rotator cuff 
 Tear
 Calcifi c tendinopathy
Adhesive capsulitis
Biceps tendinitis
Nerve entrapment
 Suprascapular
 Long thoracic
Fracture
 Scapula
 Neck of humerus
 Stress fracture of coracoid process
Levator scapulae syndrome
Glenohumeral joint arthritis
Brachial plexus
Neuropraxia (‘burner’)
Neuritis (viral)

Tumor (bone tumors in the young)
Referred pain from:
 Diaphragm
 Gall bladder
 Perforated duodenal ulcer
 Heart
 Spleen (left shoulder pain)
 Apex of lungs
Thoracic outlet syndrome
Axillary vein thrombosis
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(c) external rotation at 90° of abduction 
(Fig. 17.2d)

(d) internal rotation (Fig. 17.2e)
(e) horizontal fl exion (Fig. 17.2f)

3. Passive movements
(a) as above
(b) accessory movements

4. Resisted movements
(a) external rotation (Fig. 17.2g)
(b) subscapularis lift -off  test—Gerber’s test 

(Fig. 17.2h)
(c) deltoid (Fig. 17.2i)
(d) supraspinatus (Fig. 17.2j)
(e) biceps—Speed’s test (Fig. 17.2k) 

(not validated)
(f) biceps—Yergason’s test (Fig. 17.2l) 

(not validated)
5. Palpation

(a) AC joint
(b) shoulder joint
(c) rotator cuff  tendon
(d) bicipital groove
(e) rotator cuff  muscles
(f) periscapular muscles and anterior coracoid 

muscles
(g) cervicobrachial muscles

6. Special tests
(a) AC joint compression using the Paxinos test 

(Fig. 17.2m)
(b) scapular tests—scapular assistance test (SAT) 

(Fig. 17.2n)
(c) impingement—Neer test (Fig. 17.2o)
(d) impingement—Hawkins/Kennedy test 

(Fig. 17.2p)
(e) instability—load and shift  test (Fig. 17.2q)
(f) instability—apprehension, augmentation, 

relocation test (Fig. 17.2r)
(g) inferior—sulcus sign (Fig. 17.2s)
(h) SLAP lesion—anterior slide (Fig. 17.2t)
(i) SLAP lesion—O’Brien test (Fig. 17.2u)
(j) SLAP lesion—crank test (Fig. 17.2v)
(k) specifi c palpation for trigger points 

(Fig. 17.2w)
(l) neural tension—upper limb tension test 

(Chapter 8)
(m) cervical spine (Chapter 16)

 A rapid screening examination may consist 
of:
 1.  observation from the front and back 

(Fig. 17.2a)
2. palpation and the Paxinos test for AC 

joint pain (Fig. 17.2m)

Figure 17.2 Examination of the patient with shoulder 
pain

(a) Observation from behind. Look for wasting or 
asymmetry of shoulder height, scapular position and 
muscle bulk

(b) Active movements—elevation. Watch for 
prominence of the medial scapular border. This 
indicates loss of scapular control, which is called 
scapular dyskinesis
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(c) Active movements—external rotation with elbows 
at side

(d) Active movements—external rotation at 90° of 
abduction

  (e) Active movements—internal rotation. 
With the arm at 90° abduction, stabilize 
the scapula and rotate the arm in internal/
external rotation to tightness. This test is 
superior to the traditional ‘reach up behind 
the back test’, which has 7° of freedom, only 
one of which is glenohumeral rotation

(f) Active movements—horizontal fl exion. AC joint 
injury may be painful with this movement
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(g) Resisted movements—external rotation. 
Commence in the modifi ed neutral position to isolate 
muscles

(h) Resisted movements—subscapularis lift-off  test 
(Gerber’s test). Push away from the spine against 
resistance

(i) Resisted movements—deltoid. Resisted abduction 
at 90° with the arm in neutral rotation

(j) Resisted movements—‘empty can’ position 
(90° of abduction, 30° of horizontal fl exion and full 
internal rotation). This test may indicate supraspinatus 
abnormalities. Repeat with a retracted scapula. 
Improved strength with scapular retraction indicates 
that the rotator cuff  is not injured but is weak due to 
scapular dyskinesis

Brukner-B-13_24.indt   249Brukner-B-13_24.indt   249 5/6/06   11:49:33 AM5/6/06   11:49:33 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL250

PART B REGIONAL PROBLEMSB

(k) Resisted movements—Speed’s test. Forward fl ex 
the shoulder against resistance while maintaining the 
elbow in extension and the forearm in supination. Pain 
or tenderness in the bicipital groove indicates bicipital 
tendinopathy

(l) Resisted movements—Yergason’s test. Elbow fl exed 
to 90° and the forearm pronated. Examiner holds the 
patient’s wrist to resist active supination. Pain in the 
bicipital groove is a positive test for biceps injury

(m) Special tests—AC joint compression using the 
Paxinos test

(n) Special tests—scapular tests (scapular assistance 
test). One hand is placed on the upper trapezius, 
the other on the inferior medial scapular border. The 
examiner assists scapular upward rotation as the arm 
is elevated. A positive test reduces impingement signs 
and symptoms and indicates that scapular control is 
required as part of rehabilitation
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(o) Special tests—impingement. The aim is to elicit 
pain while moving the greater tuberosity under the 
acromion

(p) Special tests—impingement (Hawkins/Kennedy 
test). The shoulder is placed in 90° of forward fl exion 
and then forcibly internally rotated

(q) Special tests—instability (load and shift test, 
or ‘drawer test’). The right humeral head is grasped 
with the right hand, while the left hand stabilizes 
the scapula. The right hand loads the joint to ensure 
concentric reduction and then applies anterior and 
posterior shearing forces. The direction and translation 
can be graded using a scale of 0–3

(r) Special tests—instability (apprehension and 
relocation test). With the patient supine, the arm 
is taken into abduction and external rotation. The 
test can be augmented by pushing the humeral 
head anteriorly from behind. The relocation test is 
performed by pushing posteriorly on the upper part 
of the humerus. The relocation test is positive if the 
apprehension or pain is relieved
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(s) Special tests—instability (inferior). Inferior 
instability is tested with the examiner placing inferior 
traction onto the shoulder joint. A positive test is when 
the humeral head is translated inferiorly such that a 
visible sulcus appears between the acromion and the 
humeral head (the ‘sulcus sign’)

(t) Special tests—SLAP lesion (anterior slide). Patient 
stands with hands on hips. One of the examiner’s 
hands is placed over the shoulder and the other hand 
behind the elbow. A force is then applied anteriorly 
and superiorly, and the patient is asked to push back 
against the force. The test is positive if pain is localized 
to the anterosuperior aspect of the shoulder, if there 
is a pop or a click in that region, or if the maneuver 
reproduces that patient’s symptoms

(u) Special tests—SLAP lesion (O’Brien test). The 
patient’s shoulder is held in 90° of forward fl exion, 
10° of horizontal adduction and maximal internal 
rotation. The examiner holds the patient’s wrist and 
resists the patient’s attempt to horizontally adduct and 
forward fl ex the shoulder

(v) Special tests—SLAP lesion (crank test). The 
patient’s shoulder is abducted 90° and slowly internally 
rotated while a gentle axial load is applied through 
the glenohumeral joint. The test is considered positive 
if the patient reports pain, catching or grinding in the 
shoulder
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3. palpation of the bicipital groove
4. passive external rotation (restriction may 

indicate frozen shoulder or arthritis)
5. impingement signs in internal and 

external rotation (for impingement and 
rotator cuff  pathology) and with the 
scapular assistance test (SAT)

6. power of external rotation and of the 
supraspinatus (for rotator cuff  tear)3

7. crank test for SLAP lesion—scapula-
stabilized glenohumeral internal/external 
rotation for evaluation of glenohumeral 
internal rotation defi cit (Fig. 17.2v)

8. apprehension, augmentation, relocation 
signs if suspected instability (Fig. 17.2r).

Investigations

Plain X-rays are important in the diagnosis of shoulder 
abnormalities. Routine views (AP with internal and 
external rotation and axillary lateral) provide a good 
overview of the region. In cases of trauma, an adequate 
axillary view may not be possible and it is mandatory 

to obtain a true lateral fi lm to exclude dislocation. 
Th e following can be identifi ed on plain fi lms: calcifi c 
tendinopathy, glenohumeral joint arthritis, impinge-
ment (sclerosis of anterior and/or lateral acromion, 
sclerosis of greater tuberosity), proximal humeral 
head migration (severe rotator cuff  dysfunction) 
and fractures.

Special views have been described to evaluate 
instability and impingement. Supraspinatus outlet 
views and down-tilted acromial fi lms are obtained to 
evaluate impingement. In cases of instability, special 
views such as the West Point view or the Stryker 
notch view are used to better detect Bankart and 
Hill-Sachs’ lesions.

In the past, double contrast arthrography was used 
to evaluate instability and rotator cuff  damage. Today, 
far more detailed anatomical information is obtained 
when arthrography is combined with CT of the shoul-
der (CT arthrogram) or with MRI (see below). Th is 
examination gives excellent detail of capsular attach-
ments and of the labrum. Small avulsion fractures of 
the glenoid rim (Bankart lesion) and the humeral head 
(Hill-Sachs’ lesion) are clearly defi ned.

High-resolution ultrasound, in the hands of an 
experienced operator, is a reliable non-invasive 
technique for imaging the rotator cuff  and adjacent 
muscles, the bursae and the long head of the biceps 
muscle. Th e examination may be performed as a 
static or dynamic investigation. Tendon swelling, 
thickening of the bursa or abnormal fl uid collection 
may be detected, as may a partial or complete rota-
tor cuff  tear. Th e size of the defect and the thickness 
of the intact tissue can be measured. A dynamic 
examination performed while the patient is actively 
abducting the shoulder may confi rm the presence of 
impingement.

MRI allows multiplanar, non-invasive examina-
tion of the shoulder and is used to detect a rotator 
cuff  tear. Bone detail is not defi ned as well as with 
CT and examination with shoulder movement is 
not possible. MRI with contrast (MR arthrogram) 
is well suited to evaluate labral tears or instability. 
Th e examination under anesthesia (EUA) performed 
in conjunction with arthroscopy may sometimes be 
helpful to assess the presence, direction and sever-
ity of shoulder laxity, and to assess shoulder range 
of motion.

Arthroscopy of the shoulder can be either a diag-
nostic procedure, a therapeutic procedure or both. 
Shoulder arthroscopy permits inspection of the 
glenohumeral joint and the subacromial space in 
turn. Arthroscopy of the glenohumeral joint cavity 
is particularly useful as it:

(w) Assessment of trigger points (e.g. infraspinatus)
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• enables inspection of the glenoid labrum for 
evidence of a Bankart lesion or a SLAP lesion

• permits assessment of the state of the articular 
cartilage

• will demonstrate the presence of a Hill-Sachs’ 
lesion

• allows inspection of the shoulder capsule and 
synovium (a red synovium and thickened 
capsule are characteristic of adhesive capsulitis)

• will identify a drive-through sign for laxity
• permits inspection of the under surface of the 

rotator cuff  tendons, the biceps tendon and the 
subacromial bursa

• enables inspection and probing of the bursal 
surface of the rotator cuff .

Arthroscopy of the subacromial space allows 
assessment of:

• bursitis
• coracoacromial ligament ossifi cation (spur 

formation)
• lateral spurs
• os acromionale
• bursal side rotator cuff  tears
• full thickness rotator cuff  tears.

It is important to remember that these sophisti-
cated investigations are only an adjunct to the clinical 
fi ndings. In many cases of shoulder pain, the clinical 
fi ndings provide suffi  cient information to diagnose 
the cause of the shoulder pain.

Impingement
Before discussing the commonly diagnosed shoulder 
conditions in detail, it is important to understand 
the concept of rotator cuff  impingement. Despite the 
popularity of the label ‘impingement’ as a diagnostic 
entity in patient charts, rotator cuff  impingement is a 
clinical sign, not a diagnosis. Th e exact pathophysiol-
ogy of impingement is not completely clear but current 
opinion suggests that shoulder impingement occurs 
when the rotator cuff  tendons are impinged as they 
pass through the subacromial space formed between 
the acromion, coracoacromial arch and AC joint above 
and the glenohumeral joint below. Th e impingement 
causes mechanical irritation of the rotator cuff  tendons 
and may result in swelling and damage to the tendons. 
Th e exact reason for the change in the tendon or the 
space is not known.

At least nine specifi c diagnoses may be associated 
with the signs and symptoms of impingement.4–6 Th ese 
are outlined in the box.

Shoulder impingement may be (Fig. 17.3):

1. external
(a) primary
(b) secondary

2. internal

Primary external impingement

Abnormalities of the superior structures may lead 
to encroachment into the subacromial space from 
above. Th e undersurface of the acromion may be 
abnormally beaked, curved or hooked (Fig. 17.4). 
Th ese abnormalities result from either a congenital 
abnormality (os acromiale) or osteophyte formation. 
Other abnormalities that tend to occur in older age 
groups include thickening of the coracoacromial 
arch or osteophyte formation on the inferior surface 
of the AC joint.

Secondary external impingement

Encroachment into the subacromial space from above 
in younger athletes may also occur as a result of exces-
sive angulation of the acromion due to inadequate 
muscular stabilization of the scapula. Th e muscles 
attached to the medial border of the scapula, such 
as the serratus anterior, become relatively weak and 
fail to control protraction and rotation of the scapula 
with glenohumeral movement. Th is results in antero-
inferior movement of the acromion encroaching into 
the subacromial space (Fig. 17.5). Th is is exacerbated 
by excessive tightness of the pectoralis minor, which 
pulls the scapula into a protracted position.

Th e rotator cuff  tendons are also liable to be weak-
ened following large volumes of load (e.g. through 
resistance in swimming or throwing).

Excessive elevation of the humeral head may also 
occur as a result of imbalance between the elevators 

Diagnoses associated with rotator 
cuff  impingement
1. Subacromial bone spurs and/or bursal 

hypertrophy
2. AC joint arthrosis and/or bone spurs
3. Rotator cuff  disease
4. Superior labral injury
5. Glenohumeral internal rotation defi cit (GIRD)
6. Glenohumeral instability
7. Biceps tendinopathy
8. Scapular dyskinesis
9. Cervical radiculopathy
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Etiology

Location of impingement

Age at presentation (years)

Presentation

Impingement tests

Apprehension test

Relocation test

Radiographs

Initial treatment

Surgical treatment

Primary Secondary Internal (glenoid)

Outlet
obstruction

Rotator cuff
dysfunction

Rotator cuff
dysfunction

Instability Repetitive
microtrauma
(± instability)

Rotator cuff
dysfunction

Subacromial Subacromial

>35 <35 <35

Anterior and/or lateral
shoulder pain with
overhead activity

Anterior and/or lateral
shoulder pain with
overhead activity

–

–

Anterior acromial spurring,
AC arthritis, greater

tuberosity sclerosis/cysts
– –

Rest, NSAIDs, rotator cuff and
periscapular strengthening

Open or arthroscopic
subacromial decompression

(ASD)

Rest, NSAIDs, rotator cuff and
periscapular strengthening

Rest, NSAIDs, rotator cuff and
periscapular strengthening

Stabilization procedure
+/– ASD

Stabilization procedure
+/– ASD

Impingement 

External (subacromial)

Posterior–superior glenoid

Posterior and/or anterior
shoulder pain with

abduction/external rotation

++ +

+/– +/–

+/–

+/– +/–

Figure 17.3 Impingement subtypes

Figure 17.4 Acromial shapes. Abnormalities are not 
necessarily associated with clinical symptoms

(a) Normal acromion

(b) Acromion with anterior osteophyte
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of the humeral head (deltoid) and the humeral head 
stabilizers (rotator cuff  muscles). Th is imbalance may 
lead to the humeral head moving superiorly with 
deltoid contraction, thereby narrowing the space 
through which the rotator cuff  tendons pass. Th is 

movement forces the humeral head up against the 
undersurface of the rotator cuff  tendons, leading to 
further damage.

Th ere are, therefore, numerous factors that may 
combine to cause external impingement (Fig. 17.6). 
To treat the cause of shoulder pain eff ectively, it is 
essential to recognize which factor(s) are contribut-
ing to the impingement. It is not suffi  cient merely to 
diagnose that the patient has shoulder impingement. 
In particular, in any athlete presenting with impinge-
ment, the presence of instability must be considered as 
expert clinical opinion suggests that this may lead to 
the development of impingement via several mechan-
isms. Unless instability is recognized and treated, 
impingement symptoms are likely to persist.

Internal impingement

Internal or glenoid impingement occurs mainly in 
overhead athletes during the late cocking stage of 
throwing (extension, abduction and external rota-
tion) when impingement of the undersurface of the 
rotator cuff  occurs against the posterior–superior 
surface of the glenoid (Fig. 17.7). Th is is normally a 
physiological occurrence but may become pathologic 
in the overhead athlete due to repetitive trauma, and 
injury to the superior labrum.

Rotator cuff  injuries
Rotator cuff  tendinopathy

Rotator cuff  tendinopathy is a common cause of 
shoulder pain and impingement in athletes. In this 
condition, the rotator cuff  tendons become swollen 
and hypercellular, the collagen matrix is disorganized 
and the tendon weaker. Studies in running rats and 
in human swimmers suggest the major determinant 
of the onset of tendinopathy is the volume (e.g. 
distance swum, time running) of work. Apoptosis 
(programmed cell death) and associated pathways are 
increased in overuse tendinopathy and may play a role 
in the pathogenesis of tendinopathy (Fig. 17.8).7

Clinical features

Th e athlete with rotator cuff  tendinopathy complains 
of pain with overhead activity such as throwing, swim-
ming and overhead shots in racquet sports. Activities 
undertaken at less than 90° of abduction are usually 
pain-free. Th ere may also be a history of associated 
symptoms of instability, such as recurrent subluxation 
or episodes of ‘dead arm’.

On examination, there may be tenderness over the 
supraspinatus tendon proximal to or at its insertion 

(c) Congenital sloped acromion

Figure 17.5 Lack of scapular stabilization results 
in excessive rotation and protraction of the scapula 
with glenohumeral movement. This causes inferior 
movement of the acromion
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Encroachment
from above

Anterior instability

Impingement with
exercise

Instability Abnormal
biomechanics

Rotator cuff
weakness

Anatomical
abnormalities

(e.g. beaked acromion,
osteophytes) Poor scapular

control

Inferior movement
of acromion

Anterosuperior
translation of

humeral head 

Excessive load on
rotator cuff

muscles

Imbalance between
humeral head
elevators and

depressors

Narrowing of subacromial space

Elevation of
humeral head

Posterior capsule
tightness

Rotator cuff tendinopathy

Overuse

Swelling of
rotator cuff tendon

Figure 17.6 Factors involved in the development of external impingement

Figure 17.7 Internal impingement

(a) Superior view of an abducted, externally rotated 
shoulder demonstrates anterior displacement of the 
humeral head with anterior capsular laxity

(b) Impingement of the supraspinatus and 
infraspinatus tendons on the posterosuperior glenoid 
rim occurs with further anterior translation and 
posterior angulation (horizontal extension) of the 
humerus
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into the greater tuberosity of the humerus. Active 
movement may reveal a painful arc on abduction 
between approximately 70° and 120°. Internal rotation 
is commonly reduced. Th e most accurate method to 
clinically assess rotator cuff  strength is to measure 
developed resistance when the scapula is stabilized 
in a retracted position.

For the athlete with rotator cuff  tendinopathy, 
symptoms can be reproduced with impingement 
tests (Figs 17.2o, p), as well as pain at the extremes 
of passive fl exion. Pain will also occur with resisted 
contraction of the supraspinatus, which is best per-
formed with resisted upward movement with the 
shoulder joint in 90° of abduction, 30° of horizontal 
fl exion and internal rotation (Fig. 17.2j).

Th e investigation of choice in rotator cuff  tendin-
opathy is MRI. Th ese examinations may also dem-
onstrate the presence of a partial tear of the rotator 
cuff  (Fig. 17.9).

Treatment of rotator cuff  tendinopathy

Th e treatment of rotator cuff  tendinopathy should 
be considered in two parts. Th e fi rst part is to treat 
the tendinopathy itself. Th e patient should avoid the 
aggravating activity and apply ice locally. Th ere is 
no level 2 evidence to support NSAIDs, ultrasound, 

Protein kinases

Apoptosis

Tendinopathy Frank tendon
tear

Mechanical
loading—

exercise stress

Progressive
tendon failure

Figure 17.8 A schematic representation of how tendinopathies may arise. An increase in the load that a tendon 
cell experiences may activate protein kinases, which, when persistently activated, cause the tendon cells to undergo 
apoptosis (programmed cell death). Increased cell death results in poor collagen synthesis and matrix remodelling 
and a collagenous matrix that is weaker and more prone to tearing. With time, this tendon may rupture7 
ADAPTED FROM MURRELL GA. UNDERSTANDING TENDINOPATHIES. BR J SPORTS MED 2002; 36: 392–3.

Figure 17.9 Rotator cuff  tendinopathy

(a) Pathology generally begins on the inferior surface 
of the tendon
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interferential stimulation, laser, magnetic fi eld therapy 
or local massage. Th ere is level 2 evidence to support 
nitric oxide donor therapy (glyceryl trinitrate [GTN] 
patches applied locally at 1.25 mg/day)8 and for a 
single corticosteroid injection.9 Glyceryl trinitrate 
patches come in varying doses: a 0.5 mg patch should 
be cut in quarters and applied for 24 hours at a time 
and then replaced (Fig. 17.10); a 0.2 mg patch would 
best be cut in half and applied similarly. Successful 

outcomes occurred at three to six months, so patients 
need to have this explained. A corticosteroid injection 
into the subacromial space (Fig. 17.11) may reduce the 
athlete’s symptoms suffi  ciently to allow commence-
ment of an appropriate rehabilitation program.

It has been reported that the second part of the 
treatment of rotator cuff  tendinopathy should be 
the correction of associated abnormalities. Th ese 
include glenohumeral instability, muscle weakness 
or incoordination, soft  tissue tightness, impaired 
scapulohumeral rhythm and training errors. Impaired 
scapulohumeral rhythm may predispose to rotator 
cuff  tendinopathy and must be assessed and treated. 
Th e treatment of scapulohumeral rhythm abnormali-
ties is considered on page 276.

Decreased rotator cuff  strength or an imbalance 
between the internal and external rotators of the 
shoulder also predisposes to the development of rota-
tor cuff  tendinopathy. Treatment involves strength-
ening of the external rotators as they are usually 
relatively weak compared with the internal rotators. 
An exercise program to strengthen the rotator cuff  
muscles is described on pages 282–3.

Posterior capsular tightness is commonly associ-
ated with decreased internal rotation and reduced 
rotator cuff  strength. Stretching of the posterior 
capsule is helpful (Fig. 17.12). Instability is a com-
mon cause of rotator cuff  tendinopathy and must be 
considered in any patient who presents with symp-
toms typical of rotator cuff  tendon problems. If the 
presence of instability is not recognized, rotator cuff  
tendinopathy is likely to recur upon return to sport. 

(b) MR arthrogram shows high signal contrast (white) 
corresponding to a partial supraspinatus tendon tear

Figure 17.10 Nitric oxide donor therapy: glyceryl 
trinitrate (GTN) patches applied locally at 1.25 mg/day 
to the site of maximal tenderness. Patches remain on 
the skin for 24 hours and are then replaced8

Figure 17.11 Subacromial injection. One technique 
is to insert the needle from the posterolateral aspect 
of the acromion in an anterior and superior direction 
towards the coracoid process. 
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Th e treatment of shoulder instability is discussed on 
pages 264–6.

While it is possible that correction of any of these 
disorders may improve tendinopathy, there is no 
level 2 evidence to support any particular rehabilita-
tion strategy or regimen for managing supraspinatus 
tendinopathy. Th is provides fertile ground for novel 
clinical research trials.

Tightness and focal muscle thickening of the 
rotator cuff  muscle bellies may also predispose to 
the development of rotator cuff  tendinopathy. Th ese 
changes reduce the ability of the musculotendinous 
complex to elongate and absorb shock. Th ey may 
also alter biomechanics by reducing the full range of 
motion and impairing scapular control. Th ese soft  
tissue abnormalities should be corrected. Abnormali-
ties along the kinetic chain must be identifi ed and 
corrected. Technique faults, for example, in throwing 
or swimming (Chapter 5), should be corrected with 
the aid of a coach. Training errors (Chapter 6) need 
to be corrected. Overuse should be avoided.

Rotator cuff  strains/tears

Minor rotator cuff  muscle strains occur commonly 
in athletes. Th ey usually present with sudden onset 
of pain or a ‘twinge’ felt in the shoulder area. Th ere 
is usually some limitation of function. Th ese minor 
strains respond quickly to rest from aggravating 
activity, stretching and soft  tissue therapy.

Complete and partial tears of the rotator cuff  
tendon are commonly seen in older athletes who 
present with shoulder pain during activity. Th ese 
patients oft en complain of an inability to sleep on 
the aff ected shoulder. Examination reveals positive 
impingement signs and sometimes weakness on 
supraspinatus testing. Diagnosis is confi rmed on 
ultrasound or by MRI. If the tear is small and of 
partial thickness, treatment may be conservative. Full 
thickness rotator cuff  tears in young athletes require 
surgical repair.

Calcifi c tendinopathy

Calcifi cation may occur in any of the rotator cuff  
tendons but it is most oft en seen in the supraspinatus 
tendon.10 Th e cause of this calcifi cation is undeter-
mined. Pain is oft en severe at rest, with movements 
and at night. Deposits of calcium may be seen on 
plain X-ray and on ultrasound.

Management of this condition is diffi  cult. If there 
is a defi ned calcifi c lesion that is still fl uid in nature, 
instant relief may be obtained by aspiration under 
ultrasound guidance. Mature calcifi c lesions may be 

Figure 17.12 Posterior shoulder capsular stretching

(a) Motion is mainly between the scapular and 
thoracic wall, which exacerbates scapular slide

(b) Exercise with the scapula stabilized allows stretch 
at an appropriate location
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disrupted by extracorporeal shock wave therapy (also 
called ‘lithotripsy’) (Chapter 10).11–14 Surgery is rarely 
indicated unless the calcifi c lesion is external to the 
tendon—for instance, in the subacromial bursa.

Glenoid labrum injuries
Th e glenoid labrum is a ring of fi brous tissue attached 
to the rim of the glenoid. It expands the size and 
depth of the glenoid cavity, thus increasing the stabil-
ity of the glenohumeral joint. Th e labrum varies in 
size and shape and has a wedge-shaped appearance 
in cross-section. Th e labral attachment is generally 
continuous with the edge of the glenoid and blends 
directly into the articular surface. Occasionally, the 
attachment is meniscoid with the free edge extending 
over the rim of the glenoid onto the articular surface. 
Th is can sometimes be mistaken for a tear but is a 
normal anatomical variant.

Th e labrum is the primary attachment site for the 
shoulder capsule and glenohumeral ligaments. Th e 
superior aspect of the glenoid labrum also serves as 
the attachment site for the tendon of the long head 
of the biceps muscle. Injuries to the glenoid labrum 
are divided into superior labrum anterior to posterior 
(SLAP) or non-SLAP lesions, and further into stable 
or unstable lesions.15, 16 SLAP lesions are injuries to the 
labrum that extend from anterior to the biceps tendon 
to posterior to the tendon. Snyder et al.17 have divided 
these injuries into four types (Fig. 17.13).

SLAP lesions are either stable or unstable depend-
ing on whether the majority of the superior labrum 
and the biceps tendon are fi rmly attached to the 
glenoid margin. Non-SLAP lesions include degenera-
tive, fl ap and vertical labral tears,17 as well as unstable 
lesions such as Bankart lesions.

Th e most common mechanisms of injury to the 
superior glenoid labrum are repetitive overhead 
throwing and excessive inferior traction (e.g. carrying 
or dropping and catching a heavy object). Th rowing 
injuries occur due to a combination of peel-back 
traction of the biceps on the labrum in shoulder 
cocking, abnormal posterosuperior humeral head 
translation in cocking due to glenohumeral internal 
rotation defi cit, and excessive scapular protraction.4–6 
Patients complain of poorly localized pain in the 
shoulder exacerbated by overhead and behind-the-
back arm motions. Popping, catching or grinding 
may also be present.

On examination, there may be tenderness over the 
anterior aspect of the shoulder and pain on resisted 
biceps contraction. A number of specifi c tests have 
been described for SLAP lesions.

None of the tests are 100% sensitive or specifi c 
but they are reasonably reliable when used in com-
bination. Th e three tests shown are the anterior slide 
(Fig. 17.2t), the O’Brien (Fig. 17.2u) and the crank 
tests (Fig. 17.2v).

Plain radiography is usually unremarkable in this 
condition. MR arthrography, a further refi nement of 
MRI by injection of contrast agent into the shoulder, 
yields greater detail of intra-articular shoulder struc-
tures than does conventional MRI (Fig. 17.14).18 MR 
arthrography is particularly useful for the detection 
and assessment of not only glenoid labral tears, but 
also small loose bodies, or cartilage fl aps. Neverthe-
less, interpretation of MR arthrograms of the shoulder 
is best performed by a radiologist with particular 

Figure 17.13 Four types of SLAP lesions have been 
described. In type 1, the attachment of the labrum to 
the glenoid is intact but there is evidence of fraying 
and degeneration. Type 2 lesions involve detachment 
of the superior labrum and tendon of the long head 
of biceps from the glenoid rim. In type 3 injuries, 
the meniscoid superior labrum is torn away and 
displaced into the joint but the tendon and its labral 
rim attachment are intact. In type 4 lesions, the tear 
of the superior labrum extends into the tendon, part 
of which is displaced into the joint along with the 
superior labrum

type 1 type 2

type 3 type 4
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expertise in the area as interpretation is complicated by 
a wide range of normal anatomical variants. Interest-
ingly, a comparison of MRI and clinical fi ndings found 
a combination of clinical tests to be more sensitive 
than MRI.19 Oft en a clear obvious history is suffi  cient 
and MRI examination unnecessary.

Conservative management of all but the most 
minor SLAP lesions is usually unsuccessful. Unstable 
SLAP lesions (types 2 and 4) should be repaired 
arthroscopically by reattaching the labrum to the 
glenoid. For stable SLAP lesions (types 1 and 3) and 
stable non-SLAP lesions, arthroscopic debridement 
to eliminate mechanical irritation is usually adequate. 
Unstable non-SLAP lesions, such as Bankart lesion, 
should be treated with arthroscopic fi xation.20

Labral lesions are frequently associated with 
shoulder instability and this must be addressed as 
part of the management.

Dislocation of the 
glenohumeral joint
Anterior dislocation

One of the most common traumatic sports injuries 
is acute dislocation of the glenohumeral joint (Fig. 
17.15a). In almost all cases, this is an anterior dis-
location and it results from the arm being forced 
into excessive abduction and external rotation. Most 

anterior dislocations damage the attachment of the 
labrum to the anterior glenoid margin (Bankart 
lesion). Th ere may also be an associated fracture of the 
anterior glenoid rim (bony Bankart lesion) or disrup-
tion of the glenohumeral ligaments. A compression 
fracture of the humeral head posteriorly (Hill-Sachs’ 
lesion) or tearing of the posterior or superior labrum 
may also be present.

Th e history is usually one of acute trauma, either 
direct or indirect, associated with sudden onset of 
acute shoulder pain. A patient may describe a feeling 
of the shoulder ‘popping out’.

On examination, the dislocated shoulder has a 
characteristic appearance with a prominent humeral 
head and a hollow below the acromion. Th ere is a 
loss of the normal smooth contour compared with 
the uninjured side. Anterior dislocations of the 
glenohumeral joint are occasionally associated with 
damage to the axillary nerve, resulting in impaired 
sensation on the lateral aspect of the shoulder. Th is 
should be assessed in any acute dislocation.

Ideally, the dislocated shoulder should be X-rayed 
(Fig. 17.15b) prior to reduction as a fracture may be 

Figure 17.14 Glenoid labral tear. The MR arthrogram 
reveals the torn labral tissue (circle) surrounded by the 
high-signal arthrographic contrast medium

Figure 17.15 (a) Anterior dislocation of the shoulder 
disrupts the joint capsule plus/minus the stabilizing 
ligaments. 
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present. In most cases, however, this is not practical 
as the dislocation should be reduced as soon as pos-
sible. In these cases, a post-reduction fi lm should be 
obtained.

Th e sooner the dislocated shoulder is reduced, the 
easier it usually is to reduce. Th ere are a number of 
methods to relocate the humeral head onto the glenoid 
cavity. One method is demonstrated in Figure 17.16. 
Injection of 10–15 mL of xylocaine into the joint can 
reduce pain and muscle spasm and aid reduction.

Once the shoulder has been reduced, it is usually 
stable unless placed in gross abduction and external 
rotation. A sling should not be used. Several studies 
have shown that when the arm is internally rotated, the 
Bankart lesion worsens by becoming detached from 
bone.21, 22 Th e Bankart lesion can be restored by placing 
the arm in external rotation (i.e. an external rotation 
pillow or splint). Non-operative treatment in such a 
brace for three weeks day and night has been shown 
to reduce the incidence of recurrent dislocation.23

Arthroscopic repair of a Bankart lesion has little 
morbidity and can reduce the rate of redislocation 
to 10%. Th e most eff ective post-operative regimen 
is undetermined. However, most surgeons initiate an 
intensive isometric exercise program to strengthen 
the internal rotators so as to reduce the incidence of 
recurrent dislocation. Aft er three weeks, the patient 
is allowed to start active external rotation in addition 
to the strengthening exercises. However, combined 
abduction and external rotation must be avoided for 
six weeks.

Shoulder dislocations in young athletes have a 
high rate of recurrence, leading to chronic shoulder 
instability. Because of this high incidence of recurrent 

dislocation, an arthroscopy should be considered aft er 
shoulder dislocation in the younger athlete.

 If a Bankart lesion is found at arthroscopy, this 
should be repaired, either arthroscopically or 
as an open surgical procedure.

Following a Bankart repair, the patient may com-
mence pendular movements with the arm within 
24 hours, and maintain the arm in a sling for three to 
four weeks. Once the initial pain from the procedure 
has subsided, active external rotation movements, 
to just short of the limit of rotation achieved on the 
operating table, are commenced. It may be helpful to 
place the arm in a splint in some abduction and exter-
nal rotation to limit the amount of anterior capsular 
shortening. Active internal rotation exercises can be 
gradually introduced as pain subsides. By six weeks, 
active strengthening can commence. Return to full 
sport is oft en achieved at three to four months.

(b) Typical radiographic appearance—the humeral 
head sits medially over the scapula

Figure 17.16 Position of patient with anterior 
dislocation of the shoulder to allow reduction of the 
shoulder. A small weight may be held in the hand to 
facilitate reduction
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Posterior dislocation of the 
glenohumeral joint

Acute traumatic posterior dislocation is far less 
common than anterior dislocation. It occurs either 
as a result of direct trauma or due to a fall on the 
outstretched arm that is in some degree of internal 
rotation or adduction. It may also be caused by a fi t 
of any cause (e.g. electric shock or epileptic fi t).

Inspection of the patient’s shoulder may reveal 
loss of the normal rounded appearance at the front of 
the shoulder. Th e arm is held in internal rotation and 
adduction. Th e cardinal sign is limitation of external 
rotation. Suspicion of a posterior dislocation should 
be based on the mechanism of injury and the presence 
of pain and impaired function.

 Posterior dislocation can easily be overlooked 
in the AP X-ray.

X-ray must include a true lateral or, if possible, axillary 
view. Th e shoulder is reduced by applying traction 
forward with forward pressure on the humerus.

Shoulder instability
Shoulder instability may be anterior, posterior, inferior 
or multidirectional.

Anterior instability

Anterior glenohumeral instability may be post-
traumatic, as a result of an acute episode of trauma 
causing anterior dislocation or subluxation, or atrau-
matic, or a combination—for instance, an acute 
traumatic episode in a lax shoulder.

In diff erentiating between the two types of anterior 
instability, the history is the most useful factor. In 
post-traumatic instability, the patient usually reports 
a specifi c incident that precipitated the problem. Th is 
is commonly a moderately forceful abduction and 
external rotation injury. Following this episode, how-
ever, the patient reports that the shoulder has never 
returned to normal. In many post-traumatic types of 
instability, a true dislocation may not have occurred and 
the symptoms are related to recurrent subluxation.

Th e atraumatic type of abnormality is common in 
people with capsular laxity, including sports people, 
especially those involved in repeated overhead activ-
ities such as baseball pitchers, javelin throwers, 
swimmers and tennis players.

Clinical features

Th e symptoms of anterior instability include recur-
rent dislocation or subluxation, shoulder pain and 

episodes of ‘dead arm’ syndrome. Pain usually arises 
from impingement of the rotator cuff  tendons with 
recurrent anterior translation of the humeral head 
and recurrent ‘silent subluxation’. Th is is aggravated 
by the eventual weakening of the rotator cuff  mus-
cles which, in turn, fail to depress the humeral head 
adequately. Th e recurrent episodes of impingement 
result in a rotator cuff  tendinopathy.

Anterior shoulder pain in association with post-
traumatic anterior instability may be due to ‘catching’ 
of a labral detachment. Th is pain and sensation of 
‘catching’ may be reproduced on anterior drawer or 
load and shift  testing.

Th e ‘dead arm’ eff ect is thought to arise from trac-
tion or impingement on the neurovascular structures, 
causing transient numbness and weakness of the arm. 
Th is usually resolves aft er a few minutes.

Th e episodes of subluxation and dislocation usually 
increase in frequency. Occasionally, a stage is reached 
where relatively minor activities such as yawning or 
rolling over in bed may result in a subluxation or 
dislocation.

On examination, it is important to note the pres-
ence of any generalized ligamentous laxity. A sulcus 
sign upon downward traction on the arm points to 
the diagnosis of generalized ligamentous laxity. Th e 
amount of external rotation at the shoulder should 
also be noted. Full assessment of the power of all 
the primary and secondary muscles controlling the 
shoulder should be performed to exclude any neuro-
logical defi cit. Tenderness may be present anteriorly, 
related to damage to the anterior structures, or poster-
iorly, if there has been signifi cant traction injury.

Th e patient is then asked which position causes 
the shoulder to dislocate. With anterior instability, 
this is usually in abduction and external rotation. Th e 
degree of anterior shoulder laxity can then be assessed 
with the load and shift  drawer test (Fig. 17.2q). Th e 
apprehension–augmentation–relocation test (Fig. 
17.2r) is also an indicator of anterior instability and 
has greater inter- and intra-observer reliability than 
all other tests for shoulder instability.24 If instability 
is present, these positions will cause either pain or 
apprehension that the shoulder may dislocate. Th e 
presence of apprehension is a more specifi c indicator 
of traumatic anterior instability than pain.24, 25 If the 
examiner pushes the humeral head forward, this may 
aggravate the athlete’s apprehension and confi rm the 
diagnosis of anterior instability (augmentation test). 
Conversely, posterior pressure on the humeral head 
may reduce apprehension (relocation test). If the 
degree of instability is relatively minor and appre-
hension is not perceived in this position, then an 
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alternative method of examination is fi rstly to perform 
the anterior drawer test and then, while maintaining 
the humeral head subluxated anteriorly, bring the arm 
into abduction and external rotation.

Investigations may be useful in demonstrating 
some of the associated features of instability, such 
as the Hill-Sachs’ lesion (Fig. 17.17) or the Bankart 

lesion (Fig. 17.18). Appropriate plain X-rays (Fig. 
17.17b) or CT scans (Fig. 17.18b) may demonstrate 

Figure 17.17 (a) Hill-Sachs’ lesion showing where the 
humeral head has impacted on the glenoid rim. 

(b) A radiograph showing a Hill-Sachs’ lesion (arrow) 
and a Bankart lesion  (arrowhead)

Figure 17.18 (a) Bankart lesion showing a fragment 
of bone separated from the glenoid rim. 

(b) CT scan of a bony Bankart lesion (arrowhead). 
CT may show this pathology where it is undetected by 
plain radiography
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these lesions. MRI will reliably demonstrate the 
presence of bony lesions as well as soft  tissue abnor-
malities of the labrum, the capsule and the associ-
ated tendons, however, an X-ray is usually all that 
is necessary to demonstrate traumatic anterior 
instability.

Treatment

As outlined earlier, a traditional sling should not be 
used to manage instability. If aggressive non-operative 
treatment is to be pursued, then the arm should be 
placed in external rotation of 30° for three weeks night 
and day to reduce the Bankart lesion.

Th ere are a large number of diff erent procedures 
used to treat shoulder instability. In athletes, par-
ticularly those whose dominant throwing arm is 
involved, the underlying mechanical lesion should 
be corrected. In most cases, this involves repair of the 
Bankart lesion, which may be performed either as an 
open or arthroscopic procedure. Other mechanical 
problems such as a tear in the rotator cuff  may also 
be corrected. If an extremely large Hill-Sachs’ lesion 
is present, then a procedure such as bone graft ing 
may be necessary. Tendon transfer and other non-
anatomical procedures, such as the Magnusson-Stack 
and Putti-Platt procedures, are not recommended for 
athletes as they invariably lead to a loss of external 
rotation and reduced shoulder power.

In treating atraumatic instability, intensive reha-
b ilitation involves strengthening of the dynamic 
stabilizers (rotator cuff  muscles) and scapular stabil-
izing muscles, with particular emphasis on the 
muscles opposing the direction of the instability (see 
pp. 276–83). Modifi cation of sporting activity may 
also be helpful. If conservative measures fail, then 
surgery should be considered. Th is usually involves 
a capsular shift  procedure.

Posterior instability

Th e most common type of posterior instability seen 
in athletes is an atraumatic type that is part of a multi-
directional instability. Oft en, in these patients, the 
shoulder may be voluntarily posteriorly subluxated. 
In this group of patients, there is usually a marked 
posterior drawer (Fig. 17.2q).

Most cases of atraumatic posterior instability can 
be treated by strengthening of the posterior stabilizing 
muscles. If these measures fail, then surgery should 
be considered.

As a result of dislocation or subluxation, the po-
sterior labrum may be torn, resulting in a type of post-
traumatic posterior instability. If this is symptomatic, 

then surgical correction of the underlying damage 
may be indicated.

Multidirectional instability

Multidirectional instability of the glenohumeral joint 
involves a combination of two or three instabili-
ties—anterior, posterior or inferior. Most commonly, 
multidirectional instability is an atraumatic type of 
instability, oft en associated with generalized ligamen-
tous laxity throughout the body. However, it may 
also result from repetitive trauma, especially at the 
extremes of motion or, rarely, from a direct blow.

Generalized ligamentous laxity can be assessed 
by examination of the wrists, thumbs, elbows and 
knees to determine the presence of hyperextensibil-
ity. On examination of the shoulder, the presence of 
instability in the anterior or posterior direction may 
be assessed by the anterior and posterior drawer tests 
(Fig. 17.2q). Inferior laxity is determined by inferior 
traction on the arm as it is held by the side. An inferior 
subluxation of the glenohumeral joint will be shown 
by the presence of a ‘sulcus sign’ under the acromion, 
as shown in Figure 17.2s.

The treatment of multidirectional instability 
involves strengthening exercises of the shoulder 
stabilizers. Stretching of the muscles around the 
shoulder joint should be avoided. If multidirectional 
instability fails to respond to conservative measures, 
then surgical treatment may be attempted. However, 
the results of surgical treatment, particularly in those 
patients with generalized ligamentous laxity, are not 
as good as in post-traumatic instability.

Shoulder stiff ness (adhesive 
capsulitis, ‘frozen shoulder’)
Glenohumeral joint stiff ness is not uncommon aft er 
signifi cant trauma, for instance, a fracture or surgery. 
It may follow an injury to the neural structures in the 
neck or it may occur spontaneously.

Th e age group in which spontaneous shoulder 
stiff ness, commonly referred to as adhesive capsulitis, 
occurs is between 40 and 60 years of age. Idiopathic 
adhesive capsulitis more commonly aff ects the left  
shoulder (1.3:1) and is more prevalent in women than 
men (1.3:1). Adhesive capsulitis is more common in 
patients with diabetes and there is an association with 
thyroid disorders and drugs that involve inhibition 
of matrix degradation.

Th e diagnosis of shoulder stiff ness is relatively 
easy to make, for instance, when evaluating passive 

Brukner-B-13_24.indt   266Brukner-B-13_24.indt   266 5/6/06   11:50:04 AM5/6/06   11:50:04 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 267

CHAPTER 17 SHOULDER PAIN 17

external rotation with the elbow at the side. Care 
should be taken to stabilize the scapula when exam-
ining for shoulder stiff ness as signifi cant range of 
motion can occur at the scapulothoracic articulation. 
Surgical or post-traumatic surgical stiff ness usually 
resolves within 12 months and surgical intervention 
is rarely necessary. Symptomatic physiotherapy may 
be valuable.

Idiopathic adhesive capsulitis is a self-limiting 
condition that resolves, on average, over 2.5 years. 
One management option, therefore, is to wait for 
it to resolve on its own. Th ere is no evidence that 
physiotherapy, injections or any drugs change the out-
come of idiopathic adhesive capsulitis. Arthroscopic 
capsular release to divide the thickened shoulder 
capsule and an early aggressive supervised range of 
motion program is eff ective at restoring motion and 
relieving pain in patients with idiopathic adhesive 
capsulitis.26, 27 Th e results from this procedure are not 
as good in patients with diabetes.

Fracture of the clavicle
Fracture of the clavicle is one of the most common 
fractures seen in sporting activities. It is usually 
caused by either a fall onto the point of the shoulder, 
for example, in horse riding or cycling, or by direct 
contact with opponents in sports such as football. 
Th e clavicle usually fractures in its middle third 
with the outer fragment displacing inferiorly and the 
medial fragment superiorly. It is extremely painful. 
On examination, there is localized tenderness and 
swelling and the bony deformity may be palpated. 
X-ray reveals the fracture.

Th e principles of treatment are to provide pain 
relief. Clavicle fractures almost always heal in four 
to six weeks. However, oft en the ends overlap and 
the clavicle is foreshortened. A foreshortened clav-
icle is associated with signifi cant functional defi cits. 
A fi gure-of-eight bandage is designed to prevent 
foreshortening and has signifi cant theoretical advan-
tages over a sling or collar and cuff . During this time 
the patient should perform self-assisted shoulder 
fl exion to a maximum of 90° to prevent stiff ness of 
the glenohumeral joint.

Th ese fractures are best managed conservatively 
and usually heal surprisingly well. Th e main indica-
tor for early surgical fi xation is compromise of the 
skin by bony fragments or foreshortening of greater 
than 1–2 cm (0.5–1 in.). Occasionally, non-union of 
a fracture of the clavicle may occur with a fi brous 
pseudoarthrosis forming. Th is is treated surgically by 

open reduction and internal fi xation with a dynamic 
compression plate and bone chips,28 ensuring that the 
length of the clavicle is maintained.

Distal clavicle fractures

Distal clavicle fractures comprise 12–15% of all clavicle 
fractures. Many of these fractures involve disruption 
of the AC and/or coracoclavicular ligaments. Th ese 
fractures are more prone to non-union and delayed 
union. Classifi cation for these fractures, proposed by 
the American Shoulder and Elbow Society, is shown 
in Table 17.2.

Generally, fractures medial to the ligament attach-
ments tend to have greater displacement of fracture 
fragments and this is associated with increased risk of 
delayed or non-union if treated non-operatively.

Minimally displaced fractures distal to the coraco-
clavicular ligament attachments (type I) may be 
treated with a sling for comfort and early range of 
motion and isometric strengthening exercises. If 
displacement is present, then rehabilitation should 
progress slowly, with active range of motion exercises 
only introduced when pain resolves and healing has 
begun radiographically.

Treatment of the more medial (type II) fractures 
is more controversial. As there is a high rate of non-
union, surgical treatment is oft en recommended. 
Distal intra-articular fractures (type III), if stable, 
should be treated non-surgically as they tend to heal 
with minimal dysfunction.

Th e treatment of distal clavicle fractures in the 
immature adult is diff erent from that in the adult. Even 
fractures that present with signifi cant displacement 
are stable and will eventually heal in an anatomical 
position. Th is is due to the fact that, although the 
fracture is medial to the coracoclavicular ligament 
attachment, the periosteal envelope remains attached 
to the coracoclavicular ligaments. Th e hematoma 
and subsequent new bone formation stimulated by 
the periosteum results in remodeling and complete 
union.

Table 17.2 Classifi cation of distal clavicle fractures

Type Pathology

I Fracture distal to coracoclavicular ligaments 
with little displacement

IIa Fracture medial to coracoclavicular ligaments

IIb Fracture between coracoclavicular ligaments

III Intra-articular fracture without ligament 
disruption
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Acromioclavicular 
joint injuries
Th e AC joint is another common site of injury in 
athletes who fall onto the point of the shoulder.

Stability of the AC joint is provided by a number 
of structures. Th ese are, in order of increasing impor-
tance, the joint capsule, the AC ligaments and the 
coracoclavicular ligament comprising the conoid and 
trapezoid ligaments (Fig. 17.19).

Th e most commonly used classifi cation system 
for AC joint injuries is that modifi ed by Rockwood, 
which recognizes six diff erent types of injury (Fig. 
17.20).29 Type I injury corresponds to sprain of the 
capsule of the joint and is characterized clinically by 
localized tenderness and pain on movement, espe-
cially horizontal fl exion. Type II injuries correspond 
to a complete tear of the AC ligaments with sprain of 
the coracoclavicular ligaments. On examination, as 
well as localized tenderness, there is a palpable step 
deformity. Type III and V injuries consist of complete 
tears of the coracoclavicular ligaments, the conoid 
and trapezoid. In type III and V injuries, a marked 
step deformity is present (Fig. 17.21).

Type V injuries can be distinguished from type III 
injuries radiographically by the amount of displace-
ment. A type V injury has between three and fi ve 
times greater coracoclavicular space than normal, 
whereas a type III injury has 25–100% greater coraco-

clavicular distance than the uninjured side. Type V 
injury typically involves much greater soft  tissue 
injury and includes damage to the muscle fascia and 
occasionally the skin. Type IV injuries are character-
ized by posterior displacement of the clavicle and type 
VI injuries have an inferiorly displaced clavicle into 
either a subacromial or subcoracoid position. Types 
IV, V and VI injuries also have complete rupture of all 
the ligament complexes and are much rarer injuries 
than types I, II and III.30

Management is based on the general principles 
of management of ligamentous injuries. Initially, ice 
is applied to minimize the degree of damage and the 
injured part is immobilized in a sling for pain relief. 
Th is may be for two to three days in the case of type I 
injuries or up to six weeks in severe type II or type III 
injuries. Isometric strengthening exercises should be 
commenced once pain permits. Return to sport is pos-
sible when there is no further localized tenderness and 
full range of pain-free movement has been regained. 
Protection on return to sport can be provided by tape 
applied to the AC joint (Fig. 17.22).

Th e treatment of type III injuries is controversial. 
Historically, most of these injuries have been treated 
surgically. However, recently most clinicians consider 
that results with conservative management are at least 
as good. Surgery should then be reserved for type IV, 
V and VI injuries and those type III injuries that fail to 
respond adequately to conservative management.30

Th e surgical treatment of AC joint injuries has 
been hampered by the large forces distracting the 
arm inferiorly from the clavicle and the paucity 
of techniques available to anatomically restore the 
coracoclavicular ligaments while holding the arm in 
the reduced position.

Chronic acromioclavicular joint pain

Chronic AC joint pain may occur as a result of 
repeated minor injuries to the AC joint or following 
a type II or type III injury. Th e fi brocartilaginous 
meniscus situated within the AC joint may be dam-
aged. Osteolysis of the outer end of the clavicle is seen 
occasionally, especially in weightlift ers performing 
large numbers of bench presses. X-ray in this condition 
shows marked osteoporosis of the distal end of the 
clavicle (Fig. 17.23). Movements such as horizontal 
fl exion are painful. Another symptom is rotator cuff  
impingement due to the abnormal scapular position 
that results from loss of the clavicle strut. Treatment 
consists of local physiotherapy, including electro-
therapeutic modalities and mobilization, combined 
with muscle strengthening. A corticosteroid injection Figure 17.19 The AC joint
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Figure 17.20 Classifi cation of AC joint injuries
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into the AC joint may relieve pain. Persistent cases 
require resection of the distal clavicle.31

Osteoarthritis of the AC joint may occur as a result 
of recurrent injuries. Th is is characterized by a typi-
cal X-ray appearance with sclerosis and osteophyte 
formation (Fig. 17.24).

 AC joint pain is usually localized to the AC 
joint. Symptoms may be reproduced by 
AC joint compression using the Paxinos test2 
(Fig. 17.2m) or cross-arm adduction. 

Figure 17.21 Marked step deformity at the AC joint in 
type III injury

Figure 17.22 Protective taping after AC joint injury

Figure 17.23 Osteolysis of the outer end of the 
clavicle

Figure 17.24 Post-traumatic osteoarthritis of the 
AC joint showing a spur and bony irregularity on the 
acromion

Th e diagnosis can be confi rmed and treatment 
initiated with an injection of local anesthetic and 
corticosteroid into the AC joint. Persistent AC joint 
pain may be managed by distal clavicle excision. 
Th is procedure can be carried out arthroscopically. 
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While this procedure is technically reasonably easy 
to perform, the procedure aims to replace half a 
joint with scar tissue. From a biological perspective 
this makes little sense, which may be why there are 
very few publications reporting the outcomes of this 
procedure.

Referred pain
Th e shoulder and upper arm are common sites of 
referred pain. Th e pain perceived by the athlete may 
result from local abnormalities, referred pain or 
both. Th e joints of the cervical and upper thoracic 
spine frequently refer pain to the shoulder region. It 
is important to ascertain in the history whether the 
patient experiences pain or stiff ness of the neck. It 
must be remembered that the neck or upper thoracic 
spine may refer pain even when there is little or no 
local neck pain present. Similarly, a malfunctioning 
shoulder oft en has associated periscapular and tra-
pezial (i.e. neck) pain.

Examination of the shoulder must include an 
examination of the cervical and upper thoracic spine. 
Oft en, cervical lateral fl exion or rotation away from 
the side of the shoulder pain may be reduced or 
painful. Palpation of the spine, both centrally over 
the spinous processes and disk spaces and laterally 
over the apophyseal joints, may reveal stiff ness or 
tenderness. If the cervical or upper thoracic spine is 
suspected of being a possible cause of shoulder pain, 
it is useful to treat the hypomobile segment(s) and 
reassess shoulder movements following treatment to 
see if there is any reduction in pain. Th is may indicate 
that there is a contribution to shoulder pain from the 
intervertebral joints.

Muscles and fascia in the neck, upper thoracic 
and scapular regions may also contribute to shoulder 
pain. Active trigger points can be found in any of the 
muscles of the neck and shoulder but those that com-
monly contribute to shoulder pain are in the trapezius, 
infraspinatus, levator scapulae and rhomboids (Fig. 
17.25). Soft  tissue techniques (Fig. 17.26) and dry 
needling can be used to treat trigger points.

The contribution of neural structures to the 
patient’s shoulder pain can be assessed by the upper 
limb tension test (Chapter 8). Reproduction of the 
patient’s shoulder pain with this test or restriction 
of stretch compared with the non-painful side may 
indicate a neural component to the patient’s pain. 
Th is may be improved by correction of the interver-
tebral abnormalities if present. Neural stretching 
(Chapter 10) may help restore normal movement of 
neural tissues.

Figure 17.25 Site of trigger points that may refer pain 
to the shoulder

Figure 17.26 Several soft tissue techniques are used 
in clinical practice to treat shoulder pain

(a) Ischemic pressure to the pectoralis major

deltoid

supraspinatus

infraspinatus
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Less common causes 
of shoulder pain
Biceps tendinopathy

Th e long head of the biceps tendon that passes from 
the superior lip of the glenoid through the bicipital 

groove in the humerus is susceptible to overuse 
injury. Th is occurs particularly in athletes perform-
ing a large volume of weight training, such as bench 
presses and ‘dips’. Th is injury is not common but it 
is oft en incorrectly diagnosed when, in fact, referred 
pain or rotator cuff  tendinopathy are producing pain 
in the biceps region.

Palpation of the region may show local tenderness 
of the biceps tendon, either in the bicipital groove close 
to its attachment to the glenoid or at the musculo-
tendinous junction. Pain may be reproduced by passive 
stretching of the biceps or resisted active contraction 
of the biceps in Speed’s test (Fig. 17.2k) or Yergason’s 
test (Fig. 17.2l). No form of treatment has been shown 
to be of benefi t for biceps tendinopathy/fraying.

Rupture of the long head of the biceps

Rupture of the long head of the biceps muscle may 
occur in the older athlete. Occasionally, there is a 
previous history of injury to the biceps tendon. Th e 
tendon may rupture with any activity involving the 
biceps muscle and is usually accompanied by sharp 
pain and a tearing sensation.

Th e deformity is obvious, with the muscle becom-
ing detached from its proximal attachment and 
bunching up in the distal arm. Th e deformity is 
accentuated by contraction of the biceps. Oft en there 
is little pain. Surprisingly, biceps strength is almost 
fully maintained. Imaging is via MRI.32 Th ose who 
do not rely on their upper arm in sport are generally 
satisfi ed with reassurance and require no defi nitive 
treatment. In those who perform power sports, sur-
gery may be indicated.

Pectoralis major tears

Pectoralis major tears may be partial ruptures (grades 
I–II) or complete (grade III). Complete rupture 
occurs at the site of its insertion in the humerus. Th is 
is usually seen in weight training, especially when 
performing a bench press. Th e typical history is of 
sudden onset of pain on the medial aspect of the 
upper arm. On examination, localized tenderness 
and swelling are found. Resisted contraction of the 
pectoralis major is weak and may be painful.

A partial tear is treated conservatively with ice, 
electrotherapeutic modalities and a strengthening 
program over a period of four to six weeks. A com-
plete tear of the pectoralis major should be treated by 
surgical repair of the muscle.33 It is usually possible 
to diff erentiate between a partial and a complete tear 
clinically. Ultrasound or MRI examination may assist 
in this diff erentiation.

(b) Ischemic pressure to the infraspinatus

(c) Ischemic pressure to the lower fi bers of the 
trapezius
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Subscapularis muscle tears

Tears of the subscapularis muscle can occur with 
sudden forceful external rotation or extension applied 
to the abducted arm. Th ere is usually no associated 
instability. Th e main complaint is pain and range of 
motion may be maintained. On examination, the 
patient will have increased passive external rotation 
with the shoulder adducted at the side, weakness 
of internal rotation and a positive lift -off  sign (Fig. 
17.2h). Ultrasound and MRI will confi rm the diagno-
sis. Treatment should be acute surgical repair.

Levator scapulae syndrome

Th e levator scapulae muscle is a site of pain and source 
of referred pain. In this particular syndrome, there is 
chronic infl ammation indicated by tenderness at the 
site of the levator scapulae insertion onto the scapula. 
Accurate palpation of the levator scapulae should be 
carried out to detect any abnormalities.

Local soft  tissue therapy should be applied at 
the site of attachment with distal ischemic pressure 
progressing to transverse friction as pain settles. 
Treatment of local areas of muscle thickening in 
the muscle belly is also necessary. Th is should be 
performed with myofascial soft  tissue release tech-
niques or dry needling. Occasionally, corticosteroid 
injection at the site of maximal tenderness is neces-
sary. Patients should be encouraged to avoid habitual 
postures involving shoulder elevation and to stretch 
the muscle regularly.

Nerve entrapments

A number of nerve entrapments around the shoulder 
may produce shoulder pain.

Suprascapular nerve

Th e most common is entrapment of the suprascapular 
nerve.34 Th e suprascapular nerve is derived from the 
upper trunk of the brachial plexus formed by the roots 
of the C5 and C6 nerves. Th e course of the nerve is 
shown in Figure 17.27. Th e nerve passes downwards 
beneath the trapezius to the superior border of the 
scapula. Here it passes through the suprascapular 
notch. Th e roof of this notch is formed by the trans-
verse scapular ligament. Aft er passing through the 
notch, the nerve supplies the supraspinatus muscle as 
well as articular branches to both the glenohumeral 
and AC joints. Th e nerve then turns around the lat-
eral edge of the base of the spine of the scapula (the 
spinoglenoid notch) to innervate the infraspinatus 
muscle. Entrapment of the suprascapular nerve 

may occur at either the suprascapular notch or the 
spinoglenoid notch.

Th e patient usually complains of pain that is deep 
and poorly localized. It is oft en felt posteriorly and 
laterally in the shoulder, or referred to the arm, neck 
or upper anterior chest wall. Th e patient may describe 
shoulder weakness. On examination, there may be 
wasting of the supraspinatus and/or infraspinatus 
muscles accompanied by weakness on abduction and 
external rotation. Tenderness over the suprascapular 
notch may also be present.

The site of entrapment in cases of combined 
supraspinatus and infraspinatus weakness is the 
suprascapular notch. Th e nerve may be stretched and 
kinked in this position by extremes of scapular motion 
associated with the throwing action. It may also occur 
in tennis players who complain of a weakness and 
lack of control over backhand volleys. Diagnosis is 
made on the clinical symptoms and confi rmed by 
an abnormal electromyogram (Chapter 9). Surgical 
decompression of the nerve at the site of entrapment 
is occasionally required.

Isolated infraspinatus weakness and wasting may 
occur when the suprascapular nerve is trapped at the 
spinoglenoid notch. Th is condition has been seen 
in volleyball players who use the ‘fl oat’ serve35 and 
in weight-lift ers. It can also arise due to a cyst that 
results from superior glenoid labral tears compress-
ing the nerve. Treatment is generally non-operative 
but occasionally surgical decompression is required, 
particularly if a cyst is present.

Figure 17.27 Course of the suprascapular nerve

suprascapular
nerve

axillary
nerve
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Long thoracic nerve

Th e long thoracic nerve is formed from the roots of 
the C5, C6 and C7 nerves. Th e nerve passes behind 
the brachial plexus to perforate the fascia of the 
proximal serratus anterior, passing medial to the 
coracoid with branches throughout the length of the 
serratus anterior. Long thoracic nerve palsy causes 
paralysis of the serratus anterior, with winging 
of the scapula. Th e nerve may be injured by trac-
tion on the neck or shoulder or by blunt trauma. 
Isolated long thoracic nerve palsy may also follow 
viral illnesses.

Clinical features include pain and limited shoul-
der elevation. Patients may complain of diffi  culty 
in lift ing weights or an uncomfortable feeling of 
pressure from a chair against a winged scapula 
while sitting. Th ey may also develop secondary 
impingement due to poor scapular control. Th e 
most striking feature on examination is winging of 
the scapula when pushing against a wall with both 
hands. Electromyographic studies will confi rm the 
diagnosis. Initial treatment is conservative and most 
patients will recover fully. Surgical tendon transfer 
may occasionally be required.

Axillary nerve compression

Axillary nerve compression or quadrilateral space 
syndrome is an uncommon condition caused by 
compression of the posterior humeral circumfl ex 
artery and axillary nerve or one of its major branches 
in the quadrilateral space. Th e quadrilateral or quad-
rangular space is located over the posterior scapula in 
the subdeltoid region and consists of the teres minor 
superiorly, teres major inferiorly, the long head of 
triceps medially and the surgical neck of the humerus 
laterally. Th e axillary nerve and the posterior humeral 
circumfl ex artery pass through the space at a level 
inferior to the glenohumeral joint capsule.36

Quadrilateral space syndrome is seen in throw-
ing athletes and is characterized by poorly localized 
posterior shoulder pain, paresthesia over the lateral 
aspect of the shoulder and arm, and deltoid and teres 
minor weakness. Th e condition may occur second-
ary to abnormal fi brous bands, although traumatic 
causes have been described. Diagnosis is by electro-
myography or subclavian arteriogram, although this 
is associated with some risk. Treatment is initially 
conservative. Occasionally, surgical exploration is 
required.

Axillary nerve injuries can also occur with anterior 
dislocation of the shoulder and by blunt trauma to 
the anterior lateral deltoid muscle.37

Thoracic outlet syndrome

Th e term thoracic outlet syndrome (TOS) refers to 
a group of conditions that results from compression 
of the neurovascular structures that course from the 
neck to the axilla through the thoracic outlet (Fig. 
17.28). Th e brachial plexus and subclavian vessels 
are especially susceptible to compression because 
of their proximity to one another in the thoracic 
outlet. Th e most common site of compression is the 
costoclavicular space between the clavicle and the 
fi rst rib (costoclavicular syndrome).38, 39 Other sites 
of compression are the triangle between the anterior 
scalene muscle, the middle scalene muscle and the 
upper border of the fi rst rib (anterior scalene syn-
drome); and the angle between the coracoid process 
and the pectoralis minor insertion (hyperabduction 
syndrome or pectoralis minor syndrome).

Among athletes, this condition occurs most com-
monly in overhead sportspeople.40 Poor posture with 
drooping shoulders can decrease the diameter of the 
cervicoaxillary canal, causing TOS symptoms. Con-
genital anatomical abnormalities that can compress 
the neurovascular structures include a complete 
cervical rib, incomplete cervical ribs with fi brous 
bands, fi brous bands from the transverse process of 
C7, and clavicular abnormalities. Complete cervical 

Figure 17.28 Anatomy of the thoracic outlet
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ribs are rare but, if present, are oft en bilateral. How-
ever, only 10% of patients with cervical ribs have 
TOS symptoms. TOS symptoms may be caused by 
shortening of the scalene muscles secondary to active 
trigger points. Traumatic structural changes that can 
cause TOS include fractures of the clavicle and/or 
fi rst rib, pseudoarthrosis of the clavicle, malunion 
of clavicle fractures, exuberant callus formation or a 
crush injury of the upper thorax. TOS symptoms are 
common in patients with chronic scapular dyskinesis. 
Th ey have tight pectoralis minor, scalene and upper 
trapezius muscles, with weak serratus anterior and 
lower trapezius muscles; this causes excessive anterior 
tilt and protraction.

While patients with TOS occasionally present with 
a pure arterial, venous or neurogenic picture, most 
oft en the picture is mixed. Th e patient may complain of 
pain in the neck or shoulder, or numbness or tingling 
involving either the entire upper limb or the forearm 
and hand. Th e patient may state that the arm feels weak 
or easily fatigued. Th ere may be venous engorgement 
or coolness of the involved arm.

Physical signs may be absent. Various clinical tests 
have been proposed to assist in the diagnosis of this 
condition. A patient with arterial compression may 
have a positive Adson’s test. Th e patient begins the 
test with the head laterally rotated to the side of the 
symptoms and extended. Th e patient then abducts 
the involved arm and inspires deeply. A positive test 
obliterates the radial pulse and reproduces symptoms. 
Th e sensitivity of this test can be greatly increased by 
the use of Doppler fl ow patterns during the maneu-
ver. Th e most sensitive provocation test is the Roos 
hyperabduction/external rotation test, in which the 
patient opens and closes his or her hands for 1–3 
minutes with elbows bent and arms abducted to 90° 
and externally rotated in an attempt to reproduce the 
symptoms. Evaluation of scapular motion and position 
can help to rule scapular dyskinesis in or out.

Treatment for any subset of TOS focuses on the spe-
cifi c area compromised.40 However, certain treatments 
apply to all forms of TOS. Correction of drooping 
shoulders, poor posture and poor body mechanics is 
vital. Th e patient should be taught proper positioning 
while sitting, standing and lying down. Physiotherapy 
should address pectoral and scalene stretching and 
trigger point treatment, soft  tissue mobilization of 
restricted tissues, scapular mobilization and scapulo-
thoracic mobility. Joint mobilization of the fi rst rib can 
restore accessory motion of the sternoclavicular and 
AC joints. Side-bending and cervical retraction exer-
cises can correct forward head posture by stretching 
the soft  tissues of the lateral cervical spine. Th oracic 

extension and brachial plexus stretching exercises are 
added as tolerated.

Surgical consultation and treatment is warranted 
for patients who have neurogenic TOS that does not 
respond to aggressive non-surgical management 
and for patients who have vascular compromise or 
thrombus formation. Arterial compression caused 
by a complete cervical rib is usually treated by fi rst 
rib resection.

Axillary vein thrombosis (‘eff ort’ thrombosis)

Axillary vein thrombosis is also known as ‘eff ort’ 
thrombosis because of its frequent association with 
repetitive, vigorous activities or with blunt trauma 
that results in direct or indirect injury to the vein. 
Th e eponymous name, Paget-von Schrötter syn-
drome, is falling out of favor. Th e axillary vein can 
be compressed at various sites along its path, most 
signifi cantly in the costoclavicular space. Compression 
most oft en occurs when the patient hyperextends the 
neck and hyperabducts the arm simultaneously, or 
when the patient assumes a military brace position 
with a backward thrust of the shoulders. Compres-
sion can also occur between the clavicle and the fi rst 
rib, the costocoracoid ligament and fi rst rib, or the 
subclavian muscles and fi rst rib.

Patients complain of dull, aching pain, numbness 
or tightness, and heaviness of the upper arm and 
shoulder, along with fatigue aft er activities involv-
ing the extremity. Th e entire upper extremity will 
be swollen, the skin may be mottled and cold, and 
superfi cial veins may be prominent. Th e diagnosis is 
confi rmed on venography. Treatment involves rest and 
anticoagulant therapy. Most patients make a full recov-
ery and are able to resume sporting activities.41

Fractures around the shoulder joint

Stress fractures around the shoulder joint are uncom-
mon. Stress fracture of the coracoid process is asso-
ciated with the sport of trapshooting. Patients with 
this stress fracture have localized tenderness over the 
coracoid process and a focal area of increased uptake 
on isotopic bone scan.

Scapular fractures are usually due to a crushing 
force, either a fall on the shoulder or direct violence. 
Examination reveals marked tenderness and swelling. 
X-rays should be taken to exclude other associated 
injuries, such as a rib fracture, dislocated shoulder or 
dislocated sternoclavicular joint. Scapular fractures 
usually heal well, even if displaced. A broad arm 
sling is worn for comfort and active movements are 
commenced as soon as pain permits.
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Fracture of the neck of the humerus is caused by 
a fall on the outstretched hand or direct violence. It 
is seen in adolescents, young adults and the elderly. 
Fractures involving more than two fragments dis-
placed by more than 1 cm (0.5 in.) or associated with 
shoulder dislocation require surgical assessment. 
Minimally displaced or angulated fractures may be 
treated conservatively. Impacted fractures heal rapidly 
and can be supported in a broad arm sling. Displaced 
fractures are best treated in a collar and cuff  that 
allows gravity to correct any angulation. For the fi rst 
two weeks the arm should be kept in a sling under a 
shirt. Aft er two weeks, pendular movement exercises 
of the shoulder joint should be commenced. From 
four weeks, a collar and cuff  may be worn outside 
the clothes and gradually removed in stages over the 
following two weeks.

An unusual fracture is seen among throwing 
athletes.42 Th ese athletes sustain a closed external 
rotation spiral fracture of their humerus immedi-
ately below the insertion of the deltoid muscle at 
the junction of the middle and lower thirds of the 
humerus or along the radial groove. Many, but not 
all, patients with this fracture give a history of pain 
at the site of the fracture so it may be regarded as an 
acute stress fracture. Th e fracture heals well in a cast 
or functional brace.

Guidelines for shoulder 
rehabilitation
Th ere are no defi nitive studies on the most eff ective 
rehabilitation protocols for the shoulder. However, in 
our practise, certain guidelines based on physiology 
and biomechanics have provided very good outcomes 
in terms of return to play. Th ere are probably several 
protocols that can be used to optimize rehabilita-
tion of the shoulder as long as they conform to the 
guidelines.

Make a complete and accurate 
diagnosis

Principle

Th e rehabilitation program can only be as good as the 
diagnosis. Too oft en, diagnosis of shoulder injuries is 
incomplete due to the number of factors that combine 
to infl uence shoulder function.

Practise

Th e diagnosis must not only include the local anatom-
ical defi cit, such as rotator cuff  tear, Bankart lesion, 

labral injury or fracture, but also the local biomechan-
ical defi cits that exist either as a result of the injury 
or of treatment. Th ese would include infl exibility of 
internal or external rotation or adduction, force couple 
imbalance either of the internal and external rotators 
or of the supraspinatus in relationship to the deltoid, 
or acquired alterations in shoulder position, such as 
dropping the arm in the throwing position because 
of impingement. In addition, the regional defi cits that 
may occur in the AC joint can also inhibit some of the 
muscle fi ring patterns. Th e scapula is a very important 
link in shoulder joint function. Th e position, motion 
and strength of the scapula and its muscles should be 
considered in the diagnosis.43

Finally, distant defi cits should be evaluated as 
well. Back and hip infl exibility, injuries or strength 
imbalances should be evaluated. Infl exibilities of 
hip rotation, hamstrings or the back oft en com-
monly contribute to shoulder abnormalities. In 
addition, alterations in mechanics, whether it be 
hyperlordosis of the back, lack of rotation of the hip 
or trunk, or alteration of the plant leg in throwing, 
need evaluation. A complete diagnosis identifi es 
not only the clinical symptoms and the tissues that 
are injured but also the tissues that are overloaded, 
the functional biomechanical defi cits that exist and 
the subclinical adaptations that the athlete uses 
to try to maintain performance.44 Rehabilitation 
should address all components of the complete and 
accurate diagnosis.

Early pain reduction

Principle

Pain is a major cause of altered shoulder function. 
Avoidance of painful positions causes the athlete to 
assume abnormal positions of the arm or back. Pain 
also creates a high degree of muscle inhibition, which 
alters muscle fi ring patterns.

Practise

Pain should be controlled early in rehabilitation. 
Strategies to decrease pain include relative rest of the 
area, with decreased throwing activities, avoidance 
of painful arcs of motion, cryotherapy, ultrasound, 
galvanic stimulation and medications.45 Th is also may 
include judicious injection into the subacromial space 
if there are true signs of infl ammation, non-steroidal 
medications and analgesia as needed. Exercises should 
be kept within pain-free arcs; these arcs become pro-
gressively greater as pain is controlled.
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Integration of the kinetic chain 
into rehabilitation

Principle

It is important to re-establish the kinetic chain early in 
the rehabili tation process. In ground-based sports, all 
of the activities of the shoulder work within a kinetic 
chain linkage from the ground through to the trunk. 
While the shoulder is recovering from the injury or 
surgery, leg and trunk exercises can be prescribed so 
that when the shoulder is ready for rehabilitation, the 
base of the kinetic chain is also ready for link activity. 
Aft er the shoulder is ready for rehabilitation, activation 
of the kinetic chain patterns from the legs through 
the back to the shoulder restores the force-dependent 
motor activation patterns and normal biomechanical 
positions. Th is then allows normal link sequencing 
to generate velocity and force.

Practise

Before starting formal strength rehabilitation, it is 
important to correct any infl exibilities of the ham-
strings, hip and trunk; weakness or imbalances of 
the rotators of the trunk, fl exors and extensors of 
the trunk and hip; and any subclinical adaptations 
of stance patterns or gait pattern.

Rehabilitation of the legs and hips should be 
concerned with generating appropriate sport-specifi c 
force and velocity from the lower extremity and 
should be done in a closed chain fashion. Th is pat-
tern, which is done with the foot on the ground, 
simulates the patterns that exist in the throwing 
or hitting activities. Eccentric patterns should also 
be emphasized to absorb the load from jumping 
forward movement or stopping of the plant leg in 
the baseball throw. Combined patterns of hip and 
trunk rotation in both directions, hip and shoul-
der diagonal patterns from the left  hip to the right 
shoulder and from the right hip to the left  shoulder, 
should also be emphasized as most shoulder activities 
involve rotation and diagonal patterns (Fig. 17.29).44 
An excellent exercise involves jumping on a mini-
trampoline and simultaneously extending the hips 
and scapula upon landing (Fig. 17.30). Th is extensor 
pattern allows for hip extension, trunk extension and 
scapular retraction in the same pattern that exists in 
the cocking phase of throwing activities. Integration 
of the scapular retraction muscles to the hip is very 
important because these reactions tend to be coupled 
in the cocking phases of throwing. Aim to correct 
abnormal reversal of the thoracic kyphosis and neck 
lordosis in this preliminary phase to allow normal 
positioning of the scapula.

Endurance activities in the legs should also be 
emphasized, as should aerobic endurance for recov-
ery from exercise bouts and anaerobic endurance 
for agility and power work. Examples include mini-
trampoline exercises, agility drills with running and 
jumping, jumping jacks and slider or fi tter boards.

Figure 17.29 Integration of hip and trunk with the 
scapula

Figure 17.30 Minitrampoline exercise for coordinating 
extensor activity of the hip, trunk and shoulder
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Scapular stabilization

Principle

Th e scapula is the base upon which all shoulder activi-
ties rest. Th e four main roles of the scapula include:

1. retraction and protraction in the diff erent 
phases of throwing motion

2. elevation of the acromion in abduction of the 
arm

3. acting as a socket for the glenohumeral joint
4. acting as a base of origin for all of the intrinsic 

muscles of the rotator cuff  and the extrinsic 
muscles of the deltoid, biceps and triceps.

In addition, the scapula acts as a platform for 
shoulder rotation and arm activities. In biomechan-
ics, the glenohumeral joint has been described as 
the equivalent of a golf ball on a tee due to the size 
relationships. A more accurate biomechanical descrip-
tion would be of a ball on a seal’s nose. As the ball or 
humeral socket moves, the seal’s nose or the scapula 
needs to move to maintain the position of the ball 
on the glenoid.

Acromial elevation and scapular stabilization is 
oft en jeopardized early in the injury process due to 
pain inhibiting the serratus anterior and lower tra-
pezius, and to subclinical alterations of the position 
of the scapula to accommodate injury patterns in 
subluxation or impingement.46

Practise

Evaluation of the scapula is a high priority. Evaluate the 
motion and position of the scapula in various phases of 
the throwing motion and also assess muscular strength 
and scapular stabilization.46 Appropriate exercises early 
in the rehabilitation process for scapular control include 
scapular pinch, an isometric activity in which the 
scapulae are retracted towards the midline. Integration 
of scapular retraction with rotator cuff  co-contractions 
allows a more normal physiological pattern to rede-
velop. Most of the scapular control exercises are done 
through the method of closed chain rehabilitation (see 
below). Recent studies have shown that four specifi c 
exercises selectively activate the scapular stabilizing 
muscles: the scapular clock, low row, lawn mower and 
inferior glide (see Fig. 17.33).

Early achievement of 90° of abduction and 
improved glenohumeral rotation

Principle

Most throwing activities in sports demand 90° of 
shoulder abduction, as throwing activities occur 

between 85° and 110° of abduction, and require a 
large arc of glenohumeral rotation. Skilled length-
dependent motor patterns and force-dependent 
patterns are based upon the achievement of 90° of 
abduction. Alteration of the joint position by 15° 
changes the motor activation patterns. Th erefore, the 
thrower’s shoulder should be rehabilitated at the 90° 
position to allow for the normal motor patterns to be 
recreated. Th is is the physiological angle for length-
dependent motor patterns. Furthermore, at 90° of 
abduction, the inferior glenohumeral ligamentous 
constraints become taut in this position and, thus, 
contribute maximally to control of the instant center 
of rotation.

Practise

Aim to achieve 90° of abduction early in the rehabilita-
tion process by reducing pain from impingement or 
other sources as quickly as possible. Maintain scapular 
stabilizer strength so that acromial elevation clears 
the acromion from the rotator cuff . Tendinopathy 
should be minimized to allow the tendons to slide 
under the coracoacromial arch. In operative cases, the 
subacromial space should be cleared of impediments 
to abduction, such as calcifi c deposits, bone spurs or 
excessively thick bursal tissue. When performing sur-
gical reconstruction for shoulder stability, the surgeon 
must ensure that 90° of abduction can be obtained on 
the operating table. Th is will allow early achievement 
of 90° of abduction without undue stress on the liga-
ments. Th is is analogous to ensuring full extension of 
the knee in anterior cruciate ligament reconstructions. 
Specifi c exercises to achieve 90° of abduction include 
active-assisted wand maneuvers (Fig. 17.31), gentle 
joint mobilizations, proprioceptive neuromuscular 
facilitation patterns and passive stretching. Th e pace 
of progression should be relatively slow in the healing 
phases but may be more vigorous aft er three to six 
weeks. Sleeper stretches are very eff ective in achieving 
and maintaining glenohumeral rotation.

Closed chain rehabilitation

Principle

Th e predominant method of muscle activation around 
the shoulder articulation is a closed chain activity 
emphasizing co-contraction force couples at the 
scapulothoracic and glenohumeral joint. Th is results 
in proper scapular position and stability and allows 
the rotator cuff  to work as a ‘compressor cuff ’, con-
ferring concavity–compression and a stable instant 
center of rotation. Closed chain activity also simulates 
the normal proprioceptive pathways that exist in the 
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throwing motion and allows feedback from the mus-
cle spindles and Golgi tendon organs in their proper 
anatomical positions. Closed chain activity replicates 
the normal ball and socket kinematics, minimizing 
translation in the mid ranges of motion. Finally, by 
decreasing deltoid activation, these activities decrease 
the tendency for superior humeral migration if the 
rotator cuff  is weak.

Open chain activities, which involve agonist–
antagonist force couples and generate force for the 
shoulder and the kinetic chain, also are seen around 
the shoulder articulation but are of secondary impor-
tance. Th ey require deltoid and other extrinsic muscle 
activation, create shear forces at the glenohumeral 
joint and require large ranges of motion. Exercises to 
simulate these activities should be instituted later in 
rehabilitation as they produce larger forces and require 
greater motions than the shoulder can tolerate early 
in rehabilitation. Closed chain rehabilitation provides 
a stable scapular base and early rotator cuff  strength, 
which allows open chain activities.

Practise

Th e exercises are started at levels below 90° of abduc-
tion in the early phases of rehabilitation to allow for 
healing of the tissues.44, 46 Th ey may be started at 45° of 
abduction and 60° of fl exion and then proceed to 90° of 

abduction as tolerated. Th e hand is placed against some 
object, such as a table, a ball or the wall, and resistance 
is generated through the activities of the scapula and 
shoulder. When the arm can be safely positioned at 90° 
of abduction, it is placed in either abduction or fl exion 
and a specifi c progression is started.

Th e closed chain activities are fi rst started with 
scapular stabilization. Patterns of retraction and 
protraction of the scapula are started in single planes 
and then progress to elevation and depression of 
the entire scapula and then selective elevation of the 
acromion (Fig. 17.32).

Figure 17.31 Wand exercise for active-assisted range 
of motion

Figure 17.32 Scapular exercises

(a) Scapular elevation

(b) Scapular retraction
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Th e next progression is on to rotator cuff  activity. 
Joint compression with contraction into the shoulder 
joint is followed by ‘clock’ exercises, in which the 
hand is moved to the various positions on the clock 
face, ranging from eight o’clock to four o’clock (Fig. 
17.33a). Th is allows for rotation of the humerus with 
the arm at 90° of abduction, which replicates rotator 
cuff  activity throughout all components of the rota-
tor cuff . Th ese activities are fi rst done against fi xed 
resistance, such as a wall, and then can be moved 
to movable resistance, such as a ball or some other 
movable implement. Th ese exercises may be done 
early in the rehabilitation phase as they do not put 
shear on the joint and allow rotator cuff  muscles to be 
activated without being inhibited by pain or deltoid 
overactivity.

Closed chain progressions may be used in later 
phases of rehabilitation. Th ey include various types 
of push-ups (wall leans, knee push-ups and regular 
push-ups; Fig. 17.34) and scaption exercises (Fig. 
17.35).

Plyometric exercises

Principle

Most athletic activities involve development of power. 
Power is the rate of doing work and, therefore, has a 

Figure 17.33 Scapular exercises

(a) Scapular clock—the patient envisions a clock 
tattooed on the injured shoulder then places the arm 
against a wall (as shown) or on a ball which may be 
rolled against the wall or on a table/couch. The patient 
then moves the shoulder in the direction of 12 o’clock, 
3 o’clock or 6 o’clock which facilitates scapula 
elevation, retraction, and depression, respectively.

(b) Low row—the patient pushes back isometrically 
with the arm in no more than 10° of extension. The 
patient is instructed to ‘push back with your entire arm 
and slide your scapula down at the same time’

(c) Lawn mower—starting position. This exercise 
simulates pulling the starting cord of a lawn mower. 
It can be commenced with large amounts of trunk 
rotation and lower limb extension to guide shoulder 
motion. Early in rehabilitation it is done without 
weights; dumbbells (shown) and tubing can be used 
to progress the exercise
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time component. For most sports, this time compo-
nent is relatively rapid. Plyometric activities develop 
the athlete’s ability to generate power by producing 
a stretch-shortening cycle in which the muscle is 
eccentrically stretched and slowly loaded. Th is pre-
tensioning phase is followed by a rapid concentric 
contraction to develop a large amount of momentum 
and force. Because these exercises develop a large 
amount of strain in the eccentric phase of the activity 

(d) Lawn mower—fi nishing position

Figure 17.34 Push-up progressions

(a) Wall push-ups

(b) Knee push-ups

Figure 17.35 Scaption exercises
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and force in the concentric phase of the activity, they 
should be done when complete anatomical healing has 
occurred. Similarly, because large ranges of motion 
are required, full range of motion should be obtained 
before the plyometric activities are started. Th ese 
stretch-shortening activation sequences are part of 
the normal force-dependent patterns that are present 
in skilled athletes.

Practise

Plyometrics should be done for all body segments 
involved in the activity and not just the shoulder. Hip 
rotation, knee fl exion/extension and trunk rotation 
are all power activities that require plyometric acti-
vation. Plyometric activities for the lower extremity 
can be done in the early phases of rehabilitation but 
plyometric exercises for the upper extremity should 
be instituted in later phases. Many diff erent activities 
and devices can be utilized in plyometric exercises.

Rubber tubing is a very eff ective plyometric device 
(Fig. 17.36). Th e arm or leg can be positioned exactly 
in the position of the athletic activity and then the 
motion can be replicated by use of the rubber tub-
ing. Balls are also excellent plyometric devices. Th e 
weight of the ball creates a prestretch as the ball is 
caught and creates resistance for contraction forces 
(Fig. 17.37). Light weights can also be used for plyo-
metric activities but caution must be used in using 

heavier weights in a plyometric fashion due to the 
forces applied on the joint. Plyometric activities with 
larger weights can be done more easily in the lower 
extremity than the upper extremity. By reproduc-
ing these stretch-shortening cycles at positions of 
physiological function, these plyometric activities 
also stimulate proprioceptive feedback to fi ne tune the 
muscle activity patterns. Plyometric exercises are the 
most appropriate open chain exercises for functional 
shoulder rehabilitation.

Rotator cuff  exercises

Principle

Th e rotator cuff  muscles are very important in creating 
concavity compression to maintain the humeral head 
in the glenoid socket. Th ey do this by participating 
with the deltoid in the abduction force couple and with 
themselves in a rotation force couple. Because of their 
relatively small size, they are frequently overpowered 
and inhibited by deltoid activity. For these reasons, 
they are oft en the site of overload abnormalities 
around the shoulder. Rotator cuff  weakness is oft en 
the fi nal common pathway that leads to clinical symp-
toms and dysfunction around the shoulder. However, 
because many pathological conditions contribute to 
rotator cuff  overload, selective isolated rotator cuff  
exercises are frequently not successful in relieving 
the clinical symptoms. Th e rotator cuff  muscles act 
as a unit in functional shoulder activities.

Practise

Rotator cuff  muscles should be rehabilitated as an 
integrated unit, rather than as individual muscles. 

Figure 17.36 Rubber tubing plyometric exercises. 
The tubing creates an eccentric stretch and off ers 
resistance to concentric contraction

Figure 17.37 Throwing and catching basketball 
against minitrampoline
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Th ey do not work in isolation in shoulder function, 
and the anatomical positions and motions that are 
used for testing are not seen in shoulder function. 
Because they require a stabilized scapula to provide 
a stable base of muscle origin, and because individual 
rotator cuff  activity creates shear across the gleno-
humeral joint, early rotator cuff  exercises should be 
done in a closed chain fashion. Th is allows rotator cuff  
strengthening without inducing shear on the joint nor 
allowing deltoid overactivity to create impingement. 
We have found that closed chain rotator cuff  strength-
ening exercises redevelop the composite rotator cuff  
eff ectively and that isolated rotator cuff  exercises are 
increasingly less commonly needed in later stages of 
rehabilitation. If rotator cuff  defi cits are still observed 
in the later phases of rehabilitation, isolated rotator 
cuff  exercises can be prescribed.

Isolated rotator cuff  exercises may be very eff ective 
as part of a preparticipation conditioning program. 
Th e exercises strengthen the individual rotator cuff  
muscles as part of a spectrum of isolated and inte-
grated conditioning exercises.

A useful clinical sign for defi ciencies in rotator cuff  
rehabilitation is exacerbation of clinical symptoms 
when rotator cuff  exercises are started. If rotator 
cuff  exercises increase clinical symptoms, this can be 
traced to abnormalities in other parts of the kinetic 
chain. Further evaluation of the kinetic chain should 
be done and the exercises should be directed to the 
source of weakness. Th is source is most commonly 
the scapular stabilizers.

Summary of the principles

Th ese guidelines are very eff ective in clinical practise. 
Th ey emphasize a sequence of rehabilitation and 
address all the functional defi cits that may occur in 
association with shoulder abnormalities. Many dif-
ferent therapeutic exercises can be used to fulfi l each 
of the guidelines. Th e exact protocol may be based 
on the patient’s presentation, the clinical examination, 
the therapist’s skill and the therapist’s imagination. 
Adherence to this program requires patient education 
and guidance from the physician and physiotherapist 
on the techniques of rehabilitation. However, most 
of the physiotherapy can be done by home programs 
once the exercises have been taught appropriately. 
Physiotherapy offi  ce visits are used for assessment of 
achievement of the individual goals for the rehabilita-
tion sequence, instruction in the exercises to be done 
in the next phase and specifi c guidance as to goals to 
achieve for the next rehabilitation phase. Modalities 
such as ice, electrogalvanic stimulation, ultrasound 

or heat are very rarely needed aft er the initial stages 
of pain reduction.

Putting it all together: specifi c 
rehabilitation protocols
Th e general rehabilitation protocol listed is the basic 
protocol. Deviations from this protocol may be based 
on the individual needs of the patient and his or her 
progression.

Th is protocol assumes, if surgery has been per-
formed, stable repair of the labrum, capsule or rotator 
cuff  and ability to achieve 90° of abduction without 
impingement or excessive capsular stretch at the time of 
the operation. Th e time frame depends on the severity 
of the injury or extent of the surgical procedure(s). Th e 
rehabilitation goal is to progress post-operative labral 
repairs, shoulder reconstructions and acromioplasties 
to 90° of passive or active-assisted abduction by three 
weeks and rotator cuff  repairs to 90° of passive or 
active-assisted abduction by four to six weeks.

Acute phase

Th e goals of the acute phase are:

• tissue healing
• reduction of pain and infl ammation
• re-establishment of non-painful range of motion 

below 90° of abduction
• retardation of muscle atrophy
• scapular control
• maintenance of fi tness in other components of 

the kinetic chain.

Tissue healing

Tissue healing is the combination of:

• rest
• short-term immobilization
• modalities
• surgery.

Reduce pain and infl ammation

Aggressive treatment is used to control pain to decrease 
inhibition-based muscle atrophy and scapular instabil-
ity due to serratus and/or trapezius inhibition. Th is 
is done through:

• medications, either non-steroidal or judicious 
use of corticosteroids orally or by injection

• modalities, usually ultrasound (two per week 
every two weeks)

• cold compression devices.
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Re-establish range of motion

Th e range of motion should be started in pain-free 
arcs, kept below 90° of abduction, and may be pas-
sive or active-assisted. Th e degree of movement is 
guided by the stability of the operative repair. Range 
of motion should be re-established by:

• pendulum exercises
• manual capsular stretching and cross-fi ber 

massage
• T-bar or ropes and pulleys.

Retard muscle atrophy

Isometric exercises, with the arm below 90° of abduc-
tion and 90° of fl exion, should be done in patients 
with labral or capsular repair but not in those with 
rotator cuff  repairs.

Scapular control

Th e exercises to maintain scapular control include:

• isometric scapular pinches and scapular 
elevation

• low row (Fig. 17.33b)
• closed chain weight shift s, with hands on table 

and the shoulders fl exed less than 60° and 
abducted less than 45°

• tilt board or circular board weight shift s with the 
same limitations (Fig. 17.38).

Maintain fi tness in rest of kinetic chain

Exercises to maintain fi tness in the rest of the kinetic 
chain include:

• aerobic exercises such as running, bicycling or 
stepping

• anaerobic agility drills
• lower extremity strengthening by machines, 

squat exercises or open chain leg lift s
• elbow and wrist strengthening by isometric 

exercises or rubber tubing
• fl exibility exercises, especially for areas that are 

shown to be tight on evaluation
• integration of the kinetic chain by leg and trunk 

stabilization on a ball, employing rotational and 
oblique patterns of contraction (Fig. 17.39).

Criteria for movement out of the acute phase

Th e criteria for movement out of the acute phase 
include:

• progression of tissue healing (healed or 
suffi  ciently stabilized for active motion and 
tissue loading)

• passive range of motion at 66–75% of opposite 
side

• minimal pain
• manual muscle strength in non-pathological 

areas of 4+/5
• achievement of scapular asymmetry of less than 

1.5 cm (0.6 in.)
• kinetic chain function and integration.

Figure 17.38 Closed chain weight shift using tilt 
board Figure 17.39 Plyoball hip and trunk rotation exercise
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Recovery phase

Th e goals of the recovery phase are:

• normal active and passive shoulder and 
glenohumeral range of motion

• improved scapular control
• normal upper extremity strength and strength 

balance
• normal shoulder arthrokinetics in single and 

then multiple planes of motion
• normal kinetic chain and force generation 

patterns.

Normal range of motion

Normal active and passive shoulder and glenohumeral 
range of motion is achieved by:

• active-assisted motion above 90° of abduction 
with wand

• active-assisted, then active, motion in internal 
and external rotation with scapula stabilized 
so that glenohumeral rotation is normalized 
without substitution movements from the 
scapula.

Scapular control

Scapular control is improved by:

• scapular proprioceptive neuromuscular 
facilitation patterns

• closed chain exercises at 90° of fl exion, 90° of 
abduction, scapular retraction/protraction and 
scapular elevation/depression (Fig. 17.32)

• modifi ed push-ups (Fig. 17.34b)
• regular push-ups
• ball catch and push exercises (Fig. 17.37)
• dips

— clock
— low row
— lawn mower

Upper extremity strength and strength 
balance

Normal upper extremity strength and strength bal-
ance is achieved by:

• glenohumeral proprioceptive neuromuscular 
facilitation patterns

• closed chain exercises at 90° of fl exion then 90° 
of abduction, using the glenohumeral depressors 
and glenohumeral internal/external rotators

• forearm curls
• isolated rotator cuff  exercises

• machines or weights for light bench presses, 
military presses and pull-downs. Th e resistance 
should initially be light, then progress as strength 
improves. Emphasis is placed on proper mechan-
ics, proper technique and joint stabilization.

Normal shoulder arthrokinetics

Normal shoulder arthrokinetics is achieved by:

• range of motion exercises with arm at 90° of 
abduction—this is the position where most 
throwing and serving activities occur; the 
periarticular soft  tissues must be completely 
loose and balanced at this position

• muscle activity at 90° of abduction—normal 
muscle fi ring patterns must be re-established 
at this position, both in organization of force 
generation and force regulation patterns, and in 
proprioceptive sensory feedback; closed chain 
patterns are an excellent method to re-establish 
the normal neurological patterns for joint 
stabilization

• open chain exercises, including mild plyometric 
exercises, which may be built upon the base of 
the closed chain stabilization to allow normal 
control of joint mobility.

Normal kinetic chain and force generation

Normal kinetic chain and force generation patterns 
are achieved by:

• normalization of all infl exibilities throughout 
the kinetic chain

• normal agonist–antagonist force couples in 
the legs using squats, plyometric depth jumps, 
lunges and hip extensions

• trunk rotation exercises with medicine ball or 
tubing

• integrated exercises with leg and trunk 
stabilization, rotations, diagonal patterns from 
hip to shoulder, and medicine ball throws

• rotator cuff  strength of 4+/5 or higher
• normal kinetic chain function.

Functional phase

Th e goals of the functional phase are:

• to increase power and endurance in the upper 
extremity

• to increase normal multiple-plane 
neuromuscular control—locally, regionally and 
in the entire kinetic chain

• instruction in rehabilitation activities
• sport-specifi c activity.
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Power and endurance in upper extremity

Power is the rate of doing work. Work may be done 
to move the joint and the extremity or it may be done 
to absorb a load and stabilize the joint or extremity. 
Power has a time component and, for shoulder activ-
ity, quick movements and quick reactions are the 
dominant ways of doing work. Th ese exercises should, 
therefore, be done with relatively rapid movements 
in planes that approximate normal shoulder function 
(i.e. 90° of abduction in shoulder, trunk rotation and 
diagonal arm motions, rapid external/internal rota-
tion). Th e exercises include:

• diagonal and multiplanar motions with rubber 
tubing (Fig. 17.36), light weights, small medicine 
balls and isokinetic machines

• plyometrics—wall push-ups (Fig. 17.34a), 
corner push-ups, weighted ball throws and 
tubing. Tubing exercises may be used to 
mimic any of the needed motions in throwing 
or serving. Medicine balls are very eff ective 
plyometric devices. Th e weight of the ball creates 
a prestretch and an eccentric load as it is caught. 
It also creates a resistance for contraction forces, 
demanding a powerful agonist contraction to 
propel it forward.

Increase multiple-plane neuromuscular control

Th e force-dependent motor fi ring patterns should 
be re-established. No subclinical adaptations, such 
as ‘opening up’ (trunk rotation too far in front of 
shoulder rotation), three-quarter arm positioning on 
throwing or excessive wrist snap should be allowed. 
Help in this area can be obtained by watching pre-
injury videos or by using a knowledgeable coach in 
the particular sport. Special care must be taken to 
integrate all of the components of the kinetic chain 
completely to generate and funnel the proper forces 
to and through the shoulder.

Rehabilitation

Th e athlete who is injured while playing a sport 
will most oft en return to the sport with the same 
sports demands. Th e body should be healed from the 
symptomatic standpoint and should be prepared for 
resuming the stresses inherent in playing the sport. 
Th e aim of rehabilitation is to improve:

• fl exibility—general body fl exibility, with an 
emphasis on sport-specifi c problems (shoulder 
internal rotation and elbow extension in the 
arm, low back, hip rotation and hamstrings in 
the legs)

• strength—appropriate amounts and locations 
of strength for force generation, trunk rotation 
strength for sport-specifi c activities (quadriceps/
hamstring strength for force generation, trunk 
rotation strength, strength balance for the 
shoulder)

• power—rapid movements in appropriate planes 
with light weights

• endurance—mainly anaerobic exercises due to 
short duration, explosive and ballistic activities 
seen in throwing and serving. Th ese exercises 
should be based on the periodization principle 
of conditioning.

Sport-specifi c activity

Functional progressions of throwing or serving must 
be completed before full completion is allowed. Th ese 
progressions will gradually test all of the mechanical 
parts of the throwing or serving motion. Very few 
deviations from normal parameters of arm motion, 
arm position, force generation, smoothness of all of the 
kinetic chain and pre-injury form should be allowed 
as most of these adaptations will be bio mechanically 
ineffi  cient. Th e athlete may move through the progres-
sions as rapidly as possible.

Criteria for return to play

Th e criteria for return to play include:

• normal clinical examination
• normal shoulder arthrokinetics
• normal kinetic chain integration
• completed progressions.
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Use of the upper limb in sport demands a well-
functioning elbow. In addition, injuries in this 

region may interfere with the patient’s everyday activi-
ties. Th e clinical approach to elbow pain is considered 
under the following headings:

• lateral elbow pain, with a particular focus on 
extensor tendinopathy

• medial elbow pain
• posterior elbow pain
• acute elbow injuries
• forearm pain
• upper arm pain.

Lateral elbow pain
Lateral elbow pain is an extremely common pres-
entation among sportspeople and manual workers. 
Th e most common cause is an overuse syndrome 
related to excessive wrist extension. Th is condition 
has traditionally been known as ‘tennis elbow’. Th is 
is an unsatisfactory term as it gives little indication 
of the pathological processes involved. In fact, the 
condition is more common in non-tennis players 
than in tennis players. It has also been referred to as 
‘lateral epicondylitis’. Th is is also inappropriate as the 
site of the abnormality is usually just below the lateral 
epicondyle (Fig. 18.1) and the primary pathology is 
due to collagen disarray rather than infl ammation 
(Chapter 2).

Th e primary pathological process involved in this 
condition is tendinosis (Chapter 2) of the extensor 
carpi radialis brevis (ECRB) tendon, usually within 
1–2 cm (0.5–1 in.) of its attachment to the common 
extensor origin at the lateral epicondyle. Th is condi-
tion will be referred to as extensor tendinopathy.

Other conditions that may cause lateral elbow 
pain include synovitis of the radiohumeral joint, 
radiohumeral bursitis and entrapment of the posterior 
interosseous branch of the radial nerve (radial tunnel 
syndrome). Th ese conditions may exist by themselves 
or in conjunction with extensor tendinopathy.

Th ere is oft en a contribution to lateral elbow pain 
from the cervical and upper thoracic spines and neural 
structures (Chapter 3). Th is may be a relatively minor 
contribution or, in some cases, the main cause of the 
patient’s elbow pain. A full assessment of the cervical 
spine (Chapter 16) and neural structures (Chapter 8) 
is essential in examination of the patient with lateral 
elbow pain. Th e causes of lateral elbow pain are sum-
marized in Table 18.1.

History

The characteristics of the patient’s lateral elbow 
pain should be elicited. Th e diff use pain of extensor 
tendinopathy typically radiates from the lateral epi-
condyle into the proximal forearm extensor muscle 
mass. Occasionally the pain may be more localized. 
Th e onset of pain may be either acute or insidious. 
Th ere may have been recent changes in training or 
technique, note-taking or equipment used in sport 
or work.

Th e severity of pain ranges from relatively trivial 
pain to an almost incapacitating pain that may keep 
the patient awake at night. It is important to note 
whether the pain is aggravated by relatively minor 
everyday activities, such as picking up a cup, or 
whether it requires repeated activity, such as playing 
tennis or bricklaying, to become painful.

Pain may radiate into the lateral aspect of the 
forearm. This may be consistent with posterior 

CHAPTER 

18
Elbow and Arm Pain

WITH SIMON BELL
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of neck, upper thoracic or shoulder pain should also 
be noted.

Oft en by the time the patient presents to the sports 
medicine clinician, he or she will already have under-
gone a variety of treatments. It is important to note 
the response to each of these treatments.

An activity history should also be taken, noting 
any recent change in the level of activity. In tennis 
players, note any change in racquet size, grip size or 
string tension and whether or not any comment has 
been made regarding his or her technique.

Figure 18.1 Anatomy of the lateral elbow

(a) Surface anatomy of the lateral elbow (b) Anatomy of the lateral elbow from behind

Table 18.1 Causes of lateral elbow pain

Common Less common Not to be missed

Extensor tendinopathy
Referred pain
 Cervical spine
 Upper thoracic spine
 Neuro-myofascial

Synovitis of the radiohumeral joint
Radiohumeral bursitis
Posterior interosseous nerve 

entrapment (radial tunnel 
syndrome)

Osteochondritis dissecans
 Capitellum
 Radius (in adolescents)

interosseous nerve entrapment or irritation of other 
neural structures. If pain is closely related to the 
activity level, it is more likely to be of a mechanical 
origin. If pain is persistent, unpredictable or related 
to posture, referred pain should be considered.

Certain movements, usually those involving wrist 
extension or gripping, will aggravate mechanical 
pain. Referred pain is aff ected by prolonged posture, 
such as lengthy periods seated at a desk or in a car. 
Associated sensory symptoms, such as pins and 
needles, may indicate a neural component. Presence 

lateral
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extensor
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biceps
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Examination

Examination involves:

1. Observation from the front
2. Active movements

(a) elbow fl exion/extension
(b) supination/pronation
(c) wrist fl exion (forearm pronated) (Fig. 18.2a)
(d) wrist extension

3. Passive movements
(a) as above

4. Resisted movements
(a) wrist extension (Fig. 18.2b)

(b) extension at the third metacarpophalangeal 
joint (Fig. 18.2c)

(c) grip test (Fig. 18.2d)
5. Palpation

(a) lateral epicondyle (Fig. 18.2e)
(b) extensor muscles (Fig. 18.2f)

6. Special tests
(a) neural tension
(b) cervical spine examination (Chapter 16)
(c) thoracic spine examination (Chapter 20)
(d) periscapular soft  tissues (Fig. 18.2g)

Investigations

Investigations are usually not performed in the 
straightforward case of lateral elbow pain. However, 

Figure 18.2 Examination of the patient with lateral 
elbow pain

(a) Active movement—wrist fl exion with forearm fully 
pronated

(b) Resisted muscle testing—wrist extension

(c) Resisted muscle testing—extension at third 
metacarpophalangeal joint

(d) Resisted muscle testing—grip strength. Attempt 
to reproduce pain
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in longstanding cases, plain X-ray (AP and lateral 
views) of the elbow may show osteochondritis dis-
secans, degenerative joint changes or evidence of 
heterotopic calcifi cation.

Ultrasound examination may prove to be a useful 
diagnostic tool in the investigation of patients with 
lateral elbow pain. Ultrasound may demonstrate the 
degree of tendon damage as well as the presence of 
a bursa.

Extensor tendinopathy

For this major sports medicine condition, we review 
the pathology, outline the clinical presentation, and 

then discuss evidence-based and clinically founded 
treatment.

Clinically relevant pathology

Th e primary pathological process in extensor tendin-
opathy tendinosis1 (Chapter 2) of the ECRB tendon is 
in the fi rst 1–2 cm (0.5–1 in.) distal to its attachment 
to the extensor origin at the lateral epicondyle. Light 
microscopy reveals an excess of both fi broblasts and 
blood vessels.2–4 Th e vessels appear consistent with 
what Alfredson calls ‘neovessels’5 and pathologists 
call ‘angiogenesis’. Th is abnormal tissue has a large 
number of nociceptive fi bers, which may explain 
why the lesion is so painful. With continued use, 
tendinosis may extend into microscopic partial tears.6 
Conversely, a tear may be the primary abnormality 
with degenerative change being secondary. A sum-
mary of the processes leading to the development of 
extensor tendinopathy is shown in Figure 18.3.

With wrist movements, especially wrist extension, 
a considerable shearing stress is placed on the ECRB 
tendon. Th e ECRB muscle crosses both the elbow 
and the wrist and, therefore, contracts eccentrically 

(e) Palpation—lateral epicondyle. Attempt to locate 
painful site distal to lateral epicondyle. Degenerative 
tissue has a distinctive ‘glassy’ feel

(f) Palpation—extensor muscles. Pincer grip is used 
with passive fl exion and extension to provide exact 
feel of damaged tissue

(g) Periscapular soft tissues—palpation of active 
trigger points and changes in muscle tone and length 
in the periscapular soft tissues

Brukner-B-13_24.indt   292Brukner-B-13_24.indt   292 5/6/06   11:50:40 AM5/6/06   11:50:40 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 293

CHAPTER 18 ELBOW AND ARM PAIN 18

at both ends during certain maneuvers. Additional 
stress is applied by the head of the radius, which 
rotates anteriorly, compressing the ECRB tendon 
during pronation of the forearm. Th is may further 
compromise the blood supply or excessively stretch 
the tendon.

Neural structures may contribute to the patient’s 
lateral elbow pain. Lateral elbow pain is oft en associ-
ated with cervical and upper thoracic abnormalities, 
particularly of the C5–6 region.

Clinical features

Extensor tendinopathy occurs in association with any 
activity involving repeated wrist extension against 
resistance. Th is includes sporting activities, such as 
tennis, squash and badminton, as well as occupational 
and leisure activities, such as carpentry, bricklaying, 
sewing and knitting. Computer use has been shown to 
be associated with the development of this condition.7 
Th e peak incidence is between the ages of 40 and 50 
years but this condition may aff ect any age group.

Th ere are two distinct clinical presentations of this 
condition. Th e most common is an insidious onset of 
pain, which occurs 24–72 hours aft er unaccustomed 
activity involving repeated wrist extension. Th is occurs 
typically aft er a person spends the weekend laying 
bricks or using a screwdriver. It is also seen aft er 
prolonged sewing or knitting. In the tennis player, it 
may occur aft er the use of a new racquet, playing with 
wet, heavy balls or overhitting, especially hitting into 
the wind. It also occurs when the player is hitting ‘late’ 

(getting into position slowly), so that body weight is 
not transferred correctly and the player relies on the 
forearm muscles exclusively for power.

Th e other clinical presentation is a sudden onset of 
lateral elbow pain associated with a single instance of 
exertion involving the wrist extensors, for example, 
lift ing a heavy object, or in tennis players attempt-
ing a hard backhand with too much reliance on 
the forearm and not enough on the trunk and legs. 
Th e insidious onset is thought to correspond to 
microscopic tears within the tendon, whereas the 
acute onset may correspond to a macroscopic tear 
of the tendon.

On examination, the maximal area of tenderness 
is usually approximately 1–2 cm (0.5–1 in.) distal 
to the lateral epicondyle in the ECRB tendon. Th e 
experienced clinician may palpate irregularities within 
the tendon at this site. Th e rest of the ECRB muscle 
should be palpated for areas of excessive tightness 
and hypersensitivity.

Typically, the pain is reproduced by resisted wrist 
extension, especially with the wrist pronated and 
radially deviated (Mills’ test). Resisted extension of 
the middle fi nger is also painful (Fig. 18.2c). Th e 
ECRB tendon is preferentially stressed in this posi-
tion as it must contract synergistically to anchor the 
third metacarpal to allow extension to take place at 
the digits.

Th e upper limb tension test, especially the radial 
nerve variation, may reproduce lateral elbow pain 
or show restriction of movement compared with the 
other side. In either situation, this indicates a possible 
neural component to the pain. Examination of the 
cervical spine will frequently detect decreased range 
of movement, especially lateral fl exion. Palpation 
of the cervical and upper thoracic spine may show 
stiff ness and tenderness both centrally and over the 
apophyseal joint on the side of the pain, usually around 
the C5–6 level. Active trigger points may be found in 
the periscapular soft  tissues (Fig. 18.2g).

Treatment

No single treatment has proven to be totally eff ective 
in the treatment of this condition. A combination of 
the diff erent treatments mentioned below will result 
in resolution of the symptoms in nearly all cases.

Th e basic principles of treatment of soft  tissue 
injuries apply. Th ere must be control of pain, encour-
agement of the healing process, restoration of fl ex-
ibility and strength, treatment of associated factors 
(e.g. increased neural tension, referred pain), gradual 
return to activity with added support and correction 
of the predisposing factors.

Poor technique Grip too small

Overuse Heavy racquet

Excessive loadPoor blood
supply

Tendinopathy

Continued use

Microscopic tears and scarring

Figure 18.3 Processes leading to the development of 
ECRB tendinopathy
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Control of pain

It remains unclear as to how much pain is ‘ideal’ in the 
treatment of tendinopathies. Clinical experience sug-
gests that a low level of pain, which does not worsen 
with training, is likely to not be harmful for tendon 
healing. However, some patients require relative rest, 
application of ice and analgesia for comfort.

Electrotherapeutic modalities

Th e application of electrotherapeutic modalities such 
as ultrasound, laser and high voltage galvanic stimula-
tion may encourage the healing process. A summary 
of clinical trials investigating the effi  cacy of ultrasound 
therapy in ‘lateral epicondylitis’ found the advantage in 
success rate between ultrasound and sham ultrasound 
to be 15%.8 Th e use of low-level laser treatment was 
not found to be helpful.9 Heat may also be helpful and 
a heat-retaining brace such as a neoprene sleeve may 
be worn during the rehabilitation process.

Soft tissue therapy

Soft  tissue therapy is performed at the site of the lesion 
and to adjacent tight or thickened tissues. Transverse 
friction to the site of the lesion should be performed 
with the tissue held in tension by having the wrist 
in passive fl exion (Fig. 18.4a). Sustained myofascial 
tension at the site of the lesion may also be performed 

Figure 18.4 Soft tissue techniques

(a) Transverse friction with extensor tissue under 
tension—wrist and hand fl exion

(c) Digital ischemic pressure to deep muscle fi bers in 
the shortened position

(b) Sustained longitudinal pressure to the ECRB 
muscle in the position of maximum elbow extension 
and wrist fl exion

(Fig. 18.4b). Th e symptoms must be reassessed aft er 
treatment. Areas of hypersensitivity and palpable 
bands in the ECRB muscle should be treated in active 
wrist fl exion with sustained myofascial tension and 
digital ischemic pressure (Fig. 18.4c).
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Manual therapy

Th ere is evidence of positive short-term eff ects with 
elbow manipulation, but no long-term studies have 
been performed.10, 11 Cervical manipulation was also 
found to be helpful in the short term,12 but manipula-
tion of the wrist was not found to be helpful.13 Cervical 
mobilization (Fig. 18.5), thoracic mobilization and 
neural stretching (Fig. 18.6) are commonly used as 
adjuncts to other forms of treatment.

Trigger points

In patients with lateral elbow pain, active trigger points 
associated with muscle shortening are frequently 
found in the forearm extensor muscles—brachio-
radialis, extensor carpi radialis longus, ECRB, exten-
sor digitorum, extensor carpi ulnaris, extensor digiti 
minimi and anconeus, as well as the periscapular area. 
Digital ischemic pressure or dry needling of these 
trigger points will help restore normal muscle length 
and reduce forces at the lateral epicondyle.

Stretching

Stretching of the ECRB muscle and associated wrist 
extensors should be performed (Fig. 18.7).

Muscle strengthening

A muscle strengthening program should be com-
menced as soon as pain permits. Th is should com-
mence with isometric contraction of the wrist 
extensors. When this can be performed without pain, 
gradual progression to concentric and then eccentric 
exercises should occur (Fig. 18.8). Studies support the 
use of muscle strengthening.14, 15

Figure 18.5 Cervical mobilization

Figure 18.6 Neural stretch Figure 18.7 Stretching the ERCB tendon
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Counterforce bracing

Counterforce bracing (Fig. 18.9) appears to reduce the 
forces on the extensor tendons although studies of its 
effi  cacy show confl icting results.9 One study showed a 
reduction in ‘inconvenience during daily activities’.16 
Th e brace should be applied during the rehabilitation 
process and on return to the aggravating activity, such 
as tennis. Many patients mistakenly assume that the 
brace should be applied over the painful area itself but 
the correct site is in the upper forearm, approximately 
10 cm (4 in.) below the elbow joint. Th e brace should 
be applied fi rmly.

Taping

One study showed that the application of a diamond-
shaped taping technique resulted in an improvement 
of symptoms.17

Iontophoresis

Th e application of a corticosteroid agent by the proc-
ess of iontophoresis is not supported by controlled 
trial evidence.18, 19

Corticosteroid injection

Th e use of corticosteroid injection in the treatment of 
this condition is controversial. Corticosteroid injec-
tion was compared to physiotherapy (ultrasound, 
deep friction massage, exercise program) and a ‘wait 
and see’ group and found to be signifi cantly more 
eff ective in the short term (at six weeks) but physio-
therapy appeared a more eff ective treatment in the 
longer term (>12 weeks).20

Th e indications for corticosteroid injection in this 
condition include failure of an appropriate rehabilita-
tion program aft er three months or localization of pain 
to the lateral epicondyle probably due to periostitis. 
Corticosteroid and local anesthetic agents should be 
injected around the ECRB tendon, directly over the 
point of maximal tenderness but not into the tendon 
substance itself (Fig. 18.10). If used, corticosteroid 

Figure 18.8 Strengthening exercises for wrist 
extensors. Exercises can be isometric, concentric (black 
arrow), eccentric (white arrow) or functional

Figure 18.9 Counterforce brace

Figure 18.10 Corticosteroid injection
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injections should be regarded as just one component 
of the treatment program and followed by appropriate 
rehabilitation.

Nitric oxide donor therapy

An Australian study provided level 2 evidence that 
nitric oxide donor therapy (glyceryl trinitrate [GTN] 
patches applied locally 1.25 mg/day) improved pain 
and function within three to six months.21 Glyceryl 
trinitrate patches come in varying doses; a 0.5 mg patch 
should be cut in quarters and applied for 24 hours at 
a time and then replaced (Fig. 18.11). A 0.2 mg patch 
would best be cut in half and applied similarly. Suc-
cessful outcomes occurred at three to six months, so 
patients need to have this explained. Although further 
studies are needed, this treatment has also proven eff ec-
tive in the management of Achilles and supraspinatus 
tendinopathies (Chapter 10).

Botulinum toxin

Initial reports suggested that botulinum toxin (Botox) 
injection was an eff ective treatment,22, 23 however, a 
double-blind, randomized controlled study failed 
to show any improvement in pain although there 
was a small non-signifi cant improvement in grip 
strength.24

Acupuncture

Th ere is some evidence of short-term (two to eight 
weeks) benefi t with the use of acupuncture for lateral 
elbow pain.25

Extracorporeal shock wave therapy

Th ere have been a number of studies assessing the 
eff ectiveness of extracorporeal shock wave therapy 

for lateral elbow pain, again with confl icting results. 
Th e few well-designed studies have failed to demon-
strate any signifi cant eff ect and show a relatively high 
incidence of minor side-eff ects.9

Autologous blood injection

It has been suggested that the introduction of autolo-
gous blood in a relatively atraumatic manner may 
initiate an infl ammatory cascade and promote healing 
in an otherwise degenerative process. A preliminary 
study using this modality demonstrated a good 
clinical result in 79% of cases.26 It has now been 
used for some time in our clinic and we have begun 
a randomized trial.

Correct predisposing factors

Probably the most important factor to be avoided is 
excessive or unaccustomed activity. In tennis players, 
a major cause is a faulty backhand technique with the 
elbow leading (Fig. 18.12a). Other technique faults 
that may predispose to the development of extensor 
tendinopathy include excessive forearm pronation 
while attempting to hit top spin forehands and exces-
sive wrist fl ick (fl exion) movement while serving. 
Correction of these faults requires assistance of a 
qualifi ed tennis coach. Other factors, such as racquet 
type, grip size, string tension, court surface and ball 
weight, may infl uence the amount of shock imparted 
to the elbow (Chapter 6). A mid-sized, graphite 
racquet with a large ‘sweet spot’ and a grip size that 
feels comfortable should be used. Care should be 
taken to avoid using racquets with excessively large 
or, especially, small grips.

Surgery

Very occasionally, particularly in cases with a long 
history of lateral elbow pain, the treatment pro-
gram mentioned above fails to resolve the patient’s 
symptoms. Failure of conservative treatment aft er 12 
months is a reasonable indication for surgery. Surgery 
involves excision of the degenerative tissue within 
the ECRB tendon and release of the tendon from 
the lateral epicondyle. Th ere is some evidence that 
percutaneous surgery may lead to greater improve-
ments in function, quicker return to work and greater 
patient satisfaction.27

Combination therapy

It is clear from both our clinical experience and 
the relatively few well-designed studies that no one 
treatment is eff ective in the management of lateral 
elbow tendinosis. We recommend a combination of 
therapies, as shown in Table 18.2.

Figure 18.11 Nitric oxide donor therapy: one-
quarter of a 0.5 mg/24 hour glyceryl trinitrate (GTN) 
patch in place over the most tender site of extensor 
tendinopathy
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Graduated return to activity

As with all soft  tissue injuries, it is important to return 
gradually to activity following treatment. Th e tennis 
player should initially practice backhand technique 
without a ball, then progress slowly from gentle hit-
ting from the service line to eventually hitting full 
length shots (Chapter 12). Depending on the severity 
of the condition and the length of the rehabilitation 

program, this graduated return should take place over 
a period of three to six weeks.

Entrapment of the posterior interosseous 
nerve (radial tunnel syndrome)

Th e radial nerve divides into the superfi cial radial 
and the posterior interosseous nerve at the level of 
the radiocapitellar joint. Th e posterior interosseous 
nerve (PIN) passes distal to the origin of the ECRB 
and enters the arcade of Frohse. Prior to entering the 
arcade of Frohse, it gives off  branches to the ECRB and 
supinator muscles. Th e arcade is a semicircular fi brous 
arch at the proximal head of the supinator muscle, 
which begins at the tip of the lateral epicondyle and 
extends downwards, attaching to the medial aspect 
of the lateral epicondyle. Th e PIN then emerges from 
the supinator muscle distally, where it divides into 
terminal branches that innervate the medial exten-
sors. Compression of the PIN may occur at one of 
four sites, as shown in Figure 18.13.28

It is oft en diffi  cult to diff erentiate between extensor 
tendinopathy and the early stages of PIN entrapment. 
PIN entrapment is seen in patients who repetitively 
pronate and supinate the forearm, whereas extensor 
tendinopathy is more frequently associated with 
repetitive wrist extension. Symptoms of PIN entrap-
ment include paresthesia in the hand and lateral 
forearm, pain over the forearm extensor mass, wrist 
aching and middle or upper third humeral pain.

Maximal tenderness is over the supinator muscle, 
four fi nger breadths below the lateral epicondyle 
(distal to the area of maximal tenderness in extensor 
tendinopathy). Nerve entrapment also causes marked 
pain on resisted supination of the forearm with the 

Figure 18.12 Backhand technique

(a) Incorrect

(b) Correct

Table 18.2 Recommended treatment regimen for 
lateral extensor tendinosis of the elbow

Ice and simple analgesics (in acute phase)
Counterforce brace
Stretching of wrist extensors
Soft tissue techniques to local area of pain, forearm 

muscles and periscapular soft tissues
Concentric/eccentric strengthening program for wrist 

extensors
Nitric oxide donor therapy
Mobilization of lower cervical and thoracic spine
Neural stretches
Identify and correct any predisposing factors (e.g. 

technique)
Corticosteroid injection (only if severe pain prevents 

above measures)
Surgery (only after failure of high-quality conservative 

program)
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elbow fl exed to 90° and the forearm fully pronated. Th e 
third sign is pain with resisted extension of the mid-
dle fi nger with the elbow extended, although this can 
be positive in extensor tendinopathy as well. Neural 
tension tests may reproduce the patient’s symptoms 
and nerve conduction studies may be performed to 
confi rm the diagnosis.

Treatment consists of soft  tissue therapy over the 
supinator muscle at the site of entrapment and neural 
stretching. If this is unsuccessful, decompression 
surgery may be required and is almost uniformly 
successful.28

Other causes of lateral elbow pain

Other causes of lateral elbow pain may occur in isola-
tion or in conjunction with the previously mentioned 
conditions. Radiohumeral bursitis is occasionally seen 
in athletes. Th is may be distinguished from extensor 
tendinopathy by the site of tenderness that is anterior 
and distal to the lateral epicondyle, maximally over 
the anterolateral aspect of the head of the radius. Th e 
presence of this bursitis may be confi rmed on ultra-
sound examination. Injection with a corticosteroid 
agent is the most eff ective form of treatment.

Osteochondritis of the capitellum or radial head 
may occur in younger athletes (Chapter 40) involved 
in throwing sports. Th is is a signifi cant condition as 
it can cause an enlarged, deformed capitellum that 
may predispose to the development of osteoarthritis. 
Th e treatment of this condition involves avoidance 
of aggravating activities.

Th e lateral elbow is a common site of referred 
pain, especially from the cervical and upper thoracic 
spine and periscapular soft  tissues. Most patients with 
chronic lateral elbow pain have some component of 
their pain emanating from the cervical and thoracic 
spine (Chapter 16). Any associated abnormalities 
of the cervical and thoracic spine should be treated 
and the patient’s signs reassessed immediately aft er 
treatment. If there is a noticeable diff erence, this may 
indicate a signifi cant component of referred pain.

Medial elbow pain
Patients who present with medial elbow pain can be 
considered in two main groups. One group has pain 
associated with excessive activity of the wrist fl exors. 
Th is is the medial equivalent of extensor tendinopa-
thy with a similar pathological process occurring in 
the tendons of pronator teres and the fl exor group. 
Th is condition will be referred to as ‘fl exor/pronator 
tendinopathy’.

Th e second group of patients have medial elbow 
pain related to excessive throwing activities. Th row-
ing produces a valgus stress on the elbow that is 
resisted primarily by the anterior oblique portion of 
the medial collateral ligament (MCL) of the elbow 
and secondarily by the stability of the radiocapitel-
lar joint. Repetitive throwing, especially if throwing 
technique is poor (Chapter 6), leads to stretching of 
the MCL and a degree of valgus instability. A fi xed 
fl exion deformity of the elbow may develop as a result 
of scarring of the MCL. Subsequently, there may be 
some secondary impingement of the medial tip of 
the olecranon onto the olecranon fossa, producing 
a synovitis or loose body formation. With valgus 
stress, the compressive forces may also damage the 
radiocapitellar joint. Several of these pathological 
entities may be present in combination.

In children, repetitive valgus stress may result in 
damage to the medial epicondylar epiphysis with pain 
and tenderness in this region. Th is usually responds 
to a period of rest but may progress to avulsion with 
continued activity. Th is condition, commonly known 
as ‘little leaguer’s elbow’, is considered in Chapter 
40. Th e causes of medial elbow pain are shown in 
Table 18.3.

Figure 18.13 Posterior interosseous nerve 
entrapment
Possible entrapment at:
1. fi brous bands in front of the radial head
2. recurrent radial vessels
3. arcade of Frohse
4. tendinous margin of the extensor carpi radialis 

brevis muscle.

radial nerve
extensor carpi 
radialis brevis
tendon (ECRB) (cut)

capitulum

arcade of
Frohse

head of
radius

supinator

posterior
interosseus
nerve

olecranon

anconeus

ulna

extensor
pollicis
longus

extensor
pollicis
brevis
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Flexor/pronator tendinopathy

Th is condition is not as common as its lateral equiva-
lent but is seen especially in golfers (‘golfer’s elbow’) 
and in tennis players who impart a lot of top spin on 
their forehand shot. Th e primary pathology exists in 
the tendinous origin of the forearm fl exor muscles, 
particularly in the pronator teres tendon.

On examination, there is usually localized tender-
ness just at or below the medial epicondyle with pain 
on resisted wrist fl exion and resisted forearm prona-
tion, especially when passive stretch is placed on the 
tendon (reverse Mills’ test) (Fig. 18.14).

Treatment is along the same lines as treatment of 
extensor tendinopathy. Particular attention should 
be paid to the tennis forehand or the golf swing 
technique. Due to its close proximity to the medial 
epicondyle, the ulnar nerve may become trapped 
in scar tissue. Th is should be treated with neural 
stretching.

Medial collateral ligament sprain

Sprain of the MCL of the elbow may occur as an 
acute injury, which is discussed on page 305, or as 
the result of chronic excessive valgus stress due to 
throwing. Th is occurs particularly in baseball pitchers 

and javelin throwers. Th e repeated valgus stress, 
especially in throwers who ‘open up too soon’ (i.e. 
become front-on too early in the throwing motion), 
leads initially to infl ammation of the ligament, then 
scarring and calcifi cation and occasionally ligament 
rupture. Th e biomechanics of throwing is discussed 
in Chapter 5.

On examination, there will be localized tender-
ness over the ligament and mild instability on valgus 
stress (Fig. 18.15a). Th ere will oft en be associated 
abnormalities such as a fl exion contracture of the 
forearm muscles, synovitis and loose body formation 
around the tip of the olecranon, as well as damage to 
the radiocapitellar joint.

Treatment in the early stages of the disease involves 
modifi cation of activity, correction of faulty technique, 
local electrotherapeutic modalities and soft  tissue 
therapy to the medial ligament. Medial strapping 
of the elbow may off er additional protection (Fig. 
18.15b). Specifi c muscle strengthening should be 
commenced, concentrating on the forearm fl exors 
and pronators (Fig. 18.16). Advanced pathology 
may require arthroscopic removal of loose bodies 
and bony spurs. Occasionally, signifi cant instability 
develops and requires ligament reconstruction. Th is 

Table 18.3 Causes of medial elbow pain

Common Less common Not to be missed

Flexor/pronator tendinopathy
Medial collateral ligament sprain
 Acute
 Chronic

Ulnar nerve compression
Avulsion fracture of the medial 

epicondyle (adolescents)
Apophysitis (adolescents)

Referred pain

Figure 18.14 Medial elbow pain reproduced with 
resisted wrist fl exion and forearm pronation

Figure 18.15 (a) Assessment of integrity of the 
medial collateral ligament
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should be avoided if possible as the results of surgery 
are oft en disappointing.

Ulnar nerve compression

Th e ulnar nerve pierces the intermuscular septum 
in the middle of the arm and then passes deep to 
the medial head of the triceps muscle to locate in 
a superfi cial groove (the ulnar sulcus) between the 
olecranon and the medial epicondyle. It then enters 
the forearm between the humerus and the ulnar heads 
of the fl exor carpi ulnaris muscle.

Entrapment of the ulnar nerve can occur as a result 
of a combination of any of four factors:29

1. traction injuries to the nerve may occur because 
of the dynamic valgus forces of throwing, 
especially when combined with valgus instability 
of the elbow

2. progressive compression can occur at the 
cubital tunnel secondary to infl ammation and 
adhesions from repetitive stresses, or where the 
nerve passes between the two heads of the fl exor 
carpi ulnaris due to muscle overdevelopment 
secondary to resistance weight-training 
exercises

3. recurrent subluxation of the nerve due to 
acquired laxity from repetitive stress or direct 
trauma, leading to ulnar neuritis

4. irregularities within the ulnar groove, such as 
spurs commonly seen from overuse injuries in 
throwers.

Th e patient presents with posteromedial elbow pain 
and sensory symptoms such as pins and needles or 

numbness along the ulnar nerve distribution on the 
ulnar border of the forearm and the ulnar one and 
a half fi ngers. Th e nerve may be tender behind the 
medial epicondyle (Fig. 18.17) and tapping over the 
nerve may reproduce symptoms. Patients with clinical 
features of ulnar nerve compression should undergo 
nerve conduction studies.

(b) Elbow stability taping

Figure 18.16 Strengthening exercises for the forearm 
fl exors and pronators

Figure 18.17 Palpation of the ulnar nerve

Brukner-B-13_24.indt   301Brukner-B-13_24.indt   301 5/6/06   11:50:55 AM5/6/06   11:50:55 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL302

PART B REGIONAL PROBLEMSB

Treatment of this condition initially consists of 
local soft  tissue therapy to the nerve in the ulnar 
groove in order to break down adhesions that may be 
compressing the nerve and restricting its free move-
ment. Neural stretching should also be performed. 
Surgical transposition of the nerve may be required 
if symptoms persist or if conduction studies show 
deteriorating nerve function.

Posterior elbow pain
Th e main causes of posterior elbow pain are olecranon 
bursitis, triceps tendinitis and posterior impingement. 
Gout should always be considered.

Olecranon bursitis

Olecranon bursitis may present aft er a single episode 
of trauma or, more commonly, aft er repeated trauma, 
such as falls onto a hard surface aff ecting the posterior 
aspect of the elbow. Th is is commonly seen in basket-
ballers ‘taking a charge’. It is also seen in individuals 
who rest their elbow on a hard surface for long periods 
of time and is known as ‘student’s elbow’. Th e olecranon 
bursa is a subcutaneous bursa that may become fi lled 
with blood and serous fl uid (Fig. 18.18).

Treatment consists initially of NSAIDs, rest and 
fi rm compression. If this fails, then aspiration of the 
contents of the bursa and injection with a mixture of 
corticosteroid and local anesthetic agents will usu-
ally be eff ective. Th e needle should be inserted at an 
oblique angle to reduce the risk of sinus formation. If 
recurrent bursitis does not respond to aspiration and 
injection, surgical excision of the bursa is required.

Occasionally, olecranon bursitis can become 
infected. Th is is a serious complication that requires 
immediate drainage, strict immobilization and anti-
biotic therapy. Osteomyelitis and septic arthritis 
can follow. Excision of the bursa is occasionally 
required.

Triceps tendinopathy

Tendinopathy at the insertion of the triceps onto the 
olecranon is occasionally seen. Standard conservative 
measures for treatment of tendinopathy should be 
used. Soft  tissue therapy and dry needling to reduce 
excessive tightness of the triceps musculotendinous 
complex are oft en helpful.

Posterior impingement

Posterior impingement is probably the most com-
mon cause of posterior elbow pain. It occurs in 

two situations. In the younger athlete there is the 
‘hyperextension valgus overload syndrome’. Repeti-
tive hyperextension valgus stress to the elbow results 
in impingement of the posterior medial corner of 
the olecranon tip on the olecranon fossa. Over 
time this causes osteophyte formation, exacerbat-
ing the impingement and leading to a fi xed fl exion 
deformity.

In the older patient the most common cause is early 
osteoarthritis, which oft en predominantly aff ects the 
radiocapitellar joint. Generalized osteophytes form 
through the elbow. Impingement of these osteophytes 

Figure 18.18 Olecranon bursa

(a) Palpation at site of bursa

(b) Olecranon bursitis

bursa
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posteriorly results in posterior pain. Th e main clinical 
feature in athletes with posterior impingement is a 
fi xed fl exion deformity of some degree and posterior 
pain with forced extension (Fig. 18.19).

If conservative measures fail, then arthroscopic 
removal of the impinging posterior bone and soft  
tissue is very eff ective in relieving symptoms and 
improving extension.

Acute elbow injuries
Acute elbow injuries include fractures, dislocations 
and ligament or tendon ruptures.

Fractures

As the complication rate for elbow fractures is higher 
than with fractures near other joints, it is essential that 
fractures in this region are recognized and treated 
early and aggressively. Unstable fractures, usually 
those associated with displacement, should be referred 
early for orthopedic management. When the articular 
or cortical surface has less than 2 mm (0.1 in.) of 
vertical or horizontal displacement, the fracture can 
be regarded as stable and treated conservatively.30

Th e most common complication of elbow fractures 
is stiff ness, particularly loss of terminal extension. 
Prompt diagnosis and treatment that includes an early 
rehabilitation program can help avoid this outcome. 
Th us, treatment of elbow fractures must be aggressive. 
Surgically stabilizing an adult elbow fracture allows 
early commencement of a post-operative range of 
motion program.

A stable fracture that involves no signifi cant com-
minution, displacement or angulation may be treated 

conservatively. In adults, immobilizing the arm for a 
few days, even up to a week, is generally well toler-
ated. Th en the arm should be placed in a removal 
splint and early motion commenced. Th e fracture 
should then be protected for six to eight weeks, with 
early and frequent radiographic checks to ensure the 
reduction stays anatomical.

Th e other main complication of elbow fractures, 
particularly in high energy injuries, is heterotopic 
ossifi cation. Traumatized elbows that are forcefully 
or passively manipulated may also be at greater risk 
of this complication. Th erefore, gentle, active assisted 
range of motion exercises are preferred. Heterotopic 
bone formation has also been associated with elbow 
fractures treated surgically between one and fi ve 
days aft er injury or treated with multiple surgical 
procedures. Th us, surgery should be performed in 
the fi rst 24 hours aft er injury or aft er fi ve to seven 
days.

Supracondylar fractures

Supracondylar fractures are more common around 
the age of 12 than in adults. Th ey oft en occur from 
a fall on an outstretched arm, either from a height 
or a bicycle. Because they are rotationally unstable 
and have a high rate of neurovascular complications, 
these fractures should be regarded as an orthopedic 
emergency.

For fractures that are unstable, displaced or cannot 
be reduced without jeopardizing the blood supply, the 
treatment of choice is closed reduction in the oper-
ating room under general anesthesia. Percutaneous 
pins placed across the fracture maintain the reduction 
and prevent late slippage. Th e arm is initially placed 
in a splint and then several days later in a cast. Th e 
pins are removed aft er four to six weeks. Stiff ness is 
typically not a problem in children recovering from 
fractures.

Olecranon fractures

Olecranon fractures occur from a fall onto an out-
stretched hand or from direct trauma to the elbow. If 
the fracture is non-displaced and stable, the patient 
should be able to extend the arm against gravity. 
Treatment consists of immobilizing the arm for two 
to three weeks in a posterior splint, and then in a 
removable splint and a range of motion program 
commenced. If the patient is unable to extend the 
elbow against gravity or if radiographs show signifi cant 
displacement, open reduction with internal fi xation 
by tension-band wiring is preferred. Early motion is 
started within one week of surgery.

Figure 18.19 Posterior impingement. The elbow is 
forced into end-range extension. If posterior pain is 
produced, then posterior impingement is present
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Radial head fracture

Th e most common fracture around the elbow in ath-
letes is the radial head fracture, almost always resulting 
from a fall onto an outstretched hand. Most radial head 
fractures are minimally displaced or non-displaced 
(type 1) and are very diffi  cult to see on radiographs. 
Sometimes the only clue is the fat pad sign, which 
appears as a triangular radiolucency just in front of 
the elbow joint. Early aspiration, splinting with an 
easily removable device and early commencement 
of a range of motion program will yield excellent 
results. Complete healing can be expected within six 
to eight weeks. For displaced radial head fractures 
(type 2), surgical intervention with operative fi xation 
or excision is preferred. Comminuted fractures (type 
3) are treated by excision. Type 4 fractures occur in 
the presence of a dislocation and can be very unstable. 
Th ey always require surgical treatment.

Posterior dislocation

Th e most serious acute injury to the elbow is poste-
rior dislocation of the elbow. Th is can occur either 
in contact sports or when falling from a height such 
as while pole vaulting. Th ere is oft en an associated 
fracture of the coronoid process or radial head. Th e 
usual mechanism is a posterolateral rotatory force 
resulting from a fall on an outstretched hand with 
the shoulder abducted, axial compression, forearm in 
supination and then forced fl exion of the elbow.31

Th e major complication of posterior dislocation of 
the elbow is impairment of the vascular supply to the 
forearm. Assessment of pulses distal to the disloca-
tion is essential. If pulses are absent, reduction of the 
dislocation is required urgently. Reduction is usually 
relatively easy. With the elbow held at 45°, the clinician 
grips the anterior aspect of the humerus and traction 
is placed longitudinally along the forearm (Fig. 18.20). 
Th e elbow usually reduces with a pronounced clunk. 
If vascular impairment persists aft er reduction, urgent 
surgical intervention is required.

Following reduction, the stability of the collateral 
ligaments should be assessed (Fig. 18.15a). A post-
reduction X-ray should also be performed. Small 
fractures of the coronoid process or undisplaced 
fractures of the radial head only require conservative 
treatment with support in a sling for two to three 
weeks. Large coronoid fractures, however, may result 
in chronic instability and should be reduced and fi xed 
surgically. Large fractures of the radial head may be 
diffi  cult to manage but in most cases can be internally 
fi xed. Occasionally, a large fracture of the capitel-
lum may occur. Th is also requires internal fi xation. 

Sometimes a piece of bone becomes trapped in the 
joint aft er reduction. Th is needs to be excluded with 
good quality post-reduction X-rays.

Long-term loss of extension is frequently a problem 
following elbow dislocation. Immediate active mobili-
zation under supervision has been shown to result in 
less restriction of elbow extension with no apparent 
increase in instability.32 Professional sportspeople 
with a simple dislocation with no associated fracture 
or instability are able to return to sport relatively 
quickly aft er an accelerated rehabilitation program. 
Verrall described three cases of stable dislocations in 
professional footballers who returned to sport aft er 
13, 21 and seven days respectively with no further 
complications.33 Joint mobilization (Fig. 18.21) may 

Figure 18.20 Technique for reduction of posterior 
dislocation of the elbow

Figure 18.21 Elbow mobilization. Gentle oscillations 
at end range of elbow extension to restore full range 
of motion
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be required as part of the treatment. Surrounding 
muscles should also be strengthened. Elbow stabil-
ity taping should be applied on return to sport (Fig. 
18.15b).

Heterotopic ossifi cation occasionally occurs fol-
lowing elbow dislocation. Th e use of NSAIDs for 
a period of three months following the injury may 
reduce the incidence of this complication.

Elbow dislocations in directions other than pos-
terior occur occasionally. Th ese are oft en associated 
with severe ligamentous disruption and patients should 
be referred to an orthopedic surgeon immediately.

Some patients may develop chronic instability 
of the elbow following an acute dislocation. Th is is 
classically posterior lateral instability with a positive 
pivot shift  test. If symptoms are unacceptable, then a 
reconstruction of the lateral ulnar collateral ligament 
may be indicated.

Acute rupture of the medial 
collateral ligament

Acute rupture of the MCL may occur in a previously 
damaged ligament or in a normal ligament subjected 
to extreme valgus stress, for example, elbow disloca-
tion. Th e degree of instability should be assessed by 
applying valgus stress to the elbow at 30° of fl exion 
(Fig. 18.15a). If complete disruption is present with 
associated instability, surgical repair of the ligament 
is required. Incomplete tears should be treated with 
protection in a brace and muscle strengthening for a 
period of three to six weeks.

Tendon ruptures

Acute avulsion of the biceps or triceps tendons from 
their insertions is a rare condition. Rupture of the 
biceps tendon insertion occurs predominantly in 
strength activities (e.g. weightlift ing). Rupture of the 
triceps tendon occurs most commonly with excessive 
deceleration force, such as occurs during a fall or by a 
direct blow to the posterior aspect of the elbow. Partial 
and complete triceps ruptures are seen in American 
National Football League linemen.34 Partial tears tend 
to heal well without surgery. Acute complete ruptures 
at the insertion of either of these tendons should be 
treated surgically.

Forearm pain
Fracture of the radius and ulna

Th e bones of the forearm are commonly injured by 
a fall on the back or front of the outstretched hand. 

It is usual for both bones to break, although a single 
bone may be fractured in cases of direct violence 
or in fractures of the distal third where there is no 
shortening.

A displaced fracture is usually clinically obvious. 
X-rays should be taken for post-reduction comparison 
and for exclusion of a concurrent dislocation. Two 
types of dislocation occur—the Monteggia injury 
(fractured ulna with dislocated head of the radius at 
the elbow joint) and the Galeazzi injury (fractured 
radius with dislocated head of the ulna at the wrist 
joint).

In the child, angulation of less than 10° is accept-
able. Other fractures should be reduced under local 
or general anesthesia depending on the age of the 
child. Th e usual position for immobilization is in 
pronation, although in proximal radial fractures and 
in Smith’s fracture at the wrist the forearm should be 
held in supination. Th e plaster should extend above the 
elbow and leave the metacarpophalangeal joints free. 
Depending on the age of the child, immobilization 
should last four to six weeks. Th e position should be 
checked by X-ray every one to two weeks depending 
on stability.

In the adult, perfect reduction of radial and ulnar 
fractures is necessary to ensure future sporting func-
tion. Most of these fractures are signifi cantly displaced 
and require internal fi xation by plate and screw. 
Depending on the accuracy of reduction, either a cast 
or crepe bandage support is required post-operatively 
for eight to 10 weeks. Isolated fracture of the ulna is 
treated conservatively by an above-elbow cast in mid 
pronation for eight weeks. Monteggia and Galeazzi 
injuries are usually displaced and should be referred 
to an orthopedic surgeon for reduction.

Stress fractures

Stress fractures of the forearm bones occur occasion-
ally in sportspeople involved in upper limb sports, 
such as baseball, tennis or swimming.35 Treatment 
involves rest and correction of the possible predispos-
ing factors, such as faulty technique.

Forearm compartment pressure syndrome

Forearm compartment pressure syndromes have been 
described in kayakers, canoeists, motor cyclists and 
weight-training athletes. Th e fl exor compartment is 
most usually aff ected. Symptoms include activity-
related pain that is relieved by rest. Diagnosis requires 
compartment pressure testing (Chapter 8). Treatment 
consists of local soft  tissue therapy. Surgical fasciotomy 
may be required.
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Upper arm pain
An aching pain in the upper arm is a common 
complaint, especially among manual workers (e.g. 
bricklayers, carpenters) and sportspeople. Th e most 
common cause is myofascial pain, but stress fracture 
of the humerus needs to be considered.

Myofascial pain

A dull non-specifi c pain in the upper arm is most likely 
to be myofascial in nature. Th e most common source of 
the upper arm pain is trigger points in the infraspinatus 
muscle (Fig. 18.22). Firm palpation of these trigger 
points will oft en reproduce the patient’s pain.

Treatment consists of digital ischemic pressure or 
dry needling to the trigger points. Attention should 
also be paid to the lower cervical and upper to mid 
thoracic spine. Increased muscle tone and trigger 
points may be found in the paraspinal muscles and 
hypomobility of the intervertebral segments may be 
present. Th ese abnormalities must also be treated.

Stress fracture of the humerus

Stress fracture of the humerus has been described 
in baseball pitchers, a tennis player, javelin thrower, 
bodybuilder and weightlift er. Most of the fractures 
occurred in adolescents and were associated with a 
recent increase in activity. In a number of cases the 
diagnosis was made retrospectively when an acute 
fracture occurred and the patient admitted symptoms 
leading up to the acute episode.

Recommended treatment follows the general 
principles of management of simple stress fractures, 
involving avoidance of the aggravating activity until 

symptom-free and no local tenderness, then gradual 
resumption of the activity.
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CHAPTER 

19
Wrist, Hand and 
Finger Injuries
WITH ANDREW GARNHAM, MAUREEN ASHE AND PETER GROPPER

The wrist and hand are frequently injured during 
sport.1 Sport-related injuries account for up to 15% 

of all hand injuries seen in accident and emergency 
departments.2 Upper extremity injuries are frequent; 
distal radial fractures are the most common fracture 
seen in emergency departments,3 and scaphoid frac-
tures are the most common carpal fracture.4 Men 
are more likely to sustain a hand or wrist injury2 and 
children/adolescents are more likely to have a wrist 
injury compared with adults.5 Injuries to the hand 
and wrist range from acute traumatic fractures, such 
as occur during football, hockey and snowboarding, 
to overuse conditions, which occur in racquet sports, 
golf and gymnastics. Finger trauma is common in 
ball-handling sports and rock climbing. If wrist, hand 
and fi nger injuries are not treated appropriately at the 
time of injury, they can lead to future impairments 
that can aff ect not only sporting endeavors but also 
activities of daily living.6

In clinical practise, patients can present with either 
an acute wrist injury (usually as a result of a fall onto 
the outstretched hand) or because of longer-term 
(chronic, or subacute) wrist pain. When pain has been 
ongoing, it may have developed gradually, or there 

may be a clear history of a past injury. We address 
each of those presentations in major sections. We then 
discuss conditions that aff ect the hand and fi ngers.

Acute wrist injuries 
Th e wrist joint has multiple axes of movement: fl ex-
ion–extension and radial–ulnar deviation occur at the 
radiocarpal joints, and pronation–supination occurs 
at the distal and proximal radioulnar joints. Th ese 
movements provide mobility for hand function.

Injuries to the wrist oft en occur due to a fall on 
the outstretched hand (FOOSH). In sportspeople, 
the most common acute injuries are fractures of the 
distal radius or scaphoid, or damage to an intercarpal 
ligament. Intercarpal ligament injuries are becom-
ing more frequently recognized and, if they are not 
treated appropriately (e.g. including surgical repair 
where indicated), may result in long-term disability. 
Th e causes of acute pain in this region are shown in 
Table 19.1.

Th e anatomy of the wrist and hand is complex 
and therefore a thorough knowledge of this region 
is essential to diagnose and treat sports injuries 

Table 19.1 Causes of acute wrist pain

Common Less common Not to be missed

Distal radius fracture (often 
intra-articular in the athlete)

Scaphoid fracture
Wrist ligament sprain/tear
 Intercarpal ligament
 Scapholunate ligament
 Lunotriquetral ligament

Fracture of hook of hamate
Triangular fi brocartilage complex tear
Distal radioulnar joint instability
Scapholunate dissociation

Carpal dislocation
Anterior dislocation of lunate
Perilunar dislocation
Traumatic ulnar artery aneurysm 

or thrombosis (karate)
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accurately (Fig. 19.1). It is helpful to know the surface 
anatomy of the scaphoid tubercle, hook of hamate, 
pisiform, Lister’s tubercle and anatomical snuffb  ox. 
Th e bony anatomy consists of a proximal row (lunate, 
triquetrum, pisiform) and a distal row (trapezium, 
trapezoid, capitate, hamate), which are bridged by the 
scaphoid bone. Normally, the distal carpal row should 

be stable; thus, a ligamentous injury here can greatly 
impair the integrity of the wrist. Th e proximal row 
permits more intercarpal movement to allow wrist 
fl exion/extension and radial and ulnar deviation. Here 
a ligamentous injury disrupts important kinematics 
between the scaphoid, lunate and triquetrum, result-
ing in carpal instability with potential weakness and 
impairment of hand function.

Figure 19.1 Anatomy of the wrist

(a) Carpal bones (MC = metacarpal)

(b) Surface anatomy, dorsal view

(c) Surface anatomy, volar view

(d) Volar aspect
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History

It is essential to determine the mechanism of the 
injury causing wrist pain. A fall on the outstretched 
hand may be severe enough to fracture the scaphoid 
or distal radius or damage the intercarpal ligaments 
and/or triangular fibrocartilage complex. These 
injuries are commonly encountered in high-velocity 
activities such as snowboarding,7 rollerblading8, 9 or 
falling off  a bike. A patient may fracture the hook of 
hamate while swinging a golf club,10 tennis racquet 
or bat and striking a hard object (e.g. the ground). 
Rotational stress to the distal radioulnar joint and 
forced ulnar deviation and rotation may tear the 
triangular fi brocartilage complex. It is very useful 
to determine the site of the pain; the causes of volar 
pain are diff erent from those of dorsal wrist pain 
(Table 19.2). Other important aspects of the history 
may include:

• hand dominance
• occupation (computer related, manual labor, 

food service industry)
• degree of reliance upon hands in occupation/

recreation

• history of past upper extremity fractures 
including childhood fractures/injuries

• history of osteoarthritis, rheumatoid arthritis, 
thyroid dysfunction, diabetes

• any unusual sounds (e.g. clicks, clunks, snaps, 
etc.)

• recurrent wrist swelling raises the suspicion of 
wrist instability

• musician (number of years playing, hours of 
practise per week, change in playing, complex 
piece, etc.)

• gardening, craft s, hobbies.

Examination

Examination involves:

1. Observation (Fig. 19.2a)
2. Active movements

(a) fl exion/extension
(b) supination/pronation
(c) radial/ulnar deviation (Fig. 19.2b)

3. Passive movements
(a) extension (Fig. 19.2c)
(b) fl exion (Fig. 19.2d)

4. Palpation
(a) distal forearm (Fig. 19.2e)
(b) radial snuffb  ox (Fig. 19.2f)
(c) base of metacarpals
(d) lunate (Fig. 19.2g)
(e) head of ulna (Fig. 19.2h)
(f) radioulnar joint

5. Special tests
(a) hamate/pisiform (Fig. 19.2i)
(b) Watson’s test for scapholunate injury 

(Fig. 19.2j)
(c) stress of triangular fi brocartilage complex 

(Fig. 19.2k)
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pollicis longus
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extensor carpi
radialis longus
& brevis

first dorsal
interosseus

(e) Dorsal aspect

Table 19.2 Clinical distinction between dorsal and 
volar pain in acute wrist pain

Causes of dorsal wrist pain
Causes of volar 
wrist pain

Scaphoid fracture
Scaphoid impaction syndrome
Fracture dislocation of carpus
Lunate fracture
Distal radius fracture
Scapholunate ligament tear
Kienböck’s disease (acute onset)
Lunotriquetral ligament tear
Distal radioulnar joint injury
Carpometacarpal dislocation

Carpal instability
Hook of hamate 

fracture
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(d) grip—Jamar dynamometer (may be 
contraindicated if a maximal eff ort is not 
permitted, e.g. aft er tendon repair)

(e) dexterity—Purdue pegboard (19.2l)
(f) dexterity—Moberg pick-up test
(g) sensation—Semmes Weinstein 

monofi lament testing
(h) sensation—temperature
(i) nerve entrapment—Tinel’s sign

Figure 19.2 Examination of the patient with an acute 
wrist injury

(a) Observation. The wrist is inspected for obvious 
deformity suggesting a distal radial fracture. Swelling 
in the region of the radial snuff box may indicate a 
scaphoid fracture. Inspect the hand and wrist posture, 
temperature, color, muscular wasting, scars, normal 
arches of the hand

(b) Active movement—radial/ulnar deviation. Normal 
range is radial 20° and ulnar 60°. Pain and restriction of 
movement should be noted. Always compare motion 
with that of the other hand

(c) Range of motion—the ‘prayer position’. Normal 
range of motion in wrist extension is 70°

(d) Range of motion—the ‘reverse prayer position’. 
Normal range of motion in wrist fl exion is 80°
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6. Standardized rating scales
 Several valid and reliable assessment scales 

can quantify function of the wrist specifi cally 
or the upper extremity aft er an injury. Th ese 
include the Patient Rated Wrist Evaluation 
(PRWE)11, 12 and the Disability of the Arm, 
Shoulder and Hand (DASH and Quick 
DASH)13, 14 measurements.

(e) Palpation—the distal forearm is palpated for bony 
tenderness or deformity

(f) Palpation—radial snuff box. The proximal snuff box 
is the site of the radial styloid, the middle snuff box is 
the site of the scaphoid bone, while the distal snuff box 
is over the scaphotrapezial joint

(g) Palpation—the lunate is palpated as a bony 
prominence proximal to the capitate sulcus. Lunate 
tenderness may correspond to a fracture. On the radial 
side of the lunate lies the scapholunate joint, which 
may be tender in scapholunate ligament sprain. This is 
a site of ganglion formation

(h) Palpation—head of ulna and ulnar snuff box. 
Swelling and tenderness over the dorsal ulnar aspect 
of the wrist is present with fractures of the ulnar 
styloid. Distal to the ulnar head is the ulnar snuff box. 
The triquetrum lies in this sulcus and can be palpated 
with the wrist in radial deviation. Tenderness may 
indicate triquetral fracture or triquetrolunate injury. 
The triquetrohamate joint is located more distally. 
Pain here may represent triquetrohamate ligament 
injury

(i) Palpation—the pisiform is palpated at the fl exor 
crease of the wrist on the ulnar side. Tenderness in this 
region may occur with pisiform or triquetral fracture. 
The hook of hamate is 1 cm (0.5 in.) distal and radial to 
the pisiform. Examination may show tenderness over 
the hook or on the dorsal ulnar surface
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Investigations

Plain radiography

Following trauma, routine radiograph views should 
include PA and PA with both radial and ulnar devia-
tion. If ligament injury is suspected, also obtain a PA 
view with clenched fi st. A straight lateral view of the 
wrist, with the dorsum of the distal forearm and the 
hand forming a straight line, permits assessment of 
the distal radius, the lunate, the scaphoid and the 
capitate and may reveal subtle instability. Undisplaced 
distal radial and scaphoid fractures, however, are oft en 

diffi  cult to see on initial radiographs; clinical suspicion 
of fracture warrants investigation with other modali-
ties (see ‘special imaging studies’ below).

Th e normal PA view is shown in Figure 19.3a. 
Inspect each bone in turn. Note the line joining the 
proximal ends of the proximal row of the carpus and 
the C-shape of the midcarpal joint (Gilula’s arcs). If 
these lines are not smooth, a major abnormality is 
present. Assess the size of the scapholunate gap and 
look for scaphoid fl exion (the signet ring sign) as 
these are signs of scapholunate instability.

Th e lateral radiograph of the normal wrist can 
be seen in Figure 19.3b. Th e proximal pole of the 
lunate fi ts into the concavity of the distal radius 
and the convex head of the capitate fi ts into the 
distal concavity of the lunate. Th ese bones should 
be aligned with each other and with the base of the 
third metacarpal. A clenched fi st PA view should be 
taken if scapholunate instability is suspected. Th is 
is indicated by a widened gap of 3 mm (0.1 in.) or 
greater between the scaphoid and lunate on the PA 
view but this may not present until some time aft er 
a scapholunate tear.

 Scapholunate instability cannot be ruled out 
on initial plain radiographs as it may take 
some months for the scaphoid and lunate to 
separate signifi cantly radiographically.

Special imaging studies

Th e combination of the complex anatomy of the wrist 
and subtle wrist injuries that can cause substantial 
morbidity has led to development of specialized wrist 
imaging techniques. Special scaphoid views should 

(j) Special test—Watson’s test for scapholunate 
instability. The examiner places the thumb on the 
scaphoid tuberosity as shown with the wrist in ulnar 
deviation. The wrist is then deviated radially with the 
examiner placing pressure on the scaphoid. If the 
athlete feels pain dorsally (over the scapholunate 
ligament) or the examiner feels the scaphoid move 
dorsally, then scapholunate dissociation is present

(k) Special test—triangular fi brocartilage complex 
integrity. The wrist is placed into dorsifl exion and ulnar 
deviation and then rotated. Overpressure causes pain 
and occasionally clicking in patients with a tear of the 
triangular fi brocartilage complex

(l) Special test—Purdue pegboard dexterity test. This 
measures dexterity for activities that involve gross 
movements of the hands, fi ngers and arms, and also 
those that require ‘fi ngertip’ dexterity
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be requested if a scaphoid fracture is suspected. 
A carpal tunnel view with the wrist in dorsifl exion 
allows inspection of the hook of hamate and ridge 
of the trapezium. For suspected mechanical pathol-
ogy, such as an occult ganglion, an occult fracture, 
non-union or bone necrosis, several modalities are 
useful (e.g. ultrasonography, radionuclide bone scan, 
CT scan or MRI). Ultrasonography is a quick and 
accessible way to assess soft  tissue abnormalities 
such as tendon injury, synovial thickening, ganglions 
and synovial cysts. Bone scans have high sensitivity 
and low specifi city; thus, they can eff ectively rule 
out subtle fractures. MRI may be equally sensitive 
and more specifi c than a bone scan. CT scanning 
is particularly useful for evaluating fractures that 
are diffi  cult to evaluate fully on plain fi lms but MRI 
can also provide information about soft  tissue inju-
ries. Th us, a complete scapholunate ligament tear is 
more eff ectively identifi ed with MRI than with CT. 
Arthrography of the wrist, criticized for low sensitivity 
and specifi city, is no longer used as an investigative 
tool. If all imaging results are negative but clinically 
signifi cant wrist pain persists, the clinician should 
refer the patient to a specialist for further evaluation, 
which may include arthroscopy, an increasingly used 
diagnostic and therapeutic procedure. Arthroscopy 
is excellent for detecting early scapholunate ligament 
tears in patients; also, it is the investigation of choice 
for patients with ulnar side wrist pain persisting aft er 
an acute injury.

Fracture of the distal radius and ulna

Distal radius fractures (Fig. 19.4) are very common 
peripheral fractures.3 As the force required to fracture 
young adults’ bones is great, athletes may simultane-
ously incur an intra-articular fracture and ligamentous 
strain or rupture. Th e higher the forces involved (e.g. 
in high-velocity sports), the greater the likelihood 
of a complex injury involving articular structures. 
Th us, thorough assessment of ligamentous injury is 
essential when fractures occur. Initial treatment of the 
fracture is anatomical reduction and immobilization 
for up to six weeks in a cast that covers the distal half 
of the forearm, the wrist and the hand, leaving the 
metacarpophalangeal (MCP) joints free. Radiographs 
are required every two weeks during healing to ensure 
that satisfactory reduction is maintained.

Inaccurate reduction, articular surface angulation, 
radial inclination, or inadequate restoration of length 
all require early internal fi xation with fi xed angle-volar 
plating. While it is sometimes not possible to achieve 
perfect reduction because of dorsal comminution, 

Figure 19.3 Radiograph of the wrist

(a) PA view—Gilula’s arcs

(b) Lateral view
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every eff ort should be made to restore anatomical 
alignment to avoid ongoing functional impairment. 
Overall, there is a trend to more aggressive treatment 
using volar plating and this has led to improved 
functional outcomes.

Fracture of the scaphoid

Carpal fractures account for many hand/wrist frac-
tures. Th e most common carpal fracture involves the 
scaphoid4 and the usual mechanism is a fall on the 
outstretched hand. As the patient’s pain may settle 
soon aft er the fall, he or she may not present to a 
clinician until some time aft er the injury. Th e key 
examination fi nding is tenderness in the anatomical 
snuffb  ox. Th is may be accompanied by swelling and 
loss of grip strength. Snuffb  ox tenderness should 
be compared with the other wrist, as some degree 
of tenderness is normal. Swelling in the snuffb  ox 
should also be sought. A more specifi c clinical test 
for scaphoid fracture is pain on axial compression of 
the thumb towards the radius or direct pressure on 
the scaphoid tuberosity with radial deviation of the 

wrist. Plain radiographs with special scaphoid views 
will usually demonstrate the fracture (Fig. 19.5).

 If a scaphoid fracture is suspected clinically 
but the radiograph is normal, a fracture cannot 
be ruled out. MRI is an ideal, and increasingly 
used, diagnostic test for an acute injury; it may 
be a cost-eff ective routine investigation for 
scaphoid fractures in some settings.15 Bone 
scan also has excellent sensitivity for scaphoid 
fracture. Note that it can take 24 hours for the 
injury to be revealed on MRI or bone scan. If 
these imaging modalities are not available, the 
wrist should be immobilized for 12 days as if a 
fracture were present, and then the radiograph 
should be repeated.

Note that scaphoid fracture is the most commonly 
missed fracture leading to litigation. If there is no 
bony damage, scapholunate instability should also 
be considered (see below).

Treatment of stable and unstable 
scaphoid fractures

A stable scaphoid fracture should be immobilized 
for eight weeks in a scaphoid cast extending from 
the proximal forearm to, but not including, the 
interphalangeal joint of the thumb (Fig. 19.6a). Upon 
removing the cast, re-evaluate the fracture clinically 
and radiologically. As with all fractures, clinical union 
precedes radiological union and determines readiness 

Figure 19.4 Colles’ fracture, a specifi c type of distal 
radial fracture

Figure 19.5 A subtle scaphoid fracture
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to return to sport. Radiological union of the scaphoid 
should occur before fi nally discharging the patient.

Unstable or signifi cantly displaced fractures require 
immediate percutaneous fi xation (Fig. 19.6b) or open 
reduction and internal fi xation.

Complications of scaphoid fracture

Because the blood supply to the scaphoid originates 
distally, fl ow to the proximal pole can be diminished, 
which can then be at risk of necrosis aft er a fracture. 
Scaphoid fractures have a risk of delayed union or non-
union and, if there is clinical evidence of incomplete 
union when the cast is removed, the fracture should 
be immobilized for a further four to six weeks. Further 
immobilization beyond this time is unlikely to prove 
benefi cial. CT scan is the investigation of choice to 
detect non-union, but MRI can be used if CT is not 
available. Contemporary treatment of non-union is 
with compression screw fi xation.16

Post-immobilization rehabilitation

Following successful treatment of a scaphoid fracture, 
the patient is invariably left  with a stiff  wrist joint and 
wasted muscles. Mobilization and strengthening of the 
wrist and other stiff  structures should begin immedi-
ately aft er cast removal. Post-fracture, it is prudent to 
ensure there has been no ligamentous involvement by 
using the clenched-fi st radiograph or MR plus/minus 
arthroscopy if clinical suspicion is high. If the wrist 
is intact, the athlete may be able to return to certain 
activities using a protective device. Compression 
tubing (Fig. 19.7a) worn under the protective splint 
reduces edema and improves comfort. Different 
sports have diff erent rules about what constitutes an 
‘allowable’ protective cast (Fig. 19.7b).

Fracture of the hook of hamate

Fracture of the hook of hamate may occur while 
swinging a golf club,10, 17, 18 tennis racquet or baseball 
bat. Th e fracture is especially likely to occur when 

(b)
 Figure 19.7 Following a scaphoid fracture the athlete 
may wear  (a) Compression tubing underneath 
(b) A protective cast

(b)
Figure 19.6 Treatment of two types of scaphoid 
fractures (a) Stable fracture—cast immobilization 
(b) Unstable or signifi cantly displaced fracture—
surgical fi xation

(a)

(a)
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the golf club strikes the ground instead of the ball, 
forcing the top of the handle of the club against the 
hook of the hamate of the top hand (Fig. 19.8a). Th is 
mechanism may compress the superfi cial and deep 
terminal branches of the ulnar nerve, producing 
both sensory and motor changes. Symptoms include 
reduced grip strength and ulnar wrist pain. Exami-
nation reveals volar wrist tenderness over the hook 
of hamate. Routine radiographs of the wrist do not 
image the fracture and even the classic ‘carpal tunnel 
view’ with the wrist in dorsifl exion is an insensitive 
test. CT scan (Fig. 19.8b) and MRI (Fig. 19.8c) are 
the best imaging tools.

Th is fracture oft en fails to heal with immobiliza-
tion; most sports medicine cases of the fracture are 

actually stress fractures that present late. In some 
sportspeople (e.g. baseball players) the hook of hamate 
fracture is likely to be a completed stress fracture not 
due to acute trauma. If diagnosis is delayed, or the 
fracture fails to heal clinically within four weeks of 
immobilization, current surgical practice is excision 
of the fractured hook followed by three weeks’ wrist 
immobilization, (in preference to open reduction 

Figure 19.8 Fracture of the hook of hamate

(a) Possible mechanism—when the golf club is 
suddenly decelerated (e.g. hitting the ground), the grip 
is forced against the hook of hamate

(b) CT scan of a fracture of the hook of hamate

(c) MRI scan of a fracture of the hook of hamate
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and internal fi xation).10, 19, 20 Th e pain only dissipates 
slowly, but the patient can usually resume sport six 
weeks aft er surgery. How this aff ects treatment is not 
yet known.

Dislocation of the carpal bones

Th ere are a number of diff erent types of dislocation 
of the carpal bones, mostly involving the lunate. Th ey 
are the uncommon end-stage of severe ligament dis-
ruption. Failure to recognize them generally results 
in disastrous consequences.

Anterior dislocation of the lunate

Th e lunate may dislocate anteriorly because of forced 
dorsifl exion when the athlete falls onto the out-
stretched hand, or the carpus and hand may dislocate 
dorsally on the lunate, leading to perilunar dislocation. 
Pain is usually severe and deformity obvious. Plain 
radiograph reveals the dislocation best in the lateral 
view with the lunate tilted volarly and not articulating 
with the capitate. Treatment is open reduction and 
primary ligament repair followed by eight weeks’ 
cast immobilization. Anterior lunate dislocation 
may be associated with median nerve compression 
and paresthesia in the radial three and a half digits. 
Th is requires surgical decompression and repair of 
the ligament.

Perilunar dislocation of the lunate

Perilunar dislocation is occasionally associated with 
a fractured waist of the scaphoid when the lunate 
remains with the radius and the capitate is dislocated 
dorsally. Th is complex injury requires treatment by a 
hand and wrist surgeon.

Scapholunate dissociation

Pain and dysfunction at the wrist can be disabling. 
A complex composition of diff erent joint surfaces with 
multiple ligamentous attachments contributes to the 
challenges faced when trying to understand wrist pain 
and dysfunction. Th us, a thorough assessment of range 
of motion and ligamentous stability is essential to rule 
out serious threats to the architectural integrity of the 
wrist and hand. Fortunately, most wrist traumatic 
events do not lead to signifi cant capsuloligamentous or 
bony structural failure, which means the injury can be 
treated conservatively. However, a minor ligamentous 
structural injury or failure can progress; if not identi-
fi ed and managed correctly in the early stages there is 
the potential for signifi cant structural failure leading 
to a chronic impairment. A predynamic injury can 
progress to a dynamic or static carpal instability, and 

may lead to a chronic regional wrist joint synovitis 
or overlying tendinosis.21

Scapholunate dissociation is due to scapholunate 
ligament tear and loss of secondary restraints (Fig. 
19.9a). Rotatory subluxation of the scaphoid may 
occur as a result of disruption of its ligamentous 
attachments due to acute trauma (e.g. a fall on the 
dorsifl exed hand). Examination reveals tenderness 
2 cm (1 in.) distal to Lister’s tubercle on the radial 
side of the lunate. Th ere may be little, or no, swell-
ing. Th e key examination maneuver is Watson’s test 
(Fig. 19.2j). If the test causes pain or reveals dorsal 
movement of the scaphoid, scapholunate instability 
is present.

Conventional radiographic views may not show 
any abnormality but stress fi lms such as the clenched 
fi st PA view may reveal a gap greater than 3 mm 
(0.1 in.) between the scaphoid and lunate (Fig. 
19.9b). A lateral radiograph may show an increased 
volar fl exion of the distal pole of the scaphoid and 
dorsifl exion of the lunate. If these tests are negative 
but the injury is suspected clinically, MRI is indicated 
(Fig. 19.9c).

Treatment of scapholunate dissociation is open 
reduction and repair of the ligaments and internal 
fi xation. Th e patient must accept that any surgical 
repair will result in permanent reduction in wrist 

Figure 19.9 Scapholunate dissociation. 

(a) Coronal graphic shows a tear of the dorsal 
component of the scapholunate ligament
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Subacute onset and 
chronic wrist pain
When a patient presents with subacute onset or 
chronic wrist pain, the clinician should consider 
whether the pain may be a manifestation of a systemic 
condition (e.g. metabolic disorder or spondyloartho-
pathy [Chapter 50]). Also, the clinician should rule 
out an uncommon presentation of radiating pain 
from a more proximal problem such as a herniated 
cervical disk.

A detailed history will reveal whether the problem 
stems from an overuse condition (e.g. tenosynovitis) 
or, rather, from an acute injury that has not been 
correctly diagnosed or treated. Some patients suff er 
only minor discomfort at the time of an initial injury 
and fail to seek attention at that time. Acute injuries 
are discussed above.

The location of wrist pain narrows down the 
diagnosis of subacute onset wrist pain. Determine 
whether the wrist pain is essentially dorsal, volar, 
radial or ulnar (Table 19.3), as this is the fi rst step to 
determining the diff erential diagnosis.

History

A thorough history of the onset of pain and the 
circumstances surrounding the onset will provide 
the best clues to a previous acute injury. Factors that 
aggravate the pain provide useful information as to 
which structures are involved in chronic wrist pain.

Pain aft er repeated movement, with stiff ness aft er 
a period of rest, suggests an infl ammatory condition 
such as tenosynovitis. Pain aggravated by weight-
bearing activities, such as gymnastics or diving, 
suggests bone or joint involvement. A history of 
joint clicking may be associated with carpal instabil-
ity, triangular fi brocartilage tears or extensor carpi 
ulnaris subluxation. Characteristic night pain, with 
or without paresthesia, is found in carpal tunnel syn-
drome. Associated neck or elbow symptoms suggest 
referred pain.

Examination

Inspection may reveal a ganglion on the dorsum of the 
wrist. Swelling over the radial styloid may indicate de 
Quervain’s tenosynovitis. Muscle wasting of the thenar 
or hypothenar eminence is found in the late stages of 
median or ulnar nerve compression respectively.

Palpate the wrist to detect tenderness and to 
determine whether the pathology appears to be extra-
articular (i.e. soft  tissue) or articular. Examine the 

(b) In a classic case, radiograph reveals separation 
of the scaphoid and lunate. This can be a late sign, so 
normal radiography does not rule out this condition 

(c) MRI shows that the scapholunate interval diastasis 
(A) is 4.2 mm (0.14 in.). The upper limit of normal is 
3  mm (0.1 in.)

motion. Hence, minor dissociations in the pres-
ence of normal movement probably should not be 
repaired.
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radial side of the lunate closely (Fig. 19.2g). Tender-
ness is present in scapholunate ligament sprain. On 
the ulnar side of the lunate lies the triquetrolunate 
ligament. Tenderness and an associated click on 
radial and ulnar deviation of the wrist may occur 
with partial or complete tears of this ligament. On 
the volar aspect of the wrist, palpate the tuberosity 
of the trapezium as a bony prominence at the base 
of the thenar eminence (Fig. 19.10a).

Additional tests may be performed to diagnose 
overuse injuries. Restricted wrist movements and pain 
on passive stretching of the tendons is associated with 
tenosynovitis. Tenosynovitis of the abductor pollicis 
longus and extensor pollicis brevis (de Quervain’s 
disease) may be confi rmed by Finkelstein’s test (Fig. 
19.10b). Tinel’s sign is positive if carpal tunnel syn-
drome is present (Fig. 19.10c). Tears of the triangular 
fi brocartilage complex can be detected using the ‘press 
test’ (Fig. 19.10d).22

Extra-articular conditions

Many conditions can cause subacute and chronic 
wrist pain; clinical assessment can provide insight 
into whether this is due to extra-articular (soft  tis-
sue) conditions, or articular (bone/joint) conditions. 
Common extra-articular conditions include de Quer-
vain’s tenosynovitis, intersection syndrome, ganglia, 
impingement syndromes and tendinopathies.

de Quervain’s tenosynovitis

de Quervain’s tenosynovitis is an infl ammation of 
the synovium of the abductor pollicis longus and 
extensor pollicis brevis tendons as they pass in their 
synovial sheath in a fi bro-osseous tunnel at the level 
of the radial styloid (Fig. 19.11). Th is is the most 
common radial-sided tendinopathy in athletes and 
occurs particularly with racquet sports, ten pin 
bowlers, rowers and canoeists. Th e left  thumb of a 

Table 19.3 Causes of subacute onset wrist pain according to location of pain. More common causes are listed fi rst

Dorsal Volar Ulnar Radial

Ganglion Scaphoid aseptic necrosis Triangular fi brocartilage 
complex tears

Scaphoid fracture 
(missed)

Intersection syndrome Stenosing tendinopathies Ulnar impaction syndrome Non-union of scaphoid 
fracture

Kienböck’s disease Flexor carpi ulnaris 
tendinopathy

Distal radioulnar joint 
instability

de Quervain’s 
tenosynovitis

Dorsal pole of lunate and 
distal radius impingement 
(gymnasts)

Flexor carpi radialis 
tendinopathy

Carpal instability Scaphoid impaction 
syndrome

Posterior interosseous nerve 
entrapment

Carpal tunnel syndrome Scapholunate dissociation Intersection syndrome

Infl ammatory arthropathy Ulnar tunnel syndrome Ulnar nerve compression 
(cyclists, golfers)

Flexor carpi radialis 
tendinopathy

Degenerative joint disease Pisotriquetral degenerative 
joint disease

Flexor carpi ulnaris 
tendinopathy

Dorsal pole of lunate 
impingement on distal 
radius (gymnasts)

Extensor carpi ulnaris 
tendinopathy

Avascular necrosis of the 
capitate (weightlifters)

Extensor carpi ulnaris 
tendinopathy

Scapholunate 
dissociation

Extensor carpi ulnaris 
subluxation

Extensor pollicis longus 
impingement/rupture 
(gymnasts)

Extensor carpi ulnaris 
subluxation

Injuries to distal radial 
epiphysis (children)

Distal radioulnar joint 
impaction syndromes 
(golfers)

Extensor pollicis longus 
impingement on Lister’s 
tubercle (occasional 
rupture)

Scaphoid impaction 
syndrome
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right-handed golfer is particularly at risk because 
of the hyperabduction required during a golf swing. 
Th ere is local tenderness and swelling, which may 
extend proximally and distally along the course of 
the tendons. In severe cases, crepitus may be felt. 
A positive Finkelstein’s test is diagnostic (Fig. 19.10b) 
but not pathognomonic because fl exor carpi radialis 
tendinopathy also causes a positive test.

Treatment includes splinting, local electrothera-
peutic modalities, stretches and graduated strength-
ening. Patients oft en fi nd a pen build-up (a rubber 
addition to enlarge the diameter of the pen) useful 

as this reduces the stretch on the extensor tendons. 
An injection of corticosteroid and local anesthetic 
into the tendon sheath will usually prove helpful. 

Figure 19.10 Additional examination of the patient 
with wrist pain of gradual onset

(a) Palpation—tuberosity of the trapezium at the base 
of the thenar eminence. Tenderness proximal to the 
tuberosity may be associated with fl exor carpi radialis 
tendinopathy. Tenderness distal may indicate injury to 
the carpometacarpal ligament of the thumb

(b) Special test—Finkelstein’s test to detect de 
Quervain’s disease. The thumb is placed in the palm of 
the hand with fl exion of the MCP and interphalangeal 
joints while the examiner deviates the wrist in the 
ulnar direction

(c) Special tests—Tinel’s test. Tapping over the median 
nerve at the wrist produces tingling and altered 
sensation in the distribution of the median nerve in 
carpal tunnel syndrome

(d) Special tests—press test (or ‘sitting hands’ 
test). Attempting to raise body weight from a chair 
reproduces the pain of the triangular fi brocartilage 
complex injury
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In rare cases, surgical release is necessary. A recent 
study that pooled the results of seven investigations 
concluded that cortisone alone cured 83% of cases, 
injection and splinting cured 61%, and splinting 
alone cured 14%. It is noteworthy that no patients 
gained symptom reduction from rest and NSAIDS.23 
Unfortunately, the original studies did not compare 
injection to another form of treatment; thus, further 
studies are needed to determine the most eff ective 
treatment for this condition.

Intersection syndrome

Intersection syndrome is a bursitis that occurs at the 
site where the abductor pollicis longus and extensor 
pollicis brevis tendons cross over the extensor carpi 
radialis tendons (Fig. 19.12) just proximal to the 
extensor retinaculum. It may be due to friction at 
the site of crossing or it may also arise from teno-
synovitis of the two extensor tendons within their 
synovial sheath. Tenderness is found dorsally on 
the radial side, with swelling and crepitus a short 
distance proximal to the site of maximal tenderness 
in de Quervain’s disease (Fig. 19.11). Th is condition 
is sometimes called ‘oarsmen’s wrist’ because of its 
common occurrence in rowers,24 but it is also seen 
in canoeists, and in weight-training and racquet 
sports. Treatment involves relative rest and early 
intervention with corticosteroid injection into the 
bursa if there is no response. Surgical decompression 
is rarely necessary. For rowers, other considerations 

extensor
pollicis
longus

intersection
syndrome

extensor
digiti minimi
tendinopathy

de Quervain’s
disease
extensor carpi
ulnaris
extensor indicus
proprius

Figure 19.11 Some extra-articular causes of pain 
around the wrist

(a) Sites of pain where tendons pass through 
fi bro-osseous tunnels 

(b) Graphic view of the radial styloid showing 
the thickening and edema of the fi rst extensor 
compartment tendons in de Quervain’s tenosynovitis

(c) MRI of the region reveals increased signal and a 
thickened tendon

extensor
   pollicis
      brevis 
          tendon

abductor
pollicis

longus tendon

de Quervain’s
tenosynovitis
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include reducing the amount of rowing, and chang-
ing the size of the oar and/or rowing technique.24 
Windy conditions commonly provoke this condition 
in canoeists.

Ganglions

Ganglions occur in athletes of any age. Th ey are a 
synovial cyst communicating with the joint space (Fig. 
19.13). Th ey most oft en present as a relatively painless 
swelling. Th ey occur in several common sites on both 
the dorsal and volar aspects of the wrist, most com-
monly the scapholunate space, presumably as a result 
of previous ligamentous trauma. Th ey may also be 
intracapsular, or even intra-osseous. Th e patient’s main 
complaint is of intermittent wrist pain and reduced 
movement. Swelling may be visible intermittently or 
not at all and so should not be relied upon to make 
the diagnosis. Ultrasonography is a useful investiga-
tion; however, T2-weighted MRI highlights ganglion 
cysts (Fig. 19.13b) and is the investigation of choice. 
Th e athlete must be reassured that the ganglion is 
benign. Treatment is only indicated for a symptomatic 
ganglion. When symptoms persist, aspiration and/or 
corticosteroid infi ltration are at least temporarily eff ec-
tive and can be performed under ultrasound guidance 
where this is feasible. Some persistent symptomatic 
ganglions require surgery. Without complete removal, 
the lesion returns rapidly.

Impingement syndromes

A number of impingement syndromes may cause 
wrist pain. Scaphoid impaction syndrome may occur 

because of repetitive hyperextension stresses (e.g. in 
weightlift ing, gymnastics). Th is mechanism is also 
responsible for avascular necrosis of the capitate in 
weightlift ers. Impaction of the dorsal pole of the lunate 
on the distal radius is seen in gymnasts. Th e extensor 
pollicis longus may impinge on Lister’s tubercle and 
occasionally ruptures. Triquetrohamate impingement 
syndrome may result from forced wrist extension and 
ulnar deviation (e.g. in racquet sports, gymnastics). 
Radial styloid impaction syndrome can result from 
repeated forced radial deviation, especially among 
golfers. Patients with these syndromes present with 
localized tenderness and are treated with rest and a 

extensor carpi
radialis longus

extensor carpi
radialis brevis

abductor pollicis
longus

extensor pollicis
brevis

Figure 19.12 Sites of pain and mechanisms of 
intersection syndrome. Causes of intersection 
syndrome include infl ammation at the site where the 
abductor pollicis longus and extensor pollicis brevis 
cross the wrist extensors (extensor carpi radialis brevis 
and longus) and tenosynovitis of the wrist extensors 
themselves

Figure 19.13 Ganglion cyst

(a) Graphic view of the dorsum of the wrist showing 
the ganglion arising from the joint

(b) MRI shows the bilobed high-signal ganglion 
(larger arrow) surrounding the tendon of fl exor carpi 
radialis (small arrow) and very close to the patient’s site 
of pain (the MR-compatible marker placed over the 
skin, arrowhead)
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protective brace. Occasionally, corticosteroid injection 
or surgical exploration may be helpful.

Tendinopathies around the wrist

Any of the fl exor and extensor tendons around the 
wrist may become painful with excessive activity. 
On examination, there is tenderness and occasion-
ally swelling and crepitus. Th e principles of treating 
tendinopathies apply; management should include 
attention to biomechanics (ergonomics), relative 
rest, ice, progressive strengthening and functional 
rehabilitation.25

Injuries to the distal radial epiphysis

Injuries to the distal radial epiphysis occur in elite 
young gymnasts. Fractures may occur but overuse 
injury to the epiphysis is more common. Th e gym-
nast complains of pain and limitation of dorsifl exion. 
Examination reveals minimal swelling and tender-
ness about the distal radial epiphysis with no signs 
of tendinopathy, synovial cysts or joint dysfunction. 
Common radiographic fi ndings include widening of 
the growth plate, cystic changes (usually of the meta-
physeal aspect of the epiphyseal plate) and haziness 
in the normal radiolucent area of the epiphyseal plate 
when compared with the asymptomatic side. If there 
is narrowing of the growth plate, the possibility of a 
Salter Harris V stress fracture must be considered 
(Chapter 40). Prevention by alteration of the training 
program is the best means of managing this condi-
tion. Once pain is present, avoidance of aggravating 
activities is required but the condition can take 
months to settle. Th ere should be particular attention 
to strengthening of the forearm fl exors as incorrect 
weight-bearing through an excessively extended wrist 
is a major causative factor.

Articular causes of subacute and 
chronic wrist pain

Common articular causes of subacute and chronic 
wrist pain include triangular fi brocartilage complex 
(TFCC) tears, Kienboch’s disease and injuries to the 
distal radial epiphysis.

Triangular fi brocartilage complex tear

Th e triangular fi brocartilage complex (TFCC) lies 
between the ulna and the carpus. It is the major 
stabilizer of the distal radioulnar joint. Th e ‘com-
plex’ consists of the triangular fi brocartilage, ulnar 
meniscus homolog, ulnar collateral ligament, numer-
ous carpal ligaments and the extensor carpi ulnaris 

tendon sheath. Th e TFCC is a common site of ulnar 
wrist pain. Compressive loads to the wrist, especially 
if accompanied by ulnar deviation (e.g. in gymnastics, 
diving, golf and racquet sports), may tear the central 
portion of the cartilage. It can also be disrupted aft er 
a distal radial–ulnar fracture or potential with disrup-
tion to the distal radioulnar joint.

Examination reveals tenderness and swelling over 
the dorsal ulnar aspect of the wrist, pain on resisted 
wrist dorsifl exion and ulnar deviation, a clicking sen-
sation on wrist movement and reduced grip strength. 
Th e ‘press test’26 may be helpful (Fig. 19.10d). Th e 
patient creates an axial ulnar load by attempting to lift  
his/her weight up off  a chair using the aff ected wrist. 
A positive test replicates the presenting symptom. 
High-quality MRI can image the TFCC and this is 
an increasingly popular investigation for ulnar-sided 
wrist pain. Estimates of sensitivity and specifi city are 
about 60% and 90% respectively,27 which suggests 
that a negative MRI should not be used to rule out 
the condition if it is clinically suspected. Interestingly, 
ultrasonography shows promise for matching MRI in 
the detection of TFCC lesions.28

Treatment may include protective bracing, strength-
ening when able, heat and/or electrotherapy modali-
ties for pain. Arthroscopy permits accurate diagnosis 
and excision of any torn cartilage if required. If the 
ulna is longer than the radius (positive ulnar variance), 
it impinges on the triangular fi brocartilage and predis-
poses it to tearing. It may be necessary to shorten the 
ulna as well as excising the torn fi brocartilage.29

Distal radioulnar joint instability

Th e thickened dorsal and volar aspects of the triangu-
lar fi brocartilage act as the dorsal and volar ligaments 
of the distal radioulnar joint. Subluxation of the ulnar 
head occurs because of avulsion of these ligaments. 
It may be either volar or dorsal. Dorsal subluxation 
of the ulnar head associated with a tear of the volar 
radioulnar ligament is more common and may be 
due to repetitive or forceful pronation in contact 
sports, tennis or gymnastics. Dorsal displacement 
of the ulnar styloid process during pronation may 
be detected on true lateral radiograph. Treatment 
requires repair of the TFCC.

Kienböck’s disease

Kienböck’s disease is avascular necrosis of the lunate, 
possibly because of repeated trauma. Th is can present 
as chronic dorsal or volar wrist pain in an athlete who 
has repeated impact to the wrist. It is most common 
in those aged in their twenties. Th ere is localized 
tenderness over the lunate and loss of grip strength. 
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Radiographs may show a smaller lunate of increased 
radio-opacity but false negatives can occur, so clinical 
suspicion warrants further investigation with isotopic 
bone scan or MRI. In the acute stage, immobilization 
may be therapeutic, whereas in chronic cases surgery 
is required, although results are not superior to con-
servative management.

Missed acute injuries presenting with 
articular chronic wrist pain

Conditions that may mimic gradual onset wrist pain 
include scaphoid fracture and scapholunate dissocia-
tion (see above). Chronic scapholunate dissociation 
should always be considered in patients with persistent 
pain and/or clicking (p. 318).

Numbness and hand pain

Another type of clinical presentation is that charac-
terized by numbness or paresthesia. Th is suggests 
a neurological pathology and the commonest such 
problems at the wrist are carpal tunnel syndrome 
and ulnar nerve compression.

Carpal tunnel syndrome

Th e median nerve may be compressed as it passes 
through the carpal tunnel along with the flexor 
digitorum profundus, fl exor digitorum superfi cialis 
and fl exor pollicis longus tendons (Fig. 19.14). Th is 
condition is characterized by burning volar wrist 
pain with numbness or paresthesia in the distribution 
of the median nerve (thumb, index fi nger, middle 

fi nger and radial side of the ring fi nger). Nocturnal 
paresthesiae are characteristic. Th e pain can radiate to 
the forearm, elbow and shoulder. Tinel’s sign may be 
elicited by tapping over the volar aspect of the wrist 
(Fig. 19.10c). Th e most important aspects in diagnosis 
are the history and physical examination but nerve 
conduction studies can help confi rm the diagnosis and 
may predict how the patient will respond to surgery.30 
Diabetes mellitus should be excluded as it is a risk 
factor for carpal tunnel syndrome. Mild cases may 
be treated conservatively with NSAIDs and splinting. 
A single corticosteroid injection may provide relief31 
but persistent cases require surgical treatment.32 Sur-
gery may be either open or endoscopic and systematic 
reviews to date show no diff erence between the two 
techniques for symptom relief.33

Ulnar nerve compression

Th e ulnar nerve may be compressed at the wrist as 
it passes through Guyon’s canal. Th is injury is most 
commonly seen in cyclists due to supporting body 
weight over a long duration ride34 because of poor 
bike fi t or a failure to use several relaxed handlebar 
grip positions. It also occurs in karate players, and a 
recent study highlighted the risk of hand neurovas-
cular changes in baseball players, especially catchers, 
from repeated trauma associated with catching a 
ball.35 Within Guyon’s canal, the nerve lies with the 
ulnar artery between the pisiform bone on the ulnar 
side and the hamate radially. Symptoms include pain 
and paresthesia to the little fi nger and ulnar side of 
the fourth fi nger. Weakness usually develops later. 
Conservative treatment involves splinting, NSAIDs 
and changes in the cyclist’s grip on the handlebars 
(Chapter 5). Surgical exploration of Guyon’s canal 
may be required.

Hand and fi nger injuries
Hand and fi nger injuries are extremely common in 
sport and, although the majority require minimal 
treatment, some are potentially serious and require 
immobilization, precise splinting or even surgery. 
Finger injuries are oft en neglected by athletes in the 
expectation that they will resolve spontaneously. Many 
present too late for eff ective treatment. Th e impor-
tance of early assessment and management must be 
stressed so that long-term deformity and functional 
impairment can be avoided. Many hand and fi nger 
injuries require specifi c rehabilitation and appropri-
ate protection upon resumption of sport. Joints in 
this region do not respond well to immobilization, 
therefore, full immobilization should be minimized. 

hamate

pisiform

triquetrum

lunate

scaphoid

trapezium

flexor tendons

flexor
retinaculum

median nerve

Figure 19.14 Axial view of the median nerve trapped 
in the carpal tunnel
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Th e causes of pain in this region are shown in Table 
19.4. Th e anatomy of this area is demonstrated in 
Figure 19.15.

History

The mechanism of injury is the most important 
component of the history of acute hand injuries. 
A direct, severe blow to the fi ngers may result in a 
fracture, whereas a blow to the point of the fi nger 
may produce an interphalangeal dislocation, joint 
sprain or long fl exor or extensor tendon avulsion. 
A punching injury oft en results in a fracture at the 
base of the fi rst metacarpal or to the neck of one of 
the other metacarpals, usually the fi ft h. An avulsion 
of the fl exor digitorum profundus tendon, usually to 
the fourth fi nger, is suggested by a history of a patient 
grabbing an opponent’s clothing while attempting a 
tackle. Associated features such as an audible crack, 
degree of pain, swelling, bruising and loss of function 
should also be noted.

Examination

Carefully palpate the bones and soft  tissues of the hand 
and fi ngers, looking for tenderness. Th e examiner 
should always be conscious of what structure is being 
palpated at any particular time. Th e joints should be 
examined to determine active and passive range of 
movement and stability. Stability should be tested both 
in an anteroposterior direction and with ulnar and 
radial deviation to assess the collateral ligaments. Th e 
cause of any loss of active range of movement should 
be carefully assessed and not presumed to be due to 
swelling. Normal range of motion for the second to 
fi ft h digits is approximately 80° of fl exion at the DIP, 
100° of fl exion at the PIP and 90° of fl exion at the MCP 
joint. A common injury site that can be overlooked 
is the volar plate, a thick fi brocartilagenous tissue 

that reinforces the phalangeal joints on the palmar 
or volar surface (Figs 19.15b, c).

Th e extensor tendons of the hand are oft en divided 
into six compartments. At the wrist on the dorsal 
side of the hand, the tendons are encased in synovial 
sheaths as they pass under the extensor retinaculum 
(Fig. 19.11). When palpating in the most radial 

middle phalanx

extensor tendon

tendon of flexor
digitorum profundus

fibrous flexor
sheath

tendon
of flexor

digitorum
superficialis

head of
metacarpal

Figure 19.15 Anatomy of the metacarpals and fi ngers

(a) Metacarpals and fi ngers

Table 19.4 Causes of hand and fi nger pain

Common Less common Not to be missed

Metacarpal fracture
Phalanx fracture
Dislocation of the PIP joint
Ulnar collateral ligament sprain/

tear, fi rst MCP joint
Sprain of the PIP joint
Laceration
Infections
Subungual hematoma

Bennett’s fracture
Dislocation of the MCP joint
Dislocation of the DIP joint
Radial collateral ligament sprain, 

fi rst MCP joint
Sprain of the DIP joint
Mallet fi nger
Stress fractures
Glomus tumor

Potential infection (e.g. human bite)
Avulsion of long fl exor tendons

PIP = proximal interphalangeal. DIP = distal interphalangeal. MCP = metacarpophalangeal.
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compartment—compartment one—the examiner 
identifi es abductor pollicis longus and extensor pollicis 
brevis, the tissues involved in de Quervain’s tenosyno-
vitis. Lister’s tubercle is located on the dorsal surface 

of the distal end of the radius. Th e extensor pollicis 
longus angles sharply around the bony prominence 
and can damage or even rupture the tendon aft er a 
serious wrist fracture. Th e anatomical snuffb  ox is 
composed of the extensor pollicis longus and brevis 
and abductor pollicis longus. Th e fl oor of the snuffb  ox 
is the carpometacarpal joint of the thumb. Clinically 
this is a signifi cant region for several reasons. Tender-
ness may suggest scaphoid fracture. Th e deep branch 
of the radial arterial passes through as well as the 
superfi cial branch of the radial nerve; consequently, 
if a cast or splint is applied too tightly, it can lead to 
numbness in the thumb.

Examination involves:

1. Observation and sensation testing as per the 
wrist. Special note should be made of the hand 
arches and any deformities at the proximal or 
distal interphalangeal joints.
(a) hand at rest (Fig. 19.16a)
(b) hand with clenched fi st (Fig. 19.16b)

2. Active movements—fi ngers (all joints)
(a) fl exion
(b) extension
(c) abduction
(d) adduction

3. Active movements—thumb
(a) fl exion
(b) extension
(c) palmar abduction (Fig. 19.16c)
(d) palmar adduction (Fig. 19.16d)
(e) opposition (Fig. 19.16e)

4. Resisted movements (tendons)
(a) fl exor digitorum profundus (Fig. 19.16f)
(b) fl exor digitorum superfi cialis (Fig. 19.16g)
(c) extensor tendon (Fig. 19.16h)

5. Special test
(a) ulnar collateral ligament of the fi rst MCP 

joint (Fig. 19.16i)
(b) IP joint collateral ligaments

Investigations

Routine radiographs of the hand include the PA, 
oblique and lateral views. All traumatic fi nger injuries 
should be X-rayed. Ideally, ‘dislocations’ need to be 
radiographed before reduction to exclude fracture 
and aft er reduction to confi rm relocation. Even when 
pre-reduction radiographs are not performed because 
reduction has occurred on the fi eld, post-reduction 
fi lms should be obtained aft er the game. Care should 
be taken with lateral views to isolate the aff ected fi nger 
to avoid bony overlap. Th e use of more sophisticated 
investigation techniques is usually not required.

(b) The volar plate

(c) Radiograph confi rms the subtle nature of a volar 
plate avulsion

collateral
ligament
volar plate

C1 pulley

check rein
ligaments
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Figure 19.16 Examination of fi ngers

(a) Attitude of hand at rest

(b) Attitude of hand with clenched fi st

(c) Thumb movement—palmar abduction

(d) Thumb movement—palmar adduction

(e) Thumb movement—opposition

(f) Tendon integrity—fl exor digitorum profundus. The 
patient fl exes the DIP joint with the PIP joint held in 
extension
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Principles of treatment of hand injuries

Th e functional hand requires mobility, stability, sen-
sitivity and freedom from pain. It may be necessary 
to obtain stability by surgical methods. However, 
conservative rehabilitation is essential to regain mobil-
ity and long-term freedom from pain. Treatment and 
rehabilitation of hand injuries is complex. As the hand 
is unforgiving of mismanagement, practitioners who 
do not see hand injuries regularly should ideally refer 
patients to an experienced hand therapist, or at least 
obtain advice while managing the patient.

Infl ammation and swelling are obvious in the 
hand and fi ngers. During the infl ammatory phase, 
the therapist must aim to reduce edema and moni-
tor progress by signs of redness, heat and increased 
pain. During the regenerative phase (characterized 
by proliferation of scar tissue), the therapist can use 
supportive splints and active exercises to maintain 
range of motion. During remodeling, it is appropriate 
to use dynamic and serial splints, and active and active 
assisted exercises, in addition to heat, stretching and 
electrotherapeutic modalities.

Control of edema

Control of edema can be achieved through splinting, 
compression, ice, elevation and electrotherapeutic 
modalities. Splinting needs to be in the intrinsic plus 
position, with the wrist in 30° of dorsifl exion, the 
MCP joints fl exed to 70° and the PIP joint extended 
to 0° with the thumb abducted (Fig. 19.17). Splints are 
periodically removed to allow exercise. Fist-making 
exercises are used to maintain joint movement and 
to help remove edema. During exercise, the hand 
should be elevated. Short frequent exercise periods 
are optimum.

(g) Tendon integrity—fl exor digitorum superfi cialis. 
The patient fl exes the PIP joint with the other DIP joint 
held in extension

(h) Tendon integrity—extensor tendon. The patient 
extends the PIP joint with the MCP joint in extension

(i) Special test—the ulnar collateral ligament of the 
thumb is tested with 10° of fl exion at the fi rst MCP 
joint

Figure 19.17 The ‘intrinsic plus’ position for splinting 
of hand injuries: 30° of wrist dorsifl exion, 70° of MCP 
fl exion and minimal PIP fl exion
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Compression in the hand can be achieved with a 
number of compression gloves and by using a Coban 
elastic bandage: a 2.5 cm (1 in.) size is appropriate for 
fi ngers. If appropriate, active tendon gliding and range 
of motion exercises in combination with elevation can 
assist in the reduction of swelling. Electrotherapeutic 
modalities can be useful in the control of edema.

Exercises

Exercises may be active, active assisted or resisted. 
Tendon lacerations or ruptures are generally treated 
by protocols determined by the surgical technique and 
preferences of the treating surgeon. A full description 
of the protocols is beyond the scope of this chapter and 
the reader is referred elsewhere. Exercise prescription 
for other injuries includes:

• blocking exercises, which isolate the muscle 
being used by immobilizing appropriate joints 
with the other hand

• composite fl exion exercises (e.g. tendon gliding 
exercises)

• extension exercises
• active assisted exercises in which the patient 

takes a joint through the full range of motion 
and then the therapist assists in gaining slightly 
greater range with overpressure.

Taping and splinting

Th e most commonly used method of taping is ‘buddy 
taping’ (Fig. 19.18). Its role is to provide a vehicle 
for active assisted exercise. Th e uninjured digit pro-
vides additional stability and encourages full range 
of motion.

In the acute phase of injury, static splints are used 
to reduce edema. Dynamic splints can also be used in 
the repair phase of injury to provide some force along 
joints and encourage increased range of motion (Fig. 
19.19). With dynamic splinting, the splint should be 
worn with less tension for a longer period. 

Fractures of the metacarpals

Fracture of the base of the fi rst metacarpal

Fractures of the base of the fi rst metacarpal commonly 
occur because of a punch connecting with a hard 
object, such as an opponent’s head, or a fall on the 
abducted thumb. Th ere are two main types of fracture: 
the extra-articular transverse fracture of the base of 
the fi rst metacarpal about 1 cm (0.5 in.) distal to the 
joint (Fig. 19.20a) and a Bennett’s fracture dislocation 
of the fi rst carpometacarpal joint (Fig. 19.20b).

Th e transverse fracture near the base of the fi rst 
metacarpal results in the thumb lying fl exed across the 
palm. Reduction of this fracture involves extension of 
the distal segment of the metacarpal. Th is fracture can 
usually be immobilized in a short arm spica cast.

A Bennett’s fracture dislocation of the fi rst car-
pometacarpal joint occurs as a result of axial compres-
sion when the fi rst metacarpal is driven proximally, 
shearing off  its base. A small medial fragment of 
the metacarpal remains attached to the strong volar 
ligament and the main shaft  of the metacarpal is 
pulled proximally by the unopposed pull of the 
abductor pollicis longus muscle. Th is injury should 
be referred to a hand surgeon. Treatment requires 
closed reduction and percutaneous Kirschner wire 

Figure 19.18 Buddy taping of fi ngers Figure 19.19 Dynamic fi nger extension splint
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fi xation together with cast immobilization for four 
to six weeks. Upon removal of the cast, mobilization 
of the surrounding joints is required and, if early 
return to sport is required, a protective device should 
be worn. Persons not engaging in contact sport fi nd 
soft  neoprene braces (Fig. 19.21) supportive and com-
fortable aft er a Bennett’s fracture and other common 
hand injuries. Th ese are not replacements for fi rmer 
splints and braces that might be needed when trauma 
can be anticipated.

Fractures of the other metacarpals

Fractures of the second to fi ft h metacarpals may 
also occur as the result of a punch. Th ese fractures 
are most commonly seen in the fourth and fi ft h 
metacarpals, and have been referred to as ‘boxer’s 
fracture’. Th e fracture is usually accompanied by 
considerable fl exion deformity of the distal fragment, 
however, this deformity results in surprisingly little 
functional disability (Figs 19.22, 19.23). Th e acceptable 
angulation for fractures of the neck of the fourth and 

Figure 19.20 Fractures of the base of the fi rst 
metacarpal

(a) Healing transverse fracture
(b) Bennett’s fracture

Figure 19.21 Soft neoprene splints can provide 
support during rehabilitation after a hand injury
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fi ft h metacarpals is up to 30° as long as there is little 
rotational deformity. Up to 10° angulation is accept-
able in the second and third metacarpals. However, 
prominence of the metacarpal head in the palm of 
the hand may be a problem for tennis players and 
athletes who require a fi rm grip.

Treatment involves splinting or casting in a posi-
tion of 90° of fl exion of the MCP joints to prevent 
shortening of the collateral ligament and subsequent 
stiff ness (Fig. 19.24). Check that this position does not 
displace the fracture. Th e splint may be removed aft er 
two to three weeks and sport resumed immediately 
with protection.

Intra-articular fractures of the metacarpals require 
anatomical correction. In displaced fractures, this 
usually involves Kirschner wiring. Long spiral frac-
tures of the metacarpal shaft  may require internal 
fi xation or percutaneous pinning if they are angulated 
or rotated. Check for rotation of fi nger fractures 
clinically and not by using radiographs. If fractures 
are undisplaced, they can be immobilized in a gutter 
splint with fl exion of the MCP joint.

Fractures of phalanges

Proximal phalanx fractures

Fractures of the proximal phalanx may lead to func-
tional impairment due to the extensor and fl exor 
tendons coming into contact with callus and exposed 
bone.

To control and reduce the fracture under ring 
block, the MCP joint should be fl exed to 70°. Th e 
PIP joint is then fl exed and longitudinal traction 
applied in line with the shaft  of the distal fragment 
to oppose the fracture. However, this is oft en dif-
fi cult. Th e fracture is immobilized with the wrist 
slightly extended and at 70° of fl exion of the MCP 
joints. Th ese fractures require weekly radiographs 
to ensure movement has not occurred. If further 
stability is needed, the adjacent fi nger can be buddy 
taped. Th e splint is removed aft er three to four weeks 
and buddy taping continued. Motion is essential at 
three to four weeks. Unstable fractures require urgent 
surgical referral.

Rotational deformity of phalangeal fractures may 
not be obvious in extension so the fi ngers should be 
examined end on with PIP and DIP fl exion to reveal 

Figure 19.22 In metacarpal fractures, the more 
proximal the fracture, the more the knuckle will drop

5
2

34

Figure 19.23 Spiral fractures of the second and fi fth 
metacarpals (border digits) are more unstable than 
those of the third and fourth metacarpals as only one 
side of the border metacarpals is supported by the 
strong, deep transverse intercarpal ligaments

Figure 19.24 Treatment splint for fracture of the fi fth 
metacarpal
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any deformity present. All malrotated fractures need 
open reduction and possibly internal fi xation.

Middle phalanx fractures

Fractures of the middle phalanx involve hard cortical 
bone. Generally oblique or transverse, these fractures 
heal slowly. Th e central slip of the extensor tendon 
attaches dorsally to the base of the bone and the fl exor 
digitorum inserts on the volar surface more distally. 
Th us, fractures distal to the fl exor tendon attachment 
show fl exion of the proximal fragment and extension 
of the distal fragment.

Stable fractures are immobilized in a splint for three 
weeks in 70° of MCP joint fl exion and 0° of PIP joint 
fl exion. When the splint is removed, range of motion 
exercises are begun.

Unstable fractures, or intra-articular fractures 
involving more than 25% of the PIP joint surface, 
require open reduction and internal fi xation. Small-
caliber Kirschner wires are used and range of motion 
exercises are begun as soon as fi xation is considered 
to be stable. Volar plate avulsion fracture can occur at 
the PIP joint following a hyperextension injury. Th is 
injury is very common, and usually ignored owing to 
an unawareness of the potential consequences. Th e 
typical anatomy and radiographic appearance are 
shown in Figure 19.15. At present, non-randomized 
controlled trials have compared early mobilization 
with splinting and found that mobilization has led to 
good functional outcomes.36 As a result, the recom-
mendations are to follow ‘local guidelines’ (i.e. the 
expertise available in the setting of the injury).

Distal phalanx fractures

Fractures of the distal phalanx are usually caused 
by crushing injuries, such as fi ngers being jammed 
between a fast-moving ball and a stick or a bat. Th ey 
are usually non-displaced.

Oft en a splint and compression dressing will pro-
vide adequate treatment for non-displaced fractures. 
Much of the pain associated with these fractures can 
be due to subungual hematoma. Signifi cant subungual 
hematoma requires nail bed exploration and exci-
sion as the nail bed is oft en disrupted. In this case 
surgical repair may be required to prevent future 
nail deformity. Th is represents a compound fracture 
and should be treated as such. Perforation of the nail 
to drain a subungual hematoma is contraindicated 
in this instance as it converts a closed fracture to a 
compound fracture.

 Most distal phalangeal fractures heal in four 
to six weeks.

Dislocation of the 
metacarpophalangeal joints

Dorsal dislocation of the MCP joints of the fi ngers is 
uncommon and usually occurs in the index fi nger or 
thumb. It has been called the ‘irreducible dislocation’ 
because the metacarpal head is pushed through the 
volar plate of the MCP joint and caught between the 
lumbrical and long fl exor tendons with a buttonhol-
ing eff ect. Suspect this injury when examination 
reveals hyperextension of the involved MCP joint 
with ulnar deviation of the fi nger overlapping the 
adjacent fi nger.

An attempt to reduce the dislocation may be 
made by increasing the deformity and pushing the 
proximal phalanx through the tear in the volar plate. 
However, open reduction is usually required. Th e 
MCP joint is usually stable aft er reduction in 30° of 
MCP fl exion and early movement can be commenced 
in a dorsal splint allowing full fl exion but preventing 
the last 30° of MCP joint extension. Th e immobiliza-
tion is maintained for fi ve to six weeks. Associated 
osteochondral fractures require open reduction and 
internal fi xation.

Dislocations of the fi nger joints

Dislocations of the PIP joint

Dorsal PIP joint dislocations are the most common 
hand dislocation. Th ey usually result from a hyper-
extension stress with some degree of longitudinal 
compression such as may occur in ball sports. Th is 
may produce disruption of both the volar plate and 
at least one collateral ligament. Ideally, radiographs 
should precede treatment to confi rm the diagnosis and 
exclude an associated fracture. In practise, reduction 
oft en occurs on or beside the playing area. Reduction 
is maintained in a splint that allows full PIP fl exion 
but blocks the fi nal 30° of PIP extension for three 
weeks (Fig. 19.25). If left  untreated, a hyperextension 
deformity and instability may develop. Radiography 
must be performed aft er reduction. As discussed 
above in the section on middle phalanx fractures, all 
of these fractures must be tested for instability into 
hyperextension.

If there is no tendency to hyperextension follow-
ing reduction, the fi nger can be splinted as above for 
several days and then buddy taped to an adjacent 
fi nger to allow motion. Swelling should be managed 
using an elastic pressure bandage, soft  tissue treatment 
and electrotherapeutic modalities. If radiographs 
reveal a fracture of the volar lip of the middle phalanx 
involving more than one-third of the joint surface, 
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open reduction and internal fi xation is required to 
restore stability.

Volar dislocations of the PIP joint are uncommon 
and are oft en resistant to closed reduction.

Th ere is almost always an associated rupture of 
one or more collateral ligaments along with disrup-
tion of the extensor central slip insertion. Th is injury 
predisposes to the development of a boutonnière 
(buttonhole) deformity and should be treated with 
a splint, holding the PIP joint of the aff ected fi nger 
in extension for six weeks while encouraging DIP 
movement, or with surgical repair.

Dislocations of the DIP joint

Dislocations of the DIP joint usually occur dorsally 
and are commonly associated with a volar skin lac-
eration. Th e injury is most oft en due to a ball hitting 
the fi nger and causing hyperextension. Reduction is 
achieved by traction and fl exion. Th e joint should be 
splinted for three weeks in 10° of fl exion. Collateral 
ligament injuries are rare. Flexor tendon function must 
be assessed as avulsion can occur with this injury.

Th e less common volar dislocation occurs in asso-
ciation with a fracture and usually involves damage 
to the extensor tendon. Th is presents with the mallet 
fi nger deformity. Th us, all mallet fi ngers must be 
radiographed to exclude fracture. If volar dislocation 
has occurred, open repair is indicated.

Ligament and tendon injuries

Sprain of the ulnar collateral ligament 
of the fi rst MCP joint

Injury to the ulnar collateral ligament of the thumb 
is one of the most common hand injuries seen in 
athletes. It is known colloquially as ‘skier’s thumb’ and 
usually results from forced abduction and hyperexten-
sion of the MCP joint. Th e mechanism of injury is 

characteristic. Th e patient may complain of weakness 
of thumb–index (tip) pinch grip (Fig. 19.26a).

Examination reveals swelling and tenderness over 
the ulnar aspect of the fi rst MCP joint. Before testing 
stability, radiography should be performed to exclude 
an avulsion fracture. Stability of the ligament is tested 
by stressing the joint in a radial direction (Fig. 19.16i). 
Pain occurs with both complete and partial tears of 
the ulnar collateral ligament.

 If the injured thumb deviates 10–20° greater 
than the non-injured side and there is no clear 
end feel, then complete disruption of the liga-
ment is likely.

Deviation within 10–20° of the non-injured side 
indicates a partial tear of the ulnar collateral ligament. 
Th is should be treated with immobilization in a splint 
with the MCP joint in slight fl exion for six weeks. 
Further protective splinting is required during return 
to sport and may be required for up to 12 months 
(Fig. 19.26b). Th e thumb may also be taped with the 
index fi nger, which acts as a less secure check rein to 
prevent hyperabduction (Fig. 19.26c).

Figure 19.25 Splinting following a PIP joint 
dislocation. This dorsal block splint allows fl exion but 
stops full extension at the PIP joint

Figure 19.26 Complete ligament tear causes pain on 
pinch grip

(a) Pinching is aff ected

(b) Protective splint worn during return to sport
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A complete tear of the ulnar collateral ligament 
(Stener lesion) requires surgical repair because of inter-
position of the extensor hood (Fig. 19.27). A displaced 
avulsion fracture of the base of the proximal phalanx 
also requires open reduction and internal fi xation with 

Kirschner wires. Residual volar or lateral subluxation 
of the proximal phalanx on the metacarpal head is also 
an indication for surgery, as is a chronic injury to the 
ulnar collateral ligament with functional instability, 
pain and weakness of thumb–index pinch grip. Aft er 
surgery, the thumb is placed in a thumb spica cast for 
four to six weeks followed by protective splinting during 
sporting activity for a further three months.

Injuries to the radial collateral ligament 
of the fi rst MCP joint

Injuries to the radial collateral ligament of the thumb 
are not as common as those to the ulnar collateral 
ligament but complete ruptures can be as disabling 
as those of the ulnar collateral ligament. Deviation 
of greater than 10–20° more than on the non-injured 
side with ulnar stress indicates a complete tear. As 
there is no soft  tissue caught between the two ends 
of the ligament, six weeks’ cast immobilization is the 
treatment of choice.

(c) Check rein to prevent hyperabduction of thumb

adductor
aponeurosis

ulnar collateral
ligament

Figure 19.27 Mechanism of formation of a Stener 
lesion of the thumb

(a) Torn ulnar collateral ligament of the MCP joint of 
the thumb

adductor
aponeurosis

ulnar collateral
ligament

(b) Valgus stress opens up the joint

(c) The adductor aponeurosis slips past the proximal 
portion of the ruptured ulnar collateral ligament

(d) As alignment returns to normal, the adductor 
aponeurosis pushes the ulnar collateral ligament 
proximally to form the Stener lesion
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Capsular sprain of the fi rst MCP joint

Capsular sprains of the fi rst MCP joint are an extremely 
common injury in ball-handling sports. Th ey result 
from a hyperextension injury and are prone to recur-
rence. Treatment involves active rehabilitation and 
protection of the joint from hyperextension. Th is is 
achieved with the use of a thermoplastic brace over 
the dorsal aspect of the MCP joint.

PIP joint sprains

Th e collateral ligaments of the PIP joints are com-
monly injured as a result of a sideways force. Partial 
tears of the collateral ligament are painful but remain 
stable on lateral stress. Complete tears show marked 
instability with lateral stress. Th is injury also includes 
hyperextension stress to the volar plate, which may 
avulse its insertion from the base of the metacarpal.

Partial tears should be treated by buddy taping 
and active exercises. Complete tears of the collateral 
ligament should ideally be treated with surgical repair, 
although in most cases conservative management 
provides an adequate result.

Mallet fi nger

Mallet fi nger is a fl exion deformity resulting from 
avulsion of the extensor mechanism from the DIP 
joint. It commonly results from a ball striking the 
extended fi ngertip, forcing the DIP joint into fl exion 
while the extensor mechanism is actively contracting. 
Th is produces disruption or stretching of the extensor 
mechanism over the DIP joint. Th is is seen in baseball 
catchers, fi elders, football receivers, cricketers and 
basketball players.

Examination reveals tenderness over the dorsal 
aspect of the distal phalanx and an inability to actively 
extend the DIP joint from its resting fl exed position. If 
left  untreated, a chronic mallet fi nger type deformity 
develops (Fig. 19.28a). Th is fl exion deformity is caused 
by the unopposed action of the fl exor digitorum 
profundus tendon.

Radiography must be performed to exclude an 
avulsion fracture of the distal phalanx or injury and 
subluxation to the DIP joint. Th e avulsion fracture 
is considered signifi cant if greater than one-third 
of the joint surface is involved, in which case open 
reduction and internal fixation is required. Any 
subluxation requires open reduction and internal 
fi xation. A fracture dislocation of the epiphyseal plate 
may occur in children. Th is injury requires open or 
closed reduction.

Treatment of uncomplicated mallet fi nger involves 
splinting the DIP joint in slight hyperextension for a 

period of up to eight weeks, with regular monitoring. 
Th e splint is then worn for an additional six to eight 
weeks while engaging in sporting activity and at night. 
Treatment is reinstituted at any sign of recurrence 
of a lag. Th e splint may be made of metal or plastic 
and applied to either the volar or dorsal surface (Fig. 
19.28b); patients with dorsal splints maintain pulp 
sensation. Th e fi nger should be kept dry and examined 
regularly for skin slough and maceration.

When treating mallet fi nger, emphasize to the 
patient that the joint must be kept in hyperextension at 
all times during the eight weeks, even when the splint 
is removed for cleaning. If a patient is not prepared 
to do this, then the joint should not be splinted. Th e 
consequences of not splinting are a chronic mallet 
fi nger type fl exion deformity with osteophyte forma-
tion and degeneration of the DIP surface.

Boutonnière deformity

Th e boutonnière deformity results from disruption 
of the central slip of the extensor digitorum commu-
nis tendon at its insertion at the base of the middle 
phalanx, which allows migration of the lateral bands 
in a volar and proximal direction. Th is disruption 

rupture

fracture

Figure 19.28 Mallet fi nger

(a) Mechanism of deformity—rupture or avulsion

(b) ‘Stack’ splint. A dorsal splint can also be used
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allows the middle phalanx to be pulled into fl exion 
by the fl exor digitorum superfi cialis. It may arise from 
blunt trauma over the dorsal aspect of the PIP joint 
or acute fl exion of the joint against active resistance, 
such as occurs in ball sports. Th e PIP joint herniates 
through the central slip tear. Th e deformity is oft en 
absent at initial presentation but develops some time 
later in the untreated case. Th e classic deformity con-
sists of hyperextension of the DIP joints with a fl exion 
deformity of the PIP joint (Fig. 19.29).

Early examination fi ndings may include fl exion 
deformity of the PIP joint and point tenderness over 
the dorsal slip of the middle phalanx. Th e patient 
will lack full extension of the PIP joint. Radiography 
may occasionally reveal an avulsion fracture from the 
middle phalanx. Th e patient can oft en extend the PIP 
joint initially. Boutonnière deformity always follows 
a volar PIP dislocation.

Any acute PIP joint injury showing any lag of 
extension in conjunction with point tenderness over 
the base of the middle phalanx should be regarded 
as an acute extensor tendon rupture. Treatment of 
choice, even if the lag is less than 30°, is to splint the 
fi nger with the PIP joint in full extension while allow-
ing active fl exion of the DIP joint for six weeks. On 
return to sport, protective splinting is continued for 
a further six to eight weeks or until a full pain-free 
range of fl exion and extension is present. Associated 
avulsion fractures of the middle phalanx involving 
greater than one-third of the joint surface require open 
reduction and internal fi xation if displaced.

In longstanding injuries, there may already be a 
fi xed fl exion deformity of the PIP joint. Th is may 
be treated with a dynamic splint (Fig. 19.19) that 

gradually extends the joint to a neutral position 
or a ‘joint jack’. Surgery may be indicated if this is 
unsuccessful.

Avulsion of the fl exor digitorum profundus tendon

Th is injury is most commonly seen in the ring fi nger 
and may be caused by the sportsperson grabbing an 
opponent’s clothing, resulting in the distal phalanx 
being forcibly extended while the athlete is actively 
fl exing. Th e patient oft en feels a ‘snap’. Th e condition 
is oft en referred to as Jersey fi nger.

Examination may reveal the fi nger assuming a 
position of extension relative to the other fi ngers. 
Th ere is an inability to actively fl ex the DIP joint of 
the aff ected fi nger. Radiography should be performed 
to exclude an associated avulsion fracture of the distal 
phalanx. Th e bone fragment may be seen volar to the 
middle phalanx or PIP joint. A lump may be palpated 
more proximally in the fi nger corresponding to the 
avulsed tendon. Treatment is urgent surgical repair 
with reattachment of the profundus tendon to the 
distal phalanx. Th is must take place within 10 days 
of the injury as tendon ischemia occurs when the 
tendon has retracted into the palm.

Lacerations and infections of the hand

Lacerations to the fi ngers and hand occur frequently 
in sport as a result of contact with equipment such 
as the undersurface of a football boot. All lacerations 
have the potential to become infected and should, 
therefore, be thoroughly cleaned with an antiseptic 
solution and observed closely for signs of infection. 
Tetanus toxoid should also be administered where 
appropriate (Chapter 51).

A particular concern is a laceration of the hand, 
oft en over the MCP/PIP joint, caused by teeth, usu-
ally from a punch to the mouth. Th ese injuries should 
always be assumed to be contaminated and an imme-
diate course of a broad-spectrum antibiotic should be 
commenced. Th e wound should not be closed.

Lacerations over volar DIP or PIP joints may repre-
sent compound dislocations. If this has occurred, the 
joint has been contaminated and the patient requires 
hospital admission for surgical debridement and 
repair. Otherwise septic arthritis may follow.

Overuse conditions of the hand and fi ngers

Important but sometimes overlooked are the overuse 
problems associated with the hand. Th ese include 
trigger fi nger and other small joint injuries that are 
commonly seen in rock climbers.37–39 Trigger fi nger 
is caused by a tenosynovitis in the fl exor tendon that Figure 19.29 Boutonnière deformity
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is large enough to be impeded by the proximal A1 
(annular) pulley located at the base of the fi nger. 
Conservative treatment involves splinting and local 
treatment to reduce the enlarged tendon. Corticoster-
oid injection is oft en advocated fi rst, and then surgical 
release of the impeded A1 pulley.40, 41
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20
Thoracic and Chest Pain

WITH KEVIN SINGER

Thoracic pain
As with neck pain (Chapter 16) and low back pain 
(Chapter 21), it is oft en not possible for the clinician 
to make a precise pathological diagnosis in patients 
with pain in the region of the thoracic spine. Th e most 
common musculoskeletal problems are disorders of 
the thoracic intervertebral joints and the numerous 
rib articulations. Injury to the intervertebral disk, the 
zygapophyseal (also spelled as zygoapophyseal and 
zygapophysial in various countries) joints or other 
nociceptive structures of the thoracic spine may con-
tribute local or referred pain. A typical presentation of 
these intervertebral joint problems is hypomobility of 
one or more intervertebral segments, given that this 
region of the spine is primarily required to contribute 
stability to the axial skeleton. Th ere may be associ-
ated abnormalities of the paraspinal and periscapular 
muscles as well as adverse neural tension (Chapter 3). 
Th oracic intervertebral joint problems frequently refer 
pain to the lateral or anterior chest wall. Prolapse of 
a thoracic intervertebral disk is rare in sportspeople, 
however, it may be under-reported given the oft en 
diff use symptoms that arise.1, 2

While costovertebral joints are less commonly 
injured, problems may exist in isolation or in conjunc-
tion with an intervertebral joint problem.

In adolescents, the most common cause of pain 
in the area of the thoracic spine is Scheuermann’s 
disease, a disorder of the growth plates of the thoracic 
vertebra. A list of the causes of pain in the region of 
the thoracic spine is shown in Table 20.1. Th e surface, 
muscle and cross-sectional anatomy of this area is 
shown in Figure 20.1.

History

The patient often complains of pain between or 
around the shoulder blades. Th e pain may be central, 
unilateral or bilateral. Th e pain may have commenced 
suddenly as a result of a sudden movement or may 
have been of more gradual onset. Th oracic spine 
pain is commonly aggravated by rotation (Fig. 20.2) 
or lateral fl exion. Any associated sensory symptoms 
such as pins and needles or numbness should be noted. 
Although dermatomal patterns are more predictable 
in the thoracic region, symptoms may depart from 
such conventions. Vague pain noted in the region of 

Table 20.1 Causes of thoracic pain

Common Less common Not to be missed

Intervertebral joint sprain
 Disk
 Zygapophyseal joints
Paraspinal muscle strain
Costovertebral joint sprain
Scheuermann’s disease (adolescents)

Fracture of the rib posteriorly
Thoracic disk prolapse
T4 syndrome

Cardiac causes
Peptic ulcer
Tumor (e.g. carcinoma of the breast, 

secondary deposits)
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the shoulder may relate to disturbance of the cervi-
cothoracic junction and, similarly, buttock, hip or 
inguinal region symptoms may have a low thoracic 
origin.3 Th e astute clinician should maintain an index 
of suspicion when examining the thoracic region given 
the close proximity between the internal organs and 
structural elements of the thoracic spine.4

(b) Muscles of the thoracic spine region

(c) Axial CT image of the typical motion segment 
from the lower thoracic region. The most accessible 
rib articulation for palpation and mobilization is the 
costotransverse joint (CTJ), with the costovertebral 
joint (CVJ) attached fi rmly to the lateral margin of the 
vertebral bodyFigure 20.1 Anatomy of the thoracic spine region

(a) Surface anatomy

Figure 20.2 Axial CT depicting the nature of 
zygapophyseal joint translation in response to induced 
segmental rotation
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Examination

Examination of the thoracic spine region involves an 
assessment of range of motion and mobility of each 
intervertebral segment as well as careful palpation of 
the paraspinal and periscapular soft  tissue. Examina-
tion of the lower cervical and upper lumbar spine 
should also be included. Neurological examination 
should be included as should assessment of neural 
structures.

1. Observation (Fig. 20.3a)
2. Active movements

(a) fl exion
(b) extension
(c) rotation (Fig. 20.3b)
(d) cervical movements

3. Palpation
(a) spinous processes (Fig. 20.3c)
(b) zygapophyseal joints
(c) costotransverse joints and, indirectly, the 

costovertebral joints 
(d) paraspinal muscles (Fig. 20.3d)
(e) sternal, chondral and clavicular joints 

4. Special tests
(a) springing of the ribs (Fig. 20.3e)
(b) maximal inspiration
(c) cough/sneeze
(d) neural tension test (upper limb tension test, 

slump test)
(e) cervical spine examination (Chapter 16)
(f) lumbar spine examination (Chapter 21)

Figure 20.3 Examination of the patient with thoracic 
pain

(a) Observation—any scoliosis or kyphosis should be 
noted

(b) Active movement—rotation

(c) Palpation—spinous processes

(d) Palpation—paraspinal muscles. Palpate for 
tightness and the presence of taut bands and active 
trigger points
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Investigations

X-ray of the thoracic spine is not routinely indicated 
as it usually adds little to the clinical picture. It may, 
however, demonstrate the presence of intervertebral 
growth plate abnormalities indicative of Scheuer-
mann’s disease. X-ray may show the presence of a 
secondary neoplastic disorder aff ecting the thoracic 
spine. CT and MRI scans are rarely indicated in the 
investigation of mechanical thoracic spine pain. Th ey 
may, however, confi rm the presence of a thoracic 
intervertebral disk prolapse and highlight neoplastic 
changes, which are important in staging the disease. 
Noting weight loss and recording pain patterns, such 
as night pain versus activity-related pain, will assist in 
determining the role of imaging investigations. Atypi-
cal pain patterns unresponsive to routine management 
should signal the need for investigation, even in the 
young sportsperson.

Thoracic intervertebral joint disorders

Intervertebral joint injuries, especially abnormali-
ties of the intervertebral disks, rib articulations and 
zygapophyseal joints, are the most common cause 
of pain in this region. Th ey may be of sudden or 
gradual onset. Examination reveals hypomobility 
of one or more intervertebral segments associated 
with local tenderness over the spinous processes, the 
zygapophyseal joints, the transverse processes or the 
surrounding paravertebral muscles.

Treatment aims to restore full mobility by mobiliza-
tion or manipulation techniques (Fig. 20.4). Soft  tissue 
therapy may be required to correct abnormalities in the 
paravertebral and periscapular muscles. Techniques 
used include digital ischemic pressure and sustained 
myofascial tension. Trigger points in the paraspinal 
muscles are common and should be treated with dry 
needling. Stretching and strengthening exercises 
should also be included, as shown in Figure 20.5.

It is worth noting that considerable variation in joint 
anatomy oft en presents at the transitional junctions 
of the spine and, particularly at the thoracolumbar 
junction,5 variations may contribute to subtle diff er-
ences in segmental mechanics and injury patterns. 
While some zygapophyseal joints depict remarkable 
asymmetry, others may show a morphology that acts 
to severely constrain motion (Fig. 20.6).

Costovertebral and costotransverse 
joint disorders

Disorders of the rib articulations include infl amma-
tion, such as ankylosing spondylitis, degenerative 
change, such as osteoarthritis, and mechanical joint 
sprains. Costotransverse joint problems are associated 
with localized tenderness and restricted mobility of 
the joints. Treatment may include posteroanterior 
mobilization of the costotransverse joints, which 
will have a modest influence also on the deeper 
costovertebral articulations. On rare occasions, a 
corticosteroid injection into the involved joint(s) 
may be required. Th is procedure should only be 
undertaken by a practitioner experienced in this 

(e) Springing of the ribs adjacent to the 
costotransverse joints and costochondral junction

Figure 20.4 Posteroanterior mobilization (central) of 
the thoracic spine
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technique and, for specifi city, should be performed 
under radiological control. A common problem of 
these small synovial joints may be the entrapment 
of small synovial fold inclusions which occupy the 

Figure 20.5 Stretching exercises

Figure 20.6 Zygapophyseal joint abnormalities

(a) Horizontal section (100 µm) through the region of 
the thoracolumbar junction (T11–12) to demonstrate 
marked asymmetry of the zygapophyseal joints, 
which is a common feature of these transitional 
joints (circled)

(b) Axial CT scan highlighting marked zygapophyseal 
joint tropism (circled). Evidence of a central Schmorl’s 
node is noted within the end plate (arrow)

(c) Horizontal histological section (100 µm) through 
the zygapophyseal joints of the thoracolumbar 
junction to demonstrate variations in articular 
morphology from asymmetric (top image) to an 
enclosing morphology which constrains motion (lower 
image)
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fringes of the joint cavity (Fig. 20.7). Th ese joints are 
amenable to manipulation.

Scheuermann’s disease

Scheuermann’s disease is the most common cause of 
pain in the thoracic spine region in adolescents and 
is characterized by an accentuated thoracic kyphosis 
arising from multiple vertebral end-plate irregularities 
involving four or more vertebral bodies (Fig. 20.8). 
Th is condition is described in Chapter 40. Accentu-
ated kyphosis may also arise from habitual training 
postures which involve loading into fl exion.6 Extended 
training periods in one posture (e.g. cycling) tend to 

be associated with adaptive changes and modifi cation 
to training postures may need to be considered when 
recommending long-term management.

Thoracic intervertebral disk prolapse

Prolapse of a thoracic intervertebral disk is a rare 
condition that may be under-reported in the com-
munity.7 Th e segments that tend to be most commonly 
involved are the larger disks of the lower thoracic seg-
ments (Fig. 20.9). Th e clinical presentation involves 
local back pain with radicular pain radiating in the 
distribution of the aff ected thoracic spinal nerve(s). 
However, it must be noted that referral of symptoms 
arising from a thoracic disk prolapse oft en does not 
follow a characteristic referral pattern.8

T4 syndrome

Occasionally, patients present with diff use arm pain 
and sensory symptoms such as pins and needles or 

Figure 20.7 Costovertebral joint synovial inclusions

(a) Horizontal histological section (100 µm) 
through the dorsal region of a costovertebral joint 
to demonstrate a long fi bro-fatty synovial inclusion 
within the joint cavity. Entrapment of these innervated 
inclusions may contribute to localized thoracic pain 
relieved through manipulation

(b) Horizontal histological sections (100 µm) through 
lower thoracic zygapophyseal joints to demonstrate 
diff erent patterns and disposition of intra-articular 
synovial folds which occupy space within the articular 
cavity
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numbness in the upper arm due to intervertebral joint 
problems around the upper thoracic region. Th is vague 
constellation of symptoms has been labeled the T4 
syndrome. Although not verifi ed clinically, it may be 
speculated that symptoms arise from the autonomic 
nervous system due to the close proximity of the 
sympathetic trunk to the thoracic spine. Examination 
oft en reveals hypomobility of the upper to middle 
thoracic segments. Restoration of full mobility to 
these joints by mobilization or manipulation may 
relieve the symptoms. Another associated feature is 
the tendency for patterns of specifi c muscle tightness, 
which accentuate the forward head and shoulder 
posture. Selective strengthening of shoulder girdle 

retractors, particularly the inferior trapezius, with 
stretching of tight muscles may contribute to the 
management of this problem.

Figure 20.8 Multiple end-plate lesions (Schmorl’s 
nodes) evident within the lower thoracic vertebral 
bodies (arrows) typical of Scheuermann’s disease

Figure 20.9 Thoracic disk prolapse

(a) Hematoxylin and eosin (H&E) stained horizontal 
section at T10–11 depicting a posterolateral prolapse 
of the intervertebral disk (arrows). Such prolapses are 
most common in the lower thoracic segments given 
the greater volume and height of these disks

(b) Macroscopic horizontal section of a T11–12 
disk to demonstrate a midline annular fi ssure and 
small central prolapse (arrow), which is a common 
presentation for thoracic disk lesions
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Chest pain
Chest pain occurs not infrequently in athletes, usually 
due to musculoskeletal causes. In mature athletes, 
the possibility that pain is of cardiac origin must be 
considered. Th is possibility is increased in the pres-
ence of associated symptoms such as palpitations or 
shortness of breath or when there is a family history 
of cardiac disease. Other causes of chest pain include 
peptic ulceration, gastroesophageal refl ux, chest infec-
tion and malignancy.

The most common cause of chest pain in the 
young athlete under 35 years is referred pain from 
the thoracic spine. Th is may or may not be associated 
with thoracic pain. Th us, patients presenting with 
anterior or lateral chest wall pain require a thorough 
examination of the thoracic spine.

A list of the possible causes of chest pain in athletes 
is presented in Table 20.2. Th e surface anatomy of this 
region is shown in Figure 20.10.

It may be diffi  cult to distinguish between chest 
pain of cardiac origin and pain referred from the 
thoracic spine. Th ey may both be unilateral and 
related to exercise. Th e clinical features of these two 
causes of chest pain in the athlete are considered in 
Table 20.3.

Major trauma to the chest wall is a medical emer-
gency (Chapter 44). Injuries sustained in contact 
sport commonly aff ect the ribs, resulting in either 
bruised or fractured ribs. Th ese may lead to second-
ary dysfunction of the thoracic zygapophyseal joints, 
which can cause persistence of pain. Sternoclavicular 
joint injuries are not uncommon. Intercostal muscle 
strains have been considered a cause of chest wall pain 
but, on close clinical examination, many patients with 
this presentation are actually suff ering referred pain 
from the thoracic spine. Stress fractures of the ribs are 
uncommon but seen in sports such as rowing, tennis, 
golf, gymnastics and baseball pitching.

History

A history of trauma to the chest wall will lead the 
clinician to suspect a rib injury. In the absence of 
trauma, the history should distinguish between 
musculoskeletal conditions and other cardiac, gastro-
intestinal and respiratory causes. It is important to 
elicit the type of pain and the location of the pain. 
Associated symptoms such as palpitations, shortness 
of breath and sweating may indicate that the pain is 
cardiac in nature. A history of productive cough may 
suggest pain is of respiratory origin, while symptoms 
of refl ux and relief of pain with antacid medication 
may indicate that gastroesophageal refl ux or peptic 
ulceration may be the cause of pain.

Table 20.2 Causes of chest pain in the athlete

Common Less common Not to be missed

Rib trauma
 Fracture
 Contusion
Referred pain from the thoracic spine
Sternoclavicular joint disorders

Costochondritis
Sternocostal joint sprain
Intercostal muscle strain
Rib stress fracture
Fractured sternum

Cardiac causes
Peptic ulceration
Gastroesophageal refl ux
Pneumothorax
Herpes zoster
Pulmonary embolism

Figure 20.10 Surface anatomy of the anterior chest

serratus
anterior

external
oblique

rectus
abdominis

sternum
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Pain aggravated by deep inspiration or coughing 
may be musculoskeletal in nature or indicative of a 
respiratory problem. Associated thoracic and, to a 
lesser extent, cervical or lumbar pain may suggest 
the thoracic spine as a possible source of the patient’s 
chest pain. An increase in pain with trunk rotation 
might add to this suspicion.

Examination

Examination of the patient with chest wall pain should 
include palpation of the painful area and of possible 
sites of referral, especially the thoracic spine. Examina-
tion of the thoracic spine has been described earlier 
in this chapter. Th e cardiovascular and respiratory 
systems must always be examined. Th e abdomen 
should be examined for sources of referred pain.

Investigations

If there has been signifi cant rib trauma, a chest X-ray 
should be performed to exclude the presence of a pneu-
mothorax. Specifi c rib views may be necessary to detect 
rib fractures. Chest X-ray will indicate cardiac size and 
may reveal evidence of respiratory infection.

Electrocardiography and other cardiac investiga-
tions including a stress ECG/EKG and an echocardio-
graph may be performed if there is clinical suspicion 
of cardiac dysfunction. Gastroscopy may be indicated 
if peptic ulceration or refl ux is suspected.

Rib trauma

A direct blow to the chest may result in trauma to 
the ribs. Th is may range from bruising to an undis-
placed or displaced rib fracture. Typically, the patient 
complains of pain aggravated by deep inspiration or 
coughing. Examination reveals local tenderness over 
one or more ribs.

A pneumothorax, or rarely, a hemopneumothorax, 
may occur as a result of a rib fracture. Any athlete with 
rib trauma must undergo a respiratory examination 
to exclude these conditions. It is also important to 
consider trauma to underlying structures such as the 
liver, spleen and kidneys. Injuries to these organs are 
considered in Chapter 44.

X-ray may be performed to confi rm the presence 
of a rib fracture, although it is not essential as treat-
ment is symptomatic. Injury to the upper four ribs is 
unusual as they are somewhat protected. Th e lower 
two ribs are likewise rarely fractured as they are not 
attached to the sternum.

Treatment consists of analgesia and encourage-
ment of deep breathing to prevent localized lung 
collapse. A fractured rib can be extremely painful. It 
will continue to be painful and tender to palpation for 
at least three weeks. Bruised ribs may also be painful 
and tender for up to three weeks.

Return to sport for athletes with an undisplaced 
rib fracture is appropriate when pain settles. Protec-
tive padding may be used in contact sports aft er a rib 

Table 20.3 Comparison of clinical features of chest pain of cardiac origin and chest pain referred from the 
thoracic spine

Feature Referred pain from thoracic spine Myocardial ischemia

Age Any age, especially 20–40 years Older, with increased possibility with 
increased age

History of injury Sometimes No

Site and radiation Spinal and paraspinal, arms, lateral chest, 
anterior chest, substernal, iliac crest

Retrosternal, parasternal, jaw, neck, inner 
arms, epigastrium, interscapular

Type of pain Dull, aching, occasionally sharp, severity related 
to activity, site and posture, sudden onset 
and off set

Constricting, vice-like (‘clenched-fi st’ sign), 
may be burning, gradual onset and off set

Aggravation Deep inspiration, postural movement of thorax, 
certain activities (e.g. slumping or bending, 
walking upstairs, lifting, sleeping or sitting for 
long periods)

Exercise, activity, heavy meals, cold, stress, 
emotion

Relief Maintaining erect spine, lying down, fi rm 
pressure on back (e.g. leaning against wall)

Rest
Glyceryl trinitrate (GTN)

Associations Chronic poor posture, employment requiring 
constant posture such as at a keyboard or 
computer

Cardiac risk factors such as family history, 
obesity, smoking, dyspnea, nausea, 
tiredness, pallor, sweating, vomiting
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injury. Th e use of local anesthesia, either at the site 
of injury or as an intercostal nerve block, is usually 
not particularly eff ective and has the risk of causing 
pneumothorax. Contusion of the costochrondral 
joints can be painful with local treatment consisting 
of cold therapy, strapping to splint the region, or 
corticosteroid injection.

Referred pain from the thoracic spine

Referred pain from the thoracic spine is probably the 
most common cause of chest wall pain in the young 
athlete. Th ere may or may not be a history of associ-
ated thoracic spine pain. On examination there will 
usually be marked tenderness and stiff ness, either 
centrally over the spinous processes of the thoracic 
vertebrae or, more commonly, on the same side as 
the chest pain over the thoracic zygapophyseal or 
costovertebral joints. Th ere is oft en also associated 
areas of tenderness in the soft  tissues surrounding the 
thoracic spine, especially the paravertebral muscles. 
Active trigger points may develop and contribute to 
the referred pain. Referred pain, however, may not fol-
low predictable patterns, which requires the clinician 
to explore symptoms and to rule out visceral disorders 
and, conversely, unusual symptom patterns.3, 8

Local treatment aims to restore full range of motion 
of the involved thoracic intervertebral segments by 

mobilization or manipulation (Fig. 20.4). Soft  tissue 
therapy to surrounding areas may be helpful. Th is 
includes digital ischemic pressure to painful sites and 
sustained myofascial tension where chronic muscle 
and soft -tissue tightness is established.

Sternoclavicular joint problems

Th e sternoclavicular (SC) joint is the sole articulation 
between the upper extremity and the axial skeleton. 
Th e joint itself is diarthrodial, with an articular disk 
interposed between the two bones. Th e articular 
surface of the medial clavicle is much greater than 
the sternal articulation. Only about 25% of the distal 
clavicle’s surface articulates with the sternum at any 
one time, making the SC joint the joint with the least 
bony stability in the body.

Th e integrity of the joint comes from the strong 
surrounding ligaments, including the anterior, pos-
terior, superior and inferior SC ligaments, and the 
interclavicular, costoclavicular and intra-articular disk 
ligaments (Fig. 20.11). Th e epiphysis of the medial 
clavicle is the last to ossify and fuse, at around 18 and 
25 years of age respectively. Another feature of this 
joint is the number of vital structures located directly 
posterior to the joint. Th ese include the subclavian 
veins and artery, the trachea, the esophagus and the 
mediastinum.

clavicle
anterior
sternoclavicular
ligament

interclavicular
ligament

sternoclavicular joint

intra-articular
disk ligament

disk

manubrium

costoclavicular
ligament

first rib

sternum

Figure 20.11 Anatomy of the sternoclavicular joint
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The SC joint can be injured by a direct blow 
or, more commonly, indirectly from a blow to the 
shoulder. Simultaneous injuries of the AC and SC 
joints are reasonably common.9–11

Traumatic injuries of the SC joint can be divided 
into fi rst- and second-degree sprains involving the 
joint capsule, subluxations and dislocations involving 
rupture of the SC and/or costoclavicular ligaments, 
and fractures of the medial clavicle. Subluxations 
and dislocations are further divided into anterior 
(more common; Fig. 20.12) and posterior (more 
dangerous).

Patients present with local pain and swelling 
depending on the severity of the injury. Anterior 
subluxations can be treated symptomatically by a 
fi gure of eight bandage for one to two weeks. Anter-
ior dislocations can be reduced with lateral traction 
on the abducted arm and direct pressure over the 
medial clavicle. Dislocations are immobilized for 
three to four weeks in a clavicular strap. If, aft er 
closed reduction, the joint redislocates, a period of 
observation is appropriate. Many patients remain 
asymptomatic.

Posterior dislocations are potentially dangerous 
because of the close proximity of vital structures 
behind the joint.12–14 Closed reduction should be per-
formed under general anesthesia as soon as possible 
aft er the injury. Traction is applied to the patient’s 
abducted arm and the medial clavicle is brought 

forward manually or with a towel clip. Reductions 
are generally stable and are held with a fi gure of eight 
strap for four weeks.

Costochondritis

Costochondritis occurs at the plane joints between the 
sternum and ribs. It is characterized by activity-related 
pain and tenderness localized to the costochondral 
junction. Th is condition is sometimes known as 
Tietze’s syndrome.

Treatment consists of NSAIDs, local physiotherapy 
and mobilization of the costochondral joints. Th is 
can prove an extremely diffi  cult condition to treat. 
Corticosteroid injection to the costochondral junction 
may be of some assistance in refractory cases.

Stress fracture of the ribs

Stress fracture of the ribs has been reported with a 
number of sports and is due to excessive muscle trac-
tion at the muscular attachments to the ribs.15 Stress 
fracture of the fi rst rib is seen in baseball pitchers and 
appears to occur at the site of maximal distraction 
between the upward and downward muscular forces 
on the rib. Th is stress fracture tends to heal poorly.

Anterolateral stress fractures of the ribs (Fig. 20.13), 
mainly the fourth and fi ft h ribs, are seen in rowers. 
Th is stress fracture is thought to be due to exces-
sive action of the serratus anterior muscle. Th e bio-
mechanics of the pitching or rowing action should 

Figure 20.12 CT scan of anterior sternoclavicular joint 
dislocation showing clear asymmetry between the 
dislocated side (arrow) and the normal articulation

Figure 20.13 Isotopic bone scan of a stress fracture of 
the ribs
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be assessed and discussed with the coach and athlete 
to determine the possible cause(s).
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Low back pain is an extremely common symptom 
in the general population and among athletes. In 

this chapter we outline some salient epidemiological 
data and detail a clinical perspective of managing 
low back pain before discussing the evaluation and 
treatment of back pain.

Epidemiology
Back pain aff ects up to 85% of the population at some 
time in their lives. Th e vast majority (90%) improve 
over a three-month period, but nearly 50% will have 
at least one recurrent episode. Th e estimated annual 
cost of low back pain in the United States is over 
US$40 billion. Low back pain is the most common 
disability in those under the age of 45, and the most 
expensive health care problem in those between 
the ages of 20 and 50. Back problems account for 
a signifi cant percentage (25% in United States) of 
workers compensation claims, although the incidence 
of work-related low back pain varies considerably 
among countries (e.g. much less in Scandinavia than 
the United States).

Considerable research has been undertaken inves-
tigating the risk factors for low back pain, which are 
summarized in Table 21.1.

Clinical perspective
As with neck pain, it is oft en not possible to make 
a precise anatomical and pathological diagnosis. 
However, this does not prevent management and treat-
ment. In the majority of cases of low back pain, the 
principles of management depend on careful assess-
ment to detect any abnormality and then appropriate 
treatment to correct that abnormality. Th e anatomy 

of the low back is shown in Figure 21.1. Th e lumbar 
spine pain generators are listed in Table 21.2.

Th ere are a small number of conditions causing 
low back pain in which a defi nitive diagnosis can be 
made. Fractures related to direct trauma, such as a 
transverse process fracture or compression fracture of 

CHAPTER 

21
Low Back Pain

WITH JOEL PRESS

Figure 21.1 Anatomy of the low back

(a) Surface anatomy
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(b) Muscles of the lower back from behind

(c) The three joint complex consisting of the 
intervertebral disk and the two zygapophyseal (facet) 
joints

(d) The intervertebral segment

latissimus dorsi

spinous process (T12)

external abdominal oblique

lumbar triangle

gluteus medius

gluteus maximus

serratus posterior inferior

internal abdominal oblique

iliac crest

erector spinae

the vertebra, occur infrequently in the lumbar spine. 
Signifi cant soft  tissue injury is usually associated with 
these fractures. It is usually also possible to make a 
defi nitive diagnosis in those patients presenting with 
nerve root compression who have typical lancinating 
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a thorough examination of the hip joint should be 
included in the assessment of the patient with low 
back pain.

Th e above conditions constitute considerably less 
than 10% of patients presenting with low back pain. 
Th e rest of the patients presenting with low back 
pain may be grouped together as having ‘somatic’ 
low back pain.

Somatic low back pain

Any of the nociceptive (pain-producing) structures 
of the lumbar spine may cause low back pain. Th ese 
structures include the vertebral venous plexus, dura 
mater, ligaments of the vertebral arches, muscles and 
their fascia, vertebral bodies, laminae, apophyseal 
joints and the anulus fi brosus of the intervertebral 
disk.

Provocation techniques have demonstrated that 
damage to the intervertebral disks and the apophyseal 
joints are the most common causes of low back pain. 
With low back pain of lengthy duration, a number of 
factors will contribute to the overall clinical picture. 
Th ese may include abnormalities of the ligaments of 
the intervertebral joints, muscles and fascia, as well 
as neural structures.

For many years, the disk was thought to have no 
sensory innervation. However, it is now recognized 
that the outer one-third to one-half of the posterior 

Table 21.2 Lumbar spine pain generators

• Nucleus pulposus
• Anulus fi brosus
• Facet joints
• Ligaments
• Muscles
• Nerve
• Synovium

Table 21.1 Risk factors associated with low back pain (LBP)

Risk factor Evidence

Age Increased risk until age 50, then relative risk decreases in men but increases in women

Gender Multiparous women: three times risk

Obesity Unclear

Height Unclear

Posture No association with lordosis or leg length discrepancy

Smoking Strong association with LBP and sciatica

Physical work Increased risk in those whose work involves bending, twisting or heavy physical labor
Increased risk of LBP and sciatica with exposure to vibration
Coal miners have fewer disk protrusions than other occupations
Low risk of LBP in farmers

Sedentary occupation Increased risk when seated
Driving a motor car may cause LBP or herniated disk
Jobs involving all standing or all sitting show higher incidence of LBP than those with 

changing positions

Increased fi tness Some evidence that good isometric endurance of back muscles may be associated with 
reduced LBP

Psychological factors Stress, anxiety, depression associated with work-related LBP

pain radiating to the leg in a narrow band, with or 
without accompanying back pain. Sensory symptoms 
or muscle weakness (or both) are also present. Refl exes 
are oft en abnormal. Nerve root compression in the 
athlete is usually due to herniation of disk material 
from the nucleus pulposus of the intervertebral 
disk.

Spondylolysis or stress fracture of the pars inter-
articularis is seen in sports involving repeated hyper-
extension plus or minus rotation, such as gymnastics, 
fast bowling (cricket), throwing sports and tennis. 
A spondylolisthesis or slipping of one vertebra on 
another may occur in athletes with bilateral pars 
defects. Spinal canal stenosis is rare in young and 
middle-aged athletes but may occasionally be seen in 
older athletes. It is characterized by pain aggravated 
by walking and relieved by rest.

Abnormalities of the hip joint such as labral tears 
and rim lesions may present as low back pain, and 
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(c)
Figure 21.2 Segmental motion: (a) fl exion/extension 
(sagittal plane motion); (b) torsion (transverse plane 
motion); (c) side-bending (frontal plane motion)

anulus fi brosus has a nerve supply. Previously, only 
two types of disk injury were recognized. One was 
herniation or rupture, in which the contents of the 
nucleus pulposus are extruded through a tear in 
the anulus fi brosus into the spinal canal to impinge 
on structures such as the nerve root. Th e other was 
disk degeneration identifi ed on X-ray as a narrow-
ing of the disk space accompanied by osteophyte 
formation.

Th e disks may, however, be a source of pain with-
out rupture or degeneration. Th ere are two specifi c 
entities that may cause disk pain—torsional injury of 
the anulus fi brosus and compression injury.

Excessive rotational or torsional stress (Fig. 21.2) 
may damage the apophyseal joint, the anulus fi brosus 
or both. Th e anulus fi brosus is most vulnerable to a 
combination of axial rotation and forward fl exion, 
which corresponds to the clinical situation of lift ing 
in a bent and rotated position. Repeated torsional 
injuries to the anulus fi brosus may produce radial 
fissures as seen on disko graphy. The location of 
these fi ssures corresponds to the tracks along which 
nuclear material is found to herniate. Th is suggests 
that previous torsional injuries of the anulus fi bro-
sus may predispose to nuclear herniation. A tear in 
the anulus is thought to provoke an infl ammatory 
response with chemical stimulation of the nocicep-
tors. Th is pathological process explains the common 
presentation of a patient with poorly localized back 
pain that may be referred to the lower limb and which 
is aggravated by any movement of the lumbar spine, 
especially rotation and fl exion.

Compression injuries arise as a result of exces-
sive weight-bearing and are initiated by fractures of 
the vertebral end plate. As a result of this end-plate 
fracture, the matrix of the nucleus pulposus may be 
exposed to the circulation of the vertebral body. Th is 
may lead to degradation of the nucleus and increased 
load on the anulus. If the degradation process of the 
nucleus reaches the outer third of the anulus fi brosus, 
it is likely to produce pain. Th ere may be both chemical 
and mechanical irritation of the pain receptors. Th ese 
disk injuries may cause local, deep-seated low back 
pain as well as referred somatic pain (Chapter 3) to 
the buttock and lower leg.

Th e other common site of damage is the apophyseal 
joint. Possible causes of pain from the apophyseal joint 
include subchondral fractures, capsular tears, capsular 
avulsions and hemorrhage into the joint space.

It may be possible to diff erentiate clinically between 
disk and apophyseal joint injury. Diff erences in pain-
provoking activities (fl exion with disk injuries and 
extension in apophyseal joint injuries) and diff erences 

(a)

(b)
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in the sites of maximal tenderness (centrally with disk 
injuries and unilaterally with apophyseal joint injuries) 
may assist. However, this clinical diff erentiation is 
not always reliable and may be used only as a guide. 
Frequently the two conditions coexist.

Disk and apophyseal joint injuries may be associ-
ated with hypomobility of one or more intervertebral 
segments (Fig. 21.1d). Th e assessment of the mobility 
of each intervertebral segment is a major component 
of the examination of the athlete with low back pain. 
Correction of segmental hypomobility forms an 
important part of the treatment program.

Less commonly, low back pain may be associated 
with hypermobility. Generalized hypermobility is 
usually not symptomatic but an isolated hypermobile 
segment may be signifi cant clinically as an indicator 
of the presence of structural lumbar instability.

Trigger points frequently make a signifi cant con-
tribution to a patient’s back pain. Th ese may not have 
been the original problem but they can become the 
main source of pain. Trigger points thought to be 
commonly associated with low back pain include 
quadratus lumborum, erector spinae and gluteal. As 
a result of the associated muscle tightness, it may be 
impossible to treat the underlying joints adequately 
until the trigger points are eliminated and the short-
ened muscles returned to their normal length.

Abnormalities of joints, muscles and neural struc-
tures may contribute signifi cantly to the pain. In 
low back pain of relatively recent onset, the greatest 
contribution to the pain is usually from the joints. In 
longstanding cases of low back pain, there may be con-
siderable contributions from the muscles and neural 
structures. Each of these components must be assessed 
clinically and abnormalities treated. Follow ing treat-
ment, the signs need to be reassessed to determine the 
eff ectiveness of each treatment. A list of the causes of 
low back pain is shown in Table 21.3.

Functional (clinical) instability in 
low back pain

Stability of the lumbar intervertebral segments is 
principally provided by osseous and ligamentous 
restraints. However, without the infl uence of neuro-
muscular control, the segments are inherently unstable 
upon movement. Th erefore, a combination of muscle 
forces and passive structures are utilized to dynamic-
ally stabilize the ligamentous spine under various 
demands of daily living and athletic activity.

It is important that the definition of stability 
includes the concept of control, rather than just 
hypermobility or increased displacement and range 
of movement, as it has been historically, although 
this will be the case in some conditions such as 
spondylolisthesis.

Th e concept of core stability is discussed in Chapter 
11. It is important to remember the diff erence between 
local and global muscles. Global (dynamic, phasic) 
muscles are the large, torque-producing muscles, such 
as rectus abdominis, external oblique and the thoracic 
part of lumbar iliocostalis, which link the pelvis to the 
thoracic cage and provide general trunk stabilization 
as well as movement.

Local (postural, tonic) muscles are those that attach 
directly to the lumbar vertebrae and are responsible 
for providing segmental stability and directly con-
trolling the lumbar segments during movement. 
These muscles include lumbar multifidus, psoas 
major, quadratus lumborum, the lumbar parts of 
iliocostalis and longissimus, transversus abdominis, 
the diaphragm and the posterior fi bers of internal 
oblique (see Fig. 11.2).

Th ere is now considerable evidence to show that 
the function of at least two of these local muscles, 
lumbar multifi dus and transversus abdominis, is 
impaired in patients with low back pain. Research has 
shown a signifi cant reduction in segmental lumbar 

Table 21.3 Causes of low back pain

Common Less common Not to be missed

Non-osseous injury
 Intervertebral disk
 Apophyseal joint
Stress fracture of the pars interarticularis (spondylolysis)
Sacroiliac joint injury/infl ammation
Paravertebral and gluteal muscle trigger points
Hip joint pathology

Intervertebral disk prolapse
Spondylolisthesis
Lumbar instability
Spinal canal stenosis
Vertebral crush fracture
Fibromyalgia
Rheumatological
Gynecological
Gastrointestinal
Genitourinary

Malignancy
 Primary
 Metastatic
Osteoid osteoma
Multiple myeloma
Severe osteoporosis
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multifi dus cross-sectional area in patients with acute, 
fi rst episode, unilateral back pain.1 It has also been 
shown that lumbar multifi dus demonstrated greater 
fatigability relative to other parts of the erector spinae 
in patients with chronic low back pain compared with 
a normal population. Additionally, lumbar multifi dus 
will not spontaneously increase its cross-sectional 
size post acute injury, perhaps giving an insight into 
one of the reasons for recurring low back pain. Th e 
work of Hides et al.,1 however, demonstrated that a 
localized lumbar multifi dus exercise program will 
signifi cantly increase the cross-sectional area of the 
muscle.

The timing of onset of activity of transversus 
abdominis has been shown to be delayed in suff erers 
of chronic low back pain compared with individuals 
who have never experienced back pain.2, 3 No signifi -
cant change was detected between the two groups in 
any other muscle of the abdominal wall, suggesting 
that the local stabilizing abdominal muscles have 
a ‘feed-forward mechanism’ to protect the lumbar 
spine during loading. Th is is not dissimilar to the 
hypothesized role of the vastus medialis obliquus on 
the patella (Chapter 28).

Other muscles are also aff ected in patients with 
low back pain. Seventy-five per cent of patients 
with radiating low back pain were shown to have 
abnormal EMG fi ndings in the medial spine extensor 
muscles.4 McGill and colleagues found defi ciencies in 
spinal extensor muscle endurance, as well as fl exion/
extension and lateral/extensor ratios.5

What is not clear is whether these defi ciencies 
in muscle strength, endurance and activation are 
the cause or eff ect of low back pain. What is clear 
is that these defi cits need to be addressed as part of 
any comprehensive rehabilitation program in those 
with low back pain.

History

Th e aim of the history in a patient with low back 
pain is to determine the location of the pain, its 
mechanism of onset, its degree of irritability, any 
radiation to the buttocks or legs, the aggravating 
and relieving factors, the presence of any associated 
features including sensory and motor symptoms, and 
any previous history of back problems and response 
to treatment in the past. Factors that aggravate 
and relieve the pain, such as fl exion/extension and 
how easily the pain is aggravated, are important in 
determining the type and intensity of treatment. 
Potentially serious symptoms that must be noted 
include:

• cauda equina symptoms, for example, bladder or 
bowel dysfunction

• spinal cord symptoms, for example, diffi  culty 
walking, tripping over objects

• sensory symptoms, for example, pins and 
needles, paresthesia

• motor symptoms, for example, muscle weakness
• systemic symptoms, for example, weight loss, 

malaise
• night pain.

Th e use of standardized outcome self-reporting 
measures, such as the Oswestry or Roland-Morris 
questionnaires, are also recommended as a way of 
quantifying the eff ects of low back pain.

Examination

Examination of the patient with low back pain includes 
assessment of pattern, timing and range of movement, 
detection of stiff ness and tenderness in muscles and 
joints, and detection of neurological abnormalities 
or evidence of neural irritation.

1. Observation
(a) from behind (Fig. 21.3a)
(b) from the side (Fig. 21.3b)

2. Active movements
(a) fl exion (Fig. 21.3c)
(b) extension (Fig. 21.3d)
(c) lateral fl exion (Fig. 21.3e)
(d) combined movements—quadrant position 

(Fig. 21.3f)
(e) single leg extension (Fig. 21.3g)

3. Passive movements
(a) overpressure may be applied at the end of 

range of active movements
(b) muscle length (e.g. psoas, hamstring, 

gluteals)
(c) hip quadrant (Chapter 23)

4. Palpation
(a) spinous processes (Fig. 21.3h)
(b) transverse processes
(c) apophyseal joints
(d) sacroiliac joint (Fig. 21.3i)
(e) iliolumbar ligament
(f) paraspinal muscles (Fig. 21.3j)
(g) quadratus lumborum (Fig. 21.3k)
(h) gluteal muscles

5. Special tests
(a) straight leg raise/slump test (Chapter 8)
(b) prone knee bend/femoral slump (Chapter 8)
(c) sacroiliac joint test
(d) neurological examination
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Figure 21.3 Examination of the patient with low back 
pain

(a) Observation from behind. Look for scoliosis, tilt, 
rotation or asymmetrical muscle development. View 
the position of the spinous processes

(b) Observation from the side. Assess degree of 
lumbar lordosis

(c) Active movement—fl exion. Look at symmetry 
of movement on both sides of the back, range of 
movement and, if restricted, whether it is due to pain 
or stiff ness

(d) Active movement—extension. Assess degree 
of lumbar extension and any symptoms provoked. 
Patient should maintain pelvis in neutral
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Investigations

In the management of most cases of low back pain, 
investigations are not required. However, there are 
certain clinical indications for further investigation. 
X-ray should be performed if traumatic fracture, 
stress fracture, spondylolisthesis or structural lumbar 
instability are suspected. It is also advisable to X-ray 
those patients whose low back pain is not respond-
ing to treatment or where sinister abnormality may 

(e) Active movement—lateral fl exion

(f) Active movement—combined movement 
(quadrant position—extension, lateral fl exion, 
rotation)

(g) Single leg extension

(h) Palpation—intervertebral joints. Palpate over 
spinous processes, apophyseal joints and transverse 
processes. Assess degree of tenderness and amount of 
accessory posteroanterior movements

Brukner-B-13_24.indt   359Brukner-B-13_24.indt   359 5/6/06   11:52:26 AM5/6/06   11:52:26 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL360

PART B REGIONAL PROBLEMSB

(i) Palpation—sacroiliac region. Palpate over the 
sacroiliac joints and iliolumbar ligaments

(j) Palpation—muscles and fascia. Palpate paraspinal 
and gluteal muscles for generalized increase in muscle 
tone and focal areas of tissue abnormality, including 
active trigger points

(k) Palpation—quadratus lumborum between the 
iliac crest and the rib cage

be suspected. Radioisotopic bone scan may be help-
ful in cases of suspected stress fracture of the pars 
interarticularis (spondylolysis).

CT scanning is commonly performed in cases of 
suspected nerve root compression but usually adds 
little to the clinical picture unless specifi c neurological 
signs are present. Disk protrusions and disk bulges 
are commonly seen in asymptomatic patients and 
the CT scan, unlike MRI, is unable to provide any 
further information on the internal structure of the 
intervertebral disk. However, spinal canal stenosis 
and facet joint arthropathy are well defi ned on CT 
scanning. Th e presence of a pars interarticularis defect 
may also be confi rmed on CT scanning.

In the investigation of patients with low back pain, 
MRI can be used to image the internal structure of 
the disk. Degenerated disks that have lost fl uid have 
a characteristic appearance on MRI (Fig. 21.4). MRI 
may confi rm the presence of an anular tear in the disk 
and provide information about the vertebral end plate. 
Th e clinician must be wary, however, of placing too 
much emphasis on this investigation, as an abnormal-
ity shown on MRI may not necessarily be responsible 
for all or any of the patient’s pain. It has been shown 
that a centralizing or peripheralizing pain pattern is 
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a better indicator of internal disk disruption than an 
abnormality on MRI.6

Myelography is performed by infusing contrast 
medium into the spinal fl uid to demonstrate encroach-
ment into the spinal canal. It is used most commonly 
when surgery is planned for the treatment of an acute 
or chronic disk herniation. Diskography is performed 
by injecting dye into the nucleus pulposus of the 
intervertebral disk. Reproduction of the patient’s 
symptoms confi rms the disk as the source of pain. It 
will also give an indication of the internal structure 
of the disk and is the only true diagnostic indicator 
of diskogenic pain. Although diskography is the only 
imaging test for diskogenic pain, psychological factors 
can signifi cantly alter the result of these tests.

Severe low back pain
Th e majority of patients with low back pain present 
with mild-to-moderate pain. A small group of patients 
present with acute onset of severe low back pain. 
Th e aim of initial management of these patients is to 
reduce the pain and infl ammation as rapidly as pos-
sible. When this is done, the management of these 
patients relies on the same principles as those with 
mild-to-moderate low back pain.

Acute onset of severe low back pain in the absence 
of nerve root signs may be due either to an acute 
tear of the anulus fi brosus of the disk or to an acute 
locked apophyseal joint. A locked apophyseal joint is 
thought to be due to entrapment of an intra-articular 
meniscus.

Clinical features of severe acute 
low back pain

Acute low back pain is usually of sudden onset and is 
oft en triggered by a relatively minor movement such 
as bending to pick up an object. Th is minor incident 
may be more indicative of fatigue or lack of control, 
rather than tissue overload. Th e pain may increase 
over a period of hours due to the development of 
infl ammation. Patients with chronic low back pain 
may also have acute exacerbations that may become 
more frequent and require less initiation over time.

Th e pain is usually in the lower lumbar area and 
may be central, bilateral or unilateral. It may radi-
ate to the buttocks, hamstrings or lower leg. Sharp, 
lancinating pain in a narrow band down the leg is 
radicular pain and is associated with nerve root irri-
tation, commonly as a result of intervertebral disk 
prolapse. More commonly, the pain referred to the 
buttock and hamstring is somatic in nature, with the 
patient complaining of a deep-seated ache.

Th e patient with acute, sudden onset of low back 
pain oft en adopts a fi xed position and movements 
are severely restricted in all directions. Palpation of 
the lumbar spine reveals areas of marked tenderness 
with associated muscle spasm.

Management of severe acute 
low back pain

• Encourage the patient to adopt the position of 
most comfort. Th is position varies considerably 
and may be lying prone, supine or, commonly, 
side-lying with a degree of lumbar fl exion.

• Movements that aggravate pain should be 
avoided, whereas movements that reduce or 
have no eff ect on pain should be encouraged.

• Bed rest in the position of most comfort may be 
continued for up to 48 hours depending on the 
amount of pain. Bed rest longer than 48 hours 
has been shown to be detrimental.7

• Taping of the low back (Fig. 21.5) can markedly 
reduce acute back pain and allow quicker 
functional restoration.

• Analgesics may control the pain and refl ex 
muscle spasm. NSAIDs may help reduce 
infl ammation.

• Electrotherapeutic modalities, for example, 
TENS, interferential stimulation and magnetic 
fi eld therapy, may be helpful in reducing pain 
and muscle spasm in the acute stage. However, 
if access to these modalities in the acute stage 
requires any degree of travel, then bed rest alone 
may be preferable.

Figure 21.4 MRI of an intervertebral disk showing 
decreased fl uid (shown as dark coloration) in the disk
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• Exercise in a direction away from the movement 
that aggravates the patient’s symptoms should 
be commenced as early as possible. For those 
patients in whom fl exion aggravates their 
symptoms, extension exercises should be 
performed (Fig. 21.6).

• Th e degree of extension should be determined 
by the level of pain. Initially, lying prone may be 
suffi  cient. Later, extension of the lumbar spine 
by pushing up onto the elbows may be possible. 
Eventually, further extension with straight arms 
can be achieved.

• Exercises should be immediately discontinued if 
peripheral symptoms develop.

• Prolonged posture involving fl exion, such as 
sitting, should be avoided.

In patients for whom extension movements 
aggravate their pain, fl exion exercises (Fig. 21.7) 
or rotation (away from pain) exercises should be 
performed. For these patients, prolonged posture 

involving extension, such as standing with excessive 
lumbar lordosis, should be avoided.

Manual therapy has only a limited role in treating 
severe low back pain. Gentle mobilization techniques, 
for example, posteroanterior (PA) mobilization, 
may be performed and the patient’s response closely 
monitored. If there is any deterioration of symptoms, 
mobilization should be immediately ceased. Th e 
mobilization should be performed in the position of 
comfort adopted by the patient. Manipulation should 
not be attempted in the presence of marked muscle 

Figure 21.5 Taping technique used in the treatment 
of severe acute low back pain

Figure 21.6 Extension exercises—the amount of 
extension varies according to pain

Figure 21.7 Flexion exercises—single knee to chest
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spasm. Similarly, gentle (grade I) soft  tissue massage 
may be helpful in relieving pain and muscle spasm. 
Traction has not been found to be helpful in patients 
with acute low back pain.

Mild-to-moderate low 
back pain
Once the acute phase (up to 48 hours) of severe low 
back pain has passed with reduction in pain and 
muscle spasm, more intensive therapy can be com-
menced. Th ose patients whose initial presentation is 
with mild-to-moderate low back pain do not require 
such a period of rest and treatment can commence 
immediately.

 Intervertebral joints, paraspinal muscles and 
local nerves may all contribute to the patient’s 
low back pain and must be identifi ed and 
corrected.

Th e initial injury is most likely to be joint-related, 
for example, a disk or apophyseal joint. However, in 
response to the injury, there may be associated muscle 
irritation and spasm as well as neural irritation. 
Altered movement patterns, secondary to the initial 
injury, may result in the development of focal areas 
of increased muscle tone and trigger points. Various 
neural structures (nerve root or peripheral nerve) may 
be damaged at the initial injury. As a result, increased 
neural tension may develop. Th e longer the duration 
of the injury, the greater the contribution to the pain 
from muscle and neural structures.

Clinical features

Patients with mild low back pain complain of an 
aching pain that may be constant or intermittent. 
Th e pain may be central, unilateral or bilateral and 
is oft en described by the patient as a ‘band across the 
lower back’. Th e pain may be aggravated by certain 
movements, such as fl exion, extension or combined 
movements. Th ere may be associated somatic pain 
in the buttock and/or hamstring.

On examination, there is usually reduced range 
of motion of the lumbar spine, commonly fl exion or 
extension. In patients with unilateral pain, there is 
oft en reduced lateral fl exion. Any increased neural 
tension can be demonstrated by aggravation of the 
pain or reduction of range of motion with the slump 
test or straight leg raise (Chapter 8).

On palpation, there may be marked tenderness over 
the spinous processes or laterally over the apophyseal 
joints and transverse processes. Th e most typical 

fi nding in these patients is of hypomobility of one 
or more intervertebral segments. Depending on the 
severity and duration of the pain, there will be associ-
ated muscle spasm as well as focal areas of increased 
muscle tone and trigger points in the paravertebral 
and gluteal muscles.

If the muscles are very taut, palpation of the region 
is best performed with the patient side-lying. Th e 
muscles can be palpated using landmarks such as 
the transverse processes and spinous processes to 
identify specifi c muscles and ligaments. Focal areas of 
muscle abnormality that on palpation reproduce the 
patient’s pain (rather than a region of diff use muscle 
spasm) are likely to respond well to soft  tissue therapy. 
Th ese lesions feel tight but are compressible, unlike 
the lesions of chronic tissue thickening that have a 
more solid feel.

Treatment of mild-to-moderate 
low back pain

Th e treatment of non-osseous lesions causing low back 
pain is based on the same principles as the treatment 
of soft  tissue injuries elsewhere in the body.

1. Identify and eliminate possible causes, for 
example, poor posture, abnormal biomechanics.

2. Reduce pain and infl ammation.
3. Restore full range of pain-free movement.
4. Achieve optimal fl exibility and strength.
5. Maintain fi tness.

Th ere is no one treatment that is appropriate for all 
cases of low back pain. Th e ideal treatment regimen 
requires an integrated approach. To monitor the 
eff ectiveness of each type of treatment, it is neces-
sary to reassess the objective clinical signs following 
treatment. Th is will reveal which treatment is most 
appropriate. Th e type of treatment depends, to a 
certain extent, on the degree of low back pain present 
and its irritability. Irritable lesions must be treated 
carefully so as not to aggravate pain. Lesions of low 
irritability, however, may be treated more aggressively 
with little risk of aggravating the symptoms.

Correction of predisposing factors

Correction of the factors causing low back pain is 
the most important component of the treatment 
program. Th is may be suffi  cient to alleviate current 
symptoms and prevent recurrence. If the cause is not 
identifi ed and eliminated, symptoms may persist and 
the likelihood of recurrence is high.

In athletes, correction of abnormal biomechanics 
that may predispose to low back pain, such as running 
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with an excessive lordosis or lack of pelvic stability, is 
required. Correction of these factors is discussed in 
the rehabilitation section later in this chapter. Other 
possible causative factors include poor posture while 
sitting or standing, poor lift ing techniques, working 
in stooped positions or sleeping on a bed with poor 
support.

Pharmacological treatment

Th ere is some evidence that NSAIDs are eff ective for 
short-term symptomatic relief in patients with low 
back pain. However, it is unclear whether NSAIDs 
are more eff ective than simple analgesics such as 
paracetamol (acetaminophen). Th ere is no evidence 
that any one type of NSAID is more eff ective than 
another. Th ere is no place for the long-term use of 
NSAIDs, both in relation to their lack of eff ectiveness 
and their signifi cant incidence of side-eff ects.

Mobilization and manipulation

Mobilization and manipulation may have two advanta-
geous eff ects on the patient with a soft  tissue injury to 
the lumbar spine. Th ey act to reduce pain (Chapter 10) 
and also to restore movement to the hypomobile 
intervertebral segments detected on examination. 
Th is will oft en involve joints at more than one level 
and, commonly, maximal stiff ness is actually found 
in the level above or below the joint producing the 
patient’s symptoms. Mobilization techniques used in 
the treatment of low back pain include:

• PA central (Fig. 21.8a)
• PA unilateral (Fig. 21.8b)
• rotations
• transverse vertebral pressure.

PA central mobilization and rotations are used in 
patients with central or bilateral pain. PA unilateral 
mobilization, rotations and, occasionally, transverse 
techniques are used if the pain is unilateral. Th e 
grade of mobilization technique used will depend 
on the irritability of the condition and the amount of 
tenderness and stiff ness. Th e most commonly used 
manipulation technique in the treatment of low back 
pain is rotation (Fig. 21.9).

Soft tissue therapy

Abnormalities of the muscles and fascia are found in 
association with low back pain. Th e longer the low 
back pain has been present, the more widespread and 
severe are these abnormalities. Tender focal areas of 
abnormal tissue may be palpated.

Treatment of these areas consists of grade I trans-
verse gliding, grade II sustained longitudinal pressure 

Figure 21.8 Mobilization techniques

(a) PA central. The therapist performs an oscillating 
movement over the spinous processes using thumbs 
or heels of the hands. Elbows are extended and 
pressure is exerted through the shoulders and arms

(b) PA unilateral. Thumbs are placed over the 
apophyseal joints
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Figure 21.9 Manipulation—rotation. With the patient 
positioned as shown, the therapist exerts a short 
sudden forward thrust on the ilium while maintaining 
strong counterpressure on the shoulder. This position 
can be used for manipulation or mobilization

on the taut bands emanating away from the focal 
lesion and sustained ischemic pressure (grade III) 
on the painful focal lesion (Fig. 21.10). Aft er each 
treatment, the patient should be taken through the 
full range of pain-free motion for assessment and 
muscle stretch.

In more chronic cases, structural thickening in the 
fi bers of lumbar multifi dus and longissimus are seen. 
Less commonly involved are the intertransverserii 
and the quadratus lumborum. Palpation may reveal 
taut bands up to 1 cm (0.5 in.) in diameter about the 
L4–5 apophyseal joint within the lumbar multifi dus 
muscle. In lean athletes, these bands may be rope-
like. In stocky athletes, there may be gross muscle 
thickening that is palpable even through the thick 
fascial layers of the region.

Treatment is aimed at eliminating these abnormal 
areas of muscle tissue and, therefore, restoring normal 
function. Techniques used include grade II to III dig-
ital ischemic pressure to the focal lesions and grade 
III transverse gliding. Sustained myofascial tension 
techniques may also be helpful.

In addition to assessment and treatment of the 
extensor muscles, attention should be paid to the 
fl exor muscles. Tightness in the fl exor muscles, com-
monly associated with hyperlordosis, may result in the 
antagonist extensors becoming excessively tight.

Dry needling

Longstanding cases of low back pain are characterized 
by the presence of multiple active trigger points. Th e 
most common sites are the paraspinal muscles from 

Figure 21.10 Soft tissue techniques

(a) Sustained ischemic pressure at each segmental 
level

(b) Sustained ischemic pressure using the knuckles to 
the quadratus lumborum in the position of sustained 
stretch
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the mid thoracic to the sacrum, quadratus lumborum 
and the gluteal muscles, especially gluteus medius. Dry 
needling to inactivate these trigger points (Fig. 21.11) 
will reduce pain and muscle tightness, thus facilitat-
ing mobilization and manipulation of the underlying 
joints and, ultimately, exercise rehabilitation.

Neural mobilization

Abnormal neural tension is oft en found in patients 
with low back pain. Neural tension tests such as the 
slump test and straight leg raise are oft en restricted 
and may aggravate the patient’s symptoms.

Correction of joint and soft  tissue abnormalities 
frequently results in an improvement in neural tension 
and in neural range of motion. Th is can be further 
improved by incorporating neural mobilizing tech-
niques, such as slump mobilizing (Fig. 21.12), into 
the treatment program. Neural mobilizing should 
be performed with considerable caution under close 
supervision of an experienced clinician. Excessive use 
may aggravate the patient’s symptoms.

Other treatment methods

Intermittent traction, performed manually or with 
the aid of weights or a machine, may be an eff ective 
pain-relieving technique in patients with nerve root 
irritation or radicular signs and symptoms but does 
not play a major role in the treatment of mild-to-
moderate low back pain. No good studies on the 
effi  cacy of traction for low back pain exist. Muscle 
energy techniques may be helpful in the treatment 
of patients with low back pain.

Exercise therapy

Exercise therapy is an essential component of the 
treatment of the patient with low back pain. Exercise 
therapy acts to help restore and maintain full range 
of motion as well as providing additional mechanical 
support to the low back. Exercises include stretching, 
range of motion, strengthening and stability exercises. 
Exercise therapy is discussed further in the section 
on rehabilitation later in this chapter.

Intervention techniques

Occasionally, patients with low back pain due to 
soft  tissue abnormalities fail to respond to treatment 
methods as outlined. For those patients who fail to 
respond, it is important to consider alternative diag-
noses, such as lumbar instability or stress fracture. Th e 
presence of undetected predisposing factors, such as 
abnormal biomechanics, should also be considered.

Th ere are a number of interventional techniques 
available for the treatment of the patient with 

Figure 21.11 Dry needling of trigger points in the 
paraspinal and gluteal muscles

Figure 21.12 Neural stretch—slump stretch. Patient 
adopts the position illustrated. To increase the degree 
of the stretch, the trunk is fl exed at the hips until 
discomfort is felt. This position should be held for at 
least 10 seconds and then further trunk fl exion may be 
performed, again to the point of onset of discomfort
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persistent low back pain who fails to respond to an 
appropriate, correctly administered treatment pro-
gram. Some clinicians argue that this should occur 
once the pain has become chronic (i.e. of three months’ 
duration). Th ere is some reasonable evidence which 
shows that the chance of conservative management 
helping patients with chronic low back pain is less 
than 10%.

When compared to target-specific diagnoses 
achieved through accurate local anesthetic injections 
done under image intensifi er, our ability to make a 
specifi c joint or disk diagnosis using clinical skill or 
imaging is very limited. Numerous studies have shown 
that fi ndings on examination, traditionally found to 
have signifi cance, lack reliability and validity.

Interventional pain management in chronic back 
pain follows a logical process:

1. Obtain a target-specifi c diagnosis.
2. Treat the diagnosis according to evidence-based 

medicine.
3. If the diagnosis is:

(a) neuropathic pain
(b) unable to be made
(c) fails the treatment

 then block the pain pathway at the spinal cord 
level with spinal cord stimulation by intrathecal 
pump.

Th e identifi able causes of chronic low back pain 
are:

1. facet joints
2. sacroiliac joints
3. internal disk disruption (not disk bulges/

prolapses etc.).

Th ese areas can be diagnosed by the use of specifi c 
blocks, which are outlined below.

Facet joint pain can be diagnosed with medial 
branch blocks. Th ese involve using an image inten-
sifi er to place a needle onto the medial branch that 
supplies a facet joint and injecting local anesthetic 
onto the nerve. To block one joint, two nerves must 
be blocked; to block two joints, three nerves must 
be blocked. Th e patient then completes a pain chart 
and if the pain goes away for several hours, the clini-
cian can be approximately 60% sure of the diagnosis. 
A control block with a diff erent local anesthetic is 
then done. If there is concordant pain relief, then 
the diagnostic confidence is approaching 90%.8 
Note that facet joint injections lack diagnostic and 
therapeutic validity.

Sacroiliac joint pain can be diagnosed with a sacro-
iliac joint injection, which some clinicians would 

combine with a deep interosseous joint injection. 
Th e data here are not as rigorous as for medial branch 
blocks but, with a control block, diagnostic confi dence 
approaching 90% can again be achieved.

Disk pain is diagnosed diff erently. Th e most accu-
rate test available is a pain provocation test, called 
provocative diskography. When performed accord-
ing to the International Spine Intervention Society’s 
guidelines, this is a relatively comfortable procedure. 
Th e posterior column (facet and sacroiliac joints) 
should fi rst have been excluded as the cause of pain by 
the above methods. An MRI is then performed. If the 
disks are pristine, it is inappropriate to do a diskogram 
and one should look elsewhere for a diagnosis. If there 
is evidence of disk disease, especially high-intensity 
zones of type one or type two modic changes, then 
proceeding with diskography is reasonable if the 
patient’s pain warrants the risk of infection.

Once a diagnosis has been made, then appropriate 
treatment can be undertaken. Facet joint or sacroiliac 
joint pain can be treated by radiofrequency neurotomy. 
Th is technique has a 90% chance of 60% pain relief 
and a 60% chance of 90% pain relief for lumbar facet 
pain.9, 10 In the sacroiliac joint, there is evidence for a 
60% chance of more than 50% pain relief, with a 30% 
chance of 90% pain relief.11 Some people advocate 
prolotherapy for sacroiliac joint problems. Evidence 
for this is currently inconclusive.

Th ere are various percutaneous treatment options 
for diskogenic pain. Th e best data support the use of 
intradiskal electrothermal therapy (IDET),12 however, 
the data that support IDET are mixed and even the 
best study shows it may be eff ective for only very 
selected patients with low back pain. Th ere is level 
two evidence for nucleoplasty in disk pain.

Epidural injections with a long-acting local anes-
thetic plus/minus a corticosteroid are a treatment 
for radicular leg pain and not a treatment for low 
back pain.

Despite the fact that over 250 000 lumbar fusions 
are performed annually in the United States, there is 
no level one evidence to support this operation for 
diskogenic back pain.13, 14

Spinal surgery should only be performed when 
there is a specifi c indication. Th ese indications are:

• nerve root compression resulting in persistent:
— bladder or bowel symptoms
— radicular pain
— sensory or motor abnormalities despite 

adequate conservative management
• persistent pain due to instability of a single 

intervertebral segment.
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material or as a result of the chemical irritation caused 
by the extrusion. In the older athlete, nerve roots may 
be compressed by osteophytes formed as part of a 
degenerative process.

Prolapse usually occurs in disks that have been 
previously damaged by one of the processes mentioned 
already. Th is explains why frequently a minor move-
ment, such as bending over to pick up an object off  the 
fl oor, may cause such an apparently severe injury. Disk 

Figure 21.13 Disk extrusion compressing nerve root

(a) Spinal cord compression from severe disk prolapse

(b) Axial CT scan. Arrowheads point to the border 
between the bulging disk (anterior) and the 
compressed cord (posterior)

Acute nerve root compression
Acute nerve root compression is usually the result 
of an acute disk prolapse when the contents of the 
nucleus pulposus of the intervertebral disk are 
extruded through a defect in the anulus fi brosus into 
the spinal canal. Th ere they may irritate the nerve root 
(Fig. 21.13). Th e irritation of the nerve root may be 
due to direct mechanical compression by the nuclear 

(c) Sagittal MRI showing prominent posterior L3–4 
disk bulging (arrow) and cauda equina compression. 
The L4–5 disk (arrowhead) is also abnormal but not 
protruding

L3–4 disk

L3–4 disk

L4–5 disk

L4–5 disk

L5–S1 disk

L5–S1 disk

(d) Common areas of pain radiation with disk prolapse 
at the L3–4, L4–5 and L5–S1 levels

disk

cord
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prolapse usually occurs between the ages of 20 and 
50 years and is more common in males than females. 
Th e L5–S1 disk is the most commonly prolapsed disk 
and L4–5 the next most common.

Clinical features

Typically, a patient with a disk prolapse presents 
with acute low back pain or radicular leg pain (or 
both) following a relatively trivial movement usually 
involving fl exion. On occasions, the presentation may 
be painless, with weakness or sensory symptoms 
only. Th e symptoms depend on the direction of the 
extrusion. Posterior protrusions are more likely to 
cause low back pain with later development of leg 
pain, whereas posterolateral protrusions may cause 
radicular symptoms without low back pain. Typical 
radicular symptoms include sharp shooting pain in a 
narrow band accompanied by pins and needles, numb-
ness and weakness. Pain is oft en aggravated by sitting, 
bending, lift ing, coughing or sneezing. Pain is usually 
eased by lying down, particularly on the asymptomatic 
side, and is oft en less aft er a night’s rest.

On examination, the patient oft en demonstrates 
a list to one side, usually, although not always, away 
from the side of pain. Th is is a protective scoliosis. 
Examination may be diffi  cult if there is severe pain 
and irritability. Straight leg raise is usually limited (less 
than 30° in severe cases) and all active movements, 
particularly fl exion, are usually restricted. Palpation 
usually reveals acute muscle spasm with marked ten-
derness but occasionally it may be unremarkable. A 
neuro logical examination should always be performed 
when pain extends past the buttock fold or there are 
subjective sensory/motor changes.

Treatment

In the acute phase, the most appropriate treatment 
is rest in bed in a position of maximum comfort 
with administration of analgesics and NSAIDs. Th e 
patient should lie as much as possible and avoid 
sitting. Extension exercises (Fig. 21.6) should be 
commenced as soon as possible. However, if exer-
cises cause an increase in peripheral symptoms, they 
should be ceased.

Mobilization techniques should be performed with 
great care. Rotations may be eff ective but should be 
performed gently as patients with disk prolapse may 
be made considerably worse with aggressive mobiliza-
tion. Manipulation is contraindicated in conditions 
with acute neurological signs and symptoms.

Traction is oft en helpful in the treatment of acute 
disk prolapse with distal symptoms. However, it is not 

uncommon for the patient to experience considerable 
pain relief while undergoing traction, only to have 
increased symptoms aft er treatment. A transforami-
nal epidural injection of corticosteroid may help if 
there is no signifi cant improvement in symptoms 
and signs with rest.

Surgery may be required if neurological signs 
persist or worsen. If bowel or bladder symptoms are 
present, emergency surgery may be necessary. An 
open laminectomy or percutaneous diskectomy using 
a needle aspiration technique may be performed. 
Chymopapain injection may be helpful when a uni-
lateral disk bulge is present.

As the acute episode settles, it is important to 
restore normal pain-free movement to the area 
with localized mobilization and stretching. Fol-
lowing restoration of range of movement, active 
stabilization exercises should be performed. Th is 
is discussed later in this chapter. Postural advice, 
including correction of poor lift ing techniques and 
adjustment of sporting technique, where necessary, 
is most important.

Stress fracture of the pars 
interarticularis
Stress fractures of the pars interarticularis (spondy-
lolysis) occur in young athletes involved in sports 
that require episodes of hyperextension, especially if 
combined with rotation.15 Th is condition was initially 
thought to be congenital but is probably an acquired 
overuse injury.

Sports in which this injury is commonly seen 
include gymnastics, fast bowling (cricket), tennis, 
rowing, dance, weightlift ing, wrestling, pole vaulting 
and high jump, as well as throwing activities such as 
baseball pitching, javelin, discus and hammer throw. 
Th e fracture usually occurs on the side opposite to the 
one performing the activity, that is, left -sided fractures 
in right-handed tennis players (Fig. 21.14a).

Clinical features

Th e patient complains of:

• unilateral low back ache, occasionally associated 
with somatic buttock pain

• pain that is aggravated by movements involving 
lumbar extension—the athlete may describe 
a single episode of hyperextension that 
precipitated the pain.

Occasionally, stress fractures to the pars interarticu-
laris are asymptomatic.
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On examination:

• pain is produced on extension with rotation and 
on extension while standing on the aff ected leg 
(Fig. 21.3g)

• the athlete may oft en have an excessive lordotic 
posture with associated spasm of the hamstring 
muscles

• palpation reveals unilateral tenderness over the 
site of the fracture.

In cases with recent onset of pain, X-ray may not 
demonstrate the fracture. In longer standing cases, 
the typical ‘Scotty dog’ appearance of a pars defect is 
demonstrated on the 45° oblique X-ray. When a pars 
defect is suspected clinically but plain X-ray is normal, 
an isotopic bone scan, or preferably a single photon 
emission computed tomography (SPECT) scan, should 
be performed. Th e bone scan will demonstrate a focal 
area of increased uptake (Fig. 21.14b). Even when 
the X-ray demonstrates a pars defect, a SPECT scan 
should be performed to confi rm the presence of an 
active stress fracture.

Patients with a positive SPECT scan result should 
then undergo reverse gantry CT scanning to image 
the fracture (Fig. 21.14c). Th e patient should be moni-
tored during the healing process, both clinically and 
by repeat CT scan of the fracture. MRI (Fig. 21.14d) 
is also capable of demonstrating a pars fracture but 
may not be as sensitive as a combination of a SPECT 
and CT scan.

Figure 21.14 Stress fracture of the pars interarticularis

(a) Side view 

(b) SPECT scan showing increased uptake

(c) CT scan showing previous (left arrow) and recent 
(right arrow) fractures

Treatment

Th ere is considerable variation in the recommended 
treatment for pars stress fractures. Almost all clinicians 
agree on the need for restricting the athletic activity 
responsible for the pain, stretching the hamstring and 
gluteal muscles, and strengthening the abdominal 
and back extensor muscles as soon as these can be 
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performed pain-free. However, the use of rigid anti-
lordotic bracing is debated.

It would seem from studies15 that it is the stage and 
site of the defect rather than the type of treatment that 
determines healing of the bony defect. Pars defects can 
be divided into early, progressive and terminal stages. 
Th e early stage is characterized by focal bony absorp-
tion or a hairline defect on radiographic appearance. 
In the progressive stage, the defect is wide and small 
fragments are present. Sclerotic change indicates the 
terminal stage of development. In most cases of early 
stage defects, radiographic union will be achieved, 
but this will only be achieved in approximately half 
the progressive stage cases and virtually none of the 
cases with sclerotic changes.

A unilateral defect is more likely to heal than bilat-
eral defects. Th ere is also an improved rate of union 
in defects at L4 compared with at L5 and in lesions 
closer to the vertebral body.

Th erefore, it is important to make an early diagnosis 
and commence a treatment program consisting of 
rest from sport and rehabilitation.

We believe that there should not be a set period 
of time but that the patient should undergo a 
rehab ilitation program initially involving pain-free 
progressive exercises but not aggravating activ-
ity (i.e. lumbar extension and rotation). When the 

aggravating maneuvers are pain-free and there is 
no local tenderness, a gradual progressive resumption 
of the aggravating activity over a period of four to six 
weeks should be conducted using pain as a guide.

O’Sullivan et al.’s landmark study16 of the eff ec-
tiveness of a specifi c exercise program emphasizing 
training of the transversus abdominis and multifi dus 
in adults with spondylolysis and spondylolisthesis 
showed dramatic differences in pain scores and 
improved function that was maintained for 30 months 
compared to a control group who were treated with 
general fi tness training, supervised exercise, modali-
ties and trunk fl exion exercises. A core stability train-
ing program (Chapter 11) should be included in the 
treatment program.

As with any overuse injury, it is important to 
identify the cause or causes and to correct them if 
possible. Technique adjustments should be made to 
limit the amount of hyperextension and, if necessary, 
a brace can be used during sporting activity.

Th is injury is extremely common among young 
fast bowlers in cricket. Fast bowlers use one of three 
techniques—side-on, front-on or a mixed technique 
where the lower half of the body is front-on and the 
upper half side-on. It is this latter combined technique 
that appears to be associated with the development 
of stress fractures of the pars interarticularis.17 Th e 
bowler and coach should be advised to change to 
either a side-on or front-on technique.

Spondylolisthesis
Spondylolisthesis refers to the slipping of part or 
all of one vertebra forward on another. Th e term is 
derived from the Greek spondylos, meaning vertebra, 
and olisthanein, meaning to slip or slide down a slip-
pery path.

It is oft en associated with bilateral pars defects that 
usually develop in early childhood and have a defi nite 
family predisposition. Pars defects that develop due 
to athletic activity (stress fractures) rarely result in 
spondylolisthesis.

Spondylolisthesis is most commonly seen in 
children between the ages of 9 and 14. In the vast 
majority of cases it is the L5 vertebra that slips forward 
on the S1. Th e spondylolisthesis is graded according 
to the degree of slip of the vertebra. A grade I slip 
denotes that a vertebra has slipped up to 25% over the 
body of the vertebra underlying it; in a grade II slip 
the displacement is greater than 25%; in a grade III 
slip, greater than 50%; and in a grade IV slip, greater 
than 75%. Lateral X-rays best demonstrate the extent 
of vertebral slippage (Fig. 21.15).

(d) MRI scan showing pars interarticularis stress 
fracture (COURTESY DR CRAIG ENGSTROM)
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with grade II or higher slips may complain of low 
back pain, with or without leg pain. Th e back pain is 
aggravated by extension activities.

On examination, there may be a palpable dip 
corresponding to the slip. Associated soft  tissue abnor-
malities may be present. In considering the treatment 
of this condition, it is important to remember that 
the patient’s low back pain is not necessarily being 
caused by the spondylolisthesis.

Treatment

Treatment of athletes with grade I or grade II symp-
tomatic spondylolisthesis involves:

• rest from aggravating activities combined with 
abdominal and extensor stabilizing exercises 
and hamstring stretching

• antilordotic bracing, which may also be helpful
• mobilization of stiff  joints above or below the 

slip on clinical assessment; gentle rotations 
may be helpful in reducing pain; manipulation 
should not be performed at the level of the slip.

Athletes with grade I or grade II spondylolis thesis 
may return to sport aft er treatment when they are pain-
free on extension and have good spinal stabilization. 
If the symptoms recur, activity must be ceased.

Athletes with grade III or grade IV spondylolis-
thesis should avoid high speed or contact sports. 
Treatment is symptomatic. It is rare for a slip to 
progress; however, if there is evidence of progression, 
spinal fusion should be performed.

Lumbar hypermobility
Th e majority of cases of low back pain are associated 
with hypomobility of one or more intervertebral seg-
ments. However, occasionally, hypermobility of an 
intervertebral segment may be detected on clinical 
assessment.

This hypermobility may be associated with a 
general hypermobility syndrome aff ecting all vertebral 
and peripheral joints. It is important to recognize this 
hypermobility syndrome because an isolated segment 
of reduced mobility in a generally hypermobile spine 
may have clinical signifi cance.

Structural lumbar instability

Th e fi nding of an isolated hypermobile intervertebral 
segment may be indicative of lumbar instability. 
Recognition of this condition is important as it will 
not respond to the mobilization and manipulation 
techniques used to restore pain-free movement in 

Figure 21.15 Grade I spondylolisthesis and pars 
defect

(a) Side view

(b) X-ray (single arrow shows the defect, dotted lines 
show the method of measuring slippage)

Clinical features

Grade I spondylolisthesis is oft en asymptomatic and 
the patients may be unaware of the defect. Patients 
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most patients with low back pain. Treatment of lumbar 
instability involves retraining and strengthening of 
the spinal extensors and the abdominal muscles to 
increase stability. Any hypomobility of surrounding 
intervertebral segments causing pain should be treated 
with mobilization to ease this.

Sacroiliac joint disorders
Sacroiliac joint disorders are an important cause of 
low back and buttock pain and are discussed fully 
in Chapter 22.

Rehabilitation following 
low back pain
Low back pain is usually mechanical in nature. Th ere-
fore, to eliminate and prevent recurrence of low back 
pain, biomechanical modifi cation is required to reduce 
or eliminate the stress or stresses that are respons-
ible for, or aggravating, the back pain. Th is may be a 
sustained mechanical stress, for example, prolonged 
sitting with poor posture, or an intermittent stress, 
such as running with excessive lumbar lordosis.

Rehabilitation of the athlete with low back pain 
involves two main principles.

1. Modify activities to reduce stress to the lumbar 
spine. Th ese activities include posture, activities 
of daily living and sporting technique.

2. Correct predisposing biomechanical 
abnormalities that may be due to:
(a) generalized muscle weakness
(b) tight muscles
(c) poor muscle control.

Th e best results in the management of low back 
pain appear to come with a combination of therapies.18 
It is important to remember that spinal exercises 
should not be done in the fi rst hour aft er awakening 
due to the increased hydrostatic pressures in the disk 
during that time.19

Posture

Prolonged poor posture places excessive strain on 
pain-provoking structures of the lumbar spine. Poor 
posture can occur while sitting, standing or lying.

Adopting a slouched position while sitting 
(Fig. 21.16a) is extremely common. Th e correct 
position is shown in Figure 21.16b. A fi rm, straight-
backed chair will provide more support than sitting 
in a soft  armchair or couch. Th e use of a lumbar 
roll encourages correct posture by increasing the 

Figure 21.16 Sitting posture

(a) Slouched

(b) Correct
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lumbar lordosis. Th e lumbar roll should be placed 
just above the belt line in the hollow of the back 
(Fig. 21.16c).

Standing with a hyperlordotic posture (Fig. 21.17a) 
will also place excessive strain on the structures of 
the lumbar spine. Th e correct standing position 
should be adopted (Fig. 21.17b). When lying, the 
patient needs a fi rm, comfortable mattress. If the 
bed has a tendency to sag, the mattress should be 
placed on the fl oor.

Daily activities

For those people for whom excessive or prolonged 
lumbar fl exion aggravates their low back pain, care 
must be taken to avoid such activities. Patients required 
to perform a task low down should lower themselves 
to the level required while maintaining the back as 
vertical as possible. Th e patient should be advised to 
avoid lift ing as much as possible but, when unavoid-
able, correct technique should be used (Fig. 21.18). 
Th ere is some evidence that the key factor is the 
distance the object is from the body, rather than an 
absolutely correct technique.5 Care should be taken 
when the patient is required to pick up a relatively 

(c) Sitting with lumbar roll

Figure 21.17 Standing posture

(a) Hyperlordotic

(b) Correct
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light object. Oft en patients with low back pain take 
great care when lift ing heavy objects but fail to brace 
their lumbar spine while picking up light objects. 
Activities that require prolonged bending and twist-
ing, such as vacuuming, are best avoided or modifi ed 
if producing low back pain.

Sporting technique

Poor technique in sporting activities may increase 
stress on the structures of the lumbar spine. Th e tech-
nique should be assessed with the aid of a coach and 
any necessary corrections made under supervision. 
Poor muscle control or weakness may contribute to 
the technique fault and will be discussed in the next 
section.

Biomechanical abnormalities, such as excessive 
anterior or lateral pelvic tilt with running, are com-
mon predisposing factors to the development of low 
back pain. Th ese factors may increase stress on the 
lumbar spine. Unless corrected, recurrence of the 
athlete’s low back pain is likely.

Core stability

 Impaired core stability with delayed onset of 
action of the transversus abdominis muscle 
has been shown to be associated with low back 
pain.

An important component of rehabilitation of patients 
with low back pain is to correct this defi ciency. A core 
stability program is described in Chapter 11.

Once activation of the spine stabilizers (transversus 
abdominis and lumbar multifi dus) has been achieved, 
global muscle strengthening should commence. In 
patients with low back pain, particular emphasis 
should be placed on strengthening the gluteal and 
hamstring muscles.

Adequate gluteal strength is required for pelvic 
control. Lack of pelvic control may lead to anterior 
tilting of the pelvis and increased stress on the lumbar 
spine. It is important that the gluteal muscles are acti-
vated during lift ing and bending. Gluteal strengthen-
ing exercises should be performed while controlling 
pelvic movement (Fig. 21.19). Th e single-leg squat 
(Fig. 21.20) is an excellent rehabilitation exercise 
combining motor control and strengthening.

Specifi c muscle tightness

Specifi c muscle tightness or shortening is commonly 
found in association with low back pain. Commonly 
shortened muscles include erector spinae, psoas, 
iliotibial band, hip external rotators, hamstrings, 

Figure 21.18 Lifting technique

(a) Incorrect

(b) Correct
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Figure 21.19 Gluteal strengthening exercises

(a) Bending without using gluteals

(b) Bending with gluteals but using lumbar fl exion

(c) Bending with gluteals and braced lumbar spine

Figure 21.20 Single-legged squat
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rectus femoris and gastrocnemius. Tightness of these 
muscles aff ects the biomechanics of the lumbar spine. 
Th ese tight muscles should be corrected as part of the 
rehabilitation program. Th e various techniques are 
shown in Figure 21.21.

Muscle tightness may be corrected by the use 
of therapist-assisted exercises, home exercises, soft  
tissue therapy to the muscles and dry needling of 
trigger points.

Conclusion
Th e clinical approach to the athlete with low back 
pain is relatively straightforward. It involves initial 
assessment of abnormalities of the joints, muscles 
and neural structures. Th ese abnormalities are then 

systematically corrected by the use of manual therapy 
techniques. Associated with this correction of abnor-
malities, a comprehensive rehabilitation program 
must be performed, including correction of any bio-
mechanical factors that place increased stress on the 
lumbar spine in the particular athlete. Th is requires 
individual assessment of abnormalities of technique, 
muscle weakness, muscle tightness or poor muscle 
control. Th ere is now considerable evidence that 
inability to use the stabilizing muscles, transversus 
abdominis and lumbar multifi dus, are important 
features of patients with low back pain, and a specifi c 
rehabilitation program must be instituted to correct 
these defi cits. Low back pain provides another example 
of the integrated approach required in the manage-
ment of sporting injuries.

Figure 21.21 Techniques used to treat tightness of individual muscles

Muscle Self exercise Assisted exercise Myofascial release

Erector spinae

Psoas

Iliotibial band

stretch here

Patient is side-lying.
Therapist’s wrists are crossed over
each other to provide traction.

Therapist’s hand is over the psoas.
Hip is extended from the flexed
position.

Patient is side-lying and facing
away. Therapist uses elbow/forearm
to perform release.

Patient is side-lying and facing
away. Hip is extended and
adducted.

or

back vertical
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Muscle Self exercise Assisted exercise Myofascial release

Hip external
rotators

Hamstrings

Rectus femoris

Gastrocnemius

Soleus

side view

front view
Hip into adduction with treatment
leg crossed over opposite leg.

Patient is side-lying. Therapist
stands behind and takes the top
leg backward.

Patient is prone. The elbow or
forearm is kept stationary and the
knee passively extended.

Therapist uses forearm to massage
up the thigh of the leg which is
hanging off the table.

Therapist uses thigh to obtain
passive ankle dorsiflexion.

Keep pelvis down while
extending hip and flexing knee.

Therapist uses chest to assist ankle
dorsiflexion.

Pressure on back leg.

Pressure on front leg.
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CHAPTER 

22
Buttock Pain

Buttock pain is most commonly seen in athletes 
involved in kicking or sprinting sports. It can 

occur in isolation or it may be associated with low 
back or posterior thigh pain. Diagnosis of but-
tock pain can be diffi  cult as pain may arise from 
a number of local structures in the buttock or can 
be referred from the lumbar spine or sacroiliac 
joint (SIJ). Th e causes of buttock pain are shown 
in Table 22.1. Th e anatomy of the buttock region 
is shown in Figure 22.1.

Clinical approach
When assessing a patient with buttock pain, the clini-
cian should attempt to determine whether the pain 
is local or referred. Clues can be obtained from the 
nature and location of the athlete’s pain. Examination 
may then identify which of the local or the potential 
pain-referring structures are causing the buttock pain. 
Investigation is of limited usefulness in the assessment 
of the patient with buttock pain.

History

A deep, aching, diff use pain, which is variable in 
site, is an indication of referred pain. Buttock pain 
associated with low back pain suggests lumbar spine 
abnormality. Buttock pain associated with groin pain 
may suggest SIJ involvement.

When the patient is easily able to localize pain of 
a fairly constant nature, the source is more likely to 
be in the buttock region itself. Pain constantly local-
ized to the ischial tuberosity is usually due to either 
tendinopathy at the origin of the hamstring muscles 
or ischiogluteal bursitis. Pain and tenderness more 
proximally situated and medial to the greater tro-
chanter may be from the piriformis muscle.

Pain aggravated by running, especially sprinting, 
is not diagnostic, as most conditions causing buttock 
pain may be aggravated by sprinting. Increased local 
pain on prolonged sitting may be an indication that 
ischiogluteal bursitis is the cause of the problem, 
although lumbar spine problems can be aggravated 
by sitting.

Table 22.1 Causes of buttock pain

Common Less common Not to be missed

Referred pain
 Lumbar spine
 Sacroiliac joint
Hamstring origin 

tendinopathy
Ischiogluteal bursitis
Myofascial pain

Piriformis conditions
 Impingement
 Muscle strain
Fibrous adhesions around sciatic nerve
Prolapsed intervertebral disk
Chronic compartment syndrome of the 

posterior thigh
Stress fracture of the sacrum
Apophysitis/avulsion fracture
 Ischial tuberosity (children)

Spondyloarthropathies
 Ankylosing spondylitis
 Reiter’s syndrome (reactive arthritis)
 Psoriatic arthritis
 Arthritis associated with infl ammatory 

bowel disease
Malignancy
Bone and joint infection
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Th e timing of the buttock pain is of importance 
in establishing the nature of the diagnosis. Infl am-
matory pains such as that experienced in sacroiliitis 
as part of a spondyloarthropathy are typically worst 
in the morning and improve with light exercise. 
Such ‘morning stiff ness’ lasts at least 30 minutes. 
Other features that strongly suggest the presence of 
spondyloarthropathy include associated enthesopathy 
such as Achilles tendinopathy or plantar fasciitis and 
multiple joint problems.

Examination

Th e slump test is an important part of the examina-
tion in attempting to diff erentiate between local and 
referred pain. However, not all cases of referred pain 
will have a positive slump test result. Th e lumbar spine 
should always be carefully examined, particularly for 
evidence of hypomobility of one or more interverte-
bral segments.

1. Observation
(a) from behind (Fig. 22.2a)
(b) from the side

2. Active movements—lumbar spine (Chapter 21)
(a) fl exion
(b) extension
(c) lateral fl exion

Figure 22.1 Anatomy of the buttocks

(a) Surface anatomy

(b) Muscles of the buttock: superfi cial (left) and deep (right)

iliac crest

gluteus
medius

gluteus
maximus

iliotibial
band

biceps 
femoris

(long head)

gracilis

adductor
magnus

semitendinosus

semimembranosus

semitendinosus
(cut)

semimembranosus
(cut)

adductor
magnus

superior gemellus
& obturator

internus

inferior gemellus
quadratus

femoris

iliac crest

gluteus medius 
(cut)

gluteus minimus

gluteus 
maximus 

(cut)

biceps femoris
long head (cut)

biceps femoris
short head 

piriformis

adductor 
minimus

iliotibial
band

L4–5
invertebral
joint

sacroiliac
joint

iliac crest

gluteus
medius

gluteus
maximus

ischial
tuberosity
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(d) combined movements
3. Active movements—hip joint

(a) fl exion/extension (Fig. 22.2b)
(b) abduction/adduction
(c) internal/external rotation

4. Passive movements
(a) hip movements
(b) hip quadrant (Fig. 22.2c)
(c) external rotator stretch (Fig. 22.2d)

5. Resisted movements
(a) hip extension (Fig. 22.2e)
(b) hip internal rotation (Fig. 22.2f)
(c) hip external rotation (Fig. 22.2g)
(d) knee fl exion (Fig. 22.2h)

6. Palpation
(a) sacroiliac joint (Fig. 22.2i)
(b) gluteal muscles (Fig. 22.2j)
(c) ischial tuberosity
(d) sacrotuberous ligament
(e) iliolumbar ligament
(f) anterior superior iliac spines

7. Special tests
(a) slump test (Fig. 22.2k)
(b) lumbar spine examination (Chapter 21)
(c) sacroiliac tests 

Figure 22.2 Examination of the patient with buttock 
pain

(a) Observation from behind may detect asymmetrical 
muscle wasting. Observation from the side may detect 
the presence of a lumbar lordosis or anterior pelvic tilt

(b) Active movement—hip fl exion/extension

(c) Passive movement—hip quadrant. The hip joint is 
placed into the quadrant position, which consists of 
fl exion, adduction and internal rotation

(d) Muscle stretch—external rotators
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(e) Resisted movement—hip extension. With the 
knee fl exed, this may reproduce pain arising from the 
gluteal muscles

(f) Resisted movement—internal rotation

Investigations

A plain X-ray may demonstrate a stress fracture of 
the pars interarticularis, which may refer pain to 
the buttock. Spondylolisthesis may be evident. Th e 
presence of spondylolisthesis does not necessarily 

(g) Resisted movement—external rotation. Resisted 
external rotation from a position of internal rotation is 
used to isolate the piriformis muscle

(h) Resisted movement—knee fl exion. This should 
be performed both concentrically and eccentrically to 
reproduce hamstring origin pain

(i) Palpation—sacroiliac joint. The patient should 
be palpated in a posteroanterior direction over the 
region of the SIJ. This area also includes the iliolumbar 
ligament
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mean, however, that the slip is causing the patient’s 
pain (Chapter 21).

X-ray may also show degenerative changes in the 
SIJ in the older athlete. Infl ammatory sacroiliitis 
with loss of defi nition of the SIJ strongly suggests a 
spondyloarthopathy. X-rays of the ischial tuberosity 
in cases of chronic hamstring origin tendinopathy 
are usually normal; however, occasionally erosions 
can be demonstrated. In the adolescent, apophys-
itis or avulsion of the ischial tuberosity may be 
demonstrated.

Isotopic bone scan may show increased uptake in 
the region of the SIJ or identify a stress fracture of 
the ischium or pubic ramus. Soft  tissue ultrasound 
examination or MRI may image an ischiogluteal 
bursa or show evidence of chronic scarring at the 
hamstring origin.

Blood tests may indicate the presence of systemic 
disease. Useful screening tests are a full blood exami-
nation looking for a raised white cell count, suggesting 
possible infection, and erythrocyte sedimentation 
rate, which may be elevated in the presence of an 
infl ammatory condition (Chapter 50).

Referred pain from the 
lumbar spine
Buttock pain may be referred from the lumbar spine 
in the presence or absence of low back pain. Any 
of the somatic, innervated structures of the lumbar 
spine may refer pain to the buttock. Abnormalities are 
found most oft en in the intervertebral disks and the 
apophyseal joints. Spondylolysis and spondylolisthesis 
may also cause buttock pain.

Th e patient usually gives a history of a diff use ache 
in the buttock that may vary in severity. Th e slump 
test (Fig. 22.2k) may reproduce the buttock pain with 
relief of pain on cervical spine extension. A positive 
slump test result indicates increased neural tension. 
Th is may be due to damage to the nerve itself or may 
be secondary to lumbar spine abnormalities. Failure 
of the slump test to reproduce the patient’s buttock 
pain does not necessarily rule out the possibility of 
referred pain as the cause of pain.

Palpation of the lumbar spine may reveal areas of 
tenderness and hypomobility of intervertebral seg-
ments. Th e best means of assessing whether a lumbar 
spine abnormality is the cause of buttock pain is to 
improve mobility of the stiff  segments by mobilization 
or manipulation and to reassess the symptoms and 
signs, both immediately aft er treatment and prior to 
the next treatment.

(j) Palpation—buttock. The patient should be lying 
prone with a pillow under the knee to place the hip 
into slight passive extension and relax the hip extensor 
muscles. Palpate from the hamstring origin across 
to the greater trochanter. Palpation of the gluteus 
medius, piriformis and the external rotators should 
be performed in varying degrees of hip rotation

(k) Neural tension test—slump test. The slump test 
should be performed. Reproduction of the patient’s 
buttock pain and alteration of the pain by alteration 
of neural tension is regarded as a positive slump test
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Local areas of buttock tenderness may occur 
with referred pain. In cases of longstanding referred 
pain, soft  tissue abnormalities are usually found, 
especially in the gluteal muscles, external rotators 
and lumbar multifi dus. Th ese include taut fi brous 
bands within muscles and general muscle tightness. 
Active trigger points may refer pain in a characteristic 
distribution.

The treatment of lumbar disorders has been 
described in Chapter 21 and requires an integrated 
approach. Local electrotherapy can reduce pain 
and infl ammation. Mobilization or manipulation is 
required to restore full mobility to stiff  intervertebral 
segments. Soft  tissue therapy and dry needling may be 
used to treat chronic muscle thickening both around 
the lumbar vertebrae and in the gluteal region. Specifi c 
stretching of the gluteal muscles and hip external rota-
tors should be commenced if there is any evidence of 
tightness. Neural stretches such as the slump stretch 
should be included if there is evidence of restriction. 
Th e patient should be shown an exercise program 
involving stretching and strengthening of the muscles 
supporting the lumbar spine (Chapter 21).

Sacroiliac joint disorders
Th e concept of the sacroiliac joint (SIJ) as a pain 
generator is now well established.1 However, the 
evaluation and treatment of SIJ dysfunction remains 
controversial. One issue is the broad categorization 
and terminology utilized for the anatomical etiologies 
of the pain by various health professionals. Contro-
versy also exists because of the complex anatomy and 
biomechanics of the SIJ.

Th ere is no specifi c symptom or cluster of symptoms, 
nor any specifi c examination technique that is both 
sensitive and specifi c for the diagnosis of SIJ abnormali-
ties. Th ere are no imaging studies that distinguish the 
asymptomatic from the symptomatic patient.1 It can 
only be diagnosed using local anesthetic blocks.2 Th ere 
is currently no gold standard for treatment.1

In patients with low back pain, the prevalence of 
sacroiliac pain, diagnosed by local anesthetic blocks, 
is 15%.3, 4 Th e incidence may be even higher in high 
level sportspeople. One study showed an incidence 
of over 50% in elite rowers.5

Functional anatomy

Th e SIJ is diarthrodial (synovial anterior and fi brous 
posterior). Its joint surfaces are reciprocally shaped 
but not congruent, have a high friction coeffi  cient and 
have two large elevations allowing interdigitation with 

the reciprocal surface. Age changes begin to occur on 
the iliac side of the joint as early as the third decade. 
Th e joint surface irregularities increase with age 
and seem to be weight-bearing related. Th e capsule 
becomes more thickened and fi brous with age.

SIJ motion is best described as a combination of 
fl exion and extension, superior and inferior glide, 
and anterior and posterior translation. SIJ motion 
is minimal, with approximately 2.5° of rotation and 
0.7 mm (0.3 in.) of translation,2 and it is best regarded 
as a stress-relieving joint in conjunction with its 
counterpart and the pubic symphysis.

In the normal gait cycle, there are combined 
activities that occur conversely in the right and left  
innominate bones, and function in connection with 
the sacrum and spine. Th roughout this cycle there is 
also rotatory motion at the pubic symphysis, which 
is essential to all normal motion through the joint. In 
static stance, when one bends forward and the lumbar 
spine regionally extends, the sacrum regionally fl exes, 
with the base moving forward and the apex moving 
posterior. During this motion, both innominates go 
into a motion of external rotation and out-fl aring. 
Th is combination of motion during forward fl exion 
is referred to as nutation of the pelvis. Th e opposite 
occurs in extension and is called counternutation.

SIJ dysfunction refers to an abnormal function (e.g. 
hypo- or hypermobility) at the joint, which places 
stresses on structures in or around it. Th erefore, 
SIJ dysfunction may contribute to lumbar, buttock, 
hamstring or groin pain.

Th e precise etiology of sacroiliac dysfunction is 
uncertain. Osteopaths describe a number of dysfunc-
tions associated with hypomobility:

1. innominate shears, superior and inferior
2. innominate rotations, anterior and posterior
3. innominate in-fl are and out-fl are
4. sacral torsions, fl exion and extension
5. unilateral sacral lesions, fl exion and extension.

Vleeming and colleagues6 have described their 
integrated model of joint dysfunction. It integrates 
structure (form and anatomy), function (forces and 
motor control) and the mind (emotions and aware-
ness). Integral to the biomechanics of SIJ stability is 
the concept of a self-locking mechanism. Th e ability 
of the SIJ to self-lock occurs through two types of 
closure: form and force.

Form closure describes how specifi cally shaped, 
closely fi tting contacts provide inherent stability 
independent of external load. Force closure describes 
how external compression forces add additional 
stability. Th e fascia and muscles within the region 
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provide signifi cant self-bracing and self-locking to 
the SIJ and its ligaments through their cross-like 
anatomical confi guration.

As shown in Figure 22.3, this is formed ventrally 
by the external abdominal obliques, linea alba, inter-
nal abdominal obliques, and transverse abdominals; 
dorsally the latissimus dorsi, thoracolumbar fascia, 
gluteus maximus and iliotibial tract contribute sig-
nifi cantly. Vleeming et al. further proposed that the 
posterior layer of the thoracolumbar fascia acted to 
transfer load from the ipsilateral latissimus dorsi to 
the contralateral gluteus maximus.6 Th is load transfer 
is thought to be critical during rotation of the trunk, 
helping to stabilize the lower lumbar spine and pelvis. 
A connection has also been shown between the biceps 
femoris muscle and the sacrotuberous ligament 
allowing the hamstring to play an integral role in 
the intrinsic stability of the SIJ. Th e biceps femoris, 
which is frequently found to be shortened on the side 
of the SIJ dysfunction, may act to compensate to help 
stabilize the joint.

Clinical features

Th e patient with SIJ pain classically describes low 
back pain below L5. Th e pain is usually restricted 

to one side but may occasionally be bilateral. SIJ 
disorders commonly refer to the buttock, groin and 
posterolateral thigh. Occasionally, SIJ pain refers to 
the scrotum or labia.

Broadhurst7 describes a clinically useful descrip-
tion of pelvic/SIJ dysfunction. Clinically, the patient 
has deep-seated buttock pain, diffi  culty in negotiat-
ing stairs and problems rolling over in bed, with a 
triad of signs—pain over the SIJ, tenderness over the 
sacrospinous and sacrotuberous ligaments, and pain 
reproduction over the pubic symphysis.

Th e physical examination1 should begin by obser-
vation of the athlete both statically and dynamically. 
Th e patient should be evaluated in standing, supine 
and prone positions, and symmetry assessed in the 
heights of the iliac spines, anterior superior iliac 
spines, posterior superior iliac spines, ischial tuber-
osities, gluteal folds, and greater trochanters, as well 
as symmetry of the sacral sulci, inferior lateral angles 
and pubic tubercles.

Leg length discrepancy should be assessed. True 
leg length discrepancies will generally cause asym-
metry and pain, whereas a functional leg length 
discrepancy is usually the result of SIJ and/or pelvic 
dysfunction. Dynamic observation may reveal a 
decrease in stride length with walking, leading to a 
limp, or a Trendelenburg gait due to refl ex inhibition 
of the gluteus medius.

Muscle strength and fl exibility should be assessed. 
Full assessment of the hips and lumbar spine should 
also be performed. Th e presence of trigger points in 
surrounding muscles, particularly gluteus medius, 
should be noted. Palpation over the SIJ may reveal 
local tenderness.

Numerous clinical tests have been described to 
assess SIJ function, but none have proven reliable. 
Some of the more popular tests include standing 
and seated fl exion tests, the stork test and Patrick 
(Faber) test.

Th ere is no specifi c gold standard imaging test to 
diagnose SIJ dysfunction due to the location of the 
joint and overlying structures that make visualiza-
tion diffi  cult.1

Treatment

Due to the complex nature of the SIJ and its sur-
rounding structures, treatment must focus on the 
entire abdomino–lumbo–sacro–pelvic–hip complex, 
addressing articular, muscular, neural and fascial 
restrictions, inhibitions and defi ciencies.1

Core stability training (Chapter 11) should be 
included. A recent study has suggested that the 

Figure 22.3 The cross-like confi guration 
demonstrating the force closure of the sacroiliac joint
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clinical benefi ts incurred with training the transversus 
abdominis muscle may be due to signifi cantly reduced 
laxity in the SIJ.8 Exercise rehabilitation is an integral 
part of recovery from SIJ dysfunction. Pelvic or SIJ 
dysfunction should be considered with the lumbar 
spine in any program designed to improve the overall 
control of the lumbopelvic area.

Stretching and soft  tissue therapy are useful in 
correcting pelvic/SIJ imbalance. Th e most common 
soft  tissue abnormalities found with unilateral anter-
ior tilt are tight psoas and rectus femoris muscles. 
A technique to reduce psoas tightness is shown in 
Figure 22.4. Muscle energy techniques (Chapter 10) 
may also be helpful, as may osteopathic manipula-
tion. Sacroiliac belts have not been shown to be 
particularly helpful.

If these manual techniques fail to control the 
sacroiliac pain, injection therapy may prove useful. 

A combination of local anesthetic and corticosteroid 
agents may be injected into the region of the SIJ, as 
shown in Figure 22.5, either with or without fl uoro-
scopic guidance. Sclerosants are occasionally used 
when hypermobility is present, sometimes referred 
to as prolotherapy.

Precipitating factors for the development of SIJ 
disorders may include muscle imbalance between 
the hip fl exors and extensors or between the external 
and internal rotators of the hip, leg length imbalance 
and biomechanical abnormalities, such as excessive 
subtalar pronation.

Iliolumbar ligament sprain

Th e iliolumbar ligament extends from the transverse 
process of the fi ft h lumbar vertebrae to the posterior 
part of the iliac crest. Sprain of this ligament may cause 
sacroiliac pain, particularly at its iliac attachment. It is 
almost impossible, however, to diff erentiate clinically 
between pain from this ligament and pain from the 
SIJ and its associated ligaments.

Useful techniques to mobilize the soft tissues 
and joints of the region are shown in Figures 22.6 
and 22.7. Th is should be combined with passive hip 
extension (Fig. 22.6). Injection of a mixture of local 
anesthetic and corticosteroid agents to the insertion 
of the iliolumbar ligament at the iliac crest may also 
be eff ective.

Hamstring origin 
tendinopathy
Tendinopathy of the hamstring origin may occur 
near the ischial tuberosity aft er an acute tear that is 

Figure 22.4 Soft tissue therapy—psoas. Sustained 
longitudinal pressure is applied to the psoas muscle 
fi bers superior to the inguinal ligament with the 
hip initially fl exed and slowly moved into increased 
extension

Figure 22.5 Corticosteroid injection to the region of 
the SIJ. Injection is directed inferolaterally
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inadequately treated or, more commonly, as a result 
of overuse.9 It is frequently seen in sprinters.

Th ere may be a sudden onset of sharp pain but, 
more oft en, there is an insidious onset aft er a session 
of sprinting. On examination, there is local tenderness 
with pain on hamstring stretch and resisted contrac-
tion. Th e lesion may be found at the attachment 
site, within the tendon or at the musculotendinous 
junction. Th e slump test may reproduce the pain but 
cervical extension makes little or no diff erence to the 
degree of pain.

Initial treatment of this condition should include 
manual therapy (Fig. 22.8), specifi cally deep trans-
verse friction to the area of palpable abnormality aft er 
reduction of infl ammation with ice and NSAIDs. Initial 
friction treatment should be relatively light. As the 
infl ammation settles, treatment can be more vigorous. 
Abnormalities within the musculotendinous unit can 
be treated with stretching, sustained myofascial tension, 
and dry needling if trigger points are present.

Figure 22.6 Ischemic pressure with the elbow to 
the origin of the hip external rotators and associated 
passive internal and external rotation of the hip

Figure 22.7 Ischemic pressure with the elbow to 
the hip abductors in the position of increased neural 
tension

Figure 22.8 Ischemic pressure with the knuckles to the 
hamstring origin in the position of increased length
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Figure 22.9 Site of trigger points which commonly 
refer pain to the buttock

In longstanding cases of hamstring origin tendin-
opathy, there will be marked muscle tightness and 
weakness of the hamstring muscles, which can be 
corrected by stretching and progressive strengthening 
(Chapter 26). Successful rehabilitation also requires 
stretching of the shortened antagonist muscles such as 
psoas and rectus femoris. Recalcitrant cases may ben-
efi t from a course of shock wave treatment to the region 
(Chapter 10) or injection of autologous blood.

Fibrous adhesions

Occasionally, in cases of chronic tendinopathy of 
hamstring origin, fi brous adhesions develop and 
irritate the sciatic nerve as it descends from medial to 
lateral just above the ischial tuberosity and then passes 
under the biceps femoris muscle. Th ese adhesions 
may fail to respond to manual therapy, particularly 
if they have been present for some time. On these 
occasions, exploration of the sciatic nerve may be 
required with division of the adhesions and bands 
of fi brous tissue. Th is condition has been termed the 
‘hamstring syndrome’.10

Ischiogluteal bursitis
Th e ischiogluteal bursa lies between the hamstring 
tendon and its bony origin at the ischial tuberosity. 
Th is bursa occasionally becomes infl amed. It may 
exist in isolation or in conjunction with hamstring 
origin tendinopathy.

Clinically, it is almost impossible to diff erentiate 
between ischiogluteal bursitis and hamstring origin 
tendinopathy as both may present as pain aggravated 
by sitting or sprinting, and both are associated with 
local tenderness with pain on muscle contraction. 
One indication that ischiogluteal bursitis may be 
the diagnosis is that deep friction therapy fails to 
relieve the pain.

Ultrasound examination may reveal a fl uid-fi lled 
bursa. In this case, an injection of corticosteroid and 
local anesthetic agents into the bursa may be appro-
priate. As a result of pain-induced muscle inhibition, 
there is usually associated hamstring muscle weakness 
that requires comprehensive rehabilitation.

Myofascial pain
Th e gluteus medius and piriformis muscles are two of 
the most common sites at which trigger points develop. 
Active trigger points in these muscles may present as 
buttock and/or posterior thigh pain (Fig. 22.9). Th ese 
muscles will be shortened (Fig. 22.2d).

Careful palpation of these muscles should be 
performed, palpating for taut bands and exquisitely 
tender points that may be just tender locally or may 
refer pain distally into the posterior thigh. Recom-
mended treatment is dry needling, which will result in 
immediate lengthening of the muscles with increased 
hip rotation and hamstring stretch on assessment.

It is important to remember that trigger points 
are a secondary phenomenon. Th e clinician needs 
to be aware of the possible underlying causes, which 
include lumbar spine disorders and reduced lumbo-
pelvic stability.

Less common causes
Stress fracture of the sacrum

Sacral stress fractures occur most frequently in female 
distance runners. Th ey may be associated with osteo-
penia secondary to menstrual and/or eating disorders. 
Athletes describe unilateral, non-specifi c, low back, 
buttock or hip pain exacerbated by weight-bearing 
activity. Th e diagnosis of stress fracture may be con-
fi rmed with bone scan or MRI. Treatment consists 
of non-weight-bearing until free of pain (one to two 
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Figure 22.10 Course of the sciatic nerve in the 
buttock
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weeks), then a gradual increase in activity, initially 
non-weight-bearing (e.g. swimming, cycling, water 
running), and then graduated weight-bearing. Average 
return to sport is eight to 12 weeks. Attention should 
be paid to possible causative factors.11, 12

Piriformis conditions

Th e piriformis muscle arises from the anterior surface 
of the sacrum and passes posterolaterally through the 
sciatic notch to insert into the upper border of the 
greater trochanter. Th e sciatic nerve exits the pelvis 
through the sciatic notch and descends immediately in 
front of the piriformis muscle. In 10% of the popula-
tion, anatomical variations result in the sciatic nerve 
passing through the piriformis muscle (Fig. 22.10).13

In addition to the myofascial condition described 
above, there are two other piriformis conditions seen 
in athletes. One results from pressure on the sciatic 
nerve, usually as a result of its aberrant course through 
the piriformis muscle. Th is presents with local and 
referred pain and abnormal neurological symptoms 
in the posterior thigh and calf. Although known 
as the ‘piriformis syndrome’, this would be better 
referred to as ‘piriformis impingement’.14 Treatment 
consists of stretching and massage therapy. Surgery 
may be required.

Th e second condition is piriformis muscle strain. 
Th is may be acute or chronic and may be associated 
with chronic muscle shortening. It may present as 
deep buttock pain aggravated by sitting, climbing 
stairs and squats.

On examination, there is tenderness either in 
the belly of the piriformis or more distally near its 
insertion into the greater trochanter. Passive internal 
hip rotation is reduced and resisted abduction with 
the hip adducted and fl exed may reproduce the pain 
over the piriformis. Pain may also be reproduced by 
resisted external rotation with the hip and knee fl exed, 
beginning from a position of internal rotation so that 
end range is tested (Fig. 22.2d).

Treatment involves stretching of the external rota-
tors (Figs 22.11a, b), electrotherapeutic modalities (e.g. 
ultrasound, laser, high voltage galvanic stimulation), 
and soft  tissue therapy to the tender area in the piri-
formis muscle. Longitudinal gliding combined with 
passive internal hip rotation (Fig. 22.11c) is an eff ec-
tive technique, as is transverse gliding and sustained 
longitudinal release with the patient side-lying.

Posterior thigh compartment syndrome

Th is is an unusual condition that presents with the 
typical symptoms of a compartment syndrome, that 

is, pain increasing with exercise and a feeling of tight-
ness. Pain is typically in the buttock and posterior 
thigh and treatment involves massage therapy and, 
occasionally, surgery. Limited fasciectomy involving 
the ischial tuberosity and upper 5 cm (2 in.) of the 
posterior fascia is performed.

Apophysitis/avulsion fracture of the 
ischial tuberosity

In adolescents, apophysitis may occur at the attach-
ment of the hamstring muscles to the ischial tuberosity 
apophysis. Th is is frequently associated with overuse. 
Treatment consists of ice, restriction of activity, gentle 

aberrant
nerves

emerging
mid-piriformis
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stretching and soft  tissue therapy to overcome muscle 
tightness. Th is is a self-limiting condition.

Avulsion fracture of the ischial tuberosity is seen 
in adolescents where, instead of the hamstring muscle 
tearing, muscle traction separates a fragment of bone 
from its origin at the ischial tuberosity. Th is fragment 
of bone is clearly demonstrated on plain X-ray (Fig. 
22.12). Management of this condition is generally 
conservative. Th e patient should be treated as for 
a severe (grade III) tear of the hamstring muscle 
(Chapter 26). However, if there is marked separation 
(greater than 2.5 cm [1 in.]) of the fragment, then 
surgery is indicated. Th ere have been a number of 
reports of this injury in adults. Th e results of late 
surgical repair have been good.15, 16

Figure 22.11 Treatment of tight piriformis muscle

(a) Muscle stretch—hip external rotators. The hip is 
placed into fl exion, adduction and then alternated into 
external and internal rotation

(b) Muscle stretch—external rotators

(c) Soft tissue therapy—piriformis. Sustained 
longitudinal pressure to the belly of the piriformis 
muscle, initially in passive external rotation and then 
moving into internal rotation (illustrated)
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Conditions not to be missed
It should also be remembered that buttock pain may 
be the presenting symptom of systemic disorders, 
most commonly, sacroiliitis associated with spon dylo-
arthropathies, such as ankylosing spondylitis.
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Figure 22.12 Avulsion of the ischial tuberosity
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23
Acute Hip and 
Groin Pain
WITH CHRIS BRADSHAW AND PER HOLMICH

Acute hip and groin pain occurs frequently in sports 
involving twisting and turning and kicking such 

as the various football codes, especially soccer and 
Australian football. Symptoms can arise from various 
structures including the adductor muscles and ten-
dons, the hip joint and associated muscles and bursae. 
Careful clinical assessment usually permits an accurate 
diagnosis. Appropriate treatment and respect for the 
conditions that cause acute pain in the groin and hip 
region generally lead to a rapid functional recovery. 
Attempting to ignore symptoms or rush return to 
sport can lead to longstanding exercise-related hip 
and groin pain, which is a diagnostic and therapeutic 
challenge that is the subject of Chapter 24.

Clinical approach
In patients with acute hip and groin pain it is vital to 
localize the area of abnormality to make an anatomical 
diagnosis (Fig. 23.1). Th e most common causes of acute 
hip/groin pain are strains of the adductor or, less com-
monly, the iliopsoas muscles, or injuries to the hip joint 
itself, such as a labral tear and/or chondral injury.

Th e clinician must not overlook the less common 
but important causes of pain in this region, such as 
an intra-abdominal abnormality (e.g. appendicitis), 
urinary tract abnormality, gynecological abnormal-
ity and rheumatological disorders (e.g. ankylosing 
spondylitis). Infections such as osteomyelitis should 
also be considered. A list of causes of pain in this 
region is shown in Table 23.1.

History

Th e major goals of history taking in the sportsperson 
presenting with acute pain in the groin and hip region 

are to localize the anatomical region from which pain 
may be arising and identify ‘red-fl ag’ conditions when 
they exist. Th e acute onset of pain strongly suggests 
a muscle strain. Th e adductor longus is the most 
commonly aff ected muscle. Th e localization of the 
pain is also important to determine which structure 
may be causing the pain. Hip joint trauma can cause 
the athlete to present soon aft er injury, and skeletal 
conditions such as stress fractures may present with 
either acute or insidious onset of pain.

Figure 23.1 Anatomy of the hip and groin area

(a) Surface anatomy

anterior superior
iliac spine

adductor longus
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Examination

Each region of the hip and groin that has the potential 
to produce pain must be examined. Th is includes the 
adductor muscles, the hip fl exors and the hip joint.

Examination involves:

1. Observation
(a) standing
(b) walking (Fig. 23.2a)
(c) supine

2. Active movements
(a) hip fl exion/extension
(b) hip abduction/adduction
(c) hip internal/external rotation
(d) circumduction test

(b) Plain X-ray of the pelvis

iliacus

iliopsoas

tensor
fascia
latae

rectus
femoris

psoas

inguinal
ligament

pubic
tubercle

adductor
longus

gracilis

pectineus

(c) Muscles of the hip and groin region

Table 23.1 Causes of acute hip and groin pain

Common Less common Not to be missed

Adductor muscles
 Muscle strain
 Tendinopathy(a)

Hip joint
 Synovitis
 Labral tear
 Chondral lesion

Iliopsoas strain
Trochanteric bursitis
Stress fracture(a)

 Neck of femur
 Pubic ramus
 Acetabulum
Referred pain(a)

 Lumbar spine
 Sacroiliac joint
Infection
 Osteomyelitis
‘Snapping’ hip
Rectus femoris muscle strain (upper third)
Avulsion apophysitis/fracture
 Anterior superior iliac spine
 Anterior inferior iliac spine (adolescents)

Slipped capital femoral epiphysis(a)

Intra-abdominal abnormality
 Appendicitis
 Prostatitis
 Urinary tract infections
 Gynecological conditions

(a) Conditions that more commonly present as hip and groin pain of gradual onset but may have an acute presentation. 
These conditions are described more fully in Chapter 24.

Brukner-B-13_24.indt   395Brukner-B-13_24.indt   395 5/6/06   11:53:47 AM5/6/06   11:53:47 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL396

PART B REGIONAL PROBLEMSB

3. Passive movements
(a) adductor muscle stretch (Fig. 23.2b)
(b) hip quadrant—fl exion, adduction, internal 

rotation (Fig. 23.2c)
(c) internal rotation, then with added adduction
(d) fl exion, abduction and external rotation 

(FABER or Patrick’s test) (Fig. 23.2d)
(e) quadriceps muscle stretch
(f) psoas muscle stretch/impingement (Th omas 

position) (Fig. 23.2e)
4. Resisted movements

(a) hip fl exion (Fig. 23.2f)
(b) hip adduction

5. Palpation
(a) adductor muscles/tendons (Fig. 23.2g)
(b) iliopsoas

6. Functional movements
(a) hopping (to reproduce pain)

7. Special tests
(a) standing Trendelenberg test

Figure 23.2 Examination of the patient with hip/groin 
pain

(a) Observation—patient walking. Assess lower limb 
alignment from in front, particularly for evidence of 
excessive internal or external hip rotation and muscle 
wasting. Assess lumbar postural abnormalities from 
the side

(b) Passive movement—adductor muscle stretch

(c) Passive movement—hip quadrant (fl exion, 
adduction and internal rotation). This is a combined 
movement that is performed if hip range of motion is 
normal in single planes
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(d) Passive movement—fl exion, abduction and 
external rotation (FABER or Patrick’s) test. Range of 
motion, apart from extreme stiff ness/laxity, is not that 
relevant. Some caution needs to be exercised, as it is 
possible to sublux an unstable hip in this position. Pain 
felt in the groin is very non-specifi c. Pain in the buttock 
is more likely to be due to sacroiliac joint problems. 
However, pain felt over the greater trochanter suggests 
hip joint pathology

(e) Passive movement—psoas stretch (Thomas 
position). Pain in the hip being stretched suggests psoas 
abnormality. Pain in the hip being compressed can be 
signifi cant for anterior impingement of the hip joint

(f) Resisted movement—hip fl exion

(g) Palpation. The adductor muscles and tendons are 
carefully palpated
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Investigations

X-ray of the pelvis has a limited role in investiga-
tion of acute hip and groin pain. Ultrasound may 
be useful in imaging muscle tears. MRI is used to 
image the hip joint, especially to detect labral tears, 
as well as soft  tissue changes in the adductor muscles 
and tendons.

Adductor muscle strains
Adductor muscle strains are a common injury in 
sports that involve sudden changes of direction. 
Th e onset is acute and pain is usually well localized, 
either to the belly of the adductor longus, the proxi-
mal musculotendinous junction or the tendon near 
its origin on the inferior pubic ramus. Examination 
fi ndings are localized tenderness, pain on passive 
abduction and pain on resisted adduction or combined 
fl exion/adduction.

Treatment commences with initial reduction 
of bleeding and swelling using the RICE regimen 
(Chapter 10). Due to concerns that early stretch-
ing may predispose to the development of chronic 
tendinopathy, stretching does not play a signifi cant 
role in the management of adductor muscle strains. 
Progressive strengthening exercises should not be 
commenced until at least 48 hours aft er injury. It is not 
until passive range of motion returns to normal, with 
full strength, that activities involving rapid change of 
direction can be recommenced. Th e treatment regi-
men is summarized below.

1. 0–48 hours
(a) RICE
(b) active pain-free exercises

2. Aft er fi rst 48 hours
(a) gradually increase strengthening

 (i) active abduction/adduction
 (ii) adduction/fl exion against resistance 

(e.g. rubber tube, pulleys, light 
weights)

 (iii) stabilizing exercises (e.g. pulleys with 
other leg, one-leg squats)

(b) functional strengthening
 (i) bike
 (ii) pool running
 (iii) jogging
 (iv) swimming

(c) sport-specifi c skills
 (i) running—straight line
 (ii) running—fi gure of eight
 (iii) rapid changes of direction
 (iv) kicking—gradually increase

Recurrent adductor muscle strain

Recurrent adductor muscle strains are common. Th is 
may be due to inadequate rehabilitation of the initial 
injury, resuming sport too quickly or not resolving 
associated problems such as lumbar spine stiff ness or 
pelvic imbalance. If untreated, these injuries can lead 
to chronic exercise-related groin pain.

In order to fi nd the cause of adductor abnormalities 
in running athletes, it may be necessary to analyze 
running technique. Th e adductors play a major role 
in dampening the contraction of the gluteus medius 
aft er the propulsion phase of running. Th ey also work 
synergistically with the hip abductors to maintain 
the stability of the pelvis during the stance phase. 
Th us, pelvic stability is required to prevent excessive 
eccentric load on the adductors.

Acute presentation of 
adductor tendinopathy
Adductor tendinopathy may begin as a primary 
condition or, alternatively, may occur secondary 
to an adductor muscle strain. It is believed in some 
centers that the treatment of an acute adductor muscle 
strain should include ice and rest, but that stretching 
the muscle should not begin until at least four days 
aft er the injury. It may be that premature stretching 
of these muscles can lead to a tendinopathy.

Adductor tendinopathy causes proximal groin 
pain, which has a tendency to develop with increas-
ing activity. If the condition remains untreated, the 
pain tends to persist during activity and may migrate 
either to the contralateral groin or to the suprapubic 
region. Examination fi ndings include local tenderness 
over the adductor origin and over the pubic tubercle, 
with pain on passive hip abduction and resisted hip 
adduction.

Treatment of an acute presentation includes a 
few days relative rest from the aggravating activ-
ity, followed by a gradual progression of adductor 
strengthening.

Iliopsoas strains
Th e iliopsoas muscle is the strongest fl exor of the hip 
joint. Th e iliopsoas muscle is shown in Figure 23.3. It 
arises from the fi ve lumbar vertebrae and the ilium 
and inserts into the lesser trochanter of the femur. It 
is occasionally injured acutely but frequently becomes 
tight with neural restriction.

Iliopsoas problems may occur as an overuse injury 
resulting from excessive hip fl exion, such as kicking. 
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Th ey present as a poorly localized ache that patients 
usually describe as being a deep ache in one side of the 
groin. Th ey are also a common injury in sprinters.

Direct palpation of the iliopsoas muscle is diffi  cult 
in its proximal portion as it lies deep within the pel-
vis. Th e skilled examiner may detect tenderness in 
thin athletes by palpating carefully with the muscle 
positioned appropriately in passive hip fl exion. Pain 
on iliopsoas stretch (Fig. 23.2e) that is exacerbated 
on resisted hip fl exion in the stretch position suggests 
the iliopsoas as the source of the pain. It is important 
to examine the lumbar spine as there is frequently an 
association between iliopsoas tightness and hypo-
mobility of the upper lumbar spine from which the 
muscle originates.

Treatment consists of avoiding aggravating activ-
ity, stretching of the psoas muscle (Fig. 23.2e) and 
strengthening involving resisted hip fl exion exercises. 
Oft en, mobilization of the lumbar intervertebral joints 
at the origin of the iliopsoas muscles will result in an 
increase in muscle length.

Hip joint injuries
WITH BRUCE MITCHELL
Hip joint injuries can be diffi  cult to diagnose as 
they oft en present in association with other painful 
pathologies generating problems. Th e patient may 
present with a confusing pain pattern; pain may 
derive from the pelvis and back, as well as from the 
soft  tissues surrounding the hip.

Mechanisms of hip injuries include high-velocity 
trauma (e.g. motor racing accident, equestrian) 
and overuse injuries in which altered biomechanics 
aff ect energy transference between the lower limb 
and trunk.

Clinical features

Pain from the hip joint may be felt in a number of 
areas. Colson et al. recorded the areas of pain in 81 
patients awaiting hip arthroscopy and found that the 
most common areas of signifi cant (Visual Analog Scale 
>4) pain were deep inside the hip (58%), groin (51%), 
outside of hip (45%) and low back (42%).1 Th e pain is 
commonly a dull ache, although it may be associated 
with a clicking or catching sensation. Th e pain may 
be referred to the anterior aspect of the knee.

Th e hip may be infl amed as part of a generalized 
rheumatological disorder. Primary idiopathic osteo-
arthritis of the hip may be seen in the older athlete. 
Th e pain of an osteoarthritic hip may be worse in 
the mornings or aft er activity. Septic arthritis of the 
hip is rare.

In children between 5 and 12 years, Perthes’ dis-
ease should be considered, while in older adolescents 
between the ages of 12 and 16 years, a slipped capi-
tal femoral epiphysis may cause hip pain. A young 
patient with a slipped capital femoral epiphysis may 
present with very little pain and may simply present 
with a painless limp. These conditions are fully 
described in Chapter 40.

Examination

No one test is defi nitive for hip joint pathology. 
However, there are a number of tests used to assess 
irritation and restriction of the hip joint itself. Th ese 
include: the circumduction test; hip quadrant fl exion, 
adduction and internal rotation (Fig. 23.2c); internal 
rotation with added adduction; fl exion, abduction 
and external rotation (FABER or Patrick’s test) (Fig. 
23.2d); and the impingement test (Fig. 23.2e).

It is unusual to fi nd a case of an injured hip that 
does not have coexisting iliopsoas dysfunction. Th e 
reason for this is not known, but possible causes 
include direct irritation of the iliopsoas as it crosses 
the anterior aspect of the hip joint; the iliopsoas being 
recruited as a secondary stabilizer; and the iliopsoas 
being overloaded as a hip fl exor due to restriction in 
hip movement.

Findings on examination due to iliopsoas dysfunc-
tion include:

1. myofascial tightness in the iliopsoas muscle on 
abdominal palpation

psoas minor

psoas major

iliacus

inguinal 
ligament

iliopsoas

iliopectineal 
eminence

Figure 23.3 The iliopsoas muscle
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2. tenderness and thickening of the mid-lumbar 
facets (L3–4) on lumbar palpation

3. restricted extension on modifi ed Th omas 
testing.

Th ere is usually inhibition of the ipsilateral trans-
versus abdominis in cases of hip joint pathology. Th is 
causes a loss of force closure across the ipsilateral SIJ, 
resulting in ipsilateral innominate instability. Th is is 
evidenced on examination by a positive pelvic stabili-
zation assessment test (PSAT). Th is is performed with 
the patient supine. Th e patient is asked to actively raise 
their contralateral leg as far as possible; the degree of 
fl exion is recorded. Th is procedure is repeated with 
the ipsilateral leg. Once these two readings have been 
recorded, a compression force is applied to the ilia 
by the examiner and the patient repeats the straight 
leg raises. Th e side with the unstable innominate 
will usually be raised further when the examiner 
locks the pelvis. Further, the patient may state that 
it was easier to raise the leg, or they feel less pain. 
A positive ‘Trendelenberg stability test’ (TST) may 
also be present.

Th ere is frequently evidence of peripelvic instabil-
ity. Th is is evidenced by weakness in the ipsilateral 
gluteus medius muscle, weakness and timing defi cit 
(late onset) of the ipsilateral gluteus maximus muscle, 
tenderness and a ‘sharpness’ to palpation of the L5–S1 
facet on lumbar palpation, and an inability to shunt 
weight onto the aff ected leg while walking (leans 
with shoulders).

Neural pathologies can contribute to hip pain. Th e 
cause for this can be multifactorial. Th e piriformis 
syndrome (Chapter 22) may be a factor as the piri-
formis abuts the posterior aspect of the hip. A classic 
radiculopathy with minimal straight leg raise suggests 
lumbar disk disease. If there is confusion between a 
disk and the hip joint as the source of the patient’s pain, 
one approach is to undertake soft  tissue treatment to 
the piriformis, gluteus minimus and gluteus medius 
muscles, and then to reassess for eff ectiveness. If the 
neurological signs are eased, they are much more 
likely to be due to piriformis problems secondary to 
a hip injury.

Signs of neurological compromise are weakness of 
the L4, L5 or S1 nerve roots, decreased sensation of 
the L4, L5 or S1 nerve roots, decreased distal refl exes, 
restricted straight leg raise, and positive slump test.

Investigations

Investigations include plain radiographs of the pelvis 
and lateral views of the hip. A full pelvis view is neces-
sary to be able to assess the hip joint for the presence 

of dysplasia and to compare the two sides. Pathology 
seen on plain X-ray of the hip is oft en missed or 
referred to as a normal variant.

Evidence of dysplasia (Fig. 23.4) includes a short or 
angled roof, and signs of acute/chronic impingement, 
such as an os acetabulae (oft en mistakenly called a 
normal variant), femoral bossing, Ganz lesions and 
impingement cysts (oft en called synovial pits).

A ‘Ganz’ lesion is a thickening or bump on the 
superior femoral neck in response to chronic impinge-
ment in this area. Th e thickening of the bone then 
causes worsening impingement and a vicious cycle 
develops. Th e thickened bone oft en needs to be surgi-
cally resected in the elite athlete.

Low postural tone or a torn ligamentum teres may 
be diagnosed with traction views. If a slipped capital 
femoral epiphysis is suspected but not confi rmed on 
plain X-ray, or if a stress fracture is suspected, a bone 
scan or MRI is indicated.

Th e reliability of MRI in diagnosing intra-articular 
pathology is controversial. Several early studies claimed 
more than 90% accuracy for MRI arthro graphy with 
injection of the contrast medium gadolinium, how-
ever, these studies had major methodological fl aws. 
More recent papers have cast doubt on this accuracy.2 
High-quality, narrow-slice proton density scans in 
the plane of the hip joint may improve accuracy, but 
these still have an accuracy below 80% in detecting 
any pathology, and 50% at best for making the right 
diagnosis.

Injection of the hip joint with local anesthetic 
with post-injection assessment of pain using a pain 

Figure 23.4 X-ray of hip showing acetabular dysplasia 
(arrow)
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chart is probably about 70% accurate. Th is accuracy 
can be improved by examining the hip pre- and 
post-injection.

Arthroscopy of the hip joint remains the most 
sensitive and specifi c investigation. In patients pre-
senting with pain in the areas described and hip joint 
signs on examination, the clinician should maintain a 
high index of suspicion for labral injury, irrespective 
of the results of imaging.

Th us, if the clinician has a high index of suspicion 
of hip joint pathology, examination of the hip under 
local anesthetic or early arthroscopy is warranted.

Synovitis

Synovitis is a complication of most hip injuries but 
can present as the primary problem, particularly 
when associated with rheumatological conditions. 
It usually responds well to X-ray guided injections 
of corticosteroid.

Labral tears

With the increasing use of MRI and hip arthroscopy 
(Fig. 23.5), labral tears of the hip joint are being 
increasingly recognized as a cause of hip pain. Th e 
mechanism of injury can be due to extrinsic or 
intrinsic mechanisms.

Extrinsic mechanisms include:

• motor vehicle accidents
• lateral impact syndrome (landing on the side of 

the hip)
• lift ing/twisting incidents
• squatting/loading
• twisting on a weight-bearing hip (athletes)
• passive impingement (e.g. in cyclists, horse 

riders, truck drivers, builders up ladders)
• active impingement (e.g. in dancers, martial 

arts, water polo).

Intrinsic mechanisms include:

• instability:
— dysplasia (congenital and acquired)
— low postural tone
— torn ligamentum teres
— incongruity of femoral head

• structural impingement:
— pistol grip deformity (old slipped capital 

femoral epiphysis)
— femoral bossing
— Ganz lesions.

Th e natural history of an untreated acetabular 
labral tear is slow but progressive degeneration to 

degenerative hip joint disease. Treatment of these 
injuries involves arthroscopic debridement of the 
torn part of the labrum. Generally the results of 
arthroscopic surgery have been good, especially in 
those with minimal or no associated chondral damage 
(see below).3–6

Figure 23.5 Labral tear

(a) Arthrogram

torn
acetabular

labrum

(b) Pathology
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Chondral lesions

Chondral injuries (Fig. 23.6a) may occur in asso-
ciation with labral tears but also with a number of 
other hip conditions such as loose bodies, posterior 
dislocation, osteo necrosis, slipped capital femoral 
epiphysis, dysplasia and osteoarthritis. Th e common 
initiating site for labral as well as chondral injuries 
has been termed ‘the watershed zone’. Th e watershed 
lesion, which occurs at the labrochondral junction, 
may destabilize adjacent articular cartilage. It is 
postulated that when the damaged labral cartilage is 
subjected to repetitive loading conditions, joint fl uid 
is pumped beneath the acetabular chondral cartilage 
causing delamination of the articular cartilage. By 
this same mechanism, the fl uid eventually burrows 
beneath subchondral bone to form a subchondral 
cyst.7 Th is cyst is the result, not the cause, of the 
symptoms (Fig. 23.6b).8

Outcomes of surgical treatment are directly 
dependent on the degree and extent of the labral 
and chondral lesions.4, 8

Other hip injuries

Loose bodies

Loose bodies in the hip are relatively rare but can 
present with catching and locking of the hip joint. 
Occasionally they are associated with synovial chon-
dromatosis. Loose bodies may not appear on X-ray 
and usually need to be removed arthroscopically.

Tears of the ligamentum teres

Tears of the ligamentum teres9 can occur in major 
trauma, but also occur in athletes trying to achieve 
more hip abduction, such as in gymnastics, dance 
and aerobics. Th is can lead to some instability of the 
hip joint. Scarring aft er the tear can cause a ‘cyclops’ 
lesion and catching/clunking of the hip. Th ese scars 
usually need arthroscopic debridement if rehabilita-
tion does not ease the symptoms.

Trochanteric bursitis/gluteus 
medius tendinopathy
Long-distance runners can present with fairly acute 
onset of pain in the lateral hip region about the greater 
trochanter that may radiate down the lateral aspect of 
the thigh. Th is can be due to bursitis in one of several 
bursae around the hip (Fig. 23.7) and it is aggravated 
by activities involving hip movements, such as climb-
ing stairs and getting out of a car.

Th e anatomy of the greater trochanter and its asso-
ciated tendons and bursae is shown in Figure 23.7. 
Th ere are two bursae around the greater trochanter. 
Th e gluteus medius bursa lies beneath the tendon 
of the gluteus medius and medial to the greater 
trochanter. Th e trochanteric bursa is lateral to the 
greater trochanter.

Gluteus medius tendinopathy/enthesopathy and 
bursitis oft en exist together. Th e site of tenderness 
in these conditions is typically immediately above 

Figure 23.6 MRI scans of chrondral lesions

(a) Chondral lesion (acetabular side)

(b) Subchondral cyst (arrow)
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the greater trochanter and pain can be reproduced 
on stretching the gluteus medius.

Treatment for these conditions involves initial rest 
from aggravating activities, stretching (Fig. 23.8) and 
strengthening of the gluteus medius. Corticosteroid 
injection may be required and should be placed into 
the area of maximal tenderness above and behind the 
greater trochanter. As the conditions are oft en associ-
ated with biomechanical abnormality, muscle tightness 
or excessive lateral tilt of the pelvis, pelvic stability 
exercises may play an important role in treatment.

Specifi c concerns for 
adolescents
A number of specifi c conditions may cause acute hip 
and groin pain in adolescents. Conditions of the hip 
joint such as Perthes’ disease and a slipped capital 
femoral epiphysis have already been mentioned and 
are described more fully in Chapter 40. Epiphyseal 
fractures may also occur.

Acute avulsion fractures and chronic apophysitis 
occur in adolescents as a result of excessive muscle 
contraction. Th e most common site is the attachment 
of the long head of the rectus femoris from the anterior 
inferior iliac spine.

Avulsion fractures present as an acute onset of 
anterior hip pain with marked loss of function. On 

examination, there is considerable localized tender-
ness and restriction of movement. In most cases, 
these should be treated as for a severe rectus femoris 
strain. Surgical reattachment of the avulsed fragment 
is usually not necessary but may be required when 
the fragment is separated from the bone by greater 
than 3 cm (1.5 in.). Rehabilitation is required for up 
to three months.
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CHAPTER 

24
Longstanding Groin Pain

WITH CHRIS BRADSHAW AND PER HOLMICH

Acute injuries to the hip and groin region have 
been discussed in Chapter 23. In this chapter we 

discuss the common presentation of exercise-related 
groin pain, frequently of a longstanding nature.

Th e anatomy of the groin area is shown in Figures 
23.1 and 24.1.

Epidemiology, terminology 
and pathogenesis
Longstanding groin pain in athletes has been recog-
nized in activities that combine high running loads, 
rapid changes of direction, and kicking.1 Th e two 
most common sports associated with this syndrome 
are soccer and Australian football, which both require 
players to run fast and kick across the body. Long-
standing groin pain is also a major concern in basket-
ball, American football, Rugby and fi eld hockey.

‘Osteitis pubis’ and other popular diagnoses

Non-specifi c exercise-related groin pain has been 
given many diff erent ‘diagnostic’ labels; by far the 
most popular have been osteitis pubis (UK, Europe 
and Australia) and athletic pubalgia (North Amer-
ica). Th e term osteitis pubis was originally used to 
describe an infectious or infl ammatory complication 
of suprapubic surgery.2 It was subsequently used 
to describe the syndrome of exercise-related groin 
pain associated with radiographic bony changes at 
the symphysis pubis and/or increased uptake on 
radionuclide bone scan in the pubic symphysis. More 
recently, ‘osteitis pubis’ has become an umbrella term 
for all exercise-related groin pain in athletes. However, 
as longstanding groin pain is rarely infl ammatory in 
nature, and the fi nding of increased uptake on bone 

scan is not universal, the term osteitis pubis seems 
inappropriate. Th us, we, and an increasing number of 
clinicians who work with sportspeople, are avoiding 
the term ‘osteitis pubis’ when diagnosing longstanding 
groin pain. Th e term is both inaccurate with regard to 
pathology and confusing as it means diff erent things 
to diff erent people.

inguinal canal

external
oblique

(cut)

internal
oblique

(cut)

transverse
abdominus

(cut)

rectus 
abdominis

adductor longus

Figure 24.1 Anatomy of the groin area

(a) Muscles of the abdominal wall

Brukner-B-13_24.indt   405Brukner-B-13_24.indt   405 29/1/07   9:16:40 AM29/1/07   9:16:40 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  M cGRAW-HILL PROFESSIONAL406

PART B REGIONAL PROBLEMSB

Other ‘diagnoses’ of longstanding exercise-related 
groin pain include adductor tendinopathy/entheso-
pathy, iliopsoas dysfunction, posterior inguinal wall 
defi ciency, sportsperson’s hernia, sports hernia, tear 
of external oblique aponeurosis, Gilmore’s groin 
and chronic adductor muscle strain. However, even 
though some clinicians believe that all longstanding 
groin pain in athletes has a single specifi c diagnosis, 
this is unlikely.

Local overload causing failure of 
various structures

Our clinical experience suggests that longstand-
ing groin pain can be the end result of a number 
of diff erent pathologies. By the time pain has been 
experienced for months, several pathologies may be 
present. Th e fundamental etiology is that mechanical 
overload of the pelvic region (i.e. due to sport) causes 

failure of local tissue—muscle, tendon or bone alone 
or in combination.

 Expanding on Holmich et al.’s concept of three 
‘diagnostic entities’,3 we assess the patient for 
evidence of one or more of four clinical entities 
(Table 24.1).

In our experience, usually more than one entity is 
present by the time the problem is recognized (Fig. 
24.2). Th is is because they may have a common cause, 
or because the condition may commence as a single 
entity which then progresses to involve other areas. An 
example of how this develops is shown in the box.

inguinal
ligament

external
oblique

external ring
of inguinal

canal

(b) External oblique muscle showing common site of 
tears

inguinal
ligament 

transversus
abdominis

internal ring 
of inguinal 

canal 

(c) Transversus abdominis muscle showing common 
site of tears

Table 24.1 Four clinical entities that may be involved 
in longstanding groin pain

Clinical entity
Pathological elements likely to 
underpin the entity

Adductor related3 Musculotendinous injuries, 
enthesopathy, neuromyofascial

Iliopsoas related3 Neuromyofascial tightness, 
iliopsoas tendinopathy, lumbar 
spine abnormalities, iliopsoas 
bursitis (uncommon)

Abdominal wall 
related4

Posterior inguinal wall weakness, 
conjoint tendon tear, external 
oblique aponeurosis tear

Pubic bone stress 
related5

Stress reaction or stress fracture of 
the pubic bone

iliopsoas

adductor

pubic bone

abdominal
wall

Figure 24.2 Overlapping clinical entities in 
longstanding groin pain in athletes
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What role does bone stress play?

Whether pubic bone stress causing groin pain is an 
entity that arises de novo or whether it must be pre-
ceded by failure of the local stabilizing structures (e.g. 
adductors, iliopsoas, abdominal wall) is a current area 
of debate and research. Australian sports physician 
Geoff  Verrall5 found MRI evidence of bone marrow 
edema in a large percentage (77%) of footballers pre-
senting with longstanding groin pain and associated 
pubic symphysis tenderness. He proposed that pubic 
bone stress was a possible cause of the symptoms. 
Danish surgeon Per Holmich believes that pubic bone 
stress arises because bending and/or torsional forces 
acting through the pelvis have become unbalanced.3 
He contends that at least one of his three ‘primary’ 
diagnostic entities generally precedes pubic bone 
stress, and thus, suggests that clinical assessment and 
treatment focus on those entities.

It is possible that pubic bone stress is the result of 
one or more of the other three clinical entities listed in 
Table 24.1. To use Kibler’s terms in relation to shoulder 
injuries, the pubic bone may be a ‘victim’ rather than 
the ‘culprit’ in longstanding groin pain. A number of 
factors lead to stress on the pubic bones and an excess 
of one or more of these stressors, or an imbalance 
between them, may lead to pubic bone stress.

Factors that increase local bone stress

A number of abnormalities in joints and muscles 
around the groin may increase the mechanical stress 
placed on the pubic region (Fig. 24.3):

How multiple clinical entities 
may develop
A soccer player develops an overuse problem in 
the adductor region and gradually the pain is 
concentrated at the adductor longus insertion at 
the inferior pubic bone. After a period of continued 
soccer playing the iliopsoas muscle becomes pain-
ful as well. It becomes a little tight and develops 
tender points. The tendon insertion is thicker on 
ultrasound examination. The athlete now has two 
causes of pain in the groin region.

Late in a match, as a result of not being able to 
control the pelvis properly because of the painful 
adductors and the iliopsoas not working properly, 
the athlete develops a small avulsion/lesion of 
the conjoint tendon aff ecting the inguinal canal, 
leading to signs of an ‘incipient hernia’.

The original cause of overuse of the adductors 
(or iliopsoas, lower abdominals, etc.) could be a 
range of problems, such as muscular pelvic instabil-
ity, decreased range of motion in the hip joint for 
a number of reasons, generalized poor physical 
condition compared to the level of physical activity, 
pain/injury elsewhere leading to compensatory 
movements aff ecting the pelvis, and so on. The 
athlete also might have some dysfunction related 
to the low back/thoracolumbar region or the SIJ.

limited hip ROM

PUBIC BONE OVERLOAD

lumbopelvic
stability

adductor tone

lumbar spine
SIJ dysfunction

rectus abdominis
tone

shortening
iliopsoas muscle

Figure 24.3 Factors leading to pubic bone overload
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1. Limited hip range of motion6–8—this may be due 
to:
(a) intra-articular hip pathology (e.g. dysplasia, 

labral tear, chondral lesion)
(b) joint capsule tightness8

(c) extra-articular myofascial tightness (e.g. 
gluteal muscle tightness associated with 
trigger points)

2. Increased adductor muscle tone
(a) aft er an acute adductor strain
(b) due to chronic tightness (associated with 

adductor muscle trigger points)
3. Increased rectus abdominis tone
4. Iliopsoas muscle shortening oft en associated 

with hypomobility of upper lumbar 
intervertebral joints

5. Lumbar spine/SIJ dysfunction
(a) hypomobile intervertebral joint(s)
(b) SIJ stiff ness9, 10

6. Decreased lumbopelvic stability
(a) reduced transversus abdominis (TA) 

activation11—TA provides compression of 
the pelvic ring anteriorly, contributing to the 
mechanical stability of the joint12

(b) impaired pelvic fl oor muscle function—the 
pelvic fl oor muscles contribute to tension of 
the pelvic ring13

Clinical approach
Th e aim of the clinical examination is to assess the 
various components of the athlete’s pain, particularly 
the clinical entities (Table 24.1). Also, it is important 
to consider stress fractures, hip joint pathology 
(Chapter 23), and referred pain from the lumbar 
spine (Chapter 21) or SIJ (Chapter 22). As always, a 
thorough examination includes attention to possible 
contributing factors that have led to the longstanding 
groin pain.

In addition, longstanding groin pain can arise 
from intra-abdominal, urinary tract or gynecological 
abnormalities, as well as rheumatological disorders 
(e.g. ankylosing spondylitis). Patients with tumors, 
such as testicular tumors, occasionally present with 
groin pain. A list of causes of longstanding groin pain 
is shown in Table 24.2.

History

Th e athlete experiences an insidious onset of groin 
pain, which is usually felt in one or both proximal 
pubic bones, and/or one or both proximal adductors, 
but may be centered on the lower abdomen or inguinal 
regions. Th e pain frequently starts in one region and 
is unilateral and then spreads to other regions and can 

Table 24.2 Causes of longstanding groin pain

Common Less common Not to be missed

Adductor related
 Tendinopathy
 Neuromyofascial tightness
Iliopsoas related
 Neuromyofascial tightness
 Tendinopathy
 Bursitis(a)

Abdominal wall related
 Posterior inguinal wall weakness
 Tear of external oblique 

aponeurosis
 ‘Gilmore’s groin’
 Rectus abdominis tendinopathy
Pubic-bone related
 Pubic bone stress

Hip joint
 Osteoarthritis
 Chondral lesion
 Labral tear
 ‘Snapping’ hip
Stress fracture
 Neck of femur
 Pubic ramus
 Acetabulum
Nerve entrapment
 Obturator
 Ilioinguinal
 Genitofemoral
Referred pain
 Lumbar spine
 Sacroiliac joint
Apophysitis
 Anterior superior iliac spine
 Anterior inferior iliac spine 

(adolescents)

Slipped capital femoral epiphysis
Perthes’ disease (adolescents)
Intra-abdominal abnormality
 Prostatitis
 Urinary tract infections
 Gynecological conditions
Spondyloarthropathies
 Ankylosing spondylitis
Avascular necrosis of the head of the femur
Tumors
 Testicular
 Osteoid osteoma

(a) Iliopsoas bursitis as an isolated condition is probably relatively uncommon in sports medicine. It is retained here as part 
of the iliopsoas clinical entity, which is common.
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become bilateral. Th e pain is aggravated by exercise, 
with running, twisting/turning and kicking being the 
most challenging activities. Th e athlete and coach 
usually notice a decrease in sports performance.

Th e pain in athletes with longstanding groin pain 
typically presents initially following activity and is 
accompanied by stiff ness, particularly the next morn-
ing. Th e pain and stiff ness then gradually lessens with 
daily activities and warm-up for the next training 
session or match. When the condition becomes worse, 
pain is present immediately upon exercise.

NSAIDs tend to decrease pain but provide no 
cure. Short periods of rest reduce the severity of the 
symptoms but on resumption of normal sporting 
activities the pain returns to its original intensity 
and severity. Th e natural history is one of progressive 
deterioration with continued activity until symptoms 
prevent participation in the activity.

Th e localization of the pain is important to deter-
mine which structure may be causing the pain. 
Adductor-related pain is located medially in the 
groin—centered primarily at the attachment of the 
adductor longus tendon to the pubic bone. Iliopsoas-
related pain is located more centrally in the groin and 
proximal thigh.

Th e type of activity that aggravates the pain may 
be a clue to the primary site of the problem. Side-
to-side movements, twisting and turning activities 
which aggravate the pain suggest adductor-related 
pain. Straight line running or kicking suggest iliopsoas 
problems. Pain with sit-ups may suggest an inguinal-
related pain. Note that these clinical observations are 
guidelines rather than hard-and-fast rules.

Pain that becomes progressively worse with exercise 
may suggest a stress fracture, bursitis or nerve entrap-
ment. A history of associated pain such as low back 
or buttock pain indicates that the groin pain may be 
referred from another site, such as the lumbar spine, 
the SIJ or the thoracolumbar junction.

A full training history should be taken to determine 
if any recent changes in training, such as a generalized 
increase in volume or intensity, or the introduction of 
a new exercise or increase in a particular component 
of training, may have led to the development of the 
groin pain.

Examination

Each region of the groin that has the potential to 
produce groin pain must be examined. Th is includes 
the adductor muscles, the pelvic bones, the hip joint 
and its surrounds, the hip fl exors (including tensor 
fascia lata and sartorius) and the lower abdominal 

muscles. Th e lumbar spine and SIJ are also exam-
ined. Pelvic alignment must be assessed and any leg 
length discrepancy noted. Some fi gures are shown in 
Chapter 23. Examination involves:

1. Observation
(a) standing
(b) walking (Fig. 23.2a)
(c) supine

2. Active movements
(a) hip fl exion/extension
(b) hip abduction/adduction*
(c) hip internal/external rotation
(d) lumbar spine movements (Chapter 21)
(e) abdominal fl exion*

3. Passive movements
(a) hip quadrant—fl exion, adduction, internal 

rotation (Fig. 23.2c)
(b) internal rotation, then with added adduction
(c) adductor muscle stretch* (Fig. 23.2b)

Figure 24.4 Examination of the patient with hip/groin 
pain

(a) Resisted movement—squeeze test. Examiner 
places fi st between knees as shown. Patient then 
adducts bilaterally against the fi st
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(b) Resisted movement—rectus abdominis. Resisted 
sit-up is performed

(c) Palpation—pubic and inguinal regions are 
carefully palpated

(d) Thomas position with added neural tension. 
Patient is initially placed in the iliopsoas stretch 
position. The neural tension is slowly increased by 
addition of cervical and upper thoracic fl exion, then 
passive knee fl exion. This test will always cause some 
discomfort and tightness. It is clinically signifi cant if 
the patient’s pain is reproduced, then reduced when 
the tension is taken off 

(e) Special tests—cough impulse. The patient stands 
and the examiner feels for a cough impulse at the sites 
of direct and indirect inguinal hernias. The examiner 
should then invaginate the scrotum and ask the patient 
to cough. Note dilation of the ring and discomfort
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(d) quadriceps muscle stretch
(e) iliopsoas muscle stretch—Th omas position 

(Fig. 23.2e)
4. Resisted movements

(a) hip fl exion—Th omas position (Fig. 23.2f)
(b) hip fl exion in adduction
(c) hip adduction
(d) ‘squeeze test’ (bilateral hip adduction) 

(Fig. 24.4a)
(e) adduction/abduction 
(f) abdominal fl exion (Fig. 24.4b)

5. Palpation
(a) adductor muscles/tendons* (Fig. 23.2g)
(b) pubic symphysis/ramus* (Fig. 24.4c)
(c) rectus abdominis*
(d) iliopsoas*

6. Special tests
(a) pelvic symmetry
(b) lumbar spine (Chapter 21)
(c) sacroiliac joint (Chapter 22)
(d) Th omas position with added neural tension 

(Fig. 24.4d)
(e) FABER test (Fig. 23.2d)
(f) cough impulse (Fig. 24.4e)
(g) Trendelenberg test

Note: Th ose physical examination tests that Holmich 
et al. advocate in the ‘quick groin examination’ are 
marked with an asterisk; they proved reliable when 
tested within and among examiners.14

A sign that helps clinicians assess severity of the 
condition is the ‘crossover sign’. A positive crossover 
sign means that the patient’s typical groin pain is 
reproduced when one of the provocation tests (e.g. 
passive hip abduction, resisted hip adduction, resisted 
hip fl exion in Th omas position) is performed on the 
contralateral side to the symptoms. A positive cross-
over sign suggests substantial functional impairment 
and the clinical implication is that the player is very 
unlikely to be able to run, train or play.

Investigations

Investigations, an important part of the manage-
ment of groin pain, should be conducted aft er clini-
cal examination has provided a working diagnosis. 
Pelvic radiography may reveal characteristic changes 
of pubic-related groin pain, hip joint abnormality 
(e.g. osteoarthritis) or stress fracture of the neck of 
the femur or pubic ramus. Sclerosis or osteophyte 
formation around the SIJ indicate that this joint may 
be a cause of referred pain, although frequently X-ray 
does not reveal SIJ abnormalities. In cases of chronic 
ankylosing spondylitis, there will be obliteration of the 

joint space of the SIJ. Lumbar spine X-ray may show 
degenerative changes or spondylolisthesis.

Radionuclide bone scan shows a characteristic 
pattern of increased uptake in pubic-related groin 
pain and may confi rm a suspected stress fracture in 
those cases where an X-ray fails to demonstrate the 
fracture. Ultrasound has been used to detect inguinal 
hernias.15

MRI is used to image the hip joint, especially to 
detect labral tears (+/– arthrogram), and is also advo-
cated by some as being the investigation of choice in 
pubic-related groin pain and stress fracture of the 
neck of the femur. It can provide evidence of soft  
tissue changes in the adductor muscles and tendons, 
as well as showing hernias.16

Adductor-related 
longstanding groin pain
Longstanding adductor-related groin pain is localized 
medially in the groin and may radiate down along the 
adductor muscles. Th e key examination features that 
distinguish this clinical entity from others are maximal 
tenderness at the adductor tendon insertion and pain 
with resisted adduction (‘squeeze test’) (Figs 23.2g, 
24.4a). Weakness of the adductor muscles is com-
mon and palpation of the adductors reveals generally 
increased muscle tone with trigger points along the 
adductor longus. Th e pubic symphysis is frequently 
tender but this does not help to diff erentiate the four 
clinical entities (Table 24.1).

Occasionally there may be an obvious adductor 
tendinopathy or enthesopathy (see below) with 
localized tenderness, pain and weakness on contrac-
tion, especially eccentric contraction, and a typical 
appearance of tendinopathy on ultrasound or MRI 
examination. More frequently there is no specifi c 
tendinopathy present.

Early warning signs: overlooked at peril!

Unfortunately most patients with adductor-related 
groin pain continue to train and play until pain prevents 
them from running. When the condition has reached 
that stage, a lengthy period of rest and rehabilitation 
is usually required. However, if early warning signs are 
heeded, appropriate measures may prevent the develop-
ment of the full blown syndrome. Th ese early clinical 
warning signs are (from most common to least):

• tightness/stiff ness during or aft er activity with 
nil (or temporary only) relief from stretching

• loss of acceleration
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• loss of maximal sprinting speed
• loss of distance with long kick on run
• vague discomfort with deceleration.

Treatment

Traditional treatment for most types of groin pain 
was ‘rest’ but this most oft en resulted in a return of 
symptoms on resumption of activity. Compared with 
rest and passive electrotherapy, active rehabilitation 
provides more than 10 times the likelihood of pain-
free successful return to sport.17 Th us, we outline a 
treatment protocol that combines experience and 
evidence from leading clinical centers.17, 18

Five basic principles underpin a treatment 
regimen:

1. Ensure that exercise is performed without pain.
2. Identify and reduce the sources of increased 

load on the pelvis.
3. Improve lumbopelvic stability.
4. Strengthen local musculature using proven 

protocols.
5. Progress the patient’s level of activity on the 

basis of regular clinical assessment.

Th ese are outlined below.

Ensure that exercise is performed without pain

Th e fi rst and most important step is for the patient to 
cease training and playing in pain. Pain-free exercise 
is absolutely crucial for this rehabilitation program. 
If pain is experienced during any of the rehabilita-
tion activities, or aft er them, that activity should be 
reduced or ceased altogether. Experienced clinicians 
use absence of pain on the key provocation tests (e.g. 
squeeze test and Th omas test) as a guide to progress the 
rehabilitation program and minimize the mechanical 
stress on injured tissues (see progression of program 
below).

Identify and reduce the sources of increased 
load on the pelvis

As discussed previously, it is essential to identify and 
reduce the sources of increased load on the pubic 
bones. Th is may involve:

• reducing adductor muscle tone and guarding 
with soft  tissue treatment (Fig. 24.5a) and/or dry 
needling

• correcting iliopsoas muscle shortening with 
local soft  tissue treatment (Fig. 24.5b), neural 
stretching (Fig. 24.5c) and mobilization of upper 
lumbar intervertebral joints (Chapter 21)

• reducing gluteus medius muscle tone and 
myofascial shortening with soft  tissue treatment 
and/or dry needling

• identifying and correcting any hip joint 
abnormality (Chapter 23)

• mobilizing stiff  intervertebral segments 
(Chapter 21)

• improving core stability (Chapter 11), especially 
activation of transversus abdominis and anterior 
pelvic fl oor muscles.

Improve lumbopelvic stability

Research has demonstrated a delayed onset of action 
of transversus abdominis activity in patients with 
longstanding groin pain,11 suggesting that impaired 
core or lumbopelvic stability (Chapter 11) plays a role 
in the development of this condition.

Pain on resisted adduction (the ‘squeeze test’) was 
signifi cantly reduced by the application of a pelvic 

Figure 24.5 Treatment techniques used in adductor-
related pain

(a) Soft tissue therapy—sustained myofascial tension 
to the adductor muscle group
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belt,19 which suggests that reduced stability of the 
pelvis may be the cause of the groin pain. Th e authors 
suggested using the terminology ‘adduction-related 
groin pain’ rather than ‘adductor-related’.

In our clinical experience, a core stability program 
has proven to be an important component of the 
rehabilitation program for longstanding groin pain. 
Th is program has been described in Chapter 11.

Strengthen local musculature using proven 
protocols

Once pain has settled and muscle shortening has been 
corrected in the adductor, iliopsoas and gluteal mus-
cles, then a graduated pain-free muscle strengthening 
program can be commenced. A randomized clinical 
trial comparing an active training program aimed at 
improving muscle strength and coordination of the 
muscles acting on the pelvis, in particular the adductor 
muscles, was more eff ective in the treatment of a group 
of athletes with longstanding groin pain than a physi-
otherapy program consisting of laser, TENS, friction 
massage and stretching without active training.17 Th is 
program is described in the box on page 414. A similar 
pre-season adductor muscle strengthening program 
reduced the incidence of adductor muscle strains in 
ice hockey players who were identifi ed as at risk.20

Progress the patient’s level of activity on the 
basis of regular clinical assessment

Th e aim of the graded exercise program is to gradually 
increase the load on the pubic bones and surrounding 
tissues. Once the patient is pain-free (see above), pain-
free walking can begin and be gradually increased in 
speed and distance.

Th e criteria for when the patient may return to 
running are when:

• brisk walking is pain-free
• resisted hip fl exion in the Th omas position is 

pain-free
• there is no ‘crossover’ sign (p. 411)
• there is minimal adductor guarding.

Various progressive running regimens can be used. 
One eff ective program is described here: 18

• 100 m run-throughs with 10 m acceleration and 
deceleration phases with walk recovery. Patient 
should commence with six to eight repetitions 
on alternate days. Key criteria (adductor 
guarding, squeeze test) should be assessed 
immediately aft er each session and again the 
next morning. Th e running program can be 
progressed further by replacing walk recovery 

(b) Soft tissue therapy—sustained myofascial tension 
to the iliopsoas muscle. The hip should be slowly 
passively extended from the fl exed position shown to 
increase the tension

(c) Neural stretch—Thomas position. Commence 
in the iliopsoas stretch position, then add passive 
cervical/upper thoracic tension, and then passive knee 
fl exion to elicit a stretch
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Exercise rehabilitation program for longstanding groin pain in athletes17

This program consists of static and dynamic exercises 
aimed at improving the muscles stabilizing the pelvis 
and the hip joints, in particular the adductor muscles. 
The program consists of two parts:
• Module 1: Two-week familiarization program—

adductor activation
• Module 2: More demanding exercises with 

heavier resistance training and balance and 
coordination. The training program is performed 
three times a week and the exercises from 
module 1 are performed on the days in between 
the treatment days. The total length of the 
training period is 8–12 weeks. Sport activities are 
not allowed in the treatment period. Pain-free 
bike riding is allowed. After 6 weeks, pain-free 
jogging is allowed. Return to sport is allowed 
when neither treatment nor jogging causes any 
pain.
Stretching of the adductor muscles is not advised, 

but stretching of the other lower extremity muscles, 
particularly the iliopsoas, is recommended.

Module 1: Static and dynamic exercises 
(2 week base training program)

Static
1. (a) Adduction for 30 seconds against a soccer 

ball placed between the feet when lying in the 
supine position with the knees fully extended 
and the fi rst toe pointing straight upwards 
(Fig. 24.6a).

1. (b) Adduction for 30 seconds against a soccer 
ball placed between the knees when lying in 
the supine position with the knees and the 
hips fl exed at 45° and the feet fl at on the fl oor 
pointing straight ahead (Fig. 24.6b).

Exercises 1(a) and (b) should be repeated 10 times with 
15 second recovery periods between each contraction. 
The force of the adduction should be just suffi  cient to 
reach the point where pain begins.

Dynamic
1. (c) Sit-ups from the supine position with the hip 

and knee joints fl exed at 45° and the feet against 
the fl oor. The sit-ups are performed as a straight 
abdominal curl and also with a quarter twist 
towards the opposite knee. Five sets of 10 with 
15 second recovery periods.

1. (d) In the same starting position as for the 
sit-ups but clamping a soccer ball between 
the knees, the player does a combination of a 

sit-ups while pulling the ball towards the head. 
The exercise is performed rhythmically and with 
accuracy to gain balance and coordination. Five 
sets of 10 with 15 second recovery periods.

1. (e) Wobble board training for 5 minutes.
1. (f ) Adductor lateral slide. Using a sliding board 

with an extremely smooth surface (or a very 
smooth fl oor) and wearing a low friction sock 
on the sliding foot, one foot is positioned next 
to the sliding board and the other foot on the 
board parallel to the fi rst one. The foot on the 
board slides out laterally and is then pulled 
back to the starting position. The foot should be 
pressed against the surface through the whole 
exercise with as much force as tolerated within 
the patient’s threshold of pain (Fig. 24.6c).

1. (g) Forward slide. The same procedure is 
also done with the foot on the board placed 
in a 90° angle to the foot outside the board. 
Both exercises 1(f ) and (g) are performed 
continuously for 1 minute with each leg in turn.
All the above exercises should be commenced 

carefully and the number of sets and range of motion 
gradually increased respecting pain and exhaustion.

Module 2: Dynamic exercises
This entire module is done twice at each training 
session for three training sessions per week with a 
day in between. Note: Module 1 is done on alternate 
days, so players are training a total of six days per 
week. Exercises 2(a) to (e) are done as fi ve sets of 10 
repetitions.
2. (a) Lying on one side with the lower leg 

stretched and the upper leg bent and placed in 
front of the lower leg, the lower leg is moved up 
and down, pointing the heel upwards.

2. (b) Lying on one side with the lower leg bent 
and the upper leg stretched, the upper leg is 
moved up and down, pointing the heel upwards.

2. (c) Begin by standing at the end of a high couch 
and then lie prone so that the torso is supported 
by the couch. The hips are at the edge of the 
couch at 90° of fl exion and the feet are on the 
fl oor. From this position, both hips are slowly 
extended so both legs are lifted to the greatest 
possible extension of hips and spine; legs are 
then lowered together.

2. (d) Standing abduction/adduction using ankle 
pulleys. Begin with a low weight and gradually 
increase the weight but keep it submaximal.
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2. (e) Standing on one leg, the knee of the 
supporting leg is fl exed and extended 
rhythmically and in the same rhythm swinging 
both arms back and forth independently (‘cross-

country skiing on one leg’) (Fig. 24.6d). The non-
weight-bearing leg is not moved. The balance 
and position is kept accurately, and the exercise 
is stopped when this is no longer possible. 

Figure 24.6 Static and dynamic exercises to 
improve the muscles stabilizing the pelvis and the 
hip joints

(a) Static exercise—adduction for 30 seconds 
against a soccer ball placed between the feet

(b) Static exercise—adduction for 30 seconds 
against a soccer ball placed between the knees 
when lying in the supine position with the knees 
and the hips fl exed at 45°

(c) Static exercise—adductor lateral slide. The foot on the slippery surface slides out laterally and is then 
pulled back to the starting position in contact with the surface and with as much force as tolerable
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with jog recovery. Th e aim should be to build up 
to 20 × 100 m run-throughs and jog back.

• Lateral running (gradual change of direction 
such as fi gure eight) can be commenced when 
the above running program is completed pain-
free, the hip fl exion test is still pain-free with no 

crossover sign, there is no adductor guarding 
and, in addition, the squeeze test is pain-free. 
Figure of eight running should commence 
slowly with very gradual change of direction, 
then gradually increase both speed and 
sharpness of changes of direction.

Progression of the exercise is obtained by 
holding a 1 kg (2.2 lb) weight in each hand.

2. (f ) ‘Fitter’ training for 5 minutes.
2. (g) Standing on the sliding board, side-to-

side skating movements on the sliding board 
are done as fi ve sets of 1 minute training 
periods with 15 second recovery.

Practical tips
• Supervision is important—the patient 

should be instructed by a physiotherapist, 
a physician, an athletic trainer or another 
qualifi ed person who has been trained in the 
details of the program.

• Exercises such as 1(d) and 2(e) are very 
important, especially at the end of the 
training period, but they are technically 
diffi  cult.

• The athletes can do the program at home 
or at the ‘gym’ or the fi tness club, but we 
recommend physiotherapist supervision for 
three to four times within the fi rst 2 weeks 

and after that a visit every 10–14 days to 
check the technique and ensure progression.

• Patience is the key to success.
• Patients often make good progress in the fi rst 

few weeks, but symptoms can plateau from 
that period until the 6–9 week period, when 
there is a positive ‘breakthrough’.

• It is important to use pain as a guide to how 
much to do. Muscle soreness similar to that 
after a regular practise in the sports fi eld is 
not a problem, but if the patient experiences 
pain from the injury, the intensity of the 
exercises should be adjusted.

• Pain medication including NSAIDs should be 
avoided.

• Athletes should continue with some of the 
exercises on a regular basis (1–2 times a 
week) for at least a year after total recovery 
and return to sport.

• The athlete must appreciate that successful 
rehabilitation of chronic groin pain takes a 
minimum of 8–12 weeks.

(d) Dynamic exercise—cross-country skiing on one leg. Note that the non-weight-bearing leg is not moved
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In kicking sports, short stationary kicking can 
be commenced when hip fl exion tests are pain-free 
without crossover. Th e player may gradually increase 
the kicking distance and then start shorter kicking on 
the run. Th e last stage in the kicking program is long 
kicks at full pace and kicking around the body.

Key clinical signs suggestive of ‘excessive loading’ 
during rehabilitation

As the therapist must continually guard against 
the player ‘overdoing’ rehabilitation, we share the 
following signs that appear to suggest excessive load-
ing and deterioration during rehabilitation:

• pain on passive hip abduction
• adductor muscle ‘guarding’ with increased 

muscle tone on passive combined hip external 
rotation and abduction

• pain and weakness with resisted adductor 
contraction

• pain on the ‘squeeze test’ (Fig. 24.4a)
• pain on resisted hip fl exion (Fig. 23.2e)
• pain on resisted hip fl exion and adduction in the 

Th omas test position
• positive crossover sign.

Other non-surgical treatments

Compression shorts have been advocated for those 
with mild pain who insist on continuing to train and 
play, and for those returning to sport aft er rehabili-
tation.7, 21, 22 Th e shorts substantially reduced pain 
when worn during exercise.23 Th e mechanism of 
action of compression shorts remains unclear, but 
Dutch researchers have reported that groin pain on 
resisted adduction (the ‘squeeze test’) was signifi -
cantly reduced by the application of a pelvic belt.19 
Th ey speculated that relative pelvic instability may 
contribute to the groin pain typically attributed to 
tendinopathy.

Failure of conservative management

Conservative management as outlined above might 
fail for a number of reasons. Th ese include:

• incorrect diagnosis (hip joint pathology, hernia, 
stress fracture, referred pain)

• inadequate period of rest
• poor compliance
• exercising into pain
• inappropriate progressions
• inadequate core stability
• persistent lumbar intervertebral hypomobility
• persistent adductor guarding.

Surgery

If persistent adductor shortening/guarding is a prob-
lem that does not respond to soft  tissue treatment 
and/or dry needling, then a partial adductor tendon 
release may be helpful.24, 25 Abolition of the patient’s 
symptoms and signs with a trial injection of local 
anesthetic is advocated by some as an indication that 
the release will be successful in alleviating symptoms. 
One technique advocated is to release the superfi cial 
section of the normal adductor longus tendon at a 
point distal to the insertion. It is postulated that this 
may have the eff ect of transferring stress from the 
superfi cial section of the tendon to the stress-shielded 
deeper portion.26 Anecdotally, these patients oft en 
make a quick recovery and return to high-level sport 
aft er four to six weeks.

Iliopsoas-related 
longstanding groin pain
Th e iliopsoas muscles may be the sole cause of the 
athlete’s longstanding groin pain, but this component 
is frequently present in conjunction with adductor 
abnormalities. Th e iliopsoas component needs to be 
recognized and subsequently treated.

Th e iliopsoas muscle (Fig. 23.3) is the strongest 
fl exor of the hip joint. It arises from the fi ve lumbar 
vertebrae and the ilium and inserts into the lesser 
trochanter of the femur. It is occasionally injured 
acutely (Chapter 23) but frequently becomes tight 
with neural restriction.

Whether or not iliopsoas tendinopathy and bursitis 
contribute substantially to exercise-related groin pain 
remains unclear. Most case reports associate these 
conditions with hip surgery and with rheumatological 
conditions (e.g. polymyalgia rheumatica). Th e thin-
walled iliopsoas bursa commonly communicates 
with the hip joint. Experienced clinicians feel that 
muscular and neuromyofascial elements are likely 
to contribute far more commonly than do iliopsoas 
bursitis and tendinopathy.

Iliopsoas problems may occur as an overuse injury 
resulting from excessive hip fl exion, such as kicking. 
Th ey present as a poorly localized ache that patients 
usually describe as being a deep ache in one side of 
the groin.

Th ere are two key clinical signs that point to 
the iliopsoas as the source of groin pain. Th e fi rst, 
tenderness of the muscle in the lower abdomen, 
relies on palpation of the iliopsoas muscle, which 
is diffi  cult in its proximal portion, deep within the 
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pelvis. Never theless, the skilled examiner may detect 
tenderness more distally, particularly in thin athletes, 
by palpating carefully just below the inguinal liga-
ment, lateral to the femoral artery and medial to the 
sartorius muscles. Passive hip fl exion facilitates this 
palpation.

Th e second key clinical sign that helps distinguish 
the iliopsoas from other sources of groin pain is pain 
and tightness on iliopsoas stretch that is exacerbated 
on resisted hip fl exion in the stretch position (Fig. 
23.2e). Frequently, the further addition of passive 
cervical fl exion and knee fl exion (Fig. 24.4d) will 
aggravate the pain, indicating a degree of neural 
restriction through the muscle. It is important to 
examine the lumbar spine as there is frequently an 
association between iliopsoas tightness and hypo-
mobility of the upper lumbar spine from which the 
muscle originates.

Treatment

Treatment of iliopsoas-related groin pain is similar to 
that of adductor-related groin pain (above) but with an 
increased emphasis on soft  tissue treatment of the ilio-
psoas (Fig. 24.5b) and iliopsoas stretching (Fig. 23.2e) 
with the addition of a neural component (Fig. 24.5c). 
Oft en, mobilization of the lumbar intervertebral joints 
(Chapter 21) at the origin of the iliopsoas muscles will 
markedly decrease the patient’s pain.

Abdominal-wall-related 
longstanding groin pain
Th e subject of ‘hernias’ as a common cause of groin 
pain in athletes is controversial. While true inguinal 
hernias are relatively rare in this population, other 
conditions similar to hernias have been described and 
have come in and out of favor as common causes of 
groin pain. Th ese include terms such as ‘sportsman’s 
hernia’, ‘footballer’s hernia’, ‘inguinal insuffi  ciency’, 
‘conjoint tendon tear’, ‘hockey player’s groin’ and 
‘Gilmore’s groin’. Many of these entities are probably 
describing the same or similar clinical conditions and 
all seem to respond to similar surgical treatment.

Posterior inguinal wall weakness 
(‘sports hernia’, ‘sportsman’s hernia’)

A signifi cant group of patients with groin pain, usually 
male football players, present with a long history of 
gradually worsening, poorly localized pain aggravated 
by activity, especially kicking. Th ese patients have been 

classifi ed as having ‘inguinal insuffi  ciency’, ‘football-
er’s hernia’ or ‘sportsman’s hernia’. Th is diagnosis is 
popular in soccer players in the United Kingdom and 
Europe. It is important to note that this presentation 
is uncommon in women; other diagnoses should be 
thoroughly explored.25

Various authors have described slightly diff erent 
pathologies including a tear in the transversalis or 
external oblique fascia, a tear in the external oblique 
aponeurosis, a tear in the conjoined tendon, a sepa-
ration of the inguinal ligament from the conjoined 
tendon or tearing of the conjoined tendon from the 
pubic tubercle.27–33 Some or all of these pathologies 
may lead to dilation of the external inguinal ring.

A number of contributing factors have been sug-
gested. Th e condition is commonly bilateral, suggest-
ing that a congenital posterior inguinal wall defi ciency 
may be present.34 Intense sporting activity particularly 
involving kicking places increased downward stress 
on the conjoined tendon, and causes muscle fatigue.35 
An increase in intra-abdominal pressure during sport 
increases stress on the transversalis fascia fi bers of the 
posterior inguinal wall.36

Th e onset of pain is usually insidious, but it may 
also present as an acute injury followed by chronic 
pain. Th e pain initially tends to occur aft er or near 
the end of activity. As the condition progresses, the 
pain worsens and occurs earlier in activity. Th e pain 
is usually located in the posterior inguinal fl oor 
inside the external ring. It may also radiate to the 
testicle, adductors or laterally in the upper thigh. 
Th e pain is usually aggravated by sudden movement 
and is aggravated by sneezing, coughing, sexual 
activity and the Valsalva maneuver. Symptoms have 
a tendency to settle aft er prolonged absence from 
sporting activity, only to recur when high-intensity 
exercise is resumed.

On examination, maximal tenderness is usually 
over the pubic tubercle. Th e most helpful diagnos-
tic sign is dilation and/or discomfort to palpation 
of the external inguinal ring aft er invagination of 
the scrotum (Fig. 24.4e). Peritoneograms are used, 
particularly in Scandinavia, to confi rm the diagnosis 
in some cases but have generally gone out of favor 
elsewhere. Th ere is some evidence that ultrasound 
examination15 and MRI16 may be able to detect these 
hernias.

Surgery is the most popular treatment for this 
condition. Th e most common procedure is a Bassini 
hernia repair, paying added attention to identifi cation 
and repair of tears in the transversalis fascia or other 
structures. Most surgeons also insert a polypropylene 
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mesh. Th is procedure can be performed as an open 
operation or laparoscopically.33, 37, 38

Taylor et al.39 and Meyers et al.25 in the United 
States, and Biedert et al.40 in Switzerland have reported 
a procedure in which they performed a broad surgical 
reattachment of the inferolateral edge of the rectus 
abdominis muscle with its fascial investment to the 
pubis and adjacent anterior ligaments.39 Th e opera-
tion is similar to a Bassini hernia repair with the main 
diff erence being a focus on attachment of the rectus 
abdominis muscle fascia to the pubis, rather than 
protection of the inguinal fl oor near the internal 
ring.25 A number of the patients in these studies also 
had an adductor release.

If tenderness at the attachment of the inguinal liga-
ment is present, laparoscopic release of the ligament 
may be eff ective. Th is procedure is currently common 
in the United Kingdom.

Reports of results of surgery are generally very 
positive, but in our experience there is a relatively 
high rate of recurrence of symptoms. It is unclear 
whether this is because of an incorrect diagnosis or 
recurrence of the problem.

Th eoretically, a rehabilitation program consisting of 
strengthening of the abdominal obliques, transversus 
abdominis, adductors and hip fl exors should help in 
this condition, and a trial of such a program may be 
worthwhile before resorting to surgery.41 No scientifi c 
evidence exists as to the effi  cacy of such a program.

‘Gilmore’s groin’

A similar condition has been described by Gilmore and 
is known as ‘Gilmore’s groin’.42–44 Gilmore describes an 
injury involving a torn external oblique aponeurosis, 
causing dilatation of the superfi cial inguinal ring, a 
torn conjoint tendon (common tendon of insertion 
of the internal oblique and transversus abdominis 
muscles), and a dehiscence between the inguinal 
ligament and the conjoint tendon. Gilmore advocates 
surgical repair of the defect described above with a 
reported 96% of his patients returning to sport within 
15 weeks.42

Tear of the external oblique aponeurosis 
(‘hockey groin’)

An unusual condition involving a tear of the external 
oblique aponeurosis and superfi cial inguinal ring has 
been described in elite ice hockey players.44, 45 Th ese 
players all complained of a muscular type of pain of 
gradual onset, exacerbated by ipsilateral hip exten-
sion and contralateral torso rotation. Th e discomfort 

is oft en worse in the morning, specifi cally during hip 
extension from a sitting position, as in getting up from 
a bed or chair. Pain is felt mostly during the propul-
sion phase of skating (the fi rst few strides) and during 
the slapshot motion. It is consistently located on the 
opposite side to the player’s forehand shot. Th e dull 
ache may radiate to the scrotum, hip and back.

On examination there are no consistent fi ndings, 
although the superfi cial inguinal ring may be tender 
and/or dilated. Imaging studies are consistently 
negative. Various conservative therapies have been 
attempted without success and the defi nitive treat-
ment is surgery involving repair of the torn external 
oblique aponeurosis. Th e ilioinguinal nerve is oft en 
trapped in scar tissue. If so, neurectomy is performed. 
Postoperatively, the patients are advised to avoid skat-
ing for four weeks, then slowly allowed to return to 
activity over the next six to eight weeks.

Inguinal hernia

Inguinal hernias occur in athletes as in the general 
population. Th ey can be either direct or indirect. Small 
hernias may become painful as a result of exertion. 
Symptoms may include a characteristic dragging 
sensation to one side of the lower abdomen aggra-
vated by increased intra-abdominal pressure, such as 
coughing. On examination, there is occasionally an 
obvious swelling and there may be a palpable cough 
impulse. Treatment consists of surgical correction 
of the defect.

Rectus abdominis tendinopathy

Rectus abdominis abnormalities occur at its tendi-
nous insertion into the superior ramus of the pubis. 
Th ese may occur as the result of an acute strain while 
lifting or, more commonly, as an overuse injury 
associated with excessive abdominal contractions 
(e.g. sit-ups).

On examination, there is tenderness at the inser-
tion of the rectus abdominis into the superior pubic 
ramus. Pain is aggravated by active contraction, 
such as a sit-up. Treatment consists of correction of 
soft  tissue dysfunction and a gradual strengthening 
program. Some clinicians advocate an injection of 
corticosteroid and local anesthetic agents into the area 
of attachment in recalcitrant cases, but this approach 
is losing favor in tendinopathies in general. If injection 
is tried, it should be accompanied by active rehabili-
tation. Rarely, surgery is required. Th is is performed 
in a similar way to an adductor tenotomy, where the 
tendon is released from its attachment.
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Pubic-bone-stress-related 
longstanding groin pain
It has been well accepted that athletic groin pain can 
arise from bony stress around the pubic symphysis, 
hence the term ‘osteitis pubis’. Th at ‘diagnosis’ is 
confi rmed by typical radiographic and radionuclide 
imaging appearances. Th e radiographic features are 
the typical ‘moth-eaten’ appearance along the margins 
of the pubic symphysis (Fig. 24.7b) with asymmetrical 
bony erosions, osteophytes, sclerotic bony margins 
and subchondral bone cysts. Th e radionuclide bone 
scan shows increased uptake on the delayed static 
images over the pubic tubercle (Fig. 24.7a).

CT scanning is also a sensitive investigation for 
displaying abnormalities of the bony architecture, 
such as cystic changes and perisymphysis erosions 
(Fig. 24.7c). In more recent times, MRI has shown 
bone marrow edema in the body of the pubis (Fig. 
24.7d).5

Th e signifi cance of the bone marrow edema in 
sportspeople (mainly men) with longstanding groin 
pain is presently a topic of great interest and vigorous 
debate. As mentioned previously, Verrall et al.5 have 
shown that bone marrow edema is present on MRI 
in a large percentage (77%) of footballers presenting 
with longstanding groin pain that is associated with 

Figure 24.7 Imaging appearance of pubic-bone-
stress-related longstanding groin pain (traditionally 
described as ‘osteitis pubis’)

(a) Appearance on radionuclide bone scan

(b) X-ray showing the characteristic moth-eaten 
appearance

(c) Appearance on CT scan, showing degenerative 
cyst formation and erosions, with widening of the 
anterior margins of the symphysis

(d) Appearance on T2-weighted MRI, showing bony 
edema (arrow) in the body of the pubis
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pubic symphysis tenderness and a positive squeeze 
test. Th ey proposed that pubic bone stress was a pos-
sible cause of the symptoms and signs such as the 
squeeze test but their subsequent research showed 
only moderate levels of sensitivity46 of the squeeze test 
when correlated with clinical and MRI criteria.

Abnormalities in all imaging modalities are seen in 
athletes who have no history of groin pain; neverthe-
less, the presence of bone marrow edema elsewhere 
in the body is considered signifi cant. For example, on 
MRI it is characteristic of the bone bruises associated 
with serious knee injuries (Chapter 27).

Th e pubic bones are subjected to considerable 
forces by the various pelvic structures mentioned 
above. It may be that pubic bone abnormalities are 
the cause of pain in a small group of patients or they 
may simply be a sign of increased bone stress when 
the other clinical entities (e.g. adductor related) are 
aff ected.

Treatment

A variety of treatments have focused on the symphysis 
pubis and bony abnormalities.

Th e use of corticosteroids both as a local injec-
tion into the symphysis pubis47 and in oral form 
(25–50 mg/day for 7 days) has been anecdotally 
helpful, but no controlled trial has been reported. 
We have found a short (5–7 days) course of oral 
prednisolone (50 mg/day) to be helpful in settling 
pain, thus enabling the patient to commence the 
rehabilitation program earlier.

Dextrose prolotherapy injections have been shown 
to be helpful in one study.48 Monthly injections of 
12.5% dextrose and 0.5% lignocaine (lidocaine) into 
the adductor origins, suprapubic abdominal inser-
tions and symphysis pubis were given until resolu-
tion of symptoms. An average of 2.8 treatments were 
required.

Th ree- to six-monthly courses of intravenous injec-
tion of the bisphosphonate pamidronate were found 
to be helpful in one report of three cases.49 Some 
physicians are advocating the use of extra corporeal 
shock wave therapy but there is no evidence to sup-
port this.

Surgery has been advocated by some clinicians. 
In the chronic stage of the condition, where imag-
ing shows erosions and cystic changes in the pubic 
symphysis (Fig. 24.7c), surgical exploration and 
debridement of the symphysis may be indicated.50 
Symphyseal wedge resection51 is out of favor as 
it can give rise to progressive sacroiliac arthrosis 
and ultimately posterior pelvic instability requiring 

major pelvic stabilization.52 Arthrodesis of the pubic 
symphysis by bone graft ing and a compression plate 
has been used successfully in patients with proven 
pubic instability.53

Less common causes
Obturator neuropathy

Obturator neuropathy is a fascial entrapment of the 
obturator nerve as it enters the adductor compartment 
and accounts for approximately 4% of the patients 
with groin pain seen at our clinic. It has distinct 
clinical features that separate it from other causes of 
groin pain.54, 55

Obturator neuropathy presents as exercise-related 
groin pain, which initially is concentrated on the 
proximal groin but with increasing exercise radiates 
towards the distal medial thigh. Th ere may be associ-
ated weakness or a feeling of a lack of propulsion of 
the limb during running but numbness is very rarely 
reported. At rest, examination fi ndings can be non-
specifi c, with pain on passive abduction of the hip, 
and pain and weakness on resisted hip adduction. 
Th e ipsilateral pubic tubercle is oft en tender. Th e 
essential component of the physical examination is 
to exercise the patient to a level that reproduces his 
or her symptoms followed by immediate examination 
of the patient. Th is examination will reveal weakness 
of resisted adduction and numbness over the distal 
medial thigh.

Bone scan in this condition oft en shows increased 
uptake over the ipsilateral pubic tubercle, frequently 
called osteitis pubis by the reporting radiologist. 
Th e diagnosis is confi rmed by needle EMG, which 
shows chronic denervation patterns of the adductor 
muscle group.

Conservative treatment of this condition, includ-
ing sustained myofascial tension massage over the 
adductor compartment, neural stretches, spinal 
mobilization and iliopsoas soft  tissue techniques, is 
generally unsuccessful.

Th e defi nitive treatment of this condition is sur-
gical. An oblique incision is made in the proximal 
groin. Th e plane between the adductor longus and 
pectineus is identifi ed and dissected, revealing the 
obturator nerve under the fascia over the adductor 
brevis. Th is fascia is divided and the nerve is freed 
up to the level of the obturator foramen. Th e fascial 
anatomy (Fig. 24.8) here is very important, with the 
fascia of the adductor longus curving around the 
muscle medially and passing back deep to the muscle 
to become the fascia over the adductor brevis, which 

Brukner-B-13_24.indt   421Brukner-B-13_24.indt   421 5/6/06   11:54:28 AM5/6/06   11:54:28 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL422

PART B REGIONAL PROBLEMSB

is thought to be responsible for the fascial entrapment 
of the obturator nerve. Post-surgical management 
includes wound management, soft  tissue techniques 
and a graduated return to full activity over a period 
of four to six weeks.

Other nerve entrapments

A number of superfi cial nerves in the groin may 
become entrapped and should be considered as 
possible causes of groin pain. Th e ilioinguinal nerve 
supplies the skin around the genitalia and inside of the 
thigh and may produce pain as a result of entrapment. 
Th e genitofemoral nerve innervates an area of skin 
just above the groin fold. Th e lateral cutaneous nerve 
of the thigh is the most common nerve aff ected. Th is 
nerve supplies the outside of the thigh. Th is condition 
is known as ‘meralgia paresthetica’.

Treatment of these conditions is usually not nec-
essary as they oft en spontaneously resolve. Meralgia 
paresthetica is sometimes treated with a corticosteroid 
injection at the site where the nerve exits the pelvis, 
1 cm (0.5 in.) medial to the anterior superior iliac 
spine. Occasionally, the nerve needs to be explored 
surgically and the area of entrapment released.

Stress fractures of the neck of the femur

Stress fracture of the neck of the femur is another cause 
of groin pain.56 Th e usual history is one of gradual 
onset of groin pain, poorly localized and aggravated 
by activity. Examination may show some localized 
tenderness but oft en there is relatively little to fi nd 
other than pain at the extremes of hip joint movement, 
especially internal rotation. X-ray may demonstrate 
the fracture if it has been present for a number of 
weeks but this investigation should not be relied on 
to rule out the condition; isotopic bone scan and MRI 
(Fig. 24.9) are the most sensitive tests.

Stress fractures of the neck of the femur occur on 
either the superior or tension side of the bone or on 

the inferior or compression side (Fig. 24.10). Stress 
fractures of the superior aspect of the femoral neck 
should be regarded as a surgical emergency and treated 
with either urgent internal fi xation or strict bed rest. 
Th e concern is that such stress fractures have a ten-
dency to go on to full fracture, which compromises 
the blood supply to the femoral head.

Figure 24.9 MRI showing stress fracture of the neck of 
the femur

compression

tension

Figure 24.10 Stress fractures of the neck of the 
femur—superior or tension fracture on the superior 
aspect of the femoral neck and inferior or compression 
fracture on the inferior side

Figure 24.8 Obturator neuropathy—fascial 
arrangements

fascial plane

skin

obturator n.

adductor brevis m.

pectineus m. adductor
longus m.
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Stress fractures of the inferior surface of the femoral 
neck are more benign and can be treated with an initial 
period of non-weight-bearing rest followed by a period 
of weight-bearing without running. Th ey require at 
least six weeks of rest and usually considerably longer. 
Following the period of rest, a further six weeks of 
progressive loading will take the patient back to full 
training. Biomechanical (Chapter 5), nutritional and 
endocrine risk factors (Chapter 41) should be assessed 
and treated as appropriate.

Stress fracture of the pubic ramus

Stress fracture of the inferior pubic ramus occurs 
occasionally, especially in distance runners, and 
is an important diff erential diagnosis of adductor 
tendinopathy. Th ere is usually a history of overuse 
and localized tenderness, which is not aggravated 
by passive abduction or resisted adduction. In this 
condition, pain is oft en referred to the buttock.

A stress fracture may not be visible on plain X-ray 
for several weeks, whereas a radionuclide bone scan 
will demonstrate a focal area of increased activity 
within hours (Fig. 24.11). As with any stress frac-
ture, etiological factors must be considered. Stress 
fractures of the inferior pubic ramus in females may 
be associated with reduced bone density; nutritional 
insuffi  ciency is a key risk factor for the prolonged 
amenorrhea oft en associated with this stress fracture 
(Chapter 41).

Treatment consists of relative rest from aggravating 
activities, such as running, until there is no longer 
any local tenderness. Fitness should be maintained 
with swimming or cycling with gradual return to 

weight-bearing over a number of weeks. Predispos-
ing factors such as a negative energy intake, muscular 
imbalance or biomechanical abnormality also require 
correction.

Hip injuries

Synovitis, labral tears, ligamentum teres tears, loose 
bodies and chondral lesions of the hip usually present 
as acute injuries but may also present with long-
standing pain. Th ese conditions are fully described 
in Chapter 23.

Osteoarthritis

Because people in their sixth decade and beyond 
oft en remain active, it is increasingly common for 
clinicians to see patients present to the sports medi-
cine clinic with groin pain and be diagnosed with 
primary osteoarthritis of the hip joint. Also, patients 
diagnosed with osteoarthritis by a family physician or 
physio therapist might attend a sports medicine clinic 
for exercise prescription (Chapter 55).

It seems most unlikely that sporting activities (e.g. 
long distance running) that do not involve collisions 
contribute to the development of osteoarthritis of the 
hip. A systematic review determined that there was 
moderate evidence for a positive relationship when 
traumatic events were included in the analysis.57

Th is condition is a degenerative joint process oft en 
preceded by an injury. Treatment includes activity 
modifi cation initially, but when pain is unremitting 
joint replacement surgery should be considered. 
Interim measures, which may be helpful in reducing 
pain, include intra-articular corticosteroid injection, 
NSAIDs and a course of intra-articular injections with 
hyalin G-F 20. Th is is a joint lubricating substance, 
biochemically related to healthy joint fl uid, which may 
delay the need for joint replacement surgery.

Avascular necrosis (osteonecrosis) of the 
head of the femur

Th e blood supply to the head of the femur can be 
compromised in a number of diff erent circumstances, 
leading to death of the femoral head. Fractures of 
the neck of the femur, surgery around the hip joint, 
corticosteroid administration and intra-articular 
injection have all been implicated in the etiology of 
avascular necrosis.

Th e condition is diagnosed clinically and is con-
fi rmed with progressive plain X-rays. Bone scan can 
be useful in making an early diagnosis. Th e focus of 
most eff orts to diagnose and treat this condition has 
been on preventing collapse of the subchondral bone. 

Figure 24.11 Radionuclide bone scan demonstrating 
stress fracture of the inferior pubic ramus
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Revascularization, especially with free vascularized 
fi bular graft ing, is done in an attempt to alter the 
natural history of the disease.58

Transient osteoporosis

Th is is a poorly understood condition, more common 
in females, where a fl ame-shaped area of bone edema 
becomes visible in the femoral neck on MRI. A bone 
scan will be hot in the delayed phase. It can be very 
painful, but non-weight-bearing rest on crutches is 
usually suffi  cient for pain control. Th e condition is 
usually self-limiting, but orthopedic involvement in 
care is mandatory.

‘Snapping’ hip

‘Snapping’ hip, a condition seen in ballet dancers, 
refers to a snapping noise in the hip region. Th ere 
are two forms of snapping hip. Lateral (or external) 
snapping hip is localized at the lateral aspect of the 
hip and is produced by the tensor fascia lata or the 
abducting fi bers of gluteus maximus sliding over the 
greater trochanter and producing a characteristic 
sound. It is usually not painful.

Th e young dancer (and usually the parent) requires 
reassurance that this does not signify any bony abnor-
mality. Although the condition may resolve with rest, 
attention to ballet technique, sustained myofascial 
tension to excessively tight soft  tissue structures, 
pelvic stability exercises and stretching of the involved 
tissues may hasten recovery.

A second form of snapping hip (internal snapping 
hip) is caused by the iliopsoas tendon as it fl ips over 
the iliopectineal eminence (Fig. 24.12). Th e patient 
complains of pain with hip fl exion. Treatment consists 
of iliopsoas stretches and soft  tissue therapy to the 
iliopsoas muscle. Occasionally surgical release may 
be required.59

Referred pain to the groin
Th e possibility of referred pain to the groin should 
always be considered, especially when there is little 
to fi nd on local examination. A common site of refer-
ral to the groin is the SIJ and this should always be 
assessed in any examination of a patient with groin 
pain. Th e SIJ may also refer pain to the scrotum in 
males and labia in females. Th e assessment and treat-
ment of sacroiliac problems have been discussed in 
Chapter 22.

Th e lumbar spine may refer pain to the groin. Th e 
lumbar spine and thoracolumbar junction should 
always be examined in a patient with groin pain. 
Neural tension tests, such as the slump and neural 

Th omas tests, should be performed as part of the 
assessment (Chapter 8). Variations such as the addi-
tion of adduction or hip rotation may reproduce the 
patient’s pain.

A positive neural tension test result requires further 
evaluation to determine the site of the abnormality. 
Th e position of reproduction of pain can be used to 
correct neural tightness by stretching. Active trig-
ger points may also refer to the groin and should be 
treated with soft  tissue therapy.
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The anterior thigh (Fig. 25.1) is the site of common 
sporting injuries such as quadriceps muscle con-

tusion and strain of the quadriceps muscle. Referred 
pain from the hip, sacroiliac joint (SIJ) or lumbar 
spine may also cause anterior thigh pain. Stress frac-
ture of the femur is an uncommon, but important, 
diag nosis. Th e causes of anterior thigh pain are shown 
in Table 25.1.

CHAPTER 

25
Anterior Thigh Pain

Figure 25.1 Anatomy of the anterior thigh

(a) Surface anatomy (b) Muscles of the anterior thigh
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Clinical approach
History

Th e two most important aspects of the history of a 
patient with anterior thigh pain are the exact site of 
the pain and the mechanism of injury. Th e site of the 
pain is usually well localized in cases of contusion or 
muscle strain. Muscle strains occur in the mid belly. 
Contusions can occur anywhere in the quadriceps 
muscle but they are most common anterolaterally or 
in the vastus medialis obliquus.

Th e mechanism of injury may help diff erentiate 
between the two conditions. A contusion is likely to 
be the result of a direct blow, whereas a muscle strain 
usually occurs when an athlete is striving for extra 
speed running or extra distance kicking. In contact 
sports, however, the athlete may have diffi  culty recall-
ing the exact mechanism of injury.

Whether the athlete was able to continue activity, 
the present level of function and the degree of swelling 
are all guides to the severity of the condition. Deter-
mine whether the RICE regimen was implemented 
initially and whether any aggravating factors, such as 
a hot shower, heat rub, excessive activity or alcohol 
ingestion were present. Gradual onset of poorly 
localized anterior thigh pain in a distance runner 
worsening with activity may indicate stress fracture 
of the femur. If the pain is variable and not clearly 
localized and if specifi c aggravating factors are lack-
ing, consider referred pain. Bilateral pain suggests the 
pain is referred from the lumbar spine.

Examination

In anterior thigh pain of acute onset, the diagnosis is 
usually straightforward and examination is confi ned 
primarily to local structures. In anterior thigh pain of 
insidious onset, diagnosis is more diffi  cult. Examina-
tion should include sites that refer pain to the thigh, 
such as the lumbar spine, SIJ and hip.

Th e aim of the examination is to determine the 
exact site of the abnormality and to assess range of 
motion and muscle strength. Functional testing may 
be necessary to reproduce the symptoms.

1. Observation
(a) standing
(b) walking
(c) supine

2. Active movements
(a) hip fl exion
(b) knee fl exion
(c) knee extension

3. Passive movements
(a) hip and knee (e.g. hip quadrant)
(b) muscle stretch (e.g. quadriceps) (Fig. 25.2a)

Table 25.1 Causes of anterior thigh pain

Common Less common Not to be missed

Quadriceps muscle contusion 
(cork thigh, charley horse)

Quadriceps muscle strain 
(rectus femoris)

Myositis ossifi cans

Referred pain (upper lumbar spine, 
sacroiliac joint, hip joint)

Stress fracture of the femur
Sartorius muscle strain
Gracilis strain
Avulsion of the apophysis of rectus 

femoris

Slipped capital femoral epiphysis
Perthes’ disease
Tumor (e.g. osteosarcoma of the femur)

Figure 25.2 Examination of the patient with anterior 
thigh pain

(a) Passive movement—quadriceps stretch. A passive 
stretch of the quadriceps muscles is performed with 
full knee fl exion. Passive hip extension may be added 
to increase the stretch on the rectus femoris, which 
may reproduce the patient’s pain
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4. Resisted movements
(a) knee extension (Fig. 25.2b)
(b) straight leg raise
(c) hip fl exion (Fig. 25.2c)

5. Functional tests
(a) squat (Fig. 25.2d)
(b) jump
(c) hop
(d) kick

6. Palpation
(a) quadriceps muscle (Fig. 25.2e)

7. Special tests
(a) femoral stress fracture (Fig. 25.2f)
(b) neural tension (Fig. 25.2g)
(c) lumbar spine (Chapter 21)
(d) SIJ (Chapter 22)

Investigations

Investigations are usually not required in athletes with 
anterior thigh pain. If a quadriceps contusion fails to 
respond to treatment, X-ray may demonstrate myositis 
ossifi cans. Th is is usually not evident until at least 
three weeks aft er the injury. Ultrasound examination 
will confi rm the presence of a hematoma and may 
demonstrate early evidence of calcifi cation.

If a stress fracture of the femur is suspected, plain 
X-ray is indicated. If this is normal, an isotopic bone 
scan or MRI is required.

(b) Resisted movement—knee extension. With the hip 
and knee fl exed to 90°, the knee is extended against 
resistance

(c) Resisted movement—hip fl exion

(d) Functional movements—squat. If the previous 
activities have failed to reproduce the patient’s pain, 
functional movements should be used to reproduce 
the pain. These may include squat, hop or jump
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An X-ray of the hip joint should be performed if 
thigh pain is associated with restricted or painful hip 
motion. Although hip pathology most oft en refers to 
the groin (Chapter 23), it can refer to the anterior, and 
occasionally lateral, thigh. In adults, the most likely 
abnormality is degenerative, while in adolescents, a 
slipped capital femoral epiphysis or avulsion fracture 
must be considered.

Quadriceps contusion
If the patient suff ered a direct blow to the anterior 
thigh and examination confi rms an area of tenderness 
and swelling with worsening pain on active contrac-
tion and passive stretch, thigh contusion with resultant 
hematoma is the most likely diagnosis. In severe cases 
with extensive swelling, pain may be severe enough 
to interfere with sleep.

Quadriceps contusion is an extremely common 
injury and is known colloquially as a ‘charley horse’ 
or ‘cork thigh’. It is common in contact sports such 
as football and basketball. In sports such as hockey, 
lacrosse and cricket, a ball traveling at high speed 
may cause a contusion.

Trauma to the muscle will cause primary damage to 
myofi brils, fascia and blood vessels. Localized bleed-
ing may increase tissue pressure and cause relative 
regional anoxia that can result in secondary tissue 

(e) Palpation. The anterior thigh is palpated for 
tenderness, swelling and areas of focal muscle 
thickening. A focal defect in the muscle belly may be 
palpated, especially with active muscle contraction

(f) Special tests—for the presence of a femoral stress 
fracture. This is performed with pressure over the distal 
end of the femur. Reproduction of the patient’s pain 
may be indicative of a femoral stress fracture

(g) Special tests—neural tension test (modifi ed 
Thomas’s test). The patient is placed in the psoas 
stretch position. Cervical and upper thoracic fl exion 
is added and then the clinician passively bends the 
patient’s knee (using his or her own leg). Reproduction 
of the patient’s symptoms when the extra neural 
tension is added indicates a neural contribution
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damage. Th e contusion may be either intramuscular 
or intermuscular. In the intermuscular hematoma, 
the blood escapes through the fascia and is distrib-
uted between the compartments of the thigh. Th e 
intramuscular hematoma is confi ned to the muscle 
compartment which fi lls up with blood. Th e intra-
muscular hematoma is more painful and restrictive 
of range of motion. Usually only a single quadriceps 
muscle will be aff ected.

It is important to assess the severity of the con-
tusion to determine prognosis (this can vary from 
several days to a number of weeks off  sport) and plan 
appropriate treatment. Th e degree of passive knee 
fl exion aft er 24 hours is an indicator of the severity 
of the hematoma. For optimal treatment and accurate 
monitoring of progress, it is important to identify 
the exact muscle involved. MRI will show signifi cant 
edema throughout the involved muscle (Fig. 25.3). 
Blood from contusions of the lower third of the thigh 
may track down to the knee joint and irritate the 
patellofemoral joint.

Treatment

Th e treatment of a thigh contusion can be divided 
into four stages: stage 1—control of hemorrhage; 

stage 2—restoration of pain-free range of motion; 
stage 3—functional rehabilitation; stage 4—gradu-
ated return to activity.

A summary of the types of treatment appropri-
ate for each stage is shown in Tables 25.2 and 25.3. 
Progression within each stage, and from one stage 
to the next, depends on the severity of the contusion 
and the rate of recovery.

Figure 25.3 MRI appearance of severe hematoma 
(arrow) of the vastus intermedius muscle

Table 25.2 Grading and treatment of quadriceps contusion

Grading Clinical features Treatment

Mild May or may not remember incident
Usually can continue activity
Sore after cooling down or next morning
May restrict full ROM (stretch) 5–20%
Tender to palpation
Minimal loss of strength

Ice, magnetic fi eld therapy, stretch and bandage 
for fi rst 24–48 hours

Then should regain full ROM and start functional 
strengthening—bike, running, swimming

Strengthening may be required
Soft tissue therapy and electrotherapy are 

eff ective

Moderate Usually remembers incident but can continue 
activity although may stiff en up with rest 
(e.g. half-time or full-time)

Moderate restriction of ROM 20–50%
Some pain on restricted contraction
Tender to palpation
May have tracking
Usually FWB, but often limp

See Table 25.3

Severe Usually remembers incident
May not be able to control rapid onset of 

swelling/bleeding
Severe loss of movement (50%)
Diffi  culty with FWB
Tender over large area (tracking)
Obvious bleeding
Functional loss of strength

Ice regularly over 2–3 days
Stretches (active after 2–3 days)
No massage/ultrasound
No overpressure with passive stretching for 

7–10 days

ROM = range of motion; FWB = full weight-bearing.
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Th e most important period in the treatment of a 
thigh contusion is in the fi rst 24 hours following the 
injury. Upon suff ering a thigh contusion, the player 
should be removed from the fi eld of play and the 
RICE regimen (Chapter 10) instituted immediately. 
Th e importance of rest and elevation of the aff ected 
leg must be emphasized. Th e use of crutches ensures 
adequate rest if full weight-bearing is painful and 
encourages the athlete to recognize the serious nature 
of the condition. 

 In the acute management of a thigh contusion, 
ice should be applied in a position of maximal 
pain-free quadriceps stretch (Fig. 25.4).

Th e patient must be careful not to aggravate the 
bleeding by excessive activity, alcohol ingestion or 
the application of heat.

Loss of range of motion is the most signifi cant 
fi nding aft er thigh contusion and range of move-
ment must be regained in a gradual, pain-free 
progression.

Aft er a moderate-to-severe contusion there is 
a considerable risk of rebleed in the fi rst seven to 
10 days. Th erefore, care must be taken with stretch-
ing, electrotherapy, heat and massage. Th e patient 
must be careful not to overstretch. Stretching should 
be pain-free.

Soft  tissue therapy is contraindicated for 48 hours 
following contusion. Subsequently, soft  tissue therapy 
may be used but great care must be taken not to 
aggravate the condition. Treatment must be light and 
it must produce absolutely no pain (Fig. 25.7). Th e 
aim of soft  tissue therapy in the fi rst few days aft er 
a thigh contusion is to promote lymphatic drainage. 

Figure 25.4 RICE treatment of an acute thigh 
contusion in a position of maximal pain-free stretch

Figure 25.5 Quadriceps stretching exercises

(a) Standard quadriceps stretch while standing. It is 
important to have good pelvic control and not to lean 
forward while performing the stretch

(b) Passive stretch. The tension of the stretch can be 
altered by adding hip extension

Excessively painful soft  tissue therapy will cause bleed-
ing to recur and is never indicated in the treatment 
of contusion.
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Quadriceps contusion is a condition that can be 
prevented. Patients who are recovering from a pre-
vious contusion may benefi t from thigh protection. 
Athletes in high-risk sports should consider wearing 
thigh protection routinely.1

Players such as ruckmen in Australian football, 
forwards in basketball and running backs in Ameri-
can football may sustain a series of minor contusions 
during the course of a game. Th ese appear to have a 
cumulative eff ect and may impair performance later 
in the game. Protective padding helps to minimize 
this eff ect.

Compartment syndrome of the thigh

Intramuscular hematoma of the thigh aft er a blunt 
contusion may result in high intracompartment pres-
sures and a diagnosis of compartment syndrome of 

Figure 25.6 Quadriceps strengthening exercises

(a) Active quadriceps exercises. Initially inner range 
quadriceps strengthening is performed with a rolled 
towel under the knee as shown. The range is slowly 
increased, depending on symptoms, until through-
range quadriceps contraction can be performed 
pain-free

(b) Resisted quadriceps. Concentric and eccentric 
exercises are performed against gradually increased 
resistance. Knee extension involves concentric 
contraction of the quadriceps muscle, while lowering 
the foot from extension involves eccentric quadriceps 
contraction

(c) Functional exercises. A variety of functional 
exercises can be performed in the late stage of 
rehabilitation: squats, wall squats, step-downs 
(illustrated), shuttle. Most of these involve both 
eccentric and concentric contraction of the 
quadriceps
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the thigh. However, unlike other compartment syn-
dromes, there is no evidence that this condition needs 
to be treated by surgical decompression. A number 
of cases of surgery have been reported but none have 
reported evidence of necrotic muscle or subsequent 
clinical evidence of muscle fi brosis, restriction of knee 
motion or loss of function.2 Treatment of this condi-
tion should be conservative as described above.2, 3

Myositis ossifi cans
Occasionally aft er a thigh contusion, the hematoma 
calcifi es. Th is condition is known as myositis ossifi cans 
and can usually be seen on a plain X-ray a minimum 
of three weeks aft er the injury. If there is no convinc-
ing history of recent trauma, the practitioner must 
rule out the diff erential diagnosis of the X-ray—bone 
tumor (Chapter 4).4

In myositis ossifi cans, osteoblasts replace some 
of the fi broblasts in the healing hematoma one week 

following the injury and lay down new bone over a 
number of weeks. Aft er approximately six or seven 
weeks, this bone growth ceases. At this stage, a lump 
is oft en palpable. Slow resorption of the bone then 
occurs but a small amount of bone may remain.

Why some contusions develop calcifi cation is not 
known. Th e more severe the contusion the more likely 
is the development of myositis ossifi cans. Inappropri-
ate treatment such as heat or massage may increase the 
risk of the complication arising.5 Th e risk of myositis 
ossifi cans is especially high if the contusion results in 
prone knee fl exion of less than 45° two to three days 
aft er the injury. Th us, particular care should be taken 
when managing these severe contusions. A signifi cant 
rebleed may also result in the development of myositis 
ossifi cans. Th e incidence of myositis ossifi cans appears 
to be increased when a knee eff usion is present.

Symptoms of developing myositis ossifi cans include 
an increase in morning pain and pain with activity. 
Patients oft en complain of night pain. On palpation, 
the developing myositis ossifi cans has a characteristic 
‘woody’ feel. Initial improvement in range of motion 
ceases with subsequent deterioration.

Once myositis ossifi cans is established, there is 
very little that can be done to accelerate the resorptive 
process. Treatment may include local electrotherapy 
to reduce muscle spasm and gentle, painless range 
of motion exercises. Corticosteroid injection is absol-
utely contraindicated in this condition and anecdotal 
reports suggest that surgery is unhelpful and at times 
appears to accelerate progress of the condition.

Quadriceps muscle strain
Strains of the quadriceps muscle usually occur during 
sprinting, jumping or kicking. Strains are seen in all 
the quadriceps muscles but are most common in the 
rectus femoris, which is more vulnerable to strain as it 
passes over two joints: the hip and the knee. Th e most 
common site of strain is the distal musculotendinous 
junction of the rectus femoris. Management of this 
type of rectus femoris strain and of strains of the vasti 
muscles is relatively straightforward; rehabilitation 
time is short. Strains of the proximal rectus are not as 
straightforward and considered separately below.

Like all muscle strains, quadriceps strains may be 
graded into mild (grade I), moderate (grade II) or 
severe, complete tears (grade III). Th e athlete feels the 
injury as a sudden pain in the anterior thigh during 
an activity requiring explosive muscle contraction. 
Th ere is local pain and tenderness and, if the strain 
is severe, swelling and bruising.

Figure 25.7 Soft tissue therapy—sustained myofascial 
tension in the position of maximal hip extension and 
knee fl exion
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Grade I strain is a minor injury with pain on 
resisted active contraction and on passive stretching. 
An area of local spasm is palpable at the site of pain. 
An athlete with such a strain may not cease activity at 
the time of the pain but will usually notice the injury 
aft er cooling down or the following day.

Moderate or grade II strains cause signifi cant 
pain on passive stretching as well as on unopposed 
active contraction. Th ere is usually a moderate area of 
infl ammation surrounding a tender palpable lesion. 
Th e athlete with a grade II strain is generally unable 
to continue the activity.

Complete tears of the rectus femoris occur with 
sudden onset of pain and disability during intense 
activity. A muscle fi ber defect is usually palpable 
when the muscle is contracted. In the long term, they 
resolve with conservative management, oft en with 
surprisingly little disability.

Treatment

Th e principles of treatment of a quadriceps muscle 
strain are similar to those of a thigh contusion. Th e 
various treatment techniques shown in Table 25.3 
are also appropriate for the treatment of quadriceps 
strain; however, depending on the severity of the 
strain, progression through the various stages may 
be slower.

Although loss of range of motion may be less obvi-
ous than with a contusion, it is important that the 
athlete regain pain-free range of movement as soon 
as possible. Loss of strength may be more marked 
than with a thigh contusion and strength retraining 
requires emphasis in the rehabilitation program. As 
with the general principles of muscle rehabilitation, 
the program should commence with low resistance, 
high repetition exercise. Concentric and eccentric 
exercises should begin with very low weights. General 
fi tness can be maintained by activities such as swim-
ming (initially with a pool buoy) and upper body 
training. Functional retraining should be incorporated 
as soon as possible. Full training must be completed 
prior to return to sport. Unfortunately, quadriceps 
strains oft en recur, either in the same season, or even 
a year to two later.6

Proximal rectus femoris strains
With the advent of MRI, a second type of rectus 
femoris strain injury was recognized occurring proxi-
mally, apparently within the belly of the muscle. Th is 
has been termed a bull’s eye lesion7 and seemed to 
contradict the basic tenet that muscle strain occurs at 

the muscle–tendon junction. In subsequent cadaveric 
studies8 it was shown that the proximal tendon of 
the rectus femoris muscle actually has two compo-
nents: the direct and indirect heads (Fig. 25.8).Th e 
tendon of the indirect head arises from the superior 
acetabular ridge and travels distally initially deep to 
the direct head. As it progresses along the muscle 
it fl attens out, laterally rotates, and migrates to the 
middle of the muscle belly. Th is has been termed the 
central tendon.

In three series of these injuries,7, 9, 10 the average 
time to presentation was fi ve to seven months and 
the patients complained of a tender anterior thigh 
mass and/or weakness and pain with activities such 
as running and kicking. Hughes et al.7 hypothesized 
that this was due to the indirect (central tendon) and 
direct heads of the proximal tendon acting independ-
ently, creating a shearing phenomenon in contrast to 
what occurs in the normal rectus femoris. A more 
recent series diagnosed on MRI11 showed an average 
return to full training in professional footballers aft er 
a comprehensive rehabilitation program of 27 days 
for central tendon lesions compared to nine days for 
peripheral rectus femoris strains and 4.5 days for 
strains of the vasti muscles.

indirect
head

direct
head

Figure 25.8 Schematic drawing of the rectus femoris 
muscle–tendon unit ADAPTED FROM HASSELMAN ET AL. P. 495
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Diff erentiating between a 
mild quadriceps strain and 
a quadriceps contusion
Occasionally, it may be diffi  cult to distinguish between 
a minor contusion and a minor muscle strain but 
the distinction needs to be made as an athlete with a 
thigh strain should progress more slowly through a 
rehabilitation program (Table 25.3) than should the 
athlete with quadriceps contusion. Th e athlete with 
thigh strain should avoid sharp acceleration and 
deceleration movements in the early stages of injury. 
Some of the features that may assist the clinician in dif-
ferentiating these conditions are shown in Table 25.4. 
Diagnostic ultrasound examination may be helpful in 
diff erentiating between the two conditions.

Less common causes
Stress fracture of the femur

Stress fracture of the shaft  of the femur, although 
uncommon, should be suspected in an athlete, espe-
cially a distance runner, who complains of a dull ache, 
poorly localized in the anterior thigh. Pain may be 
referred to the knee. Th ere may be tenderness over 
the shaft  of the femur that can be aggravated if the 
patient sits with the leg hanging over the edge of a 
bench, particularly if there is downward pressure 
placed on the distal femur, the so-called hang test or 
fulcrum test (Fig. 25.2f). 

 A positive ‘hang test’ is strongly suggestive of 
stress fracture of the femur.

X-ray may show a stress fracture but more com-
monly an isotopic bone scan or MRI (Fig. 25.9) is 
required.

Treatment involves rest from painful activities 
and maintenance of fi tness by cycling or swimming. 
Predisposing factors such as excessive training, 

Table 25.4 Distinguishing features of minor quadriceps contusion and grade I quadriceps muscle strain

Diagnostic features Quadriceps contusion Grade I rectus femoris muscle strain

Mechanism Contact injury Non-contact

Pain onset Immediate or soon after After cool-down (next day)

Behavior of pain (24 hours 
post trauma)

Improves with gentle activity Painful with use

Location Usually lateral or distal Rectus femoris muscle belly (proximal or 
middle third)

Bruising/swelling May be obvious early May be absent or delayed

Palpation fi ndings Tenderness more obvious, lump may 
feel ovoid or spherical, becomes 
progressively harder

May be diffi  cult to fi nd or small area of focal 
tenderness with a characteristic ring of 
infl ammation surrounding it

Muscle spasm in adjacent fi bers proximally 
and distally

Eff ect of gentle stretch May initially aggravate pain Not associated with pain

Strength testing No loss of strength except pain 
inhibition

Loss of strength (may need eccentric or 
functional testing to reproduce pain)

Figure 25.9 MRI of a stress fracture of the shaft of the 
femur
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biomechanical abnormality and, in females, menstrual 
disturbance should be sought, and corrected where 
possible. When the hang test is completely negative, 
on average aft er seven weeks, it is thought to be safe 
to return to sport gradually.12

Referred pain

Referred pain may arise from the hip joint, the SIJ, the 
lumbar spine (especially upper lumbar) and neural 
structures. Patients with referred pain may not have 
a history of injury and have few signs suggesting local 
abnormalities. An increase in neural tension may 
suggest that referred pain is a contributing to thigh 
pain. Th e modifi ed Th omas’s test (Fig. 25.2h) is the 
most specifi c neural tension test for a patient with 
anterior thigh pain.

If the modified Thomas’s test reproduces the 
patient’s anterior thigh pain and altering the neural 
tension (e.g. passive knee fl exion/extension) aff ects 
the pain, the lumbar spine and psoas muscle should be 
examined carefully. Any area(s) of abnormality should 
be treated and both the local signs (e.g. reproduction 
of pain with functional testing) and neural tension 
tests should be repeated to assess any changes. As 
with any soft  tissue injury, local and referred factors 
may combine to produce the patient’s symptoms. 
Commonly there is hypomobility of the upper lumbar 
intervertebral segments on the aff ected side associ-
ated with a tight psoas muscle. Mobilization of the 
hypomobile segments will oft en signifi cantly reduce 
symptoms. Deep soft  tissue treatment to the psoas 
muscle may also be eff ective (Fig. 25.10).
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Anatomy
Th e hamstring muscle group (Fig. 26.1) consists of 
three main muscles: biceps femoris, semimembrano-
sus and semitendinosus. Biceps femoris has two heads, 

with the short head originating from the linea aspera 
and thus only acting on the knee joint.

Biceps femoris has a dual innervation, with the 
long head being innervated by the tibial portion of 
the sciatic nerve (L5, S1–3), whereas the short head 

CHAPTER 

26
Posterior Thigh Pain

WITH ANTHONY SCHACHE

Figure 26.1 Anatomy of the posterior thigh
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is innervated by the common peroneal division (L5, 
S1–2).

Th e posterior portion of the adductor magnus is 
sometimes considered functionally as a hamstring 
due to its anatomical alignment. Adductor magnus 
is involved in hip extension and adduction and has 
innervation from the tibial portion of the sciatic nerve, 
like the majority of the hamstring group.

Clinical perspective
Th e eff ective management of posterior thigh pain 
is dependent upon correct diagnosis. Initially, the 
practitioner must determine whether the injury to 
the posterior thigh is a muscle strain or pain referred 
from elsewhere. Th is is not always a simple process. 
However, if not established, the athlete, practitioner 
and coach may be frustrated by a recurrent injury 
that hinders a successful return to sport.

In healthy individuals, a strain to a large muscle 
group such as the hamstrings is the result of a sub-
stantial force. Th e athlete should recall a particular 
point in time that the incident occurred and whether 
a signifi cant force was applied to the muscle. Prac-
titioners should be reticent to diagnose a muscle 
strain in the absence of these fi ndings. Oft en this 
fundamental but common mistake will lead to inap-
propriate treatment. Tethering of neural structures or 
fascial strains in the posterior thigh can also occur 
as an incident, however, appropriate examination 
will reveal whether the injury has a fascial or neural 
component. Th e causes of posterior thigh pain are 
shown in Table 26.1.

 Th e challenge in patients with posterior thigh 
pain is to distinguish between a hamstring 
muscle strain and referred pain from the lum-
bar spine or gluteal muscle trigger points.

 History

Posterior thigh pain that is not the result of a hamstring 
strain will require skilful clinical reasoning to determine 
the cause. Th is involves not only an intricate knowledge 
of the local anatomy and possible abnormalities but also 
an understanding of the structures that can refer pain 
into this region. Practitioners should be aware of the 
wide variety of assessment and treatment techniques 
used around the pelvis in order to make an accurate 
diagnosis. Systems of treatment oft en are associated 
with a specifi c diagnosis. Th erefore, a common fault 
in manual medicine is to make the diagnosis based on 
what best fi ts with the treatment technique of choice.

Th e inability to utilize alternative techniques leads a 
practitioner to the inevitable conclusion that the pre-
senting injury can only be a result of a diagnosis that 
fi ts in with the technique they are most competent in 
using. For example, a practitioner unskilled in sacro-
iliac management is unlikely to ever diagnose referred 
pain from the SIJ as a cause of hamstring pain.

History taking has the same goals and objectives as 
any other area in sports medicine. However, because 
there are so many causes of posterior thigh pain, the 
clinician, having taken the history, must be able to 
formulate a defi nite set of goals for the subsequent 
examination. Otherwise, time will limit the examina-
tion or there will be confusion with the vast amount 
of information collected.

Table 26.1 Causes of posterior thigh pain

Common Less common Not to be missed

Hamstring muscle strains
 Acute
 Recurrent
Hamstring muscle 

contusion
Referred pain
 Lumbar spine
Neural structures
 Gluteal trigger points

Referred pain
 Sacroiliac joint
Tendinopathy
Bursitis
 Semimembranous
 Ischiogluteal
Fibrous adhesions
‘Hamstring syndrome’ (Chapter 22)
Chronic compartment syndrome of the posterior thigh
Apophysitis/avulsion fracture of the ischial tuberosity 

(in adolescents)
Nerve entrapments
 Posterior cutaneous thigh
 Sciatic
Adductor magnus strains
Myositis ossifi cans, hamstring muscle

Tumors
 Bone tumors
Vascular
 Iliac artery endofi brosis
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Th e important points to consider in the history 
of the patient with posterior thigh pain are listed 
below. Note that this is a guide only and is not 
comprehensive.

 1. Level of activity
 (a) Has a change in training caused injury?
 (b) Is there an adequate base of training?
 2. Occupation/lifestyle
 (a)  What factors outside of sport could be 

aggravating the condition (e.g. prolonged 
sitting at work, bending over with young 
children)?

 3. Incident
 (a) Yes: consider strain, fascial/neural trauma.
 (b)  No (not a strain!): consider overuse, 

referred pain, alternative abnormality.
 4. Progress since injury
 (a) Slow: indicates a more severe injury.
 (b)  Erratic: strain is being aggravated by 

activity or injury is not a strain.
 5. Aggravating factors
 (a)  Incident related: useful for specifi city of 

rehabilitation (e.g. acceleration injuries 
require acceleration in the rehabilitation 
program).

 (b)  Non-incident related: eradication or 
modifi cation for recovery and prevention 
(e.g. sitting at a computer causing back/
hamstring pain requires ergonomic 
modifi cation).

 6. Behavior with sport
 (a)  Warms up with activity, worse aft er—

infl ammatory pathology.
 (b)  Starts minimal or with no pain, builds 

up with activity but not as severe aft er—
claudicant, either neurological or vascular.

 (c) Sudden onset: mechanical (e.g. strain).
 7. Night pain
 (a) Sinister pathology.
 (b) Infl ammatory condition.
 8. Site of pain
 (a)  Posterior thigh and lower back: lumbar 

referral or neuromotor/biomechanical 
mediator.

 (b)  Buttock, SIJ without lower back 
symptoms: trigger points.

 (c) Ischial: tendinopathy/bursitis.
 9. Presence of neurological symptoms
 (a) Nerve involvement.
10. Recurrent problem
 (a)  Extensive examination and rehabilitation 

required.

Examination

All examinations should commence with observation 
and palpation. Th e remainder of the examination will 
depend on information gathered in the history. It is 
benefi cial to have several quick tests to screen for 
various factors that commonly cause hamstring pain. 
However, once the most likely cause of pain has been 
identifi ed, the most appropriate technique of assess-
ment should be implemented to identify the exact 
nature of the problem. Th e initial examination should 
be thorough but not excessive. Contributing factors 
or alternative sources of pain in the hamstring group 
can be evaluated in subsequent examinations.

1. Observation
(a) standing (Fig. 26.2a)
(b) walking
(c) lying prone

2. Active movements
(a) lumbar movements
(b) hip extension
(c) knee fl exion
(d) knee extension

3. Passive movements
(a) hamstring muscle stretch (Fig. 26.2b)

4. Resisted movements
(a) knee fl exion
(b) hip extension
(c) eccentric hamstring contraction (Fig. 26.2c)

5. Functional tests
(a) kicking
(b) running
(c) sprint starts

6. Palpation
(a) hamstring muscles (Fig. 26.2d)
(b) ischial tuberosity
(c) gluteal muscles (Fig. 26.2e)

7. Special tests
(a) neural tension: slump test (Fig. 26.2f)
(b) lumbar spine examination (Chapter 21)
(c) sacroiliac joint (Chapter 22)
(d) assessment of lumbopelvic stability 

(Chapter 11)
(e) biomechanical analysis (video)

Investigations

Investigations of posterior thigh pain may be useful 
in defi ning the source of pain but practitioners must 
not take these fi ndings in isolation from the rest of 
the examination. Both ultrasound and MRI can be 
used to confi rm the presence of a muscle tear in cases 
where the diagnosis is in doubt clinically.
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Figure 26.2 Examination of the patient with posterior 
thigh pain

(a) Observation. Look for wasting, bruising or swelling 
of the posterior thigh. Observation of gait is also 
important. Observation of the lumbar spine may 
show the presence of an excessive lordosis or relative 
asymmetry. A lateral view may demonstrate excessive 
lumbar lordosis or anterior pelvic tilt

(b) Passive movement—hamstring muscle stretch. 
The leg is raised to the point where pain is fi rst felt and 
then to the end of range, pain permitting. Movement 
should be compared to the uninjured side

(c) Resisted movement—eccentric hamstring 
contraction. If pain is not produced by concentric 
contraction, an eccentric hamstring contraction should 
be performed as shown. This can be performed by rapid 
extension and catch or resistance against the force of 
the examiner’s hand, which slowly extends the knee

(d) Palpation. Commence with the belly of the 
hamstring muscle with the knee in partial fl exion. 
Palpation should also be performed during muscle 
contraction and with the muscle on stretch. The 
hamstring origin should also be palpated
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Hamstring muscle strains
Acute, moderate or severe hamstring strains are 
common injuries among sprinters, hurdlers and long 
jumpers. Th ey also occur in other sports involving 
sprinting, especially football and fi eld hockey. Th ere 
is a tendency towards an increased incidence with 
increasing age. Hamstring injuries occur frequently 
despite the prevalence of stretching and strengthen-
ing programs.

Epidemiology

Hamstring muscle injuries are a common injury in 
sports that involve high-speed running and kicking. 
Th ey are the most common and most prevalent injury 
in Australian football, constituting 15% of all injuries, 
with the average professional Australian Football 
League (AFL) club having six injuries per club (40 
players) and 21 missed matches per club per season.1 
Similarly, in British soccer, hamstring injuries make 
up 12% of all injuries2, 3 with an average of fi ve per 
club per season, resulting in 15 matches and 90 days 
missed. Th e average injury caused the player to miss 
an average of 18 days and three matches.4

Hamstring muscle injuries have the highest recur-
rence rate of all injuries with a recurrence rate of 34% 
in AFL football1 and 12% in British soccer.4

Biomechanics of hamstring injury

Th e majority of hamstring muscle injuries occur in the 
biceps femoris muscle, mainly at the muscle–tendon 
junction.4–6 Th ey are usually a non-contact injury and 
mostly occur during sprinting.

During maximal sprinting the hamstrings become 
highly active in the terminal swing phase as they 
work eccentrically to decelerate the swinging tibia 
and control extension of the knee. Th e hamstrings 
then remain active into the initial stance phase, 
whereby they work concentrically as an extensor of 
the hip joint.4, 7–9 Recent studies have demonstrated 
that during unperturbed sprinting the point of failure 
is most likely to occur during the terminal swing 
phase just prior to foot strike.10, 11 It is at this point 
that the hamstrings are maximally activated and are 
approaching peak length.12

Factors that predispose to hamstring strain

Predisposing factors are generally divided into intrin-
sic (person-related) and extrinsic (environment-
related) factors.

(e) Palpation—gluteal muscles. Palpate the gluteal 
muscles for trigger points that are taut bands, which 
are usually exquisitely tender locally and may refer 
pain into the hamstring muscle

(f) Special tests—slump test. The slump test is an 
essential part of the examination of the patient with 
posterior thigh pain (Chapter 8). The slump test plays 
an important role in diff erentiating between hamstring 
muscle injuries and referred pain to the hamstring 
region from the lumbar spine
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Intrinsic predisposing factors

Age

Several studies have shown that increasing age is a risk 
factor for hamstring muscle injury,4, 13–16 even when 
the confounding factor of previous injury is removed.8 
Community level Australian footballers over 23 years 
old were four times as likely to sustain a hamstring 
strain than those younger than 23.

Th is relationship may be related to decreased 
strength (see below). Th is may be due to an age-
related reduction in muscle fi ber size and number, 
leading to a loss of mass and strength. Th us age-related 
denervation of muscle fi bers may lead to increased 
risk.15 It has also been suggested that it may be due 
to age-related lumbar spinal degeneration, leading 
to L5 and S1 nerve impingement, thus resulting in 
hamstring and calf muscle fi ber denervation, which 
then leads to decreased muscle strength.16

Previous injury

Previous hamstring injury is a major risk factor,8, 14, 17, 18 
but past history of injury is associated with reduced 
strength so this may be a confounder.16 Previous calf 
muscle,16 knee or groin injuries have also been associated 
with an increased likelihood of hamstring injury.8

Race

Th ere is an increased incidence of hamstring injury 
in those of black4 or Aboriginal8 ethnic origin.

Flexibility

Prospective studies have shown either a signifi cant 
association between pre-season hamstring muscle 
tightness and subsequent development of a hamstring 
muscle injury,19 or a tendency towards a statistical 
relationship.15, 20

Retrospective studies are of less value as any associ-
ated muscle weakness may be the result, rather than 
the cause, of the muscle injury. Th e retrospective 
studies have shown mixed results.21–23

A survey of stretching practises among professional 
football teams in the United Kingdom found that 
more hamstring strains occurred in those teams that 
did not stretch regularly and/or hold their stretches 
for long periods.24

One study suggested that decreased quadriceps 
fl exibility (<52° knee fl exion) had an increased risk 
of hamstring injury.15

Strength

Low hamstring strength has been shown in most 
studies to be a signifi cant predictor of hamstring 

muscle strain injury.23, 25–28 However, this has been 
contradicted by other studies.29, 30 Retrospective studies 
have shown that those with a history of hamstring 
injury have signifi cantly weaker hamstrings.21, 31, 32

It may be that the actual length at which peak 
torque in the muscle is developed is most important 
rather than the magnitude of the peak torque itself. 
Footballers with a history of hamstring strain develop 
peak torque at angles representing shorter muscle 
length, which therefore makes them vulnerable to 
load in the muscle under lengthened situations.33

Neuromyofascial

A number of authors have suggested a relationship 
between increased neural tension and posterior thigh 
pain.34, 35 Th e presence of myofascial trigger points 
in the gluteal and hamstring muscles appears to be 
associated with decreased fl exibility and possible 
increased motor fi ring of the muscle.

Lumbopelvic stability

Neuromuscular control of the lumbopelvic region, 
including anterior and posterior pelvic tilt, may be 
needed to create optimal function of the hamstrings in 
sprinting and high-speed skilled movement. Changes 
in pelvic position could lead to changes in length–
tension relationships or force–velocity relationships.36 
Improvements in lumbopelvic stability appear to assist 
in the rehabilitation program.36

Joint dysfunction

As mentioned above, age-related lumbar spinal degen-
eration leading to L5 and S1 nerve impingement may 
lead to hamstring and calf muscle fi ber denervation, 
which then leads to decreased muscle strength.16

An increased incidence of lumbar lordosis was 
also noted in a group of players who had a history 
of hamstring strain in the previous 12 months when 
compared to an uninjured group.22

In those with hamstring strains the innominate 
bone at the sacroiliac joint ipsilateral to the hamstring 
strain was found to be tilted anteriorly.37 A bilateral 
anterior pelvic tilt has been associated with weakness 
of the transversus abdominis, which may make the 
hamstrings functionally tighter.

Extrinsic predisposing factors

Warm-up

A physiological warm-up consisting of isometric 
contractions increases the amount of force and 
length of stretch that the muscle can absorb prior to 
tearing.38 Th ere appears to be clinical evidence that 
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muscle strain injuries, in general, are more likely to 
occur without adequate warm-up.39–41

Fatigue

Fatigued muscles are able to absorb less energy.42 
Hamstring injuries are more common at the end of 
matches and training sessions in soccer,4 have a higher 
incidence in the fourth quarter of Rugby union,43 
and occur infrequently during warm-up of the fi rst 
quarter in Australian football.44

Fatigue may induce physiological changes within 
the muscle, as well as altered coordination, technique 
or concentration, predisposing the player to injury.43 
Th e dual innervation of biceps femoris could lead to 
asynchrony in the activation of separate parts of the 
muscle and result in ineffi  ciencies. Abnormalities 
in running style may be the consequence of fatigue, 
increasing the workload of the stabilizing biarticular 
muscles around the pelvis.45 When footballers become 
fatigued during sprinting there is an earlier activation 
of the biceps femoris and semitendinosus muscles.46

Fitness level

Inadequate pre-season training resulting in low fi t-
ness levels may contribute to an increased hamstring 
injury rate.2, 47

Training modalities

Too much emphasis on aerobic training instead of 
more high-intensity running/acceleration drills has 
been suggested as a causative factor.48 Abrupt increases 
in training volume and intensity may also contribute 
to injury risk.49

Additional specifi c predisposing factors in 
recurrent hamstring injuries

• Inadequate rehabilitation: this may lead to 
defi cits in strength and/or fl exibility.

• Angle of peak torque: as mentioned above, 
footballers with a history of hamstring strain 
develop peak torque at angles representing 
shorter muscle length, which therefore makes 
them vulnerable to load in the muscle under 
lengthened situations.33

• Neural tension: injury may result in increases in 
neural tension.34, 35

Prevention of hamstring muscle injuries

Stretching

A warm-up stretching program was found to statis-
tically reduce the number of hamstring injuries in a 
military population.50

Strengthening program

Correcting strength deficits can lower injury to 
the hamstrings.27, 31 Pre-season hamstring muscle 
strengthening using an open chain weight machine 
reduced the number of minor hamstring injuries 
but not the number of signifi cant injuries.51 Specifi c 
eccentric training (see below) may be more important 
in view of the mechanism of injury.

Thermal pants

The use of thermal pants has been suggested to 
have a role in reducing the recurrence of hamstring 
injuries.52

Combined programs

A number of multifactorial programs appear to have 
been eff ective in reducing the number of hamstring 
injuries. Th e programs have included:

• increasing the amount of anaerobic interval 
rather than aerobic training, stretching while 
muscle is fatigued, sport-specifi c training drills, 
and closed chain rather than open chain leg 
weights48

• a program combining general interventions 
such as improved warm-up, regular cool down, 
and a series of exercises to improve stability of 
ankle and knee joints, fl exibility and strength 
of the trunk, hip and leg muscles, as well as 
to improve coordination, reaction time and 
endurance—this was found to be eff ective in 
reducing injuries in soccer players, including 
thigh injuries53

• a pre-season conditioning program consisting 
of sport-specifi c cardiovascular conditioning, 
plyometric work, sport cord drills, strength 
training and fl exibility exercises in a group of 
soccer players.47

Clinical features

Th e main aim of the clinical history, examination and 
investigations is to diff erentiate between the signifi cant 
hamstring tear and neuromyofascial referred pain 
primarily from gluteal trigger points but also from 
lumbar spine and SIJ structures. Th e clinical features 
of the two are shown in Table 26.2.

Imaging

Ultrasound and MRI have both been found to be 
eff ective in depicting hamstring injuries (Fig. 26.3). 
Ultrasound may be the preferred imaging technique 
due to lower costs, however, MRI is more sensitive 
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for follow-up imaging of healing injuries. Th e longi-
tudinal extent of the strain as measured on MRI is a 
strong predictor of the amount of time needed until 
an athlete can return to competition.5

Management of hamstring strain

Th ere is very little scientifi c evidence on which to 
base one’s management of hamstring injuries. Only 

one study has compared the effi  cacy of two treatment 
regimens,36 so much of the regimen described below is 
on the basis of our clinical experience. Clearly, further 
research needs to be performed in this area.

Th e management of hamstring muscle injuries is 
summarized in Table 26.3.

Acute management

Acute injuries should always be assessed before any 
treatment, including ice, is administered.

Table 26.2 Clinical features of hamstring muscle tear and referred hamstring pain

Hamstring muscle tear Referred hamstring pain

Sudden onset May be sudden onset or gradual feeling of tightness

Moderately severe pain Usually less severe, may be cramping or ‘twinge’

Disabling—diffi  culty walking, unable to run Often able to walk/jog pain-free

Markedly reduced stretch Minimal reduction in stretch

Markedly reduced contraction against resistance Full or near to full muscle strength against resistance

Local hematoma, bruising No local signs

Marked focal tenderness Variable tenderness, usually non-specifi c

Slump test negative Slump test frequently positive

May have gluteal trigger points Gluteal trigger points that reproduce hamstring pain on 
palpation or needling

May have abnormal lumbar spine/SIJ signs Frequently have abnormal lumbar spine/SIJ signs

Abnormal ultrasound/MRI Normal ultrasound/MRI

Figure 26.3 Imaging of hamstring injuries

(a) Ultrasound showing hypoechoic area 
(between electronic calipers, +)

(b) MRI demonstrating area of edema in hamstring 
consistent with muscle tear
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Th e RICE program should be commenced. Pain-
free, active knee extension may be performed while 
sitting following 10–15 minutes of ice (Fig. 26.4). 
Th is active stretching of the hamstring is conducted 
for 5 minutes and the whole process may be repeated 
every hour in the initial phase. Th e athlete may actually 
wake every few hours to use this technique in order 
to ensure infl ammation settles as quickly as possible. 
Th is process normally takes place over two to three 
days or until infl ammation has settled.

Medication

Th e role of NSAIDs in the treatment of acute muscle 
injuries such as the hamstring is controversial. Th e 
most common recommendation in the literature is 
short-term use (three to seven days) starting imme-
diately aft er injury.9, 17 Th e intended aim of using 
NSAIDs is to keep the infl ammatory process under 
control and to provide analgesia.54 However, the 
normal healing process could be blunted as a result 
and the repair response delayed.55 Th ere is a case to 
delay treatment with NSAIDs until two to four days 
aft er injury because the drugs interfere with chemo-
taxis of cells, which is necessary for the repair and 
remodeling of regenerating muscles.9

Only one study has examined the use of NSAIDs 
in hamstring injuries and found no additional benefi t 

with NSAIDs over physiotherapy alone for the treat-
ment of acute hamstring injuries.56

We do not believe there is suffi  cient evidence to 
justify the use of NSAIDs in hamstring injuries. It 
makes more sense to use simple analgesics (paraceta-
mol [acetaminophen]) in the fi rst 48 hours for pain 
relief. Th e only situation where we recommend that 
a short course of NSAIDs may be helpful is if there is 
an excessive infl ammatory response in the muscle as 
a result of early mobilization and aggressive exercise 
therapy (see below).57

One study showed favorable results with intra-
muscular corticosteroid injection in American football 
players with acute hamstring injuries.58 Previously, 
the use of corticosteroids in acute muscle strains 
had been clearly contraindicated because they were 
thought to lead to a delayed elimination of hematoma 
and necrotic tissue, as well as retardation of muscle 
regeneration.57 Th ere are concerns regarding the 
retrospective nature of the National Football League 
(NFL) study and lack of control group, so we caution 
against the use of corticosteroids in this situation until 
further clinical trials are conducted.

Stretching

In the acute phase, pain-free range of motion should 
be achieved as soon as possible. If there is long-term 

Table 26.3 Management of hamstring injury

First 48 hours

RICE
Early mobilization

Pain-free, active knee extension while sitting 
(Fig. 26.4) following 10–15 minutes of ice

Subsequent

Stretching
Hamstrings (Fig. 26.5)
Antagonist muscles

Quadriceps
Iliopsoas

Strengthening
Hamstrings

Concentric (Fig. 26.8a)
Eccentric (Fig. 26.8b)

Gluteals and adductor magnus (Fig. 26.9)
Soft tissue treatment

Hamstrings (Fig. 26.6a, b)
Gluteal trigger points (Fig. 26.6d)

Neural stretching (Fig. 26.7)
Spinal mobilization
Cross-training bike
Running program (below)
Stability program (Figs 26.10, 26.11; Chapter 11)

Figure 26.4 Active pain-free knee extension in the 
acute phase
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loss of range of motion, then specific stretching 
should be undertaken to focus on the aff ected area 
(Fig. 26.5).

Soft tissue therapy

At an appropriate time depending on the severity of 
the injury, soft  tissue techniques can be used in the 
treatment of hamstring strains. Th e distal musculo-

tendinous region is palpated and treated in knee 
fl exion with the foot resting on the therapist’s shoulder. 
Digital ischemic pressure and sustained myofascial 
tension (Figs 26.6b, c) are used. Abnormalities of the 
gluteal muscles may be associated with hamstring 
strains. Th ese regions may be treated in a side-lying 
position using elbow ischemic pressure with the tissue 
on stretch and the muscle contracting (Fig. 26.6d).

Manual therapy

Th e presence of a degree of hypomobility in any 
segment of the lumbar spine, found on examination, 
should be treated (Chapter 21). If increased neural ten-
sion is found at examination, neural stretches should 
be included in the treatment regimen (Fig. 26.7).

Strengthening

Strengthening is an essential component of preven-
tion and rehabilitation of hamstring injuries. Muscle 
strengthening should be specifi c for defi cits in motor 

Figure 26.5 Hamstring stretches

(a) Hamstring stretch with contralateral knee fl exion. 
The lower leg can be placed in diff erent degrees 
of external and internal rotation to maximize the 
eff ectiveness of the stretch

(b) Hamstring stretch with bent knee results in 
maximal stretch to the upper hamstrings

Figure 26.6 Soft tissue techniques in the treatment of 
hamstring injuries

(a) Sustained compression force to hamstring
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(b) Sustained myofascial tension combined with 
passive knee extension. The hand or the elbow 
(illustrated) is kept stationary and the release is 
performed by passively extending the knee (arrow)

(c) Digital ischemic pressure to the distal biceps 
femoris tendon

(d) Treatment of the gluteal region in a side-lying 
position using elbow ischemic pressure with the 
muscle contracting

Figure 26.7 Neural stretch. Stretching of neural 
structures should be performed as part of the 
treatment of hamstring pain if tightness has been 
detected on neural tension testing. These neural 
stretches may be performed with the aid of a therapist 
or by the patient as shown
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unit recruitment, muscle bulk, type of contraction 
(e.g. eccentric/concentric) and ability to develop 
tension at speed.

In view of the probable mechanism of hamstring 
injury (see above), it is likely that eccentric strength is 
particularly important in recovery and prevention of 
recurrence of hamstring strains. Muscle strengthening 
is mode-specifi c, in other words concentric muscle 
exercises lead to increases in concentric strength, 
eccentric muscle exercises lead to increases in eccen-
tric strength, with little or no crossover.59, 60 Th erefore, 
to increase eccentric hamstring muscle strength it is 
necessary to perform eccentric muscle training. Th e 
use of the Nordic eccentric exercise (Fig. 26.8b) has 

been shown to be more eff ective than traditional 
concentric strengthening in developing eccentric 
hamstring strength.60

Taking into consideration the phase of the sprint-
ing action where hamstring injuries occur, the ideal 
exercise would be eccentric to decelerate the very high 
angular knee velocity with maximum force produc-
tion around 30° of knee fl exion. No exercise exactly 
mimics that situation but, aft er some weeks of the 
Nordic hamstring training program, many athletes are 
able to stop the downward motion completely before 
touching the ground (i.e. at about 30° of knee fl exion) 
using their hamstrings alone, even aft er being pushed 
by a partner at considerable speed. When an athlete 
can reach this stage, the characteristics of the Nordic 
hamstring exercise appear to resemble the typical 
injury situation: eccentric muscle action, high forces, 
near full knee extension.

Eccentric training has been shown to shift  the point 
of peak torque development (see above) towards a 
more lengthened position,61 which may make the 
muscle less vulnerable to repeated injury.

Eccentric muscle training results in muscle damage 
and delayed onset muscle soreness in those unaccus-
tomed to it. Th erefore, any eccentric strengthening 
program should allow adequate time for recovery, 
especially in the fi rst few weeks. Th e protocol used 
for the Nordic strengthening program in Mjolsnes 
study is shown in Table 26.4.60

Strengthening exercises for the hamstring group 
should therefore consist of a mixture of concentric 
and eccentric exercises, as shown in Figure 26.8. 
Table 26.5 provides regimen guidelines for hamstring 
strengthening.

Muscles that assist the hamstrings

Not only should the hamstring itself be considered 
but also the muscles that assist the activity of the 
hamstring. Waters and colleagues found that at least 
50% of the total hip moment is provided by the 
gluteal muscles in an isometric contraction of hip 
extension.62 It seems reasonable to hypothesize that 
if gluteal strength is inadequate in a sprinting athlete, 
the hamstrings will be overloaded. Th e adductor 
magnus should also be considered as an important hip 
extensor. Th erefore, strengthening of the hamstring 
group should always include specifi c work to ensure 
adequate gluteal and adductor magnus conditioning 
(Fig. 26.9).

Core stability

Neuromuscular control of the lumbopelvic region, 
including anterior and posterior pelvic tilt, may 

Figure 26.8 Strengthening exercises

(a) Concentric and eccentric exercises—prone. 
From a position of hip fl exion, the knee is fl exed 
(concentric) and/or extended and stopped just prior 
to full extension (‘drop-and-catch’) (eccentric). Weights 
can be added gradually and speed can be increased 
progressively

(b) Nordic eccentric hamstring exercise—patients 
allow themselves to fall forward and then resist the fall 
for as long as possible using their hamstrings
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Table 26.4 Training protocol for Nordic hamstring exercises

Week Sessions per week Sets and repetitions Load

1 1 2 × 5 Load is increased as subject can withstand the 
forward fall longer. When managing to withstand 
the whole ROM for 12 repetitions, increase load 
by adding speed to the starting phase of the 
motion. The partner can also increase loading 
further by pushing at the back of the shoulders.

2 2 2 × 6

3 3 3 × 6–8

4 3 3 × 8–10

5–10 3 3 sets, 12, 10, 8 repetitions

ROM = range of motion.

Table 26.5 Recommended regimen for hamstring strengthening

Weight Load Reps Sets Rest time Speed Regularity

Motor unit 
recruitment

60 RM 15 6 30 s Concentric 2 s
Eccentric 2 s

3 per day

Strength 6–8 RM 6–8 3–5 2 min Concentric 1 s
Eccentric 3 s

Once per 1–2 days

Hypertrophy 8–12 RM 8–12 6 2 min Concentric 1 s
Eccentric 3 s

Once per 1–2 days

Power 40 RM 15 3–4 3–4 min Quick with control Once per 2–3 days

RM = repetition maximum.

Figure 26.9 Hip strengthening exercises

(a) One-legged bridging (b) Squat
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be needed to create optimal function of the ham-
strings in sprinting and high-speed skilled movement. 
Changes in pelvic position could lead to changes 
in length–tension relationships or force–velocity 
relationships.36

A rehabilitation program consisting of progressive 
agility and stabilization exercises (Fig. 26.10) has been 
shown to be more eff ective in promoting return to 
sport and in preventing injury recurrence in athletes 
who have sustained an acute hamstring strain than 

(c) Split squat

Figure 26.10 Agility and stablization exercises

(a) Bridge catch

(b) Single-leg ball rollout

(c) Single-leg stance with trunk straight

(d) Single-leg stance with trunk rotated
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has a more traditional stretching and strengthening 
exercise program.36

Progressive running program

 Early commencement of a progressive running 
program is an important part of a rehabilita-
tion following a hamstring muscle injury.

Scientifi c studies need to be performed to validate 
this program but physiotherapists with over 20 years 
experience of this program are convinced of its eff ec-
tiveness. Th e basic principles are listed below with 
further detail in Table 26.6.

1. Running program starts 48 hours aft er injury.
2. 20 minute running sessions twice a day.
3. Preceded by 10 minutes of gentle hamstring 

stretching.
4. Commences with jogging with short stride 

(shuffl  e).
5. Patient encouraged to increase stride length 

and pace gradually over the session as the ache 
allows.

6. Interval running over 100 m (~110 yd) with 
acceleration, maintenance and deceleration 
phases.

7. If there is even the slightest increase in pulling 
sensation through the hamstring, then the 
session must immediately cease. Th e athlete 
should apply ice and the program can be 
attempted again as early as the next 12 hours.

8. Finish with 10 minutes of gentle hamstring 
stretching and then apply ice to the injured area 
for 10 minutes.

Criteria for return to sport

Th ere is no standard time for return to sport aft er 
hamstring injury as every hamstring injury is diff erent. 
No scientifi c studies have examined the outcomes of 
various return to play strategies.63 It does not appear 
that the MRI appearance is a good indicator of readi-
ness to return to play. Abnormalities on MRI tend to 
persist well aft er athletes are back to full sport.5

Th e length of time is proportional to the severity of 
the injury. Generally, an athlete with a mild hamstring 
strain may be able to return to sport in 12–18 days if 
optimally treated (Table 26.3).

Rather than a specifi c time frame it is preferable 
to have defi nite criteria for return to sport:

• Completion of progressive running program
• Full range of movement (equal to uninjured leg)
• Full strength (equal or almost equal to uninjured 

leg)
— 9017– 95%31, 45 of eccentric strength of 

uninjured leg
• Pain-free maximal contraction
• Functional tests

— Sprinting from a standing start
— Abrupt changes of pace during run
— Side stepping
— Bending to catch ball at full speed (if 

appropriate for the sport)
• Successful completion of a full week of maximal 

training

It is important to continue the strengthening pro-
gram for a few weeks aft er return to sport.

(e) Single leg stance with trunk rotated and with 
further stretch reaching out with arm

Table 26.6 Progressive hamstring running program

1. 2 km jog
2. 2 km varying pace up to 75% of maximum
3.  Run throughs: accelerate 40 m, constant speed 

20 m (time 3.5 s), decelerate 40 m (×3)
   35 m  20 m  35 m (×3)
   30 m  20 m  30 m (×3)
   25 m  20 m  25 m (×3)
   20 m  20 m  20 m (×3)
   15 m  20 m  15 m (×3)
4.  Run throughs: accelerate 40 m, constant speed 

20 m (time 2.5 s), decelerate 40 m (×3)
   35 m  20 m  35 m (×3)
   25 m  20 m  25 m (×3)
   20 m  20 m  20 m (×3)
   15 m  20 m  15 m (×3)
   10 m  20 m  10 m (×3)
5. Running out to catch ball—uncontested (×5)
6. Running out to catch ball—contested (×5)
7. Running and picking up ball—contested (×5)
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Referred pain to posterior 
thigh
Th e possibility of referred pain should always be 
considered in the athlete presenting with posterior 
thigh pain. Hamstring pain may be referred from the 
lumbar spine, the SIJ or from soft  tissues, for example, 
the proximal fibers of the gluteus maximus and 
especially gluteus medius and the piriformis muscle 
(Fig. 26.11). Oft en, there is a history of previous or 
current low back pain.

The slump test (Fig. 26.2f) should be used to 
detect neural tightness. Th e test is positive when the 
patient’s hamstring pain is reproduced and subse-
quently relieved with reduction of the neural tension 
by neck extension. Examination may reveal reduced 
range of movement of the lumbar spine, tenderness 
and/or stiff ness of lumbar intervertebral joint(s) or 
tenderness over the area of the SIJ.

A positive slump test is strongly suggestive of a 
referred component to the patient’s pain. However, 
a negative slump test does not exclude the possibil-
ity of referred pain and the lumbar spine should be 
carefully examined to detect any intervertebral seg-
ment hypomobility. Systematic soft  tissue palpation 
of the hip extensors, abductors and rotators should 
also be performed.

Trigger points

Trigger points are common sources of referred pain 
to both the buttock (Chapter 22) and posterior thigh. 
Th e most common trigger points that refer pain 
to the mid hamstring are in the gluteus minimus, 
gluteus medius and piriformis muscles. Th e clini-
cal syndrome associated with posterior thigh pain 
without evidence of hamstring muscle injury on MRI 
and reproduction of the patient’s pain on palpation 
of gluteal trigger points is now well recognized and 
extremely common.64

Th e clinical features are described in Table 26.2. Th e 
patient will oft en complain of a feeling of tightness, 
cramping, ‘twinge’ or a feeling that the hamstring is 
‘about to tear’. On examination there may be some 
localized tenderness in the hamstring although it is usu-
ally not focal and there is restriction in hamstring and 
gluteal stretch. Firm palpation of the gluteal muscles 
will detect tight bands that contain active trigger points, 
which when fi rmly palpated are extremely tender, refer 
pain into the hamstring and elicit a ‘twitch response’.

Treatment involves deactivating the trigger point 
either with ischemic pressure using the elbow (Fig. 
26.12a) or dry needling (Fig. 26.12b). Following the 

local treatment the tight muscle groups, the gluteals 
and hamstrings, should be stretched.

Lumbar spine

Th e lumbar spine is a source of pain referral to the 
posterior thigh. Unfortunately, it is diffi  cult to dis-
tinguish between sources based on the behavior and 
distribution of the pain. Pain may be referred from 
the disk, zygoapophyseal joints, muscles, ligaments 
or any structure that can produce pain locally in the 
lumbar spine.65

Nerve root compression may also be a cause of 
hamstring pain. Diagnostic blocks and provocation 
injections have been advocated to isolate sources of 
pain in the lumbar spine. However, in the clinical 
setting, this is oft en not possible. It is important to 
examine the lumbar spine carefully (Chapter 21). Th is 
will assist in the identifi cation of the lumbar spine 
as a source of hamstring pain. It is also important 
to remember that the lumbar spine may be a cause 
of lumbar pain indirectly. For example, the lumbar 

Figure 26.11 Pattern of referred pain to the 
hamstrings from trigger points

gluteus medius

tensor fascia 
lata

piriformis

biceps femoris

semi-
membranosus
&
semitendinsos
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spine may cause a biomechanical block to extension 
of the lower limb, resulting in overload of the SIJ and 
referred pain to the hamstring group.

Th e slump technique (Fig. 26.2f) has been advo-
cated as a method of treatment of hamstring pain in 
AFL footballers.34 Th is is a quick test and it can be 
carried out rapidly to assess the relevance of neural 
structures as a cause of hamstring strain.

True nerve root compression is usually more 
defi nitive in its presentation. Th e patient may have 
associated neurological symptoms, such as numbness 
and loss of foot eversion. Th e management of these 
injuries usually involves an extended period of rest 
and, in certain cases, an epidural injection. In extreme 
cases, surgical decompression of the nerve root may 
be warranted.

Spondylolisthesis and spondylolysis have both 
been implicated as a source of hamstring pain and 
tightness.66 Examination fi ndings of positive lumbar 
quadrant tests or single leg standing lumbar exten-
sion are suggestive of either condition and can be 
confi rmed with isotopic bone scan and CT. Stabi-
lization programs are the treatment of choice as it 
has been shown that the deep abdominal muscles 
are defi cient in people with back pain as a result of 
spondylolisthesis and spondylysis.67 In severe cases, 
corticosteroid injection under X-ray control into 
the defi cient pars interarticularis may be eff ective in 
reducing pain from spondylolysis.

Hamstring pain occurring in the sporting environ-
ment can oft en be due to loading of the lumbar spine 
outside of the training and competition environment. 
Pain in the hamstring may be the result of referred 
pain from the lumbar spine as a result of prolonged 
sitting or bending forward. Athletes in sedentary occu-
pations should be aware that sitting posture is a cause 
of injury to the hamstring. Travel involving prolonged 
sitting prior to training and competition may cause 
injury. Th is includes car, bus or airplane travel, and 
care should be undertaken to limit prolonged sitting 
and to provide adequate lumbar support.

Lumbar referred hamstring pain may also be the 
result of repeated forward bending or squatting. Th is 
occurs in many manual occupations or in those with 
young children. Again, correct posture and lift ing 
should be taught, along with strategies for limiting 
the frequency and load of bending.

Sacroiliac complex

Th e SIJ can refer pain into the hamstring or cause 
indirect pain in the hamstring similar to the lumbar 
spine. Th e SIJ is discussed in Chapter 22.

Figure 26.12 Treatment of gluteal trigger points

(a) Elbow pressure

(b) Dry needling
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Less common causes
Nerve entrapments

Th e hamstring group is supplied by the tibial branch 
of the sciatic nerve except for the short head of the 
biceps femoris, which is supplied by the peroneal 
branch of the sciatic nerve. Th ese nerves arise from 
the lumbosacral plexus, specifi cally from the roots 
of L5, S1 and S2.

Nerve damage can occur at a variety of sites result-
ing in pain in the posterior thigh. Compression of the 
nerve roots of the sacral plexus will oft en result in 
pain into the hamstring group. Usually this is distin-
guished from other conditions by the identifi cation of 
associated neurological symptoms such as alteration 
in sensation, loss of the Achilles refl ex or weakness 
in muscles not in the hamstring group, such as the 
ankle evertors.

Th e sciatic nerve may be damaged at any point 
along its pathway as a result of direct impact or pelvic 
trauma. Compression of the nerve at the level of the 
piriformis has been described as an alternative cause 
of sciatica.68 However, work by McCrory and Bell 
suggests that it is not only the piriformis but also the 
other hip external rotators that may cause compres-
sion of the sciatic nerve.69

Th e peripheral nerves of the body may also be a 
source of posterior thigh pain. Th e posterior cutaneous 
nerve of the thigh (PCNT) and the inferior cluneal 
nerve supply the skin over the posterior thigh. Th e 
PCNT has been described as the source of pain in 
piriformis syndrome as an alternative to the sciatic 
nerve.69 If symptoms do not extend below the knee 
and there is no associated loss of neurological func-
tion in the structures supplied by the sciatic nerve, 
then the PCNT should be considered.

Upper hamstring tendinopathy

Tendinopathy of the hamstring may occur at the 
origin or the insertion of the hamstring muscle group. 
Both present with the typical infl ammatory pattern 
of warming up with activity and an increase in pain 
post activity. Tenderness is easily elicited over the 
tendon with associated thickening.

Proximal hamstring tendinopathy is oft en associ-
ated with repetitive sprinting and instability of pelvic 
mechanics. Th ere may be some diffi  culty diff erentiat-
ing it from ischial bursitis, which tends to be more 
a result of friction with sitting on hard surfaces or 
‘hamstring syndrome’, which has more neurologi-
cal symptoms. Upper hamstring tendinopathy may 
respond to transverse frictions in the short term and 

this will oft en allow an athlete to continue perform-
ing. However, the prognosis is usually protracted. 
A hamstring strengthening program should be com-
menced.

Th is condition is oft en resistant to treatment. We 
have had some success with extracorporeal shock 
wave treatment.

Ischial bursitis 

It is oft en diffi  cult to distinguish between hamstring 
tendinopathy and ischial bursitis. Both conditions 
have an infl ammatory pain pattern at the origin of the 
hamstring muscle. An infl amed bursa is not readily 
palpated, however, athletes tend to complain of pain 
when sitting on hard surfaces where the ischium is 
under pressure. Ultrasound or MRI can confi rm the 
presence of a fl uid-fi lled bursa.

Anti-infl ammatory medications combined with ice 
and rest are of limited benefi t. Cortisone injections 
can be performed under X-ray control but the results 
are not always satisfactory.

Lower hamstring tendinopathy

Lower hamstring tendinopathy is oft en the result of 
large volumes of resisted fl exion knee exercises. It 
also occurs in sprinters. Th e pain pattern is infl am-
matory and the pain is localized to the tendons of the 
hamstring group. Posterior capsular pain should be 
diff erentiated from tendinopathy. Pain associated with 
knee hyperextension, such as in kicking, is usually 
capsular. Management consists of anti-infl ammatory 
agents, taping to reduce load and appropriate reha-
bilitation focusing on biomechanical defects.

Adductor magnus strains

Adductor magnus strains are rare but, when they do 
occur, behave similarly to a hamstring strain. Th e 
mechanism tends to be more of a rotatory action of 
eccentric internal rotation on one hip. Prognosis tends 
to be far better than hamstring strains; therefore, it 
is important to diff erentiate it from strains in the 
hamstring. Th e key to diff erentiating this condition 
is careful palpation to elicit the precise location of the 
tissue damage. Side-lying on the aff ected leg allows 
that hamstring group to fall laterally so that ready 
access can be made to the adductor magnus.

Compartment syndrome of the 
posterior thigh

While not as common as lower leg compartment 
syndromes, a compartment syndrome of the posterior 
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thigh is occasionally seen. Patients present with dull 
pain, stiff ness, cramps and weakness of the posteri or 
thigh during and aft er training.70 Two groups of 
patients with this syndrome are seen: endurance 
athletes without a history of trauma, and those with 
a history of hamstring injury.

Conservative management has not been successful 
and posterior fasciotomy of the thigh appears to be 
an eff ective treatment.70

Avulsion of the hamstring from the 
ischial tuberosity

Avulsion of the hamstring from the ischial tuberos-
ity is seen in two groups of patients: adolescents 
who instead of sustaining a hamstring muscle tear, 
tear their hamstring from its bony attachment at the 
ischium, and older people, oft en with a history of 
chronic tendinopathy.

Young sportspeople in the 14–18 year age range 
are prone to avulsions of the ischial apophysis. Any 
young adult presenting with an incident of acute 
severe hamstring pain should be treated as if with an 
avulsion until proven otherwise. Plain X-ray or bone 
scan may be used to identify the avulsion. According 
to the literature, a separation of greater than 2 cm 
(1 in.) requires open reduction and internal fi xa-
tion.71 Separations of less than 2 cm (1 in.) are oft en 
managed conservatively, requiring eight to 12 weeks’ 
rest. However, some caution should be exercised with 
conservative management as these athletes can be 
left  with decreased power in their hamstrings, which 
limits future sporting performance. Occasionally, 
there is neurological involvement associated with 
this injury.72

In adults, complete rupture of the ischial origin of 
the hamstring muscles is relatively rare.73, 74 Th e injury 
results from a sudden forceful fl exion of the hip joint 
when the knee is fully extended and the hamstring 
muscles powerfully contracted. Th e most common 
activities associated with the rupture are waterskiing 
and power lift ing. If treated with prompt surgery, the 
fi nal functional results are good.

Vascular

Endofibrosis of the external iliac artery usually 
produces pain in the lateral and anterior thigh. 
However, in some cases, pain may be experienced 
in the posterior thigh. Th is condition is associated 
with cycling75 and has been observed in triathletes. 
Th e pain is claudicant in nature. Pain may arise aft er 
15–20 minutes of exercise but usually ceases imme-
diately with the cessation of exercise.

On examination, a bruit is heard during the exercise 
that causes the pain. Diagnosis may be confi rmed 
with echography or arteriography. If the condition 
is aff ecting performance, then treatment is either 
surgical or balloon dilation of the area where the 
artery is narrowed.
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CHAPTER 

27
Acute Knee Injuries

WITH RANDALL COOPER, HAYDEN MORRIS AND LIZA ARENDT

Acute injuries aff ecting the knee joint cause con-
siderable disability and time off  sport. Th ey are 

common in all sports that require twisting movements 
and sudden changes of direction, especially the various 
football codes, basketball, netball and alpine skiing.

Functional anatomy
Th e knee contains two joints: the tibiofemoral joint 
with its associated collateral ligaments, cruciate 
ligaments and menisci; and the patellofemoral joint, 
which obtains stability from the medial retinaculum 
and the large patellar tendon passing anteriorly over 

the patella. We refer to the tibiofemoral joint as the 
knee joint.

By understanding the role of the diff erent ligaments 
and menisci in the knee joint, the clinician can better 
understand the mechanisms of injury, and also the 
likely consequences of injuries. Th e anatomy of the 
knee joint is shown in Figure 27.1.

Th e two cruciate (‘cross’) ligaments, anterior and 
posterior, are oft en referred to as the ‘crucial’ liga-
ments, such is their importance in sporting activity. 
Th ey are named anterior and posterior in relation to 
their attachment to the tibia. Th e anterior cruciate 
ligament (ACL) runs posteriorly and superiorly from 
its attachment near the front of the tibial plateau to 
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Figure 27.1 Anatomy of the knee joint

(a) The knee joint (anterior view)
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its femoral attachment at the posterolateral aspect 
of the intercondylar notch. Th e role of the ACL is to 
prevent forward movement of the tibia in relation to 
the femur, and to control rotational movement.

Th e posterior cruciate ligament (PCL) attaches 
on the posterior part of the tibial plateau and runs 
anterosuperiorly to its femoral attachment at the 
medial aspect of the intercondylar notch. Th e PCL 
prevents the femur from sliding forwards off  the 
tibial plateau.

Th e ACL is essential for control in pivoting move-
ments. Without an intact ACL, the tibia may rotate 
under the femur in an anterior–lateral direction. 
Th is is most common when an activity such as land-
ing from a jump, pivoting or a sudden deceleration 
is attempted. Th e PCL serves to stabilize the body 
(femur) above the tibia. In its absence the femur 
wants to shift  forward on the tibia. Th is shift  forward 
is accentuated when one tries to run down an incline 
plane or down stairs.

Th e two collateral ligaments, the medial and lateral, 
provide medial and lateral stability to the knee joint. 
Th e superfi cial medial collateral ligament (MCL) 
originates from the medial epicondyle of the femur 
3 cm (1.5 in.) above the joint line and passes down-
ward as a thickened band to attach to the anteromedial 
aspect of the tibia about 8 cm (4 in.) from the joint 
line. Th is portion of the MCL is extra-capsular. Th e 
deep layer, or coronal ligaments, attaches to the joint 
margins and has an attachment from its deep layer 
to the medial meniscus. Th e MCL prevents excessive 
medial opening of the tibial–femoral joint.

Th e lateral collateral ligament (LCL) arises from 
the lateral epicondyle of the lateral border of the 
femur and passes downwards to attach to the head 
of the fi bula. Th e LCL is a narrow strong cord with 
no attachment to the lateral meniscus. It serves to 
prevent lateral opening of the tibia on the femur 
during varus stress.

Th e two menisci, medial and lateral, are intra-
articular and attach to the capsule layer at the level of 
the joint line. Th e menisci have an important role as 
a buff er absorbing some of the forces placed through 
the knee joint, thus protecting the otherwise exposed 
articular surfaces from damage. By increasing the 
concavity of the tibia, they play a role in stabiliz-
ing the knee. In addition, the menisci contribute to 
joint lubrication and nutrition. Th us, it is important 
to preserve as much of the menisci as possible aft er 
injury.

Clinical perspective
Th e acute knee injury of greatest concern to the 
athlete is the tear of the ACL. Meniscal injuries are 
common among sportspeople, either in isolation or 
combined with a ligament injury, for example, of the 
MCL or ACL. With the advent of arthroscopy and 
more sophisticated imaging techniques, it has become 
evident that the articular cartilage of the knee is oft en 
damaged in association with sports injuries including 
ligamentous or meniscal injuries. Cartilage damage, 
depending on the size and/or location, can have the 
most lasting negative consequence in regards to acute 
knee injuries. A list of acute knee injuries occurring 
in sport is shown in Table 27.1.

Th e main question the clinician needs to answer 
about the patient presenting with acute knee injury 
is, ‘Does this patient have a signifi cant knee injury?’ 
A number of factors may help to provide the answer. 
Th ese include:

• the mechanism of injury
• the amount of pain and disability at the time of 

injury
• the presence and timing of onset of swelling
• the degree of disability on presentation to the 

clinician.

Table 27.1 Causes of acute knee pain(a)

Common Less common Not to be missed

Medial meniscus tear
MCL sprain
ACL sprain (rupture)
Lateral meniscus tear
Articular cartilage injury
PCL sprain
Patellar dislocation

Patellar tendon rupture
Acute patellofemoral contusion
LCL sprain
Bursal hematoma/bursitis
Acute fat pad impingement
Avulsion of biceps femoris tendon
Dislocated superior tibiofi bular joint

Fracture of the tibial plateau
Avulsion fracture of tibial spine
Osteochondritis dissecans (in 

adolescents)
Complex regional pain syndrome type 1 

(post injury)
Quadriceps rupture

(a) All these conditions may occur in isolation or, commonly, in association with other conditions.
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In the majority of cases, an acute knee injury can be 
diagnosed with an appropriate history and examina-
tion. Th e two main goals of assessment are:

1. to determine which structures have been 
damaged

2. to determine the extent of damage to each 
structure.

History

Th e fi rst and most important step in taking the history 
is to invite the patient to tell his or her own story of 
the injury. Once the patient has had an unhurried 
opportunity to explain what happened, the practi-
tioner may then wish to elicit additional aspects of 
the history.

Important components of the history include:

• a description of the precise mechanism of injury 
and the subsequent symptoms, for example, pain 
and giving way

• demonstration by the patient if possible, on the 
uninjured knee, of the stress applied at the time 
of injury

• the location of pain—pain associated with 
cruciate ligament injuries is oft en poorly 
localized (or emanates from the lateral tibial 
plateau); pain from injuries to the collateral 
ligaments is usually fairly well localized

• severity of pain—this does not always correlate 
with the severity of the injury, although most 
ACL injuries are usually painful immediately.

Th e degree and time of onset of swelling is an 
important diagnostic clue (Table 27.2). When a hemar-
throsis is present, the swelling is usually considerable 
and develops within the fi rst 1 or 2 hours following 
the injury. Th e causes of hemarthrosis are:

• major ligament rupture
— ACL
— PCL

• patellar dislocation
• osteochondral fracture
• peripheral tear of the meniscus, more common 

medially
• Hoff a’s syndrome (acute fat pad impingement)
• bleeding diathesis (rare).

Note: Lipohemarthrosis (fat and blood in the knee) is 
caused by intra-articular fractures. Lipohemarthrosis 
will present in a similar manner to hemarthrosis.

An eff usion that develops aft er a few hours or, more 
commonly, the following day is a feature of meniscal 
and chondral injuries. Th ere is usually little eff usion 
with collateral ligament injuries.

 If patients volunteer that they heard a ‘pop’, a 
‘snap’ or a ‘tear’, the injury should be considered 
as an ACL tear until proven otherwise.

Patients presenting with a sensation of something 
having ‘moved’ or ‘popped out’ in the knee are usually 
thought to have a patellar dislocation. However, this 
symptom is more commonly associated with an ACL 
rupture. Th ere may be associated ‘clicking’ or ‘locking’ 
and this is oft en seen with meniscal injuries. Locking 
is classically associated with a loose body or displaced 
meniscal tear. Locking does not mean locked in one 
knee position but is used when signifi cant loss of 
passive range of motion is present, especially loss of 
full extension. It is helpful to ask the patient in what 
‘position’ the knee locks. If the patient reports that 
the knee locks when it is straight, and does not bend, 
this usually is a manifestation of patellofemoral pain 
and injury—the kneecap is unable to engage in the 
groove secondary to pain.

The symptom of ‘giving way’ can occur with 
instability, such as in ACL defi ciency. It may also 
occur with meniscal tears, articular cartilage damage, 
patellofemoral pain (Chapter 28) or severe knee pain. 
Patients with recurrent patellar dislocation and those 
with loose bodies in the knee can describe similar 
sensations. If a patient reports episodes of giving way 
on steps, this is most oft en a refl ection of quadriceps 
weakness and/or pain, and rarely represents true 
kneecap instability.

Th e initial management of the injury and the 
degree of disability should be ascertained. A history 
of previous injury to either knee or any previous 
surgery should also be noted.

It is important to ascertain the patient’s age, occupa-
tion, type of sport and leisure activities, and the level 
of sport played. All these factors may infl uence the 
type of treatment off ered.

Table 27.2 Time relationship of swelling to diagnosis

Immediate (0–2 hours) (hemarthrosis) Delayed (6–24) hours (eff usion) No swelling

ACL rupture
Patellar dislocation

Meniscus MCL sprain (superfi cial)
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If the patient is a good historian, the diagnosis will 
be obvious in many cases. In the fi rst two to three 
days following injury, examination can be diffi  cult if 
the knee is painful and swollen.

Examination

Th e key feature of the knee examination is that each 
structure that may be injured must be examined. Clues 
to diagnosis are gleaned from the presence or absence 
of eff usion, assessment of the state of the ligaments 
and menisci, and range of motion testing.

Examination includes:

A. Observation
1. standing
2. walking
3. supine (Fig. 27.2a)

B. Active movements
1. fl exion
2. extension
3. straight leg raise

C. Passive movements
1. fl exion (Fig. 27.2b)
2. extension (Fig. 27.2c)

D. Palpation
1. patellofemoral joint (including patellar and 

quadriceps tendons)
2. MCL
3. LCL
4. medial joint line (Fig. 27.2d)
5. lateral joint line
6. prone (e.g. hamstring tendons, Baker’s cyst, 

gastrocnemius origins)
E. Special tests

1. presence of eff usion (Fig. 27.2e)
2. stability tests

(a) MCL (Fig. 27.2f)
(b) LCL (Fig. 27.2g)
(c) ACL

 (i) Lachman’s test (Figs 27.2h–k)
 (ii) anterior drawer test (Fig. 27.2l)
(iii) pivot shift  test (Fig. 27.2m)

(d) PCL
 (i) posterior sag (Fig. 27.2n)
 (ii) reverse Lachman’s test
(iii) posterior drawer test (Fig. 27.2o)

 (iv)  external rotation test—active and 
passive

(e) patella
 (i)  medial and lateral patella 

translation (or mobility)
3. fl exion/rotation (McMurray’s) test 

(Fig. 27.2p)

Figure 27.2 Examination of the patient with an acute 
knee injury

(a) Observation—supine. Look for swelling, deformity 
and bruising

(b) Passive movement—fl exion. Assess range of 
motion, end feel and presence of pain
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4. patellar apprehension test (Fig. 27.2q)
5. patellofemoral joint (Chapter 28)
6. functional tests

(a) squat test
(b) hop test

(c) Passive movement—extension. Hold both 
legs by the toes looking for fi xed fl exion deformity 
or hyperextension in the ACL, or PCL rupture. 
Overpressure may be applied to assess end range. This 
procedure may provoke pain in meniscal injuries

(d) Palpation—medial joint line. The knee should be 
palpated in 30° of fl exion

(e) Special tests—presence of eff usion. Manually drain 
the medial subpatellar pouch by stroking the fl uid in 
a superior direction. Then ‘milk’ the fl uid back into the 
knee from above on the lateral side while observing 
the pouch for evidence that fl uid is reaccumulating. 
This test is more sensitive than the ‘patellar tap’. It is 
important to diff erentiate between an intra-articular 
eff usion and an extra-articular hemorrhagic bursitis

(f) Stability test—MCL. This is tested with the knee 
in full extension and also at 30° of fl exion (illustrated). 
The examiner applies a valgus force, being careful to 
eliminate any femoral rotation. Assess for onset of 
any pain, extent of valgus movement and feel for end 
point. If the knee ‘gaps’ at full extension, there must be 
associated posterior cruciate injury
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(g) Stability test—LCL. The LCL is tested in a similar 
manner to the MCL except with varus stress applied

(h) Stability test—Lachman’s test. Lachman’s test is 
performed with the knee in 15° of fl exion, ensuring the 
hamstrings are relaxed. The examiner draws the tibia 
forward, feeling for laxity and assessing the quality of 
the end point. Compare with the uninjured side

 (i) (j) (k)

(i) The ACL is slightly slack in the start position
(j) When the ACL is intact, the ligament snaps tight and the examiner senses a ‘fi rm’/‘sudden’ end feel
(k) When the ACL is ruptured, the Lachman’s test results in a ‘softer’/‘gradual’ end feel

soft
end feel
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(l) Stability test—anterior drawer test. This is 
performed with the knee in 90° of fl exion and the 
patient’s foot kept stable. Ensure the hamstrings are 
relaxed with the index fi nger on the femoral condyles. 
The tibia is drawn anteriorly and assessed for degree 
of movement and quality of end point. The test can 
be performed with the tibia in internal and external 
rotation to assess anterolateral and anteromedial 
instability respectively

(m) Special test—pivot shift test. With the tibia 
internally rotated and the knee in full extension, a 
valgus force is applied to the knee. In a knee with ACL 
defi ciency, the condyles will be subluxated. The knee 
is then fl exed, looking for a ‘clunk’ of reduction, which 
renders the pivot shift test positive. Maintaining this 
position, the knee is extended, looking for a click into 
subluxation, which is called a positive jerk test

(n) Stability test—posterior sag. With both knees 
fl exed at 90° and the patient relaxed, the position of 
the tibia relative to the femur is observed. This will be 
relatively posterior in the knee with PCL defi ciency

(o) Stability test—posterior drawer test. With the knee 
as for the anterior drawer test, the examiner grips the 
tibia fi rmly as shown and pushes it posteriorly. Feel 
for the extent of the posterior movement and quality 
of end point. The test can be repeated with the tibia 
in external rotation to assess posterolateral capsular 
integrity
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Investigations

X-ray

Clinicians oft en wonder whether or not to perform 
an X-ray in cases of an acute knee injury. More than 
90% of radiographs ordered to evaluate knee injuries 
are normal. A set of decision criteria known as the 
Ottawa knee rule was developed in an adult emergency 
medicine setting in the mid 1990s (Table 27.3).1

Also, surgeons always wish to see preoperative fi lms 
so there are no intraoperative surprises.

Th e main aim of performing an X-ray in cases of 
moderately severe acute knee injuries is to detect an 
avulsion fracture associated with an ACL injury or a 
tibial plateau fracture following a high-speed injury. 
An osteochondral fracture may be evident aft er patel-
lar dislocation.

(p) Flexion/rotation (McMurray’s) test. The knee is 
fl exed and, at various stages of fl exion, internal and 
external rotation of the tibia are performed. The 
presence of pain and a palpable ‘clunk’ is a positive 
McMurray’s test and is consistent with meniscal 
injury. If there is no ‘clunk’ but the patient’s pain is 
reproduced, then the meniscus may be damaged or 
there may be a patellofemoral joint abnormality

(q) Special tests—patellar apprehension test. The 
knee may be placed on a pillow to maintain 20–30° 
of fl exion. Gently push the patella laterally. The test is 
positive if the patient develops apprehension with a 
sensation of impending dislocation

Table 27.3 Criteria for the Ottawa knee rule

A knee radiograph is indicated after trauma only when 
at least one of the following is present:
• patient age more than 55 or less than 18 years
• tenderness at the fi bular head
• tenderness over the patella
•  inability to fl ex the knee to 90° (this captures most 

hemarthrosis, fractures)
•  inability to weight-bear for four steps at the time of 

the injury and when examined.
To these, we suggest a high index of suspicion for:
• high-speed injuries
•  children or adolescents (who may avulse a bony 

fragment instead of tearing a cruciate ligament)
• if there is clinical suspicion of loose bodies.
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MRI

MRI may be used as an adjunct to clinical assess-
ment in cases of uncertain diagnosis, especially if 
a meniscal abnormality is suspected. MRI is also a 
useful investigation in determining the extent of ACL 
injury, articular cartilage damage and patellar tendon 
injury.2–4 MRI should never be ordered in the absence 
of a thorough history and physical examination.

With the advent of MRI it was noted that signifi cant 
knee injuries were associated with the presence of 
edema in the subchondral region. Th is phenomenon 
is known as a bone bruise. Clinically, a bone bruise is 
associated with pain, tenderness, swelling and delayed 
recovery. Th e presence of a bone bruise indicates 
substantial articular cartilage damage.5

Ultrasound examination

High-quality ultrasound examination of the patellar 
tendon is an excellent means of demonstrating partial 
tears of this tendon. A complete rupture should be 
obvious clinically.

Ultrasound examination can also detect the size 
and location of bursal swelling, and identify intra- 
versus extra-articular swelling if necessary.

Arthroscopy

Arthroscopy may be used as an investigation, a treat-
ment or both. In most cases when the diagnosis is 
evident from the clinical assessment, it is used as a 
treatment method, while also confi rming the clinical 
diagnosis. However, on occasions when the clinical 
picture is unclear and the patient has persistent pain 
not responding to treatment, diagnostic arthroscopy 
is performed.

Immediately before arthroscopy, the surgeon per-
forms an examination under anesthesia (EUA). Th e 
combination of EUA and arthroscopy provides the 
clinician with both an assessment of the stability of the 
knee and a view of the aff ected structures. Depend-
ing on the fi ndings, it is usually possible to treat the 
abnormality during the same procedure.

Meniscal injuries
Acute meniscal tears occur when the shear stress 
generated within the knee in fl exion and compres-
sion combined with femoral rotation exceeds the 
meniscal collagen’s ability to resist these forces.6 
Th e medial meniscal attachment to the medial joint 
capsule decreases its mobility, thereby increasing 
its risk for injury compared with the more mobile 
lateral meniscus.7

Degenerative meniscal tears occur in the older 
population frequently without an inciting event.

Th e diff erent types of meniscal tear are shown in 
Figure 27.3.

Clinical features

Th e history can provide a mechanism and a sense of 
the severity of meniscal tears. Th e clinical features 
are listed below.

• Th e most common mechanism of meniscal 
injury is a twisting injury with the foot anchored 
on the ground, oft en by another player’s body.

• Th e twisting component may be of 
comparatively slow speed. Th is type of injury 
is commonly seen in football and basketball 
players.

• Th e degree of pain associated with an acute 
meniscal injury varies considerably. Some 
patients may describe a tearing sensation at 
the time of injury.

vascular supply

posterior
horn

anterior
horn

longitudinal degenerative flap

radial bucket 
handle

horizontal
cleavage

cross-
section

Figure 27.3 Meniscus tear orientation and zones of 
vascularity; these drawings are of a medial meniscal 
tear 
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• A small meniscal tear may cause no immediate 
symptoms; it may become painful and cause 
knee swelling over 24 hours.

• Small tears may also occur with minimal trauma 
in the older athlete as a result of degenerative 
change of the meniscus.

• Patients with more severe meniscal injuries, for 
example, a longitudinal (‘bucket handle’) tear, 
present with more severe symptoms. Pain and 
restriction of range of motion occur soon aft er 
injury. Intermittent locking may occur as a result 
of the torn fl ap, the ‘bucket handle’, impinging 
between the articular surfaces. Th is may unlock 
spontaneously with a clicking sensation. Th is 
oft en occurs in association with ACL tears. In 
these patients a history of locking may be due to 
either the ACL or the meniscal injury.

On examination, the signs of a meniscal tear 
include:

• joint line tenderness (palpated with the knee 
fl exed at 45–90°)

• joint eff usion—this is usually present, although 
absence of an eff usion does not necessarily rule 
out meniscal damage

• pain—usually present on squatting, especially 
with posterior horn tears

• restricted range of motion of the knee joint—
this may be due to the torn meniscal fl ap or the 
eff usion.

Th e fl exion/rotation (McMurray’s) test (Fig. 27.2p) 
is positive when pain is produced by the test and a 
clunk is heard or felt that corresponds to the torn 
fl ap being impinged in the joint. However, it is not 
necessary to have a positive McMurray’s test (i.e. a 
clunk) to make a diagnosis of a torn meniscus. Th e 
hyperfl exion portion of the McMurray’s test provokes 
pain in most meniscal injuries. Pain produced by 

fl exion and external rotation is oft en indicative of 
medial meniscal damage, whereas pain on internal 
rotation indicates lateral meniscal pain. Asking 
patients where they feel pain during hyperfl exion 
maneuvers gives a suggestion of the location of the 
tear, medial or lateral.

MRI examination is the investigation of choice. 
Th is can aid management if the MRI shows either 
a complex tear or minimal damage or, more rarely, 
a peripheral meniscus tear. If meniscal tearing is 
minimal and stable without displacement, clinical 
progress remains the best measure of non-operative 
management. Peripheral meniscus tears, depending 
on the length of the tear, may be surgically addressed. 
Diagnostic arthroscopy for meniscus injury is rarely 
performed in centers where MRI is available.

Treatment

Th e management of meniscal tears varies depending 
on the severity of the condition. At one end of the spec-
trum, a small tear or a degenerative meniscus should 
initially be treated conservatively. On the other hand, 
a large painful ‘bucket handle’ tear, causing a locked 
knee, requires immediate arthroscopic surgery. Th e 
majority of meniscal injuries fall somewhere between 
these two extremes and the decision on whether to 
proceed immediately to arthroscopy must be made 
on the basis of the severity of the symptoms and signs, 
as well as the demands of the athlete. Experienced 
clinicians use the clinical features shown in Table 
27.4 as a guide for choosing either conservative or 
surgical treatment.

Th e aim of surgery is to preserve as much of the 
meniscus as possible. Some meniscal lesions are 
suitable for repair by meniscal suture, which can be 
performed with an arthroscope. Th e decision as to 
whether or not to attempt meniscal repair is based 
on several factors, including acuity of the tear, age 

Table 27.4 Clinical features of meniscal injuries that may aff ect prognosis

Factors that may indicate that conservative 
treatment is likely to be successful

Factors that may indicate that surgery will be 
required

Symptoms develop over 24–48 hours after injury
Injury minimal or no recall of specifi c injury
Able to weight-bear
Minimal swelling
Full range of movement with pain only at end of range 

of motion
Pain on McMurray’s test only in inner range of fl exion
Previous history of rapid recovery from similar injury
Early degenerative changes on plain radiographs

Severe twisting injury, athlete is unable to continue 
playing

Locked knee or severely restricted range of motion
Positive McMurray’s test (palpable clunk)
Pain on McMurray’s test with minimal knee fl exion
Presence of associated ACL tear
Little improvement of clinical features after 3 weeks of 

conservative treatment
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of the patient, stability of the knee, and tear location 
and orientation. Th e outer one-third of the meniscus 
rim has a blood supply, and tears in this region can 
heal. Th e tear with the best chance of a successful 
repair is an acute longitudinal tear in the peripheral 
one-third of the meniscus in a young patient with 
a concomitant ACL reconstruction.8 Degenerative, 
fl ap, horizontal cleavages and complex meniscal tears 
are poor candidates for repair.7 Young patients have 
a higher success rate. Peripheral meniscus tears in 
otherwise stable knees without concomitant ligament 
damage have a reduced success rate.9

Partial tears may require removal of the damaged 
flap of the meniscus. Patients with degenerative 
tears with no or minimal cartilage wear will be less 
symptomatic than those patients with concomitant 
cartilage damage.

Rehabilitation after meniscal surgery

Rehabilitation should commence prior to surgery. In 
this period it is important to:

• reduce pain and swelling with the use of 
electrotherapeutic modalities and gentle range 
of motion exercises

• maintain strength of the quadriceps, hamstrings, 
and hip abductor and extensor muscles

• protect against further damage to the joint 
(patient may use crutches if necessary)

• explain the surgical procedure and the post-
operative rehabilitation program to the patient.

Th e precise nature of the rehabilitation process will 
depend on the extent of the injury and the surgery 
performed. Arthroscopic partial menisectomy is usu-
ally a straightforward procedure followed by a fairly 
rapid return to activity. Some athletes with a small 
isolated medial meniscal tear are ready to return to 
sport aft er four weeks of rehabilitation. Th e rehabilita-
tion process usually takes longer if there has been a 
more complicated tear of the meniscus, especially if 
the lateral meniscus is injured. Th e presence of associ-
ated abnormalities, such as articular cartilage damage 
or ligament (MCL, ACL) tears, will necessarily slow 
down the rehabilitation process.

If the athlete returns to play before the knee is 
properly rehabilitated, he or she may not experience 
diffi  culty during the fi rst competition but may be 
prone to develop recurrent eff usions and persistent 
pain. A successful return to sport aft er meniscal 
knee surgery should not be measured by the time 
to play the fi rst match but rather the time to play 
the second!

Rehabilitation principles aft er arthroscopic partial 
menisectomy are:

• to control pain and swelling
• to regain pain-free active range of motion
• graduated weight-bearing
• progressive strengthening within the available 

range of motion
• progressive balance, proprioceptive, and 

coordination exercises
• return to functional activities.

A typical rehabilitation program following arthro-
scopic partial menisectomy is shown in Table 27.5. 
Th e suggested rehabilitation program may be varied 
depending on progress. It is important that this and 
other suggested rehabilitation programs contained in 
this chapter should only be considered as guidelines. 
Every patient is diff erent and will diff er in his or her 
response to injury, surgery and rehabilitation.

Close monitoring is essential during post-
menisectomy rehabilitation as the remaining meniscus 
and underlying articular cartilage slowly increase 
their tolerance to weight-bearing. Constant reas-
sessment aft er progressively more diffi  cult activities 
should be performed by the therapist monitoring the 
rehabilitation program. Th e development of increased 
pain or swelling should result in the program being 
slowed or revised accordingly.

Conservative management of 
meniscal injuries

Conservative management of relatively minor menis-
cal injuries will oft en be successful, particularly in 
the athlete whose sporting activity does not involve 
twisting activities. Th e principles of conservative man-
agement are the same as those following partial meni-
sectomy (Table 27.5), although the rate of progress 
may vary depending on the clinical features.

Th e criteria for return to sport following menis-
cal injury, treated surgically or conservatively, are 
shown below. If appropriate rehabilitation principles 
have been followed, then the criteria will usually all 
be satisfi ed:

• absence of eff usion
• full range of movement
• normal quadriceps and hamstring function
• normal hip external rotator function
• good proprioception
• functional exercises performed without 

diffi  culty
• training performed without subsequent knee 

symptoms
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• simulated match situations undertaken without 
subsequent knee symptoms.

Medial collateral 
ligament injury
Injury to the MCL usually occurs as a result of a valgus 
stress to the partially fl exed knee. Th is can occur in a 
non-contact mechanism such as downhill skiing, or 
in contact sports when an opponent falls across the 
knee from lateral to medial. MCL tears are classifi ed 
on the basis of their severity into grade I (mild, fi rst 
degree), grade II (moderate, second degree) or grade 
III (complete, third degree).

In patients with a grade I MCL sprain, there is local 
tenderness over the MCL on the medial femoral con-
dyle or medial tibial plateau but usually no swelling. 
When a valgus stress is applied at 30° of fl exion, there 
is pain but no laxity. Ligament integrity is intact.

A grade II MCL sprain is produced by a more severe 
valgus stress. Examination shows marked tenderness, 
sometimes with localized swelling. A valgus stress 
applied at 30° of knee fl exion causes pain. Some laxity 
(typically <5 mm [<0.05 in.]) is present but there is a 
distinct end point. Ligament integrity is compromised 
but intact throughout its length.

A grade III sprain of the MCL results from a severe 
valgus stress that causes a complete tear of the liga-
ment fi bers. Th e patient oft en complains of a feeling 
of instability and a ‘wobbly knee.’ Th e amount of pain 
is variable and frequently not as severe as one would 
expect given the nature of the injury. On examination, 
there is tenderness over the ligament and valgus stress 
applied at 30° of fl exion reveals gross laxity without a 
distinct end point. Th is test may not provoke as much 
pain as incomplete tears of the ligament due to complete 
disruption of the nociceptive fi bers of the ligament.

Grade III MCL injuries are frequently associated 
with a torn ACL, but rarely associated with medial 
meniscus injury. Th e presentation of medial joint line 
tenderness and lack of full extension is more a refl ec-
tion of MCL injury. Th e lateral meniscus is more at 
risk because the mechanism of injury typically opens 
the medial side and compresses the lateral side.

While swelling is uncommon in grade 1 sprains, 
it may occasionally be seen with grade 2 injuries. In 
grade 3 sprains there is associated capsular tearing 
(deep fi bers and superfi cial) and fl uid escapes so 
some degree of swelling is common although a tense 
eff usion is not present.

Distal MCL injuries have a tendency to recover 
more slowly.10

Treatment

Th e treatment of MCL injuries involves a conservative 
rehabilitation program. Patients with grade III MCL 
injuries that have been treated conservatively have 
been shown to return to sport as well as those treated 
surgically.11 Th e rehabilitation program following 
MCL injury varies depending on the severity. A typi-
cal rehabilitation program for milder MCL injuries 
(grade I and mild grade II) is shown in Table 27.6.

A hinged knee brace (Fig. 27.4a) provides sup-
port and protection to the injured MCL during the 
rehabilitation process.

Th e more severe MCL injury (the severe grade II 
or grade III tear) requires a longer period of rehab-
ilitation. An example of a rehabilitation program 
following a moderate-to-severe MCL injury is shown 
in Table 27.7.

Anterior cruciate 
ligament tears
Tears of the ACL are relatively common among 
sportspeople. Over 100 000 ACL reconstructions are 
performed annually in the United States.12 Th ey occur 
most frequently in those who play sports involving 
pivoting (e.g. football, basketball, netball, soccer, 
European team handball, gymnastics, downhill ski-
ing). Th e incidence rate of ACL tears is between 2.4 
and 9.7 times higher in female athletes competing in 
similar activities.13–17

ACL tears may occur in isolation or in combination 
with associated injuries, particularly meniscal and 
articular cartilage injury, or injury to the MCL.18 Th ey 
are the most common cause of prolonged absence 
from sport.

Clinical features

Th e majority of ACL tears occur in a non-contact 
situation, when the athlete is landing from a jump, 
pivoting or decelerating suddenly. The jumping 
mechanism is more likely to be associated with an 
accompanying meniscal injury.19 Th e mechanism of 
non-contact injury has come under intense scrutiny 
in recent years. It is common for it to result from an 
action that the injured athlete has performed repeat-
edly in their career, oft en a simple maneuver. Video 
analysis has shown that at times a trivial contact with 
another body part, such as a touch to the shoulder or 
hand, can precede the injury.

Th e typical features of the history include the 
following:
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Figure 27.4 Splints

(a) Hinged knee brace

(b) Limited motion knee brace

• Th e patient oft en describes an audible ‘pop’, 
‘crack’ or feeling of ‘something going out and 
then going back’.

• Most complete tears of the ACL are extremely 
painful, especially in the fi rst few minutes aft er 
injury.

• Athletes are initially unable to continue their 
activity. Occasionally pain will limit further 
activity and this is usually associated with a 
large tense eff usion. Th is is the clinical feature 
of a hemarthrosis. Occasionally, swelling is 
minimal or delayed. At times the athlete tries 
to recommence the sporting activity and feels 
instability or a lack of confi dence in the knee. 
Occasionally the athlete may resume playing 
and suff er an acute episode of instability.

Most athletes with an ACL tear present to a sports 
medicine practitioner between 24 and 48 hours fol-
lowing the injury. At this stage it may be diffi  cult to 
examine the knee. Th e best time to examine a patient 
with this condition is in the fi rst hour following the 
injury before the development of a tense hemarthrosis, 
which limits the examination. Aft er a few days when 
the swelling has started to settle and the pain is less 
intense the examination becomes easier to perform 
in most cases.

Aft er ACL rupture the examination fi ndings are 
typical:

• athletes have restricted movement, especially 
loss of extension

• they may have widespread mild tenderness
• lateral joint tenderness is oft en present, as the 

knee stretches the lateral joint capsule while 
subluxating

• medial joint line tenderness may be present if 
there is an associated medial meniscus injury.

 Th e Lachman’s test20 (Figs 27.2h–k) is positive 
in ACL disruption and is the most useful test 
for this condition. Students should learn to 
master this test.

A positive pivot shift  (or jerk) test (Fig. 27.2m) 
is diagnostic of ACL defi ciency but it requires the 
patient to have an intact MCL and iliotibial band. 
In cases of acute injuries, especially with associated 
injury (e.g. meniscal tear), the pivot shift  test is dif-
fi cult to perform as the patient is unable to relax 
suffi  ciently. Th e anterior drawer test (Fig. 27.2l) is 
usually positive in cases of ACL tears but is the least 
specifi c test. It should always be compared with the 
other side as oft en there is a degree of laxity present 
prior to injury.
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(c) Double-leg calf raise. Progression of the double-leg 
calf raise should incorporate an increase in range, sets 
and repetition, and speed of movement. The eccentric 
component should be emphasized

(d) Bridging. This is used to develop both core 
muscular strength and proprioception

Figure 27.5 Knee rehabilitation

(a) Quadriceps drills—isometric contraction

(b) Assisted knee fl exion. Place hands behind the 
thigh and pull the knee into fl exion
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(e) Bridging with Swiss ball. A Swiss ball may be used 
to progress the exercise

(f) Hip extension—with rubber tubing

(g) Hip abduction with rubber tubing

(h) Rubber tubing eccentric stride catch—standing
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(k) Single-leg half squat. All squat exercises should be 
pain-free. The squat may be aided by the use of a Swiss 
ball. Particular attention must be given to technique, 
control of the pelvis, hip and knee. Progression of the 
squat is similar to that of progression of the leg press 
exercise

(l) Arabesque single-leg squat

(i) Lunge—performed as shown. Progression involves 
a combination of increasing the number of sets and 
repetitions, increasing the depth of the lunge, and 
fi nally by holding additional weight

(j) Double quarter squat
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(m) Rebounder—jogging. Jogging and bounding are 
common rebounder exercises

(n) Rebounder (not shown)—static proprioceptive 
hold/throwing ball. The rebounder can be used for a 
variety of proprioceptive and balance exercises. Ball 
throwing or ‘eyes closed’ exercises can provide an 
excellent functional challenge

(o) Wobble board

(p) Dura disk balance
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(c) Carioca exercises

(d) Figure of eight running

Figure 27.6 Functional activities

(a) Jump and land from block. This exercise may be 
used to reciprocate functional movements in many 
sports. Begin the exercise from a small height and 
jump without rotation. This exercise can be progressed 
by increasing the height of the jump and rotating 90° 
during the jump

(b) Plyometric jumps over block—lateral. Plyometric 
exercises should only be included in the later stages 
of rehabilitation. Each plyometric exercise should be 
sport-specifi c

2

1
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X-ray of the knee should be performed when an 
ACL tear is suspected. It may reveal an avulsion of 
the ligament from the tibia or a ‘Segond’ fracture 
(anterior–lateral capsular avulsion)21 at the lateral 
margin of the tibial plateau (Fig. 27.7); this is pathog-
nomonic of an ACL rupture. MRI may be useful in 
demonstrating an ACL tear (Fig. 27.8) when the 
diagnosis is uncertain clinically.

A bone bruise is usually (>80%)17 present in con-
junction with an ACL injury. Th e most common 
site is over the lateral femoral condyle (Fig. 27.9). 
Th e bone bruise is most likely caused by impaction 
between the posterior aspect of the lateral tibial plateau 
and the lateral femoral condyle during displacement 
of the joint at the time of the injury. Th e presence 
of a bone bruise indicates impaction trauma to the 
articular cartilage.5

Th e degree to which bone bruises result in perma-
nent injury to the cartilage continues to be investi-
gated. At present it is not clear whether the presence 
of a bone bruise is signifi cant in the long term. It 
may be that those patients with a bone bruise are 

more prone to the development of osteoarthritis. It 
is also not clear at this time whether the presence of 
a bone bruise should result in a slower rehabilitation 
process with reduced loading of the knee in the fi rst 
few months aft er injury. However, most clinicians 
would favor a conservative course of treatment in 
this regard, and limit pounding activities for three 
months post bone bruise.Figure 27.7 X-ray showing a Segond fracture

Figure 27.8 MRI of anterior cruciate ligament (circled) 
showing the precise location of the tear (arrow)

Figure 27.9 MRI showing a bone bruise of the lateral 
femoral condyle in association with an ACL tear
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Conservative or surgical treatment?

Th ere are several areas of controversy regarding the 
management of ACL injuries. These include the 
relative merits of conservative versus surgical man-
agement; the use of braces to prevent ACL injury or 
control ACL defi ciency; whether surgery should be 
performed immediately aft er the injury or should 
be delayed; the relative merits of the various surgical 
techniques; and the diff erent rehabilitation programs 
followed aft er surgery.

Once the diagnosis is made, the decision on whether 
to opt for initial conservative or surgical management 
is dependent on a number of factors:

• the age of the patient
• the degree of instability
• associated abnormalities (e.g. MCL tear, 

meniscal tear)
• whether or not the patient performs pivoting 

sports
• the patient’s occupation (e.g. fi refi ghter, police)
• social factors, such as cost of treatment or time 

off  work.

Th e degree of instability may be assessed by a 
number of parameters. Clinical examination of the 
knee is not always a reliable indication of functional 
stability. If the patient is undergoing arthroscopy, 
then EUA will provide an opportunity to assess 
knee stability. A pivot shift  test, diffi  cult to perform 
in the conscious patient with a recent injury, should 
be performed at this time. A positive pivot shift  test 
is indicative of a signifi cant degree of knee instabil-
ity. In the patient with longer term ACL defi ciency, 
symptoms such as recurrent episodes of giving way 
indicate instability. For those patients whose knee 
shows appropriate strength on functional testing and 
whose knee gives way with activities of daily living 
despite adequate strength, an ACL reconstruction 
is recommended. Many surgeons would advocate 
ACL reconstruction in patients with concomitant 
meniscal injuries.

Th e decision is also infl uenced by the demands 
placed on the knee. In a young athlete who plays 
a pivoting sport, such as football or basketball, the 
demands placed on the knee will be considerable. 
However, an athlete who is prepared to confi ne activity 
to those sports that do not involve a large amount of 
twisting, turning and pivoting may be able to func-
tion adequately without an intact ACL. Th e patient 
must be reminded that repeated episodes of giving 
way greatly increase the development of osteoarthri-
tis. Despite this, there is no scientifi c evidence that 

reconstruction reduces the incidence of long-term 
osteoarthritis.

Another important factor to assess is the likeli-
hood of the patient adhering to a comprehensive, 
time-consuming rehabilitation program aft er surgery. 
If the patient indicates a lack of willingness to under-
take appropriate rehabilitation, surgery may not be 
successful. Other factors to consider are the cost of 
surgery and the amount of time off  work.

Surgery should be recommended for those athletes 
wishing to participate in a high-speed sport with con-
stant change of direction and pivoting. Other cases 
are assessed on their merit, taking into account the 
factors previously mentioned. As with other condi-
tions, a trial of conservative management does not 
rule out the possibility of eventual surgery.

Surgical treatment

Th ere are numerous surgical techniques used in the 
treatment of ACL injuries. As ACL tears are usually 
in-substance tears and therefore not suitable for pri-
mary repair, reconstruction of the ACL is the surgi-
cal treatment of choice. Numerous methods of ACL 
reconstruction have been described. ACL reconstruc-
tions were originally performed via an arthrotomy 
(opening the knee capsule with a surgical incision). 
With the advance of arthroscopic techniques, ACL 
reconstructions are now performed ‘arthroscopically 
aided’ through a small incision with arthroscope. Th is 
utilizes small incisions to help visualize and make the 
tunnels for placement of the ACL graft . Depending 
on the type of graft , incisions to harvest the graft  and 
secure the tunnels will be made as well.

Th e aim of an ACL reconstruction is to replace 
the torn ACL with a graft  that reproduces the nor-
mal kinetic functions of the ligament. In most cases, 
an autogenous graft , taken from around the knee 
joint, is used. Th e most common graft s used are the 
bone–patellar tendon–bone (BTB) autograft  involv-
ing the central third of the patellar tendon, or the 
hamstring (semitendinosus +/– gracilis tendons) 
graft . Th e decision on whether to perform a patellar 
tendon or hamstring reconstruction is dependent on 
a number of factors.

Among orthopedic surgeons there is consider-
able debate on the patellar tendon versus hamstring 
tendon subject. A systematic review published in 2004 
showed no diff erence in failure rate, range of motion, 
or isokinetic strength of arthrometer testing of knee 
laxity between the two techniques.22 Our view is that 
each case should be considered on its merit, taking 
into account some of the diff erences in potential 

Brukner-B-25_36.indt   482Brukner-B-25_36.indt   482 5/6/06   11:56:54 AM5/6/06   11:56:54 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 483

CHAPTER 27 ACUTE KNEE INJURIES 27

post-operative problems. For example, aft er patellar 
tendon reconstruction, pain with kneeling is common 
and approximately 50% of patients develop anterior 
knee pain. Patients who have a hamstring graft  ACL 
reconstruction have decreased end range knee fl exion 
power. Th e potential problems need to be addressed 
in the rehabilitation program and for that reason we 
advocate slightly diff erent rehabilitation regimens for 
the two types of surgery.

Other graft  options include allograft s (the trans-
plantation of cadaver tissue such as ligaments or 
tendons). Allograft s have been used successfully for 
many years and are associated with decreased morbid-
ity and patients’ return to their daily activities more 
quickly. It has been suggested that allograft s may also 
be associated with earlier return to sport, however, 
there is little evidence to support this theory.17 Th e 
incorporation of allograft  tissue appears to take at 
least as long as autograft  tissue and arguably longer; 
therefore, many consider delaying the return to full 
sporting activities for eight to nine months.

Patient information about what happens during 
ACL reconstruction surgery is provided in the box. 
Th is is also available as a downloadable PDF fi le at 
<www.clinicalsportsmedicine.com>.

Th e timing of ACL reconstruction aft er an acute 
injury has come under review. Traditionally, ACL 
reconstructions were performed as soon as practi-
cal aft er the injury. However, there is evidence that 
delaying the surgery may decrease the post-operative 
risk of arthrofi brosis (see below).23 Initial reports sug-
gested three weeks as the appropriate delay in surgery. 
More important than a specifi c time is the condition 
of the knee at the time of surgery. Th e injured knee 
should have little or no swelling, have near full range 
of motion, and the patient should have a normal gait. 
Th is period until surgery is a time for active rehabili-
tation (‘prehabilitation’).

Combined injuries

Injuries of the ACL rarely occur in isolation. Th e 
presence and extent of other injuries may aff ect the 
way in which the ACL injury is managed.

Associated injury to the MCL (grades I–III) 
poses a particular problem due to the tendency to 
develop stiff ness aft er this injury. Most orthopedic 
surgeons would initially treat the MCL injury in 
a limited motion knee brace for a period of six 
weeks, during which time the athlete would under-
take a comprehensive rehabilitation program (see 
above). Only then would the ACL reconstruction 
be performed.

Rehabilitation after ACL reconstruction

Traditional methods of management after ACL 
reconstruction included a lengthy period of non-
weight-bearing and knee immobilization. Early muscle 
activity around the knee joint was discouraged due 
to concerns regarding the integrity of the graft  and its 
fi xation. Th is program led to weakness and stiff ness 
around the knee joint with impaired propriocep-
tion and poor function. A fi xed fl exion deformity 
was common due to the prolonged extension block, 
while there was usually prolonged loss of full fl exion. 
Patello femoral joint problems were also common 
during the rehabilitation process.

Management principles have changed dramatically 
in recent years, resulting in greatly accelerated reha-
bilitation aft er ACL reconstruction.24 Th ese manage-
ment principles have changed as surgical techniques 
have changed. Th ere is now a better understanding 
of the strengths of graft s and the strength of fi xation 
techniques. Th ere is no diff erence in joint laxity or 
clinical outcome between those who underwent accel-
erated rehabilitation compared to those with a non-
accelerated program at two years post surgery.25

Without an open arthrotomy the extensor mecha-
nism has been better preserved. Th e principle of 
complete immobilization has been replaced with 
protected mobilization, with a resultant dramatic 
decrease in stiff ness and increase in range of motion 
of the knee joint. This has allowed earlier com-
mencement of a strengthening program and rapid 
progression to functional exercises. Th e average time 
for rehabilitation aft er ACL reconstruction to return 
to sport has been reduced from around 12 months to 
six to nine months.

Rehabilitation must commence from the time of 
injury, not from the time of surgery, which may be 
days, weeks or months later.26 Pre-operative manage-
ment aims to reduce pain, swelling and infl ammation, 
thus reducing the amount of intra-articular fi brosis 
and resultant loss of range of motion, strength and 
function. Immediately aft er injury, treatment should 
commence, including interferential stimulation, ultra-
sound and TENS, as well as strengthening exercises for 
the quadriceps, hamstring, hip extensor, hip abductor 
and calf muscles. Pain-free range of motion exercises 
should also be performed.

Th is period is also an opportunity for explanation 
of the hospital protocol and the progression and goals 
of the rehabilitation program. Th e therapist should 
set a realistic goal, taking into consideration the indi-
vidual patient and the type of surgery performed. It 
is helpful to provide a written explanation as well. If 
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What happens during ACL reconstruction surgery?

bone-
patellar tendon-

bone

OR

semitendinosus
& gracilis tendons
quadruple bundle

}
section
forms
new 
ACL

Figure 27.10 The key steps in the process of ACL 
reconstruction

(a) Harvesting graft tissue for the patellar tendon 
(top panel) or  semimembranosus/gracilis tendon 
(‘hamstring graft’) ACL reconstruction

The surgical reconstruction technique involves har-
vesting the tendon (patellar or hamstring, Fig. 27.10a) 
through a small incision and threading the tendon 
through tunnels drilled in the bones. The most crucial 
part of the operation is the points of entry of the 
tibial and femoral tunnels, and then the fi xation of 
the graft.

The tibial attachment should be in the center of the 
previous anterior cruciate attachment (at the level of 
the inner margin of the anterior portion of the lateral 
meniscus). The femoral attachment is to the so-called 
isometric point. This is a position in the intercondylar 
notch on the femur at which the graft is at a fi xed 
tension throughout the range of knee movement.

Once the graft attachment areas have been delin-
eated and prepared, the graft is fi xed by one of a 
variety of diff erent methods. These methods include 
interference screw fi xation (Fig. 27.10b), staples or the 
tying of sutures around fi xation posts. The better the 
quality of graft fi xation, the more comfortable one 
is in advancing rehabilitation in the fi rst weeks after 
surgery. Improvement in the quality of graft fi xation 
is a major reason for advancement of rehabilitation in 
the fi rst weeks after ACL surgery, as it is the weakest 
link in the fi rst six to eight weeks after ACL reconstruc-
tion surgery.

(b) Replacing the ruptured ACL with the graft 
tendon tissue; interference screw shown

(c) After surgery—the knee with the new graft or 
‘neoligament’ in place
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necessary, the post-operative knee brace should be 
fi tted and the use of crutches taught.

Immediately following surgery, weight-bearing 
status is largely determined by concomitant injuries 
(e.g. meniscal repair). Isolated ACL reconstructions 
are typically treated as weight-bearing as tolerated, 
using a brace and/or crutches until adequate quadri-
ceps muscle strength is restored. Instructions should 
be given regarding the use of crutches as the patient 
will progress from limited weight-bearing to full 
weight-bearing for the fi rst two weeks.

Th e rehabilitation programs for patellar tendon 
and hamstring tendon graft  ACL reconstructions 
are slightly diff erent due to the need to prevent the 
particular complications associated with each type 
of reconstruction. Th e main problem with the patel-
lar tendon graft  is anterior knee pain (see below). 
Th erefore, attention must be paid to this area during 
the rehabilitation program with the use of soft  tissue 
therapy to the patellar tendon, accompanied by a 
strengthening program for the tendon, and patellar 
taping (Chapter 28) to prevent patellofemoral and 
fat pad problems. Th e hamstring graft  should be 
treated as though the patient has had a hamstring tear 
(Chapter 26), with an appropriate rehabilitation pro-
gram to restore full range of motion and strength.

The major change in rehabilitation programs 
over the past few years is the incorporation of a core 
stability program along with increased emphasis on 
proprioceptive and balance exercises. Th ese exercises 
have been used in successful ACL prevention pro-
grams (see below). Despite the widespread acceptance 
of these elements into rehabilitation programs, the 
two randomized trials have not shown convincing 
evidence of their effi  cacy.27, 28

Th e rehabilitation program is shown in Table 27.8. 
Th e time frames in the table are a guideline only and 
must be adjusted depending on the progress of the 
individual patient. It is essential to rehabilitate each 
patient individually, taking into consideration the 
extent of damage to the knee (e.g. articular cartilage 
damage), the patient’s adherence to the exercise pro-
gram, the amount of stiff ness, which varies consider-
ably between patients, and the eventual functional 
aims of the patient (e.g. daily activities, high level 
sport).

Th e patient must be taught to monitor the signs and 
symptoms around the knee following each work-out. 
Ice may need to be applied if pain, infl ammation or 
swelling is present.

Th e timing of return to sport is dependent on 
several different factors, including the surgeon’s 
assessment, the nature of the sport, the therapist’s and 

coach’s opinion and the confi dence of the patient. Most 
surgeons support that ACL graft  maturation takes up 
to six months, and advocate a six-month return to 
sport as an initial guideline. Beyond this temporal 
guideline, functional testing should be used to help 
assess readiness to return to sport.

Functional tests include agility tests, the standing 
vertical jump and the ‘Heiden hop’. Th e patient per-
forms the ‘Heiden hop’ by jumping as far as possible 
using the uninjured leg, landing on the injured leg. 
Athletes with good function are able to land solid 
with a single hop, to ‘stick it’. Th ose with functional 
disability step further or take another small hop. 
Another way of testing function is by incorporating 
sport-specifi c drills. Isokinetic testing may be used to 
evaluate muscle strength. Quadriceps strength should 
be at least 90% of the uninjured leg and hamstring 
strength at least 100%. In the light of all these factors 
and the varying progress of diff erent athletes and the 
sport to which they are returning, the time for return 
to sport aft er ACL reconstruction may vary from four 
to 12 months.

Th e use of a brace on return to sport is not neces-
sary but may help the athlete’s confi dence. Th e use 
of a functional brace in the later stages of rehabilita-
tion and on return to sport has not been shown to 
be helpful.29, 30 Th ere is some evidence that wearing 
a neoprene compression sleeve improves proprio-
ception aft er ACL reconstruction.31 Some sporting 
codes have restrictions on the type of brace and 
material used.

The research into the effectiveness of various 
rehabilitation techniques has generally been of poor 
quality and thus limited conclusions can be drawn. 
Th e research evidence is summarized in Table 27.9.

Problems encountered during 
ACL rehabilitation

Apart from surgical complications (e.g. infection, deep 
venous thrombosis), a number of secondary problems 
may occur during the rehabilitation process.

Patella problems

Patellofemoral pain may occur on the injured or the 
uninjured side. Patients may present with typical 
symptoms of patellofemoral pain (Chapter 28) but 
oft en will not comment on the presence of anterior 
knee pain as they assume that it is part of the normal 
process following surgery. Th e patient should always 
be asked about symptoms at the front of the knee 
and the patellofemoral joint should be examined at 
each visit.
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A number of diff erent factors may predispose to 
the development of patellofemoral pain. Commonly, 
the lateral structures around the patellofemoral joint, 
especially the lateral retinaculum and the iliotibial 
band, are tight. Weakness of the vastus medialis 
obliquus or proximal gluteal muscles may also be 
an important component, as may an altered gait 
pattern, typically associated with excessive subtalar 
pronation. An overemphasis on knee extension 
exercises and squats in the exercise program can 
cause patellofemoral problems. Th ese patellofemoral 
problems occur not only with patellar tendon graft  
reconstructions but also with the hamstring tendon 
graft  reconstructions.

Th e infrapatellar fat pad is frequently damaged by 
the arthroscope and may be the source of considerable 
discomfort aft er reconstruction. Taping techniques 
(Chapter 28) can be used to unload the fat pad.

Another complication seen aft er patellar tendon 
ACL reconstruction is inferior displacement of the 
patella (patella baja) due to traction on the patella 
by tight infrapatellar soft  tissue structures. Patellar 
tendinopathy (Chapter 28) is also seen following 
ACL reconstruction, especially with patellar tendon 
graft s.

A common and as yet unexplained fi nding in cases 
of chronic ACL insuffi  ciency and reconstruction is 
severe trochlea chondral damage.

Low back pain

Low back pain is not uncommon in the early stages 
of the rehabilitation program when it may be due 
to the use of crutches and to altered gait patterns. It 
usually occurs in patients who have a prior history 
of low back pain.

Lower limb stiff ness

Stiff ness in the foot and ankle commonly occurs as 
a result of a period of non-weight-bearing and the 
wearing of a brace. Tightness of the Achilles tendon is 
common. Th ese problems typically present on return 

to running. Full range of motion of these joints should 
be maintained early in the rehabilitation program 
with mobilization and stretching in addition to active 
plantarfl exion/dorsifl exion exercises.

Soft tissue stiff ness (arthrofi brosis)

The rehabilitation program and its rate of pro-
gression will be infl uenced by the intrinsic tissue 
stiff ness or laxity of the patient. Th is depends on 
the nature of the patient’s collagen and appears to 
correlate with generalized ligamentous stiff ness or 
laxity throughout the body. Patients with stiff  soft  
tissues may develop a large bulky scar with adhe-
sions aft er ACL reconstruction. Th ese patients are 
usually slow to regain full fl exion and extension, 
and the knee may require passive mobilization by 
the therapist. Patients tend to have tight lateral 
structures around a stiff  patellofemoral joint. Th is 
is known as arthrofi brosis.37

Treatment involves encouraging active movement, 
early passive mobilization, massage and encouraging 
early activity. Eff orts to control swelling are critical. 
It may be helpful to remove the brace earlier than 
usual in these patients. Severe cases may require 
arthroscopic scar resection as well as a vigorous 
rehabilitation program.

As mentioned previously, delaying the surgery until 
all signs of the hemarthrosis have disappeared and full 
range of motion has been regained appears to reduce 
the likelihood of arthrofi brosis developing.

Soft tissue laxity

Th e group of patients classifi ed as having ‘loose’ soft  
tissue, are characterized by generalized increased 
ligamentous laxity. Th ese patients tend to rapidly gain 
good range of motion in extension and fl exion. Th ey 
are treated by prolonging the time in the brace and 
restricting the range available. Range of motion exer-
cises are discouraged, mobilization contraindicated 
and full extension work reduced to avoid stretching 
the graft . Th e rehabilitation program is slowed in 
these patients to allow time for the graft  to develop 
as much scar tissue as possible.

Conservative management

When the clinical diagnosis of an ACL tear is made 
and the patient opts for initial conservative manage-
ment, an arthroscopy should probably be performed. 
Th e aim of this arthroscopy is to assess stability of the 
knee under anesthesia, to wash out the hemarthrosis, 
and to assess and treat other injuries such as meniscal 
tears and articular cartilage damage. Th e presence 

Table 27.9 Rehabilitation techniques after anterior 
cruciate ligament reconstruction with evidence of 
eff ectiveness

• Immediate weight-bearing32

•  Closed kinetic chain exercises selecting knee joint 
motions of less than 60°33

•  Open kinetic chain exercises with knee angles 
greater than 40° of fl exion34, 35

•  High-intensity neuromuscular electrical stimulation 
(NMES) in addition to voluntary exercises for 
improving isometric quadriceps muscle strength36
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of articular cartilage damage is indicative of a poor 
prognosis. Th ese patients tend to have persistent 
problems with pain and swelling even aft er surgery. 
Th is is aggravated if a full or partial menisectomy 
is required, as the stresses placed on the articular 
cartilage are increased.

Derotation knee braces may be used as part of the 
conservative management of ACL tears to provide 
additional stability when playing sport (e.g. down-
hill skiing). Th e eff ectiveness of these braces varies 
depending on the degree of instability and the type 
of brace.

Th e rehabilitation program for the conservatively 
managed ACL injury is similar to management aft er 
reconstruction (Table 27.8). Th e principles of initial 
reduction of swelling and pain, restoration of full 
range of motion, increase of muscle strength and 
power, functional rehabilitation and, fi nally, return to 
sport all apply. Depending on the degree of instabil-
ity and other associated abnormalities (e.g. articular 
cartilage damage), the rate of progress may be slower 
or faster than aft er a reconstruction. Th e fi nal stages 
of the rehab ilitation program, the agility work and 
sport-specifi c drills, may not be possible in the patient 
with ACL defi ciency. Conservative treatment of ACL 
injuries is most successful in sports that are not 
dependent on jumping and pivoting motions.

Outcomes after ACL treatment

While the general consensus among the surgical and 
sporting communities is that those sustaining an ACL 
injury make a full recovery aft er ACL reconstruc-
tive surgery, research fi ndings suggest that is not 
always the case. Th ree main outcome measures are 
used to determine the success or otherwise of ACL 
treatment:

1. return to sport
2. reinjury rate
3. prevalence of osteoarthritis.

Return to sport

Th e majority of those who have an ACL reconstruc-
tion have good to excellent knee function and most 
(65–88%) are able to return to sport within the fi rst 
year.38–41 Th us, surgery is eff ective in allowing injured 
athletes to resume their sports career.42

Among patients treated non-operatively, the return 
rate ranges from 19% to 82%.43, 44 Athletes who suc-
cessfully return to sport aft er non-operative treatment 
probably represent a selected group with functionally 
stable knees and a strong motivation to continue 
pivoting sport despite their injury.42

While most athletes return to their previous sport 
aft er ACL reconstruction, there is some evidence that 
they may stop playing earlier than their non-injured 
counterparts.43, 45, 46 In the only study in which the 
reduction in sport participation can be related to a 
control group, Roos et al.44 found that 30% of those 
who had ACL injury were active aft er three years 
compared with 80% of controls, and that aft er seven 
years none of the elite injured players were active 
regardless of the type of treatment.

Although the initial return to sport rate is high, 
previously injured athletes retire at a higher rate than 
athletes without previous ACL injury.42 Th e reason for 
this may be that many of the athletes who return to 
sport experience signifi cant knee problems such as 
instability, reduced range of motion and/or pain.43

Reinjury rate

Th e incidence of graft  failure is generally of the order 
of 3–6% in most studies.47 Th ere is some evidence 
from a meta-analysis that the failure rate may be 
lower in patellar tendon autograft s,48 although another 
systematic review failed to show a diff erence.22 Th ere 
also appears to be an increased risk of rupturing the 
contralateral ACL in patients who have already had 
an ACL injury. Th ere may also be an increased risk of 
other knee injuries (e.g. meniscal, articular cartilage 
injury) aft er ACL injury, particularly in those managed 
non-operatively. Reinjury appears to be most likely 
in the fi rst 12 months aft er surgery.22

Osteoarthritis

ACL rupture is associated with a signifi cant risk of 
development of osteoarthritis (OA); it may be that 
the initial injury itself may infl uence the development 
of OA irrespective of what treatment is used or how 
the knee is loaded during subsequent years. Whereas 
previously it was thought that an isolated ACL injury 
was quite common, we now know that bone bruising 
(as seen on MRI) occurs in more than 80% of cases 
of ACL tears. Bone bruising is highly associated with 
articular cartilage damage. Meniscal injury is found in 
75% of cases of ACL tears and this also predisposes to 
the development of OA. Long-term follow-up studies 
of patients who have undergone ACL reconstruction 
with more modern techniques have shown that nearly 
all patients develop radiological signs of OA aft er 
15–20 years.43 Many of these patients are, however, 
asymptomatic.

Although it was recognized that ACL injuries 
treated non-operatively were associated with an 
increased risk of OA, it had been hoped that ACL 
reconstruction, by restoration of knee anatomy and 
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reduction of instability, would eliminate, or substan-
tially reduce, the incidence of OA. At this time, how-
ever, there is no evidence that ligament reconstruction 
prevents the future development of OA.43, 46, 49–51 It 
seems that the important predictor of future OA is 
the damage to other structures, such as the menisci 
and articular cartilage, at the time of the injury.

A related, important sports medicine question is, 
‘Does returning to active sport increase the likelihood 
of developing OA, or does it bring this event on more 
quickly?’ No studies have evaluated this phenomenon 
but it is reasonable to assume that intense weight-
bearing activity involving pivoting would accelerate 
the degenerative process compared to in someone who 
remained sedentary or took up a non-weight-bearing 
sport (e.g. cycling, swimming). We and others42, 52 
propose that athletes who have undergone an ACL 
reconstruction should receive advice about the like-
lihood of developing OA, and the possibility that 
returning to active sports participation will accelerate 
its development. Many professional and dedicated 
athletes may decide to continue their sport in spite of 
that advice, but it is the duty of health professionals 
to enable them to make an informed decision.

Gender diff erence

In light of the increased prevalence of ACL injuries 
in female athletes discussed previously, attention has 
been to possible diff erences in outcome aft er ACL 
reconstruction between males and females. Th e major-
ity of studies show increased post-surgical laxity in 
females but no diff erence in graft  failure, activity level, 
or subjective or functional assessment.38, 53–57

Prevention of ACL injury

As 60–80% of ACL injuries occur in non-contact situ-
ations, it seems likely that the appropriate prevention 
eff orts are warranted. In ball sports two common 
mechanisms cause ACL tears:

1. a cutting maneuver58–60

2. one leg landing.

Cutting or sidestep maneuvers are associated with 
dramatic increases in the varus–valgus and internal 
rotation moments. Th e ACL is placed at greater risk 
with both varus and internal rotation moments. Th e 
typical ACL injury occurs with the knee externally 
rotated and in 10–30° of fl exion when the knee is 
placed in a valgus position as the athlete takes off  
from the planted foot and internally rotates with the 
aim of suddenly changing direction (Fig. 27.11a).61, 62 
Th e ground reaction force falls medial to the knee 

joint during a cutting maneuver and this added force 
may tax an already tensioned ACL and lead to failure. 
Similarly in the landing injuries, the knee is close to 
full extension.

High-speed activities such as cutting or land-
ing maneuvers require eccentric muscle action of 
the quadriceps to resist further fl exion. It may be 
hypothesized that vigorous eccentric quadriceps 
muscle action may play a role in disruption of the 
ACL. Although this normally may be insuffi  cient to 
tear the ACL, it may be that the addition of a valgus 
knee position and/or rotation could trigger an ACL 
rupture.

One question that is oft en asked is why the ACL 
tears in situations and maneuvers that the athlete 
has performed many times in the past. Frequently, 

Figure 27.11 Abnormal positions that may lead to 
ACL injury

(a) The typical position during the cutting maneuver 
which leads to ACL injury
PHOTO COURTESY OF ODD-EGIL OLSEN, OSLO SPORTS TRAUMA RESEARCH 

CENTRE
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there is some external factor that renders the athlete 
susceptible. Th e athlete could be off  balance, be 
pushed or held by an opponent, be trying to avoid 
collision with an opponent, or have adopted an 
unusually wide foot position. Th ese perturbations 
may contribute to the injury by causing the athlete 
to plant the foot so as to promote unfavorable lower 
extremity alignment; this may be compounded 
by inadequate muscle protection and poor neuro-
muscular control.62 Fatigue and loss of concentration 
may also be a factor.

What has become recognized is that unfavorable 
body movements in landing and pivoting can occur, 
leading to what has become known as the ‘functional 
valgus’ or ‘dynamic valgus’ knee, a pattern of knee 
collapse where the knee falls medial to the hip and 
foot. Th is has been called by Ireland the ‘position of 
no return’, or perhaps it should be termed the ‘injury 
prone position’ since there is no proof that one cannot 
recover from this position (Fig. 27.11b).63 Intervention 
programs aimed to reduce the risk of ACL injury are 
based on training safer neuromuscular patterns in 
simple maneuvers such as cutting and jump landing 
activities.

Th e mechanism of ACL injury in skiing is diff erent 
from that in jumping, running and cutting sports such 
as football and basketball. In skiing, most ACL injuries 
result from internal rotation of the tibia with the knee 
fl exed greater than 90°, a position that occurs when 
a skier who is falling backwards catches the inside 
edge of the tail of the ski.64 Intervention programs in 
skiing are aimed at increasing the skier’s awareness 
of patterns that are injurious to the knee, and giving 
alternative strategies in the hope of avoiding these 
patterns altogether.

Why do females tear their ACLs at three times 
the rate of males?

Th e rate of non-contact ACL injury among female 
athletes is considerably higher (×2–8) than that in 
males at comparable risk (exposure) and in compar-
able activities. At present, four main areas are being 
investigated to explain this discrepancy:

1. anatomical
2. hormonal
3. shoe surface interface
4. neuromuscular.

(b) The positions of safety and of ‘no return’

muscles
involved

muscles
involved

body
position

body
position

Position of 
safety Point of ‘no return’

back       

hips

forward flexed,
rotated opposite side

adduction
internal rotation

less flexed, valgus

internal or external

normal lordosis

flexed
neutral abduction

adduction,
neutral rotation

extensors
abductors
gluteals

flexors
hamstrings

plantar flexors

gastrocnemius

posterior tibialis

flexors
adductors
iliopsoas

extensors
quadriceps

dorsiflexors

peroneals

tibialis anterior

flexed

neutral

both feet in control

balanced

one foot out of control

unbalanced

tibial
rotation

knee

landing
pattern
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Anatomical diff erences

A number of anatomical diff erences between women 
and men have been proposed as contributing factors 
to the greater rupture rates of ACLs in females. Th ese 
diff erents in females include:

• smaller size and diff erent shape of the 
intercondylar notch65, 66

• wider pelvis and greater Q angle
• greater ligament laxity.67

Although anatomical diff erences may play a role 
in ACL injury risk, since there is little that one can 
change in one’s anatomy, focus has turned to that 
which may be able to be changed.

Hormonal diff erences

Females have a unique hormonal cycle, and estrogen 
has long been implicated as a risk factor in the higher 
ACL injury rates in females. Estrogen receptors were 
detected in the human ACL68 and more recently 
relaxin receptors were found on female but not male 
ACLs.69 Research examining a possible relationship 
between phase of the menstrual cycle and ACL injury 
has shown confl icting results.14, 70–74

If estrogen level is a risk factor, it is not likely at 
the material level of ligament strength, as mechanical 
tests of ligament failure have not shown any diff er-
ence in strength between ligaments in two studies 
of diff erent animal models when levels of estrogen 
were modifi ed.75, 76

If hormones have a role to play in ACL injury risk, 
most researchers believe they are mediated through 
the neuromuscular system and that a direct relation-
ship is unlikely.77

Shoe–surface interface

The shoe–surface interface can be affected by a 
number of factors. In team handball a higher friction 
coeffi  cient rate led to an increase in ACL tears.78, 79 A 
higher rate of ACL injuries was found in footballers 
who wore cleats placed on the peripheral margin 
of the sole with a number of smaller pointed cleats 
positioned interiorly.80 An uneven playing surface 
may also be a factor. A diff erence in rainfall or the 
type of grass may also contribute to alterations in the 
shoe–surface interface (Chapter 6).81

Neuromuscular factors

Th e balance of muscle power and recruitment pat-
tern between the quadriceps and hamstring muscles 
is crucial to functional knee stability. Controlling the 
rotation of the limb under the pelvis in pivoting and 

landing is critical to controlling knee stability, and 
reducing or eliminating the functional valgus knee. 
Quadriceps contraction increases ACL strain between 
10° and 30° of fl exion. An eccentric quadriceps muscle 
contraction can produce forces beyond those required 
for ACL tensile failure.82

Th e hamstrings, in contrast, are ACL agonists, so 
any weakness, increased fl exibility or delayed motor 
signal to the hamstrings may increase the susceptibility 
to ACL injury.83 Female athletes rely more on their 
quadriceps muscles and respond to anterior tibial 
translation by activating their quadriceps fi rst rather 
than their hamstrings.84 Males, given a similar force, 
activate their hamstrings fi rst to dynamically stabilize 
their knee, thus preventing displacement of the tibia 
on the femur.85 Th is diff erence in the timing of muscle 
fi ring patterns has been thought to be related to the 
increased risk of injury in females. Th is study, along 
with Hewett et al.’s work,86 which shows that females 
are more ‘quadriceps dominant’ than males, has led 
to the concept of a quadriceps dominant limb being 
a risk factor for serious knee injury, including injury 
to the ACL.

In addition to muscle strength and fi ring pat-
terns, females land from a jump or pivot with less 
hip and knee fl exion than do males.86 Th is is what 
Hewett et al. refer to as ‘ligament dominance’.87 
Training more fl exion at the knee and hip in land-
ing maneuvers has been shown to reduce valgus 
moments at the knee.

Risk equation

Uhorchak et al.67 showed that a combination of female 
gender, decreased notch width, increased body mass 
index and generalized joint laxity were strong predic-
tors of ACL injuries. Th is gives fi rm support to the 
notion of a ‘risk equation’, where no one factor predicts 
injury but, when combined, can increase injury risk 
with certain factors.

Prevention programs

Given the importance of neuromuscular factors in 
the etiology of ACL injuries, numerous programs 
have aimed to improve neuromuscular control during 
standing, cutting, jumping and landing.86, 88–92 Th e 
components of the neuromuscular training programs 
are (Table 27.10):

1. balance training
2. landing with increased fl exion at the knee and 

hip
3. controlling body motions, especially in 

deceleration and pivoting maneuvers
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4. some form of feedback to the athlete during 
training of these activities.

A meta-analysis93 of the six published prevention 
programs demonstrated an overall positive eff ect 
in reducing ACL injuries, with a total of 29 ACL 
injuries in the prevention group compared to 110 in 
the control group. Th ree of the six programs showed 
signifi cant reduction, while two of the remaining 
three demonstrated positive trends and reduced odds 
ratios. Th e conclusion from this meta-analysis was 
that prevention programs may be eff ective provided 
that plyometrics, balance and strengthening exercises 
are incorporated into the training program, that the 
training be performed more than once a week, and 
that the program should continue for at least six weeks. 
Th e component of the programs which correlated 
best with ACL injury reduction was high-intensity 
plyometric movements that progressed beyond foot-
work and agility.93

Although, as mentioned above, the mechanism 
of ACL injury in skiing is diff erent, neuromuscu-
lar conditioning also successfully prevented ACL 
injury.64 Ski injury prevention programs teach skiers 
to recognize and respond with appropriate strate-
gies to dangerous situations and to avoid potentially 
compromising positions.83

Factors not yet fully explored include the role 
of individual athlete compliance, failure to comply 
with neuromuscular training (i.e. how quickly do we 
forget what we learn?), and what is the ideal age to 
teach these techniques (i.e. does age matter?). Do all 
athletes benefi t from these intervention techniques 
or can we identify the ‘at-risk’ athlete and train that 
athlete diff erently? Th ese are the questions on which 
interventionists will be focusing future direction and 
research.

ACL rupture among children with 
open physes

ACL injuries are common in children and adoles-
cents.94 Traditionally, surgical reconstruction of the 
ACL in children with open physes has not been 
recommended due to the risk of growth abnormali-
ties resulting from surgical violation of the physes. 
Th ere are, however, concerns that non-operative or 
delayed operative management risk meniscal and/or 
cartilage injuries, leading to premature degenerative 
disease.

Th ere is increasing clinical evidence that the risk 
of damage to the physes is minimal, especially with 
various surgical techniques currently available to 
minimize physeal trauma. Most surgeons currently 

Table 27.10 ACL prevention program77

Week Exercises

Floor exercises

1 Running and planting, partner running 
backwards and giving feedback on the 
quality of the movement, change position 
after 20 s

2 Jumping exercise: right leg, right leg over to 
left leg, left leg and fi nishing with a two-
foot landing with fl exion in both hips and 
knees

3 Running and planting (as in week 1), now 
doing a full plant-and-cut movement 
with the ball, focusing on knee position 
(Fig. 27.12a)

4 Two players together, two-leg jump forward 
and backwards, 180° turn and the same 
movement backwards; partner tries to push 
the player out of control but still focusing 
on landing technique

5 Expanding the movement from week 3 to a 
full plant and cut, then a jump shot with 
two-legged landing

Mat exercises

1 Two players each standing on one leg on 
the mat, throwing to each other 
(Fig. 27.12b)

2 Jump shot from a box (30–40 cm [~1 ft] high) 
with a two-foot landing with fl exion in hip 
and knees

3 ‘Step’ down from box with one-leg landing 
with fl exion in hip and knee

4 Two players both standing on balance mats 
trying to push partner out of balance, fi rst 
on two legs, then on one leg

5 The players jump on a mat, catching the ball, 
then take a 180° turn on the mat

Wobble board exercises

1 Two players standing two-legged on the 
board, throwing to each other

2 Squats on two legs, then on one leg

3 Two players throwing to each other, one foot 
each on the board

4 One foot on the board, bouncing the ball with 
eyes shut

5 Two players, both standing on balance 
boards trying to push partner out of 
balance, fi rst on two legs, then on one leg 
(Fig. 27.12c)
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Figure 27.12 Examples of ACL prevention exercises

(a) Floor exercise

(b) Mat exercise

(c) Wobble board exercise

recommend ACL reconstruction in younger patients 
with open growth plates. In the adolescent patient 
approaching skeletal maturity, fi xation of the ACL 
graft  is performed in the same manner as in an adult, 
and graft  choice is either the patella or hamstring 
tendons. In the younger patients, techniques are 
used to minimize the damage to the physes.95 Th ese 
include using only soft  tissue for graft  choice (such 
as hamstrings) to avoid a bone plug in the tunnel 
at the growth plate. Tunnels are made smaller in 
diameter and on the tibia they are slightly more 
vertical. On the femur one can avoid the growth 
plate altogether and use the ‘over the top’ technique 
of ACL graft  placement. Th ese techniques can be 
individualized to meet the needs of the surgeon and 
the patient, depending on the age and maturation 
of the patient.

Posterior cruciate 
ligament tear
Th e PCL is the primary restraint to posterior drawer, 
and secondary restraint to external rotation. Isolated 
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sectioning of the PCL results in an increased poster-
ior translation of the knee under a posterior tibial 
load. Th is increase in laxity is relatively small at full 
extension and most pronounced at 90° of fl exion. 
Only small rotatory or valgus/varus laxity results 
from isolated PCL injury.

Up to 60% of PCL injuries involve disruption of the 
posterolateral structures. Th e primary stabilizers are 
the lateral collateral ligament (LCL) and the popliteus 
complex. Th ey provide varus and external rotatory 
stability to the knee respectively. When both the PCL 
and posterolateral structures are cut, posterior laxity 
is signifi cantly increased.96

Tears of the PCL do not appear to be as common 
as of the ACL, due partly to the greater strength of the 
PCL. However, the condition is under-diagnosed.

PCL injuries are oft en associated with meniscal 
and chondral injury. Th e incidence of associated 
meniscal tears varies from 16% to 28%. Longitudi-
nal tears of the anterior horn of the lateral meniscus 
are the most common location. Th ere is also a high 
incidence of radial tears in the middle or posterior 
lateral meniscus.97

Th e incidence of signifi cant chondral damage with 
isolated PCL injury was not thought to be as high as 
with ACL injury, but a recent study showed chondral 
damage in 52% of those with PCL tears, with lesions 
of grade III or more found in 16%.97

Clinical features

Th e mechanism of PCL injury is usually a direct blow 
to the anterior tibia with the knee in a fl exed position. 
Th is can be from contact with an opponent, equipment 
or falling onto the hyperfl exed knee. Hyperextension 
may also result in an injury to the PCL and posterior 
capsule.

Th e patient complains of poorly defi ned pain, 
mainly posterior, sometimes involving the calf. On 
examination, there is usually minimal swelling as 
the PCL is an extrasynovial structure. Th e posterior 
drawer test (Fig. 27.2o) is the most sensitive test 
for PCL defi ciency. Th is is performed in neutral, 
internal and external rotation. A posterior sag of the 
tibia (Fig. 27.2n), and pain and laxity on a reverse 
Lachman’s test may be present. PCL rupture is par-
ticularly disabling for downhill skiers, who rely on 
this ligament for stability in the tucked up position 
adopted in racing.

PCL tears are graded I, II and III on the posi-
tion of the medial tibial plateau relative to the 
medial femoral condyle at 90° of knee fl exion (the 

posterior drawer position). Th e tibia normally lies 
approximately 1 cm (0.4 in.) anterior to the femoral 
condyles in the resting position. In grade I injuries 
the tibia continues to lie anteriorly to the femo-
ral condyles but is slightly diminished (0–5 mm 
[0–0.2 in.] laxity). In grade II injuries the tibia is 
fl ush with the condyles (5–10 mm [0.2–0.4 in.] 
laxity). When the tibia no longer has a medial step 
and can be pushed beyond the medial femoral 
condyle (>10 mm [>0.4 in.] laxity), it is classifi ed 
as a grade III injury.98

It is important to distinguish between isolated PCL 
injury and a combined PCL and posterolateral corner 
injury. In isolated PCL tears, there is a decrease in 
tibial translation in internal rotation due primarily 
to the infl uence of the MCL.99

X-ray should be performed to exclude a bony avul-
sion from the tibial insertion of the PCL (best seen 
on lateral tibia radiographs). If a fracture is present, 
acute surgical repair is undertaken. Stress radiographs 
provide a non-invasive measure of sagittal translation 
compared to the uninjured knee. It is considered that 
more than 7–8 mm (>0.3 in.) of posterior translation 
is indicative of a PCL tear.

MRI has a high predictive accuracy in the diag-
nosis of the acute PCL injury,100 but a lesser accuracy 
in chronic injuries. If an injury to the posterolateral 
corner is suspected, MRI can be helpful but to view 
this region properly usually requires a specifi c imag-
ing protocol. When the MRI requisition states that 
injury to the posterolateral corner is suspected, the 
radiologist can optimize the imaging protocol.

Treatment

PCL rupture can generally be managed conservatively 
with a comprehensive rehabilitation program. A sug-
gested program emphasizing intensive quadriceps 
exercises is shown in Table 27.11. More severe injuries 
(grade III) should be immobilized in extension for 
the fi rst two weeks.

Results show that patients with isolated PCL tears 
have a good functional result despite ongoing laxity 
aft er an appropriate rehabilitation program. Regard-
less of the amount of laxity, half of the patients in one 
large study returned to sport at the same or higher 
level, one-third at a lower level and one-sixth did not 
return to the same sport.101

Surgical reconstruction is indicated when the PCL 
injury occurs in combination with other posterolateral 
structures or where signifi cant rotatory instability is 
present.
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Lateral collateral 
ligament tears
LCL tears are much less common than MCL tears. 
Th ey are usually due to a severe, high-energy, direct 
varus stress on the knee and are graded in a similar 
fashion to MCL sprains. Diff erential diagnosis may 
be an avulsion of the biceps femoris tendon. Clini-
cians should be aware that local tenderness on the 
posterolateral corner of the knee may also occur 
with ACL tears.

Complete tears of the LCL are usually associated 
with other instabilities, such as PCL rupture, and may 
result in posterolateral rotatory instability of the knee. 
Th ese tears are best treated by acute surgical repair in 
conjunction with repair of other damaged ligaments. 
Chronic reconstruction of the LCL is diffi  cult and 
results are poor. A varus knee with lateral and/or 
posterolateral instability appears to be associated 
with worse results. An osteotomy is necessary for 
treatment of this ligament injury, with or without a 
reconstruction of the ligament itself.

Articular cartilage damage
Since the introduction of arthroscopy and MRI, 
considerable insight has been gained into the role 
of articular cartilage (chondral) damage as a cause 
of symptoms and signs in the knee joint. Articular 
cartilage damage may occur as an isolated condi-
tion in which chondral or subchondral damage is 
the primary pathology, or in association with other 
injuries, such as ligamentous instability resulting from 
MCL, ACL or PCL injuries. ACL tears are associ-
ated with a high incidence of damage to the medial 
femoral condyle, lateral femoral condyle and lateral 
tibial plateau. Articular cartilage damage may also be 
seen in association with meniscal injury and patellar 
dislocation. Chondral injury is graded according to 
the Outerbridge classifi cation and more recently the 
International Cartilage Repair Society (ICRS) grad-
ing system (Tables 27.12, 27.13). Articular cartilage 
damage varies from gross, macroscopically evident 
defects in which the underlying bone is exposed (grade 
IV), to microscopic damage that appears normal on 
arthroscopy but is soft  when probed (grade I).

Articular cartilage damage in the knee has both 
short-term and long-term eff ects. In the short term, 
it causes recurrent pain and swelling. In the longer 
term, it accelerates the development of osteoarthri-
tis. Various methods have been used to encourage 
healing of articular cartilage defects. Th ese include 

microfracture (piercing the subchondral bone with 
an ‘ice pick’ to recruit pluripotential stem cells from 
the marrow), mosaic plasty (osteochondral plugs 
are taken from the trochlea margin and implanted 
within the injured area), and autologous chondro-
cyte implantation, where cultured chondrocytes 
(harvested from the patient and cultured in the 
laboratory) are reimplanted to the chondral defect. 
Gene therapy and bone morphogenetic proteins are 
currently in the experimental stage.

Th ere is currently considerable debate as to the effi  -
cacy of the various treatments and as yet no consensus 
on optimal treatment has been reached. Although 
short-term reduction of symptoms has been shown 
with these treatments, long-term reduction of arthritic 
disability has not been shown. As yet, no method of 
treatment has been able to reproduce true hyaline 
cartilage with its complex layered structure.

An eff ective method of promoting scar tissue 
formation in damaged articular cartilage is by con-
tinuous passive motion. Continuous passive motion 
has been shown to stimulate formation of hyaline-
like fi brocartilage in the chondral defect, especially 
in the immediate post-operative period. Th is should 
be supplemented by low load, non-weight-bearing 
exercise such as swimming and cycling. Following 
articular cartilage injury, the athlete may have to 
modify his or her training to reduce the amount of 
weight-bearing activity and substitute activities such 
as swimming and cycling.

When an injury (e.g. patellar dislocation, ACL 
or MCL tear) requires a lengthy period of partial or 
non-weight-bearing, particular attention must be paid 

Table 27.12 ICRS classifi cation of chondral defects

1. Superfi cial lesions
   A. Soft indentation
   B. Superfi cial fi ssures or cracks
2. Lesions < 50% cartilage depth
3. A. Lesions >50 % depth
   B. Down to calcifi ed layer
   C. Down to but not through subchondral bone
   D. Blisters
4. Very abnormal into subchondral bone

Table 27.13 Outerbridge classifi cation of chondral 
defects

1. Softening
2. <1 cm (<0.4 in.) partial thickness lesion
3. >1 cm (>0.4 in.) defect, deeper
4. Subchondral bone exposed
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to preserving the integrity of the articular cartilage. 
Th is is done with continuous passive motion, a hydro-
therapy program, swimming or cycling.

Other methods of reducing stress on the damaged 
articular cartilage include correction of biomechanical 
abnormalities, attention to ensure symmetry of gait 
and the use of a brace to control any instability. Pool 
running may also be helpful and the minitrampoline 
is used in the early stages of running and agility work 
to reduce load bearing. Proprioceptive exercises and 
strength exercises are also important.

Acute patellar trauma
Acute trauma to the patella (e.g. from a hockey stick 
or from a fall onto the kneecap) can cause a range of 
injuries from fracture of the patella to osteochondral 
damage of the patellofemoral joint with persisting 
patellofemoral joint pain. In some athletes, the pain 
settles without any long-term sequelae.

If there is suspicion of fracture, X-ray should be 
obtained. It is important to be able to diff erentiate 
between a fracture of the patella and a bipartite patella. 
A skyline view of the patella should be performed in 
addition to normal views.

If there is no evidence of fracture, the patient 
can be assumed to be suff ering acute patellofemoral 
infl ammation. Th is can be a diffi  cult condition to treat. 
Treatment consists of NSAIDs, local electrotherapy 
(e.g. interferential stimulation, TENS) and avoidance 
of aggravating activities such as squatting or walk-
ing down stairs. Taping of the patella may alter the 
mechanics of patellar tracking and therefore reduce 
the irritation and pain (Chapter 28).

Fracture of the patella

Patellar fractures can occur either by direct trauma, in 
which case the surrounding retinaculum can be intact, 
or by indirect injury from quadriceps contraction, in 
which case the retinaculum and the vastus muscles 
are usually torn.

Undisplaced fractures of the patella with normal 
continuity of the extensor mechanism can be managed 
conservatively, initially with an extension splint. Over 
the next weeks as the fracture unites, the range of 
fl exion can be gradually increased and the quadriceps 
strengthened in the inner range.

Fractures with signifi cant displacement, where the 
extensor mechanism is not intact, require surgical 
treatment. Th is involves reduction of the patella and 
fi xation, usually with a tension band wire technique. 
Th e vastus muscle on both sides also needs to be 

repaired. Th e rehabilitation following this procedure 
is as for undisplaced fracture.

Patella dislocation

Patella dislocation occurs when the patella moves out 
of its groove laterally onto the lateral femoral condyle. 
Acute patella dislocation may be either traumatic 
with a good history of trauma and development 
of a hemarthrosis following injury, or atraumatic, 
which usually occurs in young girls with associated 
ligamentous laxity, does not have a good history of 
trauma, and is accompanied by mild-to-moderate 
swelling.

Clinical features

Patients with traumatic patella dislocation usually 
complain that, on twisting or jumping, the knee sud-
denly gave way with the development of severe pain. 
Oft en the patient will describe a feeling of something 
‘popping out’. Swelling develops almost immediately. 
Th e dislocation usually reduces spontaneously with 
knee extension; however, in some cases this may 
require some assistance or regional anesthesia (e.g. 
femoral nerve block).

A number of factors predispose to dislocation of 
the patella:

• femoral anteversion
• shallow femoral groove
• genu valgum
• loose medial retinaculum
• tight lateral retinaculum
• vastus medialis dysplasia
• increased Q angle
• patellar alta
• excessive subtalar pronation
• patellar dysplasia
• general hypermobility.

Th e main diff erential diagnosis of patella disloca-
tion is an ACL rupture. Both conditions have similar 
histories of twisting, an audible ‘pop’, a feeling of 
something ‘going out’ and subsequent development 
of hemarthrosis.

On examination, there is usually a gross eff usion, 
marked tenderness over the medial border of the 
patella and a positive lateral apprehension test when 
attempts are made to push the patella in a lateral direc-
tion. Any attempt to contract the quadriceps muscle 
aggravates the pain. X-rays, including anteroposterior, 
lateral, skyline and intercondylar views, should be 
performed to rule out osteochondral fracture or a 
loose body.
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Treatment

Treatment of traumatic patella dislocation depends 
on presentation. Relatively atraumatic dislocations are 
treated conservatively. Traumatic fi rst- or second-time 
dislocations (hemarthrosis present) are treated with 
arthroscopic washout and debridement. Recurrent 
dislocation is treated with surgical stabilization.

Th e most important aim of rehabilitation aft er 
patellofemoral dislocation is to reduce the chances 
of a recurrence of the injury. As a result, the rehab-
ilitation program is lengthy and emphasizes core 
stability, pelvic positioning, vastus medialis obliquus 
strength and stretching of the lateral structures when 
tight. A suggested rehabilitation program is shown 
in Table 27.14.

Th e most helpful addition to patellofemoral reha-
b ilitation in the recent past is increased emphasis on 
core stability. Similar to ACL intervention exercises, 
rotational control of the limb under the pelvis is criti-
cal to knee and kneecap stability.

Less common causes
Patellar tendon rupture

Th e patellar tendon occasionally ruptures spontane-
ously. Th is is usually in association with a sudden 
severe eccentric contraction of the quadriceps muscle, 
which may occur when an athlete stumbles. Th ere may 
have been a history of previous corticosteroid injec-
tion into the tendon. A previous history of patellar 
tendinopathy is uncommon.

Patients complain of a sudden acute onset of pain 
over the patellar tendon accompanied by a tearing 
sensation and are unable to stand. On examination, 
there is a visible loss of fullness at the front of the 
knee as the patella is retracted proximally. Th e knee 
extensor mechanism is no longer intact and knee 
extension cannot be initiated.

Surgical repair of the tendon must be followed by 
intensive rehabilitation. Full recovery takes six to nine 
months and there is oft en some residual disability.

Bursal hematoma

Occasionally, an acute bursal hematoma or acute 
pre-patellar bursitis occurs as a result of a fall onto 
the knee. Th is causes bleeding into the pre-patellar 
bursa and subsequent infl ammation.

This usually settles spontaneously with firm 
compression bandaging. If not, the hematoma 
should be aspirated and the bloodstained fluid 
removed. Anti-infl ammatory medication may also 

be appropriate. Th is injury is oft en associated with 
a skin wound (e.g. abrasion) and therefore may 
become infected. Adequate skin care is essential. If 
the bursa recurs, then aspiration followed by injec-
tion of a corticosteroid agent may be required. If 
conservative treatment fails, arthroscopic excision 
of the bursa is indicated.

Fat pad impingement

Acute fat pad impingement (oft en incorrectly referred 
to as ‘Hoff a’s syndrome’) usually occurs as a result of 
a hyperextension injury. As the fat pad is the most 
sensitive part of the knee, this condition may be 
extremely painful.102 Th ere may be an inferiorly tilted 
lower pole of the patella predisposing to injury. On 
examination, tenderness is distal to the patella but 
beyond the margin of the patellar tendon. A hemar-
throsis may be present.

Th is can be an extremely diffi  cult condition to 
treat. Th e basic principles of treatment are a reduc-
tion of aggravating activities, electrotherapeutic 
modalities to settle infl ammation and resumption 
of range of movement exercises as soon as possi-
ble. Taping of the patella may help in reducing the 
amount of tilt and impingement (Chapter 28). If 
conservative management is not successful, arthro-
scopic joint lavage and resection of the fat pad can 
be helpful.

Fracture of the tibial plateau

Tibial plateau fracture is seen in high-speed injuries 
such as falls while skiing, wave-jumping or horse-
riding. Th is condition needs to be excluded when 
diagnosing collateral ligament damage with instability. 
Th e patient complains of severe pain and inability 
to weight-bear. Fractures are associated with a lipo-
hemarthrosis, which can be detected on a horizontal 
lateral X-ray by the presence of a fat fl uid level. CT 
scan is helpful in defi ning the fracture.

Minimally displaced fractures should be treated 
by six weeks of non-weight-bearing in a hinged knee 
brace (Fig. 27.4a). Displaced fractures (Fig. 27.13) or 
fractures with unstable fragment(s) require internal 
fi xation. Displaced vertical split fractures may be fi xed 
percutaneously during arthroscopy.

Tibial plateau fractures are commonly associ-
ated with meniscal or ACL injuries. In these cases 
arthroscopic assessment is required. Following recov-
ery from a tibial plateau fracture, weight-bearing 
activity may need to be reduced as the irregular 
joint surface predisposes to the development of 
osteoarthritis.
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Superior tibiofi bular joint injury

Acute dislocation of the superior tibiofi bular joint 
occurs occasionally as a result of a direct blow. Th e 
patient complains of pain in the area of the joint and 
may be aware of obvious deformity. Th e lateral pop-
liteal nerve may be damaged with this injury.

Sprain of the tibiofi bular joint is more common. 
Th e patient complains of local pain aggravated by 
movement and, on examination, there is local ten-
derness and some anteroposterior instability. Treat-
ment consists of rest and local electrotherapeutic 
modalities. Rarely, a chronic instability of the superior 
tibiofi bular joint develops, which may need surgical 
stabilization.

Ruptured hamstring tendon

Spontaneous rupture of one of the distal hamstring 
tendons at the knee occurs occasionally during 
sprinting. Sudden onset of pain is localized to either 
the biceps femoris tendon or the semitendinosus 
tendon. Pain and weakness is present with resisted 
hamstring contraction. Th ese injuries oft en require 
surgical exploration and repair, followed by protection 
in a limited motion brace.

Coronary ligament sprain

Th e coronary ligament is the name given to the deep 
portion of the fi brous joint capsule attached to the 

periphery of each meniscus and connected to the 
adjacent margin of the tibia.

A sprain of the coronary ligament may occur 
as a result of a twisting injury. Th ese sprains may 
be diffi  cult to diff erentiate from a meniscal injury. 
Th ere is no joint eff usion associated with this injury 
and usually minimal joint line swelling. Th ere is, 
however, joint line tenderness and McMurray’s test 
may be painful.

Arthroscopy may be required to differentiate 
coronary ligament sprains from meniscal tears. At 
arthroscopy, the only abnormality is occasional local-
ized hemorrhage. Coronary ligament sprain is oft en 
associated with a grade I MCL sprain.
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CHAPTER 

28
Anterior Knee Pain

WITH KAY CROSSLEY, JILL COOK, SALLIE COWAN AND 
JENNY MCCONNELL

Anterior knee pain is the most common present-
ing symptom in many physiotherapy and sports 

physician practises.1 It contributes substantially to the 
20–40% of family practise consultations that relate to 
the musculoskeletal system.2 Two common causes of 
anterior knee pain in sportspeople are patellofemoral 
pain and patellar tendinopathy. Th e anterior knee 
anatomy is depicted in Figure 28.1.

In this chapter, we fi rst outline a practical approach 
to assessing the patient with anterior knee pain, 

particularly with a view to distinguishing the com-
mon conditions; we then detail their management. 
Th e chapter concludes with an outline of other causes 
of anterior knee pain such as fat pad impingement, 
which may mimic features of both patellofemoral 
pain and patellar tendinopathy.

Clinical approach
Distinguishing between patellofemoral pain and 
patellar tendinopathy as a cause of anterior knee pain 
can be diffi  cult as their clinical features can be similar. 
Furthermore, on occasions, the two conditions may 
both be present. Th e causes of anterior knee pain are 
listed in Table 28.1.

Figure 28.1 Anterior aspect of the knee

(a) Surface anatomy (b) Anatomy
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History

Th ere are a number of important factors to elicit 
from the history of a sportsperson with the general 
presentation of ‘anterior knee pain’. Th ese include the 
specifi c location of the pain, the nature of aggravat-
ing activities, the history of the onset and behavior 
of the pain, and any associated clicking, giving way 
or swelling.

Although it may be diffi  cult for the patient with 
anterior knee pain to be specifi c, the area of pain 
oft en gives an important clue as to which structure 
is contributing to the pain. For example, retropatellar 
or peripatellar pain suggests that the patellofemoral 
joint (PFJ) is a likely culprit, lateral pain localized to 
the lateral femoral epicondyle indicates iliotibial band 
friction syndrome (Chapter 29), and inferior patellar 
pain implicates the patellar tendon or infrapatellar 
fat pad. Th e patient who presents with bilateral knee 
pain is more likely to have patellofemoral pain or 
tendinopathy than an internal derangement of both 
knees.

Th e type of activity that aggravates the anterior 
knee pain also aids diagnosis. Consider two contrast-
ing scenarios that both describe pain at the infrapatel-
lar region. In one case, precipitating activities, such 
as basketball, volleyball, high, long or triple jumps, 
involve repetitive loading of the patellar tendon. Th is 
suggests the diagnosis of patellar tendinopathy. On 
the other hand, if a swimmer presented reporting 
pain following tumble turning or vigorous kicking in 
the pool, where there had been no eccentric load on 
the tendon but a forceful extension of the knee, the 
practitioner should suspect an irritated fat pad. Th e 
mechanism of injury and the aggravating features are 
critical to accurate diagnosis.

Th e onset of typical patellofemoral pain is oft en 
insidious but it may present secondary to an acute 
traumatic episode (e.g. falling on the knee) or post 
other knee injury (e.g. meniscal, ligament) or knee 
surgery. Th e patient presents with a diff use ache, which 

is usually exacerbated by loaded activities, such as stair 
ambulation or running. Sometimes patellofemoral 
pain is aggravated by prolonged sitting (‘movie-goer’s 
knee’), but sitting tends to aggravate pain of patellar 
tendinopathy so is not diagnostic of patellofemoral 
pain. Pain during running that gradually worsens is 
more likely to be of patellofemoral origin, whereas 
pain that occurs at the start of activity, settles aft er 
warm-up and returns aft er activity is more likely 
to be patellar tendinopathy. Table 28.2 is an aid to 
clinical diff erentiation of patellofemoral pain, patel-
lar tendinopathy and fat pad impingement. As these 
conditions can coexist, accurate diagnosis can be 
challenging.

A history of recurrent crepitus may suggest patel-
lofemoral pain. A feeling that the patella moves later-
ally at certain times suggests recurrent patellofemoral 
instability. An imminent feeling of giving way may be 
associated with patellar subluxation, patellofemoral 
pain or meniscal abnormality, although frank, dra-
matic giving way is usually associated with anterior 
cruciate ligament instability (Chapter 27). Never-
theless, giving way due to muscle inhibition, or due 
to pain, is not uncommon in anterior knee pain 
presentations.

A history of previous knee injury or surgery may 
be important, for example, patellofemoral pain is 
a well-recognized complication of posterior cruci-
ate ligament injury (Chapter 27). An injury that is 
associated with an eff usion may result in inhibition 
of the vasti (reduced magnitude and onset of tim-
ing on EMG). Th is inhibition appears to be more 
profound in the vastus medialis obliquus (VMO), 
especially at smaller knee eff usion volumes.3 Pref-
erential inhibition of the VMO has the potential to 
set up an imbalance in the medial and lateral forces 
on the patella, predisposing to patellofemoral pain. 
Signifi cant knee swelling is rare in primary anterior 
knee pain and generally suggests additional intra-
articular abnormality. However, a small eff usion may 
be present with patellofemoral pain.

Table 28.1 Causes of anterior knee pain

Common Less common
Occasionally seen/specifi c 
populations Not to be missed

Patellofemoral pain
Patellar tendinopathy

Synovial plica
Pre-patellar bursitis
Quadriceps tendinopathy
Infrapatellar bursitis
Patellofemoral instability
Fat pad impingement

Sinding-Larsen–Johansson 
lesion

Tenoperiostitis of upper tibia
Stress fracture of the patella
Osgood-Schlatter lesion

Referred pain from the hip
Osteochondritis dissecans
Slipped capital femoral 

epiphysis
Perthes’ disease
Tumor (especially in the 

young)
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Table 28.2 Comparison of the clinical features of three common causes of anterior knee pain. Note that these 
conditions may coexist

Signs Patellofemoral pain Patellar tendinopathy Fat pad impingement

Onset Running (especially downhill), 
steps/stairs, hills, any 
weight-bearing activities 
involving knee fl exion (e.g. 
distance running)

Activities involving jumping 
and/or changing direction 
(e.g. basketball, volleyball, 
high jump, netball, bounding, 
ballet, climbing stairs)

Often, but not always, 
sudden onset with 
hyperextension injury

Pain Non-specifi c or vague, 
may be medial, lateral or 
infrapatellar, aggravated by 
activities that load the PFJ

Usually around inferior pole 
of patella, aggravated by 
jumping and early to mid 
squat

Usually around inferior pole 
of patella, aggravated 
by prolonged standing, 
stairs, knee extension

Inspection Generally normal or VMO 
wasting

Generally quadriceps wasting Puffi  ness may be apparent 
around tendon, which 
may make pole of patella 
appear to be displaced 
posteriorly

Tenderness Usually medial or lateral facets 
of patella but may be tender 
in infrapatellar region. May 
have no pain on palpation 
due to areas of patella being 
inaccessible

Most commonly inferior 
pole of patellar tendon 
attachment. Occasionally 
at distal attachment to 
tibial tuberosity, rarely in 
midtendon

Tender in fat pad region, 
inferior pole of patella 
and deep to tendon

Swelling May have small eff usion, 
swelling, suprapatellar or 
infrapatellar

Rare. Tendon may be increased 
in thickness

May have a ‘puff y’ 
appearance

Clicks/clunks Occasional No No

Crepitus Occasionally under patella No No

Giving way Due to quadriceps inhibition 
(occasional) or subluxation

Occasionally due to quadriceps 
inhibition

No

Knee range of 
motion

May be decreased in severe 
cases but usually normal

Usually normal, no pain with 
overpressure

Active extension may be 
painful in acute fat pad 
impingement; passive 
overpressure into 
extension is generally 
painful

Quadriceps 
contraction in 
extension

Note quality of movement, 
not usually painful

Some cases more painful Painful when acute

PFJ movement May be restricted in any 
direction. Commonly 
restricted medial glide due 
to tight lateral structures

May have normal PFJ 
biomechanics. In combined 
problem will have PFJ signs

Normal or posteriorly 
displaced inferior pole of 
the patella

VMO May have obvious wasting, 
weakness or more subtle 
defi cits in tone and timing

May have generalized 
quadriceps weakness

May be normal or weak

Functional testing Squats, stairs may aggravate. 
PFJ taping should decrease 
pain

Decline squats aggravate pain. 
PFJ taping has less eff ect

Aggravated by squats. PFJ 
taping should decrease 
pain if inferior pole of 
patella is tilted up

PFJ = patellofemoral joint. VMO = vastus medialis obliquus.
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Previous treatment and the patient’s response to 
that treatment should be noted. If treatment was 
unsuccessful, it is essential to determine whether the 
failure was due to incorrect diagnosis, inappropriate 
treatment or poor patient compliance.

Examination

Initially, the primary aim of the clinical assessment 
is to determine the most likely cause of the patient’s 
pain. Since location of tenderness and aggravating 
factors are integral to the diff erential diagnosis, it is 
critical to reproduce the patient’s anterior knee pain. 
Th is is usually done with either a double- or single-leg 
squat (Fig. 28.2c). A squat done on a decline4 may 
make the test more specifi c to the anterior knee. Th e 
clinician should palpate the anterior knee carefully 
to determine the site of maximal tenderness.

Examination includes:

1. Observation
(a) standing (Fig. 28.2a)
(b) walking
(c) supine (Fig. 28.2b)

2. Functional tests
(a) squats
(b) step-up/step-down
(c) jump
(d) lunge (Fig. 28.2c)
(e) double- then single-leg decline squat

3. Palpation
(a) patella (Fig. 28.2d) and inferior pole
(b) medial/lateral retinaculum
(c) patellar tendon
(d) infrapatellar fat pad (Fig. 28.2e)
(e) tibial tubercle
(f) eff usion

4. PFJ assessment
(a) static assessment of patella position

 (i) superior
 (ii) inferior
 (iii) medial glide (Fig. 28.2f)
 (iv) lateral glide

(b) dynamic assessment of patella position
(c) assessment of vasti function

5. Flexibility
(a) lateral soft  tissue structures

 (i) quadriceps
 (ii) hamstring
 (iii) iliotibial band
 (iv) gastrocnemius

6. Special tests (to exclude other pathology)
(a) examination of knee joint (Chapter 27)
(b) examination of hip joint (Chapter 23)

(c) examination of lumbar spine (Chapter 21)
(d) neural tension tests (neural Th omas test, 

slump test)

Investigations

Imaging may be used to confi rm a clinical impression 
obtained from the history and examination. Struc-
tural imaging includes conventional radiography, 
ultrasound, CT and MRI. Occasionally, radionuclide 
bone scan is indicated to evaluate the ‘metabolic’ 
status of the knee (e.g. aft er trauma, in suspected 
stress fracture).

Th e majority of patients with patellofemoral pain 
syndrome will require either no imaging, or plain 
radiography consisting of a standard AP view, a 
true lateral view with the knee in 30° of fl exion, and 
an axial view through the knee in 30° of fl exion. 
Plain radio graphy can detect bipartite patella and 

Figure 28.2 Examination of the patient with anterior 
knee pain

(a) Observation—standing. Observe the patient from 
the front looking at lower limb alignment, including 
femoral torsion, patella alignment or any signs of 
muscle wasting
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(b) Observation—supine. Observe for lower limb 
alignment, eff usion, position of the patella and any 
evidence of patella tilt or rotation

(c) Functional tests. If the patient’s pain has not 
already been reproduced, functional tests such as 
squat, lunge (as illustrated), hop, step-up, step-down 
or eccentric drop squat should be performed

(d) Palpation—the patella and the medial and lateral 
facets are palpated for tenderness

(e) Palpation—palpate the inferior pole of the patella, 
the patellar tendon attachment and the infrapatellar 
fat pad
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osteoarthritis, provide evidence of an increased 
likelihood of Sinding-Larsen–Johansson lesion, as 
well as rule out potentially serious complications 
such as tumor or infection. Although CT and three-
dimensional CT have been used to assess the PFJ, 
MRI is gaining increasing popularity as an investiga-
tion of patellofemoral pain, and the unstable patella, 
because of its capacity to image the patellar articular 
cartilage.5

MRI displays high signal abnormality in patellar 
tendinopathy. Ultrasound hypoechogenicity and 
excessive vascularity also indicate that patellar tendin-
opathy may be a diagnosis. However, in asymptomatic 
athletes or those with symptoms from another source 
in the anterior knee, the patellar tendon may reveal 
regions of ‘abnormal’ imaging.6–8 Dynamic, loaded 
MRI may become a useful tool for the future but at 
present it is not utilized clinically.

Patellofemoral pain
Aft er defi ning the condition and briefl y reviewing 
the functional anatomy, we discuss predisposing 

factors and their clinical assessment in detail as this 
underpins the clinical strategies for prevention. We 
then provide a contemporary evidence-based, but 
clinically relevant, treatment program.

What is patellofemoral pain?

Patellofemoral pain is the preferred term used to 
describe pain in and around the patella. Synonyms 
include PFJ syndrome, anterior knee pain and 
chondromalacia patellae. Patellofemoral pain is an 
‘umbrella’ term used to embrace all peripatellar or 
retropatellar pain in the absence of other patholo-
gies. Since the cause of the pain may diff er between 
patients, it is appropriate to review the potential 
sources of patellofemoral pain.9 Numerous structures 
in the PFJ are susceptible to overload. A number of 
extra- and intra-articular components of the knee 
can generate neurosensory signals that ultimately 
result in of the patient feeling pain. Patellofemoral 
articular cartilage cannot directly be a source of 
pain, but a cartilage lesion may lead to chemical or 
mechanical synovial irritation or be associated with 
subchondral bone pain through edema or erosion.10, 11 
Peripatellar synovitis, in the absence of obvious carti-
lage damage, must be considered as one of the main 
causes of patellofemoral pain.9 Soft  tissues such as the 
lateral retinaculum have been implicated as a potent 
source of patellofemoral pain.12–16 Another highly 
potent source of pain is the infrapatellar fat pad. It 
is highly innervated and is intimately related to the 
pain-sensitive synovium.9, 17, 18

Functional anatomy

At full extension, the patella sits lateral to the trochlea. 
During fl exion, the patella moves medially and comes 
to lie within the intercondylar notch until 130° of 
fl exion, when it starts to move laterally again.19 Th e 
patella’s mediolateral excursion is controlled by the 
quadriceps muscles, particularly the VMO and vastus 
lateralis components. With increasing knee fl exion, 
a greater area of patellar articular surface comes into 
contact with the femur, thus off setting the increased 
load that occurs with fl exion. Loaded knee fl exion 
activities subject the PFJ to loads many times the body 
weight, ranging from 0.5 times body weight for level 
walking to seven to eight times body weight for stair 
climbing.20 Anatomically, the lateral structures of the 
PFJ are much stronger than the medial structures, so 
any imbalance in the forces will cause the patella to 
drift  laterally.

(f) Passive movement—patella glide. The patella is 
passively moved medially (shown), laterally, superiorly 
and inferiorly and the range and quality of movement 
is noted. Movement should be compared with the 
other side
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Factors that may contribute to 
development of pain

Increased PFJ load instigates the development of 
patellofemoral pain. Factors that infl uence PFJ load 
can be considered in two categories: extrinsic and 
intrinsic. During physical activities the extrinsic 
load is created by the body’s contact with the ground 
(ground reaction force) and is therefore moderated by 
body mass, speed of gait, surfaces and footwear. Th e 
number of loading cycles and frequency of loading 
are also important. During weight-bearing activi-
ties, any increase in the amount of knee fl exion will 
increase the PFJ load. Th erefore, when an individual 
experiences an increase in the magnitude of the PFJ 
load (e.g. higher training volume, increased speed of 
running, hill/stair running or bounding), this may 
overload the PFJ structures suffi  ciently to initiate a 
painful process.

Intrinsic factors can infl uence both the magnitude 
and the distribution of the PFJ load. Distribution of 
load is conceptualized as movement of the patella 
within the femoral trochlea: patella tracking. Th e 
factors that can infl uence patella tracking may be 
considered as ‘remote’ or ‘local’. Considering the 
patient as a whole, ‘remote’ factors that aff ect patella 
tracking include femoral internal rotation, knee 
valgus, tibial rotation, subtalar pronation, and mus-
cle fl exibility.21 Local factors that infl uence patella 
movement include patella position, soft  tissue tension 
and neuromuscular control of the medial and lateral 
components of the vasti.

So how does an increase in PFJ load result in patel-
lofemoral pain? Dye22 described a concept whereby 
injury to the PFJ musculoskeletal tissues results from 
supraphysiological loads—either a single maximal 
load or lower magnitude repetitive load. Injury to 
these tissues initiates a cascade of events encompassing 
infl ammation of the peripatellar synovium through 
to bone stress. Th us, any number of pain-sensitive 
structures can result in the conscious sensation of 
patellofemoral pain.22

Given this, when the initial subjective and objec-
tive examinations are completed and the diagnosis 
of patellofemoral pain is confi rmed, the clinician 
should assess the contribution of various extrinsic and 
intrinsic factors to the development of patellofemoral 
pain. Th is assessment is crucial in the planning of 
an appropriate treatment regimen. Th e history will 
elucidate valuable information pertaining to extrinsic 
factors but clinical examination is usually required to 
evaluate most intrinsic contributing factors (‘remote’ 
and ‘local’).

‘Remote’ contributing factors

Th e following ‘remote’ factors may contribute to the 
development of patellofemoral pain:

• increased femoral internal rotation
• increased knee valgus
• increased tibial rotation
• increased subtalar pronation
• inadequate fl exibility.

It is important to assess the patient in static pos-
tures as well as functional activities. Some factors 
may become more obvious during specifi c functional 
tasks, such as the step-down or single-leg squat, where 
the postural demands are high. Once a potential 
contributing factor has been identifi ed, the clinician 
must investigate the mechanisms that will require 
intervention (Table 28.3).

Increased femoral internal rotation

Clinical observation of the patient in standing reveals 
internally rotated femurs, oft en manifesting as ‘squint-
ing patellae’ where the patella are both facing medially. 
During gait (walking or running) further internal 
rotation of the thigh can oft en be observed and may 
be visualized as an apparent knee valgus. Similar 
observations are noted during the step-down or 
single-leg squat test.

Increased knee valgus

In standing, genu valgum is apparent with an increased 
Q angle. Th is is oft en exaggerated during gait, pos-
sibly associated with a midstance valgus thrust. Th e 
step-down and single-leg squats are associated with an 
increase in knee valgus position, which may manifest 
as an increased hip adduction or a lateral pelvic drop 
owing to weakness of the gluteus medius.

Increased tibial rotation

Increased structural or functional tibial rotations can 
aff ect PFJ loads directly, and also functionally through 
transferred rotations to the femur. Importantly, tibial 
rotations are coupled strongly with the motion of the 
subtalar joint. While limited information is available 
on the assessment or treatment of structural tibial 
rotation in isolation, functional rotation is oft en 
addressed in association with femoral or subtalar 
rotations.

Increased subtalar pronation

Subtalar pronation can be observed in standing and 
during gait. Th e assessment of the extent and signifi -
cance of this motion is described in Chapter 35.
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Inadequate fl exibility

Inadequate fl exibility or reduced compliance of the 
musculotendinous unit can be observed in all of the 
muscles that aff ect the knee. Aberrations in pelvis 
and hip motion may be infl uenced by muscles such 
as the tensor fascia lata (and its iliotibial band), rectus 
femoris and the hamstrings, whereas knee function 
may be aff ected by the quadriceps, hamstrings and 
gastrocnemius.

Local contributing factors

Local factors that can contribute to the development 
of patellofemoral pain are:

• patella position

• soft  tissue contributions
• neuromuscular control of the vasti.

Patella position

Clinical examination provides valuable information 
on the structural and functional relationships of the 
PFJ (Table 28.4). Th e practitioner should carefully 
assess passive movement of the patella in all direc-
tions (medial [Fig. 28.2f], lateral, superior, inferior). 
Additionally, the position of the patella needs assessing 
in relation to the femur for tilt, rotation and glide. 
While the tests for patella position are not functional 
and may not be repeatable,23, 24 clinical examination of 
the patella position remains a useful tool for clinical 
decision making.

Table 28.3 ‘Remote’ factors that can contribute to patellofemoral pain and their possible mechanisms

Factor Possible mechanisms Confi rmatory assessments

Increased femoral internal rotation Structural:
• femoral anteversion
Inadequate strength:
• hip external rotators
• hip abductors
Altered neuromotor control:
• hip external rotators
• hip abductors
Range of motion defi cits:
• hip

Radiographic—MRI, X-ray
Clinical assessment
Manual muscle test (Figs 28.3a, b)
Clinical strength—hand-held 

dynamometer
Biofeedback

ROM tests:
• clinical (Fig. 28.3c)/inclinometer
• fi gure ‘4’ test

Increased knee valgus Structural:
• genu varum
• tibial varum
• coxa varum
Inadequate strength:
• hip external rotators
• hip abductors
• quadriceps
• hamstrings
Altered neuromotor control:
• hip external rotators
• hip abductors
• lumbopelvic muscles
Range of motion defi cits:
• hip

Radiographic—long leg X-ray
Clinical—goniometer/inclinometer

Manual muscle test (Figs 28.3a, b)
Clinical strength—hand-held 

dynamometer
Active gluteal and TFL trigger points

Biofeedback
Active gluteal and TFL trigger points

ROM tests:
• clinical (Fig. 28.3c)/inclinometer
• fi gure ‘4’ test

Subtalar pronation See Chapter 35

Muscle fl exibility Rectus femoris
TFL/ iliotibial band
Quadriceps
Hamstrings
Gastrocnemius

See Chapter 25
See Chapter 29 (Fig. 28.3d)
See Chapter 25
See Chapter 26
See Chapter 31

ROM = range of motion. TFL = tensor fascia lata.
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Soft tissue contributions

Th e contribution of the superfi cial and deep soft  tis-
sues to the PFJ mechanics can, in part, be obtained 
from the structural and functional assessments of 
patella position. Further information is available 
through palpation to gain an impression of the 
compliance of the lateral and medial soft  tissues. 
Clinical assessment of the soft  tissues is summarized 
in Table 28.4 and Figure 28.4.

Neuromuscular control of the vasti

Clinical examination of the vasti provides consid-
erable insight into their function (Table 28.4, Fig. 
28.5). Frank muscle wasting and weakness may be 
obvious, but apparently normal muscle bulk does 
not ensure normal function. It is important also to 
assess the timing of the VMO contractions to ensure 
they are synchronous with the rest of the quadriceps 
mechanism. Th e vasti should be assessed in a number 
of positions or activities, including those that are 
functionally relevant to the patient.

Treatment of patellofemoral pain

Th e management of a patient with patellofemoral pain 
requires an integrated approach that may include:

• reduction of pain and infl ammation
• addressing extrinsic contributing factors

Figure 28.3 Assessment of ‘remote’ factors

(a) Hip external rotator strength may be assessed 
in prone, with the knees together and fl exed to 90°. 
Strength can either be graded manually (illustrated) 
and compared with the other side, or measured with 
a hand-held dynamometer

(b) Hip abductor strength may be assessed in supine 
or side-lying (illustrated). Strength can either be 
graded manually and compared with the other side, or 
measured with a hand-held dynamometer (illustrated)

(c) Hip internal rotation range can be assessed in 
supine, prone or in sitting (illustrated). Range can 
either be estimated visually and compared with the 
other side (illustrated) or measured with a goniometer 
or inclinometer

(d) Flexibility of the iliotibial band/tensor fascia lata 
(ITB/TFL) complex can be assessed in supine with 
a modifi ed Thomas test or in side-lying (shown). In 
either position, the hip is passively extended. Using 
the Thomas test position, the amount of hip abduction 
is either noted visually, or measured. Greater hip 
abduction is associated with tightness of the ITB/
TFL complex. In the side-lying position, the ITB/TFL 
tightness is observed as an increased resistance to hip 
adduction
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• addressing intrinsic contributing factors:
• ‘remote’ factors
• local factors.

Immediate reduction of pain

Th e fi rst priority of treatment is to reduce pain. Th is 
may require some or all of the following: rest from 
aggravating activities, ice, a short course of NSAIDs, 
electrotherapeutic modalities (e.g. ultrasound) and 
techniques such as mobilization (Fig. 28.6) or dry 

needling (Fig. 28.7) or acupuncture. Taping should 
have an immediate pain-relieving eff ect (Fig. 28.8).

Addressing extrinsic contributing factors

While initially it is vital to advise the patient to reduce 
the load on the PFJ, as rehabilitation progresses it 
is essential that any extrinsic factors that may have 
been placing excessive load on the PFJ (e.g. train-
ing, shoes, surfaces) are discussed and modifi ed if 
necessary.

Table 28.4 Local factors that can contribute to patellofemoral pain

Factor Clinical observation

Structural Functional (with quadriceps 
contraction)

Patella position

Lateral displacement Patella displaced laterally, closer to the lateral 
than medial femoral condyle

Restricted medial glide (Fig. 28.2f )

Patella moves laterally

Lateral tilt Diffi  cult to palpate lateral border, high medial 
border

Lateral tilt increases with passive medial glide

Patella tilts laterally

Posterior tilt Inferior patella pole displaced posteriorly, 
often diffi  cult to palpate due to infrapatellar 
fat pad

Inferior pole moves further 
posteriorly. A ‘dimple’ may appear 
in the infrapatellar fat pad

Rotation Long axis of the patella is not parallel with the 
long axis of the femur

Increase in rotation

Patella alta High riding patella NA

Soft tissue contributions

Tight lateral structures Lateral patella displacement or tilt
Palpation of lateral structures (Fig. 28.4)

Lateral patella displacement or tilt 
(see above)

Compliant medial 
structures

Lateral patella displacement or tilt Lateral patella displacement or tilt

Overall hypermobility NA Increased patella mobility in all 
directions

Vasti neuromuscular 
control

Reduced activity of 
quadriceps (general)

Reduced muscle bulk of quadriceps Reduced muscle strength

Delayed onset of VMO 
relative to VL

Reduced muscle bulk of VMO Delayed onset of VMO relative to VL
Assess in functional positions
Biofeedback can assist (Fig. 28.5)

Reduced magnitude of 
VMO relative to VL

Reduced muscle bulk of VMO Poor quantity/quality of VMO
Assess in functional positions
Biofeedback can assist

Altered refl ex response Reduced muscle bulk of VMO Tendon tap

NA = not applicable. VL = vastus lateralis. VMO = vastus medialis obliquus.
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Addressing intrinsic contributing factors

Th e clinician should have ascertained from the outset 
whether any intrinsic factors may have contributed to 
the development of the patient’s pain. Th ese poten-
tially contributing factors should be addressed from 
the earliest treatment. Th e combination of treatment 
techniques should be based on the assessment and 
individualized for each person. ‘Remote’ intrinsic 
factors may be addressed through hip muscle retrain-
ing,21, 25 improving musculotendinous compliance or 
foot orthoses. Local intrinsic factors may be addressed 
with techniques such as patella taping or bracing, 
improving lateral soft  tissue compliance, generalized 
quadriceps strengthening or vasti retraining.

Patella taping

Th e aim of taping is to correct the abnormal position 
of the patella in relation to the femur. Patella taping 
reduces patellofemoral pain substantially and immedi-
ately.26–31 However, the mechanism of the eff ect is still 
being investigated. In the short term, patella taping 

Figure 28.4 Clinical examination of lateral soft tissue 
contribution. The iliotibial band and lateral retinacular 
structures are palpated for any reduced compliance

Figure 28.5 Clinical examination of neuromotor 
control of the vasti. The quality (amount and timing) 
of the vastus medialis obliquus and vastus lateralis 
components of the quadriceps can be assessed in a 
number of positions, including supine, sitting and 
standing. In these positions the patients is asked 
to contract the quadriceps. The clinician can either 
observe or palpate the quality of the contraction 
in these positions. A surface EMG biofeedback 
(illustrated) may be used to provide useful information 
to the clinician on the relative contribution of the vasti 
during quadriceps contractions across the various 
positions

Figure 28.6 Mobilization of the patella is usually 
performed supine or side-lying (illustrated). The most 
commonly used mobilization techniques involve 
a medial glide component and may also include a 
medial tilt component
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speeds the onset timing of the VMO relative to the 
vastus lateralis;26, 32 its eff ect on vasti muscle activation 
is inconclusive.27, 28, 33¸ 34 Further short-term eff ects of 
patella taping include improved knee function dur-
ing gait.28, 35 Taping is an eff ective interim measure to 
relieve patellofemoral pain while other contributing 
factors (e.g. VMO dysfunction, altered hip control) 
are being corrected.

A commonly used technique involves taping the 
patella with a medial glide (Fig. 28.8a). It may also 
require correction of abnormal lateral tilt (Fig. 28.8b), 
rotation (Fig. 28.8c) or inferior tilt (Fig. 28.8d). Th e 
taping is performed with rigid strapping tape. It is 
important that the clinician recognizes a posteriorly 
displaced inferior pole of the patella, as taping the 
patella too low will increase the patient’s symptoms.

Patella taping eff ects should be assessed imme-
diately using a pain-provoking activity such as a 
single- or double-leg squat. If the tape has been applied 
correctly, the post-taping squat will be less painful. If 
all or some pain persists, the tape should be altered, 
possibly including a component for tilt or rotation 

or both. If patients are able to perform strengthening 
exercises pain-free without tape, then exercises alone 
will usually correct the abnormality. Most people, 
however, require tape to perform the exercises and, 
initially, to continue their sporting activities. Acute 
cases of patellofemoral pain may initially need tape 
applied 24 hours a day until the condition settles. Th e 
tape time is then gradually reduced.

Adverse skin reactions can occur beneath the 
rigid tape. Th erefore, the area to be taped should be 
shaved and a protective barrier applied beneath the 
rigid strapping tape to reduce both the reaction to the 
zinc oxide in the tape adhesive and the reaction to 
shearing stresses on the skin. Th is can be achieved with 
adhesive gauze tape (Hypafi x or Fixomull) applied to 
the area to be taped. A protective barrier or plastic 
skin can also be used in patients with extremely 

Figure 28.7 Dry needling of the vastus lateralis, 
tensor fascia lata and gluteals may provide immediate 
reduction in patellofemoral pain

Figure 28.8 Patella taping techniques

(a) Knee taped showing medial glide. Tape is applied 
to the lateral aspect of the patella. The patella is glided 
medially and the tape anchored to the skin over the 
medial aspect of the knee. When taping is completed, 
skin creases should be evident on the inside of the 
knee, indicating adequate tension on the patella
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sensitive skin. If skin irritation still occurs, the patient 
must be advised to remove the tape. Treatment with 
a hydrocortisone cream may be necessary. Patients 
with fair skin seem to have particularly sensitive skin 
and need to be monitored closely.

Braces

Some braces (Fig. 28.9) are commercially avail-
able to maintain medial glide. Recent studies have 
demonstrated that patellar braces are able to reduce 
patella displacement, increase patella contact area36 
and reduce the PFJ stress37 in individuals with patel-
lofemoral pain. However, a randomized controlled 
trial of such a brace did not fi nd any benefi t of the 
brace over a ‘sham’ knee sleeve or a general quadriceps 
strengthening program.38 Braces are less specifi c than 
taping and do not specifi cally address tilt or rotation; 
but they may have a role in those patients who are 
unable to wear tape or who suff er recurrent patella 
subluxation or dislocation.

Improving lateral soft tissue compliance

Stretching of tight lateral structures such as the lateral 
retinaculum is benefi cial. Th is is best done in a side-
lying position with the knee fl exed. Th e therapist glides 
the patella medially using the heel of the hand for a 
sustained stretch (Fig. 28.10). Other simple stretching 
techniques can be performed by the patient.

Vasti retraining

Th e fi rst step in a VMO training program is for the 
patient to learn to contract the muscle. Th e patient 
should palpate the VMO while contracting their 
quadriceps in various degrees of knee fl exion and/or 
in diff erent activities to determine which position 
gives the best contraction. A dual channel biofeedback 
machine may also be used. Th e patient needs to have 
minimal patellofemoral pain before these exercises 
can become eff ective, otherwise muscle action may 
be inhibited. Th erefore, taping may be required to 
relieve the pain and allow contractions to occur. Th e 

(b) Knee taped showing correction of lateral tilt. Tape 
is applied to the medial aspect of the patella and 
secured to the soft tissue on the inner aspect of the 
knee

(c) Knee taped showing correction of rotation. Tape 
is applied to the inferior pole of the patella and taken 
medially and superiorly to rotate the patella
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patient should attempt to recruit the VMO to contract 
before the rest of the quadriceps.

What types of exercises are most appropriate in 
training? Current evidence suggests that the VMO 
cannot be exercised in isolation and that no exercise 
appears to be preferential for activation of the VMO. 
Th erefore, for each patient it is important to fi nd and 
use the training position where the patient can attain 
a consistent VMO activation.

Initially, VMO exercises may commence in sitting 
with the knee at 90°, the foot on the fl oor and the 
patient palpating the VMO to facilitate muscle activa-
tion. A dual channel biofeedback machine or, in some 
cases, a muscle stimulator may assist the process. To 
ensure that the vasti are trained in positions that they 
are required to function, the patient should begin 
training in a weight-bearing position and perform 
functional exercises with steadily increasing load and 
diffi  culty as soon as possible. Th e fi nal aim of training 
is to achieve a carryover from functional exercises to 
functional activities. Th e patient should perform small 
numbers of exercises frequently throughout the day. 
A series of graded VMO exercises is demonstrated 
in Figure 28.11.

Generalized strengthening exercises

Quadriceps strengthening exercises performed in the 
absence of other interventions (e.g. taping, bracing) 
may be eff ective in the management of patellofemoral 
pain. Th e available evidence does not support the 
eff ectiveness of one exercise regimen over another. 
Th erefore, for many patients a generalized strength-
ening program may be suffi  cient to relieve their pain 
and reduce their disability.38 However, clinically it 

(d) Knee taped showing correction of inferior tilt. Tape 
is applied across the superior pole of the patella with 
suffi  cient fi rmness to elevate the inferior pole

Figure 28.9 Patella stabilizing brace

Figure 28.10 Stretching of lateral structures. With the 
patient in a side-lying position, the patella is mobilized 
in a medial direction. This can be combined with soft 
tissue therapy (e.g. transverse gliding, friction) to the 
lateral structures
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Figure 28.11 Vastus medialis obliquus training 
exercises

(a) Seated

(b) VMO retraining could progress to small range 
fl exion and extension movements in the walk stance 
position, with the VMO constantly active. This can then 
be progressed to a lunge

(c) Step-up with biofeedback machine in place

(d) Step-down with biofeedback machine in place
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appears that a number of patients are unable to achieve 
restoration of pain-free function of their PFJ without 
specifi c retraining of the vasti.

Hip muscle strengthening

Retraining the hip abductors and external rotators 
helps to stabilize the lateral pelvis and to control 
internal hip rotation; this has been associated with 
pain reduction in patients with patellofemoral pain.25 
Th ese exercises may be performed initially in non-
weight-bearing positions and then progressed to 
weight-bearing positions (Fig. 28.12a). As soon as it 
is possible and practical, the patient must be taught 
to activate the hip abductors and external rotators, 
in combination with the VMO, during combined 
exercises (Fig. 28.12b). Th e emphasis of all retraining 
exercises will be on maintaining the activation of these 
muscles and correct alignment of the hip (i.e. neutral 
rotation) during weight-bearing fl exion tasks (e.g. 
lunge, step-up and step-down, Fig. 28.12c).

Figure 28.12 Hip muscle strengthening exercises

(a) Hip abduction and external rotation training in 
weight-bearing. Some patients should commence 
their hip retraining exercises in non-weight-bearing 
positions (prone, supine or side-lying). Once these 
have been mastered, the exercises should be 
progressed to weight-bearing, where combined hip 
external rotation, abduction and extension exercises 
can be performed. The use of resistance (illustrated) 
will increase the complexity of this exercise for both 
the weight-bearing and non-weight-bearing leg. These 
exercises should be combined with VMO activation.

(b) Hip stability exercise. Training the hip external 
rotators and abductors in weight-bearing on one 
leg, with the contralateral leg against the wall. In 
this position the patient is asked to abduct the 
contralateral leg into the wall and at the same time 
externally rotate the weight-bearing leg. This should 
be combined with VMO contractions where required.

(c) Retraining hip muscles during a functional task. 
Functional retraining of the hip abductors and external 
rotators can be achieved by asking the patient to 
activate these muscles to maintain a neutral pelvis 
position during functional activities, such as lunges, 
step-ups and step-downs (shown).
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Improving musculotendinous compliance

Attention must also be paid to improving the compli-
ance of the hip fl exors, quadriceps, hamstring and 
calf muscles as well as the iliotibial band through 
stretches, soft  tissue techniques (Fig. 28.13) or dry 
needling (Fig. 28.7). Restoration of optimal muscle 
and fascial length is the goal. Transverse friction and 
transverse gliding should be applied to focal regions of 
thickening. Sustained myofascial tension (myofascial 
release) is the technique of choice to correct fascial 
thickening and shortening (Fig. 28.13).

In-shoe foot orthoses

If the assessment of the subtalar joint and tibial 
rotations indicates that an intervention is required, 
the clinician might consider either active retraining 
of the extrinsic muscles of the foot, taping, soft  foot 
orthoses or rigid foot orthoses. Th ese are outlined 
in Chapter 5. It is important to consider that in-shoe 
foot orthoses are eff ective in the management of 
patellofemoral pain. However, as with many other 
interventions, the mechanism of treatment eff ects is 
not known. It is possible that an orthosis may exert 
a positive eff ect through neuromuscular rather than 
mechanical mechanisms.

Evidence base for physical interventions

A number of controlled clinical trials have assessed 
the eff ectiveness or effi  cacy of physical interventions 
for patellofemoral pain (Table 28.5). Most trials have 
incorporated a number of techniques into their 
treatment program. While these refl ect some aspects 
of clinical practise due to the inclusion of a variety 

of treatment techniques, mostly the interventions 
are not individualized to the patients’ needs. A few 
studies have evaluated one aspect of intervention in 
isolation. Th ese studies have enabled the assessment 
of a single treatment strategy, but the study results 
may not be generalized to the clinical scenarios. 
Treatment options that have gained popularity more 
recently have not been evaluated as thoroughly. Table 
28.5 summarizes the level 1 (systematic reviews) and 
level 2 (controlled clinical trials) evidence of the 
evaluation of physical interventions for patellofemoral 
pain. While these studies represent the highest levels 
of evidence available, the quality of the various stud-
ies is varied.

Surgery—to be avoided

Experienced clinicians will have observed that the 
need for surgery in patellofemoral pain has been 
greatly reduced. Th is is likely due to the availability 
of evidence-based, exercise-based, physical interven-
tions. To our knowledge, there has been no surgical 
randomized controlled trial showing the eff ective-
ness of treatments such as chondroplasty or lateral 
release for patellofemoral pain. Th us, at a time when 
systematic reviews (level 1 evidence) argue for physi-
cal therapies for this condition, it would appear that 
such avenues should be tried repeatedly and with 
various expert therapists before being abandoned in 
favor of a hoped-for surgical miracle. We note that 
poor surgical outcomes have been reported and oft en 
patellofemoral pain is worsened aft er surgery.64

Patellofemoral instability
Patients with patellofemoral instability complain of 
a sensation of the patella slipping or moving later-
ally on certain movements. Th is may be followed by 
pain and swelling. Th e condition can arise by either 
or both of two distinct mechanisms. ‘Primary’ patel-
lofemoral instability is more common among women 
than men.

Primary patellofemoral instability

Th is condition has the same predisposing factors as 
patellofemoral pain and the pattern of tenderness 
around the patella may be similar. Examination 
reveals patella hypermobility with apprehension 
and pain when the patella is pushed laterally by the 
examiner. Factors that predispose to this condition 
include generalized ligamentous laxity, patella alta 
(a patella that is located more superiorly than normal), 
trochlear dysplasia, and a lateralized tibial tuberosity. 

Figure 28.13 Soft tissue therapy—sustained 
myofascial tension of the iliotibial band
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Treatment of patellofemoral instability parallels that 
of patellofemoral pain. Acute management aims to 
reduce pain and swelling and a knee extension brace 
may provide temporary immobilization aft er an initial 
episode. Th e patient may use crutches for either partial 
or non-weight-bearing in that instance. Rehabilita-
tion requires a VMO retraining program as outlined 
for patellofemoral pain (above). Surgery is indicated 
if a properly managed conservative program fails. 
Surgical approaches aim to correct the predisposing 
factors, and techniques used include arthroscopic 

medial plication. Following surgery, an intensive 
rehabilitation program is vital.

Secondary patellofemoral instability

Secondary instability results from a primary disloca-
tion episode (see Chapter 27 for acute management) 
that is likely to have arisen because of rupture of the 
medial patellofemoral ligament. Th is ligament is the 
main static restraint to lateral patella translation. It acts 
like a guy rope on a tent. Individuals with persistent 

Table 28.5 Summary of level 1 (systematic reviews) and level 2 (controlled clinical trials) evidence investigating 
physical interventions for patellofemoral pain

Intervention Eff ect of intervention Level of evidence Reference

Multimodal 
intervention

Positive Level 1 Bolga & Malone 2005;39 Bizzini et al. 200340 
Crossley et al. 200141

Positive Level 2 Whittingham et al. 2004;42 Crossley et al. 
2002;43 Clark et al. 2000;44 Harrison et al. 
1999;45 Eburne & Bannister 199646

Taping Positive Level 1 Aminaka & Gribble 2005;31 Crossley et al. 
200141

Positive Level 2 Whittingham et al. 200442

No eff ect Level 2 Clark et al. 2000;44 Kowall et al. 199647

Insuffi  cient evidence Level 1 Bizzini et al. 200340

Bracing Insuffi  cient evidence Level 1 D’Hondt et al. 2002;48 Bizzini et al. 2003;40 
Crossley et al. 200141

Negative Level 2 Finestone et al. 1993;49 Miller et al. 199750

Mobilization/
manipulation

Insuffi  cient evidence Level 1 Bizzini et al. 2003;489 Crossley et al. 200141

No eff ect Level 2 Rowlands & Brantingham 1999;51 Taylor & 
Brantingham 200452

Strengthening 
exercises

Positive Level 1 Bizzini et al. 2003;40 Heintjes et al. 200353

Positive Level 2 Witvrouw et al. 2004;54 Witvrouw et al. 
2000;55 Schneider et al. 2001;56 Timm 
1998;57 Thomee 1997;58 Stiene et al. 1996;59 
McMullen et al. 198060

Stretching NA NA NA

Hip muscle 
retraining

NA NA NA

Foot orthoses Insuffi  cient evidence Level 1 D’Hondt et al. 2002;48 Bizzini et al. 2003;40 
Crossley et al. 200141

Positive Level 1 Arroll et al. 199761

Positive Level 2 Eng & Pierrynowski 199362

No eff ect Level 2 Wiener-Ogilvie & Jones 200463

NA = none available.
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patellofemoral instability aft er an acute dislocation 
may require additional investigations. Radiographs 
may reveal evidence of osteochondral damage to the 
articular surface of the patella and femur as well as 
predisposing anatomical abnormalities. Arthroscopy 
may be required to remove a loose osteochondral frag-
ment, and, if appropriate, the medial patellofemoral 
ligament may need reconstruction.65 As with surgery 
for primary instability, surgery for secondary instabil-
ity also requires aggressive rehabilitation.

Fat pad irritation/
impingement
Fat pad syndrome was fi rst described by Hoff a in 
1903 to describe a condition where the infrapatellar 
fat pad was impinged between the patella and the 
femoral condyle due to a direct blow to the knee. More 
commonly, fat pad irritation occurs with repeated or 
uncontrolled hyperextension of the knee. Th e condi-
tion can be extremely painful and debilitating, as the 
fat pad is one of the most pain-sensitive structures 
in the knee.9 Chronic fat pad irritation is relatively 
common and oft en goes unrecognized. Th e pain is 
oft en exacerbated by extension maneuvers, such as 
straight leg raises and prolonged standing, so it needs 
to be recognized early so that appropriate manage-
ment can be implemented.

Clinical fi ndings include localized tenderness 
and puffi  ness in the fat pad with the inferior pole of 
the patella being displaced posteriorly (Table 28.2). 
Patients often have hyperextension of the knees 
(genu recurvatum) associated with increased anterior 
pelvic tilt.

A popular clinical approach consists of treating the 
inferiorly tilted patella by taping across the superior 
surface of the patella to lever the inferior pole forward 
and relieve impingement of the fat pad (Fig. 28.8d). 
Unloading of the fat pad may be required to relieve 
the symptoms further. To unload the fat pad, a ‘V’ tape 
is placed below the fat pad, with the point of the ‘V’ 
at the tibial tubercle coming wide to the medial and 
lateral joint lines. As the tape is being pulled towards 
the joint line, the skin is lift ed towards the patella, thus 
shortening the fat pad (Fig. 28.14). Muscle training 
and improving lower limb biomechanics is the basis 
of clinical management. Our clinical impression is 
that surgery should be avoided if possible. To date, 
there have been no randomized controlled trials of 
surgery for this condition.66

Patellar tendinopathy
There have been advances in understanding the 
histopathology, imaging and surgical outcomes in 
this condition in the past decade. Nevertheless, 
successful management of the jumping athlete with 
patellar tendinopathy remains a major challenge for 
the practitioner and patient.

Nomenclature

Patellar tendinopathy was fi rst referred to as ‘jumper’s 
knee’ due to its frequency in jumping sports (e.g. 
basketball, volleyball, high, long and triple jumps).67 
However, the condition also occurs in sportspeople 
who change direction and may occur in sportspeople 
who do not perform either jumping or change of direc-
tion. Th e term ‘patellar tendinitis’ is a misnomer as the 
pathology underlying this condition is degenerative 
tendinosis rather than infl ammatory ‘tendinitis’ (see 
below).68 Fortunately, the term patellar tendinitis is 
falling out of favor. On balance, patellar tendinopathy 
is probably the most appropriate general label for this 
condition (Chapter 2).69

Pathology and pathogenesis of patellar 
tendinopathy

Normal tendon is seen as white and glistening to 
the naked eye but the patellar tendon of patients 

Figure 28.14 Fat pad unloading tape. Tape is applied 
in a ‘V’ from the tibial tuberosity to the joint lines. The 
fat pad region is pinched to unload the fat pad while 
applying the tape. This tape is often combined with 
taping the superior pole of the patella (Fig. 28.8d) in 
the treatment of fat pad impingement. This elevates 
the inferior pole of the patella
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undergoing surgery for patellar tendinopathy contains 
soft , yellow-brown tissue adjacent to the lower pole of 
the patella (Fig. 28.15). Th is macroscopic appearance 
is commonly labeled ‘mucoid degeneration’. Under 
the light microscope, symptomatic patellar tendons 
do not consist of tight parallel collagen bundles but 
instead are separated by a large amount of mucoid 
ground substance that gives them a disorganized and 
discontinuous appearance. Cleft s in collagen and 
occasional necrotic fi bers suggest microtearing. Th ere 
is also small vessel ingrowth. Th is histopathological 
picture, which is called ‘tendinosis’, is identical in 
tendons with both macroscopically evident partial 
tears and those without.70 Th ese regions of tendon 
degeneration correspond with areas of increased signal 
on MRI and hypoechoic regions on ultrasound.68

Pain and disuse associated with patellar tendin-
opathy may lead to poor VMO function and altered 
PFJ biomechanics. Regardless of the cause, the PFJ 
needs to be excluded as a source of pain in patients 
presenting with patellar tendinopathy.

Clinical features

Th e clinical features of patellar tendinopathy are out-
lined in Table 28.2. Th e patient complains of anterior 
knee pain aggravated by activities such as jumping, 
hopping and bounding. Th e most common site of 
tendinopathy is the deep attachment of the tendon 
to the inferior pole of the patella. Distal lesions are 
less common and midsubstance lesions have been 
reported.71 Th e tendon is tender on palpation either 
at the inferior pole or in the body of the tendon. Th ere 
is frequently associated thickening of the tendon. 
Th e most eff ective position for palpation is shown 
in Figure 28.16. Expert clinicians also assess possible 
precipitating factors, such as muscle tightness of the 
quadriceps and hamstring muscles, increased neural 
tension or abnormal biomechanics of the pelvis, PFJ 
or lower leg. Calf weakness is common in patients 
with patellar tendinopathy.

It is important to reproduce the patient’s pain on 
examination. In less severe cases it may be necessary 
to perform a functional activity, such as a squat or hop, 
to reproduce the pain. As these activities also load the 
PFJ, taping to correct the PFJ followed by reassessment 
may help to diff erentiate between the two conditions or 
at least indicate if the PFJ should also be treated.

An alternative method of monitoring the clinical 
progress of patellar tendinopathy can be performed 
using the VISA questionnaire (Table 28.6) 72, 73 Th is 
simple questionnaire takes less than 5 minutes to 

Figure 28.15 Intraoperative photograph showing the 
pathology that appears consistent with tendinosis. 
Note the darker region within the deep surface 
(arrow)—this is the markedly abnormal tissue
(SHELBOURNE KD, HENNE TD, GRAY T. RECALCITRANT PATELLAR TENDINOSIS IN 

ELITE ATHLETES. AM J SPORTS MED, 34(7) P. 1141–6 (2006), PUBLISHED BY SAGE 

PUBLICATIONS)

Figure 28.16 Position of palpation of the patellar 
tendon. Pressure on the superior pole of the patella 
tilts the inferior pole, allowing more precise palpation 
of the tendon origin
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Table 28.6 Victorian Institute of Sport Assessment (VISA) questionnaire
1. For how many minutes can you sit pain free?        POINTS

0 min            100 min

 0 1 2 3 4 5 6 7 8 9 10

2. Do you have pain walking downstairs with a normal gait cycle?     POINTS

Strong 
severe             No pain
pain

 0 1 2 3 4 5 6 7 8 9 10

3. Do you have pain at the knee with full active non-weight-bearing knee extension?   POINTS

Strong 
severe             No pain
pain

 0 1 2 3 4 5 6 7 8 9 10

4. Do you have pain when doing a full weight-bearing lunge?      POINTS

Strong 
severe             No pain
pain

 0 1 2 3 4 5 6 7 8 9 10

5. Do you have problems squatting?         POINTS

Unable            No problem

 0 1 2 3 4 5 6 7 8 9 10

6. Do you have pain during or immediately after doing 10 single leg hops?    POINTS

Strong 
severe             No painpain/
unable

 0 1 2 3 4 5 6 7 8 9 10

7. Are you currently undertaking sport or other physical activity?     POINTS

  0 Not at all

  4 Modifi ed training ± modifi ed competition

  7 Full training ± competition but not at same level as when symptoms began

 10 Competing at the same or higher level as when symptoms began
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complete and once patients are familiar with it they 
will be able to complete most of it themselves.

Investigations

Ultrasound examination and MRI are the investiga-
tions of choice in patellar tendinopathy, although 
clinicians must appreciate that these imaging modali-
ties do not have 100% sensitivity and specifi city for 
the condition (Fig. 28.17). Ultrasound examination 
with Doppler will assess the vascularity present in the 
tendon. Th is is important as increased vascularity has 
been associated with pain.

Treatment

Treatment of patellar tendinopathy requires patience 
and a multifaceted approach, which is outlined in Table 
28.7. It is essential that the practitioner and patient 
recognize that tendinopathy that has been present for 

months may require a considerable period of treat-
ment associated with rehabilitation before symptoms 
disappear (Chapter 2). Conservative management of 
patellar tendinopathy requires appropriate strengthen-
ing exercises, load reduction, correcting biomechanical 
errors, and soft  tissue therapy. An innovation has been 
the use of sclerotherapy of neovessels with polidocanol. 
Surgery is indicated aft er a considered and lengthy 
conservative program has failed. Th is section out-
lines the physical therapy approach of correction of 
biomechanics that might be contributing to excessive 
load on the tendon, targeted exercise therapy and soft  
tissue treatment before outlining medical treatments 
including medication, sclerotherapy and surgery.

Relative load reduction: modifi ed activity and 
biomechanical correction

Th ere are numerous ways of reducing the load on 
the patellar tendon without resorting to complete 

Table 28.6 Victorian Institute of Sport Assessment (VISA) questionnaire (continued)
 8. Please complete EITHER A, B or C in this question.
 • If you have no pain while undertaking sport please complete Q8A only.
 •  If you have pain while undertaking sport but it does not stop you from completing the activity, please 

complete Q8B only.
 • If you have pain that stops you from completing sporting activities, please complete Q8C only.

A. If you have no pain while undertaking sport, for how long can you train/practise?
       POINTS
 NIL 1–5 min 6–10 min 11–15 min >15 min

 0 7 14 21 30

OR
B. If you have some pain while undertaking sport, but it does not stop you from completing your 

training/practise, for how long can you train/practise?
       POINTS
 NIL 1–5 min 6–10 min 11–15 min >15 min

 0 4 10 14 20

OR
C. If you have pain that stops you from completing your training/practise, for how long can you 

train/practise? 
       POINTS
 NIL 1–5 min 6–10 min 11–15 min >15 min

 0 2 5 7 10

 TOTAL SCORE 100
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if it is possible to reduce the amount of jumping or 
sprinting, or the total weekly training hours.

Strengthening and correcting biomechanics 
improves the energy-absorbing capacity of the limb 
both at the aff ected musculotendinous unit and at 
the hip and ankle. Th e ankle and calf are critical in 
absorbing the initial landing load transmitted to 
the knee.76 Biomechanical studies reveal that about 

Figure 28.17 Imaging appearances in athletes with 
patellar tendinopathy

(a) Ultrasound images showing normal tendon on 
the left and the characteristic thickened tendon with 
regions of loss of echogenicity (arrowed) on the right. 
This appearance, although only mildly abnormal 
compared with some cases (e.g. Fig. 28.17b), already 
corresponds with the histopathology of tendon 
degeneration—tendinosis

(b) Ultrasound appearance of a patellar tendon with 
greater morphological (structural) abnormality. There 
is a clearly demarcated region of hypoechogenicity 
and an abnormal amount of vascularity. This 
appearance may be asymptomatic74 and is certainly 
not, per se, an indication for surgery

(c) MRI appearance of patellar tendinopathy. The 
key feature is the area of increased (bright) signal 
(arrowed). Symptoms do not correlate precisely with 
the severity of imaging appearances8, 75

Table 28.7 Overview of management of patellar 
tendinopathy

•  A patient presenting with persistent painful 
patellar tendinopathy for the fi rst time may 
require  3–6 months to recover. A patient with a 
longstanding history may require 6–12 months to 
return, pain-free, to competition without recurrence.

•  Relative tendon unloading is critical for treatment 
success. This is achieved by activity modifi cation and 
assisted by biomechanical correction.

•  Progressive strengthening is the treatment of 
choice in patellar tendinopathy. Eff ective exercise 
prescription requires thorough assessment of the 
patient’s functional capacity and a skilful approach 
to increasing demand on the tendon.

•  It takes between 6 and 12 months to return to full 
competitive sport after successful patellar tendon 
surgery. Thus, the treating physician must be sure 
that an appropriate conservative treatment program 
has failed before suggesting a tendon needs surgery.

rest or immobilization. Relative rest means that the 
patient may be able to continue playing or training 
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40% of landing energy is transmitted proximally.77 
Th us, the calf complex must function well to prevent 
more load than necessary transferring to the patel-
lar tendon.

Better landing techniques can decrease patellar 
tendon load. Compared with fl at-foot landing, forefoot 
landing generates lower ground reaction forces and, if 
this technique is combined with a large range of hip 
or knee fl exion, vertical ground reaction forces can 
be reduced by a further 25%.77

Biomechanical correction requires assessment 
of both anatomical and functional shortcom-
ings. Anatomical variants that may contribute to 
patellar tendinopathy include foot, ankle and hip 
defi ciencies.

Th ere are numerous functional biomechanical 
abnormalities. Infl exibility of the hamstrings, iliotibial 
band and calf muscles, as well as restricted ankle 
range of motion, are likely to increase the load on 
the patellar tendon. Hamstring tightness (decreased 
sit and reach test) is associated with an increased 
prevalence of patellar tendinopathy.78 Weakness of the 
gluteal, quadriceps and calf muscles leads to fatigue 
and aberrant movement patterns that may alter forces 
acting on the knee during activity. Th erefore, proximal 
and distal muscles also need assessment in patients 
with patellar tendinopathy.

Cryotherapy

Cryotherapy (e.g. ice) is a popular adjunct to treatment 
but if the patient fi nds no clinical benefi t from this 
modality, there is no rationale for persisting.

Strengthening

At least six papers document the eff ectiveness of 
strengthening exercises on patellar tendinopathy. 
Th ese can be divided into two groups: those studies 
that investigated exercises on a decline board and 
those using other exercises.

Th ree papers suggested that exercise-based inter-
ventions such as squatting, isokinetics and weights 
reduced the pain of patellar tendinopathy.79–81 More 
recent studies have investigated the eff ectiveness of 
exercise on a 25° decline board—a method specifi -
cally loading the extensor mechanism of the knee.82 
Two randomized trials reported improvements in 
pain, function and return to sport with exercise, 
although time frames for improvement varied.4, 83 
Importantly, there was no improvement in pain 
or jump performance among the treatment group 
compared with those who undertook no exercise 
when the intervention occurred during competi-
tion period.84

An eff ective strength program embraces the prin-
ciples outlined in Table 28.8. Commonly prescribed 
exercises are illustrated in Figure 28.18. When and 
how a strengthening program should begin is outlined 
in the box.

Table 28.8 Strengthening program for treatment of 
patellar tendinopathy

Timing Type of overload Activity

0–3 months Strength and 
strength 
endurance

Hypertrophy and 
strengthen 
the aff ected 
muscles, focus 
attention on 
all anti-gravity 
muscles

3–6 months Power and speed 
endurance

Weight-bearing 
speed-specifi c 
loads

6+ months Combinations 
dependent on 
sport (e.g. load, 
speed)

Sport-specifi c 
rehabilitation

Figure 28.18 Eccentric strengthening program—
patellar tendon

(a) Single-leg squat on decline board
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(b) Lunge (c) Lunge with weights

When should patellar tendon strengthening begin?
Therapists often have concerns as to when and how 
they should begin a strengthening program. Even 
athletes with the most severe cases of patellar tendin-
opathy should be able to begin some weight-based 
strength and other exercises, such as calf strength 
and isometric quadriceps work, in standing. On the 
other hand, the athlete who has not lost a lot of knee 
strength and bulk can progress quickly to the speed 
part of the program.

Both pain and the ability of the musculotendinous 
unit to do the work should guide the amount of 
strengthening to be done. If pain is a limiting factor, 
then the program must be modified so that the 
majority of the work occurs without aggravating 
symptoms 24 hours after exercise. A subjective clinical 
rating system, such as the VISA questionnaire (Table 
28.6), administered at about monthly intervals, will 
help both the therapist and the patient measure 
progress.

If pain is under control, then it is essential to 
monitor the ability of the limb to complete the 
exercises with control and quality. Exercises should 

only be progressed if the previous work load is 
easily managed, pain is controlled and function 
is satisfactory.

Athletes with patellar tendinopathy tend to 
‘unload’ the affected limb to avoid pain, so they 
commonly have not only weakness but also abnormal 
motor patterns that must be reversed. Strength train-
ing must graduate quickly to incorporate single-leg 
exercises (Fig. 28.18) as the athlete can continue to 
unload the aff ected tendon when exercising using 
both legs. Thus, exercises that target the quadriceps 
specifi cally, such as single-leg extensions, may have 
a place in the rehabilitation of patellar tendinopathy. 
Similarly, when the athlete is ready, increase the load 
on the quadriceps by having the patient stand on a 25° 
decline board to do squats. Compared with squatting 
on a fl at surface, this reduces the calf contribution 
during the squat.

The therapist should progress the regimen by 
adding load and speed and then endurance to each 
of those levels of exercise. Combinations such as load 
and speed, or height and load, then follow. These 
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Soft tissue therapy

Two studies compared soft  tissue therapy/transverse 
friction to other treatments.79, 85 In one, the main 
outcome measures did not diff er between groups.85 
In the other, a three-arm trial of ultrasound, trans-
verse friction and exercise provided a reduction in 
pain to 0%, 20% and 100% of participants, respec-
tively.79 Never theless, two studies are insuffi  cient to 
suggest that soft  tissue therapy may not be helpful 
in certain clinical settings, and it remains a popular 
treatment.

Digital ischemic pressure to trigger points in the 
calf muscles and transverse friction to the tendon are 
used in some centers (Fig. 28.19). If tightness in the 
quadriceps muscle is present, sustained myofascial 
tension can be performed on the quadriceps muscle 
with the knee fl exed.

Pharmacotherapy

Th ere have been three studies of pharmacotherapy in 
the treatment of patellar tendinopathy. Two studies 
investigated the eff ect of corticosteroid administered 
by iontophoresis, phonophoresis or injection,86, 87 and 
one study investigated the eff ect of sclerosing injec-
tions.88 Iontophoresis with corticosteroid improved 
outcome compared to phonophoresis as it may intro-
duce corticosteroid into target tissue more eff ectively 
than phonophoresis.86 Capasso et al.87 reported that 
aprotinin off ered a better outcome than either corti-
costeroid or placebo. Th e time from onset of patellar 
tendinopathy to recruitment into the study was not 
stated, hence some subjects may have had short-term 

symptoms that had responded to anti-infl ammatory 
medication. Outcome measures in this study were 
based on the Kelly grading system89 and the study 
used an unblinded clinical investigator.

Neovascularization is a cornerstone of tendon 
pathology and is the target of treatment by Alfredson 

end-stage exercises can provoke tendon pain and are 
only recommended after a prolonged rehabilitation 
period and when the sport demands intense load-
ing. In several sports it may not be necessary to add 
potentially aggravating activities such as jump training 
to the rehabilitation program, whereas in volleyball, 
for example, it is vital.

Finally, the overall exercise program must cor-
rect aberrant motor patterns such as stiff  landing 
mechanics (discussed above) and pelvic instability. 
For example, weight-bearing exercises must be in a 
functionally required range and the pelvis position 
must be monitored and controlled at all times. The 
common errors in rehabilitation strength programs 
are listed in Table 28.9.

Table 28.9 Common reasons why rehabilitation 
programs fail at various stages

Early failure Late failure

Insuffi  cient 
strength 
training

Failure to monitor the 
patient’s symptoms

Progression of 
rehabilitation 
program is too 
quick

Rehabilitation and strength 
training ends on return 
to training, instead of 
continuing throughout the 
return to sport

Inappropriate 
loads during 
rehabilitation 
(too little, too 
much)

No speed rehabilitation
Plyometrics training 

performed inappropriately, 
is not tolerated or 
unnecessary

Figure 28.19 Massage therapy—transverse friction of 
the patellar tendon
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and Ohberg.88 Th is prospective trial investigated scle-
rosing injections on pain and function in the patellar 
tendon. Eighty per cent of subjects returned to their 
previous level of competition and pain reductions 
were also signifi cant (visual analog scale reduced 
from 81 to 10). Th e authors suggest that the results of 
this treatment on those with long-term tendon pain 
(mean, 23 months) challenge the need for surgery for 
patellar tendinopathy.

In a high-quality randomized control trial of 
elite athletes with patellar tendinopathy, Norwegian 
investigators found that sclerosing injections with 
polidocanol resulted in a signifi cant improvement 
in knee function and reduced pain in patients with 
patellar tendinopathy.90

Surgery

Th e fi rst randomized trial that compared surgical 
treatment and conservative management of patellar 
tendinopathy was published in 2006.90 Th ere was no 
signifi cant diff erence in outcome between groups; 
thus, surgical intervention provided no benefi t over 
conservative management. Th us the clinical impli-
cation is that surgery is not a ‘quick fi x’ for patellar 
tendin opathy.90

Th ree patellar tendon surgical studies reported a 
prospective design.75, 91 In two of them, between 73% 
and 100% of the subjects reported good results. In the 
third, Testa et al.92 investigated the effi  cacy of percu-
taneous tenotomy and reported that the technique 
was more eff ective for the treatment of midtendon 
pathology than it was for proximal tendon pathology. 
Th e diagnosis of a midtendon lesion was made on 
clinical grounds (palpation) and seven subjects had 
normal imaging results. Nearly 40% of participants 
in this study reported poor results and isokinetic 
testing revealed persistent strength defi cits. Given 
that midtendon pathology is relatively rare, this study 
may have limited clinical utility.

Th ere is no consensus as to the optimal surgical 
technique to use, with surgeons performing either a 
longitudinal or a transverse incision over the patellar 
tendon and generally excising abnormal tissue. Some 
surgeons excise the paratenon, while others suture it 
aft er having performed the longitudinal tenotomies 
and excision of the tendinopathic area. Th ere has been 
some enthusiasm for possible arthroscopic debride-
ment of the posterior portion of the patellar tendon 
and results published to date appear similar to those 
of patients undergoing open surgery.93

We recommend surgery only aft er a thorough, 
high-quality conservative program has failed. Surgeons 
must advise patients that while symptomatic benefi t is 

very likely, return to sport at the previous level cannot 
be guaranteed (60–80% likelihood).93, 94 Time to return 
to the previous level of sport, if achieved, is likely to 
take between six and 12 months.93, 94

Partial tendon tears: 
acute versus chronic
Th e term ‘partial tear’ is used to refer to either of 
two clinical entities. One use refers to the sudden 
signifi cantly painful episode, which is associated with 
disability, and this corresponds to a substantial tear of 
an area of pathology of the patellar tendon. Th is ‘acute’ 
partial tear is not dissimilar to a complete ‘rupture’ 
of the tendon (Fig. 28.20a), except that some tendon 
remains intact. Th is is discussed in Chapter 27. If the 
partial tear is very large, causes major disability and 
shows no improvement in two to three weeks, early 
surgery may be justifi ed to stimulate some healing 
response in the tendon.

A small partial tear of the patellar tendon (Fig. 
28.20b) may also occur and this is oft en diagnosed 
at ultrasonography and is diffi  cult to diff erentiate 
from an area of tendinosis. Alternatively, it may be 
an incidental fi nding on ultrasound examination. 
Th is type of partial tear is part of the continuum of 
tendinosis and can be managed as such. Th e indication 
for surgery of a small partial tear is failed conserva-
tive management.

Less common causes
Synovial plica

Th e importance of the synovial plica, a synovial fold 
found along the medial edge of the patella, has been a 
matter of considerable debate. An infl amed plica may 
cause variable sharp pain located anteriorly, medially 
or posteriorly. Th e patient may complain of sharp pain 
on squatting. On examination, the plica is sometimes 
palpable as a thickened band under the medial border 
of the patella. It should only be considered as the 
primary cause of the patient’s symptoms when the 
patient fails to respond to appropriate management of 
patellofemoral pain. In this case, and in the presence 
of a tender thickened band, arthroscopy should be 
performed and the synovial plica removed.

Osgood-Schlatter lesion

Osgood-Schlatter lesion is an osteochondro-
sis (Chapter 40) that occurs at the tibial tuberos-
ity. Th is is a common condition in girls of about 
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10–12 years and boys of about 13–15 years (but these 
ages vary) and results from excessive traction on the 
soft  apophysis of the tibial tuberosity by the powerful 
patellar tendon. It occurs in association with high 
levels of activity during a period of rapid growth and 
is associated with a change in the tendon.

Treatment consists of reassurance that the condi-
tion is self-limiting. Whether or not to play sport 
depends on the severity of symptoms. Children with 
mild symptoms may wish to continue to play some 
or all sport; others may choose some modifi cation 
of their programs. If the child prefers to cease sport 
because of pain, that decision should be supported. 
However, the amount of sport played does not seem 
to aff ect the time the condition takes to heal.

Sinding-Larsen–Johansson lesion

Th is uncommon lesion is one of the group of osteo-
chondroses found in adolescents (Chapter 40). It is 
an important diff erential diagnosis in young patients 
with pain at the inferior pole of the patella. Treatment 
is outlined in Chapter 40.

Quadriceps tendinopathy

Pain arising at the quadriceps tendon at its attachment 
to the patella occurs occasionally, mainly in the older 
athlete and in weightlift ers as the quadriceps tendon is 
loaded more in a deeper squat. It is characterized by 
tenderness along the superior margin of the patella and 
pain on resisted quadriceps contraction. Treatment 
follows the same principles as treatment of patellar 
tendinopathy. Diff erential diagnosis is suprapatellar 
pain of PFJ origin and bipartite patella.

Occasionally the condition responds well to self-
applied transverse friction massage to the direct 
site of pain. Correction of focal thickening in the 
quadriceps muscle is also required and is achieved 
with sustained myofascial tension, transverse glides 
and stretching.

Bursitis

There are a number of bursae around the knee 
joint. Th ese are shown in Figure 28.21. Th e most 
commonly aff ected bursa is the pre-patellar bursa. 
Pre-patellar bursitis (‘housemaid’s knee’) presents as 
a superfi cial swelling on the anterior aspect of the 
knee. Th is must be diff erentiated from an eff usion 
of the knee joint. Acute infective pre-patellar bur-
sitis, common in those who kneel a lot, should be 
identifi ed and treated quickly. Infrapatellar bursitis 
can also cause anterior knee pain that may mimic 

vastus
medialis

sartorius
tendon

patellar
tendon

patella

rectus
femoris
tendon

Figure 28.20 Two types of partial tear of the patellar 
tendon

(a) A large partial tear is similar to an acute tendon 
rupture

(b) A small partial tear that can result from overuse

Brukner-B-25_36.indt   533Brukner-B-25_36.indt   533 5/6/06   11:57:54 AM5/6/06   11:57:54 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  M cGRAW-HILL PROFESSIONAL534

PART B REGIONAL PROBLEMSB

patellar tendinopathy; this bursa forms part of an 
enthesis organ of the distal insertion and, thus, can 
be challenging to treat.

Treatment of mild cases of bursitis includes 
NSAIDs. More severe cases require aspiration and 
infi ltration with a corticosteroid agent and local 
anesthesia, followed by fi rm compression bandag-
ing and rest for 48 hours. If, despite these measures, 
there are several recurrences, surgical bursectomy 
may be required.
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CHAPTER 

29
Lateral, Medial and 
Posterior Knee Pain

Although acute knee injuries and anterior knee 
pain are very common presentations in sports 

medicine practice, patients presenting with lateral, 
medial or posterior knee pain can also provide chal-
lenges to the practitioner.

Lateral knee pain
Pain about the lateral knee (Fig. 29.1) is a frequent 
problem, especially among distance runners. Th e 
most common cause of lateral knee pain is iliotibial 
band friction syndrome (ITBFS). With repeated knee 
fl exion/extension, the iliotibial band (ITB) rubs against 

the prominent lateral epicondyle of the femur. Training 
errors and biomechanical abnormalities can precipitate 
ITBFS. Patellofemoral syndrome (Chapter 28) may 
also present as lateral knee pain. In the older active 
person, degeneration of the lateral meniscus or lateral 
compartment osteoarthritis should be considered.

Th e biceps femoris tendon may become infl amed 
as it passes posterolaterally to the knee and inserts 
into the head of the fi bula. Th is occurs in sprinters 
and footballers. Injuries of the superior tibiofi bular 

Figure 29.1 Lateral aspect of the knee

(a) Surface anatomy (b) Anatomy of lateral aspect of the knee
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joint may cause lateral knee pain. It is not uncommon 
for lateral knee pain to occur as a result of referred 
pain from the lumbar spine. Th e causes of lateral knee 
pain are shown in Table 29.1.

History

A history of overuse may be suggestive of ITBFS or 
biceps femoris tendinopathy. If there is a history of 
excessive downhill running or running on an uneven 
surface, ITBFS may be implicated. If the pain tends 
to occur with sprinting or kicking activities, biceps 
femoris tendinopathy is more likely. Lateral knee 
pain following knee or ankle injury may indicate 
the superior tibiofi bular joint or lateral meniscus as 
the site of injury.

Th e pain of biceps femoris tendinopathy is maxi-
mal initially on activity and settles with warming up, 
returning following activity or the next day. With 
progression of the condition, pain may persist during 
exercise and be suffi  cient to cause the athlete to cease 
sporting activity. ITB pain usually does not lessen 
with activity. Pain on sudden twisting or a history of 
giving way or locking may be indicative of degenera-
tive lateral meniscus problems. Pain associated with 
excessive lateral pressure syndrome increases with 
activity. As the population of active individuals who 
are over 50 years old increases, the diagnosis of lateral 
compartment osteoarthritis must be considered.

Th e presence of back pain may suggest referred 
pain from the lumbar spine. Associated neurologi-
cal symptoms such as weakness and paresthesia in 
the lower leg may indicate common peroneal nerve 
entrapment.

Examination

Full assessment of the ligaments of the knee (Chap-
ter 27) should be included in the examination. Bio-
mechanical examination should also be performed.

1. Observation
(a) standing
(b) walking
(c) supine
(d) side-lying

2. Active movements
(a) knee fl exion
(b) knee extension
(c) repeated knee fl exion (0–30°) 

(Fig. 29.2a)
(d) tibial rotation

3. Passive movements
(a) knee fl exion/extension
(b) tibial rotation (Fig. 29.2b)
(c) superior tibiofi bular joint

 (i) accessory glides (Fig. 29.2c)
(d) muscle stretches

 (i) ITB (Ober’s test) (Fig. 29.2d)
 (ii) quadriceps
 (iii) hamstring

4. Resisted movements
(a) knee fl exion (Fig. 29.2e)
(b) tibial rotation

5. Functional movements
(a) hopping
(b) squat
(c) jumping

6. Palpation
(a) lateral femoral epicondyle (Fig. 29.2f)
(b) lateral joint line
(c) lateral retinaculum
(d) lateral border of patella
(e) superior tibiofi bular joint
(f) biceps femoris tendon
(g) gluteus medius

7. Special tests
(a) full knee examination (Chapter 27)

 (i) eff usion (Fig. 29.2g)
 (ii) McMurray’s test (Fig. 29.2h)

Table 29.1 Causes of lateral knee pain

Common Less common Not to be missed

Iliotibial band friction syndrome
Lateral meniscus abnormality
 Minor tear
 Degenerative change
 Cyst

Patellofemoral syndrome
Osteoarthritis of the lateral 

compartment of the knee
Excessive lateral pressure syndrome
Biceps femoris tendinopathy
Superior tibiofi bular joint sprain
Synovitis of the knee joint
Referred pain
 Lumbar spine
 Neural

Common peroneal nerve injury
Slipped capital femoral epiphysis
Perthes’ disease
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(b) neural tension tests
 (i) prone knee bend
 (ii) slump (Fig. 29.2i)

(c) lumbar spine (Chapter 21)
(d) biomechanical assessment (Chapter 5) 

(Fig. 29.2j)

Figure 29.2 Examination of the patient with lateral 
knee pain

(a) Active movements—repeated fl exion from 0° to 
30°. This may reproduce the patient’s pain if ITBFS is 
the cause. It can be performed in a side-lying position 
(illustrated), standing or as a squat

(b) Passive movements—tibial rotation. This 
is performed in knee fl exion to assess superior 
tibiofi bular joint movement

(c) Passive movements—accessory anteroposterior 
glide to superior tibiofi bular joint

(d) Passive movement—ITB stretch. This is performed 
in a side-lying position with the hip in neutral rotation 
and knee fl exion. The hip is extended and then 
adducted. If the ITB is tight, knee extension will occur 
with adduction (Ober’s test)

(e) Resisted movement—knee fl exion. Concentric 
or eccentric contractions may reproduce the pain of 
biceps femoris tendinopathy
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Investigations

X-ray is useful in cases of persistent lateral knee pain 
in the older athlete to exclude lateral compartment 
osteoarthritis. A diagnostic local anesthetic injection 
can be used to diff erentiate local soft  tissue pain (e.g. 
ITBFS) from any possible intra-articular or referred 
pain. Ultrasound or MRI may be useful to identify 

(f) Palpation—lateral femoral epicondyle

(g) Special test—knee eff usion. Manually drain the 
medial subpatellar pouch by stroking the fl uid in 
a superior direction. Then ‘milk’ the fl uid back into 
the knee from above while observing the pouch for 
evidence that fl uid is reaccumulating

(h) Special tests—McMurray’s test. The knee is fl exed 
and, at various stages of fl exion, internal and external 
rotation of the tibia are performed. The presence of 
pain and a palpable ‘clunk’ is a positive McMurray’s 
test and is consistent with meniscal injury. If there is 
no ‘clunk’ but the patient’s pain is reproduced, then 
the meniscus may be damaged or there may be 
patellofemoral joint abnormality

1

2

(i) Special tests—neural tension test. The slump test 
should be performed

the presence of a bursa under the ITB.1 However, 
in the majority of patients with lateral knee pain, 
investigations are not required.
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Iliotibial band friction syndrome

ITBFS occurs as a result of friction between the ITB 
and the underlying lateral epicondyle of the femur 
(Fig. 29.3a) Friction (or impingement) occurs near 
foot strike, predominantly in the foot contact phase, 
between the posterior edge of the iliotibial band and 
the underlying lateral femoral epicondyle. Runners 
have an average knee fl exion angle of 21° at foot strike, 
with friction occurring at, or slightly below, 30° of 
fl exion (Fig. 29.3b).2 Substantial variation occurs in 
the width of the iliotibial bands between individuals, 
which may aff ect predisposition to ITBFS. Downhill 
running predisposes the runner to ITBFS because the 
knee fl exion angle at foot strike is reduced. Sprinting 
and faster running on level ground are less likely to 
cause or aggravate ITBFS because, at foot strike, the 
knee is fl exed beyond the angles at which friction 
occurs.

Figure 29.3 Site of ITB friction over the lateral 
epicondyle 

(a) anterior view 

(b) lateral view—friction occurs at around 30° of knee 
fl exion

(j) Special tests—biomechanical assessment. 
Full lower limb biomechanical assessment should 
be performed while standing, walking and lying. 
Abnormal pelvic movements (e.g. excessive lateral tilt) 
should be noted
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Traditionally, it was thought that friction might 
lead to the development of ITB tendinopathy or 
infl ammation of an anatomical bursa lying between 
the tendon and the lateral epicondyle. Recent clinical 
studies with MRI suggest the main abnormality is 
local fl uid in an adventitious (secondary) bursa and 
that the ITB tendon itself generally remains intact.1 
Th is suggests the pathology is not a tendinopathy 
(Chapter 2).

Runners with ITBFS have been found to be weaker 
in knee fl exion and knee extension, with decreased 
braking forces.3 Studies have shown that runners 
with ITBFS have signifi cant weakness of their hip 
abductors in the aff ected limb,4 and have a decreased 
ability of the hip abductors to eccentrically control 
abduction.5

Clinical features

Th e athlete with ITBFS complains of an ache over the 
lateral aspect of the knee aggravated by running. If 
running a consistent course, pain seems to come on 
at about the same distance/time on each run. Longer 
runs or those down hill or on cambered courses are 
particularly aggravating.

On examination, tenderness is elicited over the 
lateral epicondyle of the femur 2–3 cm (~1 in.) 
above the lateral joint line. Crepitus may also be felt. 
Repeated fl exion/extension of the knee may reproduce 
the patient’s symptoms.

Ober’s test (Fig. 29.2d) may reveal ITB tightness. 
Th is may be secondary either to tightness of the ITB 
fascia distally, shortening of the tensor fascia lata or 
gluteus maximus muscles proximally, or excessive 
development of the vastus lateralis, placing increased 
tensile load on the ITB.

Th e body of the ITB should be palpated for the 
presence of trigger points and focal areas of tightness. 
Tightness of the gluteal muscles and tensor fascia lata 
are commonly associated with ITBFS. Th e presence of 
trigger points in the tensor fascia lata, gluteus minimus 
and gluteus medius may contribute to ITBFS.

Hip abduction strength should also be assessed as 
weakness of hip abductors is associated with ITBFS.4 
Another study also found weakness in the hip fl exors, 
but increased hip adductor strength, in addition to 
the abductor weakness.6

Two other common associations with ITBFS are 
inappropriate training and abnormal biomechanics, 
as both subject the ITB to extra load.

Excessive pronation may lead to increased internal 
rotation of the tibia. Increased varus alignment of the 
foot and lower limb may lead to varus strain on the 
knee. Excessive lateral tilting of the pelvis (Chapter 5) 

may place increased strain on the lateral thigh. A 
functional video analysis of the running action of 
patients with ITBFS may be required to detect bio-
mechanical abnormality.

Imaging is not usually required to confi rm the 
diagnosis of ITBFS. Both ultrasound and MRI will 
show thickening of the ITB over the lateral femoral 
condyle at the knee and oft en a fl uid collection deep 
to the ITB at the same site.7

Treatment

Treatment of ITBFS includes:

• Activity modifi cation. Avoid all pain-provoking 
activities such as downhill running.

• Symptomatic relief using ice, analgesics and 
electrotherapeutic modalities (e.g. TENS, 
interferential stimulation, ultrasound). 
Corticosteroid injection into the bursa between 
the ITB tendon and the lateral epicondyle 
reduces pain in acute cases (Fig. 29.4).8

• Soft  tissue therapy aimed at correcting excessive 
tightness in the ITB and related structures (e.g. 
tensor fascia lata, quadriceps, hip abductors, 
rotators and extensors). Deep friction massage 
has not been found to be successful.9 Th e most 
eff ective soft  tissue techniques in the treatment 
of ITBFS are sustained myofascial release 
(Fig. 29.5a), ischemic pressure to the body of 
the ITB (Fig. 29.5b), and dry needling to ITB 
trigger points (Fig. 29.5c). Self massage can be 
performed with a foam roll (Fig. 29.5d) Gluteal 
trigger point (Fig. 22.9) dry needling 
(Fig. 29.5e) and ischemic pressure should also 
be performed.

Figure 29.4 Corticosteroid injection into the bursa 
between the ITB tendon and the underlying lateral 
femoral condyle
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• Frequent stretching of the ITB and other tight 
muscles with occasional sustained ITB stretches 
for 3 minutes to maintain fascial tissue length 
(Fig. 29.6). Adding an overhead arm extension 
to the normal ITB stretch increases the force 
generated in lengthening the ITB.10

• Strengthening of the lateral stabilizers of the 
hip/hip abductors (Fig. 29.7).

• Biomechanical abnormalities such as excessive 
subtalar pronation or excessive lateral tilting of 
the pelvis should be corrected.

• Surgery to release the ITB and excise the bursa 
may be indicated if conservative management 
fails. Methods used include excision of a 
triangular area of the ITB from the area 
overlying the lateral condyle when the knee is 
in a 30° position,11 transection of the posterior 
half of the width of the ITB over the lateral 
condyyle,12 Z-lengthening of the iliotibial band,13 
or distal detachment and multiple puncture.14

Figure 29.5 Treating tight myofascial structures

(a) Sustained myofascial tension to the proximal ITB

(b) Ischemic pressure to the body of the ITB

(c) Dry needling to ITB trigger points

(d) Foam roll self massage to the ITB
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• Resume running when there is no local 
tenderness and the strengthening exercises can 
be performed without pain. Initially run on 
alternate days and avoid downhill running.

(e) Dry needling to gluteal trigger points

Figure 29.6 ITB stretch—the ITB on the left side is 
being stretched. The symptomatic leg is extended 
and adducted across the uninvolved leg. The patient 
exhales and slowly fl exes the trunk laterally to the 
opposite side until a stretch is felt on the side of 
the hip

Figure 29.7 Strengthening exercises for the external 
hip rotators

(a) Exercise involves the patient standing on one leg 
and slowly performing a squat maintaining pelvic 
stability

(b) Hip abduction in side-lying
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Lateral meniscus abnormality

Meniscal abnormality and its typical acute clinical 
presentation are discussed in Chapter 27. However, 
degeneration of the lateral meniscus can also present 
as gradual-onset lateral knee pain. Th us, if a runner 
presents complaining of lateral knee pain that comes 
on aft er 20 minutes of running and is aggravated by 
running up hills, the practitioner should not automati-
cally assume that the patient has ITBFS—the problem 
may relate to a degenerative meniscus. Careful physical 
examination should help distinguish the conditions. 
Th e meniscus is tender along the joint line, 2–3 cm 
below the site of tenderness in ITBFS. McMurray’s 
test in full fl exion (Fig. 29.2h) should also help to 
distinguish the conditions, as it should be positive 
when a meniscal injury is present and negative in 
cases of ITBFS.

Note that a degenerative meniscus can present as 
a painful or non-painful lump at the lateral joint line. 
Th is is sometimes misdiagnosed as an ITB bursa. If 
there is doubt as to the correct diagnosis, MRI is the 
investigation of choice.

Osteoarthritis of the lateral compartment 
of the knee

Lateral knee pain can also be caused by degeneration 
of the lateral tibial plateau and this is oft en found in 
conjunction with meniscal injury. Early in the disease, 
the patient oft en gives a history of increasing knee 
pain with activity and stiff ness aft er resting.

As the disease progresses, the patient experiences 
pain at night that may disturb sleep associated with 
morning stiff ness, usually for less than half an hour. 
In the early stages of the condition, examination may 
only reveal a small eff usion.

A very useful investigation is weight-bearing plain 
X-ray. Th is has greater sensitivity than views taken 
with the patient supine. Initial treatment of osteoar-
thritis includes symptomatic relief with analgesia 
and NSAIDs if required, modifi cation of activity 
and exercise prescription, together with weight loss 
if indicated. Intra-articular hyaluronic acid supple-
ments (viscosupplements) have a similar effi  cacy to 
NSAIDs but the patient does not have to take tablets 
daily.15, 16 Patients with severe clinical symptoms may 
require unicompartmental17 or, eventually, total knee 
replacement.

Excessive lateral pressure syndrome

Excessive lateral pressure syndrome (lateral patellar 
compression syndrome) occurs when there is excessive 

pressure on the lateral patellofemoral joint resulting 
from a tight lateral retinaculum. Th is pressure may 
lead to increased bone strain on the lateral patella, 
infl ammation of the lateral retinaculum and ITBFS.

Th e increased bone strain on the lateral patella 
may lead to development of a vertical stress fracture 
or even separation of the lateral patellar fragment. 
Th is must be diff erentiated radiologically from the 
congenital bipartite patella. Th e separated fragment 
is in the superolateral aspect of the patella. MRI has 
been used to image this condition.18

Initial treatment consists of patellofemoral mobili-
zation and soft  tissue therapy to the lateral retinacu-
lum. Taping techniques rarely help. Surgical lateral 
retinacular release or even removal of the lateral 
patellar fragment is occasionally required.19

Biceps femoris tendinopathy

Biceps femoris tendinopathy occurs with excessive 
acceleration and deceleration activities. Th e pain 
can be produced with resisted fl exion, especially 
with eccentric contractions (Fig. 29.2e). It is oft en 
associated with tightness of the hamstring muscles. 
Stiff ness of the lumbar spine may contribute to ham-
string tightness. Ultrasound examination may help 
confi rm the diagnosis.

Treatment is based on the general principles of the 
treatment of tendinopathy: relative rest, soft  tissue 
therapy (Fig. 29.8), stretching and strengthening, 
especially eccentric strengthening (Fig. 29.9).

Figure 29.8 Soft tissue therapy in the treatment of 
biceps femoris tendinopathy. Ischemic pressure at the 
musculotendinous junction (shown) and muscle belly 
can be eff ective
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Superior tibiofi bular joint injury

Superior tibiofi bular joint injury may result from 
direct trauma or in association with rotational knee or 
ankle injuries. Pain occurs with activities demanding 
tibial rotation (e.g. pivoting, cutting). Th e patient may 
feel the pain distally in the shin and not localize the 
pain to the superior tibiofi bular joint. On examination, 
the joint is tender and there may be either restricted or 
excessive movement on passive gliding of the superior 
tibiofi bular joint (Fig. 29.2c).

Manual mobilization is an eff ective treatment for 
the stiff  tibiofi bular joint. Excessively mobile joints 
are more diffi  cult to treat. Local electrotherapy may 
help relieve pain. Strengthening of the tibial rotators 
may help support the joint. Predisposing factors, 
such as excessive pronation, which place greater 
torsional forces through the joint, require correc-
tion. Occasionally in patients who fail to respond to 
conservative measures, a corticosteroid injection may 
be used. For patients with chronic pain or instability, 
surgical options include arthrodesis, fi bular head 
resection, and proximal tibiofi bular joint capsule 
reconstruction.20

Referred pain

Pain may refer from the lumbar spine to the lateral 
aspect of the knee. Referred pain is usually a dull ache 
and is poorly localized. Th e slump test may be posi-
tive. Th e lumbar spine should be examined in patients 
presenting with atypical lateral knee pain.

Medial knee pain
Pain about the medial knee (Fig. 29.10) is less com-
mon than anterior and lateral knee pain. Th e causes 
of medial knee pain are shown in Table 29.2.

Figure 29.9 Eccentric strengthening exercises in the 
treatment of biceps femoris tendinopathy. Drop-and-
catch is performed in prone positions (Chapter 26). 
This may be progressed to include hip fl exion (i.e. 
patient lying over the end of the bed)

Figure 29.10 Medial aspect of the knee

(a) Surface anatomy

(b) Anatomy (ADAPTED FROM THE CIBA COLLECTION OF MEDICAL 

ILLUSTRATIONS, REPRODUCED BY COURTESY OF CIBA-GEIGY LIMITED, BASEL, 

SWITZERLAND. ALL RIGHTS RESERVED)
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Patellofemoral syndrome

In most cases of medial knee pain, the pain is actually 
anteromedial and is most frequently due to patel-
lofemoral syndrome. Th e patellofemoral joint com-
monly refers pain to the medial aspect of the knee. 
Th e patellofemoral syndrome has been discussed in 
Chapter 29.

Medial meniscus abnormality

In the young adult patient, a small tear of the medial 
meniscus may cause a synovial reaction and medial 
knee pain (Fig. 29.11). In the older patient, gradual 
degeneration of the medial meniscus can present as 
gradual-onset medial knee pain. Th e clinical scenario 
is similar to that described for a lateral meniscal 
abnormality above. Th e patient is generally aged over 
35 years and complains of clicking and pain with 
certain twisting activities, such as getting out of a 
car or rolling over in bed. Examination reveals joint 
line tenderness and a positive McMurray’s test (Fig. 
29.2h). MRI is the investigation of choice. Treatment 
is as for an acute meniscal injury—conservative man-
agement is warranted but, if this fails, arthroscopic 
partial medial menisectomy is indicated.

Osteoarthritis of the medial compartment 
of the knee

Th e patient is generally in the age group that is prone to 
osteoarthritis (commonly >50 years). Th ere may be a 
history of acute ligament injury in the past that makes 
him or her prone to osteoarthritis. In the early stages, it 
is very diffi  cult to distinguish this condition clinically 
from medial meniscal injury. If weight-bearing X-rays 
are normal, MRI can distinguish the two conditions 
using specifi c articular cartilage sequences, including 

the technique of delayed gadolinium-enhanced MRI 
of cartilage (dGEMRIC), which estimates cartilage 
quality.21 Management of osteoarthritis includes symp-
tomatic relief with analgesia and NSAIDs, modifi ca-
tion of activity and exercise prescription,16 together 
with weight loss if indicated. Viscosupplementation 

Table 29.2 Causes of medial knee pain

Common Less common Not to be missed

Patellofemoral syndrome
Medial meniscus
 Minor tear
 Degenerative change
 Cyst

Synovial plica
Pes anserinus
 Tendinopathy
 Bursitis
Medial collateral ligament
 Grade I sprain/bursitis
 Pellegrini-Stieda lesion
Osteoarthritis of the medial 

compartment of the knee
Referred pain
 Lumbar spine
 Hip joint
 Neural

Tumor (in the young)
Slipped capital femoral epiphysis
Referred pain from the hip
Perthes’ disease

Figure 29.11 Medial meniscus tear—a common 
cause of medial knee pain
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is an eff ective treatment for osteoarthritis of the knee 
with benefi cial eff ects on pain, function and patient 
global assessment, especially at the fi ft h to 13th week 
post-injection period.15, 22

A randomized clinical trial found that a custom-
made, valgus-producing functional knee (unloader) 
brace provided signifi cant benefi t in this population 
of patients aged in their 60s.23 Biomechanical studies 
have shown that these braces maintain condylar separa-
tion.24 Whether similar results are found in younger, 
more active patients with signifi cant medial joint osteo-
arthritis remains to be studied. If clinical symptoms are 
persistent and severe, referral to an orthopedic surgeon 
is warranted. Surgical intervention may include high 
tibial osteotomy and total knee replacement.

Pes anserinus tendinopathy/bursitis

Th e pes anserinus (‘goose’s foot’) is the combined 
tendinous insertion of the sartorius, gracilis and 
semitendinosus tendons at their attachment to the 
tibia (Fig. 29.10b). The pes anserinus bursa lies 
between this insertion and the periosteum and may 
become infl amed as a result of overuse in swimmers 
(particularly breaststrokers), cyclists or runners.

Pes anserinus tendinopathy/bursitis is character-
ized by localized tenderness and swelling. Active 
contraction or stretching of the medial hamstring 
muscles reproduces pain. Treatment follows the 
general principles of tendinopathy/bursitis man-
agement. Excessive tightness will oft en be evident 
in the associated muscles. Clinical experience has 
found corticosteroid injection into the bursa to be 
extremely eff ective.

Pellegrini-Stieda syndrome

Pellegrini-Stieda syndrome is a disruption of the 
femoral origin of the medial collateral ligament 
with calcifi cation at the site of injury. It can be a 
diffi  cult lesion to assess before radiological changes 
become evident. It may follow direct trauma or, less 
frequently, a grade II or III sprain of the medial col-
lateral ligament. Note that imaging abnormalities 
exist in asymptomatic individuals.25

Pellegrini-Stieda syndrome is an important cause 
of knee stiff ness. Th e patient complains of diffi  culty 
straightening the leg and twisting. Examination 
reveals marked restriction in joint range of motion 
with a tender lump in the proximal portion of the 
medial collateral ligament. Treatment consists of 
active mobilization of the knee joint and infi ltration 
of a corticosteroid agent to the tender medial collateral 
ligament attachment if pain persists.

Other causes of medial knee pain

A grade I medial collateral ligament sprain or bursitis 
may oft en present without a history of any major 
trauma. Th e medial collateral ligament may also 
become infl amed as a result of activities that put a 
constant valgus strain on the knee, such as swimming 
breaststroke. Th is condition is commonly referred to 
as ‘breaststroker’s knee’ and is actually a fi rst degree 
sprain of the medial collateral ligament or infl am-
mation of the medial collateral ligament bursa due 
to excessive stress. A synovial plica may present as 
medial knee pain (Chapter 28).

Posterior knee pain
Th e diagnosis of pain about the posterior knee (Fig. 
29.12) may be diffi  cult. Posterior knee pain is a com-
mon site of referred pain from the lumbar spine and 
from the patellofemoral joint. Alternatively, local 
structures (e.g. popliteus, biceps femoris tendon) 
may cause posterior knee pain. A knee eff usion is a 
common cause of pain and tightness of the back of 
the knee. Th e causes of posterior knee pain are shown 
in Table 29.3.

Figure 29.12 Posterior aspect of the knee

(a) Surface anatomy

popliteal
fascia

biceps
tendon

lateral head
of gastrocnemius

medial head of
gastrocnemius

semimembranosus
tendon
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History

Posterior knee pain precipitated by acceleration 
or deceleration (e.g. downhill running, kicking, 
sprinting) is likely to be biceps femoris or popliteus 
tendinopathy. Pain described as a poorly localized dull 
ache not directly related to activity suggests referred 
pain. Th e presence of low back pain or patellofemoral 
symptoms provides a diagnostic clue. A previous 
acute knee injury may have caused an eff usion with 
development of a Baker’s cyst.

Examination

In the examination of the posterior aspect of the 
knee, it is important to diff erentiate between local and 
referred causes of pain. Th e slump test may indicate 
whether the pain is referred from the lumbar spine 
or neural structures. It is also important to detect the 

presence of an eff usion as this may be the cause of 
the posterior knee pain.

1. Observation
(a) standing (Fig. 29.13a)
(b) prone

2. Active movements
(a) fl exion
(b) extension
(c) tibial rotation

3. Passive movements
(a) fl exion
(b) extension
(c) tibial rotation
(d) muscle stretch—hamstrings

4. Resisted movements
(a) knee fl exion
(b) knee fl exion in external tibial rotation 

(Fig. 29.13b)
(c) external tibial rotation (Fig. 29.13c)

5. Palpation (Fig. 29.13d)
(a) hamstring tendons
(b) popliteus
(c) joint line
(d) gastrocnemius origin

6. Special tests
(a) knee eff usion
(b) examination of knee joint (Chapter 27)
(c) neural tension—slump test (Fig. 29.2i)
(d) examination of lumbar spine (Chapter 21)
(e) biomechanical examination (Chapter 5)

Investigations

Investigations are not appropriate in most cases of 
posterior knee pain. Ultrasound may confi rm the 
presence of a Baker’s cyst or identify a tendinopathy. 
MRI or arthroscopy are the investigations of choice 
if the diagnosis remains diffi  cult.

Popliteus tendinopathy

Th e popliteus muscle arises from the posteromedial 
border of the proximal tibial metaphysis and travels 

(b) Anatomy (ADAPTED FROM THE CIBA COLLECTION OF MEDICAL 

ILLUSTRATIONS, REPRODUCED BY COURTESY OF CIBA-GEIGY LIMITED, BASEL, 

SWITZERLAND. ALL RIGHTS RESERVED)

Table 29.3 Causes of posterior knee pain

Common Less common Not to be missed

Knee joint eff usion
Referred pain
 Lumbar spine
 Patellofemoral joint
 Neural tension
Biceps femoris tendinopathy

Popliteus tendinopathy
Baker’s cyst
Gastrocnemius tendinopathy

Deep venous thrombosis
Claudication
Posterior cruciate ligament sprain

 

femur
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(cut)
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nemius
lateral head
(cut)

gastrocnemius
bursa
joint capsule

arcuate
ligament
biceps
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biceps
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medial
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oblique
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proximally beneath the lateral head of the gastrocne-
mius to insert on the lateral femoral condyle. It also 
has attachments to the fi bula and the lateral meniscus. 
Th e popliteus has a number of actions:

• primary internal rotator of the tibia

Figure 29.13 Examination of patient with posterior 
knee pain

(a) Observation—standing. Obvious swelling or 
fullness of the posterior aspect of the knee joint 
suggests a Baker’s cyst. Inspection may reveal a 
biomechanical abnormality

(b) Resisted movements—knee fl exion in external 
tibial rotation. Resisted contraction of the popliteus 
tendon

(c) Resisted movement—popliteus. With the patient 
supine, hips and knees fl exed to 90° and the leg 
internally rotated, the patient is asked to ‘hold it there’ 
while the examiner applies an external rotation force

(d) Palpation. This should be performed with the 
knee in fl exion. Tenderness can be elicited over the 
hamstring tendons (shown), gastrocnemius origin or 
popliteus. It is helpful for the patient to gently contract 
and relax individual muscles that are being palpated 
in order for the examiner to precisely pinpoint the site 
of pain
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• during initial fl exion from an extended position 
it will unlock the knee

• acts with the quadriceps and posterior cruciate 
ligament to prevent forward displacement of 
the femur on the tibia during deceleration and 
downhill running

• provides varus and valgus stability
• allows retraction of the posterior horn of the 

lateral meniscus during knee fl exion.

Popliteus region pain may arise from the popliteus 
muscle, its tendon or the popliteus–arcuate ligament 
complex. Th ese structures lie close together and thus 
pain in this area is diffi  cult to isolate. Pain is most 
commonly due to an increased range of tibial rotation 
following posterior capsule–arcuate ligament strain. 
Th e popliteus may then become injured as a result 
of a direct stretch or because it is used excessively to 
try to maintain posterolateral instability. Occasion-
ally, it suff ers overuse in acceleration/deceleration 
activities.

Th e main clinical fi nding is tenderness on palpa-
tion along the proximal aspect of the tendon (Fig. 
29.13d). With the patient prone, palpate commencing 
near the posterolateral corner medial to the biceps 
tendon and palpate along the medial joint line. 
Resisted knee fl exion in external tibial rotation will 
be painful in popliteus injuries (Fig. 29.13b). Garrick 
and Webb26 describe a test for the popliteus with the 
patient supine, hips and knees fl exed to 90° and the 
leg internally rotated. Th e patient is asked to ‘hold it 
there’ while the examiner applies an external rota-
tion force (Fig. 29.13c). Th e clinician should assess 
active and passive tibial rotation. Excessive rotation 
may underlie repeated strain to the area. Restricted 
range of motion may also produce pain. Lower limb 
biomechanics should be assessed.

Treatment includes strengthening of the tibial 
rotators (Fig. 29.14) and hamstring muscles. Massage 
therapy and mobilization may help to correct any 
restriction of tibial rotation, knee fl exion or rotation. 
Posterior knee structures, especially the hamstring 
muscles, should be stretched. NSAIDs, electrical 
stimulation and ultrasound may prove useful adjuncts 
to rehabilitation.

Th e popliteus works with the quadriceps to stabilize 
the knee, so any weakness or fatigue in the quadriceps 
puts excessive strain on the popliteus and should be 
corrected. An eccentric strengthening program for 
the quadriceps should be commenced.

Patients who fail to respond to the above regimen 
may respond to a corticosteroid injection posteriorly 
into the point of maximal tenderness.27

Gastrocnemius tendinopathy

With overuse, the origin of the medial gastrocnemius 
at the posterior femoral condyle occasionally becomes 
painful. Th is may result from excessive hill running or 
a rapid increase in mileage. Examination may reveal 
local tenderness. Pain may be reproduced on resisted 
knee fl exion, calf raise with the knee in extension, 
jumping, hopping or, occasionally, with stretch of 
the gastrocnemius muscle. Treatment consists of ice, 
electrotherapy, soft  tissue therapy to correct gener-
alized or focal abnormalities of the gastrocnemius 
muscle and, most importantly, a graduated stretch-
ing/strengthening program (Chapter 32).

Biceps femoris tendinopathy

Biceps femoris tendinopathy has been described above 
under lateral knee pain (p. 546).

Baker’s cyst

Baker’s cyst is a chronic knee joint eff usion (Fig. 
29.15) that herniates between the two heads of the 
gastrocnemius. It occurs most commonly secondary 
to degenerative or meniscal abnormality. Th e amount 
of swelling may fl uctuate. Examination fi ndings are a 
swollen, tender mass over the posterolateral joint line. 
Th ere may be other signs of intra-articular abnormal-
ity and the suspicion of a Baker’s cyst should always 
lead to a full assessment of the knee joint. MRI will 
both confi rm the presence of the cyst and may iden-
tify the underlying degenerative or meniscal cause.28 

Figure 29.14 Strengthening of the tibial rotators. 
This may be performed against manual resistance 
(illustrated), with pulleys, rubber tubing resistance 
or with isokinetic machines
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Occasionally the cyst may rupture, leading to lower leg 
swelling simulating venous thrombosis. A ruptured 
cyst usually displays a ‘crescent sign’—an ecchymotic 
(‘bruised’) area around the malleoli.

Treatment of the Baker’s cyst involves treatment 
of the associated abnormality.

Deep venous thrombosis

Deep venous thrombosis usually presents as calf pain 
(Chapter 31) but may occasionally present as posterior 
knee pain. It usually occurs aft er surgery or following 
a period of immobilization.

Claudication

Claudication can occasionally present as posteri or 
knee pain (Chapter 29). It can occur in young 
adults, not only in the older person. Popliteal artery 
entrapment syndrome usually presents as calf pain 
(Chapter 31).
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CHAPTER 

30
Shin Pain

WITH CHRIS BRADSHAW, MATT HISLOP AND MARK HUTCHINSON

Shin pain is a common complaint among athletes, 
particularly in distance runners. Th e term ‘shin 

splints’ is commonly used by runners as a non-descript 
reference regarding their leg pain. Historically, the 
term ‘shin splints’ has also been used by medical pro-
fessionals to describe the pain along the medial border 
of the tibia commonly experienced by runners or to 
describe shin pain in general. Neither use of the term 
is pathologically precise. Th ere are multiple unique 
causes with defi ned pathophysiologies that should lead 
the clinician to a more specifi c diagnosis of shin pain 
in athletes. Th e importance of a more accurate and 
specifi c diagnosis allows for more targeted treatment 
with improved outcomes and a higher rate of return 
to sport. Th erefore, it is strongly recommended that 
the term ‘shin splints’ be abandoned by healthcare 
providers in favor of a more specifi c, anatomical and 
diagnostic terminology.

Clinical perspective
Shin pain in athletes generally involves one or 
more of several pathological, anatomically specifi c 
processes.

1. Bone stress. A continuum of increased bone 
damage exists from bone strain to stress reaction 
and stress fracture.

2. Vascular insuffi  ciency. Th is includes a reduction 
in arterial infl ow, such as with popliteal artery 
entrapment, or vascular outfl ow due to venous 
insuffi  ciency, thrombotic disease or vascular 
collapse owing to elevated intracompartmental 
pressures.

3. Infl ammation. Infl ammation develops at the 
insertion of muscles, particularly the tibialis 

posterior and soleus, and fascia to the medial 
border of the tibia.

4. Raised intracompartmental pressure. Th e lower 
leg has a number of muscle compartments, 
each enveloped by a thick inelastic fascia. Th e 
muscle compartments of the lower leg are 
shown in Figure 30.1. As a result of overuse/
infl ammation, these muscle compartments may 
become swollen and painful, particularly if there 
is excessive fi brosis of the fascia.

5. Nerve entrapment (e.g. superfi cial peroneal 
nerve).

Th e diff erentiation between these processes and 
the narrowing of the diff erential diagnosis begins 
with historical clues, narrowed by clinical examina-
tion fi ndings, and confi rmed with specifi c targeted 
imaging or clinical tests (Table 30.1). It is important 
to remember that two or three of these conditions 

Figure 30.1 Cross-section of lower leg

(a) The various muscle compartments

anterior
compartment

deep
posterior
compartment

lateral
compartment

superficial
posterior

compartment

fibula

tibia
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may exist simultaneously. For instance, it is not 
uncommon to have a stress fracture develop in a 
patient with chronic periostitis. Periostitis or stress 
fracture may lead to intracompartmental swelling and 
tip a patient on the edge of symptomatic exertional 
compartment syndrome over the edge. Th is inter-
relationship is demonstrated in Figure 30.2. Th ese 
coexisting conditions are usually managed diff erently, 
and this explains why patients continue to have leg 
pain when only one condition has been addressed. 
Th e less common diff erential diagnoses for leg pain 
include tendinopathy, nerve entrapment, vascular 
claudication, neurogenic claudication, deep venous 
thrombosis, infection (osteomyelitis), metabolic bone 
disease, and tumors of bone and soft  tissues, which 
may, in rare cases, eff ect prognosis and outcome of 
leg pain in athletes.

Role of biomechanics

Clinical experience suggests that abnormal biome-
chanics predisposes some individuals to pain on the 
anterior or medial border of the tibia (shin pain). Both 
extremes of foot type can contribute to the incidence 
of shin pain in athletes (Chapter 5). A rigid, cavus 
foot has limited shock absorption, thus increasing the 
impact pressure on the bone. In athletes with exces-
sive pronation, the muscles of the superfi cial (soleus) 
and deep compartments (tibialis posterior, fl exor 
hallucis longus, fl exor digitorum longus) are placed 
at a relatively lengthened position and are required 
to contract eccentrically harder and longer to resist 
pronation aft er heel strike. On toe-off , these muscles 
must contract concentrically over a greater length to 
complete the transition to a supinated foot creating a 
rigid lever for push off . With fatigue, these muscles fail 

to provide the normal degree of shock absorption. Th e 
chronic traction at the muscles’ origins can, in turn, 
lead to chronic medial tibial periostitis (historically 
termed ‘shin splints’). In chronic cases this mechanism 
can contribute to the presentation of stress fractures 
or deep compartment syndromes.

Th e athlete with excessive pronation may also 
develop lateral shin pain or stress injuries of the fi bula. 
Pronation of the fi xed foot creates an obligate internal 
tibial rotation. With repetitive excessive pronation, 
the tibia and fi bula are exposed to repetitive rotational 
(torque) stresses. Th ese stresses are transferred across 
the fi bula, tibia, and proximal and distal tibiofi bular 
articulations. Based on these biomechanical stresses, 
overuse can lead to stress reactions or stress fracture 
not only of the tibia but also of the fi bula.

Motor imbalance can also lead to stress injuries 
in the lower extremity. Tight calf muscles, which 
commonly occur as a result of hard training, will 
restrict ankle dorsifl exion and increase the tendency 
for excessive pronation, leading to increased internal 
rotation of the tibia. Posterior tibial tendon weak-
ness or defi ciency can likewise contribute to foot 
pronation. Ankle instability secondary to chronic 
ankle sprains will obligate the athlete to overuse the 
peroneal tendons to compensate for ankle stability. 
Th is overuse can be just enough to send an athlete 
with borderline compartment syndrome over the 
brink to symptomatic complaints. To understand 
biomechanics clearly and have a foundation on which 
to create a diff erential diagnosis of leg pain, a complete 
knowledge of lower leg anatomy is essential (Figs 
30.1, 30.3). When the presentation is atypical, one 
must expand the possibilities and consider a broad 
diff erential diagnosis for potential causes of leg pain 
in athletes (Table 30.2).

History

Taking a good history is essential for the correct 
diagnosis of athletes with leg pain. Asking the right 
questions should narrow the diagnosis. Clarifying the 
pain and assessing the mechanism is the key to the 
history. Th e history should be thorough and assess 
the presence of associated features with the pain 
such as paresthesias or muscle hernia.1 A complete 
history should include a broad review of systems to 
discover other facets such as metabolic disturbances, 
prior surgical procedures, developmental problems, 
contributing medical issues, and social issues such as 
smoking. When the diagnosis does not classically fi t 
the simple pain screen, a broader diff erential should 
be considered.

(b) The individual muscles, nerves and vessel

extensor hallucis longus
extensor digitorum

longus
peroneus

longus
& brevis

peroneal
nerves
fibula

flexor
hallucis
longus

soleus

gastrocnemius
(lateral head)

gastrocnemius
(medial head)

tibialis anterior
tibia

tibialis
posterior

flexor
 digitorum
   longus

tibial
nerve

plantaris
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Figure 30.2 Possible interrelationship between the 
pathological sources of leg pain

Figure 30.3 The leg

(a) Surface anatomy of the leg

(b) Anatomy of the lower leg from the front (left) and 
lateral aspect (right) (ADAPTED FROM THE CIBA COLLECTION OF MEDICAL 

ILLUSTRATIONS, REPRODUCED BY COURTESY OF CIBA-GEIGY LIMITED, BASEL, 

SWITZERLAND. ALL RIGHTS RESERVED)

Th e key questions and the responses that may give a 
clue to the diagnosis are listed in the box opposite.

Examination

In the examination of the patient with leg pain, it is 
important to palpate the site of maximal tenderness 
and assess the consistency of soft  tissue. At rest, the 
physical examination for certain diagnoses (specifi -
cally chronic exertional compartment syndrome) is 
oft en unrewarding and the patient may be completely 
asymptomatic. Th e astute clinician will ask the athlete 
to reproduce their pain or symptoms via exertion 
or impact. Th is can be done on the athlete’s playing 
surface, on a treadmill, or in and about the clinician’s 
offi  ce by having the athlete run stairs or run around the 
block. A complete examination should be sequential, 
repeated the same way with each patient and include 
observation, analysis of muscle function and range of 
motion, anatomically directed palpation, functional 
testing and diagnosis-specifi c testing (Fig. 30.4).

head of
fi bula

tibialis
anterior

anterior border
of tibiaperoneal

muscles

medial border
of tibia
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1. Observation: Assesses lower limb alignment 
(varus/valgus, tibial torsion, pes planus), 
swelling, bruising, asymmetry.
(a) standing (Fig. 30.4a)
(b) walking—assess gait mechanics (forwards, 

backwards, on toes, on heels)
(c) lying

2. Active movements: Assess motor function and 
range of motion.
(a) plantarfl exion/dorsifl exion—check pulses 

in full plantar or dorsifl exion; if diminished, 
consider popliteal artery entrapment

(b) inversion/eversion

3. Passive movements: Assess true joint range of 
motion. May exacerbate pain in compartment 
syndromes.
(a) plantarfl exion (Fig. 30.4b)
(b) dorsifl exion (Fig. 30.4c)
(c) inversion/eversion

4. Resisted movements: Assess motor function. 
May exacerbate pain in muscle strains and 
tendinopathy.
(a) plantarfl exion/dorsifl exion
(b) inversion/eversion

5. Functional tests
(a) hopping—requires motor strength and 

Question Response
Was there an acute onset  Fractures and tendon ruptures are usually acute traumatic events. In athletes, the
 of pain?   acute onset of pain may be preceded by low grade chronic pain of a stress 

fracture or tendinosis.
Is the pain chronic but  Pain that is getting worse over time should raise concerns of a tumor.
 stable?
Do you have a history of  Old fractures or injuries can lead to scar tissue, stiff ness and pain.
 injury or prior leg pains?
Is the pain worse with  Stress fractures are classically exacerbated with impact. Medial tibial periostitis
 impact?   and muscle strains may also be made worse with loading and resistance.
Is the pain worse with  Pain that is absent at rest but presents with exertion is classic for exertional
 exertion?   compartment syndrome. However, popliteal artery entrapment can have a 

similar presentation, but with posterior rather than anterior/lateral pain.
Does the pain improve  Medial tibial periostitis and muscle strains will frequently improve with
 with warm-up and   pre-exercise stretching, whereas stress fractures and exertional compartment
 stretching?  syndrome will not.
Does the pain get worse  Resistance given to the muscle tendon units, including their origins and insertions, 
 with stretching or   should exacerbate the symptoms related to medial tibial periostitis and muscle
 resistance?  tendon strains and tendinopathy.
Where is the pain? Is the  The anatomical site of pain is the best physical clue to diagnosis. Focal pain over
 pain focal? Is the pain   bone should raise suspicion of a stress fracture, focal pain over the muscle–
 diff use?   tendon is likely to be a muscle strain or tendinopathy, diff use pain over the 

posteromedial border of the tibia is likely to be medial tibial periostitis.
Do you have swelling  Localized swelling is possible with a contusion, a stress fracture or muscle
 with the pain? Is it   herniation. Diff use swelling may indicate more signifi cant injury, vascular
 diff use? Is it focal?   problems such as deep venous thrombosis, or diff use infl ammatory problems 

such as medial tibial periostitis.
Do you feel electric  Electric shooting pain, dermatomal loss of sensation, and sclerotomal loss of
 shooting pain? Do you   motor power usually indicate nerve injury, entrapment or radiculopathy. Always
 have weakness with the   check the lumbar spine.
 pain? Do you get 
 numbness with the pain?  
Does the pain get better  Pathologies associated with infl ammation should improve with cryotherapy and
 with ice or NSAIDs?  anti-infl ammatories. Osteoid osteomas (benign bone tumors) are known to have 
  a signifi cant response to aspirin (ASA).
Do you have pain at  Pain that wakes a patient up at night should raise concern about tumors.
 night?
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landing skills; rigid landing on heels 
exacerbates the pain of stress fracture

(b) jumping
(c) running—may bring on pain of exertional 

compartment syndrome; athletes should 
always reproduce complaints

(d) calf raises (Fig. 30.4d)
6. Palpation: Evaluate pain distribution, warmth, 

swelling, pitting edema, posterior cords or the 
presence of crepitus with motion.
(a) tibia (Fig. 30.4e)—focal pain indicates 

stress fracture, diff use pain over posterior 
medial border of tibia indicates medial tibial 
periostitis

(b) fi bula—the entire fi bula should be palpated 
to identify focal pain related to a stress 
fracture; severe eversion/external rotation 
ankle sprains may injure the syndesmotic 
connection between the tibia and fi bula and 
be associated with a proximal fi bula fracture 
(Maisonneuve fracture)

(c) gastrocnemius, plantaris and soleus muscles 
(Fig. 30.4f)

(d) gastrocnemius–soleus aponeurosis (Fig. 
30.4g)—assess for swelling and focal 
tenderness

(e) superfi cial and deep posterior compartment 
(Fig. 30.4h)

(f) anterior and lateral compartment—post-
exertion palpation may reveal tenseness 
in exertional compartment syndrome or 

a palpable localized mass due to muscle 
herniation

7. Special tests
(a) stress fracture test (Fig. 30.4i)—vibration 

may exacerbate pain associated with a stress 
fracture; applying a vibrating tuning fork 
along the subcutaneous border of the tibia 
is a convenient and inexpensive test easily 
applied in the training room or offi  ce

(b) biomechanical examination (Chapter 5)

Investigations

Aft er taking the history and physical examination, 
an extended work-up should target the most likely 
diagnosis. Routine radiography is inexpensive and 
commonly performed but is rarely obviously positive 
in the diagnosis of leg pain. Careful inspection of the 
cortical borders with a hot lamp and magnifi cation 
may increase the opportunity to visualize a subtle 
radiolucent line indicating a stress fracture. Repeating 
the study two to three weeks aft er the onset of pain 
may reveal periosteal reaction or a more obvious 
radiolucent line.

Historically, radioisotopic bone scan was the next 
test in line to confi rm the presence of a stress fracture 
or medial tibial periostitis. Bone scans are sensitive but 
not particularly specifi c. For stress fractures, a discrete, 
focal area of increased uptake is seen on either the 
tibia or fi bula (Fig. 30.5a). In chronic periostitis, the 
bone scan may show patchy areas of increased uptake 

Table 30.2 Causes of shin pain

Common Less common Not to be missed

Muscle strains/ruptures
Abrasions and contusions
Stress fracture
Acute fracture
Medial tibial periostitis
Periosteal contusion
Chronic compartment 

syndrome
 Anterior
 Lateral (peroneal)
 Deep posterior

Referred pain from spine
Chronic compartment syndrome
 Superfi cial posterior
Vascular insuffi  ciency/claudication
Deep venous thrombosis (Chapter 31)
Popliteal artery entrapment
Femoral endarteritis
Atherosclerotic disease
Superfi cial peroneal nerve entrapment
Muscle herniations
Baker’s cysts or ganglion cysts
Osgood-Schlatter disease
Pes anserine bursitis
Proximal tibiofi bular subluxation
Achilles tendinopathy
Electrolyte and metabolic disturbances
 Dehydration cramping

Tumors
 Osteosarcoma
 Osteoid osteoma
Infection (osteomyelitis, cellulitis)
Acute compartment syndrome 

(Chapter 44)
Chronic transition to acute 

compartment syndrome
Chronic ankle injuries and 

Maisonneuve fracture

Rare and unusual

Syphilis
Sickle-cell anemia
Hyperparathyroidism
Sarcoidosis
Rickets
Paget’s disease of bone
Erythema nodosum
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Figure 30.4 Examination of the patient with leg pain

(a) Observation—standing. Assess lower limb 
alignment, swelling, bruising and any evidence of 
subperiosteal hematoma

(b) Passive movement—plantarfl exion. This may be 
restricted in anterior compartment syndrome

(c) Passive movement—dorsifl exion. Measure the 
degree of passive dorsifl exion compared with the 
other side

(d) Functional tests—calf raises. If pain has not been 
reproduced, ask the patient to perform repeated 
movements, such as hopping, running or calf raises 
(illustrated)
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(e) Palpation—tibia. Palpate for the exact site of 
focal tenderness, feeling perpendicular to bone. Bony 
irregularity may occur along the medial tibial border 
with chronic periostitis

(f) Palpation—soleus muscle belly. A pincer grip is 
used

(g) Palpation—soleus aponeurosis. Palpate for 
sites of tenderness and associated taut bands that 
may be a precipitating factor in the development of 
infl ammatory shin pain

along the medial border of the tibia (Fig. 30.5b). Th e 
absence of uptake does not preclude the diagnosis of 
periostitis. No identifi able changes on bone scan are 
associated with compartment syndrome.2

MRI has been advocated as the investigation of 
choice in patients with leg pain on the basis of its 
sensitivity to evaluate bony lesions, marrow changes, 
soft  tissue injuries, and correlate these fi ndings with 
clinical symptoms.3 Typically, a stress fracture will 
appear on MRI as an area of periosteal edema (Fig. 
30.5c). Th e severity of injury documented on MRI 
(bone edema only, unicortical radiolucent line or 
bicortical radiolucent line) has been directly cor-
related with healing time.4, 5 Medial tibial periostitis 
will show a broader area of edema with thickening 
of the posterior medial periosteum. MRI may also 
confi rm the diagnosis of a muscle strain or muscle 
herniation, as well as benign (lipoma, cysts, osteoid 
osteoma) and malignant tumors. MRA (magnetic 
resonance arteriography) with dynamic plantarfl ex-
ion is the test of choice to confi rm popliteal artery 
entrapment syndrome (Chapter 31). Th e role of MRI 
in the diagnosis of compartment syndromes is still 
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unclear.3, 4, 6–9 Pre- and post-exertion MRI scans may 
reveal intracompartmental edema, confi rming the 
diagnosis of exertional compartment syndrome; how-
ever, this is an expensive way to confi rm this diagnosis 
when more cost-effi  cient tests are available.

Intracompartmental pressure measurement (Chap-
ter 9) is considered the gold standard in confi rming 
the diagnosis of chronic exertional compartment 
syndrome in the athlete.7 Pre- and immediate post-
exertion measurements are essential to confi rm the 
diagnosis. Devices used to measure the pressure have 
ranged from a wall blood pressure monitor with intra-
venous tubing and a three-way stopcock (Whiteside’s 
technique), the transducer and pump used for an arte-
rial line, laboratory systems, and hand-held devices. 
In each case, the fascia is punctured percutaneously 
with either a hollow bore needle or a needle with a 
side port, followed by measurements via that device 

or by placement of a slit catheter. Th e latter two are 
more reproducible.

Th e anterior compartment is relatively easy to 
fi nd. Th e deep posterior compartment or, if present, a 
tibialis posterior compartment, may be more diffi  cult 
but are usually accessed posterior to the posterome-
dial edge of the tibia. Some authors recommend the 
use of ultrasound guidance to ensure correct cath-
eter placement,10 but we have not encountered any 
problems. Th e normal compartment pressure range 
is 0–10 mmHg. Positive pressures include at-rest 
or exertional pressures over 25 mmHg or elevation 
of at-rest pressures greater than 10 mmHg. Pres-
sures from 10–20 mmHg or elevated pressures that 
decrease with exercise are considered inconclusive. 
Other authors have promoted the use of non-invasive 
methods such as near infra-red spectroscopy and 
results are promising but require further validation 
before general use.9

A summary of the recommended techniques and 
the appropriate exercises to produce pain is shown 
in Table 30.3.

Additional investigations for more atypical causes 
of leg pain include:

• EMG/nerve conduction studies:
— peripheral nerve entrapments and metabolic 

neuropathy
• Ankle/brachial index:

— vascular claudication

(h) Palpation—deep posterior compartment. This 
is palpated through the relaxed overlying muscles. 
In compartment pressure syndrome, the entire 
compartment feels tight in contrast to the localized 
tissue tightness of chronic muscle strain. Muscle or 
fascial hernias are occasionally found. The superfi cial 
posterior compartment should also be palpated

(i) Special test—stress fracture. Percussing, using a 
tuning fork or applying ultrasound over the site of 
tenderness can provoke pain in the presence of a 
stress fracture
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• Venous Doppler ultrasound:
— deep venous thrombosis

• Laboratory:
— white blood cell count with diff erential—

infection or osteomyelitis
— ESR (erythrocyte sedimentation rate)—

infl ammation, rheumatological conditions
— sickle-cell preparation—sickle-cell anemia
— urine analysis with uromyoglobin—

rhabdomyolyis
— creatine phosphokinase, myoglobin—

rhabdomyolysis, myopathy
— prothrombin time (PT), activated partial 

thromboplastin time (APTT)—deep venous 
thrombosis

— d-dimer—deep venous thrombosis
— metabolic panel—hypokalemia, 

hypocalcemia, hypomagnesia, etc.
— T3 (triiodothyronine), T4 (thyroxine), TSH 

(thyroid stimulating hormone)—thyroid 
myopathy

Stress fracture of the tibia
Stress fractures are more commonly a cause of shin 
pain in athletes in impact, running and jumping 
sports. Overall limb and foot alignment as well as 
limb length discrepancy may also play a role. Th e 

Figure 30.5 Characteristic appearances on imaging

(a) Stress fracture

(b) Traction periostitis

(c) MRI appearance of stress fracture of the tibia 
showing fracture line (faint) in the presence of marrow 
edema
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incidence of stress fractures is increased by playing 
on more rigid, unforgiving surfaces. Approximately 
90% of tibial stress fractures will aff ect the postero-
medial aspect of the tibia, with the middle third and 
junction between the middle and distal thirds being 
most common. Proximal metaphyseal stress fractures 
may be related to more time loss from sports as they 
do not respond as well to functional bracing, which 
allows earlier return to play.

Stress fractures on the anterior edge of the tibia, the 
tension side of the bone, are more resistant to treat-
ment and have a propensity to develop a non-union 
when compared to the risk of posteromedial stress 
fractures. A simple memory tool for the problematic 
anterior tibial stress fracture is ‘anterior is awful’.

A classic case presentation for a routine postero-
medial stress fracture is as follows:

• Gradual onset of leg pain aggravated by exercise.
• Pain may occur with walking, at rest or even at 

night.
• Examination—localized tenderness over the 

tibia.
• Biomechanical examination may show a rigid, 

cavus foot incapable of absorbing load, an 
excessively pronating foot causing excessive 
muscle fatigue or a leg length discrepancy.

• Tenderness to palpation along the medial 
border with obvious tenderness. (Note that, 

occasionally, a stress fracture of the posterior 
cortex produces symptoms of calf pain (Chapter 
31) rather than leg pain.)

• Bone scan and MRI appearances of a stress 
fracture of the tibia are shown in Figures 30.5a 
and 30.5c. MRI scan is of particular value as 
the extent of edema and cortical involvement 
has been directly correlated with the expected 
return to sport.5

• A CT scan may also demonstrate a stress 
fracture (Fig. 30.6).

Treatment

Prior to initiating treatment or during the treat-
ment plan, it is important to identify which factors 
precipitated the stress fracture. Th e most common 
cause is an acute change in training habits, such as 
a signifi cant increase in distance over a short period 
of time, beginning double practice days aft er laying 
off  training for a season, or a change to a more rigid 
playing surface. Shoe wear, biomechanics and repeti-
tive impact sports such as running and gymnastics 
have also been implicated. Th e athlete’s coach can 
play a key role in modifying training patterns to 
reduce the risk of these injuries. In women, reduced 
bone density due to hypoestrogenemia secondary to 
athletic amenorrhea (the female athlete triad) may 
be a contributing factor. All female athletes with a 

Table 30.3 Compartment pressure testing

Compartment Location of catheter Exacerbating exercise

Compartment pressures 
(N = 10 mmHg, post 
exercise 5 min)

Deep posterior Junction of lower and middle third 
of tibia

Aim deep posteriorly just behind 
the posteromedial tibial border

Treadmill/running
Stairs
Run/jump
Pulleys in PF/DF
Repeated calf raises
Isokinetic PF with IV/EV
Sport-specifi c challenges

>25 mmHg post exercise

Superfi cial 
posterior

Aim more posteriorly from deep 
posterior entry into medial 
gastrocnemius or soleus

Treadmill
Stairs
Repeated calf raises

>30 mmHg

Anterior Mid-belly of tibialis anterior
Anterior to intermuscular septum 

(halfway between fi bula and 
anterior border of tibia)

Repeated DF
Treadmill/running
Stairs
Sport-specifi c challenges

>30 mmHg

Lateral 
(peroneal)

Mid-belly of peroneals
Posterior to intermuscular septum

Repeated IV/EV
Treadmill/running
Stairs

>30 mmHg

Ankle movements: PF = plantarfl exion, DF = dorsifl exion, IV = inversion, EV = eversion, N = normal.
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fi rst-time stress fracture should be screened for the 
female athlete triad (Chapter 41).

Th e classic treatment plan is as follows:

• Initial period of rest (sometimes requiring a 
period of non-weight-bearing on crutches for 
pain relief) until the pain settles.

• Th e use of a pneumatic brace has been described. 
Studies have shown a markedly reduced return 
to activity time with such use compared with 
average times in two of three studies11,12 and 
compared with a ‘traditional treatment’ group 
in the third.13 In this latter study the brace group 
returned to full, unrestricted activity in an 
average of 21 days compared with 77 days in the 
traditional group. Th e brace should extend to the 
knee as the mid-leg version may actually increase 
the stresses across a mid shaft  stress fracture. 
Once a stress fracture is ‘clinically healed’, the 
athlete is advised to use the brace during practise 
and competition. Clinical healing implies 
minimal to no palpable pain at the fracture 
site and minimal to no pain with activities in 
the brace. Using this plan, there have been 
no reported cases of progression to complete 
catastrophic fracture of the tibia.

• If pain persists, continue to rest from sporting 
activity until the bony tenderness disappears 
(four to eight weeks).

• Once the patient is pain-free when walking and 
has no bony tenderness, gradually progress the 

quality and quantity of the exercise over the 
following month. Th e athlete should be asked to 
continue to use a pneumatic brace to complete 
the current season until an appropriate period 
(four to eight weeks) of rest can occur.

• Cross-training with low-impact exercises, 
including swimming, cycling and deep-water 
running, maintains conditioning and reduces 
risk of recurrence.

• Pain associated with soft  tissue thickening distal 
to the fracture site can be treated by soft  tissue 
techniques.

• General principles of return to activity following 
overuse injury should be followed (Chapter 12).

Prevention of recurrence

To prevent recurrence, it is important to:

• determine whether excessive training and 
biomechanics precipitated the stress fracture

• ensure adequate calorie balance, as inadequate 
intake is a risk factor for stress fractures.

Alternative treatments, including electrical stimu-
lation14 and low-intensity pulsed ultrasound,15 have 
shown some promise in case studies to have a ben-
efi cial eff ect on the speed of stress fracture healing 
in limited populations (professional and Olympic 
athletes) where a rapid return to sport is vital. A 
pilot study16 suggests that intravenous use of the 
bisphosphonate pamidronate also shows promise in 
decreasing the time away from sport for tibial stress 
fractures. Th e quality of science of these studies is 
level 4 (case series only) and better designed case 
controlled studies are necessary to recommend their 
general application.

Stress fracture of the anterior cortex 
of the tibia

Stress fractures of the anterior cortex of the mid shaft  
of the tibia need to be considered separately as they 
are prone to delayed union, non-union and complete 
fracture.17 Stress fracture of the anterior cortex of the 
medial third of the tibia presents with diff use dull pain 
aggravated by physical activity. Th e bone is tender 
to palpation at the site of the fracture and periosteal 
thickening as evidenced by a palpable lump may 
be present if the symptoms have been experienced 
for some months. Isotopic bone scan (Fig. 30.7a) 
shows a discrete focal area of increased activity in 
the anterior cortex. Th e radiographic appearance at 
this stage shows a defect in the anterior cortex, which 
is termed ‘the dreaded black line’ (Fig. 30.7b). Th is 

Figure 30.6 CT appearance of stress fracture of the 
tibia
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appearance is due to bony resorption and is indica-
tive of non-union.

Th e mid-anterior cortex of the tibia is thought to 
be vulnerable to non-union for two reasons: the area 
has a relatively poor blood supply and is also an area 
under tension due to the morphological bowing of 
the tibia. Excessive anterior tibial bowing is oft en 
noted in association with this fracture. In general, the 
prognosis for these resistant stress injuries is guarded 

with an elevated risk of delayed or non-union. One 
study presented some success with the use of pneu-
matic air braces in this population, thus avoiding the 
need for surgery.18 However, the average return to 
unrestricted activities was 12 months with this form 
of treatment. Other options for treatment include 
pulsed electromagnetic stimulation,19 surgical exci-
sion and bone graft ing20 and transverse drilling at the 
fracture site.21 Chang and Harris described fi ve cases 
treated with intramedullary tibial nailing.22 Th ey had 
two excellent results and three good results.

Our current treatment protocol is as follows:

• Immediate application of a pneumatic brace.
• Discontinue anti-infl ammatory medications and 

smoking.
• Th orough screening for associated nutritional, 

metabolic and biomechanical risk factors.
• For all elite level athletes, application of 

electrical or ultrasonic bone stimulation.
• If no progress by four to six months, 

intramedullary rodding plus/minus 
bone graft ing, debridement or drilling is 
recommended.

Medial tibial traction 
periostitis
As noted previously, there has been a tendency in the 
past to categorize all shin pain, especially that which 
is not a stress fracture, under the term ‘shin splints’.23, 

24 Indeed, ‘shin splints’ is more of a vague symptom 
athletes describe for leg pain most commonly along 
the posterior medial border of the tibia. Some clini-
cians have labeled the process medial tibial stress 
syndrome (MTSS)25 which, unfortunately, is also 
less than ideal as it does not accurately represent the 
pathophysiology of the process. With the advent of 
imaging techniques such as isotopic bone scan, CT 
and MRI, we are now able to make more precise ana-
tomical and pathological diagnoses of patients with 
leg pain. Th e most descriptive term that accounts for 
the infl ammatory, traction phenomena on the medial 
aspect of the leg more common in runners is medial 
tibial periostitis or medial tibial traction periostitis.

Th e patient with medial tibial traction periostitis 
complains of diff use pain along the medial border of 
the tibia (the junction of the lower third and upper 
two-thirds of the tibia), which usually decreases 
with warming up. More focal pain should alert the 
examiner to the possibility of a stress fracture. Th e 
athlete can oft en complete the training session but 
pain gradually recurs aft er exercise and is worse the 

Figure 30.7 Stress fracture of the anterior cortex of 
the tibia

(a) Bone scan appearance

(b) Plain X-ray appearance of multiple ‘dreaded black 
lines’
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following morning. Historically the tibialis posterior 
was thought to be the source of the pain, but more 
recently the soleus and fl exor digitorum longus have 
been implicated.26

A number of factors may contribute to the increased 
stress and traction on the posterior medial aspect of 
the tibia. Th ese include excessive pronation (fl at 
feet),27 training errors, shoe design, surface type, 
muscle dysfunction, fatigue and decreased fl exibility. 
Th e biomechanics of medial tibial traction periostitis 
relate to the sequence of events that occurs with walk-
ing and running.28 During midstance, foot pronation 
provides shock absorption and an accommodation 
to the varied terrain. Th e medial soleus is the strong-
est plantarfl exor and invertor of the foot. Th e soleus 
muscle eccentrically contracts to resist pronation. 
Excessive pronation due to pes planus or overuse 
combined with repetitive impact loading leads to 
chronic traction over its insertion onto the periosteum 
on the posterior medial border of the tibia, leading 
directly to medial tibial traction periostitis.

Metabolic bone health may also contribute. Ath-
letes with pain related to medial tibial traction peri-
ostitis were found to have lower bone mineral density 
at the aff ected region compared with control and 
athletic control subjects. Bone mineral density was 
also decreased on the unaff ected side in subjects 
with unilateral symptoms.29 Th ese athletes regained 
normal bone mineral density aft er recovery from 
their symptoms.30 Reduced bone density or bone 
conditioning to stress may contribute to the increased 
risk of medial tibial traction periostitis seen in female 
military recruits. A study examining possible risk 
factors for the development of medial shin pain in 
military recruits showed that females were three 
times as likely to develop the syndrome.31 Beyond 
gender, no other risk factors of statistical signifi cance 
were noted, but increased hip range of motion (both 
internal and external rotation) and lower lean calf 
girth were associated with medial shin pain in the 
male recruits.31

Radiographs are routinely negative with medial 
tibial traction periostitis; however, with careful inspec-
tion some periosteal reaction can be seen in some 
patients and localized swelling can be seen in others. 
Isotopic bone scan may show patchy, diff use areas of 
increased uptake along the medial border of the tibia, 
as shown in Figure 30.5b. Th is is in contrast to stress 
fractures, which should show focal uptake. In early 
stages, however, the bone scan appearance may also 
be normal. MRI was found to have similar sensitivity 
and specifi city to isotope bone scan.8 Interestingly, 
there were a number of abnormal bone scan and 

MRI appearances in the asymptomatic control group 
in that study.8

Treatment

Most athletes will present with a long history of 
complaints, having tried a number of home remedies, 
stretches, medicines or cold treatment. It is of benefi t 
to assess what has been attempted and what provided 
relief or exacerbated the problem. Even though heat 
or whirlpool may improve fl exibility and warm up 
muscles, it also increases the circulation to the region, 
which can increase symptoms of infl ammation.

Th e foundation of treatment is based on symp-
tomatic relief, identification of risk factors and 
treating the underlying pathology. Symptomatic 
treatment begins with rest, ice and anti-infl ammatory 
medications. Switching to pain-free cross-training 
activities such as swimming or cycling can keep the 
athlete active. In resistant cases, immobilization and 
protected weight-bearing may be necessary to rest 
the chronic tension placed on the soleus insertion 
with repeated weight-bearing. Taping techniques are 
only eff ective if they control foot pronation. Perhaps 
the most important facet of treatment is based on a 
careful assessment of foot alignment and gait mechan-
ics. Permanent relief can occasionally be achieved 
through appropriate shoe wear and the application of 
cushioned orthoses (for shock absorption assistance) 
with a semi-rigid medial arch support (to support 
the pronated foot).

Alternative modalities can be eff ective in relieving 
pain and should be considered in patients with medial 
tibial traction periostitis. Th e entire calf muscle should 
be assessed for areas of tightness or focal thicken-
ing that can be treated with appropriate soft  tissue 
techniques (Chapter 31). Digital ischemic pressure 
should be applied to the thickened muscle fi bers of the 
soleus, fl exor digitorum longus and tibialis posterior 
adjacent to their bony attachment, avoiding the site of 
periosteal attachment, which may prove too painful 
(Fig. 30.8a). Th e eff ect may be enhanced by adding 
passive dorsifl exion and plantarfl exion while digital 
ischemic pressure is applied. Transverse frictions 
should be used on focal regions of muscle thickening 
in the soleus and fl exor digitorum longus. Abnormali-
ties of the tibialis posterior may be treated through 
the relaxed overlying muscles. Sustained myofascial 
tension can be applied parallel to the tibial border, 
releasing the fl exor digitorum longus, and along the 
soleus aponeurosis in the direction of normal stress 
with combined active ankle dorsifl exion (Fig. 30.8b). 
Vacuum cupping techniques can be eff ective but it is 
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important to remain clear of the tibial border to avoid 
causing capillary damage (Fig. 30.8c).

Physiotherapy programs have focused on motor 
strengthening and fl exibility, especially propriocep-
tive neuromuscular facilitation (PNF) stretching. In 
addition, electrical stimulation, iontophoresis and 
ultrasound have been attempted with mixed results. 
Prolotherapy, injection with agents intended to accel-
erate the healing process, has also been performed 
but very little quality research is available to validate 
its effi  cacy. In resistant cases, surgical release (with 
or without periosteal tissue resection or ablation) of 
the superfi cial and posterior compartments off  their 
conjoined insertion onto the posteromedial border 
of the tibia can be performed with a projected suc-
cess rate of 70% improvement in high-performance 
elite athletes.32, 33

Chronic exertional 
compartment syndrome
Compartment syndrome is defined as increased 
pressure within a closed fi bro-osseous space, causing 
reduced blood fl ow and reduced tissue perfusion, 
which subsequently leads to ischemic pain and 

Figure 30.8 Soft tissue therapy in the treatment of 
infl ammatory shin pain

(a) Digital ischemic pressure to the medial soleus 
aponeurosis and fl exor digitorum longus. This can be 
performed with passive and active dorsifl exion

(b) Sustained myofascial tension along the soleus 
aponeurosis with passive ankle dorsifl exion

(c) Vacuum cupping

Brukner-B-25_36.indt   569Brukner-B-25_36.indt   569 5/6/06   11:58:51 AM5/6/06   11:58:51 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL570

PART B REGIONAL PROBLEMSB

possible permanent damage to the tissues of the 
compartment.34 It may be acute, chronic (exertional), 
or convert from chronic to acute. Chronic exertional 
compartment syndrome with stress fractures and 
medial tibial traction periostitis are key components of 
the diff erential diagnosis of shin pain in athletes, espe-
cially in distance runners and those athletes in aerobic 
training. Th e syndrome is frequently bilateral.

Even though, classically, exertional compartment 
syndrome was thought to be an ischemic phenomenon 
like acute compartment syndrome, the exact etiology 
of chronic exertional compartment syndrome is still 
unclear. Repetitive overuse followed by associated 
infl ammation may lead to fi brosis and therefore 
reduced elasticity of the fascia surrounding the muscle 
compartments. As a result, when the patient exercises, 
the muscles attempt to expand but are unable to do 
so. Biopsies have revealed abnormally thickened, 
non-compliant fascia.35 A series of biopsies at the 
fascial–periosteal interface revealed varying degrees of 
fi brocytic activity, chronic infl ammatory cells, vascular 
proliferation as well as a decrease in collagen irregular-
ity, suggesting an attempt at remodeling was taking 
place.36 Owing to this stiff ened, abnormal fascial 
compartment, when the patient exercises, the muscle 
attempts to expand but is unable to do so. Th is results 
in increased pressure and, therefore, pain. As noted 
previously, ischemia is likely to play a role; however, 
this has not been substantiated well via scientifi c study. 
It is possible that within a tight fascial compartment 
the normal consequence of metabolic activity during 
exercise would lead to an increase in pressure suffi  cient 
to compromise tissue perfusion at the capillary level. 
Birtles et al.37 induced similar symptoms to those of 
compartment syndrome by restricting venous fl ow 
during exercise. However, confl icting evidence via 
nuclear magnetic resonance spectroscopy studies38 
and MIBI imaging39 has been unable to conclusively 
prove or disprove an ischemic role.

Typical clinical features of chronic exertional 
compartment syndrome are the absence of pain at rest 
with increasing achy pain and a sensation of tightness 
with exertion. Symptoms usually signifi cantly dis-
sipate within several minutes of rest but an ache may 
remain for up to 30 minutes. Rarely, athletes will 
develop paresthesia or motor weakness with exertion. 
At rest, physical examination is usually unremark-
able. With exertion, palpable tenseness within the 
compartment may be appreciated and the presence of 
muscle bulges or herniations may be visualized. Th e 
most common compartment involved is the anterior 
compartment presenting with anterolateral pain with 
exertion. Th e other two common compartments are 

the lateral compartment, which may present with par-
esthesia in the distribution of the superfi cial peroneal 
nerve to the dorsum of the foot, and the deep posterior 
compartment, usually associated with posteromedial 
tibial pain. Involvement of the superfi cial posterior 
compartment is quite rare.

Investigations and screening should always 
include an assessment of limb and foot alignment, 
evaluation of the biomechanical demands of the 
specifi c sport including court surface and shoe wear, 
a history of previous injuries or trauma, and a screen 
for overlapping pathology such as stress fractures, 
medial tibial traction periostitis, and metabolic 
and nutritional factors. Radiographs are frequently 
obtained as an inexpensive screening tool for asso-
ciated bone pathology. Th e defi nitive diagnosis is 
made on the basis of intracompartmental pressure 
measurements (Table 30.3). Recently, the use of 
near infra-red spectroscopy has shown promise as 
a non-invasive alternative.9

Deep posterior compartment syndrome

Deep posterior compartment syndrome typically 
presents as an ache in the region of the medial bor-
der of the tibia or as chronic calf pain. Beware the 
multiple other causes of calf pain including popliteal 
artery entrapment syndrome (Chapter 31). Th e deep 
posterior compartment contains the fl exor hallucis 
longus, fl exor digitorum longus and tibialis posterior 
(Fig. 30.1). Occasionally, a separate fascial sheath 
surrounds the tibialis posterior muscle, forming 
an extra compartment that is particularly liable to 
provoke symptoms.40

Active, passive or resisted motion of these muscles 
may exacerbate pain. Th e patient describes a feeling 
of tightness or a bursting sensation. Pain increases 
with exercise. Th ere may be associated distal symp-
toms (e.g. weakness, pins and needles on the plantar 
aspect of the foot), which may be indicative of tibial 
nerve compression. Small muscle hernias occasion-
ally occur along the medial or anterior borders of the 
tibia aft er exercise.

On examination, there may be tenderness along the 
medial aspect of the tibia but this is oft en relatively 
mild. Due to the deep nature of the compartment, 
palpable fascial tightness is less obvious in compari-
son to anterior or lateral compartment syndromes. 
Nonetheless, the experienced clinician may be able 
to discern the diff erence between palpable tightness 
in the deep compartment and fascial thickening 
and induration found in association with traction 
periostitis.
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Routinely all four compartments should be meas-
ured pre- and post-exertion in athletes in whom 
chronic exertional compartment syndrome is sus-
pected. To measure deep posterior compartment 
pressures, the needle or catheter is inserted from the 
medial aspect through two layers of fascia aiming 
posterior to the tibia (Fig. 30.9). Exercises, including 
running or jumping, stair-climbing, use of pulleys 
in plantarfl exion and dorsifl exion or repeated calf 
raises, or isokinetic resistance machines can be used 
to exacerbate complaints. Routinely, we ask patients 
to run 5 minutes into their pain to assure a valid 
test. It is important to reproduce the patient’s pain, 
otherwise the test is not considered valid.

Post-exertional measurements must be obtained 
immediately aft er ceasing exercise and may be repeated 
again aft er 10 minutes. Normal compartment pres-
sures are regarded as being between 0 and 10 mmHg.41 
For the diagnosis of chronic compartment syndrome, 
maximal pressure during exercise of greater than 
35 mmHg, an elevation of pressures greater than 
10 mmHg, or a resting post-exercise pressure greater 
than 25 mmHg is necessary (Table 30.3). If pressure 
takes more than 5 minutes to return to normal, this 
may also be signifi cant.

Treatment of isolated deep posterior exertional 
compartment syndrome usually begins with a con-
servative regimen of reduced exercise and deep soft  
tissue therapy. Longitudinal release work with passive 
and active dorsifl exion is performed to reduce fascial 
thickening (Fig. 30.10). Transverse friction is used to 
treat chronic muscular thickening. Dry needling of 
the deep muscles or prolotherapy may also be help-
ful. Assessment and correction of any biomechanical 
abnormalities, especially excessive pronation, must 
be included.

Isolated deep posterior exertional compartment 
syndrome is uncommon and may be confused with 
medial tibial traction periostitis, popliteal artery 
entrapment syndrome, vascular claudication and 
stress fractures. Indeed, it is not surprising that initial 
treatment is the same as that for medial tibial trac-
tion periostitis. However, if pressures are elevated 
and symptoms are refractory to treatment, surgical 
release may be necessary.

Th e surgical approach is along the posterior medial 
edge of the tibia and may be performed through a 
single or two small incisions. Th e saphenous vein lies 
directly along the path to the fascial insertion onto 
the posteromedial border of the tibia. Extreme care 
must be used to control all bleeding at the time of 
surgery as injury to one of the branches is common 
and increases the risk of post-operative hematoma 
or cellulitis.42

Some authors have suggested a benefi t of fas-
ciectomy (removal of a portion of fascial tissue) 
over fasciotomy (simple incision) due to concerns 
that the fascial insertion and sheath reforms.10 Th ey 

Figure 30.9 Compartment pressure testing—deep 
posterior compartment. The Stryker catheter is 
inserted into the deep posterior compartment

Figure 30.10 Soft tissue therapy in the treatment of 
deep posterior compartment syndrome—longitudinal 
release to reduce fascial thickening. Active or passive 
dorsifl exion improves the release

Brukner-B-25_36.indt   571Brukner-B-25_36.indt   571 5/6/06   11:58:54 AM5/6/06   11:58:54 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL572

PART B REGIONAL PROBLEMSB

argue that this periosteal stripping serves an added 
role of treating any associated medial tibial traction 
periostitis as well as assuring release of any anatomical 
variations of tibialis posterior compartments. Due to 
the extensive nature of the procedure and increased 
risk of complications, in patients who have positive 
anterior/lateral compartment pressures but only 
borderline pressures in the deep compartment, rec-
ommendations to restrict releases and treatment to 
the aff ected compartment seem prudent.42

Anterior and lateral exertional 
compartment syndromes

Th e anterior compartment contains the tibialis ante-
rior, extensor digitorum longus, extensor hallucis 
longus and peroneus tertius muscles as well as the 
deep peroneal nerve, and the lateral (peroneal) com-
partment contains the peroneus longus and brevis 
tendons as well as the superfi cial peroneal nerve. For 
anterior compartment pathology, pain during exertion 
is felt just lateral to the anterior border of the shin 
and paresthesia may present in the fi rst web space. 
For lateral compartment pathology, pain is palpated 
just anterior to the fi bula and paresthesia may occur 
to the dorsum of the foot. Th e intermuscular septum 
(raphe) between the two compartments can be visual-
ized in thin individuals by looking for the indentation 
of skin when you squeeze the soft  tissues between the 
anterior border of the tibia and fi bula.

Examination will be normal or there may be pal-
pable generalized tightness of the anterior or lateral 
compartment with focal regions of excessive muscle 
thickening. It is also important to assess the plantar-
fl exors, especially the soleus and gastrocnemius. If 
these antagonists are tight, they may predispose to 
anterior compartment syndrome. Muscle herniation 
may be palpable with exertion approximately 5–7 cm 
(2–3 in.) proximally to the distal tip of the fi bula where 
the superfi cial peroneal nerve penetrates through the 
lateral compartment fascia. Diagnosis of anterior and 
lateral exertional compartment syndromes is con-
fi rmed with pre- and post-exertional compartment 
testing (Table 30.3).

Treatment is based on the same principles as for the 
deep posterior compartment. Any and all contribut-
ing factors should be assessed and treated. Lowering 
the heel in the athlete’s shoe or orthoses may reduce 
the load of the anterior muscles and alleviate pain. 
Sustained myofascial tension techniques combined 
with passive and active plantarfl exion are eff ective 
in restoring fascial fl exibility (Fig. 30.11a). Focal 
regions of muscular thickening should be treated 

with transverse friction or dry needling. In addition, 
because the anterior and lateral compartments are 
superfi cial, vacuum cupping may be attempted (Fig. 
30.11b). Accurate cup placement is required to avoid 

Figure 30.11 Soft tissue therapy in the treatment of 
anterior compartment syndrome

(a) Sustained myofascial tension with active or passive 
plantarfl exion

(b) Vacuum cupping
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excessive capillary and periosteal damage. It is also 
helpful to treat tightness of the posterior compart-
ment (antagonist muscles) with sustained myofascial 
tension (grade III) combined with passive and active 
dorsifl exion.

Unfortunately, when the diagnosis is pressure 
positive and classic, and no contributing or overlap-
ping factors are identifi ed, conservative treatment 
frequently fails and surgical release is necessitated. 
Fasciectomy is rarely necessary for anterior and lat-
eral compartment releases, with minimal incision, 
percutaneous and endoscopically assisted releases 
approaching 90% success rate. Special care is essential 
to visualize the superfi cial peroneal nerve at the time 
of surgery to avoid iatrogenic injury.

Acute compartment syndromes are usually asso-
ciated with trauma. Intracompartmental pressures 
are significantly elevated and do not settle with 
rest. Emergency surgical release is essential to avoid 
ischemic injury to the extremity. Th is emergency is 
covered more completely in Chapter 44; however, 
it is important to be knowledgable of a number of 
case reports in which acute anterior compartment 
syndromes were brought on by exercise and overuse.43, 

44 When pain does not settle in an appropriate time 
frame, conversion of an exertional compartment 
syndrome to an acute compartment syndrome should 
be considered.

Outcomes of surgical treatment of exertional 
compartment syndrome

Fasciotomy plus/minus fasciectomy is the standard 
surgical treatment for both anterior and deep posterior 
compartment syndromes. Th e majority (80–90%) of 
patients undergoing this procedure have a satisfactory 
result, with many being able to return to their previous 
level of sport.45–47 However, a signifi cant percentage 
of patients either fail to improve aft er surgery or 
aft er a period of improvement have a recurrence 
of symptoms. Some studies suggest that failure and 
recurrences are more common in the deep posterior 
compartment,46–49 possibly due to failure to release the 
tibialis posterior,10, 46 whereas another study showed 
a worse outcome in the anterior compartment.50 
Micheli et al. compared outcomes by gender and 
noted a slightly decreased rate of successful outcomes 
in female patients.51

In a study of 18 patients who underwent revision 
surgery,52 increased pressure was found only in a 
localized area at the site of the scar in 60% of patients, 
whereas 40% had high pressures throughout the com-
partment. Th ey found that the exuberant scar tissue 
was thicker, denser and more constricting than was the 

original fascia. Eight of the 18 patients had entrapment 
of the superfi cial peroneal nerve with numbness and 
paresthesiae over the dorsum of the foot with exertion, 
positive Tinel sign, and localized tenderness over the 
nerve, exacerbated by active dorsifl exion and ever-
sion, as well as passive inversion and plantarfl exion. 
All those with peroneal nerve entrapment had a good 
result from the revision surgery, whereas only 50% 
of those without nerve entrapment had a satisfactory 
outcome. Slimmon et al.50 reported a 60% excellent 
or good outcome aft er a minimum of two years in 
50 patients who underwent fasciectomy. Fift y-eight 
per cent were exercising at a lower level than before 
the injury and, of those, 36% cited the return of their 
compartment syndrome or the development of a dif-
ferent lower leg compartment syndrome as the reason 
for the reduction in exercise levels.

Th e foundation of a successful surgical result begins 
with a proper anatomical diagnosis. Care must be 
taken to confi rm the diagnosis pre-operatively with 
intracompartmental pressure measurement as well as 
to treat any associated or contributing factors. Sur-
gery should target the specifi c anatomical pathology. 
Avoiding release of all four compartments in every 
patient unless pre-operative testing provides defi nitive 
indication will reduce the risk of surgical complica-
tions. Meticulous control of intra-operative bleeding 
will reduce the risk of post-operative hematoma and 
cellulitis. Due to the extensive subcutaneous dissec-
tion, post-operative cellulitis or infection is more 
common than some other procedures. Perioperative 
antibiotics and post-operative cryotherapy can reduce 
this risk. If identifi ed in the post-operative period, 
the surgeon should have a relatively low threshold 
to return to the operating room and perform early 
irrigation. Th e absolute indication for fasciectomy 
in contrast to fasciotomy is not clear as the former 
may increase the risk of bleeding and post-operative 
stiff ness. Perhaps the most common complication is 
post-operative stiff ness, which can be avoided by early 
and aggressive post-operative mobilization.

Rehabilitation following compartment 
syndrome surgery

Th e following protocol is recommended:2

• Perioperative antibiotics and cryotherapy to 
reduce complications of infection, hematoma 
and cellulitis.

• Range of motion exercises of the knee and 
ankle in the immediate post-operative 
period—full plantarfl exion and dorsifl exion is 
encouraged.
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• Th ree to fi ve days of limited weight-bearing on 
crutches, then full weight-bearing as tolerated.

• Once the wounds have healed, a strengthening 
program including cycling and swimming 
should commence.

• Gradual return to light jogging at about four to 
six weeks aft er surgery.

• Full sports participation is anticipated at six 
to eight weeks if one compartment is released, 
and eight to 12 weeks if both legs and multiple 
compartments are released.

• Th e athlete should be pain-free with 90% 
strength regained prior to full sports 
participation.

Less common causes
Stress fracture of the fi bula

Stress fractures of the fi bula are not seen as frequently 
as stress fractures of the tibia. As the fi bula plays a 
minimal role in weight-bearing, this stress fracture 
is usually due to muscle traction or torsional forces 
placed through the bone. In the athlete with excessive 
subtalar pronation, the peroneal muscles are forced to 
contract harder and longer during toe-off . Examination 
may reveal local tenderness and pain on springing the 
fi bula proximal to the site of the stress fracture.

Th is injury is usually not as painful on weight-
bearing as is stress fracture of the tibia. It is treated 
symptomatically with rest from activity until bony 
tenderness settles. Due to poorer rotational control, 
knee-high pneumatic braces may not be as eff ective as 
on the tibia. Th ere should then be a gradual increase 
in the amount of activity. Soft  tissue abnormalities 
should be corrected. Th is injury is oft en associated 
with a biomechanical abnormality such as excessive 
pronation or excessive supination.

Referred pain

Referred pain is not a common cause of shin pain 
in athletes but should be considered in cases with 
persistent and atypical pain. Pain may be referred 
from the lumbar spine, proximal nerve entrapment, 
the knee joint (Baker’s cyst, meniscal cysts), the 
superior tibiofi bular joint (instability or ganglion 
cyst) and, occasionally, the ankle joint (instability, 
Maisonneuve fracture).

Nerve entrapments

Within the leg itself, nerve entrapment of either the 
superfi cial peroneal nerve in the lateral compartment 

or the deep peroneal nerve in the anterior compart-
ment can occur due to trauma53 or a tight brace or 
cast. Fascial entrapment at the level of the fi bular head 
is also seen occasionally.54

Th e tibial nerve in the deep posterior compart-
ment is less commonly involved with entrapment 
but can be injured with trauma. Pain and sensory 
changes may occur. Th e diagnosis is suggested by the 
presence of motor or sensory changes and confi rmed 
with nerve conduction studies performed pre- and 
post-exercise. Surgery may be required to alleviate 
these conditions.

Vascular entrapments

Popliteal artery entrapment syndrome usually presents 
with calf pain and is therefore more fully described 
in Chapter 31 but may rarely present as pain in the 
anterior compartment.55, 56 It can be misdiagnosed as 
anterior compartment syndrome because they both 
present with claudicant-type pain. However, the pain 
from popliteal artery entrapment disappears immedi-
ately on cessation of exercise, whereas compartment 
syndrome pain often persists for approximately 
30 minutes as an aching sensation. Even though deep 
venous thrombosis is most commonly posterior, 
chronic venous stasis changes can occur anteriorly 
and may be evidence of systemic disease.

Developmental issues

Juvenile tibia vara (Blount disease) usually presents 
owing to deformity rather than pain. Osgood-Schlatter 
disease is a traction apophysitis at the insertion of the 
patellar tendon onto the tibial tuberosity seen com-
monly among adolescent athletes. Patients usually 
present with pain and tenderness at the tibial tuberos-
ity (Chapter 40). ‘Growing pains’ may aff ect the leg 
and are usually a diagnosis of exclusion. Intermittent 
achy pain exacerbated by periods of active growth with 
completely negative imaging and investigations are 
characteristic. Th e youngest reported patient treated 
with surgical release for pressure-positive chronic 
exertional compartment syndrome was 12 years old 
and it is unclear whether this patient would have 
grown out of the problem at maturity.

Acute bony injuries
Periosteal contusion

Periosteal contusion occurs as a result of a direct blow 
from a hard object such as a football boot. It can be 
extremely painful at the time of injury but the pain 
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usually settles relatively quickly. Persistent pain may 
occur because of a hematoma having formed under the 
periosteum. Th ere will be local tenderness and bony 
swelling. Treatment consists of rest and protection.

Fractured tibia and fi bula

Combined fractures of the tibia and fi bula are oft en 
due to indirect violence in landing from a jump on 
a twisted foot. Th e tibia or fi bula may be injured 
individually by a direct blow. Weight-bearing will be 
impossible in cases of displaced fracture of the tibia. 
Fracture of the tibia is oft en compound and visible 
through damaged skin. An isolated fracture of the 
fi bula may exhibit only local tenderness. An isolated 
fractured fi bula (except where it involves the ankle 
joint) requires analgesia only. However, the ankle and 
knee joint must be carefully examined for associated 
injuries. Th e management of a combined fracture is 
that for fracture of the tibia. Patients with compound 
(open) fractures should be admitted to hospital.

Many closed tibial fractures can be treated con-
servatively as long as angulation is minimal. Th is 
involves an above-knee plaster with the knee slightly 
fl exed and the ankle in 90° of dorsifl exion. Th e limb 
is elevated for three to seven days until swelling sub-
sides. A check X-ray should be taken aft er casting. 
Patients should be reviewed at six to eight weeks, at 
which time they may be able to be placed in a hinged 
knee cast.

Bony union requires eight to 12 weeks; how-
ever, 16 to 20 weeks are required for consolidation. 
Physiotherapy aft er removal of the plaster is aimed at 
regaining full range of knee fl exion and quadriceps 
muscle strength. Activities such as swimming can be 
resumed immediately aft er removal of the plaster but 
multidirectional running sports must wait until range 
of movement and muscle strength have returned to 
normal. Th ere is a strong trend towards early surgical 
fi xation of unstable tibial fractures with intramedul-
lary nailing, which allows athletes earlier weight-
bearing, conditioning activities, return to sport, and 
obviates the risk of potential malunion.
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CHAPTER 

31
Calf Pain

WITH CHRIS BRADSHAW AND MATT HISLOP

Calf pain is a common presenting complaint and if 
not managed appropriately it can persist for months 

or recur and cause frustration for both patient and 
practitioner. Both acute and chronic calf pain oft en stem 
from injury to the calf muscle. Th e term ‘calf muscle’ 
refers to the gastrocnemius and soleus muscles. Th e 
more superfi cial muscle, the gastro cnemius, has medial 
and lateral heads that arise from the femoral condyles, 
while the deeper soleus arises from the upper fi bula 
and the medial tibial border. Th ese muscles have a joint 
tendon, the Achilles, which inserts onto the calcaneus. 
As a biarthrodial muscle extending over the knee and 
the ankle, the gastrocnemius is thought to be more 
susceptible to injury than a uniarthrodial muscle. Th e 
anatomy of the calf is shown in Figure 31.1.

Clinical perspective
Injuries to the musculotendinous complex are by far 
the most common causes of calf pain. Muscle strains 
occur most commonly in the medial head of the gastroc-
nemius or near the musculotendinous junction. 
A sudden burst of acceleration, such as stretching to 
play a ball in squash or tennis, may precipitate injury. 
Th e calf region is also a common site of contusion 
caused through contact with playing equipment or 
another player. Muscle strains and contusions are 
acute injuries that present with typical histories that 
are usually easily distinguishable.

Some patients present with intermittent episodes 
of cramping pain in the calf that may be due to recur-
rent minor calf muscle strain, which is a result of 
inadequately rehabilitated scar tissue. However, the 
possibility of referred pain from the lumbar spine, 
neural or myofascial structures should always be 
considered.

Th e calf is the most common site in the body of 
muscle cramps. Cramps may occur at rest or during 
or aft er exercise taken in any environmental condi-
tions—they are not specifi c to exercise or exercise in 
heat. Th ey tend to occur in the more acclimatized 

Figure 31.1 Anatomy of the calf

(a) Surface anatomy

medial head of
gastrocnemius

lateral head of
gastrocnemius

soleus

Achilles
tendon
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and conditioned athlete and probably result from 
alterations in spinal neural refl ex activity activated 
by fatigue in susceptible individuals.

Th e calf is also a common site of the phenomenon 
known as delayed onset muscle soreness (Chapter 2). 
Th is may occur aft er the fi rst training session following 
a lay-off  or when excessive eccentric muscle contrac-
tions are performed, for example, plyometrics. Lateral 
calf pain may be due to a direct blow, referred pain 
from the superior tibiofi bular joint, peroneal muscle 
strain or fi bular stress fracture. Th e causes of calf pain 
are listed in Table 31.1.

Biomechanical factors may predispose to calf 
pain. Excessive subtalar pronation may overload the 

soleus and gastrocnemius muscles as they supinate 
and plantarfl ex the foot for propulsion. Th is can cause 
muscle tightness and soreness and may predispose to 
muscle strain or tendinopathy. Muscle overload can 
promote muscular hypertrophy, which can predispose 
to the development of a compartment syndrome 
(Chapter 30).

History

The most important aspect of the history is the 
description of the onset of pain. A sudden onset of a 
tearing sensation in the calf is diagnostic of calf muscle 
strains. Th e patient is usually able to localize the site 
of the tear. Th e degree of disability, both immediately 
aft er the injury and subsequently, is a guide to the 
severity of the tear.

In patients with chronic mild calf pain, a history of 
a previous acute injury may be signifi cant. Th e prac-
titioner should ask about the treatment and quality of 
rehabilitation of the previous injury. A history of low 
back pain may be a clue to referred pain. Th e practitioner 
should also be alert to the possibility of referred pain if 
the calf pain is variable rather than constant. If there is no 
obvious precipitating cause of calf pain, the possibility of 
deep venous thrombosis aft er long car or airplane trips, 
or recent surgery, needs to be explored. Claudicant pain 
that comes on with exertion and then disappears may 
indicate proximal vascular occlusion by atheroma or 
entrapment (e.g. femoral or iliac artery stenosis, Fig. 4.6) 
or exertional compartment syndrome.

(b) Superfi cial calf muscles

(c) Removal of the gastrocnemius showing the 
underlying soleus muscle
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semi-
membranosus

popliteal artery
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 Acute calf muscle strains are common among 
middle-aged athletes, particularly in racquet 
sports.

 Examination

Th e aims of examination in the patient with acute 
calf strain are to determine the site and the severity 
of the injury as well as detecting any predisposing 
factors such as chronic calf muscle tightness. Exami-
nation of a patient with chronic or intermittent calf 
pain requires not only palpation of muscles but also 
assessment of neural tension (slump test, Chapter 8) 
and examination of the lumbar spine. It is important 
to palpate the entire length of the muscle bellies and 
their associated aponeuroses for areas of muscle and 
fascial tightness and thickenings that may predispose 
to injury.

1. Observation
(a) standing
(b) walking
(c) prone

2. Active ankle movements
(a) plantarfl exion/dorsifl exion (standing) 

(Fig. 31.2a)
(b) plantarfl exion/dorsifl exion (prone)

3. Passive ankle movements
(a) dorsifl exion (knee fl exion) (Fig. 31.2b)
(b) dorsifl exion (knee extension) (Fig. 31.2c)
(c) muscle stretch

 (i) gastrocnemius (Fig. 31.2d)
 (ii) soleus (Fig. 31.2e)

4. Resisted movements
(a) dorsifl exion

5. Functional tests
(a) hop 

Table 31.1 Causes of calf pain

Common Less common Not to be missed

Muscle strains
 Gastrocnemius
 Soleus
Muscle contusion
 Gastrocnemius
Muscle cramp
Referred pain
 Lumbar spine
 Myofascial structures
Delayed onset muscle 

soreness

Superfi cial posterior compartment syndrome
Deep posterior compartment syndrome (Chapter 30)
Referred pain
 Superior tibiofi bular joint
  Knee (Baker’s cyst, posterior cruciate ligament, posterior 

 capsular sprain)
Entrapment
 Popliteal artery
 Endofi brosis of external iliac artery
Stress fracture of the fi bula
Stress fracture of the posterior cortex of the tibia 
(Chapter 30)
Varicose veins

Deep venous thrombosis
Arterial insuffi  ciency

Figure 31.2 Examination of the patient with calf pain

(a) Active movement—plantarfl exion/dorsifl exion 
(standing). The functional competence can be assessed 
during a bilateral or unilateral heel raise-and-drop until 
pain is reproduced

(b) jump
(c) run

6. Palpation
(a) gastrocnemius (Fig. 31.2f)
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(b) Homan’s sign (Fig. 31.2c)
(c) neural tension test—slump test (Fig. 31.2h)
(d) gluteal trigger points
(e) lumbar spine (Chapter 21)
(f) biomechanical examination (Chapter 5)

(b) Passive movement—ankle dorsifl exion (knee 
fl exion). Examine with the knee fl exed and add 
overpressure

(c) Passive movement—ankle dorsifl exion (knee 
extension). Examine with the knee extended and add 
overpressure (Homan’s sign)

(d) Stretch—gastrocnemius. Examine with the knee in 
full extension and heel on the ground

(e) Stretch—soleus (lunge test). The patient should 
fl ex the knee so that it passes vertically over the third 
toe to prevent excessive pronation. Record the range 
of motion and compare both sides

(b) soleus
(c) posterior knee
(d) superior tibiofi bular joint

7. Special tests
(a) Th omson’s test (Fig. 31.2g)
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Investigations

Although investigations are generally not required 
in an athlete with calf pain, ultrasound or MRI may 
occasionally be useful in evaluating an injury that 
is not following the normal healing pattern. Th ese 
imaging modalities can diff erentiate between a muscle 
strain and a contusion if not clinically evident. If deep 
venous thrombosis is suspected, a Doppler scan may 
be required.

Gastrocnemius muscle strains
Acute strain

Acute strain of the gastrocnemius muscle occurs typi-
cally when the athlete attempts to accelerate from a 
stationary position with the ankle in dorsifl exion, or 
when lunging forward, such as while playing tennis or 
squash. Sudden eccentric overstretch, such as when an 
athlete runs onto a kerb and the ankle drops suddenly 
into dorsifl exion, is another common mechanism.

Th e exact moment of injury was caught on video 
in the case of a famous Australian batsman whose 

(f) Palpation. The patient should actively contract 
and relax the muscles and the ankle should be moved 
passively through dorsifl exion and plantarfl exion 
during palpation. The gastrocnemius may be palpated 
in the relaxed position by placing the knee in fl exion 
and the ankle in plantarfl exion. Feel for swelling and 
defects in muscle or tendon tissue

(g) Special test—Thomson’s test. The calf is 
squeezed. If no ankle plantarfl exion occurs, there 
has been a complete tear of the Achilles tendon or 
musculotendinous junction

(h) Special test—neural tension test (slump test)
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gastrocnemius strain occurred when his entire body 
weight was over his foot on the injured side with the 
center of mass well in front of the leg. Th e gastroc-
nemius muscle–tendon complex was at close to 
maximal length, and the muscle–tendon length was 
also constant at the time. Th erefore, the injury prob-
ably occurred just as the muscle–tendon complex was 
moving from an eccentric to an isometric phase.1

Th e patient complains of an acute, stabbing or 
tearing sensation usually either in the medial belly 
of the gastrocnemius or at the musculotendinous 
junction.

Examination reveals tenderness at the site of muscle 
strain. Stretching the gastrocnemius reproduces pain 
(Fig. 31.2d), as does resisted plantarfl exion with the 
knee extended. In grade III muscle tears, there may 
be a palpable defect.

Assess functional competence of the injured muscle 
by asking the patient to perform a bilateral heel raise. 
If necessary, a unilateral heel raise, a heel drop or hop 
may be used to reproduce the pain. Th is places the 
muscle under progressively greater load concentrically 
and eccentrically. Calf muscle strain can be graded 
as shown in Table 31.2.

Th e tightness of the muscle itself should be assessed 
as overuse may oft en lead to palpable rope-like bands 
or local tissue thickening, which may predispose to 
further injury.

Treatment

Initial treatment aims to reduce pain and swelling 
with the use of ice and electrotherapeutic modali-
ties (e.g. TENS, magnetic fi eld therapy, interferential 
stimulation). Crutches may be necessary if the patient 
is unable to bear weight. A heel raise should be used 
on both the injured and uninjured side.

Gentle stretching of the gastrocnemius to the level 
of a feeling of tightness (Fig. 31.3) can begin soon 
aft er injury. Muscle strengthening should start aft er 
24 hours. Th is involves a progression of exercises, 

commencing with concentric bilateral calf raise, 
followed by unilateral calf raise with the gradual 
addition of weights and, fi nally, eccentric calf lowering 
over a step gradually increasing speed, then adding 
weights (Fig. 31.4). Low-impact cross-training such 
as stationary cycling or swimming can be commenced 
as soon as pain allows.

Table 31.2 Grading of calf strains

Grade Symptoms Signs
Average time to 
return to sport

I Sharp pain at time of (or after) activity, 
may be able to continue

Pain on unilateral calf raise or hop 10–12 days

II Unable to continue activity Active plantarfl exion pain
Signifi cant loss of dorsifl exion
Bilateral calf raise pain

16–21 days

III Immediate severe pain at 
musculotendinous junction

Thomson’s test positive
Defect palpable

6 months after 
surgery

Figure 31.3 Stretching exercise for the right 
gastrocnemius muscle with the knee in full extension. 
This can be performed over a step or with the foot 
placed against a wall to increase the stretch
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When active weight-bearing muscle contraction 
is pain-free, sustained myofascial tension should 
be performed on the muscle belly (Fig. 31.5) with 
digital ischemic pressure to focal areas of increased 
tone and/or tenderness. Endeavor to correct possible 
predisposing factors, such as calf muscle tightness, 
that may arise from poor biomechanics. Athletes 
should undergo a graduated return to weight-bearing, 
progressing through walking, easy jogs and, as eccen-
tric strength returns, include sprint and change of 
direction drills.

‘Tennis leg’

Th e term ‘tennis leg’ refers to an acute muscle tear 
in the older athlete characterized by sudden onset of 
severe calf pain and signifi cant disability. Th e injury 
is invariably associated with extensive bruising and 
swelling, and can be mistaken for a deep venous 
thrombosis. Th e most common site is the medial 
head of gastrocnemius, but occasionally the plantaris 
muscle is involved.

Chronic strain

Chronic gastrocnemius muscle strain may occur as an 
overuse injury or following inadequate rehabilitation 
of an acute injury. Inadequate rehabilitation results 
in disorganized, weak scar tissue that is susceptible 
to further injury.

Figure 31.4 Strengthening exercises for the 
gastrocnemius muscle

(a) Bilateral calf raise

(b) Unilateral calf raise

(c) Eccentric lowering
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Treatment consists of transverse friction and 
longitudinal gliding soft  tissue therapy at the site of 
excessive scar tissue and along the entire musculo-
tendinous unit. Stretching serves to restore normal 
muscle length and stretches should be held for at least 
15 seconds.2 Th e practitioner must ensure that the 
patient is prescribed suffi  cient concentric and eccen-
tric strengthening. Alfredson et al. have described a 
progressive eccentric strengthening program that 
required patients to perform three sets of 15 heel 
drops (with a straight knee, Fig. 31.4c, and also with 
a bent knee) twice a day, seven days a week.3 Th e 
intensity of the exercise was increased by adding 
hand weights.

Soleus muscle strains
Strains of the soleus muscle are a relatively common 
sports injury. Although patients with soleus strains 
can present with sudden onset pain, they commonly 
report a history of increasing calf tightness over a 
period of days or weeks. Oft en walking and jogging 
are more painful than sprinting. Th e medial third 

of the fi bers of the soleus and its aponeurosis are 
prone to become hard and infl exible, particularly in 
athletes with excessive subtalar pronation. Th is tissue 
is susceptible to strain, especially at its junction with 
adjacent ‘normal’ tissue.

Examination reveals tenderness deep to the gas-
trocnemius, usually in the lateral aspect of the soleus 
muscle. Both the soleus stretch (Fig. 31.2e) and 
resisted soleus contraction provoke pain. Th is can be 
diff erentiated from the stretch and contraction that 
provoke pain in gastrocnemius strains (Fig. 31.2d).

Treatment of soleus muscle strains involves the 
use of heel raise and stretching (lunge). Soft  tissue 
therapy is directed at the site of the lesion as well as 
tissue proximally and distally (Fig. 31.6). Strengthen-
ing exercises (Fig. 31.7) are prescribed for the soleus 
muscle. Orthoses may be required to control exces-
sive pronation.

Accessory soleus

The soleus accessory muscle is a relatively rare 
(0.7–5.5%) anatomical variant and is found to be 
bilateral in 10% of cases. It usually appears as a soft  

Figure 31.5 Soft tissue therapy—sustained myofascial 
tension to the muscle belly of the gastrocnemius

Figure 31.6 Soft tissue therapy—sustained myofascial 
tension to the soleus muscle
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tissue mass bulging medially between the distal part 
of the tibia and the Achilles tendon and may be mis-
taken for a tumor or an infl ammatory lesion.4 Athletes 
may be noted to have a fullness on inspection of their 
Achilles region from behind.

It may be asymptomatic (25%) or associated with 
chronic exertional compartment syndrome or pos-
terior tibial nerve compression (tarsal tunnel syn-
drome). Presentation is usually during adolescence 
due to muscle hypertrophy.

X-ray generally shows soft  tissue swelling between 
the deep compartment and the Achilles tendon, 
which obscures or obliterates Kager’s triangle on 
the lateral radiograph of the ankle. Th e appearance 
of normal muscle on MRI allows the clinician to 
distinguish it from both abnormal muscle and soft  
tissue tumors.5

Asymptomatic cases require no treatment. If pain 
or discomfort is present, either fasciotomy alone 

or with excision of the accessory muscle is recom-
mended.4

Claudicant-type calf pain
A common presentation to a sports physician is the 
patient who complains of a claudicant-type calf pain 
with exercise. Th e diff erential diagnosis in this patient 
is a vascular cause (popliteal artery entrapment, 
atherosclerotic disease, endofi brosis), neuromyofascial 
causes (referred pain or nerve entrapment) or com-
partment syndrome (deep posterior or superfi cial).

Vascular causes

Vascular causes of exercise-induced lower limb pain 
are uncommon and diffi  cult to diagnose. Th e pain of 
vascular entrapment is diffi  cult to diff erentiate from 
that caused by compartment syndrome and nerve 
entrapment, although there are subtle diff erences in 
the relationship of the pain to the bout of exercise. 
Post-exercise examination of the peripheral pulses and 
arterial bruits is vital and the diagnosis can be con-
fi rmed by Doppler ultrasound, ankle–brachial ratios 
and angiography. It may also be important to perform 
compartment pressure tests and nerve conduction 
studies to rule out coexisting conditions.

Popliteal artery entrapment

Popliteal artery entrapment syndrome is oft en not 
recognized and misdiagnosed as a compartment syn-
drome but can cause exercise-induced calf pain.6 Th e 
syndrome was fi rst described as a cause of exercise-
induced leg pain in 1879. Th ere are two types of 
popliteal artery entrapment syndrome: anatomical 
and functional.

Th e classically described anatomical abnormality 
is a variation in the anatomical relationship between 
the popliteal artery as it exits the popliteal fossa and 
the medial head of the gastrocnemius muscle. Five 
such variations have been described, the commonest 
being an abnormal medial head of the gastrocnemius 
muscle, the accessory part of which is observed to 
pass behind the popliteal artery. Other observed 
abnormalities include a tendinous slip arising from 
the medial head of the muscle, an abnormal plantaris 
muscle and multiple muscle abnormalities involving 
the lateral and medial heads of the gastrocnemius and 
the plantaris. Rarer anatomical variations of popliteal 
artery entrapment syndrome include entrapment of 
the artery at the level of the adductor hiatus and an 
isolated entrapment of the anterior tibial artery as it 
passes through the interosseous membrane.

Figure 31.7 Strengthening exercises for the soleus 
muscle—calf raise with bent knee. This can be made 
more diffi  cult by adding weights or having the patient 
drop down over the end of a step
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Th e term ‘functional’ popliteal artery entrapment 
syndrome was fi rst described by Rignault et al. in 19857 
and describes a situation where no anatomical abnor-
mality is visible at surgical exploration. It is hypoth-
esized that muscle contraction (active plantarfl exion 
of the ankle) compresses the artery between muscle 
and the underlying bone. Th is may explain why the 
syndrome is commonly seen in healthy young athletes 
with hypertrophied gastrocnemius muscles.6

Th e pain of popliteal artery entrapment syndrome 
is claudicant pain felt in the calf or anterior aspect of 
the leg. Th e pain is brought on by exercise and the 
severity of the symptoms is related to the intensity of 
exercise. Cessation of exercise tends to bring about 
rapid relief from the pain. Th is compares with the 
classic pain pattern of compartment syndrome, which 
is related to the volume of exercise and tends to settle 
over a period of around half an hour aft er exercise. If 
exercise is attempted on consecutive days, the pain 
from a compartment syndrome is oft en more severe 
on the second day. Th e pain from popliteal artery 
entrapment syndrome is unaff ected by exercise on 
the previous day. Th e pain can be paradoxically more 
severe on walking than on running. Th is is believed 
to be due to the more prolonged contraction of the 
gastrocnemius muscle while walking.

Roughly 10% of patients with popliteal artery 
entrapment syndrome present with signs and symp-
toms of either acute or chronic limb ischemia with 
paresthesia, discoloration of the foot and toes, tem-
perature change, rest pain and tissue necrosis.8

Examination at rest can sometimes identify a 
popliteal artery bruit with forceful, active ankle 
plantarfl exion or passive dorsifl exion, but examining 
the patient immediately post-exercise is important in 
making the diagnosis. Immediately post-exercise a 
popliteal artery bruit may be heard and the peripheral 
pulses will be either weak or absent.

Non-invasive investigations include post-exercise 
ankle–brachial pressures and Doppler ultrasound. 
Th e defi nitive diagnosis is made on angiography 
but it is important for the radiologist to image the 
arterial tree with the patient actively plantarfl exing 
and actively and passively dorsifl exing the ankle. In 
our experience, unfortunately, there appears to be a 
signifi cantly high rate of false positive tests using this 
method. Correlation between the investigation results 
and clinical suspicion is therefore vital.

Treatment involves open surgical exploration of the 
popliteal fossa and division of the off ending fascial 
band. Th ere is some suggestion that the presence of 
chronic entrapment of the popliteal artery can lead 
to endothelial damage, which may lead to accelerated 

atherosclerotic disease in later life. Early treatment is 
recommended to prevent the development of popliteal 
artery damage and the need for graft ing.9

Atherosclerotic vessel disease

Atherosclerotic vessel disease classically affects 
middle-aged sedentary patients. However, some 
athletes, particularly in the veteran or masters class, 
fall into the category of middle-aged or elderly and 
possess risk factors that predispose them to athero-
sclerosis. Pain may be felt in the thigh or the calf and 
is typically claudicant. With progression of the disease, 
the intensity of exercise needed to produce symptoms 
decreases. At rest, the peripheral pulses may be dif-
fi cult to palpate or absent. An arterial bruit may also 
be heard at rest. Th e presence of such bruits may be 
enhanced by examining the patient post-exercise. Th e 
gold standard diagnostic test is Doppler ultrasound, 
although pre- and post-exercise ankle–brachial ratios 
can be used as a non-invasive screening test. Angio-
graphy can confi rm the diagnosis. Surgical treatments 
include angiographic balloon catheter dilatation or 
stenting, open endarterectomy or bypass surgery. 
Bypass surgery is the most commonly used surgical 
technique for atherosclerotic vessel disease and its 
success depends on the extent of the disease and on 
the viability of the smaller distal vessels.

Endofi brosis

Endofi brotic disease can cause exercise-related calf 
pain, although more commonly the pain is felt in 
the thigh. Typically the lesion occurs in the proximal 
external iliac artery—but may extend distally towards 
the origin of the femoral artery beneath the inguinal 
ligament. It is bilateral in 15% of cases.

External iliac artery endofibrosis has been 
described in professional cyclists and causes exercise-
related thigh or calf pain that is related to the inten-
sity of cycling. Th e pain is therefore most commonly 
felt while racing, climbing a hill or riding into a 
strong wind. Th e pain is typically relieved rapidly 
by a drop in the intensity of exercise. It is postulated 
that the cycling position may cause folding of the 
artery and result in micro-traumatic lesions, and 
psoas hypertrophy has also been postulated to be 
involved.

Examination at rest may reveal a positional bruit 
heard over the femoral artery with the hip held in 
fl exion. Th e diagnosis is made clinically by examin-
ing the patient immediately post-exercise, detecting 
a bruit over the femoral artery and weak or absent 
distal pulses. Pre- and post-exercise ankle–brachial 
ratios screen for the diagnosis, which is anatomically 
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confi rmed with angiography. Arterial ultrasound 
or echography can also be useful in visualizing the 
endofi brotic lesion.

Non-surgical techniques for the treatment of 
external iliac artery endofi brosis include angioplastic 
balloon catheter dilatation and stenting, which can be 
planned for and performed at the time of angiography. 
Surgical techniques include bypass surgery and open 
endarterectomy. Use of these techniques has made 
a return to top level cycling and triathlon possible 
in patients. However, long-term follow-up of such 
patients has not been carried out.

Th e natural history of this pathology is not cer-
tain. However, Abraham et al. suggest that it is non-
progressive once high level sport is ceased. Th ey 
advise that an athlete who is reducing his/her sporting 
level, and who is asymptomatic with activities of daily 
living and submaximal, be managed conservatively 
but followed up regularly.10

Neuromyofascial causes

Th e neural component of calf pain can be assessed 
with the use of the slump test (Fig. 31.2h). Th is may 
reproduce the patient’s calf pain. If pain is relieved 
by cervical extension, neural structures may be con-
tributing to the patient’s pain.

The most common source of referred pain is 
myofascial trigger points in the gluteal muscles. 
Myofascial pain may present as an episode of sudden 
sharp pain and mimic a calf strain, as pain of more 
gradual onset accompanied by tightness, or as muscle 
cramps. Treatment consists of ischemic pressure or 
dry needling to the trigger points followed by muscle 
and neural stretching.

Th e joints of the lumbar spine may occasionally 
refer pain to the calf. Th is should be suspected clini-
cally if the pain is somewhat variable in location or 
if there is a history of recurrent ‘calf strains’.

Th e knee joint may also refer pain to the calf 
(Chapter 29). Th is may be due to a Baker’s cyst, a 
posterior cruciate ligament injury in which bleed-
ing may track down into the calf, from a strain of 
the posterior capsule of the knee joint or a popliteus 
muscle injury.

Nerve entrapments

Nerve entrapments around the calf include tibial 
nerve entrapment (rare) secondary to a Baker’s cyst; 
popliteal artery aneurysm or ganglion resulting in 
ankle inverter and toe fl exor weakness and paresthesia 
to the sole of the foot; and sural nerve entrapment, 
which may result from compression (ski boots, casts), 

mass lesions, trauma or thrombophlebitis causing pain 
and paresthesia in the lateral heel and foot.

Th e sural nerve may be compressed in a fi brous 
arch that thickens the superfi cial sural aponeurosis 
around the opening through which the nerve passes. 
Intense physical training may lead to an increase in 
the sural muscle mass, which in turn compromises the 
sural nerve in its trajectory through the unyielding and 
inextensible superfi cial sural aponeurosis. Th e nerve 
may also become trapped in scar tissue.11

Investigations can include nerve conduction stud-
ies plus/minus looking for a space-occupying lesion. 
Management includes conservative measures such 
as neural stretches, fascial massage or cortisone 
injections, and failing this consideration of surgical 
exploration and/or neurolysis.

Superfi cial compartment syndrome

Patients with superficial posterior compartment 
syndrome, the least common of the lower leg com-
partment syndromes, present with calf pain. Th e 
superfi cial compartment contains the gastrocnemius 
and soleus muscles, which are enclosed in a fascial 
sheath. Symptoms are similar to those of the other 
compartment syndromes with pain aggravated by 
activity and relieved by rest. An elevated compart-
ment pressure confi rms the diagnosis during and aft er 
exercise (Table 29.3). Treatment consists of soft  tissue 
therapy or, if this is unsuccessful, surgery.

Patients with either deep posterior compartment 
syndrome or stress fracture involving the posterior 
cortex of the tibia may present with calf pain instead 
of, or as well as, shin pain (Chapter 30).

Conditions not to be missed
Deep venous thrombosis occurs occasionally in 
association with calf injuries. Th e post-injury com-
bination of lack of movement, disuse of the muscle 
pump and the compressive eff ect of swelling may all 
lead to venous dilatation, pooling and a decrease in the 
velocity of blood fl ow. Certainly athletes who sustain 
a calf muscle injury should avoid long airplane fl ights 
in the days aft er injury.

Deep venous thrombosis is seen rarely aft er arthros-
copy.12 Aft er uncomplicated ACL knee reconstruction, 
deep venous thrombosis and pulmonary embolus 
proved fatal in an otherwise healthy 30-year-old. Th e 
diagnosis should be suspected when the patient has 
constant calf pain, tenderness, increased temperature 
and swelling. Homan’s sign (passive dorsifl exion) is 
positive (Fig. 31.2c). Th e presence of deep venous 
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thrombosis may be confi rmed by Doppler scan and 
venography.
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CHAPTER 

32
Pain in the Achilles Region

WITH HÅKAN ALFREDSON AND JILL COOK

Although Achilles—the legendary warrior and hero 
of Homer’s Th e Iliad—died as a result of an arrow 

that pierced the midportion of his tendon, today’s 
patient with a painful presentation in this region usu-
ally has a good long-term prognosis.1 Nevertheless, 
runners have a 15 times greater risk of Achilles tendon 
rupture, and 30 times greater risk of tendinopathy 
than do sedentary controls.2 Th is chapter highlights 
clinically useful evidence-based treatments for pain 
in the Achilles region.3, 4

Functional anatomy
Th e key structures that contribute to pain in the 
Achilles region (posterior heel and proximal towards 
the calf) are illustrated in Figure 32.1. Th e Achilles 
tendon, the thickest and strongest tendon in the 
human body,5 is the combined tendon of the gas-
trocnemius and soleus muscles. Th e tendon has no 
synovial sheath but is surrounded by a paratenon 
(also known as peritendon), which is continuous with 
the perimysium of the muscle and the periosteum of 
the calcaneus. Pain in the main body of the tendon 
(2–3 cm [1–1.5 in.] above the insertion, which we 
refer to as the ‘midportion’) appears to respond much 
better to treatment than pain at the insertion itself. Th e 
bursae are important potential sources of pain, as is the 
superolateral tubercle of the calcaneum, which, when 
excessively large, is called a ‘Haglund’s deformity’. 
A large and rather square-shaped calcaneum appears 
to predispose to bursitis. Th e posterior process of the 
talus approximates the Achilles insertion and, thus, 
can contribute to pain in this region. Blood vessels 
enter the Achilles tendon from the deep surface (Fig. 
32.1c); this is where abnormal vessels are ablated using 
sclerotherapy (see p. 603).

Clinical perspective
Acute tendon rupture is most common among men 
aged 30–50 years (mean age, 40 years); it causes sud-
den severe disability. Most textbooks suggest that 
rupture limits active plantarfl exion of the aff ected 
leg—but beware, the patient can oft en plantarfl ex 
using an intact plantaris and the long toe fl exors.

Figure 32.1 The Achilles region

(a) Surface anatomy

musculotendinous
junction

classic site
of midportion
tendinopathy

site of insertional
tendinopathy

calcaneus
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should be distinguished clinically. Th e condition that 
was previously called ‘Achilles tendinitis’ is not truly an 
infl ammatory condition and, thus, should be referred to 
as ‘Achilles tendinopathy’.6 Chapter 2 details the pathol-
ogy that underlies the common tendinopathies.

Th e main diff erential diagnoses of gradual onset 
pain in the Achilles region arise from the neighboring 
anatomy (Table 32.1). Th ere are two bursae in this 
region: the retrocalcaneal bursa, which lies between 
the posterior aspect of the calcaneus and the insertion 
of the Achilles tendon, and the Achilles bursa, which 
lies between the insertion of the Achilles tendon and 
the skin (Fig. 32.1b). Th e posterior process of the talus 
or a discrete anatomical variant, the os trigonum, can 
each be involved in posterior impingement syndrome 
(Chapter 34). Th is is most commonly seen in ballet 
dancers but occurs occasionally in sprinters and in 
football players. Other, much less common diff erential 
diagnoses include dislocation of the peroneal tendons, 
an accessory soleus muscle, irritation or neuroma of 
the sural nerve, and systemic infl ammatory disease. 
Th ese pathologies cause pain in and also around the 
Achilles tendon; true tendon pain is almost always 
confi ned to the tendon itself.

In adolescents, it is important to consider the 
diagnosis of Sever’s lesion, a traction apophysitis at 
the insertion of the Achilles tendon into the calcaneus 
(Chapter 40). Referred pain is a very rare cause of 
pain in the Achilles region.

History

Th e athlete with overuse tendinopathy notices a 
gradual development of symptoms and typically com-
plains of pain and morning stiff ness aft er increasing 
activity level. Pain diminishes with walking about 
or applying heat (e.g. a hot shower). In most cases, 
pain diminishes during training, only to recur several 
hours aft erwards.

Th e onset of pain is usually more sudden in a partial 
tear of the Achilles tendon. In this uncommon condi-
tion, pain may be more disabling in the short term. 
As the histological abnormality in a partial tear and 
in overuse tendinopathy are identical (see below), we 
do not emphasize the distinction other than to suggest 
that time to recovery may be longer in cases of partial 
tear. A history of a sudden, severe pain in the Achilles 
region with marked disability suggests a complete 
rupture. Th e patient oft en reports hearing a ‘shot’.

Examination

Palpate the painful area for tenderness, thickening 
and crepitus (a ‘crackling’ feeling that arises because 

(b) Anatomy

(c) Stylized and magnifi ed depiction to illustrate 
abnormal vasculature in Achilles tendinosis

tibia

Achilles tendon

Achilles bursa     

retrocalcaneal bursa

calcaneus

 Th e key diagnostic test is the ‘calf squeeze test’ 
(also called Simmond’s or Th omson’s test) (see 
Fig. 32.2h).

Overuse Achilles tendon injuries—tendinopathy—
may arise with increased training volume or intensity 
but may also arise insidiously. Because the prognosis 
for midportion Achilles tendinopathy is much better 
than for insertional tendinopathy, these conditions 
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of the hydrophilic [water-attracting] excess matrix 
proteins found in the peritendon). Also, seek possible 
predisposing factors, such as unilateral calf tightness, 
joint stiff ness at the ankle or subtalar joints, and abnor-
mal lower limb biomechanics. If the Achilles tendon 
seems to be the cause of pain, and the examiner is 
confi dent that the tendon is intact, the examination 
should aim to provoke tendon pain during tendon-
loading activity. In most patients, simple single-leg 
heel-raises will be suffi  cient to cause pain. In more 
active individuals, however, it may be necessary to 

ask the patient to hop on the spot, or hop forward, 
to further load the tendon and reproduce pain. In 
some athletes repeated loading (i.e. multiple hops, 
jumps) tests may be necessary to evaluate the tendon 
fully. Th ese functional tests provide a baseline against 
which treatment response can be compared. Another 
method of monitoring the clinical progress of Achilles 
tendinopathy is to use the VISA questionnaire7 (Table 
32.2, this is also available as a downloadable PDF fi le 
at <www.clinicalsportsmedicine.com>). Th is simple 
questionnaire takes less than 5 minutes to complete 

Table 32.2 Victorian Institute of Sport Assessment (VISA-A) questionnaire
 1. For how many minutes do you have stiff ness in the Achilles region on fi rst getting up?  POINTS

100 min            0 min

 0 1 2 3 4 5 6 7 8 9 10

2. Once you have warmed up for the day, do you have pain when stretching the Achilles tendon fully 
over the edge of a step? (keeping knee straight)       POINTS

Strong
severe            no pain
pain            

 0 1 2 3 4 5 6 7 8 9 10

3. After walking on fl at ground for 30 minutes, do you have pain within the next 2 hours? 
(If unable to walk on fl at ground for 30 minutes because of pain, score 0 for this question.)  POINTS

Strong
severe            no pain
pain            

 0 1 2 3 4 5 6 7 8 9 10

4. Do you have pain walking down stairs with normal gait cycle?     POINTS

Strong
severe            no pain
pain            

 0 1 2 3 4 5 6 7 8 9 10

Table 32.1 Causes of pain in the Achilles region

Common Less common Not to be missed

Midportion Achilles tendinopathy (this 
includes tendinosis, paratendinitis and 
partial tears)

Posterior impingement syndrome
Insertional Achilles tendinopathy 

including retrocalcaneal bursitis and 
Haglund’s disease

Sever’s lesion (adolescents)

Achilles bursitis
Accessory soleus muscle
Referred pain
 Neural structures
 Lumbar spine

Achilles tendon rupture
Achilles tendinopathy due to the 

infl ammatory arthropathies (Chapter 50)
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Table 32.2 Victorian Institute of Sport Assessment (VISA-A) questionnaire (continued)
 5. Do you have pain during or immediately after doing 10 (single leg) heel raises from a fl at surface? POINTS

Strong
severe            no pain
pain            

 0 1 2 3 4 5 6 7 8 9 10

6. How many single-leg hops can you do without pain?      POINTS

0            10

 0 1 2 3 4 5 6 7 8 9 10

7. Are you currently undertaking sport or other physical activity?     POINTS

  0 Not at all

  4 Modifi ed training ± modifi ed competition

  7 Full training ± competition but not at same level as when symptoms began

 10 Competing at the same or higher level as when symptoms began

8. Please complete either A, B or C in this question.
 • If you have no pain while undertaking Achilles tendon loading sports, please complete Q8A only.
 •  If you have pain while undertaking Achilles tendon loading sports but it does not stop you from completing 

the activity, please complete Q8B only.
 • If you have pain that stops you from completing Achilles tendon loading sports, please complete Q8C only.

A. If you have no pain while undertaking Achilles tendon loading sports, for how long can you train/practise?
       POINTS
 NIL 1–10 min 11–20 min 21–30 min >30 min

 0 7 14 21 30

B. If you have some pain while undertaking Achilles tendon loading sports but it does not stop you from 
completing your training/practise, for how long can you train/practise?

       POINTS
 NIL 1–10 min 11–20 min 21–30 min >30 min

 0 4 10 14 20

C. If you have pain that stops you from completing your training/practise in the Achilles tendon loading sports, for 
how long can you train/practise?

       POINTS
 NIL 1–10 min 11–20 min 21–30 min >30 min

 0 2 5 7 10

 TOTAL SCORE (    /100) %
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and once patients are familiar with it they can com-
plete most of it themselves.

Examination involves:

1. Observation
(a) standing
(b) walking
(c) prone (Fig. 32.2a)

2. Active movements
(a) plantarfl exion
(b) dorsifl exion

3. Passive movements
(a) plantarfl exion
(b) plantarfl exion with overpressure (Fig. 32.2b)
(c) dorsifl exion
(d) subtalar joint (Fig. 32.2c)
(e) muscle stretch

 (i) gastrocnemius (Fig. 32.2d)
 (ii) soleus (Fig. 32.2e)

4. Resisted movements
(a) plantarfl exion—calf raises

5. Functional tests
(a) single-leg calf raises
(b) hop (Fig. 32.2f)
(c) eccentric drop

6. Palpation
(a) Achilles tendon (Fig. 32.2g)
(b) retrocalcaneal bursa
(c) posterior talus
(d) calf muscle

7. Special test
(a) Prone inspection for tendon rupture
(b) Simmond’s calf squeeze test8 (Fig. 32.2h)
(c) biomechanical assessment (Chapter 5)

Investigations

Plain radiographs are of limited value but, if symptoms 
are longstanding, they may reveal a Haglund’s deform-
ity, a prominent superior projection of the calcaneus 
(Fig. 32.3a), or spurs projecting into the tendon. Th is 
is associated with insertional tendinopathy and may 
also precipitate retrocalcaneal bursitis. Posterior 
impingement can be shown radiographically using 
functional views (see Fig. 32.14). X-ray may reveal 
calcifi cation in the tendon itself but, unless severe 
(Fig. 32.3b), this can be asymptomatic.

In symptomatic patients, both ultrasound and 
MRI (Figs 32.3c–f) oft en reveal an abnormal signal 
in the Achilles tendon that generally corresponds 
with the histopathology of tendinosis described 
below (pp. 597–606). Ultrasound and MRI can help 
distinguish diff erent causes of pain in the Achilles 
region (e.g. highlight whether the Achilles bursa or the 

Figure 32.2 Examination of the patient with pain in 
the Achilles region

(a) Observation—prone. Look for swelling of the 
tendon and wasting of the calf muscle

(b) Passive movement—plantarfl exion. This will 
be painful if posterior impingement is present. 
Overpressure can be applied

Brukner-B-25_36.indt   594Brukner-B-25_36.indt   594 5/6/06   11:59:23 AM5/6/06   11:59:23 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 595

CHAPTER 32 PAIN IN THE ACHILLES REGION 32

(c) Passive movement—subtalar joint. Restricted 
subtalar joint movement is a potential cause of Achilles 
region pain and a contributory factor to abnormal 
biomechanics

(d) Passive movement—muscle stretch 
(gastrocnemius). The patient stands so that body 
weight causes overpressure. The knee must remain 
extended and the heel remains in contact with the 
fl oor. The foot remains in neutral by keeping the 
patella in line with the third metatarsal. Compare the 
stretch on both sides

(e) Passive movement—muscle stretch (soleus). The 
patient stands upright and keeps the knee fl exed. The 
foot should remain in a neutral position

(f) Functional tests. These can be used to reproduce 
pain, if necessary, or to test strength. Tests include 
double-leg and single-leg calf raises, hops forward 
(illustrated), eccentric drops and lunge
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(g) Palpation—prone. Palpate the site of pain. Palpate 
the tendon and paratenon while the tendon moves 
to determine which structure is involved. Palpate the 
gastrocnemius, soleus and retrocalcaneal bursa(e) 

  (h) Special test—Simmond’s (Thomson’s) 
calf squeeze test for Achilles tendon rupture. 
The practitioner squeezes the fl eshy part of 
the calf. The test is positive if the foot fails to 
plantarfl ex

Achilles tendon insertion is abnormal in patients with 
pain at the distal tendon). Color Doppler ultrasound is 
being used increasingly in tendinopathies; it provides 
information about the extent of the characteristic 
abnormal vascularity. It may also provide a target for 
treatment (see sclerotherapy p. 603). Because of the 
variability in imaging and its inconsistent clinical cor-
relation,9, 10 the results of imaging should not dominate 

Figure 32.3 Imaging fi ndings in patients presenting 
with Achilles pain

(a) MRI showing the prominent calcaneum of 
Haglund’s deformity and associated tendon and bursal 
pathology

(b) Calcifi cation in the insertion of the Achilles tendon. 
Patients can be managed according to the symptoms 
of tendinopathy (see p. 597)
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clinical decision making; variation in symptoms such 
as morning stiff ness and load pain should direct treat-
ment modifi cation. Studies in many tendons have 
indicated that clinical outcomes are independent of 
imaging and change in imaging.11, 12

Midportion Achilles 
tendinopathy
It is important to distinguish between midportion 
and insertional Achilles tendinopathy as they diff er 
in their prognosis and response to treatment. We 
briefl y review the pathology of Achilles tendinopathy, 
list expert opinion of the factors that predispose to 
injury, and summarize the clinical features of the 
condition. Th e subsequent section details the treat-
ment of midportion tendinopathy.

Histopathology and basic molecular biology

When operating on patients with chronic Achilles 
tendinopathy, the surgeon generally fi nds a degenera-
tive lesion characterized by an intratendinous, poorly 
demarcated, dull-grayish discoloration of the tissue 
with a focal loss of normal fi ber structure (Fig. 32.4a).13 
A partial tear or rupture, defi ned as a macroscopic dis-
continuity involving a small proportion of the tendon 
cross-section, is seen in approximately 20% of cases. 
Th ese tears always occur in a region of pre-existing 
pathology and do not occur in normal tendon tissue.14 
Th e paratendinous structures are either normal or 
contain edema or scarring. Importantly, when the 
symptomatic parts of such Achilles tendon tissue are 
examined under the light microscope, there is col-
lagen fi ber disarray (Fig. 32.4b). Th is applies equally 

(c) Gray-scale ultrasound appearance of a normal 
Achilles tendon

(d) Gray-scale ultrasound appearance of an Achilles 
tendon with mild morphological abnormality 

(e) Color Doppler ultrasound appearance showing 
abnormal vessels in symptomatic tendinopathy

(f) MRI appearance showing mild morphological 
abnormality
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to areas of partial tear, which show hypervascularity 
without signs of tissue repair.13 Th is histopathological 
picture is called ‘tendinosis’ and is identical in tendons 
with macroscopically evident partial tears and those 
without.13 Th ese regions of tendon disarray correspond 
with areas of increased signal on MRI and hypoechoic 
regions on ultrasound.15

It is noteworthy that infl ammatory cells are absent in 
tendinosis. Also, intratendinous microdialysis16, 17 and 
contemporary molecular biology techniques (cDNA 
arrays, real-time quantitative polymerase chain reac-
tion) of appropriately prepared biopsy tissue18 all 
failed to show evidence of prostaglandin-mediated 
infl ammation. Th ere are, however, signs of what Hart 
et al. have termed ‘neurogenic infl ammation’.19 Th is is 
characterized by neuropeptides, such as substance P and 
calcitonin gene-related peptide (CGRP). It appears that 
peptidergic group IV nerve fi bers release peptides from 
their terminals, starting various pathophysiological, and 
presumably painful, processes. While this fi eld awaits 
further research advances, clinicians can endeavor to 
limit the onset of pathology by attending to the likely 
risk factors for Achilles tendinopathy.

Predisposing factors

Injury to the Achilles tendon occurs when the load 
applied to the tendon, either in a single episode or, 
more oft en, over a period of time, exceeds the ability 
of the tendon to withstand that load. Factors that may 
predispose to Achilles tendinopathy include:

• years of running
• increase in activity (distance, speed, gradient)
• decrease in recovery time between training 

sessions
• change of surface
• change of footwear (e.g. lower heeled spike, shoe 

with heel tab)
• excessive pronation20 (increased load on 

gastrocnemius–soleus complex to resupinate the 
foot for toe-off ) (Fig. 32.5)

• calf weakness
• poor muscle fl exibility (e.g. tight gastrocnemius)
• joint range of motion (restricted dorsifl exion)
• poor footwear (e.g. inadequate heel counter, 

increased lateral fl aring, decreased forefoot 
fl exibility) (Chapter 6)

• genetic predisposition.21

Clinical features

Th e presentations of Achilles tendinopathy can vary 
as listed in Table 32.3.

Figure 32.4 (a) Intraoperative photograph showing 
the appearance of tendinosis. 

(b) Light microscopic appearance of this tissue: 
(i) appearance of normal tendon; (ii) collagen fi ber 
disarray, loss of the characteristic parallel bundles, 
fewer cell nuclei; (iii) areas of abnormal vascularity and 
increasingly prominent cells (see also Figs 32.1c, 32.3e)

(i)

(ii)

(iii)

Brukner-B-25_36.indt   598Brukner-B-25_36.indt   598 5/6/06   11:59:31 AM5/6/06   11:59:31 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 599

CHAPTER 32 PAIN IN THE ACHILLES REGION 32

Practise tips relating to imaging 
Achilles tendinopathy

Th ere are various appearances of Achilles tendinopa-
thy with imaging (Table 32.4). Th us, we recommend 
that the history and physical examination remain the 
keys to diagnosis. Until patients become familiar with 
the concept of tendinosis, imaging may help illustrate 
that the abnormality is one of collagen disarray and 
abnormal vasculature; this will help the patient under-
stand the lengthy time course of healing.

Treatment of midportion 
Achilles tendinopathy
Level 2 evidence-based treatments for Achilles tendi-
nopathy include heel-drop exercises, nitric oxide 

donor therapy (glyceryl trinitrate [GTN] patches), 
sclerosing injections and microcurrent therapy (see 
below). In addition, experienced clinicians begin 
conservative treatment by identifying and correcting 
possible etiological factors. Th is may include relative 

Foot strike Midstance

Figure 32.5 Whipping action of the Achilles 
tendon produced by overpronation, a risk factor for 
midportion Achilles tendinopathy

Table 32.3 Clinical features associated with presentation of overuse Achilles tendinopathy (i.e. not a complete 
rupture)

Clinical feature or imaging fi nding Variability in presentation with overuse Achilles tendinopathy

History

Onset of pain May be sudden, gradual but noticeable, or insidious

Severity of pain May range from a minor inconvenience to profound pain with activity

Duration May range from days to years

Disability May be minimal, moderate or severe

Examination

Extent of swelling/crepitus Can range from being a major feature of the presentation to being 
absent

Extent of tenderness May range from being pinpoint to extending throughout several 
centimeters of the tendon

Presence of a nodule May or may not be present, and when present may vary in size

Table 32.4 Variations in imaging fi ndings in patients 
with overuse Achilles tendinopathy (i.e. not a complete 
rupture)

Investigation
Variations seen in clinical 
practise

Ultrasound—
extent of 
swelling

Tendon swelling can be associated 
with tendon fi ber damage (see 
below) or it can occur without 
discontinuity and swelling (e.g. 
fusiform swelling). It is possible to 
have a normal ultrasound scan with 
symptoms and signs of Achilles 
tendinopathy but diff erential 
diagnoses must be fully evaluated 
and excluded.

Ultrasound—
discontinuity of 
tendon fi bers

Tendon fi bers may appear 
intact or extensively 
damaged on ultrasonography 
(‘hypoechogenicity’). This is usually 
associated with tendon swelling.

MRI appearance The MRI appearance can vary from 
essentially normal to a marked 
increase in abnormal signal, best 
seen on T2-weighted sequences. 
Another feature of tendinopathy is 
increased tendon diameter without 
signal.
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rest, orthotic treatment (heel lift , change of shoes, 
corrections of malalignment) and stretching of tight 
muscles. Whether these ‘commonsense’ interventions 
contribute to outcome is unlikely to be tested.

Figure 32.6 illustrates a commonly used progres-
sion of treatment. Th e sequence of management 
options may need to vary in special cases such as the 
elite athlete, the person with acute tendon pain unable 
to fully bear weight, or the elderly patient who may 
be unable to complete the heel-drops. As always, the 
clinician should respond to individual patient needs 
and modify the sequence appropriately.

Alfredson’s painful heel-drop protocol

In 1984, Curwin and Stanish23 pioneered what they 
termed ‘eccentric training’ as therapy for tendon inju-
ries. From this base, Alfredson and colleagues made 

three critical modifi cations.24, 25 Firstly, they considered 
worsening pain as part of the normal recovery process; 
thus, they advised patients to continue with the full 
exercise program even as pain worsened on starting the 
program. Along those lines, if the patient experienced 
no pain doing the program, he or she was advised to 
increase the load until the exercises provoked pain 
(Fig. 32.7, Table 32.5). Th e second innovation was to 
incorporate two types of heel-drops into the program 
(see below); traditionally, only one type of heel-drop 
had been prescribed. Finally, they prescribed 180 
heel-drops per day—a far larger number than had 
been recommended previously. Alfredson’s 12-week 
program cured approximately 90% of those with 
midtendon pain and pathology.25–27 In addition to the 
good clinical results, ultrasound and MRI follow-up 
demonstrated that patients’ tendons returned towards 
normal appearance and thickness.28

Patient presents
with midtendon pain

Begin Alfredson’s heel-drop exercise program for
6–12 weeks

1.  Continue exercise, evaluate and treat kinetic chain.
Modify load, nitric oxide donor (glyceryl trinitrate GTN) 

patch for 12–24 weeks

2. Continue exercise. Add biomechanical assessment.
Soft tissue therapy and electrotherapy. Continue
glyceryl trinitrate (GTN) patch for12–24 weeks  

3. Continue exercise. Sclerosing treatment for
8–12 weeks

4. Surgery

No response Response
Continue maintainance exercises 6–12 months

Exclude rupture. Evaluate peritendinous structures

Figure 32.6 Flow chart showing one approach to the clinical management of midportion Achilles tendinopathy 
(modifi ed from Alfredson et al.22)
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Variations on the heel-drop program may also be 
eff ective29 but have not been as rigorously evaluated as 
have those used in patients in Alfredson’s program.

 Th ere is evidence to suggest that heel-drops 
promote superior clinical recovery than do 
heel-raises.30

In a study that compared these two types of exercises, 
82% of patients who did the heel-drops were back to 
their previous activity level at the completion of treat-
ment, whereas only 36% of those doing heel-raises 
achieved that outcome.31

Nitric oxide donor therapy

Th ere is level 2 evidence to support nitric oxide 
donor therapy (glyceryl trinitrate [GTN] patches 

Figure 32.7 Alfredson’s painful heel-drop protocol for 
Achilles tendinopathy. The heel-drop protocol consists 
of two key exercises: the ‘gastrocnemius drop’ and the 
‘soleus drop’. 

(a) For the gastrocnemius drop, the patient begins in 
a demipointe position, with the heel raised and the 
knee fully extended. 

(b) From the starting position, the patient lowers the 
heel so that the foot is parallel with the ground. 

(a) (b)

(c) For the soleus drop, the patient again adopts the 
demipointe position with the heel raised, but for this 
exercise the knee should be fl exed to 45° so that the 
soleus is engaged. 

(d) The patient lowers the heel so that the foot is 
parallel with the ground. 

(c) (d)

Table 32.5 Alfredson’s painful heel-drop protocol (180 drops/day)

Number of exercises Exercise specifi cs Exercise progression

3 × 15 repetitions
2 times daily
7 days/week for 

12 weeks

Do exercise both with knee straight (fully 
extended) (Fig. 32.7a) and knee bent 
(fl exed 45°) (Fig. 32.7b) over edge of a step

Lower only (heel-drop) from standing 
on toes (i.e. raise back onto toes using 
unaff ected leg or arms)

Do exercises until they become pain-free
Add load until exercises are again painful
Progressively add load up to 60 kg
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applied locally 1.25 mg/day).32 Compared with the 
control group, the glyceryl trinitrate group showed 
reduced pain with activity by 12 weeks. In this group, 
28 (78%) of 36 patients’ tendons were asymptomatic 
with activities of daily living at six months, compared 
with 20 (49%) of 41 patients’ tendons in the control 
group (Fig. 32.9b).

Glyceryl trinitrate (GTN) patches come in varying 
doses. A 0.5 mg patch should be cut in quarters and 
applied to the site of maximum pain for 24 hours at 
a time and then replaced (Fig. 32.9a). A 0.2 mg patch 
would best be cut in half and applied similarly.

Corticosteroid injection around 
and into tendon

Th e Cochrane database of systematic reviews con-
cludes that peritendinous injection of corticosteroids 
in Achilles tendinopathy has short-term pain-relieving 
eff ects but no eff ect or detrimental eff ects in the longer 
term.33, 34 Although intratendinous injection is gener-
ally contraindicated,34 Danish researchers35 injected 
corticosteroid intratendinously in six tendons with 
promising results. Th is, however, requires further 
research before being recommended.

(e) To increase the load, additional weight can be 
added using a backpack or, where necessary, a weight 
machine

How do heel-drops reduce pain in tendinopathy?

Figure 32.8 How heel-drops might work to 
improve Achilles tendon metabolism

There are several possible explanations for the 
eff ectiveness of heel-drops but none have yet 
been proven. Heel-drops have an immediate 
and long-term infl uence on tendon. In the short-
term, a single bout of exercise increases tendon 
volume and signal on MRI.28 Heel-drops aff ect 
type 1 collagen production and, in the absence of 
ongoing insult, may increase tendon volume over 
the longer term.36 Thus, heel-drops may increase 
tensile strength in the tendon over time. Repetitive 
loading and a lengthening of the muscle–tendon 
unit may therefore improve the capacity of the 
musculotendinous unit to aff ectively absorb load 
(Fig. 32.8).
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Sclerosing injections

Th is treatment consists of using ultrasound guidance 
(Fig. 32.10a) while injecting a vascular sclerosant 
(polidocanol, an aliphatic, non-ionized, nitrogen-free 
substance with a sclerosing and anesthetic eff ect) in 
the area of neovascularization anterior to the tendon 
(Figs 32.10 b, c). Short-term (six month) evaluation of 

this treatment showed that eight of 10 tendons were 
pain-free aft er a mean of two treatments.37 Tendons 
that were pain-free had no neovascularization outside 
or inside the tendon (Fig. 32.10d), but in the two 
unsuccessfully treated patients, vessels remained. 
Two-year follow-up of these patients showed that 
the same eight patients remained pain-free with no 
vessels in the tendon (unpublished data). Ultrasono-
graphically, tendon thickness had decreased and the 
structure looked more normal.

In a small double-blind randomized controlled 
study38 comparing the eff ects of injections of a scler-
osing and a non-sclerosing substance (lignocaine 
[lidocaine] plus adrenalin [epinephrine]), two doses of 
the sclerosing substance led to fi ve of 10 participants 
being satisfi ed with treatment; a further open-label 
treatment (injection) led to all remaining patients 
being satisfi ed. Th e placebo group, on the other hand, 
saw no patients satisfi ed aft er two placebo injections, 
and nine of 10 participants satisfi ed aft er open-label 
cross-over to the active agent.

Rehabilitation aft er sclerosing injection includes 
one to three days of rest, then gradually increased 
tendon-loading activity while being careful to avoid 
jumping, fast runs and heavy strength training during 
the fi rst two weeks. Aft er two weeks, such activities 
that load the tendon maximally are permitted.

Aft er treating 500 patients with Achilles tendin-
opathy, the pioneers of this treatment (Alfredson et 
al.) reported three complications. Two patients have 
sustained total ruptures (one at the end of an 800-m 
track race eight weeks aft er treatment) and another 
patient who was treated in the midportion sustained 
a partial rupture in an area in which he previously 

Figure 32.9 Nitric oxide donor therapy. 

(a) A glyceryl trinitrate (GTN) patch is worn over the 
most painful site 24 hours a day for six months. 
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(b) Glyceryl trinitrate patches provided outcomes superior to the placebo patch for Achilles tendinopathy4

* = statistically signifi cant diff erence (P < 0.05)
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had four intratendinous corticosteroid injections. 
In summary, sclerosing therapy may have a role in 
patients who fail to respond to heel-drops and nitric 
oxide donor therapy. As with all innovative therapies, 
further research is needed to determine the long-
term safety of this procedure. If the technique proves 
successful when used in other centers and at other 
tendon sites, it would strengthen the argument for 
more routine use.39

Electrophysical agents

Th ere is little quality evidence supporting the use 
of electrophysical agents, including extracorporeal 

shock wave therapy,40 in treating tendinopathy. Th era-
peutic ultrasound increases protein synthesis in 
tendons,41 but there is an oversupply of poor quality 
protein in tendon suff ering from overuse, so it may 
not improve the clinical outcome to further increase 
this substance.

A randomized trial42 showed a superior outcome 
aft er treatment and one month later in patients who 
had undergone hyperthermia with low-frequency 
microwave compared with those treated with tra-
ditional ultrasound. Microcurrent applied for two 
weeks decreased pain at 12 months compared with 
conventional treatment.43

Figure 32.10 Sclerotherapy

(a) Ultrasound-guided sclerotherapy

(b) Abnormal vessels—neovessels—before 
sclerotherapy

(c) Vessels absent immediately after sclerotherapy

(d) Vessels are still absent 12 months after treatment 
in a pain-free patient
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physiotherapist-prescribed rehabilitation exercises even 
aft er having returned to training and competition.

Insertional Achilles 
tendinopathy, retrocalcaneal 
bursitis and Haglund’s disease
Th ese three ‘diagnoses’ are discussed together as they 
are intimately related in pathogenesis and clinical 
presentation.50–53

Relevant anatomy and pathogenesis

Th e Achilles tendon insertion, the fi brocartilaginous 
walls of the retrocalcaneal bursa that extend into the 
tendon (Fig. 32.1b) and the adjacent calcaneum form 
an ‘enthesis organ’ (Fig. 32.12).54 Th e key concept is 
that at this site the tendon insertion, the bursa and 
the bone are so intimately related that a prominence 
of the calcaneum will greatly predispose to mechani-
cal irritation of the bursa and the tendon. Also, there 
is signifi cant strain on the tendon insertion on the 
posterior aspect of the tendon with dorsifl exion.53 Th is 
then leads to a change in the nature of those tissues, 
consistent with the biological process of mechan-
otransduction (physical response to a mechanical 
load, Chapter 2).

We distinguish between the term ‘Haglund’s 
deformity’, a descriptive label for prominence of the 
posterolateral calcaneum, and ‘Haglund’s disease’, a 
clinical label for the clinical syndrome of a prominent, 
painful lateral portion of the retrocalcaneal bursa 

Adjunct conservative treatments

Biomechanical evaluation of the foot and leg is a 
clinically important part of Achilles tendon manage-
ment. Although there is little empirical evidence to 
support the association between static foot posture 
and Achilles tendinopathy,44 modifi cation of foot 
posture in some patients can reduce pain and increase 
the capacity to load the tendon.20

Similarly, soft  tissue therapy of the calf complex 
can assist rehabilitation (Fig. 32.11), as can tendon 
mobilization.45 Frictions have been shown to increase 
the protein output of tendon cells;46 however, similar 
to the eff ect seen with ultrasound, greater amounts 
of collagen and ground substance may not improve 
pain or pathology.

Surgical treatment

Surgical treatment procedures range from simple 
percutaneous tenotomy47 to removal of tendon pathol-
ogy via an open procedure. Percutaneous tenotomy 
resulted in 75% of patients reporting good or excel-
lent results aft er 18 months.48 Th e outcome of open 
surgery for Achilles tendinopathy was superior among 
patients whose tendons had diff use disease, compared 
with those whose tendons had a focal area of tendin-
opathy.49 At seven months post-surgery, 88% of those 
with diff use disease had returned to physical activity, 
as had 50% of those with a focal lesion.

All Achilles tendon surgery requires early post-
operative rehabilitation and this needs to continue 
for six to 12 months as fi nal clinical results rely on 
the return of strength and functional capacity. Wise 
patients will continue with a maintenance program of 

Figure 32.11 Soft tissue therapy to the belly of the 
calf muscles

Figure 32.12 The ‘enthesis organ’ illustrates why 
insertional Achilles tendinopathy is often associated 
with retrocalcaneal bursitis and calcaneal prominence

Haglund’s
deformity

inflamed
retrocalcaneal

bursa

enthesis
organ

Achilles
tendinopathy

calcaneus
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associated with a prominent superolateral superior 
calcaneus (the Haglund’s deformity).5 Th us, an asymp-
tomatic patient may be found to have a Haglund’s 
deformity on radiographs taken for another reason. 
Th is is important as the deformity, per se, is not an 
indication for treatment.

Insertional Achilles tendinopathy is not as com-
mon, or as well-researched, as midportion tendinopa-
thy. Th e pathology is tendinosis, not infl ammation,55 
and there is some local revascularization inside and 
outside the distal tendon.

Clinical assessment

Good clinical practise includes evaluation of the 
tendon, bursa and calcaneum by careful history, 
inspection of the region for bony prominence and 
local swelling as well as palpation of the area of 
maximal tenderness. Biomechanical abnormalities, 
joint stiff ness and proximal soft  tissue tightening can 
exacerbate an anatomical predisposition to retrocal-
caneal bursitis; they warrant correction if present. 
Ultrasound and MRI can help to assess the extent of 
pathology in the tendon and the bursa. Radiography 
can complement clinical assessment of the calcaneum 
and will reveal tendon calcifi cation, if present. If the 
pathology is truly in the tendon insertion, it is impor-
tant to alert the patient that this is more challenging 
to treat than midportion tendinopathy. We iterate that 
symptoms of insertional Achilles tendinopathy, as 
with any enthesopathy, should raise suspicion about 
the possibility of the diagnosis of rheumatoid arthritis 
or spondyloarthopathy (Chapter 50).

Treatment

Treatment must consider the enthesis organ as a unit. 
Isolated treatment of insertional tendinopathy is 
generally unsuccessful. For example, Alfredson’s pain-
ful heel-drop protocol (very eff ective in midportion 
tendinopathy) only achieved good clinical results in 
approximately 30% of cases of insertional tendinopa-
thy.56 However, in a pilot study of 11 patients with more 
than two years of chronic insertional tendinopathy, 
sclerosing of local neovessels with polidocanol cured 
eight patients at eight-month follow-up. Pain during 
tendon-loading activity, recorded on a visual analog 
scale, decreased from 82 mm (3.2 in.) before treatment 
to 14 mm (0.6 in.) aft er treatment. Th is success rate 
was encouraging as nine patients had multiple pathol-
ogy as is usually the case (thickened retrocalcaneal 
bursae, calcifi cation, loose fragment). A heel lift  worn 
inside both shoes (0.5–1.0 cm [0.25–0.5 in.]) is a good 
practical way of unloading the region.

Sometimes symptoms appear to arise mainly from 
the retrocalcaneal bursa itself. In these cases the 
symptoms may respond to NSAIDs or intrabursal 
corticosteroid injection (0.5 mL of corticosteroid and 
0.2 mL of local anesthetic agent). Abolition of pain 
aft er local anesthesia helps confi rm the diagnosis. Fol-
lowing injection, the patient should rest for 48 hours 
and then slowly resume activity, building up to full 
activity over a period of two to three weeks.

If conservative management fails in cases of 
Haglund’s disease where a deformity is present, 
surgery is indicated. Th us, surgery may be indicated 
in a larger proportion of patients with insertional 
Achilles tendinopathy and retrocalcaneal bursitis 
compared with in those with midportion Achilles 
tendinopathy.

In summary, insertional Achilles tendinopathy is 
commonly associated with retrocalcaneal bursitis and 
Haglund’s disease—it is a condition of the ‘enthesis 
organ’. Th is challenging condition should be distin-
guished from ‘non-insertional’ tendinopathy, which 
we call ‘midportion’ tendinopathy for simplicity. 
Accurate diagnosis is a key to identifying underlying 
conditions that may need to be treated (e.g. biome-
chanical abnormality, Haglund’s deformity). Th e 
heel-drop program is not particularly eff ective in this 
enthesopathy. Surgical treatment and novel therapies, 
such as the sclerosant polidocanol, may be warranted 
in this condition. Spondyloarthropathy needs to be 
considered as a diff erential diagnosis.

Achilles tendon rupture 
(complete)
WITH JON KARLSSON
Complete rupture of the Achilles tendon classically 
occurs in athletes in their 30s or 40s. Th e typical 
patient is a 40-year-old male, and the male:female 
ratio is 10:1. Th e location of rupture is not associated 
with a ‘watershed’ area of poor blood supply.57

Th e patient describes feeling ‘as if I was hit or 
kicked in the back of the leg’; pain is not always the 
strongest sensation. Th is is immediately followed by 
grossly diminished function. A snap or tear may be 
audible.

Th e patient will usually have an obvious limp but 
may have surprisingly good function through the use 
of compensatory muscles. Th at is, the patient may be 
able to walk, but not on the toes with any strength.

 Four clinical tests can greatly simplify exami-
nation of complete Achilles tendon rupture:
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1. On careful inspection with the patient prone 
and both ankles fully relaxed, the foot on the 
side with the ruptured tendon hangs straight 
down (because of the absence of tendon tone); 
the foot on the non-ruptured side maintains a 
little plantarfl exion.

2. Acutely, there may be a palpable gap in the 
tendon, approximately 3–6 cm (1.5–3 in.) 
proximal to the insertion into the calcaneus.

3. Th e strength of plantarfl exion is markedly 
reduced.

4. Simmond’s (also known as Th omson’s) calf 
squeeze test is positive (Fig. 32.2h).8

Treatment of the acutely ruptured Achilles tendon 
may be either surgical (Fig. 32.13) or conservative.

Surgical management

Open surgical treatment of Achilles tendon rupture 
is associated with a 27% lower risk of rerupture 
compared with non-surgical treatment.58 However, 
open operative treatment is associated with an 11% 
risk of complications, including infection, adhesions 
and disturbed skin sensitivity.59 Another approach 
to reduce these complications is to perform surgery 
‘percutaneously’ but this does not eliminate the risk 
of complications. Early post-operative mobilization 
with a functional brace reduced the complication 
rate compared with in those who had been man-
aged with post-operative cast immobilization for 
eight weeks. Post-operative management depends 
on the type of surgery and the surgeon’s post-opera-
tive protocols. Because range of movement and 
strength can be diffi  cult to regain aft er rupture repair, 
earliest possible mobilization and rehabilitation is 

recommended. A protocol consisting of open surgical 
end-to-end repair, a brief period of post-operative 
cast immobilization (one to two weeks), followed by 
controlled range of motion training until the eighth 
post-operative week provided excellent outcomes.60

Non-surgical management

Non-surgical management of an Achilles tendon 
rupture may be indicated in older patients, or patients 
with a low level of activity.58 Th is involves cast immo-
bilization, initially in a position of maximal plantar-
fl exion to protect the tendon for four weeks, then 
aft er four weeks gradually reducing the amount of 
plantarfl exion. Th e total immobilization time is eight 
weeks. Some, but not all, studies of this treatment 
method have reported residual lengthening of the 
Achilles tendon as well as the higher rerupture rate 
mentioned above. A recent meta-analysis of Achilles 
tendon rupture treatments concluded that there were 
insuffi  cient data to draw conclusions about diff erent 
non-operative treatment regimens.58 It should, how-
ever, be borne in mind that non-surgical treatment 
leads to a high success rate provided that no rerupture 
occurs; thus, the main drawback of a non-surgical 
treatment protocol is the increased risk of rerupture. 
Recent studies have also discussed the possibility of 
treating the ruptured Achilles tendon with early range 
of motion without any surgical intervention. We look 
forward to those results with interest.

Posterior impingement 
syndrome
Posterior impingement syndrome of the ankle refers 
to impingement of the posterior talus by the adjacent 
aspect of the posterior aspect of the tibia in extremes 
of plantarfl exion. An enlarged posterior tubercle of 
the talus (Fig. 32.14a) or an os trigonum (Fig. 32.14b) 
may be present. Th is condition is commonly found in 
ballet dancers, gymnasts and footballers, all of whom 
maximally plantarfl ex their ankles. It is also seen sec-
ondary to ankle plantarfl exion/inversion injuries.

Th e os trigonum represents an unfused ossifi c 
center in the posterior process of the talus. Th is is a 
normal anatomical variant present in approximately 
10% of the population. Th e pain arises because of 
the space-occupying nature of the bone; it does not 
depend on whether the bone is fused or not.

Th e diagnosis of posterior impingement syndrome 
is suggested by pain and tenderness at the posterior 
aspect of the ankle and confi rmed by a positive pos-
terior impingement test.

Figure 32.13 Intraoperative photograph showing the 
ruptured Achilles tendon. The surgeon is showing that 
the gap between the torn tendon ends exceeds 5 cm
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 Pain is reproduced on passive plantarfl exion 
of the ankle (Fig. 32.2b).

If further confi rmation is required, a small amount 
of a local anesthetic agent can be injected around the 
posterior talus and the impingement test performed 
without pain. Ideally, this test would be done under 
radiographic guidance so that there is certainty about 
the location of the injection. In practice, this is not 
always feasible and the test relies on the clinical 
accuracy of the practitioner.

Treatments that expert clinicians have used for 
posterior impingement syndrome include relative 
rest, manual mobilization of the subtalar, talocrural 
and midfoot joints, NSAIDs and electrotherapeutic 
modalities. In ballet dancers, forcing turnout and/or 
‘sickling’ the foot can predispose to this condition, 
so technique assessment is essential. If the condi-
tion persists, a corticosteroid injection around the 
area of maximal tenderness may reduce pain. Th is is 
best done from the lateral side, as the medial aspect 
of the ankle contains the neurovascular bundle. 
Frequently, this condition does not respond to con-
servative management and requires surgical removal 
of the posterior process or the os trigonum. Th is can 
be done arthroscopically.

Sever’s lesion
Sever’s lesion or calcaneal apophysitis is a common 
insertional enthesopathy among adolescents (Chap-
ter 40). It can be considered the Achilles tendon 
equivalent of Osgood-Schlatter lesion at the patellar 
tendon insertion.

Less common causes
Accessory soleus

Although considered a ‘rare’ cause of Achilles region 
pain, anatomical studies suggest that an accessory 
soleus is present in about 6% of people. Th is was 
mirrored in an Italian study of 650 athletes; 18 (2.7%) 
had an accessory soleus.61 Th e condition is more 
common among men than women and the average 
age of presentation is 20 years. Th e primary present-
ing patterns are pain in the Achilles region during 
exercise (a ‘compartment’ type pain) with swelling, or 
painless swelling. When pain is present it arises in the 
Achilles tendon. Imaging fi ndings are characteristic; 
plain radiographs show a soft  tissue shadow posterior 
to the tibia obscuring the pre-Achilles fat pad. Ultra-
sound, CT and MRI can each confi rm a mass with 

(a)

(b)

Figure 32.14 Posterior impingement. (a) Prominent 
posterior process of the talus (arrow) and (b) the os 
trigonum (arrow), both of which can be associated 
with posterior impingement
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the same texture as muscle. In cases that are sympto-
matic, observation is an appropriate treatment but, if 
symptoms warrant, surgical removal of the accessory 
soleus is probably the best treatment.62

Other causes of pain in the Achilles region

Achilles bursitis (Fig. 32.1b) is generally caused by 
excessive friction, such as by heel tabs, or by wearing 
shoes that are too tight or too large. Various types of 
rather stiff  boots (e.g. in skating, cricket bowling) 
can cause such friction, and the pressure can oft en 
be relieved by using a punch to widen the heel of the 
boot and providing ‘donut’ protection to the area of 
bursitis as it resolves.

Referred pain to this region from the lumbar 
spine or associated neural structures is unusual and 
always warrants consideration in challenging cases 
(Chapters 3, 35).
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CHAPTER 

33
Acute Ankle Injuries

WITH JON KARLSSON

Epidemiological data suggested that there were over 
300 000 annual emergency department presenta-

tions with ankle sprains in the United Kingdom1 and 
that 42 000 of these were ‘severe’. Th e highest rates 
were in girls aged 10–14 years. Extrapolated to the 
populations of Australia and the United States, these 
UK data would equate to an ankle-injury related 
burden of 100 000 emergency department presenta-
tions annually in Australia, and 1.5 million annually 
in the United States.

Although the term ‘sprained ankle’ is sometimes 
thought to be synonymous with ‘lateral ligament 
injury’ and, thus, imply a rather benign injury, this 
is not always the case. If the ankle injury is indeed 
a lateral ligament sprain, inadequate rehabilitation 
can lead to prolonged symptoms, decreased sporting 
performance and high risk of recurrence. Th us, the 
fi rst half of this chapter focuses on anatomy, clini-
cal assessment and management of lateral ligament 
injuries aft er ankle sprain and two less common 
sequelae of ankle sprain—medial ligament injury 
and Pott’s fracture.

Th e seemingly benign presentation of ‘sprained 
ankle’ can also mask damage to other structures in 
addition to the ankle ligaments, such as subtle frac-
tures around the ankle joint, osteochondral fractures 
of the dome of the talus and dislocation or rupture 
of the peroneal tendons, in most cases the peroneus 
brevis tendon. Such injuries are frequently not diag-
nosed and thus cause ankle pain that persists much 
longer than would be expected with a straightforward 
ankle sprain. Th is is oft en referred to as ‘the problem 
ankle’ and this presentation is discussed in the second 
half of this chapter.

Functional anatomy
Th e ankle contains three joints (Fig. 33.1):

1. talocrural (ankle) joint
2. inferior tibiofi bular joint
3. subtalar joint.

Th e talocrural or ankle joint (Fig. 33.1a) is a hinge 
joint formed between the inferior surface of the tibia 
and the superior surface of the talus. Th e medial and 
lateral malleoli provide additional articulations and 
stability to the ankle joint. Th e movements at the 

Figure 33.1 Anatomy of the ankle

(a) Talocrural (ankle) joint
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ankle joint are plantarfl exion and dorsifl exion; the 
joint is least stable in plantarfl exion. Th is leads to 
an increased number of injuries with the foot in the 
position of plantarfl exion.

Th e inferior tibiofi bular joint is the articulation of 
the distal parts of the fi bula and tibia. Th e inferior tibi-
ofi bular joint is supported by the inferior tibiofi bular 

ligament or syndesmosis. A small amount of move-
ment is present at this joint and the rotational move-
ment, even though minimal, is extremely important, 
for instance, for barefoot walking and running.

Th e subtalar joint (Fig. 33.1b), between the talus 
and calcaneus, is divided into an anterior and posterior 
articulation separated by the sinus tarsi. Th e main roles 
of the subtalar joint are to provide shock absorption, 
to permit the foot to adjust to uneven ground and to 
allow the foot to remain fl at on the ground when the 
leg is at an angle to the surface. Inversion and eversion 
occur at the subtalar joint.

Th e ligaments of the ankle joint are shown in Figures 
33.1c, d. Th e lateral ligament consists of three parts: 
the anterior talofi bular ligament (ATFL), which passes 
as a fl at and rather thin band from the tip of the fi bula 
anteriorly to the lateral talar neck, the calcaneofi bular 
ligament (CFL), which is a cord-like structure directed 
inferiorly and posteriorly, and the short posterior talo-
fi bular ligament (PTFL), which runs posteriorly from 
the fi bula to the talus. Th e medial or deltoid ligament 
of the ankle is a strong, fan-shaped ligament extending 
from the medial malleolus anteriorly to the navicular and 
talus, inferiorly to the calcaneus and posteriorly to the 
talus. Th is ligament is strong and composed of two layers, 
one deep and the other more superfi cial. Accordingly, 
the deltoid ligament is infrequently injured.

Clinical perspective
Inversion injuries are far more common than eversion 
injuries due to the relative instability of the lateral joint 
and weakness of the lateral ligaments compared with 
the medial ligament. Eversion injuries are seen only 
occasionally. As the strong medial ligament requires 
a greater force to be injured, these sprains almost 
always take longer to rehabilitate. Th e diff erential 
diagnoses that must be considered aft er an ankle 
injury are listed in Table 33.1. Th e aim of the initial 
clinical assessment is to rule out an ankle fracture, if 
possible, and to diagnose the site of abnormality as 
accurately as possible.

History

Th e mechanism of injury is an important clue to diag-
nosis aft er ankle sprain. An inversion injury suggests 
lateral ligament damage, an eversion injury suggests 
medial ligament damage. If the injury has involved 
compressive forces on the ankle mortise, consider the 
possibility of osteochondral injury.

Th e onset of pain is very important. A history of 
being able to weight-bear immediately aft er an injury 

(b) Subtalar joint

(c) Ligaments of the ankle joint—lateral view

(d) Ligaments of the ankle joint—medial view
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with a subsequent increase in pain and swelling as 
the patient continues to play sport or walk about 
suggests a sprain (ligament injury) rather than a 
fracture. Th e location of pain and concomitant swell-
ing and bruising generally gives an indication as to 
the ligaments injured. Th e most common site is over 
the anterolateral aspect of the ankle involving the 
ATFL. Occasionally in severe injuries, both medial 
and lateral ligaments are damaged. Th e degree of 
swelling and bruising is usually, but not always, an 
indication of severity.

Th e degree of disability, both immediately fol-
lowing the injury and subsequently, is an important 
indicator of the severity of the injury. Th e initial 
management, the use of the RICE regimen and the 
duration of restricted weight-bearing aft er the injury 
are important.

Th e practitioner should ask about a previous history 
of ankle injury and assess whether post-injury rehabili-
tation was adequate. Did the athlete use protective tape 
or braces aft er previous injury?

Examination

One aim of ankle examination is to assess the degree of 
instability present and thus the grade of the ligamen-
tous injury. Another is to detect functional defi cits, 
such as loss of range of motion, reduced strength and 
reduced proprioception. Th e practitioner should be 
alert for associated injuries and examine for them. 
For example, avulsion fracture of the base of the 

fi ft h metatarsal is commonly overlooked but is easily 
detected by palpation.

Examination involves:

1. Observation
(a) standing
(b) supine

2. Active movements
(a) plantarfl exion/dorsifl exion (Fig. 33.2a)
(b) inversion/eversion

3. Passive movements
(a) plantarfl exion/dorsifl exion
(b) inversion/eversion (Fig. 33.2b)

4. Resisted movements
(a) eversion (Fig. 33.2c)

5. Functional tests
(a) lunge test (Fig. 33.2d)
(b) hopping

6. Palpation
(a) distal fi bula
(b) lateral malleolus
(c) lateral ligaments (Fig. 33.2e)
(d) talus
(e) peroneal tendon(s)
(f) base of fi ft h metatarsal
(g) anterior joint line
(h) dome of talus
(i) medial ligament
(j) sustentaculum tali
(k) sinus tarsi
(l) anteroinferior tibiofi bular ligament (AITFL)

Table 33.1 Acute ankle injuries

Common Less common Not to be missed

Ligament sprain
Lateral ligaments 

(Fig. 33.1c)
 ATFL
 CFL
 PTFL

Osteochondral lesion of the talus
Ligament sprain/rupture
 Medial ligament injury
 AITFL injury
Fractures
 Lateral/medial/posterior malleolus (Pott’s)
 Tibial plafond
 Base of the fi fth metatarsal
 Anterior process of the calcaneus
 Lateral process of the talus
 Posterior process of the talus
 Os trigonum
Dislocated ankle (fracture/dislocation)
Tendon rupture/dislocation
 Tibialis posterior tendon
 Peroneal tendons (longitudinal rupture)

Complex regional pain syndrome type I 
(post-injury)

Greenstick fractures (children)
Sprained syndesmosis
Tarsal coalition (may come to light as a 

result of an ankle sprain)

ATFL = anterior tibiofi bular ligament. AITFL = anteroinferior tibiofi bular ligament. CFL = calcaneofi bular ligament.
PTFL = posterior tibiofi bular ligament.
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7. Special tests (comparison with other side 
necessary)
(a) anterior drawer (Fig. 33.2f)
(b) lateral talar tilt (increased inversion) 

(Fig. 33.2g)
(c) proprioception (Fig. 33.2h)

Figure 33.2 Examination of the patient with an acute 
ankle injury

(a) Active movement—plantarfl exion/dorsifl exion. 
Assessment of dorsifl exion is important as restriction 
results in a functional defi cit. Range of motion can be 
compared with the uninjured side. Tight calf muscles 
may restrict dorsifl exion. This can be eliminated by 
placing the knee in slight fl exion

(b) Passive movement—inversion/eversion. Inversion 
is frequently painful and restricted in lateral ligament 
injury, while eversion is painful following injuries to 
the medial ligament. Increased pain on combined 
plantarfl exion and inversion suggests ATFL injury

(c) Resisted movement—eversion. In acute, painful 
ankle injuries, resisted movements may not be 
possible. In cases of persistent pain following ankle 
injury, weakness of the ankle evertors (peroneal 
muscles) should be assessed

(d) Functional test—lunge test. Assess ankle 
dorsifl exion compared with the uninjured side. Note 
any pain. Other functional tests may be performed to 
reproduce the patient’s pain if appropriate (e.g. single-
leg standing, hopping)
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(e) Palpation—lateral ligament

(f) Ligament testing—anterior drawer test. The 
ankle is placed in slight plantarfl exion and grasped as 
shown. Pressure is exerted upwards and the degree 
of excursion (anterior drawer) is noted and compared 
with the uninjured side. This test assesses the integrity 
of the ATFL and CFL. Pain on this test should also be 
noted; if painful it may indeed mask injury to the 
ligament. Then the test should be repeated within fi ve 
days. The most optimal time to test the integrity of the 
lateral ligaments is on the fi fth post-injury day

Investigations

Many practitioners are unsure whether or not to 
X-ray a moderately severely sprained ankle where the 
patient has diffi  culty weight-bearing. For experienced 
sports medicine practitioners, palpation should reveal 
whether or not tenderness is greatest on bone (lateral 
or medial malleolus) or on ligament tissue itself. For 

(g) Ligament testing—talar tilt. This tests integrity of 
the anterior talofi bular and calcaneofi bular ligaments 
laterally and the deltoid ligament medially. The 
ankle is grasped as shown and the medial and lateral 
movement of the talus and calcaneus are assessed in 
relation to the tibia and fi bula. Pain on this test must 
also be noted

(h) Special test—proprioception. Single-leg 
standing with eyes closed may demonstrate impaired 
proprioception compared with the uninjured side
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practitioners not as confi dent in physical examination, 
the Ottawa ankle rules provide very useful guidance 
(Fig. 33.3).2 We recommend that X-rays of the ankle 
joint include the base of the fi ft h metatarsal to exclude 
avulsion fracture. If damage to the lower tibiofi bular 
syndesmosis (AITFL) is suspected, special ankle 
mortise or syndesmosis views are required.

An osteochondral lesion of the talus may not be 
apparent on initial X-ray. If signifi cant pain and dis-
ability persist despite appropriate treatment four to 
six weeks aft er an apparent ‘routine’ ankle sprain, a 
radioisotopic bone scan, CT or MRI is indicated to 
exclude an osteochondral lesion (see p. 624). If MRI 
is not available and the bone scan gives a positive 
result, a CT scan should be ordered to image the site 
of abnormality. Although MRI is very popular because 
it also images soft  tissues, CT oft en provides superior 
images of bony damage.

Lateral ligament injuries
Lateral ligament injuries occur in activities requiring 
rapid changes in direction, especially if these take 
place on uneven surfaces (e.g. grass fi elds). Th ey are 
also seen when a player, having jumped, lands on 
another competitor’s feet. Th ey are one of the most 
common injuries seen in basketball, volleyball, netball 
and most football codes.

Th e usual mechanism of lateral ligament injury 
is inversion and plantarfl exion, and this injury usu-
ally damages the ATFL before the CFL. Th is occurs 
because the ATFL is taut in plantarfl exion and the 

CFL is relatively loose (Fig. 33.4). Also, the ATFL can 
only tolerate half the strain of the CFL before tearing. 
Complete tear of the ATFL, CFL and PTFL results 
in a dislocation of the ankle joint and is frequently 
associated with a fracture. Such an injury is rather 
infrequent, however. Isolated ligament ruptures of 
the CFL and especially the PTFL are rare.

Malleolar zone

Midfoot zone

posterior
edge or tip
of medial
malleolus

navicularbase of 5th
metatarsalLateral view

posterior
edge or tip
of lateral
malleolus

Medial view

6 cm 6 cm

A B

C D

Figure 33.3 Ankle X-ray: recommendation 1. Ankle X-rays are only required if there is any pain in the malleolar 
zone and any one of these fi ndings: bone tenderness at A; or bone tenderness at B; or inability to bear weight both 
immediately and at the clinical assessment (four steps). Foot X-ray: recommendation 2. Foot X-rays are only required 
if there is any pain in the midfoot zone, and any one of these fi ndings: bone tenderness at C; or bone tenderness 
at D; or inability to bear weight both immediately and at the clinical assessment (four steps)

Figure 33.4 A plantarfl exion injury can lead to 
injury of the anterior talofi bular ligament before the 
calcaneofi bular ligament

calcaneofibular
ligament

(loose in 
plantarflexion)

anterior
talofibular
ligament

(taut in 
plantarflexion)
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Ankle sprain may be accompanied by an audible 
snap, crack or tear, which, although oft en of great 
concern to the athlete and onlookers, has no particular 
diagnostic signifi cance (unlike the case in knee liga-
ment injuries where it has profound implications, 
Chapter 27). Depending on the severity of the injury, 
the athlete may continue to play or may rest imme-
diately. Swelling usually appears rapidly, although 
occasionally it may be delayed some hours.

To assess lateral ligament injuries, examine all 
three components of the ligament and determine the 
degree of ankle instability. In a grade I tear there is no 
abnormal ligament laxity. It is important to compare 
both sides (assuming the other side has not been 
injured) as there is a large inter-individual variation 
in normal ankle laxity. Grade II injuries reveal some 
degree of laxity but have a fi rm end point. Grade III 
injuries show gross laxity without a discernible end 
point. All three grades are associated with pain and 
tenderness, although grade III tears may be least 
painful aft er the initial episode has settled. Grading of 
these injuries guides prognosis and helps determine 
the rate of rehabilitation.

Treatment and rehabilitation 
of lateral ligament injuries
Th e management of lateral ligament injuries of all 
three grades follows the same principles. Aft er mini-
mizing initial hemorrhage and reducing pain, the 
aims are to restore range of motion, muscle strength 
and proprioception, and then prescribe a progressive, 
sport-specifi c exercise program.

Initial management

Lateral ligament injuries require RICE treatment 
(Chapter 10). Th is essential treatment limits the hem-
orrhage and subsequent edema that would otherwise 
cause an irritating synovial reaction and restrict joint 
range of motion. Th e injured athlete must avoid factors 
that will promote blood fl ow and swelling, such as 
hot showers, heat rubs, alcohol or excessive weight-
bearing. Gradually increased weight-bearing will, 
however, help reduce the swelling and increase the 
ankle motion, and enhances the rehabilitation.

Reduction of pain and swelling

Analgesics may be required. Aft er 48 hours, gentle soft  
tissue therapy and mobilization may reduce pain. By 
reducing pain and swelling, muscle inhibition around 
the joint is minimized, permitting the patient to begin 
range of motion exercises.

Th e indications for the use of NSAIDs in ankle 
injuries are unclear. Th e majority of practitioners tend 
to prescribe these drugs aft er lateral ligament sprains 
although their effi  cacy has not been proven (Chapter 
10). Th e rationale for commencing NSAIDs two to 
three days aft er injury is to reduce the risk of joint 
synovitis with early return to weight-bearing.

Restoration of full range of motion

If necessary, the patient may be non-weight-bearing 
on crutches for the fi rst 24 hours but then should 
commence partial weight-bearing in normal heel–toe 
gait. Th is can be achieved while still using crutches 
or, in less severe cases, by protecting the damaged 
joint with strapping or bracing. Th us, partial and, 
ultimately, full weight-bearing can take place without 
aggravating the injury. Lunge stretches and accessory 
and physiological mobilization of the ankle (Fig. 
33.5a), subtalar (Fig. 33.5b) and midtarsal joints 
should begin early in rehabilitation. As soon as pain 
allows, the practitioner should prescribe active range 
of motion exercises (e.g. stationary cycling).

Muscle conditioning

Active strengthening exercises, including plantarfl ex-
ion, dorsifl exion, inversion and eversion (Fig. 33.6), 
should begin as soon as pain allows. Th ey should 
be progressed by increasing resistance (a common 
method is to use rubber tubing). Strengthening ever-
sion with the ankle fully plantarfl exed is particularly 
important in the prevention of future lateral ligament 
injuries. Weight-bearing exercises (e.g. shuttle [Fig. 
33.6b], wobble board exercises) are encouraged as 
soon as pain permits, preferably the fi rst or second 
day aft er injury.

Proprioception

Proprioception is invariably impaired aft er ankle 
ligament injuries. Th e assessment of proprioception 
is shown in Figure 33.2h. Th e practitioner should 
begin proprioceptive retraining (Chapter 12) early 
in rehabilitation and these exercises should gradu-
ally progress in diffi  culty. An example of a common 
progression is balancing on one leg, then using the 
rocker board (Fig. 33.7a) or minitrampoline, and 
ultimately performing functional activities while 
balancing (Fig. 33.7b).

Functional exercises

Functional exercises (e.g. jumping, hopping, twist-
ing, fi gure-of-eight running) can be prescribed when 
the athlete is pain-free, has full range of motion and 
adequate muscle strength and proprioception. Specifi c 
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technical training not only accelerates a player’s return 
to sport but can also substantially reduce the risk of 
reinjury.3–5 It should be borne in mind that approxi-
mately 75% of those who sustain an ankle ligament 
injury have had a previous injury, in many cases not 
fully rehabilitated.

Return to sport

Return to sport is permitted when functional exer-
cises can be performed without pain during or aft er 
activity. While performing rehabilitation activities 
and upon return to sport, added ankle protection 
should be provided with either taping or bracing. 

Figure 33.5 Mobilization of the ankle joint

(a) Ankle dorsifl exion. The calcaneus and foot are 
grasped to passively dorsifl ex the ankle

(b) Eversion mobilization techniques to restore 
subtalar joint movement after ankle sprain

Figure 33.6 Strengthening exercises—eversion

(a) Using a rubber tube as resistance

(b) Shuttle exercises

Th e relative advantages of taping and bracing have 
been discussed in Chapter 6. As both seem equally 
eff ective, the choice of taping or bracing depends on 
patient preference, cost, availability and expertise in 
applying tape.
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Any athlete who has had a significant lateral 
ligament injury should use protective taping or 
bracing while playing sport for a minimum of six 
to 12 months post-injury.4, 5 Th ere are a number of 
methods to protect against inversion injuries. Th e 
three main methods of tape application are stirrups 
(Fig. 33.8a), heel lock (Fig. 33.8b) and the fi gure of 
six (Fig. 33.8c). Usually at least two of these methods 
are used simultaneously.

Braces have the advantage of ease of fi tting and 
adjustment, lack of skin irritation and reduced cost 
compared with taping for a lengthy period. Th ere are 
a number of diff erent ankle braces available. Th e lace-
up brace (Fig. 33.9) is popular and eff ective.

Treatment of grade III injuries

A 2002 Cochrane systematic review concluded that 
there was insuffi  cient information from randomized 
trials to recommend surgery over conservative treat-
ment of grade III ankle sprains.6 Th ey found that 
functional recovery (as measured by return to work) 

was quicker in those treated with rehabilitation, 
subsequent rate of ankle sprains was no diff erent 
between groups, and there was more ankle stiff -
ness in those treated surgically.6 Finnish researchers 
compared surgical treatment (primary repair plus 
early controlled mobilization) with early controlled 
mobilization alone in a prospective study of 60 patients 
with grade III lateral ankle ligament injuries.7 Of the 
patients treated with rehabilitation alone, 87% had 
excellent or good outcomes compared with 60% of 
patients treated surgically. Th us, early mobilization 
alone provided a better outcome than surgery plus 
mobilization in patients with complete tears of the 
lateral ankle ligaments. Dutch investigators have 
reported better long-term outcomes aft er surgery for 
lateral ligament rupture compared with rehabilitation 
but this conclusion was controversial.8 Diff erences in 
‘rehabilitation’ protocols can explain such contradic-
tory study results.

In clinical practice, it is widely agreed that all grade 
III ankle injuries warrant a trial of initial conservative 
management over at least a six-week period, irrespec-
tive of the caliber of the athlete. If, despite appropriate 

Figure 33.7 Proprioceptive retraining following acute 
ankle injury

(a) Rocker board

(b) Functional activity while balancing
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rehabilitation and protection, the patient complains 
of recurrent episodes of instability or persistent pain, 
then surgical reconstruction of the lateral ligament is 
indicated. Th e preferred surgical method is anatomi-
cal reconstruction using the damaged ligaments; this 
method has been shown to produce good functional 
results in several studies. Th e ligaments are shortened 

Figure 33.8 Application of ankle tape

(a) Stirrups. After preparation of the skin, anchors 
are applied circumferentially. The ankle should be in 
the neutral position. Stirrups are applied from medial 
to lateral, and repeated several times until functional 
stability is achieved

(b) Heel lock. One method used to limit inversion is 
taping commenced at the front of the ankle and then 
angled inferiorly across the medial longitudinal arch, 
then diagonally and posteriorly across the lateral 
aspect of the heel, and then continued medially over 
the back of the Achilles tendon to loop back anteriorly. 
Tape direction is thereafter reversed to restrict eversion

(c) Figure of six. This is applied over stirrups. Tape runs 
longitudinally along the lateral ankle, under the heel 
and is pulled up to loop back around the medial ankle 
as shown

Figure 33.9 Ankle braces—a long lace-up brace is 
eff ective and comfortable
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and reinserted to bone, and only if the ligament tis-
sue is extremely damaged or even absent, may other 
methods such as tenodesis, in most cases using the 
peroneus brevis tendon, be considered. Following 
surgery, it is extremely important to undertake a 
comprehensive rehabilitation program to restore full 
joint range of motion, strength and proprioception. 
Th e principles of rehabilitation outlined on page 618 
are appropriate. Th e anatomical reconstruction will 
produce good clinical results in more than 90% of 
patients. Th ere is, however, increased risk of inferior 
results in cases of very longstanding ligament insuf-
fi ciency and generalized joint laxity.

Less common causes
Medial (deltoid) ligament injuries

Because the deltoid ligament is stronger than the 
lateral ligament, and probably because eversion is 
a less common mechanism of ankle sprain, medial 
ankle ligament injuries are less common than lateral 
ligament injuries. Occasionally, medial and lateral liga-
ment injuries occur in the same ankle sprain. Medial 
ligament injuries may occur together with fractures 
(e.g. medial malleolus, talar dome, articular surfaces). 
Medial ligament sprains should be treated in the same 
manner as lateral ligament sprains, although return to 
activity takes about twice as long (or more) as would 
be predicted were the injury on the lateral side.

Pott’s fracture

A fracture aff ecting one or more of the malleoli 
(lateral, medial, posterior) is known as a Pott’s frac-
ture. It can be diffi  cult to distinguish a fracture from 
a moderate-to-severe ligament sprain as both condi-
tions may result from similar mechanisms of injury 
and cause severe pain and inability to weight-bear. 
Careful and gentle palpation can generally localize 
the greatest site of tenderness to either the malleoli 
(fracture) or just distal to the ligament attachment 
(sprain). X-ray is oft en required; the Ottawa rules 
(Fig. 33.3) are useful in these cases.

Th e management of Pott’s fractures requires resto-
ration of the normal anatomy between the superior 
surface of the talus and the ankle mortise (inferior 
margins of the tibia and fi bula). If this relationship 
has been disrupted, internal fi xation is almost always 
required.

Isolated undisplaced spiral fractures of the lateral 
malleolus (without medial ligament instability) and 
posterior malleolar fractures involving less than 
25% of the articular surface are usually stable. Th ese 

fractures can be treated symptomatically with early 
mobilization using crutches only in the early stages 
for pain relief.

Lateral malleolar fractures associated with medial 
instability, hairline medial malleolar fractures or 
larger undisplaced posterior malleolar fractures are 
potentially unstable but may be treated conservatively 
with six weeks of immobilization using a below-knee 
cast with extension to include the metatarsal heads. In 
cases of undisplaced or minimally displaced fractures, 
the immobilization time may be shortened consider-
ably, using an ankle brace and early range of motion 
training. A walking heel may be applied aft er swelling 
has subsided (three to fi ve days).

Displaced medial malleolar, large posterior malleo-
lar, bimalleolar or trimalleolar fractures, or any 
displaced fracture that involves the ankle mortise, 
require orthopedic referral for open reduction and 
internal fi xation. A comprehensive rehabilitation 
program should be undertaken following surgical 
fi xation or removal of the cast. Th e aims of the reha-
bilitation program are to restore full range of motion, 
strengthen the surrounding muscles and improve 
proprioception. Guidelines for ankle rehabilitation 
are provided on page 618.

Maisonneuve fracture

Th is injury is found more commonly in patients pre-
senting to emergency departments than in the sports 
setting, but occasionally high-impact sports injuries 
can cause this variant of the syndesmosis sprain. 
Th e injury involves complete rupture of the medial 
ligament, the AITFL (see below) and interosseous 
membrane, as well as a proximal fi bular fracture. 
Surprisingly, non-weight-bearing X-rays may not 
demonstrate the fracture, and the unstable ankle can 
reduce spontaneously. Urgent referral to an orthopedic 
surgeon is necessary.9

Persistent pain after ankle 
sprain—‘the problem ankle’
Most cases of ankle ligament sprain resolve satisfac-
torily with treatment—pain and swelling settle and 
function improves. However, as ankle sprain is such 
a common condition, there remains a substantial 
number of patients who do not progress well and 
complain of pain, recurrent instability, swelling and 
impaired function three to six weeks aft er injury. Th is 
is a very common presentation in a sports medicine 
practice and the key to successful management is 
accurate diagnosis. Th e ankle may continue to cause 
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problems because of an undiagnosed fracture or other 
bony abnormality (Table 33.2). Alternatively, there 
may be ligament, tendon, synovial or neurological 
dysfunction (Table 33.3). In the remainder of this 
chapter, we discuss a clinical approach to manag-
ing patients with this presentation before detailing 
management of specifi c conditions.

Clinical approach to the problem ankle

Th e clinician should take a detailed history that clari-
fi es whether the problem has arisen following an ankle 
sprain (the true ‘problem ankle’) or whether the patient 
has longstanding ankle pain that arose without a his-
tory of injury (see Chapter 34). Th e patient who has 
had inadequate rehabilitation will usually complain of 
persistent pain and limitation of function with increas-
ing activity. Determine whether the rehabilitation 
was adequate by asking the patient to show you the 
exercises he or she performed in rehabilitation. Did 
therapy include range of motion exercises (particularly 
dorsifl exion), strengthening exercises (with the foot 
fully plantarfl exed to engage the peroneal muscles) 
and proprioceptive retraining?

Examination of the inadequately rehabilitated 
ankle reveals decreased range of motion in the ankle 
joint (especially dorsifl exion), weak peroneal muscles 
and impaired proprioception. Th ese fi ndings can be 
reversed with active and passive mobilization of the 
ankle joint (Fig. 33.5), peroneal muscle strengthening 
(Fig. 33.6) and training of proprioception (Fig. 33.7). 
Other abnormalities can also cause this constellation 
of examination fi ndings—remember that the ankle 
may be inadequately rehabilitated because of the pain 
of an osteochondral lesion of the talus.

If rehabilitation has been appropriate and symp-
toms persist, it is necessary to consider the presence 
of other abnormalities. Was it a high-energy injury 
that may have caused a fracture? Symptoms of intra-
articular abnormalities include clicking, locking 
and joint swelling. The practitioner should palpate 
all the sites of potential fracture very carefully to 
exclude that condition.

Soft  tissue injuries that can cause persistent ankle 
pain aft er sprain include chronic ligament instability, 
complex regional pain syndrome type 1 (formerly 
known as refl ex sympathetic dystrophy, RSD) and, 
rarely, tendon dislocation or subluxation, or even 

Table 33.2 Fractures and impingements that may cause the ‘problem ankle’—persistent ankle pain after ankle 
injury

Fractures Bony impingements(a)

Anterior process calcaneus
Lateral process talus 
Posterior process talus (also os trigonum fracture)
Osteochondral lesion
Tibial plafond chondral lesion
Fracture of base of fi fth metatarsal

Anterior impingement
Posterior impingement
Anterolateral impingement

(a) Although impingements are included here in the bony causes, pain commonly arises from soft tissue impingement 
between bony prominences.

Table 33.3 Ligamentous, tendon and neurological causes of the ‘problem ankle’—persistent ankle pain after ankle 
injury

Atypical sprains Tendon injuries
Other soft tissue and neural 
abnormalities

Chronic ligamentous instability Chronic peroneal tendon weakness Inadequate rehabilitation

Medial ligament sprain Peroneal tendon subluxation/
rupture

Chronic synovitis

Syndesmosis sprain (AITFL sprain) Tibialis posterior tendon 
subluxation/rupture

Sinus tarsi syndrome

Subtalar joint sprain Complex regional pain syndrome 
type 1
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tendon rupture. Infl ammation of the sinus tarsi (sinus 
tarsi syndrome) can be a cause of persistent ankle pain 
in its own right, but this syndrome can also occur 
secondary to associated fractures. Th us, even if the 
patient has features of the sinus tarsi syndrome, the 
clinician should still seek other injuries too.

Appropriate investigation is a key part of manage-
ment of patients with the problem ankle. Both radio-
isotopic bone scan or MRI are able to distinguish soft  
tissue damage from bony injury; MRI is preferred in 
most cases. In soft  tissue injuries, isotope activity in 
the bone phase is normal. If bony damage is present, 
isotope activity in the bone phase is increased. MRI 
can detect bony and soft  tissue abnormalities but the 
clinician must remember that a subluxing tendon 
can appear normal on MRI. Th e conditions that are 
associated with the various fi ndings on MRI and bone 
scan are listed in Figure 33.10.

Osteochondral lesions of the talar dome

It is not uncommon for osteochondral fractures of the 
talar dome to occur in association with ankle sprains, 
particularly when there is a compressive component 
to the inversion injury, such as when landing from 
a jump. Th e talar dome is compressed by the tibial 

plafond, causing damage to the osteochondral surface. 
Th e lesions occur most commonly in the superome-
dial corner of the talar dome, less commonly on the 
superolateral part.

Large fractures may be recognized at the time of 
injury. Th e fracture site will be tender and may be 
evident on X-ray (Fig. 33.11a). Usually, the lesion is 
not detected initially and the patient presents some 
time later with unremitting ankle aching, despite 
appropriate treatment for an ankle sprain. Th e patient 
oft en gives a history of progressing well following a 
sprain but then developing symptoms of increasing 
pain and swelling, stiff ness and perhaps catching or 
locking as activity is increased. Reduced range of 
motion is oft en a prominent symptom.

Examination with the patient’s foot plantarfl exed 
at 45° to rotate the talus out of the ankle mortise may 
reveal tenderness of the dome of the talus. If this diag-
nosis is suspected, the practitioner should image the 
ankle with MRI (Fig. 33.11d) or isotopic bone scan 
(Fig. 33.11b). A positive bone scan should be supple-
mented with a CT scan (Fig. 33.11c) to determine the 
exact degree of injury. MRI alone provides anatomical 
and pathological data, and is as the investigation of 
choice. Th e grading of osteochondral fractures of the 
talar dome is shown in Table 33.4.

Persistent pain,
loss of function, normal X-ray

MRI or isotopic bone scan

Abnormal signal
in bone

Diffuse, mildly
abnormal signal

Osteochondral fracture
Other fracture (Table 33.2)

Impingement syndrome
Chronic synovitis

Tarsal coalition
Complex regional pain syndrome

type 1 (late—patchy uptake)

Normal signal

Impingement syndrome
AITFL injury

Acute synovitis
Dislocating peroneal tendon

Sinus tarsi syndrome
Tarsal tunnel syndrome

Complex regional pain syndrome
type 1 (early—decreased uptake)

Figure 33.10 Investigation pathway in the patient with persistent ankle pain following an acute injury. When MRI is 
readily available it serves as an ideal fi rst-line investigation for persistent ankle pain
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Chronic grade I and II lesions should be treated 
conservatively. Th e patient should avoid activities that 
cause pain and be encouraged to pedal an exercise 
bicycle with low resistance. Formerly, cast immobi-
lization was advocated for these injuries, but joint 
motion without signifi cant loading is now encour-
aged to promote articular cartilage healing. If there 
is pain, or symptoms of clicking, locking or giving 
persist beyond two to three months of this conserva-
tive management, ankle arthroscopy is indicated. A 
grade IIa, III or IV lesion also requires arthroscopic 
removal of the separated fragment or cyst and curet-
ting and drilling of the fracture bed down to bleeding 
bone. Aft er treatment of osteochondral lesions, a 
comprehensive rehabilitation program is required. 
Tibial plafond chondral lesions (see below) are man-
aged identically.

Figure 33.11 Osteochondral lesion of the talar dome

(a) X-ray

(b) Radioisotopic bone scan

(c) CT scan (grade IV)

(d) MRI (grade I)
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Avulsion fracture of the base of the 
fi fth metatarsal

Inversion injury may result in an avulsion fracture 
of the base of the fi ft h metatarsal either in isolation 
or, more commonly, in association with a lateral 

ligament sprain. Th is fracture results from avulsion 
of the peroneus brevis tendon from its attachment to 
the base of the fi ft h metatarsal.

X-rays should be examined closely. Avulsion frac-
ture is characterized by its involvement of the joint 

Table 33.4 Grading of osteochondral fracture of the talar dome

Grade Description Investigation Appearance

I Subchondral fracture MRI

II Chondral fracture CT/MRI

IIa Subchondral cyst CT/MRI

III Chondral fracture with separated but not displaced fragments CT/MRI

IV Chondral fracture with separated and displaced fragment(s) X-ray/CT/MRI
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surface of the base of the fi ft h metatarsal (Fig. 33.12). 
A potentially confusing fracture is the fracture of the 
proximal diaphysis of the fi ft h metatarsal that does 
not involve any joint surfaces. Th is fracture is known 
as the Jones’ fracture and may oft en require internal 
fi xation (Chapter 35). Although the mechanism can 
appear to be one of ‘acute’ injury, in most cases the 
Jones’ fracture is a result of repetitive overuse (i.e. a 
stress fracture) of the proximal diaphysis of the fi ft h 
metatarsal. Fracture of the base of the fi ft h metatarsal 
may be treated conservatively with immobilization 
for pain relief followed aft er one to two weeks by 
protected mobilization and rehabilitation.

Other fractures

A number of other fractures may occasionally be seen 
as a result of acute ankle injuries (Fig. 33.13), alone 
or in association with ligamentous injury. Th ey may 
appear quite subtle on plain X-ray.

Fractured lateral talar process

Th e lateral talar process is a prominence of the lateral 
talar body with an articular surface dorsolaterally for 
the fi bula and inferomedially for the anterior portion 
of the posterior calcaneal facet (Fig. 33.13). Patients 
with a fracture of this process may present with ankle 
pain, swelling and inability to weight-bear for long 
periods. Examination reveals swelling and bruising 

over the lateral aspect of the ankle and tenderness 
over the lateral process, immediately anterior and 
inferior to the tip of the lateral malleolus. Th e fracture 
is best seen on the mortise view X-ray of the ankle. 
Undisplaced fractures may be treated in a short leg 
cast. Fractures displaced more than 2 mm (0.1 in.) 
require either primary excision or reduction and 
internal fi xation. Comminuted fractures may require 
primary excision.

Fractured anterior calcaneal process

Fractures of the anterior calcaneal process may cause 
persistent pain aft er an ankle sprain. Palpation of the 
anterior calcaneal process, just anterior to the opening 
of the sinus tarsi (Fig. 33.13), is painless in patients 
with a tear of the ATFL but will cause considerable 
pain in those with a fracture of the anterior process. 
If plain X-rays (including oblique foot views) fail to 
show a fracture that is suspected clinically, isotopic 
bone scan or MRI/CT is indicated. If the fracture is 
small, symptomatic treatment may suffi  ce. If large, it 
requires four weeks of non-weight-bearing cast immo-
bilization or surgical excision of the fragment.

Tibial plafond chondral lesions

Tibial plafond (the inferior tibial articular surface, 
Fig. 33.1a) injuries may occur with vertical compres-
sion forces, such as a fall from a height. However, 
they can also complicate otherwise straightforward 
ankle sprains. Th e patient complains of diffi  culty 
weight-bearing, and examination reveals swelling and 
restricted dorsifl exion. As with talar dome lesions, 
X-ray is generally normal, so MRI/CT or isotopic 
bone scan are necessary to demonstrate the lesion. 
If imaging and clinical features are consistent with 
bony damage, arthroscopic debridement is indicated 
but ankle pain can persist for months to a year, even 
aft er treatment.

Figure 33.12 Avulsion fracture of the base of the fi fth 
metatarsal

Figure 33.13 Fractures around the talus and 
calcaneus

lateral talar 
process fracture

anterior calcaneal 
process fracture

posterior
talar 
process 
fracture
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Fractured posterior process of the talus

Acute fractures of the posterior process of the talus 
(Fig. 33.13) occasionally occur and may require six 
weeks of cast immobilization or excision (see also 
Chapter 34). Acute os trigonum fractures may require 
surgical excision. Th is is oft en the result of an acute 
plantarfl exion injury in kicking and has been seen 
in fencing.

Impingement syndromes

Th e impingement syndromes of the ankle are usually 
the result of overuse but are occasionally present 
as persistent pain following an acute ankle injury. 
For example, ballet dancers oft en suff er posterior 
impingement following lateral ankle sprain. Posterior 
impingement syndrome was discussed in Chapter 32. 
Anterior and anterolateral impingement syndromes 
are discussed in Chapter 34.

Tendon dislocation or rupture

Dislocation or rupture of the peroneal tendon can 
cause lateral ankle symptoms of the ‘problem ankle’ 
and tibialis posterior injury can cause similar symp-
toms medially.

Dislocation of peroneal tendons

Th e peroneal tendons are situated behind the lateral 
malleolus and fi xed by the peroneal retinaculum. Th ey 
are occasionally dislocated as a result of forceful pas-
sive dorsifl exion. Th is may occur when a skier catches 
a tip and falls forward over the ski. Th e peroneal 
retinaculum is then ripped off  the posterior edge of 
the lateral malleolus and one or both of the tendons 
slip out of their groove. Th is dislocated tendon(s) may 
remain in its dislocated position or spontaneously 
relocate and subsequently become prone to recurrent 
subluxation. Examination reveals tender peroneal 
tendons that can be dislocated by the examiner, 
especially with ankle plantarfl exion.

Treatment of dislocation of peroneal tendons is sur-
gical replacement of the tendons in the peroneal groove 
and repair of the retinaculum, using bone anchors or 
drill holes. If the peroneal groove is shallow, in a few 
cases retinacular repair should be accompanied by 
deepening of the groove or rotation of the malleolus to 
better secure the tendons. Soft  tissue repair, however, 
produces a good result in most cases.

Dislocation of the tibialis posterior tendon

Dislocation of the tibialis posterior tendon is 
extremely rare in sport. However, it occurs with ankle 

dorsifl exion and inversion so that strong contraction 
of the tibialis posterior muscle pulls the tendon out 
of its retinaculum using the malleolus as a fulcrum. 
Th e patient may complain of moderate, not exqui-
site, medial ankle pain and inability to weight-bear. 
Examination reveals swelling and bruising of the 
medial ankle above and about the medial malleolus 
with tenderness along the path of the tibialis posterior 
tendon. Th e tendon can be subluxed anteriorly and 
subsequently relocated posteriorly with the foot in the 
fully plantarfl exed position. Th e diagnosis is clinical 
but ultrasonography or MRI (Fig. 33.14) may reveal 
fl uid around the tendon.

Immediate surgical treatment is indicated to 
minimize the time that the tendon is dislocated 
while permitting primary repair of the fl exor reti-
naculum and reattachment of the tibialis posterior 
sheath.10 Post-operatively the ankle is immobilized in 
a below-knee plaster cast with a total of six weeks non-
weight-bearing on the aff ected ankle. Aft er the cast is 
removed, an ankle brace can be used to immobilize the 
ankle but active ankle motion is permitted three times 
daily while taking care to avoid resisted inversion. 
Weight-bearing can recommence at six weeks under 
physiotherapy/physical therapy supervision followed 

Figure 33.14 MRI appearance (T2-weighted) shortly 
after tibialis posterior tendon dislocation shows 
the tibialis posterior tendon (dark) in cross-section 
surrounded by abnormal fl uid (high signal intensity). 
The tendon is in its normal position during this 
examination. If imaging had been delayed suffi  ciently, 
fl uid would have been absent and the MRI appearance 
may have been normal
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by strengthening and functional rehabilitation. In an 
elite ballet dancer, return to full performance occurred 
at fi ve months post-surgery11 and at eight years fol-
low-up the dancer was still performing in a major 
professional company without recurrence.

Rupture of the tibialis posterior tendon

An athlete with a ruptured tibialis posterior tendon 
presents with pain in the region of the tubercle of the 
navicular extending to the posterosuperior border of 
the medial malleolus and along the posteromedial 
tibial border. Examination reveals thickening or 
absence (less frequent) of the tibialis posterior tendon 
and inability to raise the heel. A fl attened medial arch 
is a classic sign but this may not be evident imme-
diately. MRI is the investigation of choice in this 
condition, although ultrasound may also be helpful. 
Surgical repair is indicated as the tibialis posterior 
tendon is essential to maintain the normal medial 
arch of the foot.

Other causes of the problem ankle

Anteroinferior tibiofi bular ligament injury

Th e AITFL is one component of the ankle syndesmo-
sis. It may be damaged in more severe ankle injuries 
(Fig. 33.15) and it is occasionally associated with 
fractures (e.g. Maisonneuve fracture, see p. 622). 
Th is injury causes considerably more impairment 
than does a lateral ankle sprain. Palpation reveals 
maximal tenderness over the AITFL (Fig. 33.1c). 
Combined rotation of the foot and dorsifl exion of 
the ankle joint may reproduce the pain. Weight-
bearing views are needed to improve the sensitivity 
of plain X-ray to detect this injury. Complete inter-
ruption to the syndesmosis may occur with very 
severe injuries. Widening of the ankle mortise is 
the diagnostic feature on X-ray. Orthopedic surgical 
referral is essential.

Post-traumatic synovitis

Some degree of synovitis will occur with any ankle 
injury due to the presence of blood within the joint. 
Th is usually resolves in a few days but may persist if 
there is excessive early weight-bearing, typically in 
athletes eager to return to training soon aft er their 
ankle sprain, or due to insuffi  cient rehabilitation. 
Th ese athletes will oft en develop persistent ankle 
pain aggravated by activity and associated with 
swelling. Synovitis of the ankle joint is also seen in 
athletes who have chronic mild instability because 
of excessive accessory movement of the ankle joint 
during activity.

Treatment of synovitis includes NSAIDs, rest 
from aggravating activity and local electrotherapy. 
A corticosteroid injection into the ankle joint (Fig. 
33.16) may be required. Injection should be followed 
by 48 hours of limited weight-bearing and gradual 
resumption of activity. Sometimes arthroscopy may 
be indicated.

When synovitis is associated with a degree of 
chronic instability, treatment involves taping or 
bracing. Such a patient can gain signifi cant relief by 
wearing a brace for activities of daily living as well 
as sport. Th ese patients may also benefi t from ankle 
reconstructive surgery.

Sinus tarsi syndrome

Th e sinus tarsi syndrome may occur as an overuse 
injury secondary to excessive subtalar pronation 
(Chapter 34) or as a sequel to an ankle sprain. Pain 
occurs at the lateral opening of the sinus tarsi (Fig. 
33.1b). Th e pain is oft en more severe in the morning 
and improves as the patient warms up.

Figure 33.15 Anatomy of a syndesmosis sprain. 
This injury may be associated with medial malleolar 
fracture (not illustrated)

interosseous
membrane

syndesmosis
tear

anterior
tibiofibular

ligament
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Forced passive inversion and eversion may both 
be painful. Th e most appropriate aid to diagnosis is 
to monitor the eff ect of injection of a local anesthetic 
agent into the sinus tarsi (Fig. 33.17).

Treatment consists of relative rest, NSAIDs, elec-
trotherapeutic modalities, subtalar joint mobilization 
and taping to correct excessive pronation if present. If 
conservative management is unsuccessful, injection 
of corticosteroid and local anesthetic agents may help 
resolve the infl ammation.

Complex regional pain syndrome type 1

Complex regional pain syndrome (CRPS) type 1, 
formerly known as RSD (Chapters 3, 4), may occa-
sionally complicate ankle injury. Initially, it appears 
that the patient with a ‘sprained ankle’ is improving 
but then symptoms begin to relapse. Th e patient 
complains of increased pain, swelling recurs and the 
skin may become hot or, more frequently, very cold. 
Th ere may also be localized sweating, discoloration 
and hypersensitivity.

As early treatment substantially improves the 
prognosis in CRPS type 1, early diagnosis is impera-
tive. Initial X-rays are normal. Later, patchy dem-
ineralization occurs and this can be seen as regions 
of decreased opacity on X-ray and areas of increased 
uptake on bone scan—the investigation of choice.12 
Tests of sympathetic function (Chapter 9) may confi rm 
the diagnosis.13

It is most important that the peculiar nature of 
the condition be explained to the patient as it may 
be a particularly painful condition, even at rest. It 
remains very diffi  cult to treat and there have been 
few controlled treatment trials for established CRPS 
type 1.14 Physiotherapy may play a role15 and ultra-
sound and hydrotherapy may facilitate range of 
movement exercises. Gabapentin, an anticonvulsant 
with a proven analgesic eff ect in various neuropathic 
pain syndromes, has shown mild effi  cacy as treatment 
for pain in patients with CRPS type 1.16 Because 
CRPS type 1 is associated with regional osteoclastic 
over activity (excessive bone turnover, as shown 
by increased uptake on radionuclide bone scan), a 
bisphosphonate medication (alendronate) was trialed 
in 39 patients.17 In contrast to placebo-treated patients, 
all of the alendronate-treated patients had substantially 
reduced pain and improved joint mobility as early as 
the fourth week of treatment. 

If the pain does not settle, chemical or surgi-
cal blockade is indicated. However, a Cochrane 
systematic review failed to support this therapy for 
relieving pain.18 CRPS type 1 remains a very diffi  cult 
condition to treat.

Recommended Reading

Bachmann LM, Kolb E, Koller MT, Steurer J, ter Riet G. Accuracy 

of Ottawa ankle rules to exclude fractures of the ankle and 

mid-foot: systematic review. BMJ 2003; 326(7386): 417.

A nice summary of the status of the Ottawa ankle rules 10 years 

aft er the original paper by Stiell et al. (see below).

Figure 33.16 Corticosteroid injection into the ankle 
joint in the treatment of post-traumatic synovitis. The 
needle is inserted medial to the tibialis anterior tendon 
and directed posterolaterally

Figure 33.17 Injection into the sinus tarsi. The lateral 
opening of the sinus is maintained when the foot is 
inverted. The needle is directed towards the tip of the 
medial malleolus
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sprain in athletes. Sports Med 2003; 33(15): 1145–50.

Quisel A, Gill JM, Witherell P. Complex regional pain syndrome 
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 Sportspeople, particularly ballet dancers, footballers 
and high jumpers, may complain of ankle pain that 

is not related to an acute ankle injury (Chapter 33). 
Clinical management is simplifi ed if the presentations 
are further divided into:

• medial ankle pain
• lateral ankle pain
• anterior ankle pain.

Note that the region that might be considered ‘pos-
terior ankle’ pain is defi ned as the ‘Achilles region’ in 
this book (Chapter 32).

Medial ankle pain
Clinical experience suggests that the most common 
cause of medial ankle pain is tibialis posterior tendin-
opathy. Posterior impingement syndrome of the ankle 
(Chapter 32) may occasionally present as medial 
ankle pain. Flexor hallucis longus tendinopathy is not 
uncommon and may occur together with posterior 
impingement syndrome. Tarsal tunnel syndrome, in 
which the posterior tibial nerve is compressed behind 

the medial malleolus, may present as medial ankle 
pain with sensory symptoms distally. Causes of medial 
ankle pain are listed in Table 34.1. Th e anatomy of 
the region is illustrated in Figure 34.1.

History

In patients with medial ankle pain there is usually 
a history of overuse, especially running or exces-
sive walking (tibialis posterior tendinopathy), toe 
fl exion in ballet dancers and high jumpers (fl exor 
hallucis longus tendinopathy) or plantarfl exion in 
dancers and footballers (posterior impingement 
syndrome). Pain may radiate along the line of the 
tibialis posterior tendon to its insertion on the 
navicular tubercle or into the arch of the foot with 
tarsal tunnel syndrome. Sensory symptoms such as 
pins and needles or numbness may suggest tarsal 
tunnel syndrome.

Examination

Careful palpation and testing of resisted movements 
is the key to examination of this region.

CHAPTER 

34
Ankle Pain

WITH KAREN HOLZER

Table 34.1 Causes of medial ankle pain

Common Less common Not to be missed

Tibialis posterior tendinopathy
Flexor hallucis longus tendinopathy

Medial calcaneal nerve entrapment
Calcaneal stress fracture
Tarsal tunnel syndrome
Talar stress fracture
Medial malleolar stress fracture
Posterior impingement syndrome 

(Chapter 32)
Referred pain from lumbar spine

Navicular stress fracture (Chapter 35)
Complications of acute ankle injuries 

(Chapter 33)
Complex regional pain syndrome 

type 1 (following knee or ankle 
injury)
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1. Observation
(a) standing
(b) walking
(c) supine

2. Active movements
(a) ankle plantarfl exion/dorsifl exion
(b) ankle inversion/eversion
(c) fl exion of the fi rst metatarsophalangeal joint

3. Passive movements
(a) as for active
(b) subtalar joint
(c) midtarsal joint
(d) muscle stretches

 (i) gastrocnemius
(ii) soleus

4. Resisted movement
(a) inversion (Fig. 34.2a)
(b) fi rst toe fl exion (Fig. 34.2b)

5. Functional tests
(a) hop
(b) jump

6. Palpation
(a) tibialis posterior tendon (Fig. 34.2c)
(b) fl exor hallucis longus
(c) navicular tubercle
(d) ankle joint
(e) midtarsal joint

7. Special tests
(a) Tinel’s test (Fig. 34.2d)
(b) sensory examination (Fig. 34.2e)
(c) biomechanical examination (Chapter 5)
(d) lumbar spine examination (Chapter 21)

Figure 34.1 Medial aspect of the ankle

(a) Surface anatomy

(b) Anatomy of the medial ankle

Figure 34.2 Examination of the patient with medial 
ankle pain

(a) Resisted movement—inversion (tibialis posterior)

(b) Resisted movement—toe fl exion (fl exor hallucis 
longus)

medial malleolus

tuberosity of
navicular

fl exor hallucis
longus

tibialis posterior

tibialis anterior tendon
tibialis posterior tendon
flexor digitorum tendon

flexor hallucis longus tendon

Achilles tendon
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Investigations

Plain X-ray should be performed when posterior 
impingement is suspected to confi rm the presence of 
either a large posterior process of the talus or an os 
trigonum. A lateral view with the foot in a maximally 
plantarfl exed position (posterior impingement view) 
can be useful to determine if bony impingement is 
occurring. A radioisotopic bone scan may show an 
area of mildly increased uptake at the posterior aspect 
of the talus in cases of chronic posterior impingement. 
In suspected cases of tendinopathy, ultrasonography 
or MRI may be indicated if pain has been longstand-
ing or if there is doubt about the diagnosis. Nerve 
conduction studies should be obtained if tarsal tunnel 
syndrome is the likely diagnosis.

Tibialis posterior tendinopathy

Th e tibialis posterior tendon functions to invert the 
subtalar joint and is the main dynamic stabilizer of the 
hind foot against valgus (eversion) forces, in addition 
to providing stability to the plantar arch. It is the most 
anterior structure that passes behind the medial malleo-
lus, then divides and sends attachments to the navicular 
tuberosity, the cuboid, cuneiforms, bases of the second 
to fourth metatarsals and the spring ligament.

Causes

Th e etiology of tibialis posterior tendinopathy is usu-
ally related to an overuse injury rather than an acute 
traumatic injury.

1. Overuse—oft en related to:
(a) excessive walking, running or jumping
(b) excessive subtalar pronation—this increases 

eccentric tendon loading during supination 
for toe-off 

2. Acute
(a) direct trauma—laceration
(b) indirect trauma—eversion ankle sprain, 

ankle fracture
(c) acute avulsion fracture

3. Infl ammatory conditions
(a) tenosynovitis secondary to rheumatoid 

arthritis, seronegative arthropathies

Chronic tendinopathy is characterized by collagen 
disarray and interstitial tears, and may eventually lead 
to tendon rupture.

Clinical features

• Medial ankle pain behind the medial malleolus 
and extending towards the insertion of the 
tendon.

(c) Palpation—tibialis posterior tendon. The tibialis 
posterior tendon is palpated from posteromedial to 
the medial malleolus to its insertion at the navicular 
tubercle

(d) Special tests—Tinel’s test. Tapping over the 
posterior tibial nerve in the tarsal tunnel may 
reproduce symptoms

(e) Special tests—sensory examination of the medial 
aspect of the foot. Sensory defi cits may occur with 
tarsal tunnel syndrome
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• Swelling is very unusual—if present, it suggests 
substantial tendon injury or an underlying 
seronegative arthropathy.

• Tenderness along the tendon prominent 
posterior and inferior to the medial malleolus.

• Crepitus is occasionally present.
• Resisted inversion (Fig. 34.2a) will elicit pain 

and relative weakness compared with the 
contralateral side.

• A single heel raise test also viewed from behind 
will reveal lack of inversion of the hind foot, 
and if severe the patient may have diffi  culty 
performing a heel raise.

Investigations

MRI or ultrasound may confi rm the diagnosis and 
reveal the extent of tendinosis. MRI is the most use-
ful method of imaging tendons around the ankle. It 
is highly sensitive and specifi c for the detection of a 
rupture.1, 2 When compared with MRI, ultrasonogra-
phy had a sensitivity and specifi city of 80% and 90%, 
respectively.3 In cases of suspected infl ammatory 
tenosynovitis, blood tests for serological and infl am-
matory markers should be performed.

Treatment

Conservative care consists of controlling pain where 
needed with ice and prescribing concentric and eccen-
tric tendon loading exercises (Fig. 34.3). Experienced 
clinicians oft en administer soft  tissue therapy to the 
tibialis posterior muscle and tendon and prescribe a 
rigid orthosis to control excessive pronation. In severe 

cases, a period of immobilization in an air cast has 
been prescribed to provide short-term symptom relief 
but this would be an extreme measure.

If an infl ammatory arthropathy is present, anti-
infl ammatory medications are indicated.

If there is tendon rupture (Chapter 33), or if con-
servative management fails to settle the condition, 
surgery is recommended. In the case of tenosynovitis 
a synovectomy may be performed, while in cases of 
severe tendinopathy or tendon rupture a reconstruc-
tion may be required.

Flexor hallucis longus tendinopathy

Th e fl exor hallucis longus tendon fl exes the big toe 
and assists in plantarfl exion of the ankle. It passes 
posterior to the medial malleolus, and runs between 
the two sesamoid bones to insert into the base of the 
distal phalanx of the big toe.

Causes

Flexor hallucis longus tendinopathy may occur sec-
ondary to overuse, a stenosing tenosynovitis, pseu-
docyst or tendon tear. A common cause is overuse 
in a ballet dancer, as dancers repetitively go from fl at 
foot stance to the en pointe position, when extreme 
plantarfl exion is required. Wearing shoes that are too 
big and require the athlete to ‘toe-grip’ may also result 
in fl exor hallucis longus tendinopathy.

Th is condition is oft en associated with posterior 
impingement syndrome (Chapter 32) as the fl exor 
hallucis tendon lies in a fi bro-osseous tunnel between 
the lateral and medial tubercles of the posterior pro-
cess of the talus. Enlargement or medial displacement 
of the os trigonum puts pressure on the fl exor hal-
lucis longus at the point where the tendon changes 
direction from a vertical course dorsal to the talus 
to a horizontal course beneath the talus (Fig. 34. 4). 
Th is can cause tendon thickening and may result in 
‘triggering’ of the tendon, when partial tearing and 
subsequent healing of the tendon produce excessive 
scar tissue.

Clinical features

• Pain on toe-off  or forefoot weight-bearing 
(e.g. rising in ballet), maximal over the 
posteromedial aspect of the calcaneus around 
the sustentaculum tali.

• Pain may be aggravated by resisted fl exion of the 
fi rst toe or stretch into full dorsifl exion of the 
hallux.

• In more severe cases, there may be ‘triggering’ 
of the fi rst toe, both with rising onto the balls 

Figure 34.3 Eccentric exercises—tibialis posterior. 
Patient stands on the edge of a step and drops down 
into eversion, eccentrically contracting the tibialis 
posterior muscle
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of the foot (e.g. in ballet) and in lowering 
from this position. Triggering occurs when 
the foot is placed in plantarfl exion and the 
athlete, unable to fl ex the hallux, but then with 
forcible active contraction of the fl exor hallucis 
longus, is able to extend the interphalangeal or 
metatarsophalangeal joints of the toe. A snap or 
pop occurs in the posteromedial aspect of the 
ankle when this happens. Subsequent passive 
fl exion or extension of the interphalangeal joint 
produces a painless snap posterior to the medial 
malleolus.

Investigations

MRI or ultrasound may both reveal pathology. Th e 
characteristic MRI sign is abrupt fl uid cut-off  in the 
tendon sheath; excessive fl uid is found loculated 
around a normal-appearing tendon proximal to the 
fi bro-osseous canal.4

Treatment

In the acute phase, treatment may include:

• ice
• avoidance of activities that stress the fl exor 

hallucis longus tendon (e.g. dancer working at 
the barre but not rising en pointe)

• fl exor hallucis longus strength and stretching 
exercises

• soft  tissue therapy proximally in the muscle belly
• correction of subtalar joint hypomobility with 

manual mobilization
• control of excessive pronation during toe-off  

with tape or orthoses—this may be helpful but is 
diffi  cult to achieve in dancers.

Prevention of recurrences should focus on a reduc-
tion in the amount of hip turnout, thus ensuring that 
the weight is directly over the hip, avoidance of hard 
fl oors, and using fi rm, well-fi tting pointe shoes, so 
that the foot is well supported and no additional 
strain is placed on the tendon. Technique correction 
is important in ballet dancers with this condition as 
it is thought to arise not only from excessive ankle 
eversion or inversion with pointe work but also from 
proximal weakness, such as poor trunk control.5

Surgical treatment should be considered when 
persistent synovitis or triggering prevents dancing 
en pointe. Surgery involves exploration of the tendon 
and release of the tendon sheath.

Tarsal tunnel syndrome

Tarsal tunnel syndrome occurs as a result of entrap-
ment of the posterior tibial nerve in the tarsal tunnel 
where the nerve winds around the medial malleolus. 
It may also involve only one of its terminal branches 
distal to the tarsal tunnel.

Causes

In approximately 50% of cases the cause of tarsal 
tunnel syndrome is idiopathic. It may also occur as 
a result of trauma (e.g. inversion injury to the ankle) 
or overuse associated with excessive pronation. Other 
less common causes include:

• ganglion
• talonavicular coalition
• varicose veins
• synovial cyst
• lipoma
• accessory muscle—fl exor digitorum accessorius 

longus
• tenosynovitis
• fracture of the distal tibia or calcaneus.

Clinical features

• Poorly defi ned burning, tingling or numb 
sensation on the plantar aspect of the foot, oft en 
radiating into the toes.

• Pain is usually aggravated by activity and 
relieved by rest.

• In some patients the symptoms are worse in bed 
at night and relieved by getting up and moving 
or massaging the foot.

• Swellings, varicosities or thickenings may be 
found on examination around the medial ankle 
or heel.

• A ganglion or cyst may be palpable in the 
tendon sheaths around the medial ankle.

Figure 34.4 Flexor hallucis longus tendinopathy 
showing the tendon irritated near the medial 
malleolus. 

talus

sustentaculum
tali

flexor hallucis
longus tendon
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• Tenderness in the region of the tarsal tunnel is 
common.

• Tapping over the posterior tibial nerve 
(Tinel’s sign) may elicit the patient’s pain and 
occasionally cause fasciculations but this ‘classic’ 
sign is not commonly seen.

• Th ere may be altered sensation along the arch of 
the foot.

• Th e distribution of the sensory changes in the 
foot needs to be diff erentiated from the typical 
dermatomal distribution of S1 nerve root 
compression.

Investigations

Nerve conduction studies should be performed.6, 7 
Th ese not only help to confi rm the diagnosis but they 
can also guide the surgeon as to the location of the 
nerve compression. Ultrasound or MRI may be 
required to assess for a space-occupying lesion as a 
cause of the syndrome. An X-ray and, if required, a 
CT scan should be performed in the case of excessive 
pronation or if a tarsal coalition is suspected.

Diff erential diagnosis

Diff erential diagnosis includes entrapment of the 
medial and/or lateral plantar nerves, or both, plantar 
fasciitis, intervertebral disk degeneration and other 
causes of nerve infl ammation or degeneration.

Treatment

Conservative treatment should be attempted in those 
with either an idiopathic or biomechanical cause. 
Treatment with NSAID and, if required an injection 
of a corticosteroid agent into the tarsal tunnel may be 
helpful. If excessive pronation is present, an orthosis 
should be utilized.

Surgical treatment is required if there is mechani-
cal pressure on the nerve. A decompression of the 
posterior tibial nerve and its branches should be 
performed, but only aft er both the diagnosis and site 
of nerve entrapment have been confi rmed. Results 
of surgery have not been encouraging,8 with a high 
perioperative complication rate.9

Stress fracture of the medial malleolus

Stress fracture of the medial malleolus is an unusual 
injury but should be considered in the runner present-
ing with persistent medial ankle pain aggravated by 
activity.10, 11 Although the fracture line is frequently 
vertical from the junction of the tibial plafond and 
the medial malleolus, it may arch obliquely from the 
junction to the distal tibial metaphysis.

Clinical features

Athletes classically present with medial ankle pain 
that progressively increases with running and jump-
ing activities. Oft en they experience an acute epi-
sode, which leads to their seeking medical attention. 
Examination reveals tenderness overlying the medial 
malleolus frequently in conjunction with an ankle 
eff usion.

Investigations

In the early stages, X-rays may be normal, but with 
time a linear area of hyperlucency may be apparent, 
progressing to a lytic area and fracture line. If the X-ray 
is normal, a radioisotopic bone scan, CT (Fig. 34.5) or 
MRI will be required to demonstrate the fracture.

Treatment

If no fracture or an undisplaced fracture is evident on 
X-ray, treatment requires weight-bearing rest with an 
air-cast brace until local tenderness resolves, a period 
of approximately six weeks. If, however, a displaced 
fracture or a fracture that has progressed to non-union 
is present, surgery with internal fi xation is required. 
Following fracture healing, the practitioner should 
assess biomechanics and footwear. A graduated return 
to activity is required.

Medial calcaneal nerve entrapment

Th e medial calcaneal nerve is a branch of the posterior 
tibial nerve arising at the level of the medial malleolus 

Figure 34.5 CT scan of stress fracture of the medial 
malleolus
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or below and passing superfi cially to innervate the 
skin of the heel. Occasionally it may arise from the 
lateral plantar nerve, a branch of the posterior tibial 
nerve. It has been theorized that a valgus hind foot 
may predispose joggers to compression of this nerve 
branch.

Clinical features

Entrapment or irritation causes burning pain over 
the inferomedial aspect of the calcaneus, which oft en 
radiates into the arch of the foot, and is aggravated 
by running. Examination reveals tenderness over the 
medial calcaneus and a positive Tinel’s sign. Th ere is 
oft en associated excessive pronation.

Investigations

Nerve conduction studies can help confirm the 
diagnosis. Injection of local anesthetic at the point of 
maximal tenderness with a resultant disappearance 
of pain will confi rm the diagnosis.

Treatment

Treatment involves minimizing the trauma to the 
nerve with a change of footwear or the use of a pad 
over the area to protect the nerve. Use of local elec-
trotherapeutic modalities and transverse friction to 
the painful site may help to settle the pain. If this is 
not successful, injection of corticosteroid and local 
anesthetic agents into the area of point tenderness 
may be helpful. Surgery may be required to decom-
press the nerve.

Other causes

Two conditions that generally cause foot pain but may 
present as medial ankle pain are stress fractures of the 
calcaneus and the navicular (Chapter 35). Referred 
pain from neural structures may occasionally present 

as medial ankle pain. Entrapment of the medial plantar 
nerve generally causes midfoot pain but may present 
as medial ankle pain.

Lateral ankle pain
Lateral ankle pain is generally associated with a 
biomechanical abnormality. Th e two most common 
causes are peroneal tendinopathy and sinus tarsi 
syndrome. Th e causes of lateral ankle pain are listed 
in Table 34.2. Th e anatomy of the region is illustrated 
in Figure 34.6.

Examination

Examination is as for the patient with acute ankle 
injury (Chapter 33) with particular attention to testing 
resisted eversion of the peroneal tendons (Fig. 34.7a) 
and careful palpation for tenderness and crepitus 
(Fig. 34.7b).

Peroneal tendinopathy

Th e most common overuse injury causing lateral 
ankle pain is peroneal tendinopathy. Th e peroneus 
longus and peroneus brevis tendons cross the ankle 
joint within a fi bro-osseous tunnel, posterior to the 
lateral malleolus. Th e peroneus brevis tendon inserts 
into the tuberosity on the lateral aspect of the base 
of the fi ft h metatarsal. Th e peroneus longus tendon 
passes under the plantar surface of the foot to insert 
into the lateral side of the base of the fi rst metatarsal 
and medial cuneiform. Th e peroneal tendons share 
a common tendon sheath proximal to the distal tip 
of the fi bula, aft er which they have their own tendon 
sheaths. Th e peroneal muscles serve as ankle dorsi-
fl exors in addition to being the primary evertors of 
the ankle.

Table 34.2 Causes of lateral ankle pain

Common Less common Not to be missed

Peroneal tendinopathy
Sinus tarsi syndrome

Impingement syndrome
 Anterolateral
 Posterior
Recurrent dislocation of peroneal tendons
Stress fracture of the talus
Referred pain
 Lumbar spine
 Peroneal nerve
 Superior tibiofi bular joint

Stress fracture of the distal fi bula
Cuboid syndrome
Complex regional pain syndrome 

type 1 (following knee or ankle 
trauma)
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Causes

Peroneal tendinopathy may occur either as a result 
of an acute ankle inversion injury or secondary to an 
overuse injury. Soft  footwear may predispose to the 
development of peroneal tendinopathy.

Common causes of an overuse injury include:

1. excessive eversion of the foot, such as occurs 
when running on slopes or cambered surfaces12

2. excessive pronation of the foot
3. secondary to tight ankle plantarfl exors (most 

commonly soleus) resulting in excessive load on 
the lateral muscles

4. excessive action of the peroneals (e.g. dancing, 
basketball, volleyball).

An infl ammatory arthropathy may also result in 
the development of a peroneal tenosynovitis and 
subsequent peroneal tendinopathy.

It has been suggested that peroneal tendinopathy 
may be due to the excessive pulley action of, and 
abrupt change in direction of, the peroneal tendons 
at the lateral malleolus.

Th ere are three main sites of peroneal tendin-
opathy:

1. posterior to the lateral malleolus
2. at the peroneal trochlea
3. at the plantar surface of the cuboid.

Clinical features

Th e athlete commonly presents with:

• lateral ankle or heel pain and swelling which is 
aggravated by activity and relieved by rest

Figure 34.6 Lateral aspect of the ankle

(a) Anatomy of the lateral ankle

(b) Sinus tarsi

Figure 34.7 Examination of the patient with lateral 
ankle pain

(a) Resisted movement—eversion (peroneal muscles)

(b) Palpation—the peroneal tendons are palpated for 
tenderness and crepitus
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• local tenderness over the peroneal tendons 
on examination, sometimes associated with 
swelling and crepitus (a true paratenonitis)

• painful passive inversion and resisted eversion, 
although in some cases eccentric contraction 
may be required to reproduce the pain

• a possible associated calf muscle tightness
• excessive subtalar pronation or stiff ness of the 

subtalar or midtarsal joints that is demonstrated 
on biomechanical examination.

Investigations

MRI is the recommended investigation and shows 
characteristic features of tendinopathy—increased 
signal and tendon thickening.13 If MRI is unavailable, 
an ultrasound may be performed. If an underlying 
infl ammatory arthropathy is suspected, obtain blood 
tests to assess for rheumatological and infl ammatory 
markers.

Treatment

Treatment initially involves settling the pain with rest 
from aggravating activities, analgesic medication if 
needed and soft  tissue therapy. Stretching in conjunc-
tion with mobilization of the subtalar and midtarsal 
joints may be helpful. Footwear should be assessed 
and the use of lateral heel wedges or orthoses may 
be required to correct biomechanical abnormali-
ties. Strengthening exercises should include resisted 
eversion (e.g. rubber tubing, rotagym), especially in 
plantarfl exion as this position maximally engages the 
peroneal muscles.

In severe cases, surgery may be required, which 
may involve a synovectomy, tendon debridement 
or repair.

Sinus tarsi syndrome

Th e sinus tarsi (Fig. 34.6b) is a small osseous canal 
running from an opening anterior and inferior to 
the lateral malleolus in a posteromedial direction to 
a point posterior to the medial malleolus. Th e inter-
osseus ligament occupies the sinus tarsi and divides 
it into an anterior portion, which is part of the talo-
calcaneonavicular joint, and a posterior part, which 
represents the subtalar joint. It is lined by a synovial 
membrane and in addition to ligament it contains 
small blood vessels, fat and connective tissue.

Causes

Although injury to the sinus tarsi may result from 
chronic overuse secondary to poor biomechanics 
(especially excessive pronation), approximately 70% 

of all patients with sinus tarsi syndrome have had a 
single or repeated inversion injury to the ankle. It 
may also occur aft er repeated forced eversion to the 
ankle, such as high jump take off .

Th e sinus tarsi contains abundant synovial tissue 
that is prone to synovitis and infl ammation when 
injured. An infl ux of infl ammatory cells may result 
in the development of a low-grade infl ammatory 
synovitis.

Other causes of sinus tarsi syndrome may include 
chronic infl ammation in conditions such as gout, 
infl ammatory arthropathies and osteoarthritis.

Clinical features

Th e symptoms of sinus tarsi syndrome include:

• pain which may be poorly localized but is 
most oft en centered just anterior to the lateral 
malleolus

• pain that is oft en more severe in the morning 
and may diminish with exercise

• pain that may be exacerbated by running on a 
curve in the direction of the aff ected ankle—the 
patient may also complain of ankle and foot 
stiff ness, a feeling of instability of the hind foot 
and occasionally of weakness

• diffi  culty walking on uneven ground
• full range of pain-free ankle movement on 

examination but the subtalar joint may be stiff 
• pain on forced passive eversion of the subtalar 

joint; forced passive inversion may also be 
painful due to damage to the subtalar ligaments

• tenderness of the lateral aspect of the ankle at 
the opening of the sinus tarsi and occasionally 
also over the anterior talofi bular ligament; there 
may be minor localized swelling.

Diagnosis

Th e most appropriate diagnostic test is injection of 
1 mL of a short-acting local anesthetic agent (e.g. 1% 
lignocaine [lidocaine]) into the sinus tarsi (Fig. 34.8). 
In sinus tarsi syndrome, this injection will relieve pain 
so that functional tests, such as hopping on the aff ected 
leg, can be performed comfortably (for diagnosis). An 
ankle X-ray may be performed to exclude degenera-
tive changes of the subtalar joint. MRI may show an 
increased signal and fl uid in the sinus tarsi.

Treatment

Conservative management includes relative rest, ice, 
NSAID and electrotherapeutic modalities. Mobili-
zation of the subtalar joint is essential (Fig. 34.9). 
Rehabilitation involves proprioception and strength 
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training. Biomechanical correction may be indicated. 
Direct infi ltration of the sinus tarsi with corticosteroid 
and local anesthetic agents may prove therapeutic 
but it is important that all underlying abnormalities 
are also corrected.

Anterolateral impingement

Causes

Repeated minor ankle sprains or a major sprain 
involving the anterolateral aspect of the ankle may 
cause anterolateral impingement. An inversion sprain 

to the anterior talofi bular ligament may promote 
synovial thickening and exudation. Usually this is 
subsequently resorbed, but sometimes this is incom-
plete and the residual tissue becomes hyalinized and 
molded by pressure from the articular surfaces of 
the talus and fi bula, where it may be trapped during 
ankle movements. A meniscoid lesion thus develops 
in the anterolateral gutter. It has also been suggested 
that meniscoid lesions may result from tears of 
the anterior talofi bular ligament in which the torn 
fragment becomes interposed between the lateral 
malleolus and the lateral aspect of the talus. Another 
postulated cause of anterolateral ankle impingement 
is chondromalacia of the lateral wall of the talus with 
an associated synovial reaction.

Clinical features

Th e classic presentation is pain at the anterior aspect 
of the lateral malleolus and an intermittent catching 
sensation in the ankle in an athlete with a previous 
history of an ankle inversion injury. Examination may 
reveal tenderness in the region of the anteroinferior 
border of the fi bula and anterolateral surface of the 
talus. Th e pain is relieved by tightening the tibialis 
posterior tendon and releasing the peroneal tendons. 
Proprioception may be poor.14

Investigations

Clinical assessment has been shown to be more reliable 
than MRI to diagnose this lesion.15 An arthroscopic 
examination confi rms the diagnosis. Corticosteroid 
injection may be helpful initially but, frequently, 
arthroscopic removal of the fi brotic, meniscoid lesion 
is required.

Posterior impingement syndrome

Posterior impingement syndrome sometimes presents 
as lateral ankle pain but more commonly as pain in 
the posterior ankle (Chapter 32).

Stress fracture of the talus

Stress fractures of the posterolateral aspect of the 
talus have been described in track and fi eld athletes 
and football players.16

Cause

Th ese stress fractures may develop secondary to 
excessive subtalar pronation and plantarflexion, 
resulting in impingement of the lateral process of the 
calcaneus on the posterolateral corner of the talus.16 
In pole vaulters, this injury is attributed to ‘planting’ 
the pole too late.

Figure 34.8 Local anesthetic injection. The needle is 
introduced into the lateral opening of the sinus tarsi 
with the foot in passive inversion. The needle should 
be directed medially and slightly posteriorly

Figure 34.9 Mobilization of the subtalar joint is 
performed by medial-to-lateral transverse glide of the 
calcaneus on the talus with the patient side-lying and 
the ankle dorsifl exed
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Clinical features

Th e main symptom is that of lateral ankle pain of 
gradual onset, made worse by running and weight-
bearing. Clinical examination reveals marked tender-
ness and occasionally swelling in the region of the 
sinus tarsi.

Diagnosis

Typical isotopic bone scan and CT scan appearances 
are shown in Figure 34.10. MRI will also reveal 
the fracture, with the STIR sequence being most 
helpful.

Treatment

Treatment requires six weeks’ cast immobilization 
and then a supervised graduated rehabilitation. In 
elite athletes, when a rapid recovery is required, or 
in the case of failure of conservative management, 
surgical removal of the lateral process has been shown 

to produce good results. As this injury is invariably 
associated with excessive pronation, biomechanical 
correction with orthoses is required before activity 
is resumed.

Referred pain

A variation of the slump test (Chapter 8) with the 
ankle in plantarfl exion and inversion can be per-
formed to detect increased neural tension in the 
peroneal nerve. If the test is positive, this position can 
be used as a stretch in addition to soft  tissue therapy 
to possible areas of restriction (e.g. around the head 
of the fi bula).

Anterior ankle pain
Pain over the anterior aspect of the ankle joint without 
a history of acute injury is usually due to either tibialis 
anterior tendinopathy or anterior impingement of the 
ankle. Th e surface anatomy of the anterior ankle is 
shown in Figure 34.11.

Figure 34.10 Stress fracture of the talus

(a) Isotopic bone scan

(b) CT scan
Figure 34.11 Surface anatomy of the anterior ankle 
showing tendons
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Anterior impingement of the ankle

Anterior impingement of the ankle joint (anterior 
tibiotalar impingement) is a condition in which 
additional soft  or bony tissue is trapped between the 
tibia and talus during dorsifl exion and may be the 
cause of chronic ankle pain or may result in pain and 
disability persisting aft er an ankle sprain. Although 
this syndrome has been called ‘footballer’s ankle’, it 
is also seen commonly in ballet dancers.

Causes

Anterior impingement occurs secondary to the devel-
opment of exostoses on the anterior rim of the tibia 
and on the upper anterior surface of the neck of talus 
(Fig. 34.12). Th e exostoses were initially described 
in ballet dancers and thought to be secondary to a 
traction injury of the joint capsule of the ankle that 
occurs whenever the foot was repeatedly forced into 
extreme plantarfl exion. Subsequently the development 
of the exostoses has been attributed to direct osseous 
impingement during extremes of dorsifl exion, as 
occurs with kicking in football and the plié (lunge) in 
ballet. As these exostoses become larger, they impinge 
on overlying soft  tissue and cause pain.

Ligamentous injuries following inversion injuries 
to the ankle may also result in anterior ankle impinge-
ment; it has been shown that the distal fascicle of the 
anterior inferior tibiofi bular ligament may impinge 
on the anterolateral aspect of the talus.

Clinical features

Th e patient complains of:

• anterior ankle pain, which initially starts as a 
vague discomfort

• pain ultimately becoming sharper and more 
localized to the anterior aspect of the ankle and 
foot

• pain that is worse with activity, particularly with 
running, descending plié (lunge) in classical 
ballet, kicking in football or other activities 
involving dorsifl exion.

As the impingement develops, the patient complains 
of ankle stiff ness and a loss of take-off  speed.

Examination reveals tenderness along the anterior 
margin of the talocrural joint and, if the exostoses are 
large, they may be palpable. Dorsifl exion of the ankle 
is restricted and painful. Th e anterior impingement 
test (Fig. 34.13a), where the patient lunges forward 
maximally with the heel remaining on the fl oor, 
reproduces the pain.

Investigations

Lateral X-rays in fl exion and extension show both 
exostoses and abnormal tibiotalar contact. Ideally 
performed weight-bearing in the lunge position, 
showing bone-on-bone impingement, confi rms the 
diagnosis (Fig. 34.13b).

Treatment

In milder cases, conservative treatment consists of 
a heel lift , rest, modifi cation of activities to limit 
dorsifl exion, NSAID and physiotherapy, including 

Figure 34.12 X-ray showing bony exostosis on the 
anterior talus

Figure 34.13 The anterior impingement test

(a) The patient lunges forward maximally and, if this 
reproduces his or her pain, the test is positive and 
suggests the diagnosis of anterior impingement
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accessory anteroposterior glides of the talocrural 
joint at the end of range of dorsifl exion. Taping or 
orthoses may help control the pain if they restrict 
ankle dorsifl exion or improve joint instability, which 
has been shown to contribute to the development of 
anterior impingement.

More prominent exostoses may require surgical 
removal arthroscopically or as an open procedure.

Tibialis anterior tendinopathy

Th e tibialis anterior tendon is the primary dorsifl exor 
of the foot, in addition to adducting and supinating 
(inverting) the foot. It passes medially over the ante-
rior ankle joint and runs to insert into the medial and 
plantar aspects of the medial cuneiform bone and the 
adjacent base of the fi rst metatarsal.

Causes

Tendinopathy of the tibialis anterior may result from 
overuse of the ankle dorsifl exors secondary to restric-
tion in joint range of motion, as may occur with a 
stiff  ankle. It may also be due to downhill running, 
playing racquet sports involving constant change of 
direction, or with excessive tightness of strapping or 
shoelaces over the tibialis anterior tendon.

Clinical features

Th e main symptoms are pain, swelling and stiff ness in 
the anterior ankle, which are aggravated by activity, 
especially running, and walking up hills or stairs. On 

examination, there is localized tenderness, swelling 
and occasionally crepitus along the tibialis anterior 
tendon. Th ere is pain on resisted dorsifl exion and 
eccentric inversion.

Investigations

Ultrasound or MRI may be used to confi rm the 
diagnosis and exclude tears of the tendon.

Treatment

Eccentric strengthening, soft tissue therapy and 
mobilization of the ankle joint are common treat-
ments. Correction of biomechanics with orthoses 
may be helpful.

Inferior tibiofi bular joint injury

Th e tibiofi bular syndesmosis, consisting of the anter-
ior and posterior inferior tibiofi bular ligaments and 
interosseous membrane, maintains the joint between 
the distal tibia and fi bula. It plays a dynamic role in 
ankle function.

Causes

Diastasis (separation) occurs with partial or complete 
rupture of the syndesmosis ligament. Ruptures of the 
syndesmosis are rarely isolated injuries but generally 
occur in association with deltoid ligament injuries or, 
more frequently, with fractures of either the fi bula or 
the posterior and medial malleoli.

Clinical features

Th e classic presentation includes:

• anterior ankle pain following a moderate-to-
severe ankle injury

• tenderness on examination located at the 
anterior aspect of the syndesmosis and 
interosseus membrane

• painful active external rotation of the foot. If 
there is severe disruption of the syndesmosis, 
the squeeze test is positive (i.e. proximal 
compression produces distal pain in the region 
of the interosseous membrane). 

Investigations

Plain X-rays are recommended to exclude fractures 
and osseous avulsions. Mortise views may reveal 
widening of the syndesmosis. Stress X-rays in external 
rotation may demonstrate the diastasis. CT or MRI 
are required to exclude osteochondral lesions. Isotope 
bone scan may reveal a focal increased uptake in 
the region of the anterior tibiofi bular ligament and 
interosseous membrane.

(b) The same position is used to take a lateral X-ray. 
A positive test reveals bone-on-bone impingement 
(arrowed) when the patient adopts the lunge position 
that reproduces pain
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Treatment

Provided there is no widening of the distal tibiofi bular 
joint, conservative management with rest, NSAIDs 
and physiotherapy is required. As the pain settles, 
strengthening, range of motion and proprioceptive 
exercises are introduced.

In more severe cases, when there is widening of 
the distal tibiofi bular joint, surgery and insertion of 
a temporary syndesmosis screw is required.
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35
Foot Pain

WITH JASON AGOSTA AND KAREN HOLZER

Many practitioners consider the foot a diffi  cult 
region to treat, largely because the anatomy 

seems rather complex (Figs 35.1, 35.2). If the foot is 
considered in its three distinct regions (Fig. 35.1)—the 
rear foot (calcaneus and talus), the midfoot (the cunei-
forms and navicular medially, the cuboid laterally) 
and the forefoot (the metatarsals and phalanges)—the 
bony anatomy is greatly simplifi ed. Soft  tissue anatomy 
can be superimposed on the regional division of the 
foot (Figs 35.2c–e).

In keeping with this anatomical division of the foot, 
clinical assessment of foot pain is most conveniently 
considered in three anatomical regions (Fig. 35.1):

• heel pain (arising from the rear foot)
• midfoot pain
• forefoot pain.

Rear foot pain
Th e most common cause of rear foot (inferior heel) 
pain is plantar fasciitis. A lay term for this condition is 
‘heel spur(s)’. Th is condition occurs mainly in runners 
and the older adult, and is oft en associated with a bio-
mechanical abnormality, such as excessive pronation 

or supination. Another common cause of heel pain is 
the fat pad syndrome or fat pad contusion. Th is is also 
known as a ‘bruised heel’ or a ‘stone bruise’.

Less common causes of heel pain are stress frac-
ture of the calcaneus and conditions that refer pain 
to this area such as tarsal tunnel syndrome (Chapter 
34) or medial calcaneal nerve entrapment (Chapter 
34). Causes of rear foot pain are listed in Table 35.1.

History

Th e pain of plantar fasciitis is usually of insidious 
onset, whereas fat pad damage may occur either as 
a result of a single traumatic episode (e.g. jumping 
from a height onto the heel) or from repeated heel 
strike (e.g. on hard surfaces with inadequate heel 
support). Plantar fasciitis pain is typically worse in 
the morning, improves with exercise at fi rst and is 
aggravated by standing.

Examination

Examination of the patient with inferior heel pain 
is shown in Figure 35.3. Biomechanical assessment 
is an important component of the examination and 
must include ankle, subtalar and midtarsal joint 

forefootmidfootrear foot

Figure 35.1 The regions of the foot—rear foot, midfoot and forefoot
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talar dome
posterior
process

calcaneus

cuboid

navicular

5th metatarsal

cuneiforms

Figure 35.2 Anatomy of the foot

(a) Lateral view of the bones of the foot

talus

calcaneusnavicular

medial
cuneiform

talonavicular joint

1st metatarsal sustentaculum
tali

(b) Medial view of the bones of the foot

peroneus
longus tendon

peroneus
brevis

extensor
digitorum

longus

inferior
extensor

retinaculum

extensor
digitorum

brevis

extensor
digitorum

longus
tendons

tibialis
anterior

extensor
hallucis
longus

superior
extensor
retinaculum

extensor
hallucis
brevis

extensor
hallucis
longus
tendon

(c) Dorsal view of the soft tissues of the foot

(d) Plantar view of the soft tissues of the foot—fi rst 
layer

(e) Plantar fascia
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range of motion. Inspection of running shoes is also 
important.

Investigations

X-ray only contributes to the clinical work-up of 
rearfoot pain in a small proportion of cases. It may 
reveal a calcaneal spur but, as this may or may not 
be symptomatic, it does not add clinical utility. Plain 
X-ray is generally normal in stress fractures of the 
calcaneus but if the injury has been present for many 
weeks, there may be a line of sclerosis (increased opac-
ity). Th is appearance is characteristic of stress fracture 
in trabecular bone. Isotopic bone scan or MRI are the 
investigations of choice for stress fracture. MRI and 
ultrasound can each be used to confi rm the presence 
and severity of plantar fasciitis. MRI reveals increased 
signal intensity and thickening at the attachment of 
the plantar fascia to the calcaneus at the medial cal-
caneal tuberosity, oft en with edema in the adjacent 
bone. Ultrasound reveals a characteristic region of 
hypoechogenicity. In plantar fasciitis, bone scan may 
demonstrate an increased uptake at the attachment 
of the plantar fascia at the medial calcaneal tuberos-
ity as an incidental fi nding; it is not usually done for 
that purpose.

Plantar fasciitis

Th e plantar aponeurosis is composed of three seg-
ments, all arising from the calcaneus. Th e central, and 
clinically most important, segment arises from the 
plantar aspect of the posteromedial calcaneal tuberos-
ity and inserts into the toes to form the longitudinal 
arch of the foot. Th e aponeurosis provides static 
support for the longitudinal arch and dynamic shock 
absorption. Plantar fasciitis, an overuse condition of 
the plantar fascia at its attachment to the calcaneus, 
is due to collagen disarray in the absence of infl am-
matory cells. Th us, the pathology resembles that of 
tendinosis (Chapter 2) and the condition should be 
more correctly referred to as plantar fasciosis1 or 
fasciopathy. However, as neither of these terms is in 
common usage, we continue to use the traditional 
term, ‘plantar fasciitis’, in this book.

Table 35.1 Causes of rear foot and inferior heel pain

Common Less common Not to be missed

Plantar fasciitis
Fat pad contusion

Calcaneal fractures
 Traumatic
 Stress fracture
Medial calcaneal nerve entrapment (Chapter 34)
Lateral plantar nerve entrapment
Tarsal tunnel syndrome (Chapter 34)
Talar stress fracture (Chapter 34)
Retrocalcaneal bursitis (Chapter 32)

Spondyloarthropathies
Osteoid osteoma
Regional complex pain syndrome 

type 1 (after knee or ankle 
injury)

 

Figure 35.3 Examination of the rear foot

(a) Palpation—medial process of calcaneal tuberosity. 
Palpate plantar fascia attachment

(b) Palpation—heel fat pad
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Causes

Individuals with pes planus (low arches or fl at feet) 
or pes cavus (high arches) are at increased risk of 
developing plantar fasciitis. Th e fl at foot deformity will 
place an increased strain on the origin of the plantar 
fascia at the calcaneus as the plantar fascia attempts 
to maintain a stable arch during the propulsive phase 
of the gait. In the cavus foot, there may be excessive 
strain on the heel area because the foot lacks the abil-
ity to evert in order to absorb the shock and adapt 
itself to the ground.

Plantar fasciitis commonly results from activities 
that require maximal plantarfl exion of the ankle and 
simultaneous dorsifl exion of the metatarsophalangeal 
joints (e.g. running, dancing). In the older patient it 
may be related to excessive walking in inappropriate 
or non-supportive footwear.2 In a matched case-
control study, reduced ankle dorsifl exion was the 
most important risk factor.2 Obesity and work-related 
weight-bearing are also independent risk factors.

Plantar fasciitis is commonly associated with tight-
ness in the proximal myofascial structures, especially 
the calf, hamstring and gluteal regions. Presumably 
this is because the fascia is continuous throughout 
the lower limb.

Clinical features

Th e pain is usually of gradual onset and felt classically 
on the medial aspect of the heel. Initially, it is worse 
in the morning and decreases with activity, oft en to 
ache post-activity. Periods of inactivity during the 
day are generally followed by an increase in pain as 
activity is recommenced. As the condition becomes 
more severe, the pain may be present when weight-
bearing and worsen with activity. Th ere may be a 
history of other leg or foot problems in patients with 
abnormal biomechanics.

Examination reveals acute tenderness along the 
medial tuberosity of the calcaneus, and may extend 
some centimeters along the medial border of the 
plantar fascia. Th e plantar fascia is generally tight and 
stretching the plantar fascia may reproduce pain.

Assessment of the patient’s gait may reveal either 
supination or pronation. Both an abducted gait and 
calf tightness may reduce the athlete’s ability to supi-
nate, increasing the strain on the plantar fascia.

Investigations

Ultrasound is the gold standard diagnostic investiga-
tion for plantar fasciitis, with swelling of the plantar 
fascia the typical feature. Th e thickness of the fascia 
may also be measured.

X-rays are oft en performed but are not essential 
for the diagnosis. X-ray may show a calcaneal spur 
(Fig. 35.4) but Lu and colleagues have confi rmed 
that the spurs are not causally related to pain.3 In 
their study, X-ray appearances were unrelated to 
pain and oft en worsened even when symptoms had 
completely resolved.3

Treatment

Treatment includes:

• avoidance of aggravating activity
• cryotherapy aft er activity
• NSAIDs, which are eff ective in some patients4 

but should be limited to seven to 10 days
• stretching of the plantar fascia (Fig. 35.5a),5 

gastrocnemius and soleus
• self massage with a frozen bottle or golf ball 

(Fig. 35.5b)
• strengthening exercises6—strengthening 

exercises for the intrinsic muscles of the foot are 
designed to improve longitudinal arch support 
and decrease stress on the plantar fascia;7 a 
simple technique is to raise the toes and press 
them each individually to the fl oor

• taping (Fig. 35.5c)

Figure 35.4 Although calcaneal spurs can be 
rather large, they are not causally associated with 
plantar fasciitis. They are also found in asymptomatic 
individuals, as in this case, on both feet when only 
one is symptomatic, and they can enlarge even after 
symptoms have resolved
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• silicone gel heel pad (Fig. 35.5d)
• footwear with well-supported arches and 

midsoles6

• biomechanical correction with orthoses8, 9

• night splints10–12 or Strasbourg sock (Fig. 35.5e)
• soft  tissue therapy, both to the plantar fascia 

and proximal myofascial regions including calf, 
hamstrings and gluteals (Fig. 35.5f)

• corticosteroid injection13 (Fig. 35.5g)—this 
may be useful in the short term but must 
be combined with other treatments such as 
stretching and biomechanical correction to 
prevent recurrence; there is some concern that 
injection is associated with an increased risk of 
rupture14, 15 and fat pad atrophy

• iontophoresis16

• extracorporeal shock wave therapy—this has 
been used recently but research evidence of its 
effi  cacy has been confl icting17, 18

• surgery—this is sometimes required in patients 
who remain symptomatic despite appropriate 
treatment, and we have found this to be 
needed more in patients with a rigid, cavus 
foot whose plantar fascia tends to be shortened 
and thickened rather than in those with a pes 
planus foot type; we reiterate that the fi nding of 
a calcaneal spur on X-ray is not an indication for 
surgery

• plantar fasciectomy—in an uncontrolled case 
series of plantar fasciectomy with neurolysis of 
the nerve to the abductor digiti quinti muscle, 
92% of patients had a ‘satisfactory functional 
outcome’; time from surgery to return to work 
averaged nine weeks19

• minimally invasive endoscopic plantar fascia 
release—this is a promising procedure that is 
gaining acceptance among foot surgeons.20, 21

Figure 35.5 Treatment of plantar fasciitis

(a) Stretching the plantar fascia

(b) Self massage with a golf ball

(c) Plantar fascia taping. The foot is placed into 
inversion by taping from the lateral aspect of the 
dorsum of the foot and across the plantar aspect before 
anchoring the tape to the skin over the medial arch

(d) A silicone gel heel pad and heel cup
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Causes

Fat pad contusion or fat pad syndrome may develop 
either acutely aft er a fall onto the heels from a height 
or chronically because of excessive heel strike with 
poor heel cushioning or repetitive stops, starts and 
changes in direction.

Clinical features

Th e patient oft en complains of marked heel pain, 
particularly during weight-bearing activities. Th e pain 
is oft en felt laterally in the heel due to the pattern of 
heel strike. Examination reveals tenderness, oft en in 
the posterolateral heel region. Th ere may be an area 
of redness.

Investigations

MRI oft en demonstrates edematous changes in the 
fat pad, with ill-defi ned areas of decreased signal 
intensity on T1-weighted images that increase in 
signal intensity on T2-weighted images.

Treatment

Treatment consists primarily of avoidance of aggravat-
ing activities, in particular, excessive weight-bearing, 
RICE and NSAIDs. As the pain settles, the use of a 
silicone gel heel pad (Fig. 35.5d) and good footwear 
are important as the athlete resumes activity. Heel 
lock taping (see Fig. 33.8b) will oft en provide symp-
tomatic relief.

Calcaneal stress fractures

Calcaneal stress fractures22 are the second most com-
mon tarsal stress fracture. Th ey occur most commonly 
at two main sites: the upper posterior margin of the 
os calcis or adjacent to the medial tuberosity, at the 
point where calcaneal spurs occur.

Causes

Calcaneal stress fractures were fi rst described among 
the military and are related to marching; they also 
occur in runners, ballet dancers and jumpers.

Clinical features

Patients give a history of insidious onset of heel 
pain that is aggravated by weight-bearing activities, 
especially running. Examination reveals localized 
tenderness over the medial or lateral aspects of the 
posterior calcaneus and pain that is produced by 
squeezing the posterior aspect of the calcaneus from 
both sides simultaneously.

(e) Strasbourg sock

(f) Soft tissue therapy

(g) Corticosteroid injection

Fat pad contusion

Th e fat pad, which is composed of an elastic fi brous 
tissue septa separating closely packed fat cells, acts 
as a shock absorber, protecting the calcaneus at heel 
strike.
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Investigations

Plain X-ray may show a typical sclerotic appearance 
on the lateral X-ray, parallel to the posterior margin of 
the calcaneus (Fig. 35.6). Isotopic bone scan reveals a 
focal area of increased uptake or MRI reveals an area 
of high signal on a T2-weighted image.

Treatment

Treatment involves a reduction in activity and for 
those with marked pain a short period of non-weight-
bearing may be required. Once pain-free, a program 
of gradually increased weight-bearing can occur. 
Stretching of the calf muscles and plantar fascia, 
and joint mobilization are important for long-term 
recovery. Soft  heel pads, in conjunction with orthoses 
if required, are recommended.

Lateral plantar nerve entrapment

An entrapment of the fi rst branch of the lateral plantar 
nerve (one of the terminal branches of the posterior 
tibial nerve aft er it passes through the tarsal tunnel) 
occurs between the deep fascia of the abductor hallucis 
longus and the medial caudal margin of the quadratus 
planus muscle.23 Pain radiates to the medial inferior 
aspect of the heel and proximally into the medial 
ankle region. Patients do not normally complain of 
numbness in the heel or foot. A diagnostic injection 
with local anesthetic will confi rm the diagnosis.

Treatment consists of rest, NSAIDs and iontophor-
esis.23 Arch support using tape or an orthosis is helpful 
in athletes with excessive pronation. A corticosteroid 
injection may be required and occasionally surgical 
release may be necessary.

Midfoot pain
Th e midfoot is comprised of the three cuneiform 
bones, the cuboid and the navicular bones as well 
as the surrounding soft  tissues (Figs 35.1, 35.2). Th e 
most common cause of midfoot pain is midtarsal joint 
sprain aft er ankle injury but the most important cause 
of midfoot pain is a stress fracture of the navicular 
bone. Tendinopathy of the extensor tendons is another 
common cause of midfoot pain. Th e causes of midfoot 
pain are listed in Table 35.2.

History

Acute onset of midfoot pain occurs with a sprain of 
the midtarsal joint or plantar fascia. Gradual pain is a 
sign of overuse injury, such as extensor tendinopathy, 
tibialis posterior tendinopathy or navicular stress 
fracture. In most conditions, pain is well localized to 
the site of the injury but in navicular stress fracture 
pain is poorly localized.

Examination

Examination involves palpation of the area of tender-
ness and a biomechanical examination to detect 
factors that predispose to injury. Examination of the 
midfoot is shown in Figure 35.7.

Investigations

If there is a clinical suspicion of a stress fracture of 
the navicular or the cuneiform, an X-ray should be 
performed. Th is rarely reveals a fracture, even if one 
is present, but it is useful to rule out tarsal coalition 
(p. 660), to show bony abnormalities such as talar 
beaking (osteophytes at the talonavicular joint) and 
accessory ossicles, and to exclude bony tumors. An 
isotopic bone scan (with CT scan if positive) or MRI 
should be performed if X-ray fails to reveal a stress 
fracture.

Stress fracture of the navicular

Stress fractures of the navicular are among the most 
common stress fractures seen in the athlete, especially 
in sports that involve sprinting, jumping or hurdling.24 
Th e stress fracture commonly occurs in the middle 
third of the navicular bone, a relatively avascular 

Figure 35.6 X-ray appearance of a calcaneal stress 
fracture

Brukner-B-25_36.indt   652Brukner-B-25_36.indt   652 5/6/06   12:00:50 PM5/6/06   12:00:50 PM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 653

CHAPTER 35 FOOT PAIN 35

region of the bone. Stress fractures in this region are 
thus susceptible to delayed union.

Cause

A combination of overuse and training errors plays 
a signifi cant role in the development of navicular 
stress fractures. Although the exact cause of a navicu-
lar stress fracture is not known, it is believed that 
impingement of the navicular bone occurs between 
the proximal and distal tarsal bones when the muscles 
exert compressing and bending forces.

Clinical features

Th e onset of symptoms is usually insidious, consisting 
of a poorly localized midfoot ache associated with 
activity. Th e pain typically radiates along the medial 
aspect of the longitudinal arch or the dorsum of the 
foot. Th e symptoms abate rapidly with rest.

Examination reveals localized tenderness at the 
‘N-spot’, located at the proximal dorsal portion 
of the navicular. If palpation confi rms tenderness 
over the ‘N spot’ (Fig. 35.7a), the athlete should be 
considered to have a navicular stress fracture until 
proven otherwise.

Investigations

Sensitivity of X-ray in navicular stress fracture is 
poor.25 Th us, either isotopic bone scan (Fig. 35.8a) 
(with CT scan if positive, Figs 35.8b, c) or MRI (Fig. 
35.8d) is required if clinical features suggest stress 
fracture. Poor positioning and scanning technique 
can lead to a navicular stress fracture being missed 
on CT scan.26 Appropriate views require correct 
angling of the CT gantry and thin (2 mm [0.1 in.]) 
slices extending from the distal talus to the distal 
navicular.

Treatment

Th e treatment of a navicular stress reaction (no corti-
cal breach) is weight-bearing rest, oft en in an air cast, 

Table 35.2 Causes of midfoot pain

Common Less common Not to be missed

Navicular stress fracture
Midtarsal joint sprain
Extensor tendinopathy
Tibialis posterior tendinopathy
Plantar fascia strain

Cuneiform stress fracture
Cuboid stress fracture
Stress fracture base 2nd metatarsal
Peroneal tendinopathy
Abductor hallucis strain
Cuboid syndrome
Tarsal coalition (in adolescents)
Köhler’s disease (in young children)
Accessory navicular bone

Lisfranc’s joint injury (fracture or 
dislocation)

Osteoid osteoma
Complex regional pain syndrome 

type 1 (after knee or ankle 
injury)

Figure 35.7 Examination of the midfoot

(a) Palpation—‘N spot’. The proximal dorsal surface of 
the navicular is tender when a stress fracture is present

(b) Palpation—extensor tendons. These may be 
tender as they pass under the extensor retinaculum. 
The midtarsal joint and bones should be palpated
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until symptoms and signs have resolved, followed by 
a graduated return to activity.

Treatment of navicular stress fracture is strict 
non-weight-bearing immobilization in a cast for six 
to eight weeks.25 At the end of this period the cast 
should be removed and the ‘N spot’ palpated for 
tenderness. Generally, the ‘N spot’ will be non-tender 
but, if tenderness is present, the patient should have 
the cast reapplied for a further two weeks of non-
weight-bearing immobilization. Management must 
be based on the clinical assessment as there is poor 

CT and MRI correlation with clinical union of the 
stress fracture (Fig. 35.9).25, 27

Oft en, patients with these fractures will present 
after a long period of pain or after a period of 
weight-bearing rest. All patients, even if they have 
been unsuccessfully treated with prolonged weight-
bearing rest or short-term cast immobilization, should 
undergo cast immobilization for a six week period. 
Th is method of treatment produces excellent results 
and may be successful even in longstanding cases.

Some clinicians advocate surgical treatment with 
the insertion of a screw in cases where there is signifi -
cant separation of the fracture (Fig. 35.8c). In cases of 
delayed or non-union, surgical internal fi xation with 
or without bone graft ing is required.

Figure 35.8 Navicular stress fracture

(a) Isotopic bone scan

(b) CT scan showing undisplaced fracture (arrow)

(c) CT scan showing more extensive Y-shaped fracture

(d) T2-weighted MRI showing bone marrow edema
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Post-cast rehabilitation and prevention 
of recurrence

Following removal of the cast, it is essential to mobilize 
the stiff  ankle, subtalar and midtarsal joints. Th e calf 
muscles require soft  tissue therapy and exercise to 
regain strength. Th ese must be done before resuming 
running. Activity must be begun gradually, slowly 

building up to full training over a period of six weeks. 
Predisposing factors to navicular stress fractures 
may include tarsal coalition, excessive pronation and 
restricted dorsifl exion of the ankle. Th ese factors need 
to be corrected before resuming activity.

Extensor tendinopathy

Th e extensor (dorsifl exor) muscles of the foot com-
prise the tibialis anterior, extensor hallucis longus 
and brevis, and extensor digitorum longus and brevis. 
Th e insertions in the foot and actions of the extensor 
muscles are shown in Table 35.3.

Tibialis anterior tendinopathy is the most common 
tendinopathy occurring in the extensor muscles of the 
foot. Tendinopathies of the extensor hallucis longus 
and brevis and extensor digitorum longus and brevis 
muscles are rare.

Causes

Th e tibialis anterior tendon resists plantarfl exion of 
the foot at heel strike and is, therefore, susceptible 
to overuse injury. Tendinopathy may be related to 
extensor muscle weakness or, alternatively, it may 
occur secondary to a recent increase in the training 
load or compression by excessively tight shoelaces. 
Stiff ness of the fi rst metatarsophalangeal joint and 
midfoot may contribute.

Clinical features

Generally aft er a period of overuse, the patient with 
extensor tendinopathy complains of an aching dorsal 
aspect of the midfoot. Examination may reveal tender-
ness, oft en with mild swelling, at the insertion of 
the tibialis anterior tendon at the base of the fi rst 
metatarsal and the cuneiform. Resisted dorsifl exion 
and eccentric inversion may elicit pain.

Figure 35.9 Imaging of navicular stress fracture does 
not necessarily mirror clinical recovery. This CT scan of 
a 26-year-old runner shows that the fracture line is still 
evident (arrow) but the patient had returned pain-free 
to all competition and had no further recurrences of 
stress fracture

Table 35.3 Extensor muscles, their insertions at the foot and their actions

Muscle Insertion in foot Action

Tibialis anterior Medial cuneiform and base of 
1st metatarsal

Dorsifl exes foot at ankle
Inverts foot at subtalar and transverse 

tarsal joints
Maintains medial longitudinal arch

Extensor digitorum longus Extensor expansion of lateral four toes Extends toes and dorsifl exes foot

Extensor hallucis longus Base of distal phalanx of big toe Extends big toe
Dorsifl exes foot
Inverts foot at subtalar and transverse 

tarsal joints

Extensor digitorum brevis Long extensor tendons to 2nd–4th toes Extends toes

Extensor hallucis brevis Proximal phalanx of big toe Extends big toe
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Investigations

Both ultrasound and MRI may reveal swelling of the 
tendon at its insertion and exclude the presence of a 
degenerative tear.

Treatment

Popular clinical treatment involves relative rest, elec-
trotherapeutic techniques and soft  tissue therapy to 
the extensor muscles. Extensor muscle strengthening 
is advocated as is the case with other tendinopa-
thies. Th e underlying precipitating cause needs to 
be addressed. Th is may include mobilization of the 
fi rst ray, tarsometatarsal and midtarsal joints if the 
fi rst metatarsophalangeal joint and midfoot is stiff ; 
a change of lacing pattern or placing adhesive foam 
to the underside of the tongue of the shoe will help 
if compression by the shoelaces is the cause. Rarely, 
footwear will need to be replaced.

Midtarsal joint sprains

Th e midtarsal joint (Chopart’s joint) consists of the 
talonavicular and calcaneocuboid joints. Other joints 
in the midtarsal area are the naviculocuneiform, 
cuboid cuneiform and intercuneiform joints.

Individual ligamentous sprains to the midtarsal 
joints are uncommon and if they occur usually aff ect 
the dorsal calcaneocuboid or bifurcate ligament, 
comprising the calcaneonavicular and calcaneocuboid 
ligament.

Injuries to the midtarsal joints are most commonly 
seen in gymnasts, jumpers and footballers.

Dorsal calcaneocuboid ligament injury

Patient presents with pain in the lateral midfoot 
following an inversion injury. Examination reveals 
localized tenderness and swelling at the dorsolateral 
aspect of the calcaneocuboid joint. Stress inversion 
of the foot elicits pain.

X-ray is required to exclude fracture. MRI may 
confi rm the diagnosis. Electrotherapeutic modalities 
may be helpful and taping may provide additional 
support. Orthoses may be required. Following a joint 
sprain, joint infl ammation occasionally develops. Th is 
generally responds well to NSAIDs but if it persists 
the patient may benefi t from a corticosteroid injection 
into one of the midtarsal joints.

Bifurcate ligament injuries

Injuries to the bifurcate ligament may be associated 
with fractures to the anterior process of the calcaneus 
and may occur secondary to violent dorsifl exion, 
forceful plantarfl exion and inversion injuries.

Patients present with lateral midfoot pain and 
swelling, usually following an ankle sprain or injury. 
Examination reveals local tenderness and occasionally 
swelling overlying the ligament, with pain elicited at 
the site with simultaneous forefoot supination and 
plantarfl exion.

X-rays are required to assess for a fracture of the 
anterior process of the calcaneus. If present, a CT scan 
may be required for further assessment. An MRI scan 
can be used to confi rm the joint/ligament sprain.

Treatment is similar to the dorsal calcaneocuboid 
sprain mentioned above. If a non-displaced or mildly 
displaced fracture of the anterior process of the 
calcaneum is present, four weeks’ immobilization 
is required. If the fracture is displaced, surgery is 
required.

Lisfranc’s joint injuries

Th e eponym Lisfranc’s joint refers to the tarsometa-
tarsal joints—the bases of the fi ve metatarsals with 
their corresponding three cuneiforms and cuboid (Fig. 
35.10). Injuries to these joints are given this eponym 
aft er Jacques Lisfranc, a surgeon in Napoleon’s army 
who described an operation for amputation through 
the tarsometatarsal joint.

Th e spectrum of injuries of the Lisfranc’s joint com-
plex ranges from partial sprains with no displacement 
to complete tears with separation (diastasis) of the 
fi rst and second metatarsal bones and, depending on 
the severity, diff erent patterns of tarsal and metatarsal 
displacement (Fig. 35.11). Although Lisfranc’s joint 
injuries (‘midfoot sprains’) are not common in the 

Figure 35.10 Ligamentous attachments of the 
Lisfranc’s joint articulation

1st
metatarsal

Lisfranc
ligament

medial
cuneiform

navicular

transverse
ligaments

tarso-
metatarsal
ligaments
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general population, they are the second most common 
foot injury in athletes. In athletes, they generally occur 
as a consequence of a low-velocity indirect force, in 
contrast to the general population, where they occur 
as a consequence of a high-velocity force.

Lisfranc’s joint fracture–dislocation

Lisfranc’s joint fracture–dislocation is rare in sport but 
because of its disastrous consequences if untreated, the 
diagnosis must be considered in all cases of ‘midfoot 
sprain’ in the athlete.

Causes

Th ere are two main mechanisms of injury:

1. Direct: Th e direct injury is more uncommon 
and occurs as a simple crush injury to the 
tarsometatarsal joint region. Th ere is no specifi c 
pattern of damage or distinctive appearance 
with a direct injury.

2. Indirect: Th e indirect mechanism is more 
common and generally occurs secondary to a 
longitudinal force sustained while the foot is 

plantarfl exed and slightly rotated. Th ere are 
three common injury situations: longitudinal 
compression, a backward fall with the foot 
entrapped, and a fall on the point of the toes. 
Th e extent of the damage depends on the 
severity of the injury: in milder injuries the 
weak dorsal tarsometatarsal ligaments are 
ruptured, while with more severe injuries, there 
may also be fractures of the plantar aspect 
of the metatarsal base, or the plantar capsule 
may rupture and the metatarsal may displace 
dorsally. Th us, a fracture at the plantar base of 
a metatarsal can be a clue to a subtle Lisfranc’s 
joint injury.

Clinical features

A patient with this injury may complain of midfoot 
pain and diffi  culty weight-bearing, following an acute 
injury by the mechanisms described above. Pain is 
classically aggravated by forefoot weight-bearing—the 
patient is unable to run on her or his toes and will feel 
pain on the push-off  phase of running and sometimes 
during walking and on calf raises.

Oft en the presentation may be delayed, and the 
patient presents with ongoing midfoot pain and 
swelling, aggravated by running.

 Midfoot pain that persists for more than fi ve 
days post-injury should raise suspicion of a 
Lisfranc’s joint injury.

Examination reveals:

• tenderness with or without swelling on the 
dorsal midfoot, oft en with associated bruising in 
this region

• pain with combined eversion and abduction of 
the forefoot while the calcaneus is held still.

Neurovascular examination is mandatory as the 
dorsalis pedis artery can be compromised in the initial 
injury or by subsequent swelling of the foot.

Investigations

Plain X-rays while weight-bearing are recommended. 
Diastasis between the fi rst and second metatarsal bases 
of greater than 2 mm (0.1 in.) (Fig. 35.12a) suggests 
a Lisfranc’s joint injury, although in patients with a 
metatarsus adductus a 3 mm (0.15 in.) separation 
may be normal. In such cases, it is essential to take 
comparative weight-bearing X-rays of the non-injured 
side, as a diff erence in diastasis of greater than 1 mm 
(0.05 in.) between the two sides is considered diag-
nostic. Other radiological signs that may indicate an 
injury to the Lisfranc’s joint include a ‘fl eck sign’, which 

Figure 35.11 Lisfranc’s joint injury classifi cation 
system

stage I—sprain

Lisfranc ligament
sprain—no diastasis

stage II—rupture

Lisfranc ligament
rupture 1–5 mm diastasis

stage III—rupture

Lisfranc ligament
rupture > 5 mm diastasis
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appears as a fl eck fracture near the base of the second 
metatarsal or medial cuneiform or, in the lateral 
view, either dorsal displacement of the metatarsal 
bases relative to the tarsus or fl attening of the medial 
longitudinal arch. However, oft en a dislocation may 
spontaneously reduce, and the foot on plain X-rays 
may appear normal despite the presence of severe 
soft  tissue disruption.

MRI scans have been shown to be sensitive in 
detecting tears of the Lisfranc’s ligament when plain 
X-rays appear normal, and should be performed if 
there is a possible midfoot injury. Isotopic bone scan in 
conjunction with weight-bearing plain X-rays and/or 
CT scans (Fig. 35.12b) have also been shown to be 
sensitive in the detection of Lisfranc’s joint injuries.

Treatment

Th e treatment of a Lisfranc’s joint injury depends on 
the degree of instability present.28 In grade 1 injuries, 

where there is no instability (diastasis), conservative 
management is recommended with a non-weight-
bearing in a cast or air cast for a six week period. 
Following removal of the cast, mobilization of the 
ankle and a calf strengthening program are required. 
Orthoses may be needed to correct the intrinsic align-
ment of the foot and to support the second metatarsal 
base. A graded return to activity is required.

If there is evidence of instability present, as in grade 
2 and 3 injuries, surgical reduction and fi xation is 
required. Th is may be performed either percutane-
ously or, in more diffi  cult cases, an open operation 
may be needed. In the situation of a delay in diagnosis, 
similar treatment protocols are required.

Th is is a signifi cant injury that has a much better 
prognosis if managed correctly initially rather than 
being salvaged once there is prolonged joint malalign-
ment and non-union. A delay in diagnosis has been 
associated with a poor outcome, a prolonged absence 
from sport, and chronic disability due to ligamentous 
instability of the tarsometatarsal joint.

Figure 35.12 Lisfranc’s fracture–dislocation

(a) Plain X-ray

(b) CT scan showing fractures of medial and middle 
cuneiforms (arrows) with 0.30 cm of diastasis in the 
Lisfranc joint
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Less common causes

First tarsometatarsal joint pain

In the excessively pronating foot, retrograde forces 
on the fi rst ray result in the build-up of exostoses 
at the fi rst metatarsal–cuneiform joint. Th ese bone 
spurs may cause joint impingement and midfoot pain. 
Th e resultant limitation of dorsifl exion of the fi rst ray 
subjects the second ray to an increased load that can 
damage the second metatarsal–cuneiform joint.

Treatment consists of correction of the abnor-
mal foot mechanics with the use of orthoses and 
mobilization of restricted joint range of movement. 
Occasionally, surgery may be required to remove the 
bony exostoses.

Tibialis posterior tendinopathy

Tibialis posterior tendinopathy may present with 
medial foot pain when there is partial avulsion 
(tendinosis) at the insertion of the tendon into the 
navicular tuberosity. As with other overuse tendon 
injuries (Chapter 2), this condition has recently been 
shown to be a degenerative tendinosis rather than an 
infl ammatory ‘tendinitis’. Th is presentation can be 
more diffi  cult to treat than the more common pres-
entation of medial ankle pain arising from irritation 
of the tendon as it passes behind the medial malleolus 
(Chapter 34). Treatment principles for both presenta-
tions are outlined in Chapter 35. In younger patients, 
the accessory ossicle, the os navicularis (Fig. 35.13), 
may be avulsed. Th is requires orthoses and gradual 

return to activity. Occasionally, surgery is indicated 
for failure of conservative management.

Peroneal tendinopathy

Peroneal tendinopathy is an overuse injury commonly 
associated with excessive pronation during the toe-
off  phase of gait. Th e peroneal tendon may become 
infl amed at the lateral aspect of the fi bula (Chapter 
34) or in the peroneal groove of the cuboid. Resisted 
eversion and hopping reproduce pain. Popular clinical 
treatment includes electrotherapeutic modalities, soft  
tissue therapy and correction of excessive pronation 
with orthoses. Resistance exercises are prescribed as 
for other tendinopathies. Remember that soft  tissue 
massage proximal to the site of pain—in the muscle 
bellies in the mid-calf—can be very helpful in releas-
ing the entire muscle–tendon complex.

Cuboid syndrome

Peroneal tendinopathy is oft en associated with the 
development of the cuboid syndrome.29 Due to 
excessive traction of the peroneus longus, the cuboid 
becomes subluxated. Pain is experienced with lateral 
weight-bearing. Th ere may also be a history of an 
inversion sprain. Most patients with this syndrome 
have excessively pronated feet but it is also seen in 
patients with lateral instability.

Th e peroneus longus subluxates the cuboid bone 
so that the lateral aspect is rotated dorsally and 
medially. Th ere may be a visible depression over the 
dorsal aspect of the cuboid. Treatment involves a 
single manipulation to reverse the subluxation.29 Th e 
cuboid should be pushed upward and laterally from 
the medial plantar aspect of the cuboid, as shown in 
Figure 35.14.

Plantar fascia strains

Acute strains of the plantar fascia in the midfoot region 
are relatively common and respond more quickly to 
treatment than does plantar fasciitis at the calcaneal 
attachment. Th ere may be a history of one signifi cant 
injury or repeated trauma.

Examination reveals well-localized tenderness 
over the plantar fascia that is aggravated by exten-
sion of the metatarsophalangeal joints. A palpable 
nodule may indicate a partial rupture of the plantar 
fascia. A short period of non-weight-bearing, a cast 
boot, local electrotherapeutic modalities, soft  tissue 
therapy and taping (Fig. 35.5c) are all benefi cial and 
the condition generally resolves in two to six weeks 
depending on the severity.Figure 35.13 The os navicularis (arrow)
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Abductor hallucis strains

Abductor hallucis strains result in pain along the 
medial longitudinal arch and are oft en associated with 
excessive pronation. Th e abductor hallucis tendon is 
tender to palpate. Initial treatment consists of local 
electrotherapeutic modalities and taping.

Stress fracture of the cuboid

Stress fractures of the cuboid are not common and 
are thought to occur secondary to compression of the 
cuboid between the calcaneus and the fourth and fi ft h 
metatarsal bones when exaggerated plantarfl exion is 
undertaken with or without inversion.30 Treatment, in 
the absence of displacement, is non-weight-bearing 
for four to six weeks, followed by a graduated return 
to activity. If displacement is present, surgical reduc-
tion and fi xation with or without a bone graft  may 
be required.

Stress fracture of the cuneiforms

Stress fractures of the cuneiform bones are rare and 
have been described in military recruits and athletes.31 

Th ey are thought to occur secondary to repetitive 
loading of the bone. Management depends on the 
cuneiform bone involved: limited weight-bearing 
rest has been shown to eff ectively result in healing 
of medial cuneiform stress fractures; however, stress 
fractures of the intermediate cuneiform bone have 
been shown to require surgical reduction and fi xation 
for adequate healing.32

Köhler’s disease

Köhler’s disease, or osteochondritis of the navicular, 
is found in children aged 2–8 years (Chapter 40).

Tarsal coalition

Congenital fusions of the foot bones usually present as 
midfoot pain. Tarsal coalitions33 may be osseous, car-
tilaginous (synchondrosis), fi brous (syndesmosis) or 
a combination. A fi brous coalition is relatively mobile 
and therefore may not cause any pain on limited 
motion. As fi brous or cartilaginous coalitions ossify 
during adolescence, rear foot or midfoot joint range 
of motion decreases, placing additional stress on the 
talocrural (ankle) joint. Th e two most common tarsal 
coalitions occur at the calcaneonavicular joint or the 
talocalcaneal joint; 50–60% occur bilaterally.

Common presentations include an adolescent 
beginning sports participation or the person in their 
20s complaining of pain aft er vigorous physical activ-
ity. Th ey can also be brought to light aft er an ankle 
sprain as pain does not settle (Chapter 33). Because 
tarsal coalition alters foot biomechanics, it can present 
in adults with painful bony spurs at sites distant from 
the coalition (Fig. 35.15).

Examination oft en reveals reduced range of subta-
lar and midtarsal joint movement that may be painful 
at the end of range. Plain X-rays are the most useful 
diagnostic tool for osseous coalitions. MRI may be 
required to visualize a fi brous coalition.

Forefoot pain
Forefoot problems range from corns, calluses and nail 
problems to bone and joint abnormalities. Forefoot 
pain is especially common in athletes participating in 
kicking sports and among ballet dancers. Th e causes 
of forefoot pain are listed in Table 35.4.

History

Most causes of forefoot pain result from overuse and 
thus have an insidious onset. Occasionally, acute 
forefoot pain may result from a sprain of the fi rst 
metatarsophalangeal joint (‘turf toe’). Th e type of 

Figure 35.14 Manipulation of the cuboid in a superior 
and lateral direction in cuboid syndrome
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activity performed provides a clue to the cause of 
the patient’s forefoot pain. Th e presence of sensory 
symptoms may indicate that a neuroma is present.

Examination

Th e key to examination of the patient with forefoot 
pain is careful palpation to determine the site of 
maximal tenderness. Biomechanical examination 
is necessary.

1. Observation (Fig. 35.16a)
2. Palpation

(a) metatarsals (Fig. 35.16b)
(b) fi rst metatarsophalangeal joint (Fig. 35.16c)
(c) sesamoid bone of the foot (Fig. 35.16d)
(d) space between third and fourth metatarsal 

(Fig. 35.16e)

Figure 35.15 X-ray showing talocalcaneal coalition 
(black arrows) with a continuous cortical line joining 
the talus and sustentaculum tali, and talar beaking 
(white arrow) that results from abnormal subtalar 
movement

Table 35.4 Causes of forefoot pain

Common Less common Not to be missed

Corns, calluses
Onychocryptosis
Synovitis of the MTP joints
First MTP joint sprain
Subungual hematoma
Hallux abducto-valgus
Hallux limitus
Morton’s neuroma
Sesamoid pathology
Stress fracture of the metatarsal
Fracture of the 5th metatarsal

Freiberg’s osteochondritis
Joplin’s neuritis
Stress fracture of the sesamoid
Toe clawing
Plantar wart
Subungual exostosis
Stress fracture of the base of the 2nd metatarsal
Synovitis of the metatarsal–cuneiform joint

Complex regional pain 
syndrome type 1 (after 
ankle or knee injury)

MTP = metatarsophalangeal.

Figure 35.16 Examination of the patient with forefoot 
pain

(a) Observation for the presence of obvious 
abnormalities (e.g. hallux abducto-valgus, claw toes, 
Morton’s foot, plantar warts, onychocryptosis, corns, 
callus)
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Investigations

X-ray may show evidence of a healing stress fracture or 
acute fracture, the presence of hallux abducto-valgus, 
hallux limitus or a subungual exostosis. Isotopic 
bone scan or MRI may confi rm the diagnosis of a 
stress fracture. An MRI or ultrasound can be used 
to determine the presence of a neuroma.

Stress fractures of the metatarsals

Stress fractures of the metatarsals in most series22 
have been shown to be the second most common 
stress fracture, second to the tibia. Th e most common 
metatarsal stress fracture is at the neck of the second 
metatarsal. Th is occurs in the pronating foot, when 
the fi rst ray is dorsifl exed, resulting in the second 
metatarsal being subjected to greater load. Th e second 
metatarsal is also susceptible to stress fracture in the 
case of a Morton’s foot, where the fi rst ray is shorter 
than the second (Fig. 35.17). Th e base of the second 
metatarsal is fi rmly fi xed in position next to the 

(b) Palpation—metatarsals

(c) Palpation—fi rst metatarsophalangeal joint

(d) Palpation—sesamoid

(e) Palpation—space between third and fourth 
metatarsal
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cuneiform bones, further increasing the likelihood 
of fracture. Stress fracture of the second metatarsal 
is common in ballet dancers. Stress fractures of the 
other metatarsals also occur, particularly in the third 
metatarsal if it is longer than the second.

Clinical features

Th e patient with a metatarsal stress fracture com-
plains of forefoot pain aggravated by activity such as 
running or dancing. Th e pain is not severe initially 
but gradually worsens with activity. Examination 
reveals the presence of focal tenderness overlying 
the metatarsal.

Investigation

X-rays may reveal a radiolucent line or periosteal 
thickening if the fracture has been present for a few 
weeks (Fig. 35.18a). If the X-ray is negative, an iso-
topic bone scan (Fig. 35.18b) or MRI may confi rm 
the diagnosis.

Figure 35.17 Morton’s foot with the fi rst ray shorter 
than the second

Figure 35.18 Stress fracture of the second metatarsal

(a) X-ray appearance—note the generalized cortical 
hypertrophy, as seen in ballet dancers

(b) Isotopic bone scan appearance
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Treatment

Th e management of most stress fractures is straight-
forward, involving rest from weight-bearing aggra-
vating activities for approximately four weeks. 
If the patient is required to be on his or her feet 
excessively, the use of an air cast may be required 
for one to two weeks until pain settles. Th e athlete 
should be allowed to recommence activity when he 
or she does not experience pain when walking and 
there is no local tenderness at the fracture site. A 
graduated exercise program should be instituted to 
return the athlete to full training and competition. 
Orthoses may be required to control abnormal foot 
mechanics. Any instability during forefoot weight-
bearing may predispose to the development of a 
stress fracture.

Two stress fractures require special treatment: 
fractures of the base of the second metatarsal and 
fractures of the fi ft h metatarsal.

Fractures of the second metatarsal

An unusual fracture of the base of the second meta-
tarsal involving the joint is seen in ballet dancers22, 34–36 
(Fig. 35.18c). Th is fracture should be treated by having 
the dancer remain non-weight-bearing on crutches 
until tenderness settles, usually at least four weeks. 
Th e diff erential diagnosis of second metatarsal stress 
fracture is chronic joint synovitis. Assessment of 
the early stage by an isotopic bone scan or MRI will 
assist diagnosis.

Fractures of the fi fth metatarsal

Th ree diff erent fractures aff ect the fi ft h metatarsal.22, 37 
Th e fracture of the tuberosity at the base of the fi ft h 
metatarsal (Fig. 33.12) has been described in Chapter 
33 and is usually an avulsion injury that results from 
an acute ankle sprain. Th is uncomplicated fracture 
heals well with a short period of immobilization for 
pain relief.

A serious fracture of the fi ft h metatarsal is the 
fracture of the diaphysis known as a Jones’ fracture 
(Fig. 35.19a). Th is may be the result of an inversion 
plantarfl exion injury or, more commonly, as a result of 
overuse. A Jones’ fracture requires six to eight weeks 
of non-weight-bearing cast immobilization38 or, in 
situations when rapid return to activity is required, 
immediate surgical fi xation with the percutaneous 
insertion of a screw. Non-union may be treated by 
bone graft ing or screw fi xation. More recently there 
has been a tendency to favor early screw fi xation due 
to concerns regarding the high incidence of failure 
of cast treatment. In one study, early screw fi xation 
resulted in quicker times to union and return to sport 
compared to cast treatment.39 Th e average time to 
return to sport aft er this procedure appears to be 
approximately eight weeks, although early return to 
sport may predispose the athlete to re-fracture40 and 
it may be wise to wait for full radiographic healing 
before return to sport.41

An acute spiral fracture of the distal third of the 
fi ft h metatarsal is seen, especially in dancers who 
suff er this fracture when they lose their balance while 
on demi pointe and roll over the outer border of the 
foot—‘fouette fracture’ (Fig. 35.19b). Undisplaced 
fractures of this type may be treated with weight-
bearing rest, while displaced fractures may require 
four to six weeks of cast immobilization.

Metatarsophalangeal joint synovitis

Metatarsophalangeal joint synovitis (commonly 
referred to as ‘metatarsalgia’) is a common infl am-
matory condition occurring most frequently in the 

(c) Involving the second tarsometatarsal joint
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second, third and/or fourth metatarsophalangeal 
joints, or isolated in the fi rst metatarsophalangeal 
joints.

Causes

Th e metatarsophalangeal joints become infl amed, 
usually due to excessive pressure over a prolonged 
period. It is oft en related to:

• pes cavus or high arched foot
• excessive pronation of the foot
• clawing or hammer toes
• tight extensor tendons of the toes
• prominent metatarsal heads
• Morton’s foot—there is a shortened fi rst 

metatarsal, which results in an abnormal 
subtalar joint, and increased weight going 
through the second metatarsophalangeal joint.

Clinical features

Th e patient complains of pain aggravated by forefoot 
weight-bearing, particularly in the midstance and 
propulsion phases of walking. Th e pain is usually 
gradual in onset.

Examination reveals local tenderness on palpation. 
Pain is aggravated by passive forced fl exion of the toe. 
It most commonly aff ects the second metatarsophalan-
geal joint, occasionally the fi rst or third. Th ere may be 
an associated skin lesion (e.g. a callus) over the plantar 
surface of the aff ected joint due to the excessive load. 
Th is injury may be caused by uneven distribution of 
load, especially with excessive pronation.

Investigations

X-rays should be performed to assess the degree of 
degeneration of the joint.

Treatment

Treatment requires appropriate padding to redistribute 
weight from the painful areas together with footwear 
that has adequate midsole cushioning. NSAIDs may 
be helpful and occasionally corticosteroid injection is 
required. Th e joint is injected via the dorsal surface, 
while longitudinal traction is placed on the toe to 
open the joint space.

First metatarsophalangeal joint sprain 
(‘turf toe’)

A sprain to the fi rst metatarsophalangeal joint, other-
wise known as a ‘turf toe’, is a common injury occur-
ring in athletes in which the plantar capsule and 
ligament of the fi rst metatarsophalangeal joint is 
damaged.

Figure 35.19 Fractures of the fi fth metatarsal

(a) Diaphysis or Jones’ fracture with slight separation. 
Sclerosis of the fracture margins suggests delayed 
union

(b) Spiral fracture of the distal fi fth metatarsal
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Cause

Th e classic mechanism of injury is usually that of a 
forced hyperextension to the fi rst metatarsophalangeal 
joint, although occasionally a plantarfl exion injury to 
the joint may result in this injury.

Predisposing risk factors include:

• competing or training on artifi cial turf
• pes planus or excessive pronation
• decreased preinjury ankle range of motion
• decreased preinjury metatarsophalangeal range 

of motion
• soft  fl exible footwear.

Clinical features

Th e athlete usually complains of localized pain, swell-
ing and occasional redness at the fi rst metarsophalan-
geal joint following a ‘bending’ injury to the joint. 
Th e pain is classically aggravated by weight-bearing 
or movement of the big toe.

Examination reveals localized swelling and tender-
ness at the fi rst metarsophalangeal joint. In mild injur-
ies plantar or plantar medial tenderness is present; 
in more severe injuries dorsal tenderness occurs. 
Passive plantarfl exion and dorsifl exion of the fi rst 
metatarsophalangeal joint are generally painful, and 
there may be a reduction in the range of movement 
in both directions.

Investigations

Plain X-rays are generally unremarkable, although 
occasionally small periarticular fl ecks of bone are 
noted, most likely indicating avulsion of the meta tarso-
phalangeal capsule or ligamentous complex. Isotopic 
bone scans, although not generally performed, may 
demonstrate increased uptake in spite of normal 
X-rays.

Treatment

Treatment consists of ice, NSAIDs, electrotherapeutic 
modalities and decreased weight-bearing for at least 
72 hours. Additional treatment may include taping 
(Fig. 35.20) and the use of stiff -soled shoes to protect 
the fi rst metatarsophalangeal joint from further injury. 
Recovery generally takes three to four weeks.

A possible long-term sequel to this injury is the 
development of hallux limitus.

Hallux limitus

Hallux limitus is defi ned as a restriction in dorsifl exion 
of the hallux at the fi rst metatarsophalangeal joint 
secondary to exostoses or osteoarthritis of the joint. 

Oft en the term ‘hallux rigidus’ is used to describe 
the fi nal progression of hallux limitus as ankylosis 
of the joint occurs.

Th e primary role of the hallux is to enable dorsi-
fl exion of the fi rst metatarsal during the propulsive 
phase of gait. It has been shown that approximately 60° 
of dorsifl exion is required for normal gait. Limitation 
of this range of motion results in problems with 
gait.

Causes

• Trauma—secondary to chondral damage
• Excessive pronation of the foot may increase the 

stresses on the joint and promote development 
of exostoses

• Repetitive weight-bearing dorsifl exion of the 
fi rst metatarsophalangeal joint

• Autoimmune arthropathy (e.g. rheumatoid 
arthritis)

• Aberration of the fi rst metatarsal or proximal 
phalanx

• Hypermobile fi rst ray
• Muscle imbalance

Clinical features

Th e main presenting symptom is usually that of pain 
around the fi rst metatarsophalangeal joint. Th e pain 
is oft en described as a deep aching sensation that is 
aggravated by walking, especially in high heels, or 
activities involving forefoot weight-bearing. Dorsal 
joint hypertrophy can be a source of irritation from 
footwear and may lead to pain secondary to skin or 
soft  tissue irritation.

In patients with longstanding hallux limitus, a dis-
tinct shoe wear pattern is seen: the sole demonstrates 
wear beneath the second metatarsophalangeal joint 
and the fi rst interphalangeal joint.

Figure 35.20 Taping to protect an injured fi rst 
metatarsophalangeal joint
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Examination reveals tenderness of the fi rst metatar-
sophalanageal joint, especially over the dorsal aspect, 
oft en with palpable dorsal exostoses. Th ere is a painful 
limitation of joint motion, the degree of limitation 
refl ecting the severity of the arthrosis.

Investigations

Plain X-rays display the classic characteristics of 
degenerative osteoarthritis and the degree of degenera-
tion observed will refl ect the duration and severity of 
the condition. Features include joint space narrowing, 
sclerosis of the subchondral bone plate, osteophytic 
proliferation, fl attening of the joint, sesamoid displace-
ment and free bony fragments.

Treatment

Conservative management consists of an initial 
reduction in activity, NSAIDs, a cortisone injection if 
required, physiotherapy, and correction of biomechan-
ical factors with orthoses and/or footwear. Conserva-
tive treatment oft en fails when hallux dorsifl exion is 
less than 50°. In extreme cases, cheilectomy (resection 
of all bony prominences of the metatarsal head and 
base of the proximal phalanx) is required. Occasion-
ally, arthroplasty of the fi rst metatarsophalangeal 
joint is indicated.

Hallux valgus

Hallux valgus is defi ned as a static subluxation of the 
fi rst metatarsophalangeal joint. It is characterized by 
valgus (lateral) deviation of the great toe and varus 
(medial) deviation of the fi rst metatarsal (Fig. 35.21). 

Bony exostoses develop around the fi rst metatar-
sophalangeal joint, oft en with an overlying bursitis. In 
severe cases, exostoses limit fi rst metatarsophalangeal 
joint range of motion and cause pain with the pres-
sure of footwear.

Causes

Th e development of hallux valgus appears to occur 
secondary to a combination of intrinsic and extrinsic 
causes. Recognized causative factors include:

• constricting footwear (e.g. high heels)
• excessive pronation—increased pressure on 

the medial border of the hallux, resulting in 
deformation of the medial capsular structures

• others—cystic degeneration of the medial 
capsule, Achilles tendon contracture, neuro-
muscular disorders, collagen defi cient diseases.

Clinical features

In the early phases hallux valgus is oft en asympto-
matic, however, as the deformity develops, pain over 
the medial eminence occurs. Th e pain is typically 
relieved by removing the shoes or by wearing soft , 
fl exible, wide-toed shoes. Blistering of the skin or 
development of an infl amed bursa over the medial 
eminence may occur. In severe deformity, lateral 
metatarsalgia may occur due to the diminished 
weight-bearing capacity of the fi rst ray.

Examination reveals the hallux valgus deformity 
oft en with a tender swelling overlying the medial 
eminence.

Investigation

Plain X-rays should be performed to assess both 
the severity of the deformity and the degree of fi rst 
metatarsophalangeal joint degeneration.

Treatment

Initial treatment involves appropriate padding and 
footwear to reduce friction over the medial eminence. 
Correction of foot function with orthoses is essen-
tial. In more severe cases surgery may be required 
to reconstruct the fi rst metatarsophalangeal joint 
and remove the bony exostoses. Orthoses are oft en 
required aft er surgery.

Sesamoid injuries

Th e fi rst metatarsophalangeal joint is characterized 
by the two sesamoid bones which play a signifi cant 
part in the function of the great toe. Embedded 
within the two tendons of the fl exor hallucis brevis, 
they function to:Figure 35.21 Hallux valgus
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• protect the tendon of fl exor hallucis longus
• absorb most of the weight-bearing on the medial 

aspect of the forefoot
• increase the mechanical advantage of the 

intrinsic musculature of the hallux.

In approximately 30% of individuals, a bipartite 
medial or lateral sesamoid is present.

Causes

Th e sesamoid bones may be injured by traumatic 
fracture, stress fracture, sprain of a bipartite sesamoid 
and sprain of the sesamoid–metatarsal articulation. 
Sesamoid abnormality involves infl ammatory changes 
and osteonecrosis around the sesamoid. Th e medial 
sesamoid is usually aff ected. Infl ammation may be 
caused by landing aft er a jump, increased forefoot 
weight-bearing activities (e.g. sprinting and dancing) 
or aft er traumatic dorsifl exion of the hallux.

Pronation may cause lateral displacement or sub-
luxation of the sesamoids within the plantar grooves 
of the fi rst metatarsal. Th is subluxation of the sesa-
moids may lead to erosion of the plantar aspect of 
the fi rst metatarsal, resulting in pain underneath the 
fi rst metatarsal head, arthritic changes and ultimately 
decreased dorsifl exion.

Clinical features

Th e patient complains of pain with forefoot weight-
bearing and will oft en walk with weight laterally 
to compensate. Examination reveals marked local 
tender ness and swelling overlying the medial or lateral 
sesamoid. Movement of the fi rst metatarsophalangeal 
joint is usually painful and oft en restricted. Resisted 
plantarfl exion of the great toe elicits both pain and 
weakness.

Investigations

Plain X-rays including an axial sesamoid view should 
be performed to assess for a sesamoid fracture. 
Isotopic bone scan or MRI scan is oft en required to 
detect early stress fractures and diff erentiate between 
a bipartite sesamoid sprain or infl ammation and a 
fracture.

Treatment

Treatment of sesamoid infl ammation is with ice, 
NSAIDs and electrotherapeutic modalities to reduce 
infl ammation. Padding can distribute weight away 
from the sesamoid bones (Fig. 35.22) and technique 
correction is mandatory in activities such as dance. 
In ballet, this injury arises because of excessive roll-
ing in of the foot, which is commonly due to ‘forcing 

turnout’. Corticosteroid injection into the joint space 
between the sesamoid and metatarsal may prove eff ec-
tive if underlying abnormalities have been corrected. 
Orthoses are required if foot mechanics are abnormal. 
Treatment of sesamoid stress fractures, which occur 
particularly in basketballers, tennis players and danc-
ers,22 involves up to six weeks of non-weight-bearing 
in an air cast or short leg cast. Th ese stress fractures 
are prone to non-union and, in the elite athlete or in 
those who have non-union, percutaneous fi xation with 
a screw may be successfully performed. Th e surgical 
removal of a sesamoid bone should be avoided if 
possible as removal causes signifi cant muscle imbal-
ances and may contribute to a hallux abducto-valgus 
deformity. However, excision is required in cases of 
signifi cant osteonecrosis. Partial sesamoidectomy has 
been used without success and there are now reports 
of an arthroscopic approach to this joint.42

Stress fracture of the great toe

Stress fractures of the proximal phalanx of the great 
toe have been reported in adolescent athletes.22, 43 
Th ere appears to be an association with hallux valgus. 

Figure 35.22 Sesamoiditis—padding
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Treatment involves a period of non-weight-bearing 
rest of four to six weeks followed by graduated return 
to activity.

Freiberg’s osteochondritis

Freiberg’s disease or osteochondritis of the metatarsal 
head aff ects adolescents between the ages of 14 and 
18 years (Chapter 40). Th e metatarsal head appears 
fragmented on X-ray. Offl  oading of the metatarsal 
heads using padding and orthoses is essential to 
prevent permanent metatarsal head fl attening that 
may predispose to adult osteoarthritis.

Joplin’s neuritis

Joplin’s neuritis involves compression and irritation 
of the dorsal medial cutaneous nerve over the fi rst 
metatarsal and fi rst metatarsophalangeal joint. It 
usually occurs because of irritation from footwear 
and is common in patients with hallux abducto-valgus 
or exostoses around the fi rst metatarsophalangeal 
joint.

Th e patient complains of pain radiating along the 
fi rst ray into the hallux. Wearing appropriate footwear 
and using foam and felt to redistribute the load from 
the aff ected area generally provides relief. Orthoses 
may be required to prevent excessive pronation.

Morton’s interdigital neuroma

So-called Morton’s neuroma is not a true neuroma 
but a swelling of nerve and scar tissue arising from 
compression of the interdigital nerve, usually between 
the third and fourth metatarsals (Fig. 35.23a). Th e 
patient complains of pain radiating into the toes, oft en 
associated with pins and needles and numbness. Pain 
is increased by forefoot weight-bearing activities and 
with narrow-fi tting footwear.

Examination reveals localized tenderness and, in 
cases of extensive chronic proliferation, there may 
be a palpable click on compression of the metatarsal 
heads. Excessive pronation contributes to metatarsal 
hypermobility and impingement of the interdigital 
nerve.

Treatment consists initially of ice to alleviate acute 
tenderness. Plantar metatarsal padding is used to 
spread the load over the metatarsals (Fig. 35.23b). 
Intrinsic foot muscle strengthening exercises are 
indicated to maintain or improve the transverse 
arch. However, in chronic cases, little improvement 
is seen with padding. Injection of corticosteroid and 
local anesthetic agents in conjunction with the pad-
ding may provide lasting relief. Th e use of orthoses 

is essential if excessive pronation is present. If the 
patient obtains no relief, surgical excision of the 
damaged nerve is indicated.

Toe clawing

Toe clawing occurs secondary to short, tight long 
fl exor tendons (Fig. 35.24). During the propulsive 

Figure 35.23 Morton’s neuroma

(a) Location of nerve entrapment in Morton’s 
neuroma

(b) Plantar metatarsal padding
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phase of gait, the long fl exors contract to stabilize the 
toes. In the unstable foot, the long fl exors contract 
excessively during the propulsive phase and the toes 
claw the surface in an attempt to maintain stability.

Clawing of toes does not result in pain itself but 
excessive pressure on the prominent joints and ends 
of toes oft en causes painful skin lesions.

Corns and calluses

Excessive pressure on the skin may cause hypertrophy 
of the squamous cell layer of the epidermis, which 
manifests as corns and calluses. In the feet, corns and 
calluses result from uneven weight distribution and 
thus indicate abnormal foot biomechanics or poorly 
fi tting footwear.

Treatment involves the removal of circumscribed 
corns and diff use areas of callus with a scalpel, the 
wearing of well-fi tting footwear and, if abnormal 
foot mechanics are present, orthoses. Petroleum jelly 
over the corn or callus and on the outside of the sock 
can also help.

Plantar warts

Th e papovavirus causes plantar warts when it enters 
the skin. Th e warts can be particularly painful on 
weight-bearing. Th ey should be diff erentiated from 
corns. Applying lateral pressure or pinching will be 
painful in warts, whereas corns are more painful with 
direct pressure. Gentle paring with a scalpel will also 
reveal the characteristic appearance of a plantar wart 
with fi ne black dots within a defi ned margin of white 
or brown tissue.

Plantar warts are best treated with chemical solu-
tions containing salicylic acid. Th e overlying hyper-
keratosis should be removed weekly to allow the 
chemicals to penetrate the wart. Blistering and abscess 
formation occur and require debridement with a 
scalpel and the application of a dressing.

Subungual hematoma

Subungual hematoma occurs when direct trauma or 
repetitive pressure from footwear leads to bleeding 
under the toenails. Pain arises from increased pressure 
under the nail and, in cases of repetitive trauma, the 
nails appear black. Th e nail may eventually loosen 
from the nail bed.

Treatment of an acute subungual hematoma 
involves using a heated needle or paper clip to per-
forate the nail and release the collection of blood. 
Cover with a small dressing.

Subungual exostosis

A subungual exostosis develops because of direct 
trauma. Th e patient presents with pain on direct pres-
sure to the nail. Th e nail plate may be displaced from 
the nail bed due to elevation from the exostosis. Treat-
ment requires the wearing of loose-fi tting footwear, 
appropriate cutting of the nail and padding. Surgery 
may be required to remove the bony exostosis.

Onychocryptosis

Onychocryptosis (ingrown toenail) arises from abnor-
mal nail growth or poor nail cutting. Patients oft en 
present in acute pain with tenderness on gentle pal-
pation. Nails are oft en infected. Treatment with local 
and oral antibiotic therapy is required. Conservative 
treatment involves elevating the off ending corner of 
the nail plate from the soft  tissue, cutting a small ‘V’ 
into the middle of the nail distally (to take pressure 
off  the edges) and stretching the soft  tissue away from 
the nail with a cotton bud.

Surgical management consists of resection of the 
outer aspect of the nail to prevent the nail border injur-
ing the soft  tissue. Resection involves anesthetizing 
the toe and removing the nail border with appropri-
ate nail splitters and forceps. All abnormal tissue is 
removed and the nail matrix treated with phenol to 
prevent regrowth.
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A regular presentation in sports medicine is that of 
a patient who has already consulted a number of 

practitioners for diagnosis and treatment about what 
appears to be a musculoskeletal problem but whose 
symptoms remain unresolved.

Presentations of patients with longstanding 
symptoms may include:

• chronic low back pain or neck pain
• persistent tendinopathies
• multiple painful sites
• a persistent joint problem
• a non-healing fracture
• persistent foot pain.

Longstanding symptoms may be due to the condi-
tions that masquerade as sports injuries (Chapter 4) 
but they may also be true musculoskeletal problems. 
Note that a condition that masquerades as a sports 
medicine condition may not produce longstanding 
symptoms as it may produce signifi cant symptoms 
in the short term if not diagnosed (e.g. deep venous 
thrombosis and pulmonary embolism masquerad-
ing as a calf injury). We also suggest that the reader 
reviews Chapter 3, which discusses the multifactorial 
nature of chronic musculoskeletal pain with contri-
butions from joints, muscles and neural structures. 
Unless all these contributors are recognized and 
eliminated, the result will be unsatisfactory.

Th e purpose of this chapter is to provide a clini-
cal approach to the ‘diffi  cult’ presentation. We do 
not suggest we have the answers for all, or even 
most, such presentations. Nevertheless, a systematic 
approach to this presentation can lead to successes. 
We use case histories to illustrate our suggestions. 
In our experience, the presentation of unresolved 
pain generally presents as a diagnostic challenge, or 

a therapeutic challenge, so the chapter is structured 
to refl ect this.

What is the diagnosis?
When you are referred a patient known to have a 
long history of problems, you may wish to schedule 
extra time when making the appointment to permit 
a thorough evaluation. If there is no forewarning that 
the patient has longstanding symptoms, we suggest 
explaining to the patient the need to revisit the entire 
history, examination and investigations thoroughly 
and that an additional appointment time will be 
needed to do this. In this way, the initial, perhaps 
10–20 minute, consultation can be used to empha-
size the importance of the problem and the rationale 
for treating it diff erently from a straightforward 
presentation.

Going back to square one

By defi nition, the problem began a long time earlier so 
it is crucial to obtain details of the earliest symptoms 
in the patient’s own words rather than from a referral 
letter or discharge summary. For example, what has 
been evaluated as chronic knee pain for the past few 
years may have begun with a childhood knee injury 
that had been overlooked. Aft er a thorough assess-
ment of the presenting complaint, its time course 
and response to therapy, remember to ask about 
the past medical history and the past family history. 
Associated musculoskeletal symptoms that provide 
a clue to an alternative diagnosis may only arise by 
specifi c questioning.

For example, a 33-year-old woman who presented 
with chronic wrist pain unresponsive to physical 

CHAPTER 

36
The Patient with 
Longstanding Symptoms
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therapies eventually recalled several episodes of joint 
swelling and pain in childhood that were attributed to 
playing sport. Th e history provided a vital clue to her 
fi nal diagnosis of rheumatoid arthritis. A stockbroker 
with longstanding shoulder pain was surprised to 
be asked about previous neck pain. She had fallen 
from her horse two years earlier but an X-ray of her 
neck was normal and, as her neck pain settled, she 
no longer gave it any consideration. Failed therapy to 
her shoulder, including several corticosteroid injec-
tions, led to a review, and the history of neck injury, 
together with C3–4 tenderness on careful palpation, 
led to the eventual diagnosis of a signifi cant facet 
joint hypomobility.

It is important for the practitioner to ask about the 
demands of work, as active individuals oft en attribute 
symptoms to sport when this may not always be the 
case. An executive attributed his shoulder pain to 
weight training, particularly to resting the squat bar 
on his shoulders, but careful history taking revealed 
that he always jammed the telephone into the crook 
of his shoulder for upwards of fi ve hours per day. 
Examination revealed loss of triceps jerk and weak-
ness in the C5–6 distribution. CT scan confi rmed a 
lateral disk bulge that impinged the nerve root at its 
foraminal exit. Treatment consisted of a headset for 
the telephone and therapy to the neck, rather than 
avoidance of squats with weight on the neck.

A history of non-musculoskeletal symptoms may 
provide evidence of a systemic condition manifesting 
as long-term pain. A 42-year-old basketball coach 
was surprised to learn that his years of recalcitrant, 
but intermittent, midfoot pain could be linked to his 
psoriasis. Th ese two aspects of his history had not been 
linked previously as he had provided the information 
about each in isolation when he saw diff erent doctors 
and therapists about these problems.

Thorough examination

In cases of longstanding symptoms, the physical 
examination must be thorough (in scope) and meticu-
lous (in attention to subtle details). Th e practitioner 
must always examine the spine, as referred pain com-
monly goes undiagnosed. A 44-year-old policeman 
who fi nally presented to the sports medicine clinic 
because of persistent chest pain had undergone a lot 
of cardiac and gastrointestinal investigations. Clearly, 
these conditions are important to rule out. Examina-
tion was able to reproduce his chest pain precisely by 
palpation of the mid-thoracic zygapophyseal joints. 
Careful observation and monitoring of his response 
to treatment confi rmed this source of pain.

Continue to examine the patient thoroughly even if 
one abnormality has been found as there may be a com-
bination of factors contributing to the current problem. 
A 65-year-old retired executive had an obvious clini-
cal case of rupture of the proximal head of biceps. He 
functioned well but complained of persisting shoulder 
pain while sleeping. Examination revealed wasting of 
the infraspinatus and weakness of shoulder external 
rotation. Ultrasound confi rmed a torn rotator cuff  that 
may, or may not, have predated his biceps rupture. 
A strengthening program focused on the rotator cuff  
relieved his shoulder pain. Th is illustrates that although 
Occam’s razor (to minimize the assumptions, i.e. aim to 
link symptoms to one diagnosis rather than multiple) 
is generally valid, and an extremely valuable medical 
principle, there can be exceptions.

Th e routine physical examination is not a very sen-
sitive test for pain in athletic individuals, particularly 
elite performers. Th is is particularly true in ballet 
dancers and gymnasts. Th e diagnosis of a large central 
lumbar disk herniation was overlooked for months 
in a principal dancer with calf pain as he had ‘full’ 
fl exion and ‘normal’ straight leg raise on examination. 
However, he was unable to lift  his partners and, on 
closer examination, his straight leg raise was signifi -
cantly reduced for him, although still greater than 
that for most patients. Th us, functional testing is an 
essential part of the examination, particularly if it is 
not possible to reproduce the patient’s pain otherwise. 
If a patient has exercise-associated leg pain that only 
comes on aft er running, or riding, he or she should 
be encouraged to come to the consultation prepared 
to reproduce the pain by undertaking the activity.

Reassess the results of investigations

If an investigation provides a false negative result or 
is not interpreted correctly, it may lead to prolonged 
misdiagnosis.1 Th us, practitioners must be prepared 
to re-examine investigation results, or repeat tests, 
where clinical suspicion demands. A 25-year-old 
woman with a classic longstanding history of trau-
matic rupture of her rotator cuff  had undergone an 
ultrasound scan by very skilled ultrasound techni-
cians that was reported correctly by the radiologist 
as being normal. Upon presentation as a patient with 
longstanding symptoms, MRI was performed, which 
revealed a full thickness tear of the cuff . Furthermore, 
it is possible for radiologists to miss subtle diagnoses, 
particularly if the clinical notes are brief or inaccu-
rate. Remember that the radiologist may have over 
60 images to examine for each MRI of the knee, or 
over 20 slices of a spine. If the clinical picture suggests 
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that imaging should reveal an abnormality, the fi lms 
should be reviewed, and there are countless examples 
where this has provided the solution for a patient with 
signifi cant symptoms.

Consider appropriate tests that have not yet been 
performed. A 40-year-old retired ballet dancer had 
had years of shooting medial ankle pain that had 
been attributed to ankle osteoarthritis and investi-
gated with X-ray and bone scan, both of which were 
consistent with early osteoarthritis. However, these 
appearances are not uncommon in former dancers. 
Careful clinical evaluation suggested the possibility 
of tarsal tunnel syndrome and nerve conduction tests 
confi rmed the diagnosis.

Because of the wonderful advances that MRI has 
brought, there is a danger of accepting the myth that 
a normal MRI scan rules out an abnormality of any 
kind. Th e practitioner must remember that MRI will 
not detect most nerve-related abnormalities, such 
as referred pain or nerve entrapments. For example, 
MRI of the groin will be normal if the pain comes 
from obturator neuropathy.2 Tendon dislocations and 
joint subluxations will appear normal if the MRI is 
performed when the tissue is enlocated. Th ere are also 
technical aspects of MRI windowing and sequence 
selection that can cause abnormalities to escape detec-
tion. On balance, MRI provides much very useful 
diagnostic information but, as with all imaging, the 
clinician and the radiologist should collaborate to 
optimize the outcome for the patient.

Treatment
In some cases of longstanding symptoms, the diagno-
sis appears straightforward but the patient does not 
benefi t from treatment. In these cases, the experienced 
practitioner will:

• ensure that the diagnosis is correct (and not 
combined with another abnormality)

• review details of the past treatment
• attempt to elicit the underlying cause of the 

problem
• consider a broad range of treatment options
• resist the temptation to resort to surgical 

intervention unless the indications for surgery 
are met.

Be sure the diagnosis is correct

Some conditions that can be easily misdiagnosed 
are listed in Table 36.1. On some occasions, patients 
are presumed to have a straightforward case of the 
condition listed as an ‘obvious’ diagnosis when they 

actually are suff ering from the condition listed in the 
second column of the table.

Is there a persisting cause?

Assuming the diagnosis is correct, the practitioner 
must ask why the condition occurred. Persistent bio-
mechanical problems are oft en culprits (Chapter 5). 
Examples of biomechanical errors that prevent treat-
ment from being successful are given in Table 36.2.

Obtain details of treatment

Th e practitioner must discover the specifi c details of 
treatment. Even though Achilles tendinopathy may 

Table 36.1 Some conditions that are not what they 
appear at fi rst

‘Obvious’ diagnosis True diagnosis

Migraine headache Upper cervical 
zygapophyseal joint 
hypomobility

Rotator cuff  tendinopathy Glenohumeral joint 
instability (in the 
younger athlete)

Acromioclavicular joint 
osteoarthritis (in the 
older athlete)

Tennis elbow Cervical disk abnormality

Wrist ‘tendinitis’ Cervical abnormality

Hip osteoarthritis Upper lumbar spine disk 
degeneration

Persistent hamstring strain Abnormal neural tension

Patellofemoral pain/knee 
osteoarthritis

Referred pain from hip

Bucket handle tear of the 
meniscus

Referred pain from a 
ruptured L4–5 disk

Patellar dislocation Anterior cruciate ligament 
rupture

Osgood-Schlatter lesion 
(Chapter 40)

Osteoid osteoma tibial 
tuberosity

‘Shin splints’ (periostitis, 
tendinopathy)

Chronic compartment 
syndrome or stress 
fracture

Achilles tendinopathy Posterior impingement
Retrocalcaneal bursitis

Plantar fasciitis Medial plantar nerve 
entrapment

Morton’s neuroma Referred pain from an 
L5–S1 disk prolapse
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have been treated many times, this does not guaran-
tee that the appropriate eccentric strength training 
has been prescribed. We have seen many patients 
with tendinopathies whose treatment regimens have 
included ultrasound therapy, laser, shortwave dia-
thermy, interferential stimulation, ice, heat and rest but 
whose strength training was limited to 10 concentric 
exercises once daily.

For example, a 30-year-old patient presented 
18 months aft er having undergone a patellar lateral 
release procedure and chondroplasty (shaving the 
articular cartilage of the patella) for anterior knee 
pain. Her pain was similar to her preoperative pain 
but more intense. Th e indication for surgery had 
been ‘failed conservative management’, which had 
included patellar taping and an exercise program. 
Close questioning revealed that her pain had never 
been relieved by taping and that she had been unable 
to comply with the strengthening program because 
of persistent pain. A diff erent therapist re-evaluated 
the patient and trialed various combinations of taping 
(Chapter 28) until the patient could perform a few 
single-leg step-downs without pain. Th e patient then 
undertook the knee and proximal core strengthening 
program and was totally pain-free at two months. At 
two-year follow-up she remained pain-free in daily 
life and had returned to her favorite sport—aerobics. 
Th e key to success was the time the therapist spent 
to experiment with various tape patterns until one 
proved successful. Th is case report demonstrates that 
the details of past therapy must be known so that 
appropriate treatments can be prescribed.

Similarly, many patients have had their backs 
‘treated’ but never received targeted manual mobiliza-
tion of hypomobile joints combined with an adequate 
lumbar stabilization program. Th is is particularly the 

case in those countries where high-quality manual 
therapy is not readily available.

Make the multidisciplinary team available

A therapy that is commonly overlooked is that of 
soft  tissue massage. Th e acceptance of and evidence 
base for massage is, fortunately, growing, and many 
patients with chronic musculoskeletal pain have bene-
fi ted from deep, focused soft  tissue therapy combined 
with an appropriate rehabilitation program. Treat-
ment modalities such as trigger point therapy and 
prolotherapy may be indicated for specifi c patients. 
Rehabilitation may need to include exercise programs 
such as the Pilates’ method, Feldenkrais, the Alexander 
method and forms of yoga or Tai Chi.

Appropriate referral

Th e sports medicine clinician can make a valuable 
contribution by referring to specifi c professionals 
who may have particular areas of expertise. If surgery 
is indicated, referral to a surgeon particularly expe-
rienced in that problem is preferable to referral to a 
generalist. Sports clinicians need to be familiar with 
a range of experts, including: pain management prac-
titioners; someone who is very familiar with complex 
regional pain syndrome type 1; a rheumatologist who 
understands sports medicine; and a physiotherapist 
who is particularly adroit with the elderly or with 
the young athlete.

Summary
Th is chapter deals with a diffi  cult presentation that is 
frustrating for patient and clinician. We believe that 
taking the time to acknowledge the genuine nature of 

Table 36.2 Common biomechanical causes of persistent symptoms

Symptom Biomechanical fault that may be present

Shoulder pain in a volleyball player Poor scapular stability

Shoulder pain in a swimmer Limited trunk rotation

Elbow pain in a throwing athlete Letting the elbow ‘hang’ because of trunk and lower limb weakness

Back pain in a tennis player Failing to control lumbar hyperextension when serving

Anterior knee pain in a runner Vastus medialis wasting and poor gluteal control of the pelvis (this might 
be best seen on a video of the athlete running)

Shin pain in ballet dancer ‘Forcing turnout’—excessive tibial external rotation in an attempt to 
improve lower leg alignment

Achilles tendinopathy in a runner Excessive rear foot varus that needs to be corrected with orthoses
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the patient’s problem, obtaining a thorough history 
and performing a detailed physical examination all 
contribute to patients realizing that they are being 
cared for. If the clinician reviews all the material at 
hand, he or she may discover a fl aw in the assump-
tion that has underpinned diagnosis or treatment 
to date.

Critical review of the investigations may suggest 
formal review of previous images or further investiga-
tions. To discover why treatment has been unsuccess-
ful may require critical biomechanical assessment and 
a detailed analysis of what has already taken place. 
Broad consultation with multidisciplinary colleagues 
may provide novel insights and modern-day technolo-
gies mean that national and international experts can 
be readily consulted.

Recommended Reading

Kasper DL, Braunwald E, Fauci AS, et al., eds. Th e practice 

of medicine. In: Harrison’s Principles of Internal Medicine. 

16th edn. New York: McGraw-Hill, 2005: 1–5.
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CHAPTER 

37
Maximizing Sporting 
Performance: Nutrition
WITH KAREN INGE AND LISA SUTHERLAND

I wasn’t feeling well in the fi rst half. I felt down, man. 

I had three slices of pizza before the game and the 

food took me down.

Leroy Loggins, professional basketball player

Nutrition is an important component of good health 
and of sporting performance. Optimum nutrition 

may help maximize athletic performance by:

• maximizing energy stores
• achieving ideal weight for performance
• ensuring suffi  cient intake of vitamins and 

minerals
• maintaining adequate hydration
• optimizing pre-competition and competition 

food intake.

Nutrition also plays a crucial role in aiding recovery 
from intense training and this was discussed in 
Chapter 6.

Maximizing energy stores
In this section we discuss carbohydrates and fats—
the major fuels. Protein is discussed in the next 
section.

Carbohydrates and fats

Carbohydrate and fat are the two main sources of 
energy used in athletic activity.1 Protein makes a 
relatively small contribution, which becomes more 
signifi cant with the depletion of carbohydrate stores 
and inadequate energy intake.

Carbohydrate is stored in the liver and skeletal 
muscle in the form of glycogen. When required for 
energy, glycogen is released and broken down to 

provide the glucose necessary for energy. Glyco-
gen stores are limited and need to be replenished 
daily.2 Th e average amount of energy available from 
stored carbohydrate is only 8.4 MJ (2000 kcal), which 
would provide fuel for a run of approximately 40 km 
(25 miles). Endurance training increases the capacity 
of the muscles to store glycogen.3 Untrained individu-
als have muscle glycogen stores of 80–90 mmol/kg, 
whereas trained individuals may have muscle stores 
as high as 130–135 mmol/kg.

Fat provides the body’s largest store of potential 
energy. Th e energy storage capacity of fat is more 
than twice the equivalent quantity of carbohydrate 
or protein. Body fat content varies considerably 
from athlete to athlete. However, even the leanest 
athlete, who may have only 7 kg of body fat, would 
have enough energy stored as fat to run 1200 km 
(750 miles).

Th e fuel the body uses depends on the intensity 
and the duration of the exercise as well as the fi tness 
and nutritional status of the individual.

Fuel for short duration/high-intensity exercise

In high-intensity exercise of short duration (1–2 min-
utes), almost all energy is supplied from glycogen 
stored in skeletal muscle.4, 5 Carbohydrate is the 
only nutrient that provides energy when the muscles 
have insuffi  cient oxygen for their needs. Th is type of 
exercise is called anaerobic exercise (Chapter 6) and 
produces lactic acid. Lactic acid impedes the mobil-
ization of fat from adipose tissue, further increasing 
the reliance of muscles on glycogen as their supply 
of fuel.

Fat does not provide a signifi cant fuel source during 
periods of high-intensity exercise; its breakdown is 
too slow to meet the athlete’s needs.
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Fuel for long duration/moderate-intensity exercise

Fat supplies a much higher proportion of energy 
in exercise of low-to-moderate intensity. During 
moderate exercise, increases in serum adrenalin 
(epinephrine) and growth hormone and decreases 
in insulin promote the release of free fatty acids from 
adipose tissue into the bloodstream. Th e longer the 
time spent exercising, the greater the contribution 
of fat as a fuel.

Fat may supply as much as 70% of the energy needs 
for exercise of moderate intensity lasting 4–6 hours. 
Endurance training increases the capacity of the 
aerobic pathway in the mitochondria to break down 
fat for energy and preserve glycogen. Th is delays the 
depletion of glycogen.

An important role of the athlete’s diet is to supply 
suffi  cient carbohydrate to fi ll the glycogen storage 
sites in muscle.

 Th e ideal training diet for athletes, especially 
endurance athletes, requires 60–70% of energy 
to be taken in as carbohydrate and less than 
30% as fat. Th is intake has considerably more 
carbohydrate and less fat than the average 
Western diet. To ensure an adequate carbo-
hydrate intake, the estimated requirement 
should be based on grams per kilogram of body 
weight per day. For endurance athletes or ath-
letes undertaking strenuous training sessions 
exceeding 90 minutes, a daily carbo hydrate 
intake of between 8 and 10 g/kg of body weight 
is required for repletion of glycogen stores.

To replenish glycogen stores on a daily basis, follow-
ing depletion by strenuous exercise, athletes should eat 
1–1.2 g/kg per hour of carbohydrate for up to 4 hours 
aft er exercise depending on the level of depletion. In 
the short term, the sooner the carbohydrate is ingested 
aft er exercise, the more eff ective is the replenishment 
of glycogen stores. Unless there is adequate daily 
replenishment, glycogen stores eventually deplete. Th is 
glycogen depletion may present clinically as excessive 
fatigue, a feeling of sluggishness, heavy legs, staleness 
or an inability to maintain normal training intensity 
(Chapter 52). An 80 kg endurance athlete with a 
carbohydrate requirement of 8 g/kg of body weight 
per day requires 640 g of carbohydrate per day. Th is 
requires a high-carbohydrate diet. Th e carbohydrate 
content of common foods is given in Table 37.1 (this 
is also available as a downloadable PDF fi le at <www.
clinicalsportsmedicine.com>). Some athletes can fi nd 
it diffi  cult to eat enough carbohydrate to replenish 
their stores and may benefi t from consuming carbo-
hydrates in liquid form (Table 37.2).

Glycemic index—a way of diff erentiating 
carbohydrates

In the past, carbohydrate-rich foods were categorized 
as simple (refi ned) carbohydrate, such as sugars, or 
complex (unrefi ned) carbohydrate, such as starches. 
However, these categories do not indicate how food 
is broken down and absorbed by the body. A more 
informative way to diff erentiate carbohydrates is by 
their glycemic index (GI). Th is is a ranking of the 
eff ect of carbohydrate-containing foods on blood 
sugar levels. Foods with a high GI (Table 37.3, this is 
also available as a downloadable PDF fi le at <www.
clinicalsportsmedicine.com>) are quickly digested 
and absorbed into the bloodstream, resulting in a 
rapid and high rise in blood sugar levels. High GI 
carbohydrates are oft en recommended as a quickly 
digested and absorbed carbohydrate to be consumed 
during exercise and for immediate recovery post-
exercise. Low GI foods are more slowly digested and 
result in a slower but continuous release of glucose 
into the blood. Low GI carbohydrates may be pref-
erable for more sustained energy release and satiety 
eff ects, however, research is inconclusive and the total 
amount of carbohydrate consumed may be the most 
important factor for prolonged endurance exercise 
performance.

Protein—a fuel

Th e major role of protein for athletes is to repair 
and build muscle tissue. Protein can also be used as 
a fuel, although the contribution to energy produc-
tion is generally small, contributing between 5% 
and 10% of total energy needs. Energy is obtained 
from the breakdown of dietary and tissue protein to 
amino acids, which are then converted to glucose. 
Th e contribution of protein to total energy increases 
with the duration of exercise and with depletion of 
carbohydrate stores.6, 7

Th e protein requirements of the endurance athlete, 
therefore, are considerably higher than those for the 
sedentary individual. Th e recommended daily intake 
(RDI) of protein for a sedentary person is 0.8 g/kg 
per day. Th e protein requirements for an endurance 
athlete are approximately 1.2–1.7 g/kg per day, with 
the higher levels required by athletes undertaking 
strenuous training.8, 9 A 60 kg endurance athlete in 
heavy training would, therefore, require about 96 g 
of protein per day. Th e protein content of common 
foods is shown in Table 37.4 (this is also available 
as a downloadable PDF fi le at <www.clinicalsports
medicine.com>).
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Table 37.1 Carbohydrate content of foods

Food Amount
Weight 
(g)

Energy 
(g)

Energy 
(kJ/kcal)

Carbohydrate 
(g)

Fiber 
(g)

Bread, wholemeal (whole-wheat) 1 slice 30 280 280 (67) 12 2

Bread roll, wholemeal ½ slice 30 300 301 (72) 13 2

Bread, pita 30 g 30 340 330 (80) 16 1

Muffi  n, English 1 half 40 330 330 (80) 15 1

Crumpet 1 average 50 390 389 (93) 20 2

Biscuit, plain 2 biscuits 20 270 272 (65) 13 1

Biscuit, plain, sweet 2 biscuits 17 320 318 (76) 12 0

Rice cakes 1½ cakes 19 290 288 (69) 15 1

Oats, rolled, cooked ¾ cup 195 410 414 (99) 17 3

Processed bran ½ cup 35 410 401 (96) 14 11

Weet-Bix 1½ biscuits 26 340 339 (81) 16 3

Vita Brits 1½ biscuits 26 340 339 (81) 16 3

Weeties ½ cup 25 350 351 (84) 17 3

Muesli, fl akes ½ cup 22 350 351 (84) 15 1

Rice, brown, boiled 1⁄3 cup 60 370 368 (88) 19 1

Pasta, white, boiled ½ cup 75 370 372 (89) 18 1

Barley, pearl, boiled ½ cup 90 400 401 (96) 19 3

Potato, pale skin, baked 1 medium 100 310 305 (73) 15 1

Sweet potato, peeled, boiled 1⁄3 cup 71 220 217 (52) 12 1

Sweet corn, frozen, on cob 1⁄3 cup 48 190 188 (45) 8 2

Pea, green, boiled 1 cup 165 340 330 (80) 11 11

Parsnip, peeled, boiled 1 cup 150 310 314 (75) 15 4

Beetroot, peeled, boiled 6 slices 180 310 309 (74) 15 5

Turnip, white, peeled, boiled 1½ cup 360 320 322 (77) 14 11

Lentil, boiled ½ cup 105 310 309 (74) 10 4

Bean, kidney, fresh, boiled ½ cup 83 400 397 (95) 12 9

Bean, haricot/cannellini, boiled ½ cup 86 220 330 (80) 11 8

Salad bean, commercial 1⁄3 cup 63 380 376 (90) 15 3

Soup, bean, lentil, homemade 150 g 150 530 527 (126) 15 3

Potato and leek soup 300 g 300 370 364 (87) 14 2

Soup, medium, canned/ homemade 1 cup 264 420 418 (100) 17 1

Soup, light vegetable, canned 2 cups 528 520 523 (125) 18 3

Minestrone soup 300 g 300 280 280 (67) 13 4

Apple, golden delicious 1 average 123 220 221 (53) 13 2

Apricot, fresh, raw 3 medium 180 280 280 (67) 13 4

Banana, raw, peeled ½ average 50 200 200 (48) 12 1

continues
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Table 37.2 Liquid carbohydrate supplements

Source Amount Carbohydrate (g)

Orange juice, 100% unsweetened 200 mL 15

Soft drink (pop) 200 mL 24

Low-fat milk 200 mL 11

Glucose powder 2 tspn 11

Polycose 1 tbsp 15

Ensure Plus 264 mL 47

Sustagen Sport 1 tbsp 13

Sustagen Gold 250 mL 35

Gatorade 200 mL 12

Source: Nutlab 95. Canberra: Australian Government Publishing Service, 1995.

Food Amount
Weight 
(g)

Energy 
(g)

Energy 
(kJ/kcal)

Carbohydrate 
(g)

Fiber 
(g)

Cherry, raw 25 medium 100 210 209 (50) 11 2

Custard apple, raw, peeled ¼ medium 120 360 360 (86) 19 3

Fig, raw 4 pieces 160 270 267 (64) 13 4

Fig, dried 2 pieces 30 290 288 (69) 16 4

Grape, green sultana, raw 30 average 90 220 217 (52) 13 1

Kiwifruit, raw, peeled 2 medium 160 320 318 (76) 15 5

Melon, honeydew, raw 1 whole 240 320 318 (76) 16 2

Mango, raw, peeled 1 small 100 240 234 (56) 13 2

Mandarin, raw, peeled 3 whole 183 300 297 (71) 15 4

Nectarine, raw 3 medium 220 350 347 (83) 17 5

Orange, Valencia, raw 1 whole 160 240 242 (58) 12 3

Juice, orange, unsweetened 1 glass 204 290 288 (69) 16 1

Pear, Williams, raw, unpeeled 1 average 130 260 255 (61) 15 3

Peach, raw, unpeeled 2 medium 174 230 230 (55) 11 2

Peach, canned, in pear juice 2⁄3 cup 170 290 288 (69) 16 2

Tangerine, raw, peeled 2 large 200 200 200 (48) 10 4

Watermelon, raw, peeled 1½ cup 293 280 280 (67) 15 2

Milk, skim 1½ glasses 300 430 427 (102) 15 0

Milk, whole 1½ glasses 300 520 816 (195) 14 0

Yoghurt, low-fat, natural 1 tub 200 440 439 (105) 12 0

Ice-cream, vanilla 1½ scoops 67 570 569 (136) 14 0

Source: Nutlab 95. Canberra: Australian Government Publishing Service, 1995.

Table 37.1 Carbohydrate content of foods continued
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Table 37.3 A guide to the glycemic index (GI)(a) of foods

Food group Low GI Intermediate GI High GI

Breakfast cereals All Bran
Muesli
Oats
Porridge
Special K
Guardian

Mini Wheat
Nutrigrain
Sustain
Vita Brits
Weet-Bix

Coco Pops
Corn Flakes
Puff ed Wheat
Rice Bubbles
Sultana Bran

Breads Fruit loaf
Grain
Pumpernickel

Croissant
Crumpet
Pita
Wholemeal (whole wheat)

Bagel
Rye
White

Crackers Jatz Ryvita
Sao

Kavli
Puff ed crispbread
Water crackers

Grains Buckwheat
Bulgur

Taco shells

Rice Doongara Basmati Calrose
Brown
Long grain

Pasta Instant noodles
Egg fettucine
Ravioli
Spaghetti
Vermicelli

Sweet biscuits Oatmeal Arrowroot
Shredded Wheat
Shortbread

Morning Coff ee

Cakes Apple muffi  n
Banana cake
Sponge cake

Waffl  es

Snack foods Peanuts
Potato crisps
Chocolate

Popcorn
Mars Bar
Muesli bar

Corn chips
Jelly beans
Life Savers

Vegetables Carrots
Peas
Sweet corn
Sweet potato
Yam

Beetroot
New potato
Pontiac potato

Parsnip
Baked potato
French fries
Pumpkin
Swede

Legumes Baked beans
Butter beans
Chick peas
Haricot beans
Kidney beans
Lentils
Soya beans

Broad beans

continues
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Food group Low GI Intermediate GI High GI

Fruit Apple
Apricot (dried)
Cherries
Grapefruit
Grapes
Kiwifruit
Orange
Peach
Pear
Plum

Banana
Mango
Pawpaw
Pineapple
Raisins
Rockmelon (cantaloupe)
Sultanas

Watermelon

Dairy foods Milk
Flavored milk
Ice-cream
Yoghurt

Drinks Apple juice
Orange juice

Cordial, soft drink (pop) Lucozade

(a) GI ratio ranges: low GI foods, below 55; intermediate GI foods, 55–70; high GI foods, more than 70.

Table 37.3 A guide to the glycemic index (GI)(a) of foods continued

Table 37.4 Protein content of foods

Food Amount Weight (g) Energy (kJ) Energy (kcal) Protein (g)

Milk, skim 1 cup 259 380 90 9

Milk, reduced fat 1 cup 260 540 129 10

Milk, whole 1 cup 258 700 167 9

Yoghurt, low-fat, natural 1 tub 200 450 108 12

Yoghurt, low-fat, fl avored 1 tub 200 630 151 10

Yoghurt, fl avored/fruit 1 tub 200 810 193 10

Cheese, cheddar 1 slice 20 340 81 5

Cheese, ricotta 20 g 20 120 29 2

Cheese, cottage, low-fat 20 g 20 75 18 4

Cheese, camembert 20 g 20 260 62 4

Cheese, cream 1 tbsp 20 280 67 2

Ice-cream, vanilla 600 g 600 480 114 3

Beef, fi llet steak, lean 120 g 120 990 235 36

Chicken, boneless, baked, lean 120 g 120 940 224 34

Turkey, breast, baked, lean 120 g 120 780 186 35

Pork, boneless, cooked, lean 120 g 120 850 204 37

Ham, non-canned, lean and fat 1 slice 25 150 36 4

Lamb, boneless, cooked, lean 120 g 120 940 225 37

Fish, steamed 150 g 150 780 187 36

Oysters, raw 1 dozen 60 180 44 7

continues
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Th e combination of appropriate resistance training 
and adequate protein intake is essential to achieve 
muscle hypertrophy. Th e protein requirement of 
strength-training athletes is about 1.2–1.7 g/kg per 
day.10, 11 An 80 kg strength-training athlete would, 
therefore, require about 96–136 g of protein per 
day.

Th e average Western diet contains a level of protein 
greater than 1 g/kg per day. Th e protein requirements 

of most athletes are usually met if 12–15% of total 
energy needs are provided by protein.

 It is important that the athlete also has an 
adequate carbohydrate and overall energy 
intake.

Some groups of athletes may be at risk of an 
inadequate protein intake. Th ese include children 
and adolescents, lactating and pregnant women, 

Food Amount Weight (g) Energy (kJ) Energy (kcal) Protein (g)

Prawns, king, cooked 100 g 100 440 104 24

Egg, whole, hard-boiled 1 medium 47 300 71 6

Muesli fl akes 1 cup 43 690 164 4

Weet-Bix 2 biscuits 30 400 95 3

Corn Flakes 1 cup 30 470 113 2

Bread, wholemeal (whole wheat) 1 slice 30 280 67 3

Rice cakes 1 serve 13 190 46 1

Crispbread, rye 1 biscuit 8 100 24 1

Biscuit, plain, dry 10 g 10 140 33 1

Potato, baked fl esh 1 medium 100 310 73 3

Rice, brown, boiled ½ cup 90 570 135 3

Pasta, white, boiled ½ cup 75 370 89 3

Sweet corn, frozen, on cob ½ cup 80 440 106 2

Pea, green, boiled ½ cup 83 170 40 4

Broccoli, boiled 1 cup 152 150 37 7

Bean, green, boiled 1 cup 140 100 23 2

Apple, raw, unpeeled 1 medium 120 250 59 0

Pear, yellow-green, raw, unpeeled 1 medium 150 320 76 0

Orange, raw, peeled 1 medium 120 190 45 1

Banana, raw, peeled 1 average 140 420 100 2

Rockmelon (cantaloupe), raw, peeled ½ whole 120 110 26 1

Grape, green sultana 30 average 90 230 55 1

Brazil nut 20 g 20 560 133 3

Cashew nut 20 g 20 480 115 3

Almonds, unsalted 20 g 20 470 112 3

Peanuts, roasted, salted 20 g 20 520 124 5

Baked beans, canned in sauce 1 cup 272 775 185 13

Lentils, boiled 1 cup 211 620 148 14

Beans, kidney, fresh, boiled 200 g 200 960 229 26

Source: Nutlab 95. Canberra: Australian Government Publishing Service, 1995.

Table 37.4 Protein content of foods continued
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and vegetarians. Vegetarians eating a narrow range 
of incomplete protein foods may be particularly at 
risk. Athletes on low-energy diets, those with mul-
tiple daily training sessions and those on very-high-
carbohydrate diets may also be at risk of inadequate 
protein intake.

Achieving ideal body weight 
for performance
Many athletes attempt to alter their body composition, 
either by trying to put on weight (usually in the form 
of muscle) or by losing weight (usually in the form 
of fat). Certain sports require athletes to have large 
amounts of muscle mass. Th ese include power events 
such as sprinting, throwing, weightlift ing, power 
lift ing and various football codes (soccer, Australian 
Rules, Rugby, American, Canadian). Some groups 
of athletes are required to be a particular weight to 
compete, such as lightweight rowers, boxers, martial 
arts exponents and jockeys. Other sports require 
extremely low body fat levels, such as gymnastics, 
distance running and ballet.

Th erefore, accurate assessment of body composi-
tion is necessary in certain athletes. We note, however, 
that some coaches associate a certain percentage body 
fat level with improved performance, and that is not 
necessarily the case once the athlete has a healthy 
body composition for the sport. Each athlete needs 
to be aware of his or her own ideal body composition 
for performance.

Assessment of body composition

To assess body composition, the structural com-
ponents of the body—muscle, bone and fat—are 
measured. Height and weight indices such as body 
mass index (BMI) are considered reasonable tools for 
predicting obesity in the general population; however, 
they are of little use for athletes as they do not provide 
reliable information about the relative composition 
of an individual’s body.

Underwater or hydrostatic weighing has been used 
extensively in the assessment of body composition but 
has been shown to be inaccurate for certain groups 
in the community, in particular, young athletes. Th is 
method is susceptible to error due to variations in 
bone density.

In the clinical setting, the most practical method 
of obtaining information regarding body fat levels 
in athletes is skin-fold measurements. However, to 
minimize error, this should be used as the sum of skin 
folds from various standardized sites, rather than any 

attempt made to predict percentage body fat from 
the skin-fold measurements.

The seven standard sites are shown in Figure 
37.1. An example of average and range of skin-fold 
measurements for diff erent sports is shown in Table 
37.5. Th e sum of skin folds provides a reasonable 
estimation of body fat percentage and allows moni-
toring of changes. More sophisticated methods of 
measuring body composition, including MRI and 
dual-energy X-ray absorptiometry (DEXA), are 
available as research tools.

Figure 37.1 Examples of sites of skin-fold 
measurements

(a) Triceps—a vertical fold is raised on the midline of 
the posterior surface of the right arm

(b) Subscapular—the skin fold is raised just below and 
to the right of the inferior angle of the right scapula in 
the natural fold that runs obliquely downwards
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(c) Biceps—the fold is raised at the midline of the 
anterior surface of the right arm

(d) Supraspinale—the site is located level with the 
undersurface of the tip of the anterior superior iliac 
spine. The natural fold is raised obliquely

(e) Abdomen—a vertical fold is raised adjacent to the 
right of the umbilicus so that all the subcutaneous fat 
is raised parallel to the fold

(f) Anterior thigh—the site is located halfway 
between the crease at the top of the thigh and the top 
of the kneecaps. The athlete is usually seated. The skin 
fold is grasped parallel to the long axis of the femur

(g) Medial calf—the fold is grasped on the inner side of 
the calf where the muscle bulk is greatest. The athlete 
places the foot on a box or chair so that the knee is fl exed 
at right angles

Brukner-C-37_39.indt   689Brukner-C-37_39.indt   689 5/6/06   11:38:26 AM5/6/06   11:38:26 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL690

PART C ENHANCING SPORT PERFORMANCEC

Skin-fold measurements are used particularly to 
monitor an individual’s body fat status. For example, 
a trained anthropometrist can measures skin folds if 
there is concern regarding body composition, such as 
during attempted body fat reduction or while injured 
with reduced activity levels.

Dietary regimens for weight loss

Athletes may adhere to weight-reduction dietary 
regimens both for immediate weight loss prior to 
competition and for maintenance over a competitive 
season. Weight loss programs may incorporate diet 
only, or a combination of diet, weight loss aids and 
exercise. Many popular programs have the potential 
to compromise nutritional status, performance and 
overall health.

High-protein/low-carbohydrate diets such as the 
Zone diet and ‘Dr Atkins’ diet have been popular 
in recent years. Th ese diets were formulated on the 
hypothesis that carbohydrate-rich foods rather than 
protein contribute most to increased body fat levels. 
Such diets, however, do not serve athletes well for 
several reasons. When protein intake is increased and 
carbohydrate intake decreased, the body responds by 

breaking down glycogen stores and by losing water. 
In addition, a loss of lean muscle tissue reduces 
metabolic rate and performance. Th is causes weight 
loss but not necessarily fat loss. Loss of glycogen and 
fl uid from the body results in the athlete feeling tired, 
with subsequent delayed recovery from training and 
poor performance.12

Athletes in weight-dependent sports will oft en 
resort to strict dieting or complete fasting in an 
attempt to lose weight rapidly before ‘weigh-in’. Th is 
usually causes weight loss but fl uid, glycogen and 
lean muscle are also sacrifi ced in the process. Th e 
athlete is left  tired and unable to perform optimally. 
In the long term the athlete who fasts may fi nd it 
increasingly diffi  cult to achieve and maintain a low 
body weight due to a reduction in basal metabolic 
rate.

Guidelines to help distinguish a sensible weight 
reduction program from a ‘fad diet’ include:

1. A safe weight loss program should be planned 
individually for the athlete, based on lifestyle 
and medical history.

2. A sensible program should meet dietary 
requirements from a wide variety of foods 

Table 37.5 Approximate mean (and range) of skin-fold measurements in elite athletes of various sports(a)

Sport Men (mm)(a) Women (mm)(a)

Basketball (guard/forward) 67 (45–100) 77 (41–132)

Cycling 54 (26–85) 62 (34–90)

Gymnastics 42 (28–60) 38 (27–58)

Hockey (fi eld) 59 (38–108) 88 (48–140)

Rowing
 Lightweight
 Heavyweight

45 (36–65)
67 (46–111)

73 (55–105)
88 (61–119)

Skiing
 Alpine
 Nordic

51 (31–82)
46 (27–77)

59 (31–87)
74 (57–108)

Swimming 54 (34–108) 80 (45–155)

Track and fi eld
 Sprint
 Middle distance

56 (54–58)
39 (26–68)

60 (45–84)
59 (37–111)

Triathlon 40 (28–60) 56 (34–89)

Volleyball 57 (37–80) 91 (36–148)

Weightlifting 75 (34–190) Not available

Water polo 70 (36–120) 96 (46–161)

(a) Sum of seven skin folds = triceps, subscapular, biceps, supraspinale, abdominal, anterior thigh, medial calf.
Adapted from Kerr D, Ackland T. Kinanthropometry: physique assessment of the athlete. In: Burke LM, Deakin V, eds. 
Clinical Sports Nutrition. 3rd edn. Sydney: McGraw-Hill, 2006: 53–72.

Brukner-C-37_39.indt   690Brukner-C-37_39.indt   690 5/6/06   11:38:29 AM5/6/06   11:38:29 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 691

CHAPTER 37 MAXIMIZING SPORTING PERFORMANCE: NUTRITION 37

from all the food groups rather than relying on 
vitamin and mineral supplementation.

3. A realistic goal for weight loss (approximately 
0.5–1.0 kg per week) should be aimed for. 
Greater weight losses indicate a loss of fl uid and 
lean muscle tissue in addition to body fat.

4. Information on outcomes from the program 
should be presented in a factual and specifi c 
manner rather than via anecdotes and 
testimonials.

5. Permanent weight loss is achieved through gradual 
but lifelong changes. Avoid programs that promise 
dramatic results or guarantee fast success.

6. Check that the program has been developed or 
recommended by a person qualifi ed in the area 
of sports nutrition (e.g. sports dietitian).

Other methods of weight control

Appetite suppressants

Th ese are the most common of the ‘slimming pills’ 
available and act to reduce hunger or give a feeling 
of being full with the aim of stopping the user from 
eating. Many of these pills have side-eff ects rang-
ing from dry mouth, anxiety, insomnia and gastro-
intestinal disturbances to headaches, drowsiness and 
nausea. Th ese eff ects impair performance. Th e aim of 
these pills is to reduce the volume of food eaten and 
hence decrease kilojoule intake. In many cases, this 
means a reduction in nutrients such as carbohydrate 
and vitamins essential for maintaining energy levels. 
Appetite generally returns when the athlete stops using 
the pills, with a resultant increase in weight and body 
fat. Many of these pills are banned by the International 
Olympic Committee (Chapter 61).

Diuretics

Diuretics promote the excretion of water and salts by 
the kidneys. Th us, athletes use these drugs as a means 
of rapid weight loss for upcoming competition. Th e 
dehydration and electrolyte loss that follows increases 
the risks of cardiac arrhythmia. Because fat-free mass 
contains approximately 70% water, weight loss by 
dehydration occurs at the expense of intracellular and 
extracellular fl uid. As a result, muscle endurance and 
work capacity are decreased. Even moderate dehydra-
tion will adversely aff ect muscular endurance. Diuret-
ics are also on the International Olympic Committee’s 
list of banned substances (Chapter 61).

Saunas

As with the use of diuretics, the result of sitting in a 
sauna is a loss of fl uid rather than a reduction in body 

fat levels. Athletes and coaches should be strongly 
discouraged from employing methods of weight 
reduction involving dehydration.

The safe way to lose body fat

Th ere are a number of considerations when planning 
a weight loss program—including whether or not 
the athlete has fat weight to lose! Let us illustrate our 
approach with a case history.

A 25-year-old professional footballer wants to lose 
body fat before the competitive season begins. His sum 
of seven skin-fold measurements is 90 mm, height is 
185 cm and weight is 98 kg. In addition to football, he 
works part-time as a sales representative. He shares 
a house with two friends; however, they all do their 
own cooking and shopping. A brief dietary history 
revealed a typical daily intake, shown below.

Suboptimal diet

Breakfast
1 cup of coff ee with milk

Mid morning
1 toasted cheese and ham sandwich

Lunch
1 white salad roll with ham and cheese, or 

1 hamburger
1 piece of fruit

Mid afternoon
1 medium chocolate bar

After training
‘lots of water’

Dinner
2–3 glasses of beer
Steak or chops fried in pan, large serve
Boiled vegetables
Two scoops of ice-cream
or
Fast-food/telephone orders
 fi sh and chips
 1 medium pizza
 spaghetti carbonara

After dinner
Often potato crisps and/or chocolate bar
1 can soft drink (pop)
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Analysis of this athlete’s diet revealed a number 
of problems.

High fat intake

Many of the foods consumed are high in fat. Th e 
diet included obvious fats, such as margarine on 
sandwiches or toast and oil or butter used in cook-
ing, but also ‘hidden fats’, such as those found in fatty 
meats, chocolate, potato crisps and deep-fried foods. 
By eliminating much of this fat, the athlete could 
increase the quantities of food he is consuming and 
still lose weight as his total energy intake will have 
been reduced.

Carbohydrate intake

Th e diet contains limited sources of low GI carbohy-
drates, with most carbohydrates coming from refi ned 
fl our products and sugar. Th e athlete needs education 
regarding the GI of diff erent foods and needs to be 
encouraged to space intake of low GI carbohydrates 
over the day. His energy levels were quite low; there-
fore smart carbohydrate choices will ensure that his 
training and recovery improves.

Lack of dietary fi ber

Many of the athlete’s food choices are foods that are 
low in dietary fi ber. A high fi ber diet (more than 30 g 
per day) is recommended and is particularly impor-
tant for those attempting to reduce body fat levels. 
Fiber not only helps protect against diseases of the 
gastrointestinal tract but also promotes a feeling of 
satiety, as high-fi ber foods oft en have a low GI. High-
fi ber foods are oft en lower in kilojoules and fat, and 
contain carbohydrate, vitamins and minerals.

Timing of meals

A regular intake of food over the day is the best way of 
maintaining a high metabolic rate and, hence, eff ec-
tively controlling body fat levels. Th e athlete’s tendency 
is to eat little during the day and large quantities of 
food in the evening when he relaxes. He also found 
he is still hungry later in the evening and is likely to 
eat high-fat snacks at this time.

Many athletes fi nd diffi  culty distributing food 
intake evenly over the day. Time constraints in the 
morning and during the day mean that only small 
quantities of food are consumed at these times. 
Aft ernoon snacks are commonly missed if the athlete 
is training aft er work or school. All these factors can 
contribute to overeating at the evening meal. Th is 
athlete needs to spread out his food intake evenly, 
incorporating a high-carbohydrate snack several 
hours prior to training.

Lack of cooking/food preparation skills

A lack of time and knowledge oft en results in athletes 
being ill-equipped to prepare healthy meals at home. 
One of this athlete’s major problems is his limited 
cooking skills, making food preparation a diffi  cult task. 
He needs practical education, such as cooking classes, 
shopping tours and easy recipes. He needs advice on 
using pre-prepared foods, canned and frozen products 
and information on healthy choices when eating out 
or when ordering home-delivered meals.

Fluids

Th e athlete has two problems with his fl uid intake. One 
is his tendency to dehydrate over the day and during 
training. Th e other problem is his choice of fl uids. 
Soft  drinks (pop) and alcohol are both signifi cant 
sources of kilojoules in the diet but neither provides 
other useful nutrients. Flavored milk contains other 
vitamins and minerals such as calcium, ribofl avin and 
protein. Th e athlete should be encouraged to select a 
low-fat fl avored milk or mineral water, iced water, low 
joule soft  drinks and low alcohol beverages.

New plan

A new program was devised for the athlete provid-
ing approximately 7500 kJ (1800 kcal), with 60% of 
energy from carbohydrate, 25% from fats (50 g), 15% 
from protein (67 g) and 38 g of fi ber (see box). He 
was encouraged to drink plenty of water throughout 
the day.

Healthy nutritional plan

Breakfast
1 cup wholegrain cereal with ¾ cup of low-fat 

milk
1 piece fresh fruit (e.g. banana)
1 slice wholegrain or wholemeal (whole wheat) 

toast spread with 2 tspn jam or honey
1 glass 100% fruit juice

Snack
1 piece fresh fruit

Lunch
2 wholegrain sandwiches/rolls/pita bread each 

fi lled with lean meat/low-fat cheese/skinless 
chicken/turkey/tuna/salmon with plenty of 
salad

1 serve fresh fruit salad or 1 piece fresh fruit
water, low joule soft drink or plain mineral water
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Bulking up
Many athletes wish to gain weight. An increase in 
muscle mass may increase power-to-weight ratio. 
Th is may be of advantage to athletes participating in 
a range of sports such as rowing, sprinting, throwing 
events, weightlift ing, boxing and football.

Methods commonly used by athletes to 
gain weight

Athletes use a variety of methods in attempts to gain 
weight.13

High protein intake

Th e RDI of protein for the average person is 0.8 g/kg 
per day but athletes wishing to bulk up are advised 
to have a protein intake of 1.2–1.7 g/kg per day. 
However, a high protein intake will only result in 
gains in muscle mass if combined with an appropriate 
strength-training program, appropriate rest/recovery, 
and adequate carbohydrate consumption.14, 15

Protein powders have long been regarded by 
athletes involved in bodybuilding or strength training 
as a vital component of the training diet. Th e com-
position of protein powders may vary considerably. 
Many are simply based on skim milk powder with 
additional vitamins, minerals and certain amino 
acids. Most athletes can achieve adequate protein 
intake with a balanced food intake, however, protein 
powders are oft en considered a convenient form of 
protein, and consuming protein in liquid form can 
be useful for athletes with very high energy require-
ments or low appetite.

Many athletes wishing to bulk up have protein 
intakes considerably in excess of the recommended 
values.13 Th ere is no evidence that protein intakes 
two or three times higher than the RDI for athletes 
have any additional effect on increasing muscle 
bulk. Many athletes are also unaware that additional 
protein consumed above energy requirements will 
be stored as fat, rather than contributing to muscle 
stores. A high-protein diet may, in fact, indirectly 
result in inadequate carbohydrate intake, neces-
sitating increased use of protein as a fuel. Excessive 
protein intake is associated with an increased risk of 
dehydration, gout and loss of calcium.

Amino acid supplements

Amino acid supplements are used by some athletes in 
the hope that their use will stimulate protein synthesis 
and muscle mass through an increase in production 
of human growth hormone by the pituitary gland.16 
Th e production of human growth hormone is aff ected 
by many factors, including the early phase of sleep, a 
protein meal, lowering of blood sugar and exercise. 
Th ere is no evidence that ingestion of amino acids 
increases production of human growth hormone. If 
ingesting amino acid supplements did increase human 
growth hormone levels, there is still no evidence that 
this would augment muscle strength.

Pre-training snack
1 slice raisin bread, or English muffi  n
or 1 tub low-fat fruit yogurt
water

Post training
1 banana
water

Dinner
180 g lean meat or skinless poultry or 200 g fi sh 

(cooked without added fats or oils)
1 cup steamed brown rice, or 1 large potato, 

or 1½ cups pasta, plenty of vegetables, 
including green leafy vegetables (e.g. 
broccoli, silverbeet)

water

Guidelines for safe weight loss

1. Aim for a realistic weight loss of 0.5–1.0 kg 
per week. To achieve this requires a daily 
energy intake of 2.1–4.2 MJ below energy 
output.

2. The diet must be nutritionally adequate. 
Defi ciencies of essential nutrients will 
compromise performance.

3. Increase complex carbohydrates. At least 
60–65% of total energy intake must come 
from mostly medium and low GI foods 
(Table 37.3) to ensure maximum glycogen 
stores.

4. Fat intake should be reduced.
5. Decrease alcohol intake. Alcohol is high in 

kilojoules, has little nutritional value and 
contributes to dehydration.

6. Regulate food intake. Meals should be spread 
evenly over the day. Skipping meals can lead 
to subsequent overeating and snacking on 
high-fat foods.

Brukner-C-37_39.indt   693Brukner-C-37_39.indt   693 5/6/06   11:38:30 AM5/6/06   11:38:30 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL694

PART C ENHANCING SPORT PERFORMANCEC

Other methods

Human growth hormone and anabolic steroids have 
also been used to increase muscle bulk. Both these 
substances are banned by the International Olympic 
Committee (Chapter 61).

Ensuring suffi  cient intake of 
vitamins and minerals
Vitamins and minerals are essential for certain meta-
bolic processes and defi ciencies are known to aff ect 
sporting performances.

Two questions oft en asked by athletes are:

1. Does exercise increase vitamin and/or mineral 
requirements?

2. Does vitamin and/or mineral supplementation 
improve sporting performance?

Th is chapter addresses question 1. Question 2 falls 
within the domain of Chapter 38.

Th e importance of an adequate supply of vitamins 
and minerals as a necessary part of normal body pro-
cesses is well recognized. Th e role they play in enhanc-
ing sporting performance is less clear. Tables 37.6 
and 37.7 (also available as downloadable PDF fi les at 
<www.clinicalsportsmedicine.com>) summarize the 
food sources, necessary part of functions, and possible 

Dietary requirements for the athlete wishing to bulk up
A suitable weight gain diet should include the following:
1. High energy intake. An additional 2900–4200 kJ (700–1000 kcal) per day may be required for gains in lean 

body mass of 0.5–1 kg per week.
2. For strength athletes, up to 1.6–1.7 g/kg per day of protein is required.
3. 25–30% of energy as fat. In some cases this may need to be higher to enable the athlete to meet energy 

needs without having to consume huge quantities of food.
4. 60–65% of energy as carbohydrate (7–10 g/kg per day). Adequate glycogen stores are essential to supply 

fuel for muscles undergoing intense weight training. Regular intense strength training depletes glycogen 
stores, which must be replenished.

Table 37.6 Vitamins: food sources, major functions and possible importance in exercise

Vitamin Food sources Major functions
Possible importance 
in exercise

Water soluble

Vitamin C (ascorbic acid) Green leafy vegetables, 
parsley, capsicum, citrus 
fruits, currants, berry 
fruits, tropical fruits, 
tomatoes

Maintenance of connective 
tissue, cartilage, tendons 
and bone

Facilitates absorption of 
iron

Role in wound healing and 
muscle repair

Protects against oxidants

Antioxidant
Increased iron 

absorption
Formation of adrenalin 

(epinephrine)
Promotion of aerobic 

energy production

Vitamin B1 (thiamine) Meat (especially pork), 
yeast, wholegrains, nuts, 
all vegetables

Energy production 
through carbohydrate 
metabolism

Nerve and heart function

Energy production from 
carbohydrate

Hemoglobin formation

Vitamin B2 (ribofl avin) Milk and milk products, 
yeast, organ meats, 
eggs, wholegrains, green 
leafy vegetables

Energy production 
through fat and protein 
metabolism

Necessary for growth and 
development

Cofactor for energy 
release

continues
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Vitamin Food sources Major functions
Possible importance 
in exercise

Niacin/nicotinic acid Meat, liver, fi sh, eggs, 
yeast, some green leafy 
vegetables, peanuts, 
wholegrain products

A vital component of 
coenzymes concerned 
with energy processes

Energy release from 
carbohydrate and fat

Vitamin B6 (pyridoxine) Mainly high-protein 
products, wholegrains, 
yeast, cereals, 
vegetables, peanuts, 
bananas

Role in protein metabolism
Role in glucose 

metabolism

Energy production from 
carbohydrate

Formation of 
hemoglobin and 
oxidative enzymes

Vitamin B12 
(cyanocobalamin)

Liver, meat, dairy products, 
oysters, sardines (not 
generally found in plant 
foods)

Formation of genetic 
materials

Development of red blood 
cells

Red blood cell 
production

Folic acid Liver, meat, fi sh, green 
leafy vegetables, orange 
juice

Formation of genetic 
materials

Maintenance of normal red 
cell production

Coenzyme in amino acid 
production

Red blood cell 
production

Pantothenic acid Meat, poultry, fi sh, grains, 
cereals, legumes, yeast 
and egg yolk

Central role in 
carbohydrate 
metabolism, fats and 
proteins

Role in nerve cell growth 
and function

Carbohydrate and fat 
synthesis

Biotin Meat, egg yolk, fi sh, nuts, 
vegetables (also formed 
in intestines by bacteria)

Synthesis of carbohydrates, 
fats and proteins

Role in nerve cell growth 
and function

Carbohydrate and fat 
synthesis

Fat soluble

Vitamin A (retinol) Liver, dairy foods, green 
leafy vegetables, fruits

Essential for normal 
growth and 
development

Essential to prevent night 
blindness

Maintenance of surface 
cells such as skin and 
lining of the gut

Antioxidant 
Prevention of red cell 

damage

Vitamin D (calciferol) Eggs, butter, liver, fi sh oil, 
fortifi ed margarine (also 
manufactured in the 
body by the action of 
sunlight on the skin)

Growth and mineralization 
of bones

Aids in absorption of 
calcium and phosphorus 
from the diet

Calcium transport in 
muscles

Vitamin E 
(alpha-tocopherol)

Wheat germ, vegetable 
oils/margarine, nuts, 
seeds, wholegrain 
products, green leafy 
vegetables

Red blood cell production
An antioxidant, may 

protect cell membranes

Antioxidant
Prevention of red blood 

cell damage
Promotion of aerobic 

energy production

Table 37.6 Vitamins: food sources, major functions and possible importance in exercise continued

continues
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Vitamin Food sources Major functions
Possible importance 
in exercise

Vitamin K Liver, meat, green leafy 
vegetables, soya beans, 
caulifl ower, cabbage

Important in the blood 
clotting mechanism

Facilitates action of 
some bone and kidney 
proteins

Nil known

Table 37.6 Vitamins: food sources, major functions and possible importance in exercise continued

Table 37.7 Minerals: food sources, functions and possible importance in exercise

Mineral Some food sources Some major functions Possible importance

Macronutrients

Calcium Milk, cheese, yoghurt, green leafy 
vegetables, canned fi sh, sesame 
seeds

Bone structure
Blood clotting
Transmission of nerve 

impulses
Muscle contraction

Muscle contraction
Glycogen breakdown

Chlorine Common table salt Maintenance of electrolyte 
and fl uid balance

Magnesium Most foods, especially wholegrain 
products, green leafy 
vegetables, fruits and other 
vegetables

Involved in regulation of 
protein synthesis, muscle 
contraction and body 
temperature regulation

Essential cofactor in most 
energy production 
pathways

Muscle contraction
Glucose metabolism

Phosphorus Milk, poultry, fi sh and meat Formation of bones and teeth 
(with calcium)

Essential to normal 
functioning of B group 
vitamins

Important role in the fi nal 
delivery of energy to all 
cells, including muscle, in 
the form of ATP

Formation of ATP 
and creatine 
phosphokinase

Release of oxygen from 
red blood cells

Potassium Abundant in most foods, 
especially meat, fi sh, poultry, 
cereals, oranges, bananas, fresh 
vegetables and milk

Muscle function
Nerve transmission
Carbohydrate and protein 

metabolism
Maintenance of body fl uids 

and acid–base balance of 
blood

Nerve transmission
Muscle contraction
Glycogen storage

Sodium Table salt, soy sauce, seafoods, 
dairy products, yeast spread

Important co-role with 
potassium to carry out 
functions mentioned above

Nerve impulse 
transmission

Water balance

Micronutrients

Chromium Traces in meat and vegetables Functions with insulin to help 
control glucose metabolism

Glucose metabolism

continues
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importance in exercise of the diff erent vitamins and 
minerals, respectively.

The B complex vitamins

Th e B complex vitamins—thiamin (B1), ribofl avin (B2), 
niacin, pyridoxine (B6), cyanocobalamin (B12), panto-
thenic acid, folate and biotin—combine to ensure 
proper digestion, muscle contraction and energy 
release. Because of the key role of these vitamins in 
energy metabolism, many athletes will supplement 
their diets with these vitamins.

Although requirements for some of the B complex 
vitamins may be increased during exercise, there is 

limited evidence to support any benefi ts of supple-
mentation of these vitamins. In most cases, it appears 
that requirements may be met through the increased 
food intake of athletes in heavy training. More research 
is needed in this area.

Vitamin C

Although studies on the eff ect of vitamin C supple-
mentation on performance have been contradictory, 
supplementation with vitamin C is extremely popu-
lar with both athletes and non-athletes. Vitamin C 
defi ciency will aff ect the work capacity of athletes. 
Strenuous exercise may cause increased need for this 

Mineral Some food sources Some major functions Possible importance

Cobalt Meat, liver, milk, green leafy 
vegetables

Component of vitamin B12

May help prevent anemia and 
nervous system disorders

Copper Meat, vegetables, fi sh, oysters, 
drinking water from copper 
pipes

Component of many enzymes
Role in hemoglobin formation

Oxygen transportation 
and utilization

Linked with iron

Fluoride Water supplies, tea and some 
small fi sh

Prevention of tooth decay
Possible role in prevention of 

osteoporosis

Iodine Iodized salt, seafood Component of thyroid 
hormones that regulate 
metabolic rate

Iron Liver, heart, lean red meat, dried 
apricots, kidney beans and 
green leafy vegetables

Formation of compounds 
essential to the transport 
and utilization of oxygen

Oxygen transport by red 
blood cells

Muscle metabolism

Manganese Wholegrain cereals, green leafy 
vegetables, wheat germ, nuts, 
bananas

Involvement in bone 
structure and nervous 
system activity

Cofactor in carbohydrate 
metabolism

Energy metabolism

Molybdenum Liver, legumes, wholegrains Component of certain 
enzymes

Selenium Mainly high-protein foods, 
wholegrain products

Component of antioxidant 
enzyme helping to protect 
cells from oxidation by free 
radicals of oxygen

Zinc Meat, eggs, liver, oysters, 
wholegrain products, legumes

Component of many enzymes
Aids in wound healing
Growth
Cofactor in protein and 

carbohydrate metabolism

Energy production in 
muscle cells

Cadmium, nickel, 
silicon, tin, 
vanadium

In most animal and plant foods Uncertain Uncertain

Table 37.7 Minerals: food sources, functions and possible importance in exercise continued
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vitamin, and there is an interest in the role of vitamin 
C as an antioxidant. An adequate intake of foods 
rich in vitamin C such as fresh fruit and vegetables 
is recommended.

Fat-soluble vitamins (A, D, E and K)

Th ere have been very few studies of the relation-
ship between the fat-soluble vitamins A and D and 
physical performance. To date, there appears to be 
no biological rationale to supplement vitamin A or 
D in athletes. Vitamins A and E are believed to act 
as antioxidants, although more research is required 
in this area. Vitamin E supplementation may play a 
potential role in helping to maintain red blood cells 
intact during exercise and may also assist muscle 
recovery following strenuous exercise.

Iron

Iron defi ciency is a common problem among athletes, 
particularly female endurance athletes. True iron 
defi ciency should not be confused with the dilutional 
pseudo-anemia associated with exercise and referred 
to as ‘sports anemia’.17 A number of factors may con-
tribute to the development of iron defi ciency.

Inadequate intake

Th e RDIs of iron for diff erent population groups are 
shown in Table 37.8. Th e RDI of iron for menstruat-
ing females is considerably higher than for males. 
Th ere are no specifi c RDIs for athletes, however, it is 
generally considered that regular activity may increase 
daily iron requirements signifi cantly. Females with 
low energy intakes, commonly those concerned about 
weight gain, are susceptible to inadequate dietary 
intakes of iron. Th e average Western diet supplies 

approximately 6–7 mg of iron per 4.2 MJ (1000 kcal). 
Energy intakes of 8.4 MJ (2000 kcal) or less may result 
in inadequate iron intake unless special measures 
are taken.18

Increased loss

Increased iron loss may occur at a number of sites 
in athletes. Blood loss from the gastrointestinal 
tract is common in athletes. Usually this is present 
in small amounts and not noticeable in the feces; 
however, accumulated losses may be considerable. 
It is uncertain whether this gastrointestinal blood 
loss is due to jarring of the colon associated with 
running or ischemic damage resulting from diver-
sion of blood from the gut to the exercising muscles 
(Chapter 47).

Blood is also lost through the urine of athletes, 
especially distance runners. Th e bleeding usually 
occurs in the wall of the bladder, either due to a jarring 
eff ect from running or the stress of exercise.

Direct trauma to the muscles of the foot while 
running may also lead to destruction of red blood 
cells and subsequent iron loss. Minute amounts of 
iron (0.1–0.2 mg/L) are also lost in sweat. It is unlikely 
that this loss would make a signifi cant contribution 
to iron defi ciency.

Decreased absorption

Inadequate absorption of iron may also contribute 
to iron defi ciency. Th e two forms of iron—heme 
and non-heme—have considerably diff erent rates of 
absorption. Heme iron is found in all meat, poultry 
and fi sh, as well as liver and kidney. Up to 20% of 
heme iron is absorbed. Non-heme iron is found in 
nuts, legumes, cereals, leafy green vegetables and 
dried fruit and is less well absorbed. Vegetarians and 
other athletes who have low intakes of heme iron are 
susceptible to iron defi ciency because of inadequate 
absorption. Ingested iron may combine with other 
substances to form complexes that are virtually 
insoluble and therefore poorly absorbed. Examples 
of these substances are phytic acid (found in cereal 
fi ber) and tannins (found in tea).

A physiological response to insuffi  cient iron intake 
is enhanced iron absorption. Iron-defi cient endurance 
athletes, however, have decreased absorption rates 
compared with sedentary, iron-defi cient control sub-
jects. Th is suggests that exercise may impair absorp-
tion, perhaps due to reduced gut blood fl ow.

Stages of iron defi ciency

Th e initial stage of iron defi ciency is characterized by 
depletion of body iron stores. A sensitive indicator of 

Table 37.8 Recommended daily intakes of iron

Age group (years) Iron (mg)

Children
 4–11 6–8

Adolescents
 12–18 10–13

Men
 19–64
 > 64

7
7

Women
 19–menopause
 Postmenopausal
 Pregnancy

12–16
5–7

+10–20
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iron defi ciency in adults that is unaff ected by a range 
of infectious and infl ammatory conditions is soluble 
transferrin receptor (sTfR) levels. Th e normal range 
for soluble transferrin receptor is 3–9 mg/L and this 
level can rise three- to fourfold in iron defi ciency. Th e 
traditional measure of iron stores, serum ferritin, is 
aff ected by physical activity and infl ammation, so the 
soluble transferrin receptor test may prove to be the 
more sensitive and clinically useful test over time.

Th e development of iron-defi ciency anemia is 
characterized by hemoglobin levels of less than 
130 g/L (8 mmol/L) in males and less than 110 g/L 
(6.8 mmol/L) in females. Anemia is much less com-
mon in athletes than iron depletion.

Eff ect of iron defi ciency on performance

Iron-defi ciency anemia has a marked eff ect on ath-
letic performance because reduced hemoglobin 
levels decrease the transport of oxygen to exercising 
muscles. In these circumstances, the athlete is likely 
to complain of tiredness, lethargy and poor perform-
ance and may appear pale.

While the eff ect of iron-defi ciency anemia on 
performance is clear-cut, the eff ect of the depletion 
of body iron stores as indicated by lowered serum 
ferritin levels is less well understood. Studies have 
shown that tiredness is reduced and performance 
appears to be enhanced when serum ferritin levels 
return to normal aft er increased iron ingestion.

A possible explanation of the detrimental eff ect on 
athletic performance lies in the role of iron in energy 
metabolism. Iron defi ciency results in decreased 
concentrations of the iron-containing enzyme, alpha-
glycerophosphate oxidase, an enzyme involved in 
energy metabolism. Iron is also involved in energy 
metabolism through the cytochromes and the enzymes 
catalase, peroxidase, pyruvate-malate oxidase and 
xanthine oxidase.

Low serum ferritin levels are common in sports-
people. Female endurance athletes appear to be 
particularly susceptible, especially if they do not eat 
red meat.

Guidelines to ensure adequate iron intake

The iron content of common foods is shown in 
Table 37.9 (also available as a downloadable PDF 
at <www.clinicalsportsmedicine.com>). Ingestion 
of non-heme iron in conjunction with foods rich in 
vitamin C (e.g. citrus and tropical fruits, tomatoes, 
capsicums, parsley as well as fruit and vegetables 
juices) increases the absorption of iron (see box).19 
Eating meat at the same time as non-heme forms of 
iron increases the absorption of the non-heme iron.

Occasionally, iron supplementation will be required 
in those athletes who continue to be symptomatic 
and are unable to elevate their serum ferritin levels 
to normal. Th is can be achieved orally or occasionally 
via intramuscular injection (clinicians should remain 
alert to possible anaphylaxis). Th ose susceptible to 
low iron levels should have their serum ferritin levels 
monitored as frequently as semi-annually.

Calcium

Calcium is essential for healthy bones, blood clotting, 
nerve transmission, muscle contraction and enzyme 
activation. Th e skeleton contain 99% of the body’s 
calcium and the remaining 1% is distributed in mem-
brane structures, soft  tissues and body fl uids.

Along with heredity, physical activity and hor-
mones, calcium plays an important role in bone 
metabolism. Th e most important period for calcium 
intake is childhood and adolescence.20 Th e RDIs of 
calcium are shown in Table 37.10.

Adequate calcium intake is essential to maintain 
bone mass. As calcium is a ‘threshold nutrient’ (i.e. 
a certain level is needed and beyond that no further 
benefi t is obtained) many women with a normal diet 
have adequate intakes.21 However, with aging, gastro-
intestinal absorption is reduced and, particularly in 
women 10 or more years postmenopausal, calcium 
supplementation has been shown to improve bone 
health.22 Ammenorheic athletes may also benefi t 
from supplementation although it must be remem-
bered that the fundamental clinical limitation among 

Guidelines to increase body iron 
stores19

1. Eat (even small amounts of ) lean red meat 
regularly (three to four times per week).

2. Eat liver and kidney.
3. Eat skinless poultry (particularly with dark 

fl esh) and fi sh.
4. Include foods or drinks rich in vitamin C with 

each meal.
5. Increase consumption of wholegrain breads 

and iron-enriched breakfast cereal.
6. Vegetarian athletes need to pay particular 

attention to including plenty of iron-dense 
foods along with foods rich in vitamin C.

7. Avoid drinking tea with meals.
8. Do not take iron supplements unless 

instructed to do so by your medical 
practitioner or dietitian.

Brukner-C-37_39.indt   699Brukner-C-37_39.indt   699 5/6/06   11:38:32 AM5/6/06   11:38:32 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL700

PART C ENHANCING SPORT PERFORMANCEC

Table 37.9 Iron, magnesium and zinc content of common foods

Food Amount Magnesium (mg) Iron (mg) Zinc (mg)

Beef, fi llet steak, grilled, lean 100 g 22 4.1 4.5

Lamb, chump chop, grilled, lean 100 g 29 3.5 4.8

Chicken, breast, baked, lean 100 g 23 0.9 1.7

Pork, boneless, cooked, lean 100 g 22 1.4 3.1

Veal, boneless, cooked, lean 100 g 23 2.1 3.8

Beef, liver, simmered 100 g 24 6.5 5.3

Pate, liver 30 g 5 2.8 1.1

Fish, steamed 100 g 31 0.4 0.7

Oyster, raw ½ dozen 30 2.3 38.7

Scallop, raw 6 average 17 0.6 2.1

Crab, boiled 100 g 27 1.0 9.1

Sardine, canned in oil, drained 6 whole 54 2.4 1.6

Tuna, canned in brine, drained 100 g 27 1.3 1.2

Salmon, canned in brine 100 g 25 1.7 2.1

Egg, whole, hard-boiled 1 medium 5 0.9 0.4

Broccoli, boiled 1 cup 32 1.5 1.0

Zucchini, green skin, boiled 1 cup 22 0.9 0.5

Spinach, English, boiled 1 cup 94 4.4 0.9

Silverbeet, boiled 1 cup 28 2.5 0.6

Pea, green, boiled 1 cup 35 1.8 1.3

Bean, green, boiled 1 cup 24 1.5 1.1

Lettuce, common, raw 2 leaves 8 0.6 0.2

Muesli fl akes 1 cup 33 6.9 0.5

All Bran 1 cup 184 5.6 3.5

Weeties 1 cup 110 3.2 1.2

Bread, wholemeal 1 slice 18 0.7 0.4

Crispbread, rye 2 biscuits 13 0.5 0.3

Rice cakes 1 serve 44 0.4 0.8

Baked beans, canned in sauce 1 cup 68 4.4 1.4

Lentils, boiled 1 cup 53 4.2 1.9

Cashew nuts, roasted 30 g 75 1.4 0.6

Peanuts, raw 30 g 48 0.7 0.9

Sesame seeds 15 g 51 0.8 0.8

Rice, brown, boiled 1 cup 88 0.9 1.6

Pasta, wholemeal, boiled 200 g 78 3.6 1.2

Source: Nutlab 95. Canberra: Australian Government Publishing Service, 1995.

Brukner-C-37_39.indt   700Brukner-C-37_39.indt   700 5/6/06   11:38:33 AM5/6/06   11:38:33 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 701

CHAPTER 37 MAXIMIZING SPORTING PERFORMANCE: NUTRITION 37

those athletes is total energy nutrition, not lack of 
calcium per se.

Th e richest sources of calcium in the Western diet 
are dairy products. Th e calcium content of common 
foods is shown in Table 37.11. Certain factors such as 
fi ber, excessive salt or protein, caff eine or phosphorus 
tend to impair calcium absorption.

Some athletes avoid dairy products because of 
the perceived high fat content. However, most dairy 
products are now available in a low-fat form. In those 
athletes who are unwilling or unable to meet the RDI 
of calcium through food, calcium supplementation 
may be necessary. Salt and caff eine intake should be 
decreased to increase calcium retention.

Magnesium

Magnesium is present in the body in relatively large 
amounts. It may have a role at the cellular level aff ect-
ing glucose metabolism in muscle and muscle contrac-
tion characteristics. During prolonged exercise, the 
serum magnesium concentration may decrease. Th ere 
has been some concern that low serum magnesium 
levels during exercise could be due to excessive loss 
through sweating.

Th ere is limited evidence that additional mag-
nesium is of benefi t to sporting performance. Th e 
magnesium content of common foods is shown in 
Table 37.9.

Zinc

Zinc has several important functions that may be 
associated with sporting performance. It is involved 
in all phases of growth and development, as well as 
in nutrient metabolism and energy production in 
the muscle cell.

Maintaining adequate zinc stores is important 
as losses may be increased in strenuous exercise. 
High-carbohydrate diets also tend to be lower in 

Table 37.10 Recommended daily intakes for calcium

Age group (years) Calcium (mg)

Children
 4–7 800

Boys
 8–11
 12–15
 16–18

800
1200
1000

Girls
 8–11
 12–15
 16–18

900
1000

800

Men
 19–64
 >64

800
800

Women
 19–54
 >54

800
1000

Pregnancy +300

Lactation +400

Amenorrheic athletes 1200–1500

Table 37.11 Some foods that contain over 200 mg of calcium per usual serve

Food Amount Energy (kJ) Energy (kcal) Calcium (mg)

Milk, whole 250 mL 700 170 294

Milk, skim 250 mL 380 90 319

Milk, low-fat 250 mL 540 129 356

Yoghurt, low-fat, natural 200 g 450 107 420

Yoghurt, natural 200 g 610 145 340

Yoghurt, fl avored/fruit 200 g 810 193 360

Cheese, cheddar 35 g 590 140 270

Cheese, low-fat 35 g 480 115 280

Cheese, parmesan 35 g 650 160 400

Salmon, pink, canned in brine 100 g 720 170 310

Soy beverage, fortifi ed 250 mL 650 155 290

Source: Nutlab 95. Canberra: Australian Government Publishing Service, 1995.
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zinc. Th e zinc content of common foods is shown 
in Table 37.9.

While zinc defi ciency impairs sporting perform-
ance, there is no evidence that supplementation 
will benefi t the athlete. Side-eff ects of prolonged 
zinc supplementation include reduced high-density 
lipoprotein cholesterol levels (and increased risk of 
coronary heart disease) and interference with iron 
absorption, possibly leading to anemia.

Selenium

Selenium is a trace mineral that functions with vita-
min E as an antioxidant. It is thought to play a role 
in muscle performance. Due to its possible toxicity, 
supplementation is not recommended.

Chromium

Chromium is an important factor in blood glucose 
homeostasis. Insulin resistance and hyperinsulinemia 
have been associated with low chromium status. Chro-
mium supplementation is frequently used by individu-
als in an attempt to control blood glucose levels and for 
weight loss, however, research has yet to indicate any 
true benefi ts. Chromium picolinate has been promoted 
as an ergogenic aid for muscle development; however, 
these claims are, to date, unfounded.

Vitamin and mineral supplements

Th is topic is discussed in Chapter 38.

Maintaining adequate 
hydration
Water constitutes approximately 60% of the human 
body. It is an integral part of cells—required for 
lubrication, elimination of body waste and for the 
transportation of nutrients and gases throughout 
the body. Adequate hydration is essential for optimal 
athletic performance. Th e role of water is to:

1. Maintain blood volume. Inadequate fl uid intake 
may result in a reduced blood volume and 
therefore a lower stroke volume.

2. Regulate body temperature. Exercise 
produces large amounts of heat, which must 
be eliminated from the body in order to 
maintain an appropriate body temperature. 
Th e body controls its own core temperature by 
transferring heat from muscle to the circulating 
blood. As the body core temperature increases, 
blood fl ow to the skin also increases. In 

moderate temperatures, this allows heat to be 
transferred to the environment by convection, 
radiation and, especially, evaporation through 
sweat (Chapter 53).

In warm-to-hot environmental conditions, the 
body must also dissipate heat absorbed externally in 
addition to that produced internally. In the absence 
of convection and radiation, the body must rely solely 
on the evaporation of sweat to regulate body core 
temperature. Adequate fl uid intake is, therefore, vital 
to compensate for fl uid lost through evaporation of 
sweat to prevent dehydration.

Clinical perspective

As water losses increase to 3–4% of body weight, 
athletic performance is impaired, urinary output is 
reduced and symptoms include dry mouth, fl ushed 
skin, nausea and lethargy. Fluid losses of 5–6% of 
body weight increase pulse rate and respiratory rate 
and aff ect concentration. Dizziness, weakness and 
mental confusion are associated with a fl uid loss of 
approximately 8% of body weight. Prolonged physical 
activity in hot conditions may result in up to 3 L of 
fl uid being lost per hour through sweat.

Th e most practical method of ensuring adequate 
fl uid replacement, during and aft er exercise, is through 
regular assessment of body weight, especially early in 
the training program and in hot weather (Chapter 53). 
Monitoring urine color and volume is another useful 
method of assessing hydration, however, results must 
be interpreted with caution as a range of factors may 
infl uence these parameters. With increasing dehydra-
tion, urine becomes scant, more concentrated and 
appears darker.

Sports drinks

How quickly an individual rehydrates is determined 
by a number of factors, including the composition, 
volume and possibly temperature of the replacement 
fl uid.23 For any sports drink to be eff ective, it must 
leave the stomach quickly and be absorbed rapidly.

Many sports drinks contain carbohydrates in 
the form of glucose, fructose or a glucose polymer. 
Glucose solutions of less than 10% concentration 
appear to empty from the stomach quickly, while 
concentrations greater than 10% may inhibit gastric 
emptying. Glucose polymers (long chains of simple 
sugars linked together) may empty from the stomach 
at a faster rate than simple glucose and allow a greater 
amount of carbohydrate to be consumed. Th e ideal 
carbohydrate concentration is 4–8%.
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Fructose appears to empty from the stomach rela-
tively quickly; however, it is not absorbed from the 
small intestine as quickly as glucose. Large amounts 
may cause gastrointestinal distress and osmotic 
diarrhea.

In addition to carbohydrate, many sports drinks 
contain minerals, such as sodium, potassium, chlor-
ide and magnesium. Th e addition of sodium may 
be of benefi t as it enhances fl uid absorption in the 
small intestine. Sodium is also believed to enhance 
rehydration by reducing diuresis to promote main-
tenance of plasma osmolality and maintaining thirst. 
Th e level of sodium normally found in sports drinks 
ranges from 10 to 30 mmol/L. Low serum sodium 
levels (hyponatremia) have been reported in athletes 
involved in ultraendurance events who consumed 
large volumes of plain water or drinks with low sodium 
chloride content in conjunction with sodium losses 
through sweat. Losses of other electrolytes in sweat 
are relatively small and may be easily replaced by a 
balanced diet.

Drinking before exercise

Th e ideal fl uid to consume prior to exercise depends on 
the time remaining before exercise and the likely dura-
tion of the exercise. Water may be consumed at any 
time prior to exercise. Th e ingestion of carbohydrate-
containing beverages in the hours prior to exercise 
may provide an additional energy source. Th e vol-
ume tolerated is specifi c to individuals and specifi c 
needs, however, a large drink (300–500 mL) in the 
10–15 minutes before activity may help to stimulate 
gastric emptying.

Drinking during exercise

Drinking carbohydrate–electrolyte replacement fl uid 
during training and competition enhances perform-
ance in endurance activities that last more than 
60 minutes. Where possible, athletes should aim to 
replace at least 80% of fl uid loss: 150–200 mL of cold 
fl uid should be consumed every 10–15 minutes. For 
the athletes with high fl uid losses it may be diffi  cult 
to replace fl uid at a rate that matches losses and a 
certain level of dehydration may be unavoidable. 
Cooler fl uids are generally more palatable and help 
to lower body core temperature. Warmer fl uids may 
be used when exercise is carried out in cool environ-
ments. It is important to remember that thirst is not 
an accurate guide to hydration status.

Carbohydrate–electrolyte fl uids may be particularly 
useful for day-long, multiple-event competitions in 
which there is inadequate time between events to 

replenish carbohydrate stores by eating solid foods. 
In this case, athletes should consume a dilute (4–8%) 
carbohydrate fl uid at regular intervals, starting at most 
30 minutes into the exercise. During short events, 
cool water is adequate.

Rehydration after exercise

For athletes undertaking moderate exercise in moder-
ate temperature, cool water is an excellent post-exercise 
drink. Sweetened beverages may stimulate thirst and 
increase the amount of fl uid consumed. Th e need for 
fl uid replacement aft er exercise can be estimated by 
monitoring weight loss during the activity.

Athletes training each day at high intensities or 
at high temperatures may suff er from a prolonged 
state of dehydration. Drinking beverages containing 
sodium may help rehydrate these athletes. Sodium 
increases thirst and reduces fl uid excretion. Carbo-
hydrate–electrolyte beverages such as sports drinks 
generally contain suffi  cient sodium for this purpose. 
Oral rehydration solutions with a sodium content of 
more than 50 mmol/L may be useful for athletes with 
large fl uid defi cits, particularly if the next exercise 
session is not far away.

In addition to sodium, athletes in hard training 
should aim to ingest carbohydrate aft er the cessa-
tion of exercise. A practical, easily absorbed source 
of carbohydrate is a high-carbohydrate drink (e.g. 
sports drink or soft  drink [pop]).

Caff eine

As well as the sports drinks currently available, athletes 
commonly drink beverages containing caff eine. Th ese 
include coff ee, tea, cocoa, cola and energy drinks. It 
has been suggested that the use of caff einated drinks 
by endurance athletes increases the utilization of free 
fatty acids during prolonged exercise, thus sparing 
muscle glycogen. Th is eff ect is likely to be minimal for 
elite endurance athletes as training has conditioned 
their bodies to use fatty acids maximally. In addi-
tion, the large doses of carbohydrate recommended 
for athletes prior to competition may counteract the 
eff ects of caff eine by increasing insulin levels, thus 
inhibiting fatty acid release.

Th e potential ergogenic eff ect of caff eine may be 
related to the central nervous system through an 
increase in alertness and tolerance to fatigue.

Th e adverse eff ects of caff eine on performance must 
also be considered. Anxiety, nervousness, increased 
basal metabolic rate and heat production are detri-
mental side-eff ects of large doses of caff eine. Caff eine 
may also have a mild diuretic eff ect, however, the 
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body retains much of the fl uid in caff einated fl uids. 
Individuals vary in their response to caff eine.

Alcohol

Even small amounts of alcohol impair athletic per-
formance. When advising athletes about the eff ects of 
alcohol, it is important to make them understand that 
drinking alcohol does not supply energy for exercise. 
Although a concentrated source of kilojoules, alcohol 
does not contribute to glycogen stores and, thus, does 
not fuel muscles. Drinking excessive alcohol increases 
body fat. Th e diuretic eff ect of alcohol also impairs 
athletic performance as it promotes dehydration. Aft er 
competition, it is particularly important that athletes 
rehydrate adequately before consuming alcohol and 
that they consume some food to enhance recovery.

Guidelines that team clinicians have found use-
ful in guiding sportspeople on the use of alcohol in 
sport include:

• avoid binge drinking
• avoid alcohol in the 24 hours prior to 

competition
• avoid alcohol if injured
• be aware of the dehydrating eff ect of alcohol
• be aware of the eff ect of alcohol on vasodilation/

temperature regulation
• be aware of the energy value of alcohol
• if drinking alcohol, fi rst rehydrate and then 

drink alcohol together with a nutritious meal.

Fluid intake in children and older adults

As children have a larger body surface-area-to-
weight ratio than adults, they are more at risk of 
heat injury than adults. Children also have a lower 
sweating capacity and a lower cardiac output, which 
may further reduce their ability to transfer internal 
heat to the environment. Children may also produce 
more heat during activity and take longer to acclima-
tize to warmer temperatures (see also Chapter 40). 
Although previous guidelines recommend children 
ingest 300–400 mL of fl uid prior to exercise and 
100 mL of fl uid every 20 minutes while active, there 
is a contemporary recognition that overdrinking is 
not to be encouraged and could cause harm. Th us, 
children, like adults, should drink ‘ad libitum’ (as 
they feel thirsty).

As the ability to cope with heat stress is reduced 
with age, older adults have diminished thermoregula-
tory function. Th ey tend to respond less to thirst than 
younger athletes and subsequently drink less than they 
need to. Th ey may also have reduced sweat volumes.

The eff ect of ‘making weight’ on fl uid status

Some sports, particularly those with weight limits, 
require special consideration. In sports such as wres-
tling, boxing, lightweight rowing and martial arts, fl uid 
deprivation is frequently used to achieve a lower than 
normal body weight. In addition to withholding fl uids 
in the days prior to the event, athletes oft en also take 
diuretic tablets, wear sweat suits during training and 
take saunas to further deplete body fl uid levels.

Th ese practises may reduce muscle strength, impair 
body temperature regulation, decrease blood fl ow to 
the kidneys and, thus, decrease work performance. 
Th e few hours from weigh-in to competition may 
be insuffi  cient time to re-establish fl uid and electro-
lyte balance. To prevent the need to reduce body 
weight rapidly prior to competition, athletes should 
be encouraged to practice safe methods of reducing 
body fat levels in the weeks leading up to the event. 
Reducing weight by minimizing body fat stores 
will be more advantageous than reducing weight 
by dehydration. Athletes in weight-limited sports 
require regular dietary monitoring to ensure they 
optimize their energy levels while remaining under 
the weight limit.

Optimizing the 
pre-competition meal
A number of dietary techniques can aid performance. 
Th ese techniques vary depending on the duration of 
the competition and subsequent fuel requirements.

Endurance sport

Inadequate glycogen may limit performance in endur-
ance events lasting more than 1–1.5 hours but appro-
priate training and dietary manipulation can double 
the capacity of muscle to store glycogen. Training 
also increases reliance on fat as an exercise fuel, thus 
sparing glycogen stores.

Carbohydrate loading

Carbohydrate loading is widely used in various forms. 
Sports dietitians recommend that early in the week 
prior to competition athletes maintain a normal 
moderate-to-high carbohydrate diet as training 
gradually tapers. Th is will maintain steady levels of 
muscle glycogen. In the three to four days prior to 
competition, training is reduced even further and 
traditionally the carbohydrate content of the diet has 
been recommended to increase to 70–80% of the total 
intake simultaneously. Recent research indicates that it 
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may be possible to achieve adequate muscle glycogen 
with increased carbohydrate intake for only 24 hours 
prior to competition. Carbohydrate loading appears 
to be most eff ective in trained athletes competing 
in events lasting longer than 60–90 minutes or in 
multiple-event competitions.

Short duration events

In shorter duration events of up to 1 hour it is unlikely 
that the body’s glycogen stores will be exhausted. 
Nevertheless, it is important to maximize glycogen 
stores prior to competition. Training will already 
have built up the athlete’s capacity to store glycogen. 
In the 24–36 hours before the event, training should 
be reduced while maintaining a normal training diet 
with emphasis on high carbohydrate intake.

Carbohydrate loading is not indicated for short 
duration events and may be a disadvantage for short, 
high-speed, explosive events in which excessive weight 
is a penalty. As much as 1.5 kg may be gained because 
of the water associated with glycogen storage during 
carbohydrate loading.

Bicarbonate loading

Bicarbonate loading is a nutritional technique used 
by some athletes performing high-intensity anaerobic 
activity such as an 800 m run or a 200 m swim.

Th e bicarbonate buff er system controls blood pH 
tightly during exercise. Intense exercise produces lactic 
acid, which causes fatigue and impairs performance. 
Sodium bicarbonate, an alkaline salt found in the 
blood, buff ers lactic acid. Th us, athletes have used alka-
line salts such as sodium bicarbonate (baking soda) 
in an attempt to improve performance in anaerobic 
type events. Alkaline loading does not appear to aff ect 
Vo2max, heart rate or strength but has been shown 
to improve maximal performance during repeated 
short-term anaerobic tasks during training.

Th is positive eff ect has been noted with athletes 
consuming between 200 and 300 mg/kg of body weight 
of sodium bicarbonate. Side-eff ects are commonly 
associated with these dosages. Th ese include nausea, 
vomiting, fl atulence, diarrhea and muscle cramps.

Bicarbonate loading should not be attempted for 
the fi rst time in an important competition. Th e eff ect 
of bicarbonate loading varies considerably between 
individuals and should be tested out in a training 
situation prior to use in competition.

Competition diet between events

Some sports require an athlete to compete several 
times a day (e.g. track and fi eld, swimming). In these 

situations, the main nutritional priority is to replace 
fl uids and replenish glycogen stores between events. 
If there is a time span of 2–3 hours between events, it 
will be possible to eat as well as drink. Th e advantage 
of eating solid foods is not only to restore glycogen but 
also to combat hunger. If the time between events is 
too short to consume solids, carbohydrate-containing 
fl uids should be the priority. Liquid meals may also 
be useful in these situations, particularly if the athlete 
experiences pre-competition nerves.

The pre-event meal

Th ere is no magic food or meal, which, if ingested prior 
to competition, will ensure success. Energy utilized 
during training or competition comes predominantly 
from foods consumed in the days prior to the event. 
However, in long duration, continuous activity, the 
pre-event meal makes an important contribution to 
energy stores. Th e pre-event meal will contribute little 
to muscle glycogen stores; nevertheless, it needs to be 
composed largely of carbohydrates to ensure adequate 
liver glycogen and blood glucose levels. For pre-event 
meals to be easily digested and quickly cleared from 
the gastrointestinal tract, the fat and fi ber content 
should be kept low.

Th e timing of the pre-event meal is important. It 
is recommended that food be consumed at least 2–3 
hours prior to competition to allow gastric emptying. 
Although the pre-event meal should be light and easily 
digested, it should be satisfying to prevent the onset 
of hunger and weakness during the event. A solid 
or liquid meal providing 1–4 g/kg of carbohydrate 
is recommended. Choices from within the ‘athletes 
menu’ section below are all appropriate as elements 
of a pre-game meal.

Th ere is confl icting evidence regarding the eff ect of 
the GI of the pre-exercise meal on sustained energy 
levels and performance. Th e most important aspect 
is the total amount of carbohydrate consumed before 
and during exercise.

One of the most important considerations of the 
pre-event meal is the psychological aspect. Th e meal 
should be familiar, enjoyable and well tolerated. Th e 
pre-event meal is not an appropriate time to experi-
ment with new foods. Athletes should experiment 
with diff erent meal sizes and types during training to 
determine which type of meal is most appropriate.

The athlete’s menu

Variety and taste are important factors infl uencing 
an athlete’s ability to adhere to a high-carbohydrate, 
low-fat diet. Some tasty meal suggestions consistent 
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with the guidelines discussed in this chapter are listed 
in the box below.

very small. Maximizing performance with the use of 
these nutritional techniques can give an athlete the 
edge over his or her rivals.
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Clinicians are increasingly faced with requests 
by athletes and recreational sportspeople about 

the potential performance-enhancing benefi ts of 
supplements. Many sportspeople take supplements 
without discussing this with a clinician. As the array 
of supplements available is large, it is diffi  cult for 
clinicians to remain up to date with the latest trends 
in this fi eld.

Th is chapter aims to highlight the extent of supple-
ment use and, thus, provide clinicians with practical 
background information that will aid in counseling 
athletes regarding categories of supplements in vogue 
in 2006/2007. We also provide website links that are 
likely to provide regular updates and we will update 
this time-sensitive chapter on our website <www.
clinicalsportsmedicine.com>. Because dietary sup-
plements are oft en cited as causes of ‘inadvertent’ 
positive drug tests, the chapter closes by discuss-
ing contamination of supplements—a category of 
compounds that does not undergo the same level of 
quality control that is applied to pharmaceuticals. 
Th is chapter complements material in Chapters 37 
and 61.

Extent of use of supplements 
among sportspeople
Although it is impossible for clinicians to keep abreast 
of the latest and newest supplements available, sports-
people continually seek advice about supplement use. 
Th is tension is heightened by the fact that a large 
proportion of athletes use supplements. Among 
Canadian athletes who competed at the 1996 and 2000 
Olympic Summer Games in Atlanta and Sydney, 69% 
and 74%, respectively, reported using some type of 

supplement ranging from vitamins to minerals and 
from creatine to amino acids.1 Th e authors concluded 
that, ‘Widespread use of supplements, combined with 
an absence of evidence of their effi  cacy and a concern 
for the possibility of “inadvertent” doping, underscore 
the need for appropriately focused educational initia-
tives in this area’. Surveys of recreational exercisers and 
college-aged athletes have reported rates close to 85% 
for supplement use, with use of supplemental protein, 
creatine and thermogenic enhancers (ephedra, caf-
feine) being higher in younger (<30 years) exercisers 
who were more concerned with muscle mass gain.2 In 
addition, a sex-based dichotomy exists where females 
most oft en cite health as the number one reason for 
taking a supplement, whereas males cite the ability of 
a supplement to enhance speed and agility, strength 
and power, or muscle gain.3

While it may seem trite, one of the easiest ques-
tions to answer regarding supplement use for athletes 
is perhaps the most salient: ‘Does this stuff  work?’. By 
‘work’ most athletes are asking whether it enhances 
either health, performance or, in some cases, immune 
function. Insofar as performance is concerned, how-
ever, athletes seem to overlook the fact that any sup-
plement that has the potential to be ergogenic will 
be, or perhaps has already been, banned by sports 
regulatory agencies. Despite this and the evidence 
for their effi  cacy being, at best, questionable, certain 
supplements remain relatively popular due to the 
promise of enhancing performance.

As sportspeople have not been trained to appre-
ciate ‘levels of evidence’, personal testimonies of 
‘stars’ carry great weight; thus, advice from other 
athletes on the latest and greatest supplement can 
strongly infl uence athletes’ decisions. Th e Internet 
and coaches’ opinions are also important sources 

CHAPTER 
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of information on supplement use. Th e axiom that 
a certain supplement ‘works for me!’ is also an oft -
heard statement from athletes. Sadly, the supplement 
user fails to consider the answer to the question of 
whether an athlete has had success because of, or in 
spite of, taking a supplement.

Some evidence exists to support the thesis that 
the nutritional habits of many supplement users are 
oft en suboptimal. Th is suggests room for improved 
performance via appropriate nutrition as outlined in 
Chapter 37 and by attention to appropriate recovery 
(Chapter 7). In addition, athletes quite oft en report 
that they take supplements (particularly those of 
vitamins and minerals and sometimes amino acids/
protein) to ‘ensure that they are getting enough’.2, 3 
Athletes are woefully under-informed about supple-
ments; thus, if clinicians have a sound foundational 
knowledge about key categories of supplements and 
are able to stay current with popular supplements 
they will gain trust from the athletes who seek their 
expertise. From this position of trust there may be the 
opportunity to counsel the athlete on ways to improve 
performance through appropriate nutrition, training 
(Chapter 6) and recovery (Chapter 7).

Supplements for strength 
and power sports
Supplement use by strength and power sport athletes 
typically occurs in conjunction with the perform-
ance of resistance exercise, the primary goal being 
to maximize gains in muscle mass. Th ree commonly 
used categories of supplements among those engaged 
in strength and power sports are proteins and amino 
acids, beta-hydroxy-beta-methylbutyrate (HMB), and 
various forms of male steroid hormone precursors. 
Th is chapter focuses on the fi rst two categories as the 
latter is covered in Chapter 61.

Proteins and amino acids

Proteins and amino acids are perhaps the most widely 
used supplements by strength and power sport ath-
letes. Th e rationale for their use seems reasonable; 
strength and power are a function of muscle mass and 
amino acids are the building blocks of this tissue. Most 
athletes feel that very high protein intakes (2–3 g/kg 
per day) are required to build and maintain muscle 
mass. Although it is known that insuffi  cient protein 
intake will limit muscle growth and repair, there is 
little evidence to support recommending protein 
and/or amino acid supplements to athletes already 
eating a well-balanced diet.

Th e current recommended daily allowance (RDA) 
for protein is 0.8 g/kg per day; however, the RDA 
does not take physical activity into account. Studies 
examining nitrogen balance in athletes (used as an 
index of protein requirements) have suggested that 
individuals engaged in strength training may require 
slightly higher protein intakes (1.2–1.7 g/kg per day) 
than sedentary individuals.4 While it is likely to be 
true that novices require slightly higher protein 
intakes than the RDA, considerable evidence exists 
to suggest that dietary protein requirements may 
be reduced following resistance training.5 Indeed, it 
appears that with training individuals become more 
effi  cient in their protein utilization. Th us, most athletes 
who train regularly are probably already consuming 
suffi  cient protein in their diet to meet any increased 
protein requirement that may exist as a consequence 
of their activity.6

Athletes are likely to ask clinicians about the bene-
fi ts of supplementing with specifi c individual amino 
acids such as glutamine, leucine, lysine, arginine 
and ornithine. Glutamine is an amino acid that is 
purported to support immune function and also 
increase muscle growth. Evidence to support either 
eff ect is completely lacking, however. A very thorough 
review of glutamine’s potential effi  cacy in support-
ing enhanced immune function with exercise found 
that the balance of evidence showed no eff ect of 
the amino acid on any aspect of immune function.7 
Glutamine’s other touted role as a ‘cell volumizer’ or 
an ‘anticatabolic’ agent to enhance muscle mass gains 
with resistance exercise is also without good evidence, 
at least in healthy persons.7

Th e branched-chain amino acids (BCAA: leucine, 
isoleucine, valine) are oft en used by power sport 
athletes as anabolic agents and by many classes of 
athletes as agents to combat central fatigue and 
‘improve focus’. Th ere is no good evidence to suggest 
that supplemental BCAAs (leucine as an individual 
branched chain has been the most commonly studied) 
serve as potential anabolic growth promoters, at least 
not in a chronic sense of promotion of muscle hyper-
trophy.8 However, there are observations in humans 
and animals that BCAAs and leucine in particular 
are acutely anticatabolic and have potential anabolic 
properties.9 While it is highly debatable whether 
BCAA administration can combat central fatigue, 
defi ned as a loss of central drive from the motor cor-
tex resulting in muscle fatigue, most recent reviews 
of this mechanism failed to support the existence of 
such an eff ect.8–10

Growth-hormone promoting amino acids such as 
arginine and aspartate are also ineff ective. In perhaps 
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the longest supplement trial to date, male athletes 
received a daily oral dose of arginine (5.7 g) and 
aspartate (8.7 g) for a total of four weeks. No eff ects 
were observed of the supplementation regimen on 
either maximal aerobic capacity or hormone levels 
(in particular growth hormone and testosterone) 
versus a lower supplement dose or a control group.11 
Further, it is debatable whether growth hormone 
even has any muscle-specifi c anabolic properties in 
healthy humans, particularly athletes.12

While protein and amino acid supplements may 
not be necessary with respect to achieving daily 
protein requirements, these types of supplements 
may be useful to some athletes for other reasons. For 
example, consuming a protein shake or energy bar is 
very convenient. In addition, diets consisting of higher 
protein contents (normally meat) can be associated 
with higher intakes of fat; athletes trying to attain 
a certain body composition may fi nd supplements 
benefi cial in this regard.

Two recent studies highlight another potential 
benefi t of protein intakes higher than the RDA for 
athletes. Layman and colleagues13 studied overweight 
women who consumed an energy-restricted diet 
(7100 kJ [1.7 kcal] per day) designed to promote 
weight loss via ‘higher’ protein intake (1.5 g/kg per 
day) compared with a group of women consuming 
a similar energy intake but protein at the RDA level 
(0.8 g/kg per day). Ten weeks aft er beginning the diet, 
all the women had lost similar amounts of weight but 
the composition of weight loss in those consuming the 
higher protein diet was signifi cantly shift ed towards 
fat rather than lean mass loss (6.3 g fat lost/g lean 
tissue lost versus only 3.8 g fat lost/g lean tissue lost 
in those consuming the higher protein). Extending 
these fi ndings, a subsequent study showed that the 
addition of exercise to a higher protein diet resulted 
in the greatest retention of lean tissue and loss of fat 
mass compared to groups that performed similar 
exercise with lower protein intake or no exercise but 
dietary changes alone.14 A very salient point here is 
that the diets contained protein from high-quality 
sources (meat and dairy) but it was not supplemental 
in nature. Th ese two studies13, 14 highlight that a higher 
protein diet (1.5 g/kg per day) would appear to be 
benefi cial for athletes who are seeking weight loss 
since the result is greater fat loss than lean mass loss. 
Of course, most athletes consume this level of protein 
on a habitual basis.6 Th is underscores the importance 
of involving a sports dietitian with athletes whenever 
possible (Chapters 1, 37). Appropriate nutrition can 
then meet the athlete’s protein need (Chapter 37) 
without the athlete using supplements for which 

there is no evidence of benefi t. It is also noteworthy 
that many power sport athletes spend more money 
on ineff ective (and possibly counterproductive) sup-
plements each month than it would cost to benefi t 
from advice from an expert sports dietitian.

Beta-hydroxy-beta-methylbutyrate (HMB)

HMB, a metabolite of the amino acid leucine, is a 
relatively new supplement with purported ergogenic 
eff ects. HMB is thought to directly attenuate protein 
breakdown15 and contribute to cell membrane integ-
rity by acting as a substrate for cholesterol synthesis.16 
A recent meta-analysis of nine studies examining HMB 
supplementation with resistance training reported 
1.1% and 5.6% per month increases in lean body mass 
and strength, respectively, when compared to unsup-
plemented training.16 However, the ergogenic potential 
of HMB appears to be restricted to untrained individu-
als as similar increases in lean body mass and strength 
have not been observed in trained and elite athletes.17 
Further research into the potential benefi ts of HMB 
supplementation is warranted. At this time, however, 
it appears that HMB may augment muscle mass and 
strength gains in novices, with no major risks associ-
ated with its use.18, 19 A recent review serves as a good 
resource for clinicians on the subject of HMB.20

Supplements for weight-
restricted sports
Unlike strength and power athletes who strive to 
increase body mass, participants in sports such as 
distance running, martial arts, boxing, gymnastics, 
rowing and ballet generally seek to minimize body 
mass (especially fat mass) as this may benefi t per-
formance. Supplements that promise to improve fat 
oxidation can, therefore, be quite attractive to these 
athletes.

Carnitine

Carnitine is a protein involved in the transfer of fatty 
acids from the cell into the mitochondria where 
they are oxidized. Supplementation with carnitine 
improves fat oxidation in individuals with carnitine 
defi ciency, however, most healthy individuals and 
athletes are not defi cient in carnitine. Moreover, 
carnitine is readily available from the diet through 
the consumption of red meat and dairy products; in 
addition, both the liver and kidney can synthesize this 
protein. Nonetheless, supplementation with carnitine 
has been hypothesized to increase fat oxidation by 

Brukner-C-37_39.indt   710Brukner-C-37_39.indt   710 5/6/06   11:38:37 AM5/6/06   11:38:37 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 711

CHAPTER 38 MAXIMIZING SPORTING PERFORMANCE: TO USE OR NOT TO USE SUPPLEMENTS? 38

increasing the ability of the cell to shuttle fatty acids 
into the mitochondria.

Evidence supporting the efficacy of carnitine 
supplementation is equivocal at best. Only a few 
studies have found benefi cial eff ects of carnitine sup-
plementation in healthy individuals.21 However, it is 
unclear whether the acute changes in fat oxidation 
reported by such studies would translate into sig-
nifi cant weight/fat loss in the long term. In addition, 
several investigations have reported no ergogenic 
eff ect of carnitine supplementation.22, 23 Short-term 
supplementation with carnitine (4–6 g per day for 
1–2 weeks) has had no eff ect on muscle carnitine 
concentrations, whereas long-term administration 
(2 g per day for 12 weeks) has also failed to increase 
muscle carnitine concentration.24 It is possible that 
oral consumption of this protein simply results in its 
digestion and therefore the supplement never actually 
reaches its target tissue intact. 

Supplements for high-
intensity exercise
Although there are a plethora of products that are 
claimed to increase energy supply, few are supported 
by evidence. Creatine, alkaline loading and anti-
oxidants are popular supplements that are discussed 
here. Caff eine is a stimulant that can cause a positive 
doping test result; it is discussed in Chapter 61.

Creatine

Creatine is a tripeptide synthesized from the amino 
acids arginine, glycine and methionine, primarily 
in the liver. Muscle does not synthesize creatine but 
instead absorbs it from the circulation. Creatine can 
also be obtained through the diet as it is abundant in 
both fi sh and meat. In the muscle, creatine is involved 
in the phosphagen energy system where phosphocrea-
tine (PCr) is used to provide a rapid, but transient, 
source of energy during brief high-intensity bouts 
of exercise. Creatine also plays a critical role in the 
resynthesis of ATP, the energy currency of the cell.

Creatine supplementation increases both PCr and 
total creatine (TCr) in muscle tissue.25 Th e loading 
regimen is usually three or four doses of 4–5 g daily 
for the fi rst fi ve days, followed by a maintenance dose 
of 2–3 g daily thereaft er. One can also achieve the 
same relative muscle creatine content by supplement-
ing with a dose of 3–4 g per day for 30 days.26 With 
respect to resistance exercise, the increase in PCr 
should theoretically enhance the ability to perform 
work (e.g. weightlifting repetitions), which over 

the course of training should translate into greater 
strength and muscle mass gains. Some, but not all, 
studies found an increase in strength and muscle 
mass when resistance training was accompanied by 
creatine supplementation. However, the initial mass 
gains associated with creatine supplementation have 
been largely attributed to water retention.27

Th e increase in PCr associated with creatine supple-
mentation enhances short-term, high-intensity exer-
cise such as sprinting, most likely through improved 
ATP resynthesis.28 Creatine, however, does not aff ect 
endurance performance as PCr stores are quickly 
depleted within the fi rst few seconds of exercise. 
Moreover, the increased body weight caused by 
fl uid retention may actually be detrimental to the 
performance of endurance athletes. Several recent 
reviews on the effi  cacy of creatine on performance, 
using a wide variety of laboratory as well as fi eld-
based tests, have been published.16, 29 Nissen and 
Sharp16 concluded that creatine could positively aff ect 
body mass gain when the supplement and resistance 
training were combined. Th ey reported that creatine 
supplementation increased lean mass and strength by 
quite minor amounts in novice weightlift ers, more 
than the changes observed with resistance training 
alone.16 Moreover, these eff ects are likely to be much 
larger for the uninitiated insofar as weightlift ing is 
concerned because of the potential for much greater 
lean mass gain in this population compared to a 
well-trained athlete.

Similarly, Branch29 found that body composi-
tion showed a shift  towards greater lean mass gain 
with creatine supplementation while also improv-
ing repeated sprint performance and upper-body 
strength exercises. Despite these fi ndings, Branch29 
observed that laboratory tests always showed a far 
greater eff ect than did fi eld-based tests, which may 
highlight the fact that the eff ect of creatine may be 
somewhat diminished when athletes move from the 
laboratory to the fi eld. Nonetheless, creatine does 
appear to hold some promise in enhancing sprint 
performance, particularly if the task is repetitive in 
nature. At the same time, creatine is not recommended 
for athletes where the added body weight associated 
with creatine supplementation may be likely to hinder 
performance.16, 29

As with all medications and supplements, some 
individuals experience adverse eff ects with creatine 
supplementation. Th ese can include gastrointestinal 
discomfort, nausea, vomiting and diarrhea. Th us, 
athletes who have not taken creatine prior to competi-
tion should not hastily begin a regimen in the hope 
of some sudden ergogenic benefi t. A story in the 
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newspaper USA Today attributed the deaths of three 
American collegiate wrestlers in December 1999 to 
creatine use as all had creatine in their possession at 
the time of death. Th is implication, however, was not 
substantiated at the formal inquiries.

Renal dysfunction is a potentially signifi cant side-
eff ect of creatine supplementation, particularly in 
individuals with pre-existing renal disease.26 Th us, 
individuals with pre-existing renal dysfunction or 
those at high risk of renal disease (i.e. diabetes, fam-
ily history of kidney disease) should be monitored 
medically if considering creatine supplementation. 
A review of creatine’s effi  cacy and safety can be found 
as a discussion paper from the American College of 
Sports Medicine.26

Alkaline loading

Performance of high-intensity exercise, for example, 
an 800 m run, a 200–400 m swim, or a track sprint 
cycling event, leads to a marked lowering of blood 
and muscle pH in athletes. Th e increased hydrogen 
ion (H+) load has been theorized to result in reduced 
cross-bridge interaction during contraction and to 
even lower the force per active cross-bridge dur-
ing contraction, both of which would manifest as 
fatigue. Regardless of the mechanism(s), buff ering 
intramuscular H+ by ingesting sodium bicarbonate 
or sodium citrate has been variably shown to increase 
performance over short distances (i.e. 800–1500 m; 
see Maughan et al.17 for review). Th e mechanism for 
this eff ect is the induction of metabolic alkalosis, 
which raises the initial pH of the muscle such that 
subsequent decreases in intramuscular pH with 
sprinting are much lower.

Highly trained but non-elite (best 800 m time 
about 2:05 s) middle-distance runners performed a 
simulated 800 m race. When metabolic alkalosis was 
induced by sodium salt ingestion, they were able to 
run almost 3 seconds faster than in the placebo or 
control trials.30 A more recent report indicated similar 
improvements (3–4 s) over a distance of 1500 m in 
runners who completed simulated races in about 4:15 
seconds.31 Reviewing evidence17 concluded that the 
performance improvements seen in sub-elite athletes 
over distances of 800–1500 m, if translated to elite 
athletes, would result in highly signifi cant perform-
ance enhancements (i.e. result in new world records 
in the 800 m and 1500 m events).30, 31

Doses at which sodium bicarbonate and/or sodium 
citrate are thought to be eff ective are in the order of 
150–300 mg/kg of body weight.17, 30, 31 Such a dose 
does, however, oft en result in complaints such as 

diarrhea, bloating, vomiting and other gastrointestinal 
distress. Maughan et al.17 reported that anecdotally 
athletes have been unable to compete as a result of 
the severity of the symptoms associated with alkaline 
salt ingestion; hence, as an overall recommendation 
we suggest that athletes do not partake in loading of 
these supplements without undue caution and the 
knowledge that the adverse side-eff ects may prevent 
them from competing.

Antioxidants

Skeletal muscles produce free radicals both at rest 
and during contractile activity. Most free radicals 
generated in skeletal muscle are oxygen based. Th is 
is the result of the fact that skeletal muscle contains 
mitochondria, which have oxygen as their ultimate 
electron acceptor. Not all transfers of electrons to 
oxygen to form water (the terminal reaction cata-
lyzed in the oxidative electron transport chain) occur 
perfectly, however, and reactive oxygen species can 
be produced. Th ese reactive oxygen species have 
an unpaired electron, which results in a chemi-
cally unstable and highly reactive condition. Due 
to this unpaired electron these molecules will react 
with almost any cellular compound that they are in 
close proximity to, including cellular proteins, lipids 
and DNA. Th e result of this free-radical mediated 
chemical reaction is an increase in oxidative stress 
and impaired cellular function. Th us, compounds that 
might slow or completely quench the chain of free 
radical damage and oxidative stress would theoreti-
cally prevent un desirable cellular damage. Human 
cells have evolved an elaborate defense system to 
combat oxidative stress. Even though both enzymatic 
and non-enzymatic systems exist, only non-enzymatic 
defenses will be dealt with here.

Th e most common compounds taken by athletes 
that function as non-enzymatic antioxidants are 
vitamins, particularly vitamins E and C. Vitamin E 
is the only true antioxidant but vitamin C is required 
to regenerate vitamin E if it has become a vitamin E 
radical as a result of interaction with a cellular reac-
tive oxygen species. A variety of evidence (reviewed 
in Powers et al.32) suggests that supplementation with 
antioxidants may support muscle function. However, 
in contrast to animal studies, investigations in humans 
have generally not demonstrated enhanced exercise 
performance after antioxidant supplementation. 
Powers et al.s’32 review of at least six well-conducted 
studies concluded that supplementation with vitamin 
E, even when combined with high doses of vitamin 
C, showed no performance improvement.
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Whether athletes are subject to greater oxidative 
stress, due to performing regular exercise, than their 
sedentary counterparts remains unclear. From a theor-
etical standpoint the increased oxygen fl ux through the 
mitochondrial respiratory chain during exercise could 
result in greater generation of reactive oxygen species 
and, thus, require antioxidant supplements. Again, 
evidence to support such a supposition is lacking. In 
fact, if exercise were to be associated with increased 
oxidative stress, one would theorize that the increased 
cellular damage would have adverse consequences and 
athletes might suff er a greater rate of cellular dysfunc-
tion, resulting in more adverse health consequences, 
than sedentary persons, which is not the case.33

At present there is little evidence to suggest that 
athletes would have a greater requirement for anti-
oxidant vitamins, or gain a performance benefi t. 
While supplemental vitamin use is not likely to harm 
the sportsperson, megadoses of vitamins are not 
recommended and may actually cause harm. Upper 
limits for daily intakes of vitamin E (1000 mg) and C 
(2000 mg) have been established within the current 
dietary reference intakes.

Other nutrients

Phytochemicals and zoochemicals are defi ned as non-
essential nutrients found in plants and animal food, 
respectively, that may have health benefi ts associated 
with their ingestion. Examples of phytochemical com-
pounds include lycopene (a carotenoid), genistein (an 
isofl avone) and quercetin (a fl avanoid). Zoochemicals 
include such compounds as conjugated linoleic acids 
(CLA), a naturally occurring fat found in milk and beef, 
and omega-3 fatty acids such as eicosapentanoic acid 
(EPA) or docosahexanoic acid (DHA), fats found in 
high abundance in certain fi sh. Th e benefi ts ascribed 
to these compounds are many, ranging from fat loss 
(CLA), to cancer prevention (lycopene), a reduction in 
symptoms of menopause (genistein), and a reduction 
in heart disease risk (EPA and DHA). Even though 
purifi ed supplements of lycopene, CLA, EPA, DHA and 
genistein are available, there is evidence to suggest that 
these chemicals are most benefi cial in exerting health 
benefi ts when they are consumed in whole foods.34 At 
this stage it is impossible to make hard recommenda-
tions on the intakes of such compounds. Th e most 
important impact that these compounds might have 
would be to improve athletes’ health and/or immune 
function; however, at present the consumption of whole 
foods (Chapter 37) appears to be a far more benefi cial, 
practical, and far less costly means of obtaining eff ective 
doses of phytochemicals and zoochemicals.

Supplement contamination
A number of athletes have failed doping controls and 
claimed that the positive result was due to inadvertent 
consumption of contaminated supplements. A recently 
published article contains some of the fi rst data on 
a multinational survey of non-hormonal (i.e. no 
prohormone-based supplements) supplements sold 
over the counter from various countries around the 
world.35 Th is report found that almost 15% of sup-
plements contained androgenic steroids not listed on 
the label. Th ese ‘positive’ supplements came from the 
United Kingdom, Italy, Germany, the United States 
and the Netherlands. Supplements contained andro-
genic steroid levels that varied, but when nandrolone 
prohormones were ingested to a total uptake of more 
than 1 μg, a level attained in only one or two of the 
manufacturer’s recommended dose in some supple-
ments, the subsequent positive doping results for 
norandrosterone persisted for several hours.35 Th e 
source of contaminants in this study came from the 
following products: amino acids and protein powders, 
creatine, carnitine, ribose, guarana, zinc, pyruvate, 
HMB, Tribulus terrestris, vitamins and minerals, and 
herbal extracts.

Maughan36 has recently commented on this phen-
omenon and makes the following very salient com-
ment: ‘Some of the doping cases involving nandrolone 
may be the result of inadvertent ingestion by athletes 
of nandrolone or one of its metabolic precursors. Even 
guilty athletes, however, protest their innocence, and 
the principle of strict liability, which means that the 
off ence lies not in the intention to cheat but rather in 
the presence of a prohibited substance in the urine, 
means that such protestations have little eff ect on 
those responsible for enforcing the doping regulations.’ 
Clearly available evidence suggests that supplements 
may be contaminated, albeit likely inadvertently. 
However, while the athlete may be unaware of what 
is contained in a supplement, it is still ultimately a 
case of caveat emptor and it will be the athlete who 
pays the price for ingesting these supplements if he 
or she tests positive for a banned substance.

Conclusion
A variety of supplements exist, which athletes are 
known to take in an attempt to enhance their overall 
health, immunity or performance, either for training 
or competition purposes. Th e decision as to whether 
an athlete would choose to take a certain supplement 
is likely to be due to a combination of factors, includ-
ing effi  cacy (either directly or psychologically), cost, 
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side-eff ects and contamination risk. One could argue 
that, in reality, supplements are unlikely to have an 
impact anywhere near the magnitude of good over-
all nutrition, reliable and consistent training, and 
appropriate rest/recovery. In fact, the point made at 
the outset of this chapter was that if a supplement 
is truly shown to be performance enhancing, it is 
more than likely that it will be banned. Athletes will 
continue to take supplements, however, and probably 
with increasing frequency. Th ree rather rudimentary 
questions need to addressed when an athlete asks for 
advice on supplement use:

1. Is the supplement safe?
2. Is the supplement legal?
3. Is the supplement eff ective?

With the risk of contamination being very real, the 
answer to question 2 is not always easy to discern. 
We conclude that many supplements, particularly 
dietary supplements, may be less benefi cial than an 
appropriately planned diet.
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It is very common to hear a sporting champion 
acknowledging the contribution of his or her 

sports psychologist when making an acceptance 
speech at a major competition. On the other hand, 
often the players who most need psychological 
assistance do not realize it. Instead, they are likely 
to blame other factors (e.g. technique, fi tness) for 
their poor performance. Barriers to athletes using 
sports psychology counseling include negative 
perceptions of psychology and its value, lack of 
sports psychology knowledge, and the challenges 
of psychologists integrating with players and coach-
ing staff .1 Th e clinician who sees the athlete for a 
‘medical’ problem or ‘injury’ must be aware that 
psychological factors may contribute to each of the 
problems listed below:

• inconsistency in performance
• ‘choking’ under pressure
• personality clashes with players or offi  cials
• poor performance when traveling
• diminishing performance as a season or 

tournament progresses
• failure to master a particular sport skill
• failure to meet team goals
• excess tiredness, recurrent illness/injury
• substance abuse
• domestic problems.

Advanced sports psychology for athlete perform-
ance is outside the scope of this book. Th e purpose 
of the chapter is to provide some background infor-
mation for clinicians who work with teams and 
sportspeople regarding:

• fundamental psychological skills that can 
improve sports performance

• relaxation techniques

• how psychological skills can aid physical 
preparation for sport

• the role of a sports psychologist working with a 
sporting team.

Further references relating to the psychology of 
sport and rehabilitation are listed in the Recom-
mended Reading (p. 724). Psychological aspects of the 
rehabilitation process2 are discussed in Chapter 12.

Fundamental 
psychological skills
An athlete’s psychological skill level determines 
whether tasks performed eff ortlessly at training can 
be reproduced in front of thousands of fans or under 
the scrutiny of a coach fi nalizing an Olympic squad. 
Even without training, successful athletes possess 
high levels of psychological skills. However, just as 
technique training can enhance motor skills, appro-
priate psychological training can oft en improve the 
consistency of an athlete’s on-fi eld performance.3

Control of arousal level for optimal 
performance

Performance—the execution of skills in a competi-
tive environment before an audience or judges—is 
facilitated by the athlete being in the optimum psy-
chological state (Fig. 39.1). Athletes oft en describe 
the feeling of being in their optimum arousal zone 
as ‘feeling in sync’ or ‘being in the fl ow’.

Variations from optimal arousal impair perform-
ance.4, 5 Under-arousal leads to inappropriate recog-
nition of, and response to, on-fi eld cues. More oft en, 
an athlete’s arousal level becomes excessive, leading 
to an increase in muscular tension and subsequent 

CHAPTER 

39
Maximizing Sporting 
Performance: Psychology 
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impairment of concentration, rhythm, coordination, 
timing and energy levels. A negative cycle develops, 
as shown in Figure 39.2.

Japanese elite athletes reported the optimal psy-
chological state as one in which they felt relaxed, 
self-confident, highly motivated and completely 
focused. Th ese appear to be primary elements for an 
optimal experience.4

Athletes seeking to achieve this state need to:

• understand that the performance arousal 
relationship follows an inverted U curve

• identify their peak performance state
• develop a competition day routine
• monitor their arousal level
• master techniques that allow adjustment of 

arousal level in either direction (e.g. mental 
imagery, progressive muscular relaxation, 
centering and positive self-talk)

• recognize situations that disturb their arousal 
level during performance.

Mental imagery

Mental imagery, also called mental rehearsal, is an 
experience that resembles sporting experience but 
occurs without the activity being performed. It is a 
mental skill that is useful in various situations. It may 
be used to modify arousal level, to enhance skill acqui-
sition, to aid development of pre-competition and 
competition routines6 and as a method of rehearsing 
other skills (i.e. motor skills, behavior modifi cation). 
Th us, it is a widely used technique for improving 
sporting performance.

Downhill skiers provide a good example of the use 
of mental imagery. Th ey can be seen—eyes closed, 
head moving from side to side—as they await clear-
ance to begin their ‘run’ down the mountain. What 
they are doing is mentally rehearsing the act of skiing 
down the slope, shift ing their body weight, changing 
direction smoothly, feeling the wind against their faces 
and fl ashing over the fi nish line.

As well as being used to enhance performance of 
‘closed skills’ (when there are no variables other than 
the player and the ball, e.g. gymnastics, golf, serving 
at tennis), mental imagery can be used for ‘open skills’ 
where opponents infl uence the situation (e.g. track 
events, receiving serve).

Mental imagery can be used to develop coping 
strategies for sporting situations through a process 
known as ‘stress inoculation’. Consider the tennis 
player who becomes so angry when he or she double-
faults at a crucial time of a match that the next two 
games are lost as well. Th e player, through mental 
imagery, may recreate these circumstances but men-
tally practice remaining in control of the situation by 
using a coping strategy such as centering (see below). 
Th ere are, however, potential dangers with this tech-
nique, which should only be introduced and controlled 
by a competent sports psychologist.

Th e danger lies in that the player may continue to 
mentally rehearse the double-fault and inadvertently 
become pre-programmed to serve the double-fault in 
the given set of circumstances. Th e sports psychologist 
must be sure that the athlete is competent at mental 

Figure 39.1 The inverted U: this demonstrates that 
performance is aff ected if an athlete is outside the 
optimal psychological state; the position of the curve 
varies between individuals and varies according to the 
complexity of the task

Figure 39.2 The negative cycle of decreasing 
performance and anxiety

High anxiety level

Commits more
errors

Negative thought
patterns

Increased number
of errors

Disruption in skill
performance

(due to muscular
tension and/or reduced

capacity to make fast
accurate decisions)

Distracted by
internal thoughts

(e.g. consequences of
losing, overanalysis of

technique)
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imagery, that the athlete knows how to use the coping 
strategy expertly and that the athlete focuses on ‘suc-
cessfully coping’ and not on the anger in response to 
a double-fault.

Like all skills, mental imagery requires specifi c 
practise. Each motor skill must be completed entirely 
and at competition speed. It must be positive and 
successful—the athlete must be aware of negative 
images and feelings but should never rehearse 
failure.

Th e eff ectiveness of mental imagery is enhanced 
by deep relaxation. Successful mental imagers use as 
many senses as possible, such as hearing, feeling and 
smell, and not just sight. It would seem that mental 
imagery is more eff ective if the athlete is ‘looking out’ 
from within, as he or she would when performing, 
rather than being a spectator from the outside (as if 
watching him or herself on television), although the 
latter is still benefi cial.

When should athletes use mental imagery?

Mental imagery should be used before practise ses-
sions and, depending on the sport, before and during 
competition. Mental imagery should be undertaken 
three to four times a week for about 10 minutes per 
day (two 5-minute sessions) progressing to six to seven 
times per week during the last two weeks before the 
major competition. If the athlete performs mental 
imagery spontaneously, that is, in the course of daily 
activities, without a conscious attempt to do so, this 
should be encouraged. It is not advisable to perform 
mental imagery while trying to fall asleep the night 
before competition as imagery provokes an emotional 
state similar to that experienced in the competitive 
environment.

Progressive muscle relaxation

Th ere are numerous techniques to obtain muscle 
relaxation. One simple, eff ective method is called 
progressive muscle relaxation. Th is involves con-
tracting and relaxing specifi c muscle groups in turn. 
It teaches awareness of the feeling of relaxation to 
make the athlete more body-aware. It increases the 
ability to switch concentration from one anatomical 
region to another. Th is prepares the mind for the 
task of switching to appropriate cues, as necessary 
during sport. When fi rst learning progressive muscle 
relaxation, many diff erent muscle groups need to be 
contracted. Once the skill has been acquired, the pat-
tern of muscle contraction depends on the athlete’s 
preference and the sport being played (e.g. shoulders, 
neck and arms in a tennis player).

Centering

Progressive muscular relaxation requires several 
minutes to perform but the psychologically skilled 
athlete can produce a similar eff ect with a technique 
called centering that only requires a few seconds 
to perform. Th us, centering can be useful during 
competition.

An athlete who has mastered centering can change 
his or her arousal level with one breath, but this 
requires practise. At fi rst, the procedure may appear 
stilted and the instructions listed in the box opposite 
excessively formal. However, with experience, the 
athlete develops a feel for centering and can incorpor-
ate it into the sporting routine, such as while leaning 
on a golf buggy waiting for an opponent to tee-off , or 
sitting in the chair between sets of tennis.

Th e breathing exercise, if undertaken success-
fully, will induce an enhanced level of relaxation and 
change the focus of attention. By focusing attention, 
monitoring the movement of the abdominal muscles 
and subsequently transferring attention to a point in 
the environment (e.g. the ball in tennis), the negative 
cycle is broken.

One method to learn centering is for athletes to 
practice for 3 minutes at a time for a total of 30 min-
utes a day and begin by completing sets of three long 
deep breaths. At fi rst athletes may experience diffi  -
culty totally focusing their attention on monitoring 
abdominal movement. Th is, however, is critical and 
develops with practise. Aft er a short time an athlete 
should be able to induce the desired eff ects by just 
taking one breath.

As athletes become more skilled at adjusting their 
arousal levels, they can use the technique less oft en. 
Th is is a sign of progress. By having a method whereby 
he or she can control anxiety, the athlete automatically 
tends to reduce anxiety.

Routine

Routine prepares the athlete mentally and physi-
cally for training or performance. Adopting specifi c 
pre-event routines improves consistency of perform-
ance. Routines are also useful in performing specifi c 
skills.

Routines for preparing for competition

Routines provide an overall structure for the athlete 
in the lead-up to competition and they can help put 
the player in the optimum arousal zone. Th e athlete 
must have the fl exibility to modify the routine by add-
ing to, or subtracting from, as competition schedules 
demand. Competition routine might begin two nights 
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before competition and continue for several hours 
aft er the event.

An example of a routine for a swimmer who needs 
to compete on consecutive days is shown in the box 
on page 720.

Routines for performing skills

Routines can also be used to enhance the performance 
of closed skills. An example of a routine used by an 
international basketballer to shoot foul shots is given 
in the box on page 721.

A pitcher in baseball or soft ball (or a bowler in 
cricket) may have his or her routine disrupted. If the 

pitcher does not return to the key starting point in 
the routine, it is likely that the next pitch will not be 
productive. One practical and highly successful way of 
providing such athletes with feedback and reinforcing 
the need to re-start their routine is with the use of trans-
ceivers between the coach and athlete (see below).

Positive self-talk

Positive self-talk can assist an athlete to focus and 
obtain an optimum arousal level. Training for posi-
tive self-talk involves eradication of inappropriate 
thoughts, such as ‘I can’t get this shot’, ‘I never play 
well against Lauren’, and replacing these with positive 
thoughts and words that refl ect an appropriate focus 
on cues. In using positive self-talk, the player draws 
on past positive experiences, such as ‘I’ve been here 
before, I know I can do it, focus on the job at hand’.

One way of teaching self-talk is with the aid of 
modern transceiver technology. By providing the 
athlete with a wireless ear piece, the sports psy-
chologist can provide feedback to the athlete via the 
transceiver unit without compromising the integrity 
of the competitive environment. Without this device, 
the coach must interrupt practise to teach the athlete 
and this reduces psychological pressure and limits the 
integrity of the environment.

Although some devices allow the athlete and psy-
chologist to communicate via transceivers, we believe 
that one-way messages from the sports psychologist 
are generally the most helpful way of using this new 
technology.

Procedure for centering

1. Sit in a comfortable chair.
2. To release muscular tension in the face, smile 

slightly so that the lips are apart.
3. Flick the arms and then roll the head slightly, 

attempting to consciously relax the arm and 
neck muscles.

4. Close the eyes and drop the chin towards the 
chest.

5. (a)  Take a long deep breath using the 
diaphragm, as shown in Figure 39.3. There 
should be minimal chest movement and 
absolutely no hunching or raising of the 
shoulders. Breathe in through the nose 
and out through the mouth. Do not 
take a deep breath expanding the lungs 
and chest as this further increases the 
muscular tension that is already present in 
the shoulder region because of anxiety.

 (b)  While inhaling and exhaling, it is 
imperative that thoughts are focused on 
the movement of the abdominal muscles. 
Aim to monitor this movement to the 
exclusion of all else.

 (c)  As you exhale, ‘let yourself go’, that is, 
allow the muscles to relax. You will know 
if you have been successful in this phase if 
you feel a release of muscular tension.

6. Repeat the technique three times. (If 
thoughts fl ash through your mind while 
taking a breath, it should not be regarded as 
a successful breath and must be repeated.)

7. After completion of the breathing exercise, 
it is important to immediately focus your 
attention on the most critical aspect of the 
environment, for example, the ball or the 
target.

Figure 39.3 Diaphragmatic breathing in centering. 
The athlete should notice the stomach go out as he or 
she breathes in, and in as he or she breathes out. There 
should not be any use of the chest muscles
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Routine for preparation for competition for a swimmer competing on 
consecutive days

Afternoon—two days prior to fi rst competition
5.00 p.m. Light training
6.30 p.m. Evening meal—high carbohydrate, plenty of fl uid
9.00 p.m. Sleep

Day before competition
7.00 a.m. Wake up
8.00 a.m. Light training—consisting only of the warm-up routine
9.30 a.m. Breakfast
10.30 a.m. Massage
12.30 p.m. Lunch. Relax by watching TV, short walk, chatting with friends. Sleep
4.30 p.m. Mental imagery routine
5.00 p.m. Light training—consisting only of the warm-up routine
6.30 p.m. Evening meal
8.00 p.m. Stretching routine
9.00 p.m. Sleep

Competition day (heats in morning, fi nals at night)
6.00 a.m. Early rise (always rise at least 3 hours before racing), shower and stretch
6.30 a.m. Breakfast: pre-event meal (Chapter 37)
7.00 a.m. Travel to venue to arrive at least 1½ hours prior to race, listening to music on iPod on the way
7.30 a.m. Get changed, stretch, pre-event massage
8.10 a.m. Warm-up in pool
8.30 a.m. Report to marshal area—mental imagery during this time
8.55 a.m. Introductions
9.00 a.m. Race
9.10 a.m. Warm-down in diving pool
9.30 a.m. Carbohydrate replacement—supplement
10.00 a.m. Post-event massage
10.30 a.m. Return to hotel/home/village
11.00 a.m. Relax, sleep
2.00 p.m. Late lunch (pre-race meal). Relax, may sleep (maximum 90 minutes)
4.30 p.m. Travel to venue to arrive at least 1½ hours prior to race, listening to music on iPod on the way
5.30 p.m. Get changed, stretch, pre-event massage
6.10 p.m. Warm-up in pool
6.30 p.m. Report to marshal area—mental imagery during this time
6.55 p.m. Introductions
7.00 p.m. Race
7.10 p.m. Warm-down in diving pool
7.30 p.m. Carbohydrate replacement—supplement
8.00 p.m. Post-event massage
9.00 p.m. Sleep

When an athlete uses the transceiver, the sports 
psychologist can provide feedback regarding the 
quality of concentration intensity, use of centering 
techniques, between point (pitch) routines, variations 
in emotional level, rhythm of the context and so on. 

Th is is done in the natural breaks in the practise (i.e. 
between points in a tennis match; between pitches 
in baseball/soft ball).

In clinical practise, excellent results occur when 
positive self-talk is enhanced with consistent feedback 
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to the player at appropriate times, particularly if the 
player is not inclined to provide such reinforcement. 
Aft er a relatively short period players begin to look 
for the reinforcement and soon aft er start to positively 
reinforce themselves.

Goal-setting

Athletes oft en have confl icting goals that must be 
prioritized. Because of time constraints, they need to 
list specifi cally what is being attempted and plan long-, 
medium- and short-term goals. Th ere may be some 
outcome-oriented goals (e.g. to make the Olympic 
team) but these goals are usually supported by specifi c, 
shorter term, task-oriented goals (e.g. to be able to 
press 150 kg by July, to run sub 10.2 seconds 100 m by 
August). Th ese specifi c tasks are activities over which 
the athlete feels he or she has direct control. If short-
term, task-oriented goals are met, then longer term 
goals should fall into place. Each diff erent aspect of 
training (e.g. nutrition, strength, skill, psychological) 
needs goals, as do off -fi eld factors such as schooling, 
career or family.

Modifi cation of harmful psychological 
characteristics

Athletes have psychological characteristics that may 
be either benefi cial or harmful to their sporting 
endeavors in diff erent situations. By being made aware 
of their attributes, athletes can begin to understand 
why they react as they do in certain situations and 
learn to modify those behaviors that are harmful to 
their performance.

An example of harmful psychological charac-
teristics can be described as the syndrome of the 
‘overmotivated underachiever’ (Table 39.1).

Th is leads to a high anxiety level that manifests 
as poor decision making, lower concentration and 
disruption of skill production. Th e source of these 

problems is that the athlete is ‘trying too hard’ to 
be successful and hindering progress.7 For example, 
athletes who had suff ered tibial stress fractures scored 
higher on a type A behavior pattern inventory and 
exercise dependency compared with non-injured 
but otherwise matched runners.8 A member of the 
sports medicine team may recognize these charac-
teristics in a hard-training athlete who presents with 
symptoms such as those mentioned on page 716. In 
this situation, a sports psychologist can intervene. 
Th e sports psychologist can provide the athlete with 
insight into the problem and teach the techniques 
to alter the psychological characteristics that create 
the problem.

Psychological attributes also play an important 
role in how an athlete performs in team sports. 
Demonstration of physical courage, reaction to stress-
ful situations such as being behind during competi-
tion or receiving an unfavorable refereeing decision, 
and ability to maintain focus and communication 
with other players are all determined by psycho-
logical attributes. Individuals can learn to control any 
attributes that are harmful to performance.

An entire team may aim to modify a single psy-
chological attribute. A national women’s fi eld hockey 
team felt itself to be defi cient in assertiveness, which 
manifested in some hesitancy on the pitch and some 
off -fi eld compromises with nutrition and training 
schedules. Th e team psychologist provided assertive-
ness training, which was implemented both on and off  
the fi eld in the 12 months leading up to the Olympic 
Games. Coaches and players felt that the ensuing 
behavioral change was a contributory factor to the 
eventual gold-medal-winning performance.

Mental skills’ training 
and relaxation
Water fl otation tanks

Some elite athletes use flotation tanks as part of 
their active recovery program. Th e fl otation tank is a 

Routine for shooting foul shots
• Whistle goes to signal foul.
• Walks to the foul line.
• Focuses on a spot on the ring (the same spot 

each time).
• Rehearses the movement without the ball.
• Receives the ball, bounces it four times while 

bent forward.
• Stands up straight, breathes in, relaxes the 

shoulders.
• Breathes out, shoots the ball, follows through.

Table 39.1 Features of the ‘overmotivated 
underachiever’

•  The athlete is generally highly motivated, usually 
intelligent and analytical.

•  He or she tends to be obsessed with achieving 
inappropriate and unrealistic goals.

•  The athlete tends to train hard and thus be 
extremely coachable but to suff er niggling injuries 
or persistent tiredness (Chapter 52).
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bathtub-like enclave, half-fi lled with heavily salinated 
water so that the individual fl oats comfortably on 
the surface. Possible benefi ts of fl otation include an 
increase in favorable mood states, improved capac-
ity for sleep, the capacity for lower systolic and dia-
stolic blood pressures and decreased plasma cortisol 
levels.9, 10 Th e fl oat tank can be used for relaxation 
therapy, mental imagery and watching tapes of selected 
performances.

Music

Music is widely used by athletes as part of their routine 
in preparation for sporting competition. Music can 
improve simple visual tasks in the laboratory and 
improve muscle contraction in the short term.11, 12 One 
potential problem for those athletes unfamiliar with 
psychological training is that they may be listening to 
music that is having an inappropriate eff ect on their 
arousal level. Th e psychologically sophisticated athlete 
will use several diff erent types of music depending on 
his or her arousal level. Never theless, it is unwise to 
change a well-established, successful formula.

Massage

Massage can be used not only to reduce tension but 
also to provide feedback to the athlete about muscle 
tension. Th is helps the athlete learn to monitor muscle 
tone. Th e therapeutic aspect of massage, removing 
abnormally tight tissue, also facilitates deep relaxation. 
It is highly advantageous to complement progressive 
relaxation techniques with deep therapeutic massage 
as the two techniques reinforce each other.

Mental skills’ training aiding 
physical preparation for sport
Mental skills’ training techniques can enhance sev-
eral components of physical performance—physical 
attributes, sports skills and rehabilitation.

Facilitating physical training

Psychological training can help an athlete improve 
physical factors, such as speed and strength, but this 
is oft en overlooked. Centering improves the athlete’s 
awareness of muscle anatomy and tone. Th is allows 
the athlete to improve the quality of contraction of 
agonist muscles (through improved neuro muscular 
facilitation) and ensure greater relaxation of antago-
nist muscles during muscular training. He or she 
can also relax more deeply between eff orts, thus 
allowing better quality training. In addition, mental 

imagery techniques can be used to improve technique 
both in the weight room and on the running track. 
Psychological methods for modifying perception of 
fatigue can help endurance athletes cope with high-
volume training.

Enhancing motor skill development

Th e usefulness of psychological techniques to develop 
skill levels is broadly acknowledged but less widely 
practiced. Skills must be acquired, maintained and 
oft en added together in sequences (e.g. in gymnastics 
routines or fi eld events). Each of these aspects can 
be enhanced with mental training, particularly by 
mental imagery, control of arousal level, adherence 
to routines and injury prevention.

Mental imagery allows the athlete to perform 
multiple practises of a motor skill. In skills that 
are physically demanding, it allows the performer 
to rehearse a skill without risking technique faults 
through fatigue or suff ering overuse injury.

Skills need to be practiced perfectly. Mainte-
nance of an optimum arousal level permits high-
quality skill training. Injury prevention permits 
uninterrupted training. Th e psychological factors 
infl uencing injury prevention have been discussed 
in Chapter 6.

Developing a specifi c routine helps to make skills, 
such as serving at tennis or shooting from the foul 
line in basketball, ‘automatic’. Th e routine should 
encourage a full-fl owing natural action, as opposed to 
a tense, jerky or ‘wooden’ movement. Use of a routine 
ensures that exactly the same psychomotor pattern 
is being trained. Th is improves the reproducibility of 
the technique, making it less vulnerable to change 
at critical times.

Sometimes, players fi nd that they are unable to 
perform a skill they had previously mastered (e.g. the 
‘yips’ in putting). In this situation, they must consider 
whether the problem is due to an inappropriate mental 
state or a technique problem.

Facilitating rehabilitation

Aft er major injury many sportspeople have a fear of 
reinjury13 and, thus, mental skills may help them to 
rehabilitate eff ectively.14–16 Injured players can use 
cognitive imagery to learn and properly perform the 
rehabilitation exercises. Th ey may employ motiva-
tional imagery for goal-setting (e.g. imagine being 
fully recovered), to help maintain concentration and 
to retain a positive attitude. Imagery can help manage 
pain in a variety of ways. For example, imagery can 
help the sportsperson practice dealing with expected 
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pain, distract the person from the pain, imagine the 
pain dispersing, and also to block the pain. Players may 
employ positive and accurate visual and kinesthetic 
images.17 It is helpful if clinicians understand the 
benefi ts of imagery in athletic injury rehabilitation as 
they are ideally placed to encourage injured athletes 
to use this adjuvant therapy.14

The roles of a sports 
psychologist in a team
Sporting performance will be determined by the 
eff ectiveness of the competitors (the on-fi eld team) 
and the eff ectiveness of the coaches and other offi  cials 
(the off -fi eld team). How well these groups work 
together will usually signifi cantly infl uence on-fi eld 
outcome. Members of the sports medicine team must 
remember that they are responsible to the coach. Th ey 
operate within the coach’s parameters while adhering 
to appropriate professional ethics.

On-fi eld team

Th e psychologist can assist in fostering good team 
dynamics as well as helping individual players maxi-
mize their mental skills by working on a one-to-one 
basis.

Team dynamics

Th e cliché that ‘a champion team will beat a team 
of champions’ emphasizes the importance of group 
dynamics. Positive group dynamics can only be 
achieved if players feel comfortable with their role 
in the team. Problems can arise when players are 
uncertain about their roles or have, for example, a 
‘lesser’ role in their representative team compared 
with their club team.

Th ese problems can be addressed by counseling, 
goal-setting and modification of psychological 
attributes if necessary. Although the coach will talk 
to the athlete, it is oft en diffi  cult for the athlete to be 
totally frank about his or her feelings to the coach. 
Furthermore, the problem may linger in the player’s 
mind (and be aff ecting performance) long aft er the 
coach has forgotten about the episode. Th e sports 
psychologist is in a position to counsel the athlete 
over a period.

Goal-setting is a way of minimizing the frustration 
of unrealistic expectations. A player who normally 
shoots 30 points in 40 minutes of club basketball may, 
at international level, come off  the bench for a total of 
20 minutes, and make 10 points and three assists. Th e 
player may need some specifi c modifi cation of his or 

her psychological attributes to make him or her more 
team-oriented rather than self-oriented.

Goal-setting can also be used at the team level with 
the use of round table discussions of team goals. Th is 
allows all players to have input into team priorities and 
it can reinforce the sense of team achievement when 
goals are met. Many successful teams commit team 
goals—goals that are generated from the coaching staff  
or from the players or, oft en, by mutual agreement—to 
paper at their pre-game preparation. Th ese goals can 
then be evaluated aft er competition.

Off -fi eld team

Th e off -fi eld team will vary from a coach and manager 
for small sporting teams to one including coach, assist-
ant coaches, managers, medical and paramedical staff , 
sports science personnel and a sports psychologist 
for elite teams. At major games, the entire mission 
makes up an off -fi eld team. It is vital for this off -fi eld 
group to work together closely and to synchronize 
what may be confl icting demands. Th is requires 
long-term planning (e.g. four years, one year, several 
months ahead) as well as short-term planning (e.g. 
weeks, days ahead).

Meetings

As the psychologist is trained to facilitate communica-
tion and organization, he or she can ensure eff ective 
cooperation among the off -fi eld team. Th e psychologist 
oft en has the role of ensuring daily or second-daily 
meetings when a team is traveling so that matters such 
as training, meal times, pre- and post-game analyses, 
and free time are all scheduled. Oft en the psycholo-
gist is in the best situation to help individuals resolve 
confl icts that exist within both the off -fi eld and the 
on-fi eld team without signifi cant confrontation.

Defi nition of roles

Th e off -fi eld team must be clearly aware of respon-
sibilities and it can be useful to list these formally so 
that nothing is overlooked and no tasks duplicated.

Sports psychologist’s role with the coach

Th e coach needs someone to talk to. Usually, elite 
coaches have excellent sporting ‘instinct’ but this 
can be honed by further education. Examples of 
personal development skills that a coach can fi nd 
useful include: how to plan meetings; how to com-
municate with players in meetings and individually; 
when to talk to players; how much to say at a pre-
game address; as well as how to provide positive and 
negative feedback.
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Coaches suff er considerable mental pressure with-
out the release of physical activity enjoyed by the 
players. Coaches should consider remaining physically 
fi t to help control tension. Th ey need to operate in the 
optimum arousal level, just as players do. Th is makes 
them more comfortable and helps players remain in 
the zone—players oft en tend to mirror the coach’s 
arousal level.18 It may also prevent them from being 
over-impulsive and perhaps inappropriately berating 
a player or a referee.
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CHAPTER 

40
The Younger Athlete

WITH NICOLA MAFFULLI AND MERZESH MAGRA

Sports medicine care for the younger athlete pro-
vides a number of challenges to the sports medi-

cine clinician:

1. appropriate management of musculoskeletal 
conditions

2. assessment and advice regarding the risks and 
benefi ts of exercise in children with chronic 
illness

3. the question of ‘How much sport is too much?’
4. advice regarding the nutritional needs of the 

growing child
5. encouragement of appropriate behavior of 

parents and coaches.

Each of these aspects of sports medicine is discussed 
in this chapter.

Management of 
musculoskeletal conditions
Younger athletes suff er many of the same injuries as 
their adult counterparts. However, there are also some 
signifi cant diff erences in the type of injuries sustained 
by children and adolescents because of the diff erences 
in the structure of growing bone compared with adult 
bone. Th e diff erent components of growing bone are 
indicated in Figure 40.1.

Anatomical diff erences between adult 
and growing bone

Th e diff erences between adult and growing bone 
(Fig. 40.2) are summarized below.

1. Th e articular cartilage of growing bone is a 
thicker layer than in adult bone and can remodel.

2. Th e junction between the epiphyseal plate and 
the metaphysis is vulnerable to disruption, 
especially from shearing forces.

Figure 40.1 Diff erent parts of the growing bone—
the metaphysis, epiphysis, diaphysis, apophysis and 
articular cartilage
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3. Tendon attachment sites—apophyses—are 
cartilaginous plates that provide a relatively 
weak cartilaginous attachment, predisposing 
to the development of avulsion injuries.

4. Th e metaphysis of long bones in children is 
more resilient and elastic, withstanding greater 
defl ection without fracture. Th us, children tend 
to suff er incomplete fractures of the greenstick 
type, which do not occur in adults.

5. During rapid growth phases, bone lengthens 
before muscles and tendons are able to 
stretch correspondingly and before the 
musculotendinous complex develops the 
necessary strength and coordination to control 
the newly lengthened bone. Th is may lead 
to muscle and tendon injuries,1 although 
this is being disputed.2 Growth temporarily 
reduces coordination3 and this manifests as 
awkwardness in movement patterns while 
playing sport.

As a result of these diff erences, a particular mecha-
nism of injury may result in diff erent pathological 

conditions in the younger athlete compared with 
the mature adult. Th e younger athlete is more likely 
to injure cartilage and bone or completely avulse an 
apophysis than to have a signifi cant ligament sprain. 
Some examples of diff erent injuries in children and 
adults that are the result of similar mechanisms are 
shown in Table 40.1.

In children, traumatic injuries may result in frac-
tures of the long bones or the growth plates. Strong, 
incoordinate muscle contractions are more likely to 
lead to an avulsion fracture at the site of attachment of 
the muscle or tendon rather than a tear of the muscle 
or tendon itself.

Th e osteochondroses are a group of conditions 
aff ecting the growth plates. Although the etiology 
of the osteochondroses is not well understood, non-
articular osteochondroses may well be related to 
overuse (Table 40.2).

Each of the following common pediatric injury 
presentations are discussed in this chapter:

1. acute fractures
2. shoulder pain
3. elbow pain
4. wrist pain
5. back pain or postural abnormality
6. hip pain
7. knee pain
8. painless abnormalities of gait
9. foot pain.

Acute fractures

Fractures occur in the young athlete due to the line of 
weakness between the epiphyseal plate and the formed 
bone, and the relative weakness of apophyseal cartilage 
compared with the musculotendinous complex. Th ree 
types of fractures are seen in the younger athlete:

1. metaphyseal fractures
2. growth plate fractures
3. avulsion fractures.

Metaphyseal fractures

Metaphyseal fractures occur especially in the forearm 
and lower leg. Th e most common type of fracture seen 
is a buckling of one side of the bone. Th is incomplete 
fracture is oft en referred to as a greenstick fracture. 
Most fractures of the shaft  of long bones that do not 
involve growth plates can be treated by simple immo-
bilization and will heal quickly, usually within three 
weeks. Occasionally, angular or rotational deformity 
is present and requires open reduction and internal 
fi xation.

Figure 40.2 Contrasting features of growing bone 
(left) and adult bone (right)
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Growth plate fractures

Fractures of the growth plate are of particular con-
cern because of the dangers of interruption to the 
growth process via injury to the cells in the zone 
of hyper trophy. Growth plate fractures are clas-
sifi ed according to Salter and Harris (Fig. 40.3). 
Salter–Harris types I and II fractures usually heal well. 
Type III and IV fractures involve the joint surface as 
well as the growth plate and have a high complica-
tion rate. If these fractures are not recognized, they 
could produce permanent injury to the growth plate, 

resulting in growth disturbances. When recognized, 
accurate anatomical reduction must be performed to 
reduce the possibility of interference in growth and 
to minimize the possibility of long-term degenerative 
change. However, occasionally the initial insult can 
produce permanent growth arrest despite subsequent 
anatomical reduction.

Th e common sites of growth plate fractures in the 
younger athlete with recommended management and 
potential complications are shown in Table 40.3.

It is most important to recognize an epiphyseal 
fracture. Radiographs should be obtained of both 

Table 40.1 Comparison of injuries that occur with similar mechanisms in children and adults

Site Mechanism Injury in adult Injury in child

Thumb Valgus force as in ‘skier’s 
thumb’

Sprain of ulnar collateral 
ligament

Fracture of proximal phalangeal physis 
(usually Salter–Harris type III)

Distal 
interphalangeal 
joint of fi nger

Hyperfl exion injury Mallet fi nger Fracture of distal phalangeal epiphysis 
(type II or III)

Hand Punching injury as in 
boxing

Fracture of metacarpal 
head

Fracture of metacarpal epiphysis 
(type II)

Shoulder Fall on point of shoulder Acromioclavicular joint 
sprain

Fracture of distal clavicle epiphysis

Shoulder Abduction and external 
rotation force

Dislocated shoulder Fracture of proximal humeral 
epiphysis (type I or II)

Thigh/hip Acute fl exor muscle strain 
or extensor strain

Quadriceps strain or 
hamstring strain

Apophyseal avulsion of anterior 
inferior iliac spine or ischial 
tuberosity

Knee Overuse injury Patellar tendinopathy Osgood-Schlatter lesion or Sinding-
Larsen–Johansson lesion

Knee Acute trauma (e.g. skiing) 
injury

Meniscal or ligament 
injury

Fractured distal femoral or proximal 
tibial epiphysis, avulsion of tibial 
spine

Heel Overuse Achilles tendinopathy Sever’s lesion

Table 40.2 Types of osteochondrosis

Type Condition Site

Articular Perthes’ disease
Kienböck’s lesion
Kohler’s lesion
Freiberg’s lesion
Osteochondritis dissecans

Femoral head
Lunate
Navicular
Second metatarsal
Medial femoral condyle, capitellum, talar dome

Non-articular Osgood-Schlatter lesion
Sinding-Larsen–Johansson lesion
Sever’s lesion

Tibial tubercle
Inferior pole of patella
Calcaneus

Physeal Sheuermann’s lesion
Blount’s lesion

Thoracic spine
Proximal tibia
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limbs (for comparison) if clinical features suggest 
growth plate injury. A normal radiograph does not 
exclude a growth plate fracture. A history of severe 
rotational or shear force with accompanying localized 
swelling, bony tenderness and loss of function should 
be regarded as a growth plate fracture. If there is any 
doubt regarding the diagnosis or management of these 
injuries, specialist orthopedic referral is mandatory.

Avulsion fractures

Avulsion fractures occur at the attachments of liga-
ments or, more commonly, large tendons to bones. 
One site of an avulsion fracture at a ligamentous 
attachment is at the attachment of the anterior cruci-
ate ligament to the tibia. An acute rotational injury to 
the knee may present with the symptoms and signs 
of an anterior cruciate ligament tear. Instead of the 
in-substance tear common in adults, the more com-
mon injury in children is avulsion of the tibial spine 
or distal femoral attachment. Radiographs should be 
performed in all cases of acute knee injuries accompa-
nied by hemarthrosis. Management involves surgical 
reattachment of the avulsed fragment and ligament.

More commonly, avulsion fractures occur at the 
apophyseal attachment of large musculotendinous 
units. Th e common sites are at the attachment of 
the:

• sartorius muscle to the anterior superior iliac 
spine

• rectus femoris muscle to the anterior inferior 
iliac spine

• hamstring muscles to the ischial tuberosity
• iliopsoas tendon to the lesser trochanter of the 

femur.

In the younger athlete, these fractures are the 
equivalent of acute muscle strain in the adult. Instead 
of a tear of the muscle fi bers in the mid-substance of 
the muscle or at the musculotendinous junction, the 
tendon is pulled away with its apophyseal attachment. 
Th is is confi rmed on plain radiographs (Fig. 22.12).

Management of avulsion fractures is identical 
to that for grade III tears of the muscle. It involves 
initial reduction of the pain and swelling, restoration 
of full range of motion with passive stretching and 

Figure 40.3 Salter–Harris classifi cation of growth 
plate fractures

Table 40.3 Management and possible complications of growth plate fractures in young athletes

Site Management Potential complications

Distal radius fracture Cast immobilization 
(3–4 weeks)

Not recognized, growth disturbance

Supracondylar fracture 
of the elbow

Sling (3 weeks) Vascular compromise of brachial artery, median nerve 
damage, malalignment

Distal fi bular fracture Cast, non-weight-bearing 
(4–6 weeks)

Growth disturbance can occur up to 18 months later

Distal tibial fracture Cast, non-weight-bearing 
(4–6 weeks)

Premature closure of physis can lead to angulation and 
leg length discrepancy

Distal femur fracture Anatomical reduction Greater incidence of growth discrepancies than in other 
fractures, Salter–Harris type I and II fractures must be 
observed closely
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active range of motion exercises as symptoms settle 
as well as a graduated program of muscle strength-
ening. Any biomechanical abnormalities that may 
have predisposed the athlete to this injury should be 
corrected. Reattachment of the avulsed fragment is 
rarely necessary.

Shoulder pain

Acute trauma to the shoulder may result in fracture of 
the proximal humerus, the clavicle, the acromion or 
the coracoid process. Dislocation of the glenohumeral 
joint is common in the adolescent but uncommon 
in the younger child. Dislocations in adolescents 
are associated with a high incidence of recurrence 
and development of post-traumatic instability. Th e 
management of acute dislocation of the shoulder is 
discussed in Chapter 17.

Overuse injuries around the shoulder are common 
in young athletes involved in throwing sports, swim-
ming and tennis. A stress fracture of the proximal 
epiphyseal plate is seen in young throwers and has 
been termed ‘Little Leaguer’s shoulder’. Radiographs 
reveal widening of the epiphyseal line, followed at a 
later stage by evidence of new bone formation.

Shoulder impingement is also seen in the younger 
athlete. In the young athlete involved in throwing 
sports, the impingement is usually secondary to atrau-
matic instability, which develops because of repetitive 
stress to the anterior capsule of the shoulder joint at the 
end range of movement (Chapter 17). Impingement 
and rotator cuff  tendinopathy also occur in swimmers 
where excessive internal rotation causes a tendency to 
impinge. Th e etiology of these problems in throwers 
and swimmers is discussed in Chapter 5.

Elbow pain

Delineating injury patterns to the elbow in children can 
be challenging, given the cartilaginous composition of 
the distal humerus and the multiple secondary ossifi ca-
tion centers which appear and unite with the epiphysis 
at defi ned ages. Th e pitching motion in baseball, serving 
in tennis, spiking in volleyball, passing in American 
football, and launching in javelin throwing can all 
produce elbow pathology caused by forceful valgus 
stress, with medial stretching, lateral compression and 
posterior impingement. Th e valgus forces generated 
during the acceleration phase of throwing (Chapter 5) 
result in traction on the medial elbow structures and 
compression to the lateral side of the joint. Th is may 
injure a number of structures on the medial aspect of 
the joint. Injuries include chronic apophysitis of the 
medial epicondyle, chronic strain of the medial (ulnar) 

collateral ligament or avulsion fracture of the epiphysis. 
Th e ulnar nerve may also be damaged.

Th e lateral compressive forces may damage the 
articular cartilage of the capitellum or radial head. 
Th e long-term sequelae of these repetitive valgus 
forces include bony thickening, loose body formation 
and contractures.

Flexion contractures can occur because of repeated 
hyperextension. Th e majority of these contractures 
are relatively minor (<15°). Signifi cant contractures 
(>30°) should be treated with active and active-assisted 
range of motion exercises accompanied by a lengthy 
period of rest (e.g. three months).

Osteochondritis dissecans of the capitellum is 
also seen in pitchers and, more commonly, in gym-
nasts. Osteochondritis dissecans is a localized area 
of avascular necrosis on the anterolateral aspect of 
the capitellum. Initially, the articular surface soft ens 
and this may be followed by subchondral collapse 
and formation of loose bodies in the elbow. Th e early 
stages of osteochondritis dissecans may respond well 
to rest. Surgery is required to remove loose bodies. 
Joint debridement is usually performed at the same 
time. Th e results of surgical management of this 
condition are variable.

Th e younger child (under 11 years) may develop 
Panner’s lesion. Th is self-limiting condition is charac-
terized by fragmentation of the entire ossifi c center of 
the capitellum. Loose bodies are not seen in Panner’s 
lesion and surgery is not required.

Ensuring adolescents have adequate rest between 
training sessions and that sporting technique is cor-
rectly coached and monitored by experts can prevent 
these injuries.

Wrist pain

Acute wrist pain can occur because of a fracture. Th e 
scaphoid bone is the most commonly aff ected bone. 
Dorsal wrist pain is commonly seen in gymnasts 
where pain is aggravated by weight-bearing with the 
wrist extended. Th e gymnast complains of tenderness 
over the dorsum of the hand and perhaps swelling. 
Examination fi ndings are usually consistent with local 
injury. Th e most likely cause is a stress injury to the 
distal radial or distal ulnar growth plates. Longstand-
ing injuries are associated with typical radiographic 
changes, including widening, irregularity, haziness 
or cystic changes of the growth plate. Acute growth 
plate slippage or fractures of the distal epiphyses are 
occasionally seen. Other causes of dorsal wrist pain 
include capsule sprain, a tear of the triangular fi bro-
cartilage complex and stress fractures.
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Management of the younger gymnast with dorsal 
wrist pain includes relative rest, splinting, electrothera-
peutic modalities and NSAIDs. Strengthening of the 
wrist fl exors may also be useful in association with tape 
and pads to decrease hyperextension of the wrist.

Kienböck’s lesion of the wrist (Chapter 19) is an 
osteochondrosis of the lunate bone. It occurs gen-
erally in older patients (20 years old) and rarely in 
adolescents.

Back pain and postural abnormalities

Younger athletes may present with pain or postural 
abnormalities such as ‘curvature’ of the spine (or 
both).

Low back pain

Common causes of back pain in the younger athlete 
are similar to those in the mature adult. Minor soft  
tissue injuries to the intervertebral disk, the apo-
physeal joints and associated ligaments and muscle 
strains in the paravertebral muscles usually respond 
well to reduction in activity. Manipulative treatment 
in the management of these conditions in the younger 
athlete is probably contraindicated.

Th ere are a number of other possible causes of low 
back pain in the younger athlete:

• spondylolysis
• spondylolisthesis
• vertebral end-plate fracture
• atypical Scheuermann’s lesion (vertebral 

apophysitis)
• conditions not to be missed

— tumor (osteogenic sarcoma)
— infection (diskitis).

Stress fractures of the pars interarticularis (spondy-
lolysis) may occur in the younger athlete, particularly 
because of repeated hyperextension of the lumbar 
spine. Th ese injuries are typically seen as a result of 
ballet, gymnastics, diving, volleyball, fast bowling in 
cricket and serving in tennis. Th e management of this 
condition is discussed in Chapter 21. Th e amount of 
hyperextension activity must be reduced and this may 
involve some alteration in technique.

Th ere is considerable debate whether these defects 
in the pars interarticularis are congenital or acquired. 
Th ey are probably acquired, even though this may 
occur at an extremely young age. A fi brous union 
develops across the defect and this is susceptible to 
injury. Th e presence of a pars interarticularis defect 
does not automatically mean that this is the cause of 
the patient’s pain. Radioisotopic bone scan or MRI 

may confi rm that the pars interarticularis defect is 
the site of an acute fracture.

Severe disk injuries and tumors are occasionally 
seen in the lumbar spine of the adolescent athlete. 
Biomechanical abnormalities such as leg length 
discrepancy, pelvic instability and excessive subtalar 
pronation may also indirectly lead to low back pain 
and require correction if present.

Postural abnormalities

Th e commonest postural abnormality of the spine 
in the younger athlete is excessive kyphosis of the 
spine due to an osteochondrosis (Scheuermann’s 
lesion). Th is condition occurs typically in the tho-
racic spine but is also seen at the thoracolumbar 
junction. Children can present with acute pain. It 
usually presents in later years as an excessive thoracic 
kyphosis in association with a compensatory excessive 
lumbar lordosis.

Th e typical radiographic appearance of Scheuer-
mann’s lesion is shown in Figure 40.4. Th is dem-
onstrates irregularity of the growth plates of the 
vertebrae. Th e radiological diagnosis of Scheuermann’s 
lesion is made on the presence of wedging of 5° or 
more at three adjacent vertebrae.

Figure 40.4 Radiographic appearance of 
Scheuermann’s lesion
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Management is aimed at preventing progression 
of the postural deformity and involves a combination 
of joint mobilization, soft  tissue therapy to the thora-
columbar fascia, stretching of the hamstring muscles 
and abdominal muscle strengthening. A brace may be 
worn to decrease the thoracic kyphosis and lumbar 
lordosis. Surgery may be indicated if the kyphosis is 
greater than 50° or if signs of spinal cord irritation 
are present.

Hip pain

Hip pain is a more common presenting symptom 
in the younger athlete than the mature adult. Th e 
causes of hip pain in the younger athlete are shown 
in Figure 40.5. Th ere are a number of possible causes 
of persistent hip pain and decreased range of motion 
in the younger athlete.

Apophysitis

A number of large musculotendinous units attach 
around the hip joint. Excessive activity can result in 
a traction apophysitis at one of these sites, usually 
the anterior inferior iliac spine at the attachment of 
the rectus femoris, the anterior superior iliac spine 
at the attachment of the sartorius, or the iliopsoas 
attachment to the lesser trochanter. Management 
involves a reduction in activity and attention to any 
predisposing factors such as muscle tightness. Th ese 
conditions will always resolve.

Perthes’ disease

Perthes’ disease is an osteochondrosis aff ecting the 
femoral head. It presents as a limp or low-grade ache 
in the thigh, groin or knee. On examination there 
may be limited abduction and internal rotation of the 
hip. Perthes’ disease is usually unilateral. It typically 
aff ects children between the ages of 4 and 10 years, 
is more common in males, and may be associated 
with delayed skeletal maturation. Radiographs vary 
with the stage of the disease but may show increased 
density and fl attening of the femoral capital epiphysis 
(Fig. 40.6).

Management consists of rest from aggravating 
activity and range of motion exercises, particularly to 
maintain abduction and internal rotation. Th e age of 
the child and the severity of the condition will aff ect 
the intensity of the management. Rest, the use of a 
brace, and even surgery may be required. Recently, 
arthroscopic chondroplasty and loose body excision 
has shown good short-term results.4

Th e condition usually resolves and return to sport is 
possible when the athlete is symptom-free and radio-
graphs show some improvement. Th e main long-term 
concern is the development of osteoarthritis due to 
irregularity of the joint surface.

Figure 40.5 Causes of hip pain in children
Figure 40.6 Radiographic appearance of Perthes’ 
disease
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Slipped capital femoral epiphysis

A slipped capital femoral epiphysis may occur in 
older children, particularly between 12 and 15 years. 
Th is is similar to a Salter–Harris type I fracture. It 
occurs typically in overweight boys who tend to be 
late maturers. Th e slip may occur suddenly or, more 
commonly, as a gradual process. Th ere is sometimes 
associated pain, frequently in the knee, but the most 
common presenting symptom is a limp.

Examination reveals shortening and external rota-
tion of the aff ected leg. Hip abduction and internal 
rotation are reduced. During fl exion the hip moves 
into abduction and external rotation. Radiographs 
show widening of the growth plate and a line con-
tinued from the superior surface of the neck of the 
femur does not intersect the growth plate (Fig. 40.7). 
Bilateral involvement is common. Slips are a matter of 
considerable concern because they may compromise 
the vascular supply to the femoral head and lead to 
avascular necrosis. Th ese require orthopedic assess-
ment. A gradually progressing slip is an indication 
for surgery. An acute severe slip occurs occasionally. 
Th is is a surgical emergency.

Irritable hip

‘Irritable hip’ is common in children but should be a 
diagnosis of exclusion. Th e child presents with a limp 
and pain that may not be well localized. Examina-
tion reveals painful restriction of motion of the hip 
joint, particularly in extension and/or abduction in 
fl exion. In the majority of cases, a specifi c cause is 
never identifi ed and the pain settles aft er a period of 
bed rest and observation. Radiographs, bone scanning 
and blood tests are usually normal, and the child is 
treated with rest.5

Knee pain

Knee pain, especially anterior knee pain, is a common 
presentation in the younger athlete. Th e common 
causes of anterior knee pain are:

• Osgood-Schlatter lesion
• Sinding-Larsen–Johansson lesion
• patellofemoral joint pain (Chapter 28)
• patellar tendinopathy (Chapter 28)
• referred pain from the hip.

Figure 40.7 Radiographic appearance of slipped capital femoral epiphysis
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Osgood-Schlatter lesion

Osgood-Schlatter lesion is an osteochondritis that 
occurs at the growth plate of the tibial tuberosity. 
Repeated contraction of the quadriceps muscle mass 
may cause soft ening and partial avulsion of the devel-
oping secondary ossifi cation center.

Th is condition is extremely common in adolescents 
at the time of the growth spurt. It is usually associ-
ated with a high level of physical activity, especially 
in sports involving running and jumping, such as 
basketball, football or gymnastics. Pain around the 
tibial tuberosity is aggravated by exercise.

Examination reveals tenderness over the tibial 
tuberosity (Fig. 40.8). Th ere may be associated tight-
ness of the surrounding muscles, especially the quadri-
ceps. Th e presence of excessive subtalar pronation may 
predispose to the development of this condition.

Th e diagnosis of Osgood-Schlatter lesion is clinical 
and radiographs are usually not required. In cases of 
severe anterior knee pain with more swelling than 
expected, a radiograph may be indicated to exclude 

bony tumor. Although all bone tumors are rare, the 
knee is a site of osteogenic sarcoma in the 10–30 year 
age group. Th e typical radiographic appearance of 
Osgood-Schlatter lesion is shown in Figure 40.9.

Osgood-Schlatter lesion is a self-limiting condition 
that settles at the time of bony fusion of the tibial 
tubercle. Its long-term sequel may be a thickening 
and prominence of the tubercle. Occasionally, a 
separate fragment develops at the site of the tibial 
tubercle. Athletes and parents need to understand 
the nature of the condition as symptoms may persist 
for up to two years.

Management of this condition requires activity 
modifi cation. While there is no evidence that rest 
accelerates the healing process, a reduction in activity 
will reduce pain. As this condition occurs in young 
athletes with a high level of physical activity, it may 
be useful to suggest they eliminate one or two of the 
large number of sports they generally play. Th ere is 
no need to rest completely. Pain should be the main 
guide as to the limitation of activity.

Symptomatic management includes applying ice 
to the region. A trial of local electrotherapy may be 
warranted but should be ceased if there is no notice-
able improvement within two or three treatments as 
it is unhelpful in many cases.

Figure 40.8 Sites of the Osgood-Schlatter lesion 
(distal) and the Sinding-Larsen–Johansson lesion 
(proximal)

Figure 40.9 Radiographic appearance of Osgood-
Schlatter lesion

Sinding-Larsen–
Johansson
lesion

Osgood-
Schlatter
lesion
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Tightness of the quadriceps muscles may predis-
pose to this condition. Th e athlete should commence 
a stretching program and, if possible, some soft  tissue 
therapy to the quadriceps muscle. Muscle strengthen-
ing can be introduced as pain allows.

Correction of any predisposing biomechanical 
abnormality, such as excessive subtalar pronation, 
is necessary. Neither injection of a corticosteroid 
agent nor surgery is required. Very occasionally, 
the skeletally mature person may continue to have 
symptoms due to non-union. Th e separate fragment 
should then be excised.

Sinding-Larsen–Johansson lesion

Th is is a similar condition to Osgood-Schlatter lesion. 
It aff ects the inferior pole of the patella at the superior 
attachment of the patellar tendon (Fig. 40.8). It is much 
less common than Osgood-Schlatter lesion but the 
same principles of management apply.

Patellar tendinopathy

Although symptomatic tendinopathy was thought 
to be rare in children, there is now evidence that 
patellar tendinopathy is prevalent in junior basket-
ball players.6, 7 Management is as per tendinopathy 
in adults, although healing may be quicker in the 
adolescent years.

Referred pain from the hip

Conditions aff ecting the hip, such as a slipped capital 
femoral epiphysis or Perthes’ disease, commonly 
present as knee pain. Examination of the hip joint 
is mandatory in the assessment of any young athlete 
presenting with knee pain.

Less common causes of knee pain

Osteochondritis dissecans may aff ect the knee. Th is 
generally presents with intermittent pain and swelling 
of gradual onset. Occasionally, it may present as an 
acute painful locked knee. Th is acute presentation is 
associated with hemarthrosis and loose body forma-
tion. Radiographs may reveal evidence of a defect 
at the lateral aspect of the medial femoral condyle. 
Osteochondritis dissecans requires orthopedic refer-
ral for possible fi xation of the loosened fragment or 
removal of the detached fragment.

In juvenile rheumatoid arthritis (Still’s disease) 
of the knee, there is persistent intermittent eff usion 
with increased temperature and restricted range of 
motion. Th ere may be a family history of rheumatoid 
arthritis. Investigation requires serological examina-
tion, including measuring the level of rheumatoid 
factor and the erythrocyte sedimentation rate and, if 

indicated, serological examination of joint aspirate. 
Th e child’s activity should be adapted to avoid using 
the painful joints while exercising other body parts 
and promoting cardiovascular fi tness.

A diff erential diagnosis in pediatric arthritis that 
is relatively rare but is increasing in the developed 
world is acute rheumatic fever.8 As there may be 
no history of sore throat and carditis may be silent, 
the diagnosis can only be made if the practitioner 
maintains an index of suspicion for this condition. 
Investigations should include markers of infl ammation 
(erythrocyte sedimentation rate, C-reactive protein), 
serology for streptococci (anti-streptolysin-O titer, 
anti-DNase B titers) and echocardiography. Penicillin 
and aspirin (ASA) taken orally remain the mainstays 
of management.

A partial diskoid meniscus may cause persistent 
knee pain and swelling in the adolescent athlete. Th ere 
is usually marked joint line tenderness. Arthroscopy 
may be diagnostic and therapeutic. A complete diskoid 
meniscus is characterized by a history of clunking in 
the younger child (4 years).

Adolescent tibia vera (Blount’s disease) is an 
uncommon osteochondrosis that aff ects the proximal 
tibial growth plate. It usually aff ects tall, obese children 
around the age of 9 years. It is generally unilateral 
and radiographs show a reduced height of the medial 
aspect of the proximal tibial growth plate. Surgery 
may be required to correct any resultant mechanical 
abnormality.

Anterior cruciate ligament (ACL) injuries

Over the last few years there has been an apparent 
increase in the number of ACL injuries reported in 
young athletes secondary to higher participation 
levels, greater awareness and improved imaging 
modalities. It is diffi  cult to ascertain the true incidence 
and prevalence of ACL injuries in young athletes 
because of the lack of documentation of skeletal 
maturity and the ambiguity in diagnosis.9 Th ere is a 
preponderance of these injuries in girls because of a 
smaller ACL size with a smaller intercondylar notch 
of the femur, decreased strength and conditioning, 
diff erent playing mechanisms during play, and ana-
tomical alignment.10

ACL injuries usually present with an acute history 
of a ‘pop’ in the knee, with an inability to return to play, 
followed by swelling in the knee within 6–12 hours. 
Children with chronic ACL insuffi  ciency will present 
with functional instability in the knee when pivoting. 
Th e anterior drawer and Lachmann’s tests are usually 
positive. Caution must be taken in interpreting the 
fi ndings of these tests given the inherent laxity present 
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in the pediatric knee. Th us, before reaching a clinical 
diagnosis, the contralateral knee should be examined. 
MRI scans of the knee should be undertaken to con-
fi rm the diagnosis of ACL injuries and to rule out the 
presence of any associated meniscal tears. MRI is not 
a substitute for a good history and physical examina-
tion, and imaging should only be used to correlate 
the fi ndings of clinical examination.

Th e management of ACL injuries in the younger 
athlete is still controversial. Non-operative manage-
ment is usually reserved for younger children who 
have not yet reached skeletal maturity (Tanner stage 
1 and 2). However, non-operative management has 
a poor outcome.11, 12 Surgery is usually performed in 
children who are either non-compliant to conservative 
management, or in those demonstrating functional 
instability with activities of daily living. When the 
child has associated meniscal pathology, ACL surgery 
is strongly recommended irrespective of the child’s 
Tanner stage.9 In skeletally immature children, physeal 
sparing combined with intra-articular and extra-
articular reconstruction of the ACL using autologous 
iliotibial band graft  has shown promising results.13

Painless abnormalities of gait

It is common for a child to present with an abnormal-
ity of gait. Th e child is usually brought in by a parent 
who has noticed an unusual appearance of the lower 
limb or an abnormal gait either while walking or 
running. Th e child may complain of foot pain (see 
below). However, in many instances, the abnormal 
gait is painless.

It is not suffi  cient to say that the child will ‘grow 
out of it’. Th e child requires a thorough biomechanical 
assessment, which may reveal a structural abnormal-
ity. Th e most common biomechanical problems in 
children are rotational abnormalities originating 
from the hip and the tibia causing either in-toed or 
out-toed gait.

If the child is asymptomatic and biomechanical 
abnormalities are not marked, no treatment is indi-
cated. If abnormalities are marked or if the child is 
symptomatic, management may involve the use of 
braces or night splints when the child is very young. 
In the older child, orthoses can be used to compensate 
for the deformity.

Foot pain

Foot pain of gradual onset is a common presenting 
symptom in the younger athlete. Th e causes of foot 
pain are either related to abnormal biomechanics or 
the development of an osteochondrosis. Examination 

of younger athletes with foot pain requires precise 
determination of the site of maximal tenderness.

Sever’s lesion

Sever’s lesion or calcaneal apophysitis is a traction 
apophysitis of the insertion of the Achilles tendon to 
the calcaneus which typically occurs between the ages 
of 7 and 10 years. Th is is the second most common 
osteochondrosis seen in the younger athlete aft er 
Osgood-Schlatter lesion. As with Osgood-Schlatter 
lesion, Sever’s lesion is oft en present at a time of rapid 
growth during which muscles and tendons become 
tighter as the bones become longer.

Th e patient complains of activity-related pain 
and examination reveals localized tenderness and 
swelling at the site of insertion of the Achilles ten-
don. Th ere may be tightness of the gastrocnemius 
or soleus muscles, and dorsifl exion at the ankle is 
limited. Biomechanical examination is necessary. 
Radiographic examination is usually not required 
except in persistent cases.

Management consists of activity modifi cation so 
that the child becomes pain-free. Th e patient should 
be advised that the condition will always settle, usually 
within six to 12 months, but occasionally symptoms 
will persist for as long as two years. A heel raise should 
be inserted in shoes. Stretching of the calf muscles 
is also advisable. Any biomechanical abnormalities 
should be corrected. Orthoses may be required. 
Strengthening exercises for the ankle plantarfl exors 
should be commenced when pain-free and progressed 
as symptoms permit. Corticosteroid injections and 
surgery are contraindicated in this condition.

Tarsal coalitions

Congenital fusions of the bones of the foot may be 
undetected until the child begins participation in 
sports. Th e most common form is a bony or cartilagi-
nous bar between the calcaneus and navicular bone. 
Th e second most common coalition is between the 
calcaneus and talus. Calcaneocuboid coalition is the 
least common form. Th ere is oft en a family history. 
Th e adolescent may present with midfoot pain, aft er 
recurrent ankle sprains or aft er repetitive running and 
jumping. Th e pain may be associated with a limp.

Examination reveals restriction of subtalar joint 
motion. Th ere may be a rigid fl at foot deformity. 
Radiographs taken at 45° oblique to the foot may 
confi rm the diagnosis, but if these are normal and 
clinical suspicion persists, a CT scan or MRI should 
be obtained.

Management may require orthotic therapy. Sur-
gical excision may be necessary in a young patient 
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with severe symptoms or aft er failure of conserva-
tive therapy. Th e cartilaginous bar may recur aft er 
surgery.

Köhler’s lesion

Köhler’s lesion is a form of osteochondrosis aff ect-
ing the navicular bone in young children, especially 
between the ages of 2 and 8 years. Th e child complains 
of pain over the medial aspect of the navicular bone 
and oft en develops a painful limp. Tenderness is 
localized to the medial aspect of the navicular bone. 
Radiographs reveal typical changes of increased 
density and narrowing of the navicular bone. Manage-
ment in a walking cast for six weeks may accelerate 
relief of the symptoms. Orthoses should be used if 
biomechanical abnormalities are present.

Apophysitis of the tarsal navicular bone

Pain on the medial aspect of the tarsal navicular bone 
in the older child may result from a traction apophysi-
tis at the insertion of the tibialis posterior tendon to 
the navicular. Th is condition is oft en associated with 
the presence of an accessory navicular (Fig. 35.13) 
or a prominent navicular tuberosity. Management 
involves modifi cation of activity, local electrotherapy 
and NSAIDs, with orthoses to control excessive pro-
nation if this is present.

Apophysitis of the fi fth metatarsal

A traction apophysitis at the insertion of the peroneus 
brevis tendon to the base of the fi ft h metatarsal is occa-
sionally seen. Examination reveals local tenderness 
and pain on resisted eversion of the foot. Management 
consists of modifi cation of activity, stretching and 
progressive strengthening of the peroneal muscles.

Freiberg’s lesion

Freiberg’s lesion is an osteochondrosis causing col-
lapse of the articular surface and adjacent bone of 
the metatarsal head. Th e second metatarsal is most 
commonly involved (especially in ballet dancers), the 
third occasionally and the fourth rarely. It occurs most 
frequently in adolescents over the age of 12 years.

Standing on the forefoot aggravates pain. Th e head 
of the second metatarsal is tender and there is swelling 
around the second metatarsal joint. Radiographs reveal 
a fl attened head of the metatarsal with fragmentation 
of the growth plate. However, these changes may lag 
well behind the symptoms. Radioisotopic bone scan 
and MRI are more sensitive investigations.

If Freiberg’s lesion is diagnosed early, management 
with activity modifi cation, padding under the second 
metatarsal and footwear modifi cation to reduce the 

pressure over the metatarsal heads may prove suc-
cessful. If the symptoms persist surgical intervention 
may be necessary.

Other considerations in the younger athlete

Physiological diff erences between the younger and 
the mature athlete may predispose the younger 
athlete to injury. Depending on the child’s age, lack 
of motor skills may place him or her at a greater risk 
of injury.14 Th e adolescent athlete is more susceptible 
to injury than the prepubescent athlete because of 
the circulating androgens that result in greater mass, 
speed and power. Th is, combined with the impulsive 
and reckless attitude typically seen in teenagers, may 
increase the risk of injury.10 Growing children vary 
greatly in size and therefore may not have access to 
appropriately sized protective equipment.

Children with chronic illness
Children with chronic diseases have traditionally been 
discouraged from physical activity. However, physi-
cal activity has marked physical and psychological 
benefi ts for children with chronic disease.

Asthma

Children with asthma should be encouraged to join 
their peers in all activities but should always be permit-
ted to stop exercising or use medications when they 
feel the need. When proper precautions are taken, 
asthma is not a barrier to participating and compet-
ing in sporting activities. In 1975, Fitch reported that 
there had been gold medalists with asthma in all the 
Olympics since 1956.15 Swimming improves symptoms 
and quality of life, and reduces the need for medication 
in asthmatic children compared with non-exercising 
control patients.16 It is important that the asthmatic 
child informs the coach and has appropriate medica-
tion readily available while playing sport. Asthma is 
discussed further in Chapter 46.

Cystic fi brosis

Cystic fi brosis, an inherited condition that aff ects the 
glandular secretions of the lungs, the pancreas and 
sweat, is the most common chronic lung disease in 
children. Secretions of mucus obstruct the small air-
ways and, thus, interfere with respiration and predis-
pose to infection. Exercise performance deteriorates 
proportionately to the extent of lung damage.

In cases of cystic fi brosis, the sodium and chlor-
ide concentration in sweat is three to fi ve times the 
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normal level. Prolonged exercise, particularly in hot 
humid conditions, can result in excessive loss of salt 
and water, making the child more susceptible to heat 
illness and dehydration.

Regular exercise is of great benefi t to children with 
cystic fi brosis. Exercise helps clear mucus from the 
lungs, increases respiratory muscle endurance (oft en 
above that of normal children), decreases airway 
resistance and improves exercise performance.

Th e child should be allowed free access to salty 
foods to replace lost salt and avoid large fl uid intake 
without added salt. Th e more severely aff ected child 
who may have heart problems secondary to lung 
disease should avoid intense exercise.

Diabetes mellitus

General guidelines for people with diabetes who 
wish to exercise are discussed in Chapter 48 and 
these apply to children. Most importantly, diabetes 
can be controlled, and diabetic individuals are able 
to participate in regular physical activity.17

For exercise of prolonged duration, the child will 
usually have to adjust both diet (by consuming more 
carbohydrate) and insulin (by decreasing dosage). 
Otherwise, hypoglycemia may occur during or aft er 
exercise. Experience, combined with medical advice, 
will allow appropriate adjustments to diet and insulin 
dosage to be made. Both the child and the coach or 
teacher should have a supply of sugar available at 
all times.

Cardiovascular disease

In children with cardiovascular disease, ill-advised 
activity can have severe, even fatal, consequences. 
A family history of childhood cardiac deaths or a ‘heart 
murmur’ requires medical assessment. Where serious 
cardiac conditions are suspected, a specialist cardiology 
assessment may be necessary (Chapter 45).

Symptoms and signs that should always alert par-
ents, coaches and teachers to the necessity for further 
assessment include:

• undue shortness of breath
• chest pains with exertion
• fainting, dizziness or light-headedness with 

exertion
• undue fatigue
• cyanosis of the mouth and tongue with exercise.

Hemophilia

Hemophilia is an inherited disorder of blood clotting. 
Th us, relatively minor trauma can cause bleeding 

either externally or, more commonly, into muscles, 
joints or other organs. Such hemorrhages may result 
in joint damage, muscle wasting and contractures that 
impair muscle and joint function.

Management of the child with hemophilia requires 
minimizing the risk of trauma and early access to 
blood products if bleeding occurs. Contact sports 
such as football, skateboarding and boxing should 
be avoided.

Epilepsy

Epilepsy is discussed in Chapter 49. If a child has 
epilepsy, it is important for coaches to obtain infor-
mation from the child’s parents or doctor about their 
seizures, medications and any necessary restrictions 
on activity.

How much is too much?
Offi  cials, coaches, teachers and parents must be aware 
of the individual variations that occur in the physical, 
physiological and psychological capacities of young 
athletes. It is not appropriate to take a recipe book 
approach to training the young athlete.

Prior to puberty, children should be encouraged 
to participate in a variety of activities so that general 
skills can be developed and all facets of athletic per-
formance enhanced. Specialization at a young age is 
to be avoided. Overexposure during the important 
development years may cause a long-term aversion to 
sports. Some practical guidelines for those supervising 
general children’s sports are listed below.

 1. All coaches should gain accreditation by 
attending coaching courses.

 2. Coaching programs must be individually 
tailored to the child, taking into account:

 (a) physical maturation
 (b) skill level
 (c) ability to learn new skills
 (d) enthusiasm
 (e)  the presence of physical limitations 

(including injury).
 3. Coaches or someone involved in the club 

or school should have a basic fi rst-aid 
knowledge.

 4. Any child complaining of pain, tenderness, 
limitation of movement or disability should 
be promptly referred for management by an 
appropriately qualifi ed clinician.

 5. Children playing sports should wear 
suitable clothing, footwear and protective 
equipment.
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 6. A responsible adult should ensure that 
sunburn, dehydration and heat stroke do not 
occur.

 7. Warm-up and stretching should be encouraged 
before all training or competition.

 8. Equipment should be maintained in good, safe 
working condition.

 9. Training should be conducted on a variety of 
surfaces.

10. Th e frequency, duration and intensity of both 
training and competition should be monitored 
(see below).

As children develop, their physiological make-up 
changes so that diff erent training regimens are required 
for diff erent ages. We present general and sport-specifi c 
guidelines for training and competing in several popular 
activities. Th ese suggestions comply with the position 
statement on physical training in children and adoles-
cents of the International Federation of Sports Medicine 
(FIMS).18 Th e recommended training frequency should 
take into account all other sports activities that the child 
plays. Th ere are no strict rules as there is considerable 
variation between children.

General guidelines

1. Detailed pre-participation medical examination 
for children before admission into competitive 
sport.

2. Adequate medical coverage at sporting events.
3. Coaches should know the biological, 

physical and social problems related to 
child development, and be able to apply this 
knowledge in coaching.

4. Responsibility for the child’s overall 
development must take precedence over training 
and competition requirements.

5. ‘Training for maximum performance’ at an 
early age should be condemned on medical and 
ethical grounds.

6. Children should be exposed to a wide variety of 
sporting activities to ensure that they identify 
the sport(s) that best meet their needs, interest, 
body build and physical capacities. Early 
specialization should be discouraged.

7. Besides the chronological age of participants, 
maturity, body size, skill and gender should be 
taken into account.

8. Proper equipment and fi eld/surface playing 
conditions must be provided.

9. Planned training sessions should be tailored to 
the age of the participants to minimize the risk 
of injury.

Long distance running

Th e recommended maximum competition distances 
for children of various ages are shown in Table 40.4. 
Th e weekly training distance should not be more 
than twice the recommended maximum competi-
tion distance. Races up to 10 km in length can be 
undertaken on a weekly basis. Races over 10 km 
in length require longer recovery periods. Training 
frequency for those up to 14 years should not exceed 
three times per week. Th ose aged 15 years can train 
up to fi ve times per week.

Young athletes should wear good quality, well-
fi tted running shoes. Specifi c racing shoes (e.g. spikes) 
may be used for track and cross-country racing for 
children over 10 years of age.

Sprints

Training frequency for those up to 14 years should 
not exceed three times per week. Th ose aged 15 years 
can train up to fi ve times per week. Th e duration of 
each session should not exceed 1.5 hours, including 
a warm-up and stretching component. Th e young 
athlete should avoid training on hard surfaces such 
as bitumen or concrete and use a variety of surfaces 
such as grass, dirt or parklands to reduce the impact 
of training on the growing body.

Throwing events (shot put, discus, 
javelin, hammer)

Injuries can be avoided in throwing events if the 
correct technique is developed for each throwing 
discipline. Close supervision is required in training 
and competition. Suggested guidelines for throwing 
events are listed below.

1. No more than three training sessions per week.
2. Each session should not exceed 1.5 hours, 

including warm-up.

Table 40.4 Recommended maximum running 
distance at diff erent ages

Age (years) Distance (km)

Under 9 3

9–11 5

12–14 10

15–16 Half marathon (21.1)

17 30

18 Marathon (42.2)
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3. Th e total number of throws permitted for each 
session should not exceed 20 for athletes up 
to 14 years and 40 for those between 15 and 
18 years.

Javelin throwing is more demanding than shot 
put, so training repetitions should be reduced by 
one-third.

Jumping events (long jump, triple jump, 
high jump, pole vault)

Training frequency and duration should follow the 
guidelines listed below.

1. Each session should be no longer than 1.5 hours, 
including warm-up.

2. Athletes up to 14 years should not perform more 
than three sessions per week with a maximum of 
10 jumps per session.

3. Athletes of 15–18 years should not perform 
more than fi ve sessions per week with a 
maximum of 20 jumps per session.

Gymnastics

Boys and girls from a range of ages can compete on 
a variety of levels in this sport. Th e number of hours 
spent training per week depends on the number of 
years of training the gymnast has already undertaken. 
Recreational gymnasts and low-level competitive 
club gymnasts generally train 2 hours per week. Inter-
mediate competitive stage and national gymnasts 
train up to 15 hours per week, while international 
level gymnasts oft en train between 20 and 30 hours 
per week. Th is group is at a particular risk of overuse 
injury. As a result of the high levels of activity and 
the importance of maintaining a low body fat level, 
young female gymnasts are at risk of the development 
of menstrual irregularities (e.g. delayed menarche, 
amenorrhea), delayed maturation, eating disorders 
and stress fractures. It is important that coaching 
is of extremely high quality and that the athletes’ 
programs are appropriate to their maturational 
development and gymnastic ability. Although it 
was thought that gymnastics could lead to growth 
retardation, recent data suggest that this is not the 
case.19, 20

Swimming

Guidelines for the development of training pro-
grams designed for young swimmers are shown in 
Table 40.5.

Resistance training

Resistance training (also known as weight training or 
strength training) involves using resistance to increase 
muscle strength, power and endurance. It involves the 
use of free weights, weight machines, elastic bands or 
body weight. It is generally used to complement other 
aspects of sports training. Weightlift ing, on the other 
hand, is the sport of lift ing maximal weights through 
various set ranges of motion.

A well-organized, resistance training program 
can be benefi cial to children of pre-adolescent ages. 
Acute injuries can be prevented through proper super-
vision, correct technique and attention to program 
variables.

While there is support for weight training, it is 
universally accepted that weightlift ing by children 
should be avoided because of the high potential for 
injury when lift ing maximal amounts at high speeds. 
Th e benefi ts of weight training for children are listed 
below.

1. Strength gains. Children of all maturity stages 
are capable of making signifi cant strength 
gains and positive increases in muscle function 
following short-term weight training. Strength 
gains are lost six to eight weeks aft er stopping 
training. Th is is prevented by maintenance 
exercises.

2. Self-image. Psychological benefi ts, such as 
improved self-esteem and body image, occur 
with strength training.

3. Introduction to coaching techniques. Supervised 
strength training provides exposure to 
appropriate coaching techniques that may be 
useful in adult life.

The risk of injury through weight training is 
oft en emphasized. If, however, correct training and 
supervision principles are applied, accidents can be 
avoided. Most reported injuries in children occur 
during unsupervised sessions and when attempting 
a maximal lift .

Blackouts have also been reported occurring in chil-
dren lift ing maximum weights, with incorrect breath-
ing techniques. Th ere have been no such reports with 
a properly executed resistance training program.

Guidelines for resistance training

These guidelines incorporate the International 
Federation of Sports Medicine, British Association 
of Sport and Exercise Sciences, and American Acad-
emy of Pediatrics guidelines on resistance training 
in children.21–23
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Resistance training programs should primarily 
focus on maintaining positive physiological, psy-
chological and sociological welfare and health of the 
young athlete. Performance achievement should be 
secondary. Resistance training programs should not 
be implemented without the supervision of a certifi ed 
strength and conditioning professional. Th e correct 
technique must be taught for each exercise. Th e size of 
the exercise equipment should correspond to the size of 
the child and routine safety inspections should be car-
ried out. High training intensities should be avoided. 
Maximal intensities should not be performed before 
the child reaches 16 years of age or Tanner stage 5. 
Th ere should be a gradual progression in training 

intensity. Resistance training should supplement 
rather than replace other forms of physical activity. All 
exercises should be performed in a controlled manner 
throughout a full range of motion. Fast, sudden and 
ballistic movements should be avoided. All training 
sessions should be preceded by stretching and followed 
by stretching and a cool-down period.

To introduce the athlete to specifi c strength training 
exercises, it is recommended that no load (resistance) 
be used initially. Later, once the athlete has mastered 
the exercise skill, gradual loads can be introduced. 
If the athlete’s technique begins to break down, the 
load must be reduced to a point at which a proper 
technique is restored.

Table 40.5 The progressive development of the swimmer

Age 
(years)

Frequency and 
duration Development Activities Competition

3–4 Whenever in bath, 
pool, beach, etc.

Confi dence in water
Ability to submerge 

and open eyes
An extension of the 

playground

Blowing bubbles, looking 
underwater, jumping 
in to Mum or Dad and 
kicking on front or back 
with help from parent

Not relevant

5–7 Two 20-minute lessons 
a week (two to six 
persons in a group, 
warm waist-high 
water)

Basic water skills and 
stroke technique—
aim at 25 m front 
and back crawl and 
also symmetrical 
breaststroke

Learn to dive, fl oat, kick and 
dog paddle, with the help 
of kick-boards and other 
teaching aids

Work up to basic strokes 
being taught

Not relevant

8–9 Two to three sessions 
per week of 45 
minutes

Learn more advanced 
skills and technique 
with aim of 
swimming 25–50 m 
using basic strokes

Introduce turns, bent arm 
backstroke and whipkick 
breaststroke, using 
training clock for rest 
and departure intervals 
and working in groups to 
promote cooperation

Join swimming club for 
self-improvement 
and fun

10–12 Three to fi ve sessions 
per week of 60–90 
minutes

Introduction to 
competition and 
strengthen stroke 
technique

Introduce butterfl y and 
increase training distance 
to 500 m with some 
2000 m

Use relay changeovers

Highest level of 
competition 
possible—school, 
intra- or inter-club 
or state level to 
promote group 
rather than individual 
participation

13–16 Five to nine sessions 
per week of 90–120 
minutes

Gear training to 
seasonal program 
of competition, 
peaking for one or 
two events

Maximize 
opportunities to 
develop all strokes 
over various 
distances

Maintain a ‘mixed bag’ 
of training with long 
distance workouts with 
all strokes

Introduce strength training 
with own body weight 
and light weights 
together with stretching

Competition at high 
levels (i.e. regional, 
state, national if 
qualifi ed)

Adapted from: Sports Medicine Australia. Safety Guidelines for Children in Sport and Recreation. Canberra: Sports Medicine 
Australia, 1997.
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Th e maximum number for formal training sessions 
per week, including resistance training, for children up 
to 12 years of age should be three, each having a dura-
tion of no longer than 90 minutes. For elite athletes, 
the total training load may vary according to the sport 
and level of competition. However, resistance training 
should never exceed three sessions per week.

A typical 60 minute training session would con-
sist of warm-up, 20 minutes of resistance training, 
20 minutes for a run, cycle or swim and 20 minutes 
of soccer, gymnastics or basketball followed by a 
cool-down.

Training should be directed to high repetitions 
and low loads involving all muscle groups through a 
full range of movement at each joint. Weights/resist-
ance should be less than 80% of the individual’s one 
repetition maximum. When eight to 15 repetitions 
can be performed, more weight can be added in small 
increments. Certain exercises that are not considered 
safe are listed below.

Potentially dangerous resistance exercises

1. Bouncing squats. Bouncing out of the bottom 
position in the squat can cause knee damage and 
muscle strains.

2. Squat with knees tilting or rotating inwards. Th is 
can cause shearing pressures on the knees.

3. Standing presses with back fl exion, extension 
or rotation. Increased lordosis of the lumbar 
spine may place excessive loading on the spine. 
Th is may be temporarily lessened in the seated 
position; however, this has the disadvantage of 
not developing the structural muscles of the 
lower back needed to carry out the exercise 
successfully.

4. Bench press with hips raised off  bench. 
Although oft en seen with experienced power 
lift ers, this places excessive load on the 
hyperextended back.

5. Straight arm pullovers. Th ese result in greater 
strain on the rotator cuff  than the safer, bent-
arm version.

6. Rapid lumbar hyperextensions. Th ese can strain 
muscles and injure joints.

7. Squatting/jerking in running shoes. Running 
shoes provide inadequate lateral stability for this 
exercise.

8. Full range of motion with rubber bands. 
Resistance with rubber bands increases 
proportionately with degree of stretch, which 
oft en leads to maximal force on a muscle at 
a point that is weaker than in its mid-range 
position and predisposing it to injury.

Nutrition for the 
younger athlete
At no time in life is nutrition more important than 
in childhood and adolescence. Th is is a time of rapid 
growth and, frequently, high levels of activity. Eat-
ing and drinking practises established at this stage 
oft en form the foundation of dietary habits practiced 
through life.

It is also a time of nutritional risk. Adolescents have 
a tendency to skip meals, snack frequently and rely 
heavily on fast foods. Girls, more so than boys, may 
become obsessed with achieving a slim fi gure.

One area of major concern has been the increased 
pressure on young, elite athletes to aim to achieve 
low levels of body fat, particularly where extreme 
thinness is prized (e.g. ballet dancing, gymnastics, 
endurance running). Eating disorders such as anorexia 
nervosa and bulimia may be more common in some 
of these sports than in a control population. Th ese 
disorders are most commonly seen in adolescence. 
Inadequate nutrition aff ects growth and maturation 
(Chapter 37).

Energy

Children and adolescents involved in sport have high 
energy requirements. During the growth spurt, chil-
dren engaging in physically demanding sports may 
fi nd it diffi  cult to satisfy their energy needs. Th is may 
be due to a small stomach capacity, poor appetite or 
food being a low priority. Fortunately, adolescents 
are great snackers. For some, snacks may provide the 
majority of their energy needs. Th erefore, it is vital that 
these snacks are highly nutritious but low in fat.

Snack ideas for young athletes

• Wholemeal (whole-wheat) dry biscuits topped 
with:
— a slice of low-fat cheese and tomato
— peanut butter and celery strips
— honey and banana
— ricotta cheese and dried fi gs

• Wholegrain toast topped with ricotta cheese and 
jam

• Toasted English muffi  n spread with golden 
syrup/maple syrup

• Fruit loaf
• Pita bread (toasted) with ‘healthy’ dips (e.g. 

yoghurt and cucumber)
• Warm tacos with hummus and salad
• Frozen banana
• Fresh fruit salad
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• Half rockmelon (cantaloupe) fi lled with 
blueberries

• Frozen yoghurt
• Low-fat muesli bar
• Baked apple
• Low-fat fruit yoghurt
• Low-fat ice-cream with fresh or frozen berries
• Milk smoothies—blend low-fat milk and 

yoghurt with fruit
• Baked custard (made with low-fat milk)
• Low-fat ‘creamy rice’
• Baked potato topped with fl avored cottage cheese
• Rice salad
• Pumpkin soup and toast
• Baked beans with wholemeal toast
• Wholemeal pancakes with stewed apple and 

cinnamon or maple syrup
• Corn on the cob with freshly ground black 

pepper
• Boiled noodles
• Raisin bread with honey

Protein

During childhood and adolescence, protein needs per 
kilogram of body weight are higher than at later stages 
of life. Th is is due to the increased needs of growth.

In the case of athletes, exact protein requirements 
remain controversial (Chapter 37). However, it is now 
widely accepted that exercise does increase protein 
requirements. A protein intake of 2.0 g/kg of body 
weight per day is recommended for children and 
adolescents. Providing the total daily energy intake 
is adequate and protein represents 12% of the total 
energy, it seems unlikely that young athletes will not 
meet their protein needs. Good sources of protein are 
lean meat, low-fat cheese, chicken without skin, milk, 
fi sh, legumes, rice, eggs, nuts and seeds.

Carbohydrates

Th e benefi ts of a high-carbohydrate diet on athletic 
performance have been well documented (Chapter 
37). However, young athletes may have diffi  culty in 
eating enough to fulfi ll their requirements. In most 
cases, it is necessary to incorporate some refi ned 
carbohydrates such as sugar in the diets of young 
athletes to help meet their energy needs.

A very-high-carbohydrate diet is not recom-
mended for children and adolescents as it may reduce 
protein intake. Th is may be detrimental to growth 
and development in the long term. Good sources of 
carbohydrates are rice, pasta, breads and cereals, fruit, 
starchy vegetables and legumes.

Fat

Th e fat intake of most schoolchildren is 40% of their 
energy needs. All children should be encouraged to 
reduce their fat intake to less than 30% of their total 
energy intake.

Vitamins and minerals

Vitamin defi ciencies will adversely aff ect athletic 
performance. Certain diets may not provide adequate 
vitamin supplies. Diets that include excessive con-
sumption of simple sugars may not only result in an 
inadequate intake of energy but may result in vitamin 
defi ciencies, especially the B group. B group vitamins 
are needed for the conversion of sugar to energy. As 
simple sugars do not supply B group vitamins, exces-
sive intake may exhaust the body’s store.

While indiscriminate use of vitamin supplements 
in athletes should be discouraged, especially in the 
absence of dietary change, supplements may be 
appropriate for vulnerable groups of young athletes 
(e.g. those on low-energy diets) or those who exhibit 
signs of possible vitamin defi ciency (e.g. excessive 
tiredness). Two minerals, calcium and iron, are par-
ticularly important for the young athlete.

Calcium

Aside from pregnancy and lactation, calcium require-
ments are highest during childhood and adolescence.24 
Calcium is required for the formation of bones and 
is essential for nerve and muscle function, blood 
clotting and hormonal regulation. Although the 
body can increase calcium retention when intake is 
low, an inadequate calcium intake may compromise 
attainment of peak bone mass and, thus, increase the 
risk of osteoporosis.

Girls tend to be particularly at risk of inadequate 
calcium intake. Th is is at a time when it is essential for 
females to develop peak bone mass. Th e combination 
of inadequate calcium and amenorrhea, oft en found in 
athletic girls, may increase the long-term risk of osteo-
porosis. Th e recommended daily intakes of calcium 
at various ages are shown in Table 37.10. Th e calcium 
content of common foods is shown in Table 37.11.

Iron

Iron defi ciency, with or without anemia, is known 
to have a deleterious eff ect on athletic performance. 
Female athletes are at greater risk of iron defi ciency 
because of increased iron losses through menstrua-
tion, in addition to the gastrointestinal, bladder and 
sweat losses, and decreased iron absorption common 
to all athletes.
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Management of iron defi ciency in athletes con-
sists of regular screening (including serum ferritin 
levels), nutrition education and, in some cases, iron 
supplementation. Recommendations regarding iron 
intake are found in Chapter 37.

Thermoregulation and hydration

Exercising children are not as effi  cient as adults when 
it comes to thermoregulation. Th e thermoregulatory 
disadvantages faced by children when compared to 
adults are due to the following: 25

• Children gain heat faster from the environment 
because of their greater surface area-to-body 
mass ratio compared to adults.

• Children produce more heat per mass unit than 
adults during activities that involve walking or 
running.

• Th e sweating capacity of children is considerably 
lower than adults, which reduces their ability to 
dissipate body heat by evaporation.

• Children acclimatize to exercising in hot 
weather at a slower rate than adults.

Maintenance of adequate hydration helps to pre-
vent heat stress. During exercise, children may fail to 
ingest suffi  cient fl uid to prevent dehydration because 
they oft en do not feel the urge to drink enough to 
replenish the fl uid loss before or following exercise.26 
Th us, attention to adequate hydration is essential. 
All these factors combine to increase the risk of heat 
illness in children. Th e recommended fl uid intakes 
for children of various ages are shown in Table 40.6. 
Water appears to be the best fl uid. Further guidelines 
for the prevention of heat illness are contained in 
Chapter 53.

Body image

Body image is an important issue for adolescents as 
physical and emotional changes occurring during 
this time accentuate self-consciousness about the 
body.28 Body image concerns are not only confi ned 
to females but may also aff ect males who feel pressure 
to attain the ideal male body—masculine muscular 
physique.

Th ese concerns about body image oft en translate 
to poor eating practises and disordered eating.29 As 
many as 63% of girls and 16% of boys have dieted 
at least once and many claim to have used extreme 
methods.30 For adolescent athletes, body image issues 
add to the many factors that may contribute to dis-
ordered eating patterns. Th ese include: pressure to 
optimize performance; pressure to meet unrealistic 
body weight and fat goals; societal expectations; and 
established norms for certain sports that may infl uence 
athletes to attain a certain body shape.31

Obesity

Many studies show that obesity is not to be simply 
equated with overeating.32 In fact, obese children 
oft en eat fewer calories than their lean counterparts. 
However, obese children do exhibit low levels of 
spontaneous activity.33 Regular moderate activity 
for an hour a day can raise energy expenditure by 
20%. Th is will contribute to weight loss. An exercise 
program for obese children should emphasize:

• enjoyment to ensure the child continues with 
physical activity

• regular, moderate exercise of up to 1 hour per 
day

• total time of activity per day rather than speed 
or performance

• caution with exercise in the heat since obese 
children tolerate heat poorly and adapt slowly to 
changes of temperature

• adequate fl uid intake during exercise in the heat.

The ‘ugly parent’ syndrome
Although parents generally aspire to provide the 
best sporting experience for their children, it does 
not always turn out that way. Parental interfer-
ence and pressure are among the main reasons that 
children (and coaches) drop out of sport. Children 
competing under excessive parental pressure may 
display physical ailments ranging from headaches to 
stomach aches and muscle pains. In addition, stress 
may cause sleep disturbances, emotional volatility, 

Table 40.6 Sports Medicine Australia guidelines 
for fl uid replacement (water) for children and 
adolescents(a)27

Age (years) Time (min) Volume (mL)

~15 45 (before exercise)
20 (during exercise)
As soon as possible 

after exercise

300–400
150–200
Liberal until 

urination

~10 45 (before exercise)
20 (during exercise)
As soon as possible 

after exercise

150–200
75–100
Liberal until 

urination

(a) In hot environments fl uid intake may need to be more 
frequent.
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fatigue and prolonged depression. Guidelines for 
parents supporting their child’s sporting interest 
are shown below.

 1. Encourage children to participate if they are 
interested. However, if a child is not willing, 
do not force him or her.

 2. Focus upon the child’s eff orts and performance 
rather than on the overall outcome of the 
event. Th is assists the child in setting realistic 
goals related to his or her ability by reducing 
the emphasis on winning.

 3. Teach children that an honest eff ort is as 
important as victory, so that the result 
of each game is accepted without undue 
disappointment.

 4. Encourage children to always participate 
according to the rules and settle disagreements 
without resorting to hostility or violence.

 5. Never ridicule a child for making a mistake or 
losing a competition.

 6. Remember that children are involved in 
organized sports for their own enjoyment, 
not for their parents’ enjoyment.

 7. Remember that children learn best from 
example. Applaud good play by all teams.

 8. Respect offi  cials’ decisions and teach children 
to do likewise.

 9. If you disagree with an offi  cial, raise the issue 
through the appropriate channels rather than 
questioning the offi  cial’s judgment and honesty 
in public. Remember, most offi  cials volunteer 
their time and eff ort to help children.

10. Support all eff orts to remove verbal and 
physical abuse from sporting activities.

11. Recognize the value and importance of 
volunteer coaches. Th ey give their time and 
resources to provide recreational activities for 
the children.

12. Respect the rights, dignity and worth of every 
young person regardless of their gender, ability, 
cultural background or religion.

Coaches’ role
Coaches may have long-lasting positive infl uences 
on a child’s enjoyment of sport. Unfortunately, many 
children feel ignored by coaches, are never given 
instructions about their faults, and never made aware 
of their progress.34–36 It must be remembered that for 
a number of children, experience in a particular sport 
will be brief and the coach should aim to make the 
child the better for it. A code of behavior to assist 

coaches in achieving a benefi cial infl uence on their 
athletes is listed below.

 1. Be reasonable in demands on young players’ 
time, energy and enthusiasm.

 2. Teach players that rules of the sport are mutual 
agreements that no one should evade or break.

 3. Whenever possible, group players to give a 
reasonable chance of success.

 4. Avoid overplaying the talented players. Th e ‘just 
average’ players need and deserve equal time.

 5. Remember that children participate for fun 
and enjoyment and that winning is only part 
of their motivation. Never ridicule or yell at 
children for making mistakes.

 6. Ensure that equipment and facilities meet 
safety standards and are appropriate to the age 
and ability of the players.

 7. Take into consideration the maturity level of 
the children when scheduling and determining 
the length of practise times and competition.

 8. Develop team respect for the ability of 
opponents as well as for the judgment of 
offi  cials and opposing coaches.

 9. Follow the advice of a sports medicine 
practitioner when determining when an 
injured player is ready to recommence training 
or competition.

10. Remain informed of sound coaching principles 
and the principles of growth and development 
of children.

11. Avoid use of derogatory language based on 
gender.
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CHAPTER 

41
Women and Activity-Related 
Issues Across the Lifespan
WITH KIM BENNELL AND JULIA ALLEYNE

An approach to women’s health issues can be 
applied to sports medicine to identify the areas 

of concern to females as they progress through the life 
cycle. Women’s health is best understood by describing 
what is more common, more severe and/or exclusive 
to women as a basis for identifying areas of clinical 
and research needs. For example, osteoporosis is more 
common in women but not limited to women, whereas 
pregnancy is exclusive to women. Understanding 
women’s health means developing assessment tools 
that are specifi c to the anatomical and physiological 
diff erences of women as well as understanding the 
gender diff erences that roles, society and opportunity 
play in providing a woman with an optimal sport 
environment.

Many areas of sports medicine and exercise play a 
role in achieving optimal performance. Health issues 
related to the menstrual cycle, exercise and preg-
nancy, and changes at the menopause are examples 
of the eff ect the female hormonal physiology has on 
sport performance. Female sports participants have 
a two- to eightfold greater risk of anterior cruciate 
ligament ruptures (ACL) than male counterparts 
engaged in the same activities (Fig. 41.1). Th at issue, 
and strategies for prevention of that injury, are covered 
in Chapter 27.

Similarities and diff erences 
between the sexes
Although diff erences exist between the sexes, there are 
far more similarities between males and females of the 
human species than males and females in many other 
species. A number of the diff erences between males 
and females can be related to the increased average 

size of the male. When corrections are made for size, 
the diff erences are markedly reduced or abolished. 
Diff erences between the sexes will be considered in 
four diff erent areas:

Figure 41.1 Female sports participants have a two-
to eightfold greater risk of ACL rupture than male 
counterparts undertaking the same activities (see 
Chapter 27)
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1. skeletal structure
2. body composition
3. physiology
4. training eff ects.

Prior to puberty, there is little diff erence between 
males and females. Females tend to reach puberty at 
a slightly earlier age (9–13 years) than males (10–14 
years).

Skeletal diff erences

Bony growth is similar in males and females until 
approximately 9 or 10 years of age. Girls tend to 
commence their adolescent growth spurt around 
the age of 11 years and surge ahead of boys in height 
and weight. Boys begin their adolescent growth 
spurt, on average, two years later, around the age of 
13 years. Th e rate of linear growth in girls usually 
decelerates with menarche (beginning of menstrua-
tion), between 12 and 14 years. Aft er menarche, girls 
will usually gain approximately 5 cm (2.5 in.) and 
reach their maximal height by 16 or 17 years. Th e 
growth spurt in boys usually occurs between 12 and 
15 years and full maturation may not occur until 
20–21 years of age.

Th e pattern of body weight development is similar 
to that of height. Th e earlier growth spurt gives females 
an increased weight in the early teenage years. How-
ever, by 15 years of age, boys’ weight usually exceeds 
that of girls. At full sexual maturity, the male outweighs 
the female by approximately 11 kg (24 lb). Th is is due 
to additional bone and muscle mass.

A substantial amount of bone mineral is accumu-
lated during the growing years, particularly in ado-
lescence. In fact, as much bone mineral is laid down 
during the adolescent years as most people will lose 
during their entire adult lives.1 Th e timing of peak 
gains in bone accrual occurs approximately one year 
aft er the age of peak linear growth and is earlier in girls 
than boys, consistent with the earlier onset of sexual 
maturation in girls. Th is dissociation between linear 
growth and bone mineral accrual suggests a transient 
period of relative weakness during the adolescent 
growth spurt2 and may partially explain the increase 
in fractures seen in children around the time of peak 
linear growth.3 Women, on average, have a smaller 
peak bone mass than men because their skeletons are 
physically smaller. However, a gender diff erence in 
bone density is not nearly as clear-cut and probably 
varies from site to site.4

Males usually have wide shoulders and narrow 
hips, whereas a female generally has a wide pelvis in 
relation to the width of her shoulders. Because the 

woman is shorter and has a wider pelvis, she has a 
lower center of gravity and possibly greater stability. 
Th is may lead to improved balance.

Th e wider pelvis leads to an increased inward slant 
of the thigh and, therefore, an increased Q angle at 
the knee (Chapter 28). Women have shorter limbs, 
especially the upper arm, and thus have less lever 
action with a resultant loss of power. Females have 
an increased carrying angle at the elbow.

Body composition

Women’s average body fat composition is approxi-
mately 26% compared with that of men of 14%. 
Women have lower lean body mass, indicating less 
muscle mass. Th e greater muscle mass in males is 
due to the predominant eff ect of the androgenic hor-
mones, whereas estrogen, which is the predominant 
hormone in females, results in increased body fat. In 
males, the subcutaneous fat is found mainly in the 
abdominal and upper regions of the body, whereas 
the female has a greater concentration of body fat in 
the hips and thighs.

Physiological diff erences

Th ere are signifi cant diff erences between the sexes in 
the cardiovascular system. Th e female has a smaller 
heart size and therefore a reduced stroke volume. 
Th is results in reduced blood fl ow to the muscles 
with each heart beat at a given level of work com-
pared with in the male. Th is may be compensated 
for by an increase in heart rate. A woman’s heart 
rate may be 5 beats per minute faster than a man’s 
at an equal exercise load. Men are able to deliver a 
30% higher maximal cardiac output. Th is appears to 
be related to larger heart volume as maximal heart 
rate is similar.

Th e female has a smaller thorax than the male and 
this results in a smaller vital capacity, residual volume 
and, therefore, total lung capacity. Females have a 
lower basal metabolic rate, the rate of conversion of 
food to energy under conditions of total rest. Th is 
appears to be related to the greater lean body mass of 
the male and the greater proportion of adipose tissue 
in the female. When basal metabolic rate is calculated 
in terms of lean muscle mass rather than body surface 
area, the diff erence disappears.

Absolute Vo2max values (a measure of aerobic fi t-
ness) are typically 40% higher in men than women. 
When expressed per kilogram of body weight, this 
diff erence is reduced to 20%. When expressed relative 
to fat-free instead of total body weight, the sex diff er-
ence in Vo2max is further reduced to 10% or less.
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Females tend to have fewer red blood cells with a 
reduced hemoglobin level per red cell. Th is leads to 
a lowered oxygen-carrying capacity.

Th e male has a larger muscle mass due to the eff ect 
of the androgenic hormones but there is no diff er-
ence in the relative percentages of slow-twitch and 
fast-twitch fi bers. Th e diff erence in muscle mass is 
due to the increased size of the various muscle fi bers. 
Some physiological diff erences between the sexes are 
shown in Table 41.1.

Training and performance

Females are, on average, only two-thirds as strong as 
males. Strength is related both to the number of muscle 
fi bers recruited and to the absolute size of the muscle 
fi bers. Males are stronger than females because of 
their increased muscle mass. When correction is made 
for this diff erence in muscle mass, the diff erence in 
strength disappears. In other words, per unit of muscle 
mass, the female is as strong as the male.

When males perform strength training, they 
develop increased strength and increased muscle size 
due to hypertrophy of the muscles. Th is hypertrophy 
is due to the eff ect of testosterone. Females perform-
ing strength training gain increased strength with 
relatively less muscle hypertrophy. Females may gain 
as much strength, relatively, as males with appropriate 
training. Th ere is no increased risk in strength train-
ing for females compared with males. 

In endurance sports, performances by females lag 
behind performances by males by between 5% and 
15%. Th is is probably related to the diff erences in 
body size and body composition.5

As stated, the Vo2max of males is, on average, 40% 
greater than in females. Th is may be reduced to 

approximately 20% by considering the Vo2max/kg body 
weight and to approximately 10% by considering the 
Vo2max/kg lean body weight. Th erefore, the extra body 
fat in females probably accounts for about 75% of the 
diff erence in endurance performance. Th e remaining 
diff erence is attributed to the higher cardiac output 
produced by males than females due to the greater 
heart size and to their increased amount of hemo-
globin, which enables them to have an increased 
oxygen-carrying capacity.

Physiology of the 
menstrual cycle
A normal menstrual cycle varies between 23 to 35 days 
but an average cycle lasts 28 days. It is regulated by 
the hypothalamus, which produces gonadotrophin-
releasing hormone (GnRH) to stimulate the pituitary 
hormones. Th e fi rst half of the cycle, known as the 
follicular phase, is characterized by an increase in 
follicle-stimulating hormone (FSH), which results in 
estrogen production by the ovaries. Th ese hormones 
stimulate the formation of the primary follicle and 
proliferative growth of the uterine lining. Th e follicular 
phase ends with rupture of the follicle and release of 
the ovum approximately 14 days before the next men-
strual bleed begins. Th e luteal phase, also lasting about 
14 days, is marked by a surge in luteinizing hormone 
(LH) triggered by rising levels of estrogen. A result-
ing increase in progesterone stimulates maturation 
of the follicle and ovulation. If fertilization does not 
occur, luteal function declines and a rapid decrease 
in estrogen and progesterone leads to menstruation. 
Th e female sex hormones exert a range of eff ects on 
many metabolic, thermoregulatory, cardiovascular 

Table 41.1 Some physiological diff erences between the sexes from the female perspective in relation to exercise 
performance

Diff erence Result

Lower blood volume
Fewer red blood cells (~6%)
Less hemoglobin (~15%)

Lower total oxygen-carrying capacity of blood

Smaller heart Higher heart rate, smaller stroke volume

Lower maximum cardiac output Lower maximum aerobic capacity (20%)

Smaller thorax Lower vital capacity, lower tidal volume, lower residual volume, lower 
maximal breathing capacity

Less lung tissue Lower minute ventilation

Less muscle mass (fewer fi bers and 
smaller fi bers)

40% less upper body strength; when strength expressed relative to lean body 
mass, no diff erence in some instances
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and respiratory parameters that may infl uence athletic 
performance.6 Th ese are summarized in the boxes 
below.

Eff ect of the menstrual cycle 
on performance
Th e measurement of athletic performance is dif-
ficult and encompasses physical fitness (aerobic 
fi tness, anaerobic fi tness, muscle strength, fl exibility, 
body composition) as well as neuromotor, cognitive 
and psychological factors. Th ere is some anecdotal 
evidence from athletes that performance may be 
negatively affected during the pre-menstrual or 
menstrual phases. However, the results of studies vary 
probably because of methodology issues, including 
diff erent aspects of performance assessed as well as 
considerable inter- and intra-individual variation in 
both hormone levels and response.7 Overall, most 
research has failed to fi nd a link between fl uctuations 
in female reproductive hormones throughout the 
menstrual cycle and muscle contractile characteristics 
or determinants of maximal oxygen consumption, 
suggesting that performance in strength-specifi c 
sports and intense anaerobic/aerobic sports is not 
aff ected.8 For prolonged exercise performance, some 
research has found a higher cardiovascular strain in 
the mid-luteal phase and a reduced time to exhaustion 
in hot conditions.8 Practical implications may be that 
endurance performance may be reduced if training 
in hot climates during the luteal phase, although 
further research needs to corroborate these fi ndings. 
Th ere has been less research about whether aspects 
of neuromotor control may be aff ected, although a 
recent study reported reduced knee kinesthesia dur-
ing the luteal phase.9

Dysmenorrhea

Dysmenorrhea is the term used to describe the painful, 
uterine cramps experienced by many women during 
menstruation. It aff ects the majority of women in some 
form or other, with two peaks of incidence in the teen-
age years and later in the 30s age group. Th e majority 
of women report mild symptoms that have minimal 
eff ects on their lifestyle. Th ey are treated with simple 
analgesics or, frequently, no medication at all.

Many women suff er from moderate or severe 
dysmenorrhea with extremely painful cramping sensa-
tions for the fi rst day or two of menstruation. Th ese 
patients oft en have associated heavy menstrual fl ow. 
In an athlete, these symptoms may adversely aff ect 
training or competition.

It seems that women who exercise have a reduced 
incidence of dysmenorrhea. This may be due to 
exercise-related hormonal eff ects on the lining of the 
uterus or increased levels of circulating endorphins.

Actions of estrogen

Eff ects on cardiovascular system
• Altered plasma fi brinolytic activity and 

platelet aggregation—increase in thrombosis.
• Decreased total cholesterol and low-density 

lipoprotein levels and increased high-density 
lipoprotein levels—protection against 
atherosclerosis.

• Vasodilatory eff ect on vascular smooth 
muscle.

Eff ects on regulation of substrate 
metabolism
• Increased intramuscular and hepatic 

glycogen storage and uptake—possibly 
increased endurance performance.

• Glycogen-sparing eff ect through increased 
lipid synthesis, muscle lipolysis and greater 
use of free fatty acids.

• Decreased insulin-binding capacity—
decreased glucose tolerance and insulin 
resistance.

Other eff ects
• Deposition of fat in breasts, buttocks and 

thighs.
• Increased blood pressure.
• Increased calcium uptake in bone.
• Change in neurotransmitters—possible 

improved cognitive function and memory.

Actions of progesterone
• Increased core body temperature of 0.3–0.5°C 

(0.5–0.9°F).
• Increased minute ventilation.
• Augmented ventilatory response to hypoxia 

and hypercapnia.
• Postovulatory fl uid retention via eff ects 

on aldosterone and the renin–angiotensin 
system.

• Actions on insulin receptors leading to 
peripheral insulin resistance.

• Metabolic eff ects resulting in a greater 
dependence on fat as a substrate.
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Athletes suff ering from dysmenorrhea may benefi t 
from simple analgesics, prostaglandin inhibitors such 
as mefenamic acid (250 mg 6 hourly) or naproxen 
(500 mg twice a day) commencing 24 hours prior to 
the expected onset of menses, or the oral contracep-
tive pill.

Pre-menstrual syndrome

Th e pre-menstrual syndrome is defi ned as the pres-
ence of emotional and/or physical symptoms occur-
ring cyclically, commencing some days prior to 
menstruation and disappearing with the onset of 
menstruation. Symptoms may include anxiety, depres-
sion, mood swings, headaches, fl uid retention, breast 
soreness and breast enlargement. Exercise may reduce 
the severity of pre-menstrual symptoms.

For an athlete, the most distressing symptoms are 
those relating to fl uid retention. A diuretic agent can 
be taken; however, this may lead to dehydration in 
the athlete and should be avoided if possible. Most 
diuretics are banned by the International Olympic 
Committee (Chapter 61). Treatments of pre-menstrual 
syndrome that are supported with evidence, par-
ticularly in cases with severe symptoms, include 
consumption of soy isofl avones,10 selective serotonin 
reuptake inhibitors,11 a low dose oral contraceptive 
with drospirenone12 and luteal phase dosing with 
paroxetine controlled release.13

Manipulation of the menstrual cycle

Women who are, or perceive that they are, adversely 
aff ected during the pre-menstrual and/or menstrual 
phases may wish to manipulate their menstrual cycle 
to avoid that stage of the cycle coinciding with a 
major event. Th is manipulation should be reserved 
for major activities and should not be used on a 
regular basis.

Th e most eff ective means of manipulating the cycle 
is by the use of the oral contraceptive pill (OCP). 
Th is can be done in one of two ways. Th e OCP can 
be ceased 10 days prior to the planned activity, which 
will usually induce a withdrawal bleed. Th e pill can 
either be resumed at the end of menstruation or 
following the completion of the sporting event. If 
this method is used, suppression of ovulation may 
fail and additional barrier methods of contraception 
(e.g. condoms) must be used until two weeks aft er 
recommencing the pill. Alternatively, the athlete may 
omit the seven day tablet-free interval (or sugar pills) 
and continue taking the OCP throughout the sporting 
event to prevent menstruation occurring prior to or 
during the event. Th is method is simpler to use with 

monophasic pills than with triphasic pills. In view 
of this, monophasic OCPs may be more appropriate 
than triphasic OCPs for use by athletes who wish to 
manipulate their menstrual cycles. For those who 
do not wish to use the pill, a menstrual bleed can be 
induced 10 days prior to the event with administra-
tion of a progesterone derivative for 10 days duration, 
fi nishing the course 10 days prior to the event.

Injectable progesterone as medroxyprogesterone 
acetate is a form of contraception that eliminates 
menstrual bleeding in most women and only requires 
administration every three months. However, recent 
studies14, 15 have confi rmed that progesterone-only 
contraception is associated with a greater risk of 
pre-menopausal osteoporosis.

Menstrual irregularities 
associated with exercise
Exercise is associated with disorders of the menstrual 
cycle, such as delayed menarche, luteal dysfunction 
and amenorrhea.

Delayed menarche

The average age of menarche is between 12 and 
13 years. Menarche, or the onset of menstrual bleed-
ing, usually occurs one to two years aft er the com-
mencement of the pubertal growth spurt in girls. 
Th e exact mechanisms determining the timing of 
menarche are not known, although genetic factors 
play an important role.

It has been observed that the age of menarche 
appears to be correlated with athletic performance, 
that is, high-performance athletes tend to have had 
a later age of menarche than the normal popula-
tion.16 Th ese high-performance athletes fall into two 
groups—a group that commenced intense physical 
training prior to menarche and a group that com-
menced training aft er menarche. Th e presence of a 
delayed onset of menarche in both groups indicates 
that there may be a combination of factors causing 
this condition.

Intense training in pre-menarcheal years, as occurs 
commonly in ballet dancers and gymnasts, is associ-
ated with a delayed onset of menarche. Th is associa-
tion does not necessarily imply cause and eff ect. It 
may be that thinness, which may occur as a result of 
intense training, may be the most important factor 
preventing the onset of menses.16 Th e combination of 
intensive exercise and low body weight may aff ect the 
hypothalamic secretion of hormones, thus delaying 
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the onset of menarche. While breast development 
and menarche are delayed in this group of intensively 
exercising pre-pubertal athletes, the development of 
pubic hair is not delayed.

Th e observation that high-performance female 
athletes give a history of delayed onset of menarche, 
even without a history of intense training prior to 
menarche, suggests that delayed menarche may 
confer some athletic advantage. Athletes may inherit 
a tendency for a slower rate of maturation. Late 
maturation may lead to prolonged bony growth due 
to delayed closure of the epiphyseal growth plates. 
Late maturity is associated with longer legs, narrower 
hips, less weight per unit height and less relative body 
fat than the early maturer. Th ese factors would be 
advantageous to athletic performance. Th ere may also 
be a sociological component to this process. Current 
research emphasizes the primary role of constitutional 
factors in the selection process of athletes at relatively 
young ages.17 Th e management of the girl with delayed 
menarche is discussed later in this chapter.

Whether delayed menarche has clinical conse-
quences is unclear. A later age of menarche has been 
found to be associated with a lower rate of bone mineral 
accretion during adolescence and hence decreased peak 
bone mass.18 Th is could have implications for the risk of 
osteoporotic fractures in later life. Th ere have also been 
some reports of a greater incidence of stress fractures 
in athletes with delayed menarche,18, 19 although this 
is not necessarily a consistent fi nding.20

Luteal phase defects

Abnormal luteal function is common among athletes.21 
Th e luteal phase extends from the time of ovulation 
to the onset of menstruation. It is normally associated 
with high levels of estrogen and progesterone and its 
normal length is 14 days. A shortened luteal phase 
of less than 10 days is commonly found in exercising 
women. Th is is usually associated with lower than 
normal levels of progesterone during the luteal phase 
of the cycle and anovulatory cycles. Th is abnormality 
of the luteal phase is oft en not recognized as women 
still menstruate regularly and it may be associated 
with a slightly prolonged follicular phase resulting in 
normal or near-normal lengths of the menstrual cycle 
(28 days). Th is condition may only be recognized by 
plotting the basal body temperature, which fails to 
show the expected rise seen in a normal luteal phase, 
or using commercially available urine test kits which 
can detect the surge of LH preceding ovulation. Low 
progesterone levels in the luteal phase of the cycle may 
also be an indicator of luteal phase defect.

Th ere appears to be a direct relationship between 
the amount of exercise and the development of luteal 
phase defects.22, 23 It is uncertain whether this luteal 
insuffi  ciency is a stage in a continuum of menstrual 
cycle irregularity proceeding to oligomenorrhea or 
amenorrhea, or whether it is a separate entity. Th e 
main eff ect of luteal phase defects is infertility or sub-
fertility as well as spontaneous habitual miscarriage. 
Th ere have also been reports of bone loss associated 
with luteal phase defects. Several studies found that 
recurrent short luteal phase cycles and anovulation 
were associated with spinal bone loss of approximately 
2–4% per year in physically active women.24

Oligomenorrhea and amenorrhea

Oligomenorrhea (irregular menstruation, three to 
six cycles per year) and amenorrhea (absent men-
struation, fewer than three cycles per year or no 
cycles for the past six months) are prevalent in the 
sporting population. Th e incidence of these condi-
tions in athletes is between 10% and 20%, while the 
incidence in the general population may be about 
5%.25–27 Th e incidence in runners and ballet dancers 
has been found to be particularly high compared with 
swimmers and cyclists. It is thought that as many as 
50% of competitive distance runners have reduced or 
absent periods. Menstrual disturbances have also been 
found to be higher in sports emphasizing leanness.16 
Oligomenorrhea and amenorrhea are associated with 
a disruption of the hypothalamic–pituitary–ovarian 
axis, which manifests itself as low amplitude, irregular 
and infrequent LH pulsatility and low levels of estro-
gen and progesterone. Th is is known as hypothalamic 
amenorrhea. Other neuroendocrine abnormalities 
associated with oligomenorrhea and amenorrhea 
include lower levels of thyroid hormones, insulin-
like growth factor-1 and leptin (expressed mainly in 
adipose tissue), together with an increase in stress 
hormones (cortisol).

Causes of exercise-associated menstrual 
cycle irregularities

Th e etiology of exercise-associated menstrual cycle 
irregularity appears to be related to ‘energy drain’—the 
phenomenon of a calorie defi cit. Restricted energy 
availability as a result of reduced energy intake and/
or increased energy expenditure leads to low leptin 
levels28 and stimulates compensatory mechanisms 
such as weight loss, metabolic hormone alterations, 
or energy conservation that subsequently cause a 
central suppression of reproductive function and 
concomitant hypoestrogenism.29 A summary of the 
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causes of menstrual cycle irregularities is shown in 
Figure 41.2. Other factors that have been implicated 
are discussed briefl y below.

Low body fat

Th ere is a clear association between a reduced amount 
of body fat and the incidence of menstrual cycle 
irregularity. Th is is not to say that there is a criti-
cal level of body fat below which menstrual cycle 
irregularities develop, as was once thought. Th ere is 
considerable individual variation and there may be a 
critical level in each individual. Numerous examples 
have been reported where amenorrheic athletes have 
increased their percentage body fat for some reason 
(e.g. reduction in activity or injury) and normal 
menstruation has resumed.

Psychological stress

Psychological stress can aff ect hypothalamic function. 
Many athletes suff er high levels of psychological stress 
either related to their sporting activity or to outside 
factors such as work, family or relationships.

Psychological stress may be a contributory factor 
in the development of menstrual irregularities in 
athletes but, as yet, there is no convincing evidence 
from the few studies carried out.

Level of exercise

Th ere appears to be a relationship between menstrual 
irregularities and the level of exercise performed. Th e 
level of exercise may be the total amount of exercise 
or the intensity of the exercise.

As mentioned previously, normal menstruation 
oft en resumes with cessation of the athletic activity 

due to injury, retirement or a reduction of exercise 
during a pre-competition taper or in the off -season. 
Frequently, menstruation will cease again on resump-
tion of the previous level of exercise.

Th e level of exercise is most likely related to men-
strual disturbances via its contribution to an energy 
imbalance. Th e higher the level of exercise performed, 
the greater the energy utilized. It is also feasible that 
exercise, as a form of stress, may have a direct eff ect 
on the hypothalamus or, alternatively, have its eff ect 
through the actions of one or more of the hormones 
whose levels are elevated by exercise. Hormones 
that are elevated during exercise and may aff ect the 
hypothalamus are cortisol and the opioid peptides. 
Cortisol levels increase with exercise. Th is may be 
associated with increased corticotropin and cortico-
tropin-releasing hormone (CRH). It is possible that 
CRH may inhibit the secretion of LH from the pitui-
tary gland. Opioid peptides, such as beta-endorphins, 
are elevated with exercise and may have a negative 
feedback eff ect on the hypothalamus.

‘Immature’ reproductive system

Th e above factors may all interact to aff ect hypotha-
lamic and pituitary function in athletes. Why, then, 
do only certain athletes develop menstrual cycle 
irregularities? It may be that certain women have a 
susceptibility to develop these irregularities, possibly 
associated with immaturity of the reproductive system. 
Th is may explain why the incidence of menstrual cycle 
irregularities is more common in younger women, 
women who have not been pregnant, women with 
a history of menstrual irregularity and those with a 
history of delayed menarche.

Blunted LH pulse frequency,
increased LH amplitude
in follicular phase

Uncoupling of bone
resorption and formation

Negative energy balance

Menstrual cycle dysfunction

Figure 41.2 The causes of menstrual cycle irregularities
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Complications of exercise-
associated menstrual cycle 
irregularities
Th ere are two major problems associated with men-
strual cycle irregularities. Th ese are:

1. reduced fertility
2. reduced bone mass.

Reduced fertility

Th ere is an increased incidence of reduced fertility 
among intensely exercising females compared with 
their sedentary counterparts. Anovulatory cycles 
are common in athletes and may be associated with 
amenorrhea, oligomenorrhea or luteal phase defects, 
and may even occur in normally menstruating athletes. 
A good indication that ovulation has occurred in a 
particular cycle is the presence of either pre-menstrual 
symptoms at the end of the cycle or ovulation pain mid 
cycle. Ovulation may be confi rmed by measuring the 
basal body temperature. Th is rises between 0.2°C and 
0.6°C (0.36°F and 1.04°F) at the time of ovulation and 
remains elevated during the luteal phase. It may also be 
confi rmed using commercially available urine dipsticks 
which detect the surge of LH just prior to ovulation.

Th e athlete should not automatically assume that 
because she has been amenorrheic for some time that 
she is necessarily infertile. Th ere have been many 
examples of athletes with long histories of amenorrhea 
becoming pregnant. Th e cause of their amenorrhea 
then becomes pregnancy rather than exercise and 
oft en the fi rst the athlete knows about the pregnancy 
is an unexplained poor athletic performance or an 
increase in abdominal girth.

If pregnancy is desired, ovulation and a normal 
menstrual cycle can usually be induced by reducing 
the level of exercise or increasing the level of body fat. 
If this does not induce ovulation, the athlete should be 
referred for gynecological assessment and, if necessary, 
induction of ovulation by pharmacological means.

Reduced bone mass

Th e detrimental eff ects of athletic amenorrhea on 
bone mass were first identified in the 1980s.30–33 
Since then, numerous others have shown lower 
axial bone density in athletes with amenorrhea or 
oligomenorrhea compared with their eumenorrheic 
counterparts.31, 34–36 Appendicular bone density may 
also be aff ected,36–38 but this has been a less consistent 
fi nding. Th us, in athletes, exercise-induced osteogenic 

benefi ts are lessened when training is associated with 
menstrual dysfunction,39 particularly at trabecular 
bone sites. However, it appears that some sports that 
apply high loads to bone (such as gymnastics) may 
be able to partly off set the negative skeletal eff ects of 
amenorrhea.40

Bone is lost rapidly in the fi rst two or three years 
following menstrual disturbances at a rate of approxi-
mately 4% per year. Aft er the fi rst few years, the rate 
of loss continues at a slower rate. Th is is an impor-
tant consideration in the treatment of amenorrheic 
athletes.

Osteoporosis is one of the components of the 
so-called ‘female athlete triad’, which was coined to 
represent a syndrome of disordered eating, amenor-
rhea and osteoporosis and thought to be common 
in athletes. However, a recent Norwegian study of 
the prevalence of the triad found that fewer than 5% 
of elite female athletes met all the triad criteria and 
that this prevalence was comparable to that seen in 
normally active girls and young women.41 When 
evaluating the presence of two of the components of 
the triad, prevalence ranged from 5.4% to 26.9% in 
the athletes. Th is implies that a signifi cant proportion 
of female athletes suff er from components of the triad 
rather than the triad itself and that this is not just 
confi ned to elite athletes. It has also been suggested 
that osteopenia is the likely eff ect of disordered eating 
on bone; osteoporosis is rare in this group of active 
women.42

Th e mechanisms responsible for the deleterious 
eff ects of menstrual disturbances on bone density 
are probably multifactorial. Previously, the main 
cause was thought to be low circulating estrogens. 
Compared with their eumenorrheic counterparts, 
amenorrheic athletes have signifi cantly lower plasma 
estradiol levels, resembling those of post-menopausal 
women.31, 43, 44 However, this primary mechanism 
for bone loss is now questioned.45 Evidence for this 
is related to fi ndings of bone turnover studies46 and 
to the fact that amenorrheic athletes appear to be 
less responsive to estrogen therapy47–50 than women 
with ovarian failure. Th e post-menopausal state is 
characterized by increased bone turnover with an 
excess of bone resorption.51 Conversely, the pattern of 
bone remodeling in amenorrheic athletes is atypical 
of an estrogen-defi cient state, with either no change44, 

52 or an apparent reduction in bone turnover and 
reduced bone formation.53 Other work now suggests 
that undernutrition and its metabolic consequences 
(reduced levels of insulin-like growth factor-1 and 
leptin) may underlie the bone remodeling imbalance 
and bone loss in active amenorrheic women.46, 54, 55 

Brukner-D-40–43.indt   756Brukner-D-40–43.indt   756 5/6/06   11:39:41 AM5/6/06   11:39:41 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 757

CHAPTER 41 WOMEN AND ACTIVITY-RELATED ISSUES ACROSS THE LIFESPAN 41

A recent experiment showed that bone formation is 
impaired at much higher levels of energy availability 
than is bone resorption56 and at levels that may not 
manifest as amenorrhea.

Reduction in bone mass in athletes is particularly 
important for two reasons. In the short term, there is 
a possible increased susceptibility of these athletes to 
the development of stress fractures and, in the long 
term, the risk of osteoporosis in later life.

Stress fractures

Stress fractures occur in males and in normally 
menstruating females; however, it seems that the 
incidence of stress fractures in amenorrheic females is 
higher than in normally menstruating females.19, 57–61 
Th is could be related to lower bone density as studies 
have found that female athletes who developed stress 
fractures had lower bone density than those who did 
not.19, 59, 62 However, bone density may not necessarily 
be lower than that of less active non-athletes, which 
suggests that the level of bone density required by 
physically active individuals for short-term bone 
health may be greater than that required by the general 
population. Another mechanism by which menstrual 
disturbances could increase the risk of stress fracture 
is via alterations in bone formation independent of 
reductions in bone density. Athletes with menstrual 
disturbances also oft en present with other factors, 
such as low calcium intake,26 greater training load and 
lower body fat or body mass index,55, 63 all of which 
could impact upon stress fracture development.

Post-menopausal osteoporosis

Th e second possible consequence of a reduction in 
bone mass is that it may increase the susceptibility of 
these athletes to the development of post-menopausal 
osteoporosis if bone loss cannot be reversed once 
menses return. Th e most important means of preven-
tion of post-menopausal osteoporosis is the attain-
ment of a high peak bone mass. Peak bone mass, 
which is usually attained around the late teens–early 
twenties, is dependent upon a number of interrelated 
factors, including genetics, nutrition (especially 
calcium intake and energy balance), exercise and 
hormonal status.

The reversibility of bone loss observed with 
amenorrhea has been a concern due to the long-
term consequences on bone mass. Drinkwater et al. 
followed-up athletes with amenorrhea 15 months aft er 
they regained menses and showed a 6% increase in 
vertebral bone density.64 Th e resumption of menses 
was also associated with an increase in body weight 
and a reduction in exercise level. However, it was later 

reported65 that the gain ceased aft er two years, sug-
gesting that bone mass may never fully recover. Other 
authors have also showed that, despite resumption of 
menses, previously irregularly menstruating runners 
still have reduced vertebral bone mass compared with 
regularly menstruating runners.18, 66, 67 A history of 
menstrual irregularity is therefore detrimental to the 
attainment and maintenance of peak bone mass.

Treatment of exercise-
associated menstrual 
cycle irregularities
When a woman presents with menstrual cycle irregu-
larities, including amenorrhea, oligomennorhea and 
menstrual cycle length disorders, the physician should 
take a history (including dietary intake, Chapter 
37), complete a focused physical examination and 
investigate the serum hormonal profi le. If menstrual 
dysfunction is identifi ed and linked to low body weight 
or increased exercise intensity (i.e. energy imbalance68), 
treatment aims to normalize nutritional intake and 
provide a better balance of training, exercise intensity 
and recovery strategies. Th is should be monitored and 
supported through education and review of training 
logs for at least a six-month period prior to initiation of 
the OCP for menstrual dysfunction. It is quite common 
that the menstrual cycle can remain irregular despite 
an increased number of cycles over the fi rst year. A key 
clinical indicator of recovery is the patient reporting 
greater energy and more consistent performance.

Contraception 
Contraceptive methods used by athletes include the 
oral contraceptive pill, barrier methods (e.g. condom 
and diaphragm), intrauterine devices (IUDs) and a 
variety of other methods including the rhythm method, 
basal body temperature and mucus method.

Oral contraceptive pill

With the introduction of low-dose pills with few 
side-effects and seemingly no adverse effects on 
performance, athletes use of the OCP has increased. 
Th e OCP can be administered safely from the age of 
16 years or three years post menarche. OCPs have 
numerous benefi cial eff ects for the athlete apart from 
contraception and cycle control, including a reduc-
tion in dysmenorrhea, pre-menstrual syndrome, 
menorrhagia and iron-defi ciency anemia secondary 
to excessive monthly blood loss.6 Women taking the 
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OCP have a decreased frequency of dysfunctional 
uterine bleeding, ovarian cysts, pelvic infl ammatory 
disease, benign breast disease and ectopic pregnan-
cies. Th e risks of ovarian and endometrial cancers 
are also reduced.

Initial high-dose pills were associated with a high 
incidence of side-eff ects, such as weight gain, that were 
unacceptable to athletes. Studies also suggested a pos-
sible diminution of performance, especially endurance 
performance, associated with use of the OCP.

Th e advent of low-dose pills has meant a reduction 
in side-eff ects. Most population studies indicate no 
overall eff ect on body weight while taking the OCP,69, 70 
although individual responses to the hormones may 
involve some weight gain either due to fl uid retention 
or possibly appetite stimulation. Athletes should be 
counseled about the misconception of weight gain 
as an inevitable consequence of OCP use. Th ere is 
also no convincing evidence that the OCP aff ects 
performance.71–74

Th e risk of breast cancer and cervical cancer may 
be higher in users of the OCP, although this is still 
controversial.

Th e OCP may be used in the monophasic form 
as a constant daily dose or in the triphasic form with 
variable dosages throughout the cycle.

Th e OCP also enables the athlete to manipulate 
her periods to avoid a major event coinciding with 
the pre-menstrual or menstrual period. If this is to 
be done, a monophasic pill should be used.

Evidence-based guidelines recommend that there 
are two prerequisites for safe screening for potential 
OCP users:

1. a careful personal and family medical history 
with particular focus on cardiovascular risk 
factors

2. an accurate blood pressure measurement.75

Absolute contraindications to estrogen therapy 
include cerebrovascular accident, coronary occlusion, 
thromboembolitic disorder, impaired liver function, 
estrogen-dependent neoplasia, undiagnosed vagi-
nal bleeding and carcinoma of the breast. Relative 
contraindications include hypertension, abnormal 
glucose tolerance, hyperlipidemia, renal, hepatic or 
gallbladder disease, migraine headaches, depression 
and recent major elective surgery.6

Barrier methods have always been popular with 
athletes. Th e diaphragm has virtually no side-eff ects 
and when correctly fi tted can be worn comfort-
ably during exercise. Th e condom has had a recent 
resurgence in popularity due to the prevalence of 
the acquired immunodefi ciency syndrome (AIDS) 

and other sexually transmitted infections. Th e eff ec-
tiveness of the condom is increased if it is used in 
conjunction with a spermicidal cream or gel. Barrier 
methods are generally not as reliable as the OCP or 
the IUD but are more reliable than the rhythm or 
withdrawal method.

IUDs have the advantage of being placed in situ 
rather than having to be reapplied as in barrier meth-
ods. Th ere is no hormonal interference but side-eff ects 
such as increased dysmenorrhea and heavy bleeding 
may occur. Infections are a serious but uncommon 
side-eff ect. Recent adverse publicity regarding IUDs 
has resulted in a reduction in their use.

Other methods, such as the rhythm method, basal 
body temperature and mucus method, are widely used 
and have the advantage of being ‘natural’ forms of 
birth control. Th e increased incidence of menstrual 
cycle irregularities in athletes, however, may reduce 
the reliability of these methods. Th e use of injectable 
depot medroxyprogesterone acetate should be avoided 
as it may lead to amenorrhea, lower estrogen levels 
and decrease bone mineral density.76

Exercise and pregnancy
Research supports the prescription of exercise during 
pregnancy as an eff ective tool for improving general 
emotional well-being, maintaining optimal weight 
management and controlling blood glucose levels. 
Th e Par-Med X is a validated screening tool to assess 
readiness for physical activity and screen for contrain-
dications while providing current exercise education. 
Th e current guidelines for exercise prescription dur-
ing pregnancy refer to low-risk, single pregnancies77 
and these are detailed below, aft er a discussion of the 
possible risks of exercise in pregnancy.

Potential risks of maternal exercise 
to the fetus

Th e potential risks of maternal exercise to the fetus 
include:

• fetal injury
• fetal distress
• intrauterine growth retardation
• prematurity
• fetal malformations.

Direct trauma to the fetus is rare but may occur in 
the second and third trimester when the uterus lies 
in the abdomen. For this reason, contact sports or 
sports with a high risk of collision should be avoided 
aft er the fi rst trimester.
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Changes in fetal heart rate may occur in response 
to exercise, although this seems to be related to ges-
tational age and the duration, intensity and type of 
exercise. Changes in fetal heart rate may be due to 
relative hypoxia caused by a decreased uterine blood 
fl ow during exercise. Uterine blood fl ow increases 
signifi cantly during pregnancy but is postulated to be 
reduced during exercise due to shunting of blood away 
from the splanchnic organs to the exercising muscles. 
However, blood fl ow to the uterus during exercise is 
maximal at the area of attachment of the placenta, 
therefore minimizing the hypoxic eff ect on the fetus. 
Generally, increases in fetal heart rate of between 10 
and 30 beats per minute are found following maternal 
exercise.78 Occasionally, bradycardia (slowing of the 
heart rate) is observed.79 Th e clinical signifi cance of 
fetal tachycardia or bradycardia is uncertain.

Th e average birthweight of babies whose mothers 
have exercised intensively and very frequently dur-
ing pregnancy is lower than that of babies born to 
sedentary mothers.80 Th ere do not appear to be any 
short- or long-term adverse sequelae as a result of 
this diff erence in weight between groups. Th ere is a 
theoretical risk of premature labor associated with 
maternal exercise due to increased levels of noradrena-
lin (norepinephrine), which may cause increased 
uterine irritability and subsequent premature labor. 
Th is has not been observed in practise.

Th e other major area of concern for the health of 
the fetus with maternal exercise is the risk of hyper-
thermia. Animal data suggest that a core temperature 
in excess of 39°C (102°F) may result in neural tube 
defects in the fetus. Th is malformation is the result 
of failure of closure of the neural tube, a process that 
occurs approximately 25 days aft er conception. Th is 
has not been confi rmed in humans. Pregnant women, 
however, should avoid hyperthermia during the fi rst 
weeks of their pregnancy. Moderate exercise in normal 
environmental conditions results in minimal increases 
in core temperature.

Risks to the mother

Th e pregnant woman shows an increased susceptibility 
to musculoskeletal injuries, especially the development 
of pain in the low back, sacroiliac region or pubic 
symphysis. Th e mechanism of the development of low 
back and pelvic girdle pain in the pregnant woman 
probably relates to a combination of factors, including 
a change in the center of gravity upwards and forwards 
associated with forward tilting of the pelvis, an increase 
in lumbar lordosis and loosening of ligaments associ-
ated with increased levels of the hormone relaxin.81 

Th e incidence of low back pain can be reduced by 
careful attention to posture and avoidance of sudden 
movements, as well as strengthening of the abdominal 
and back muscles. Pelvic girdle pain can be reduced 
by advice on posture, use of a sacroiliac belt, stabiliz-
ing exercises and acupuncture.82, 83 Another possible 
problem aff ecting the pregnant woman is hypotension. 
Postural hypotension results from prolonged standing 
whereby there is a decrease in cardiac output due to 
slowed venous return. Supine hypotension can occur 
with lying or exercising in the supine position. In the 
supine position, the uterus compresses the major blood 
vessels, resulting in reduced blood return to the heart 
and hypotension.

Advantages of exercise during pregnancy

Th e advantages of exercise during pregnancy relate 
more to the general physical and psychological well-
being of the mother rather than to any eff ects on the 
pregnancy itself.

Women who exercise prior to pregnancy and con-
tinue to do so in pregnancy weigh less, gain less weight 
and deliver slightly smaller babies than sedentary 
women. Increased fi tness may enable women to cope 
better with labor. Th ere is no evidence that women 
who have exercised during pregnancy have a shorter 
or easier labor. Even overweight pregnant women who 
commence an aerobic exercise program can reap benefi -
cial eff ects on fi tness levels throughout pregnancy.84

Exercise during pregnancy is also valuable for 
the prevention and treatment of illnesses such as 
gestational diabetes. Th e activation of large groups 
of muscles allows for an improved glucose utilization 
by simultaneously increasing insulin sensitivity.77 
Even though data are sparse, it appears that women 
who engage in recreational physical activity during 
pregnancy have an approximately 50% reduction in 
the risk of gestational diabetes compared with inactive 
women. Active women also have an approximately 
40% reduction in risk of pre-eclampsia.85–87

Contraindications to exercise 
during pregnancy

Exercise is contraindicated in women with any seri-
ous or potentially serious complication of pregnancy. 
A list of these contraindications is shown in the box 
on page 760.88

Guidelines for exercise during pregnancy

Th e majority of women are able to perform exer-
cise during pregnancy to benefi t their health and 
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well-being. Serious athletes who wish to continue 
intense training during pregnancy should be coun-
seled on an individual basis. In most cases, providing 
the pregnancy progresses normally, they will be able 
to maintain a reasonably high level of training until 
discomfort forces them to reduce their training, usu-
ally around the sixth month. Guidelines for exercise 
during pregnancy are listed below.88, 89

1. Accumulate 30 minutes or more of moderate 
exercise between three to fi ve times a week. If a 
woman has been sedentary prior to pregnancy, 
then new exercise regimens should be avoided 
until the second trimester. All exercise should 
be gradually introduced and self-paced in 
low-impact aerobic forms.

2. Avoid exercise in the supine position aft er the 
fi rst trimester.

3. Avoid exercise in hot weather.
4. It is recommended that an additional 1256 kJ 

(300 kcal) of nutrition be consumed for every 
exercise session, including 230 mL (8 oz) of fl uid 
intake.

5. Perform a good warm-up and cool-down.
6. Avoid excessive or ballistic stretching.
7. Wear a fi rm supportive bra.
8. Cease activity immediately if any abnormal 

symptoms develop, such as pain, uterine 
contractions, vaginal bleeding or leakage of 
amniotic fl uid, dizziness or faintness, shortness 
of breath, palpitations or tachycardia, nausea or 
vomiting, pins and needles, numbness or visual 
disturbances.

Type of exercise

Th ere is no one recommended type of exercise dur-
ing pregnancy. Readers are referred to published 
guidelines for safe exercise during pregnancy.88, 90, 91 
Th e pregnant woman should continue performing the 
exercise she enjoys most unless she wishes to change 
for reasons of comfort, such as changing from jogging 
to water exercises late in pregnancy.

Jogging is an extremely popular form of exercise 
and may be continued but not commenced during 
pregnancy. Many pregnant women will reduce the 
distance run during pregnancy, particularly in the 
later stages. Care must be taken to avoid exercise in 
hot and humid conditions and close attention should 
be paid to fl uid intake. Running on soft er surfaces 
and wearing running shoes with adequate support 
will reduce the impact of jogging and may prevent 
musculoskeletal injuries, particularly sacroiliac joint 
strain.

Aerobics classes may be continued but modifi cation 
of certain exercises may be required. Exercises involv-
ing lying supine or hyperextension of the lumbar spine 
should be avoided. Low-impact aerobics is preferable 
to high-impact aerobics during pregnancy. Bouncing 
or ballistic movements should be avoided. Yoga is an 
excellent means of maintaining fl exibility and relaxa-
tion. Excessive stretching should be avoided because 
the hormone relaxin loosens ligaments.

Cycling has the advantage of being a non-weight-
bearing activity. In the middle and later stages of 
pregnancy, it may be advisable to use a stationary 
bike because of balance problems caused by the shift  
in the center of gravity. Cycling should be avoided in 
high temperatures or humidity.

Water activities are popular during pregnancy 
because of the support provided by the buoyancy of 
the water. Swimming, walking or running in the water 

Contraindications to aerobic 
exercise during pregnancy(a)88

Absolute contraindications
• Hemodynamically signifi cant heart disease
• Restrictive lung disease
• Incompetent cervix/cerclage
• Multiple gestations at risk of premature labor
• Persistent 2nd or 3rd trimester bleeding
• Placenta previa after 26 weeks of gestation
• Premature labor during the current 

pregnancy
• Ruptured membranes
• Pre-eclampsia/pregnancy-induced 

hypertension

Relative contraindications
• Severe anemia
• Unevaluated maternal cardiac arrhythmia
• Chronic bronchitis
• Poorly controlled type 1 diabetes
• Extreme morbid obesity
• Extreme underweight (BMI ≤ 12)
• History of extremely sedentary lifestyle
• Intrauterine growth restriction in current 

pregnancy
• Poorly controlled hypertension
• Orthopedic limitations
• Poorly controlled seizure disorder
• Poorly controlled hyperthyroidism
• Heavy smoker
(a) Additional contraindications should be left for the 
physician to individualize.
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and water aerobics are all excellent forms of exercise 
during pregnancy.

Pelvic fl oor exercises are important to provide 
women with a good understanding of the function 
of the pelvic fl oor and its vital role in continence, 
structural support of the pelvic organs and sexual 
satisfaction. Th ey are also important to create an 
awareness of the muscle group so that women can 
increase their control over the pelvic fl oor and their 
ability to relax it during the second stage of labor.86

Trunk stability is of prime importance during preg-
nancy and in the postnatal period due to increased 
load of the fetus on the spine, decreased strength 
of the rectus abdominis and the postural changes.86 
Exercises concentrating specifi cally on the inter-
nal obliques and transversus abdominis should be 
performed. If a diastasis of the abdominal muscles 
occurs (separation of the rectus abdominis), physical 
activities that increase the visible herniation should 
be avoided. Th e diastasis generally corrects itself over 
time aft er delivery.

Certain sports such as parachute jumping should 
be avoided during pregnancy. Anecdotal and survey 
evidence suggests that shallow scuba diving not 
requiring decompression (in less than 10 m [30 ft ] 
in which the risk of venous air embolism is low) is 
not associated with an abnormal outcome unless it 
is frequent and occupationally related.92, 93 Contact 
sports or those involving a high risk of collision are 
not recommended. Water skiing is also not recom-
mended due to potential trauma during a fall and 
vaginal douching. Exercising at high altitudes above 
3000 m (10 000 ft ) may not be wise due to the fact 
that the rates of pregnancy complications are much 
higher and birthweights lower at these altitudes.94 
At moderate altitudes, there have been no reports of 
injury, pregnancy complications or losses associated 
with exercise at altitude (e.g. skiing, running, hiking, 
mountain biking).93

Weight training may be continued by the experi-
enced athlete but heavy weights should be avoided. 
Concentration on high repetition, low weight exercises 
is advisable. During training the Valsalva maneu-
ver should be avoided. Th e American College of 
Obstetricians and Gynecologists’ warning signs for 
a pregnant woman to terminate exercise are listed in 
the box below.

Post-partum exercise

Aft er a normal vaginal delivery, gentle exercises such 
as walking or stretching may be commenced as early 
as the mother is comfortable. Th e changes invoked by 
pregnancy may take some time to return to normal, 

so care should be taken in the fi rst six weeks aft er 
delivery to avoid sudden high impact or contact. 
Avoidance of excessive stretching or lift ing is advis-
able in this period. 

Aft er a Cesarean section, strenuous activity should 
be avoided for six weeks and heavy weight training 
for 12 weeks. Attention should be paid to pelvic fl oor 
muscle strength and this needs to be adequate for the 
activity that the athlete will return to.

Lactating women need to pay special attention to 
adequate fl uid and energy intake. A good supportive 
bra is also important for exercise during this period. 
Lactation and exercise can be successfully combined 
without any disruption of milk production or fl ow.

Menopause
Menopause is defi ned as the time of cessation of men-
struation. Th e exact timing of menopause can only be 
determined retrospectively as a period of 12 months 
must occur without any evidence of menstruation. 
Th e time of hormonal change before and aft er the 
menopause is technically known as the climacteric but 
more popularly referred to as the perimenopause. Th is 
is associated with a gradual reduction in endocrine 
function of the ovarian follicle, which commences 
some years before the actual menopause. Th e average 
age of menopause in women in Western societies is 
approximately 50 years.

Th e changes of the menopause and perimenopause 
are due to the decreased ability of the ovaries to 
respond to stimulation by the pituitary gonadotropins. 
Th e alteration in ovarian function initially causes 
dysfunctional (irregular) uterine bleeding in the pre-
menopausal stage. Hormone-dependent symptoms 
such as hot fl ushes and vaginal dryness are also associ-
ated with a decrease of estrogen production and may 

Warning signs for a pregnant 
woman to terminate exercise88

• Vaginal bleeding
• Dyspnea prior to exertion
• Dizziness
• Headache
• Chest pain
• Muscle weakness
• Calf pain or swelling (until deep venous 

thrombosis is ruled out)
• Preterm labor
• Decreased fetal movement
• Amniotic fl uid leakage
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occur prior to and around the time of menopause. 
Some time aft er the menopause, symptoms of chronic 
estrogen deprivation may occur, such as chronic 
atrophic vaginitis and urinary incontinence.

With the steadily increasing life expectancy in 
most Western societies, increased attention is being 
paid to the problems of the menopause and the 
post-menopausal years. A woman who reaches the 
age of 65 years can now expect to live into her 80s. 
A steadily increasing percentage of the population 
will be in the post-menopausal years. There are 
two major health concerns related to the hormonal 
changes occurring around the time of menopause. 
Th ese are an increased incidence of osteoporosis and 
coronary heart disease.

Osteoporosis
Osteoporosis is a major health problem in Western 
societies. Its major complications—fractures, espe-
cially of the spine, neck of the femur and wrist—are 
associated with a high morbidity and mortality. 
Diagnostic criteria have been established by the World 
Health Organization based on bone mineral density 
(BMD) from dual-energy X-ray absorptiometry95 and 
are shown in Table 41.2.

To reduce the risk of osteoporosis, women need 
to acquire as much bone mass as possible prior to 
menopause and reduce the rate at which bone is lost 
aft er menopause. Reducing the risk of falling will also 
reduce the likelihood of fracture. Women attain their 
peak bone mass during the second decade of life. From 
then until the time of menopause, there is a very slow 
rate of bone loss. Th is is accelerated at menopause and 
for a few years following the menopause may be as 
high as 5% per year. Later, the rate slows again.

Maximizing bone mass

Th e greater the bone mineral content at the time of 
peak bone mass, the more bone an individual can 
aff ord to lose. Th us, the period of early adolescence 
is a window of opportunity to maximize bone mass. 

While genetic factors are an important contributor to 
peak bone mass, there are a number of ways in which 
women can maximize their bone mass.

Animal studies have demonstrated that bone 
responds best to activities that generate high strain 
magnitudes, high strain rates, and strains that are 
diff erent to what the bone is normally accustomed to. 
Fewer loading cycles are needed and better responses 
are gained if the loading bout is broken up with rest 
intervals in between.96 Th us, a variety of weight-
bearing, high-impact activities should be encouraged 
(Table 41.3). Even a modest amount of jump training 
per se97 or incorporated into the school curriculum 
can have benefi cial eff ects on bone density.98 Based 
on the principal of breaking the load up into smaller 
bouts, 10 jumps three times a day when the school 
bell rang was found to improve bone density.98 Non-
weight-bearing exercise such as swimming or cycling 
has not been shown to be eff ective.

Th e eff ects of exercise on bone appear to be maxi-
mized with adequate calcium intake. Studies have 
shown that in adolescents, exercise together with 
calcium supplementation was more eff ective than 
exercise alone.99, 100 It is thought that the period from 
early childhood to young adulthood is important 
for calcium intake. It is recommended that a daily 
intake of 1200 mg of calcium be consumed during 
that time.

Excessive exercise associated with energy imbal-
ance and menstrual irregularity may have a negative 
eff ect on bone mass as discussed previously. Lengthy 
periods of bed rest should be avoided if possible. Loss 
of bone mass associated with bed rest is thought to 
be approximately 4% per month. Reversal of this 
bone loss takes a relatively longer period of time. 
Smoking and excessive alcohol consumption are also 
detrimental to bone health.

Minimizing bone loss

Th e second principle of prevention of osteoporo-
sis is to reduce the rate at which bone is lost aft er 
menopause. As bone is lost more rapidly in the 

Table 41.2 Diagnostic criteria for osteoporosis

Classifi cation Dual-energy X-ray absorptiometry result

Normal BMD greater than 1 standard deviation (SD) below the mean of young adults (T score: >–1)

Osteopenia BMD between 1 and 2.5 SD below the mean of young adults (T score: –1 to –2.5)

Osteoporosis BMD more than 2.5 SD below the mean of young adults (T score: <–2.5)

Severe or established 
osteoporosis

BMD more than 2.5 SD below the mean of young adults plus one or more fragility fractures
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years immediately aft er menopause, it is important 
to institute measures to reduce the loss of bone prior 
to or at the time of menopause. A variety of moder-
ate-impact exercises and strength training has been 
shown to reduce the rate of loss of bone mass in the 
post-menopausal period101, 102 even in those with low 
bone density.103 Walking programs of up to a year have 
generally not been eff ective in preventing bone loss in 
healthy ambulant individuals. Th is is not surprising 
as walking does not impart high loading forces onto 
bone, nor does it represent a unique loading stimulus. 
However, this does not exclude the possibility that 
long-term habitual walking for many years helps to 
preserve bone mass. Exercise guidelines are shown 
in Table 41.3. Smoking and excessive alcohol should 
be avoided.

An adequate calcium intake is considered essential 
for the positive eff ects of exercise to occur. In post-
menopausal women, greater calcium intake is needed 
to retain calcium balance because of increased urinary 
calcium losses associated with low estrogen levels.104, 105 
Th e recommended daily intake of calcium in post-
menopausal women is 1200 mg per day. However, 
evidence from a recent Cochrane review states that 
calcium supplementation alone has a small positive 
eff ect on bone density. Th e data show a trend towards 
a reduction in vertebral fractures, but it is unclear if 
calcium supplementation reduces the incidence of 
non-vertebral fractures.105

Vitamin D is also important for bone health. 
Vitamin D is obtained through the skin via sunlight 
and thus vitamin D defi ciency can be a problem in 
particular climates and in those whose exposure to 

sunlight is minimal. Oral vitamin D supplementa-
tion of 700–800 IU/day appears to reduce the risk of 
hip and any non-vertebral fractures in ambulatory 
or institutionalized elderly persons. An oral vitamin 
D dose of 400 IU/day is insuffi  cient for fracture 
prevention.106

Reducing falls risk

Falling is an important risk factor for fracture and 
risk of falling increases rapidly with age.107 One in 
three individuals over the age of 65 years will suf-
fer a fall each year. Risk factors for falling include 
visual impairment, neurological and musculoskeletal 
disabilities, muscle weakness, certain medications, 
postural hypotension, poor balance, environmental 
hazards, cognitive impairments and stumbling gait. 
Assessment and treatment of modifi able factors 
should be included to reduce the risk of osteoporotic 
fracture,108 including the implementation of proprio-
ceptive and balance training combined with toning 
programs.

Exercise may reduce falls as high levels of habitual 
activity in the elderly are associated with a lower 
prevalence of many of these risk factors.109, 110 Th e 
types of exercise found to be eff ective for reducing 
falls and falls risk include balance and strengthening 
activities111 and Tai Chi112 and these are detailed in 
Chapter 55.

Pharmacotherapy

Various medications are eff ective in reducing fracture 
rates among osteoporotic women (and men).113 Th e 

Table 41.3 Recommendations for exercise prescription for bone health in children and adolescents, and adults(a)

Exercise prescription Children and adolescents Adults

Mode Impact activities (e.g. gymnastics, 
plyometrics, jumping) and moderate 
intensity resistance training; 
participation in sports that involve 
running and jumping (e.g. soccer, 
basketball)

Weight-bearing endurance activities (e.g. 
tennis, stair climbing, jogging, at least 
intermittently during walking); activities 
that involve jumping and resistance 
training

Intensity High in terms of bone loading forces; for 
safety reasons, resistance training should 
be <60% of 1 repetition maximum

Moderate to high in terms of bone 
loading forces

Frequency At least 3 times per week Weight-bearing endurance activities 
3–5 times per week; resistance exercises 
2–3 times per week

Duration 10–20 minutes (2 times per day may be 
more eff ective)

30–60 minutes per day of a combination 
of activities

(a) American College of Sports Medicine. Position stand. Physical activity and bone health. 2004. Available online: <http://
www.acsm-msse.org/pt/re/msse/positionstandards>.
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fi rst-line therapy of post-menopausal osteoporosis is 
bisphosphonates.114 Other eff ective treatments include 
selective estrogen receptor modulators (SERMS) 
and parathyroid hormone (PTH). Bisphosphonates 
halve the risk of osteoporotic fracture, including hip 
fracture. Patients at risk of vitamin D defi ciency on 
the basis of low 25-hydroxyvitamin D levels should 
be given oral vitamin D in the order of 800 IU daily. 
Selective estrogen modulators include raloxifene, 
which can prevent vertebral fractures. Side-eff ects 
of raloxifene include hot fl ushes and muscle cramps. 
Th us, it is most popular among those women well 
beyond the menopause who may be less likely to have 
recurrence of hot fl ushes.

Th e use of estrogen therapy in the post-menopausal 
woman has reduced in light of the results of the 
Women’s Health Initiative (WHI), a trial of post-
menopausal hormone replacement therapy. In May 
2002, the trial was interrupted earlier than expected. 
Th e studied hormonal formulation was the association 
of conjugated equine estrogens and medroxyproges-
terone. Th e reason for termination was an increased 
risk of breast cancer and myocardial infarction in the 
hormone-therapy group. Later, reports confi rmed that 
this type of hormone replacement therapy should not 
be used for the primary prevention of coronary heart 
disease. Th ere is an increased risk of venous throm-
boembolism with post-menopausal estro progestative 
replacement. Th is risk does not seem to exist with 
transdermal estrogens. The other WHI findings 
concerned the lack of protection against dementia 
and cognitive decline. Despite these adverse events, 
the treatment reduced osteoporotic hip fractures and 
colorectal cancers. In April 2004, the estrogen-only 
arm of the same WHI study was also prematurely 
interrupted because of an increase in the incidence 
of stroke.

Coronary heart disease

Th ere appears to be an increased risk of coronary 
artery disease in women aft er menopause. In particu-
lar, the severity of coronary artery disease appears to 
increase as evidenced by an increase in the presenta-
tion of myocardial infarction and sudden death but 
no change in the frequency of patients presenting 
with angina. Th is increase in coronary artery disease 
may be due to the observed increases in total plasma 
cholesterol levels and a decrease in high-density 
lipoprotein cholesterol levels.

Physical activity appears to have an effect 
in reducing the risk of coronary heart disease in 
post-menopausal women. As little as 30 minutes of 

moderate-intensity activity per day can result in risk 
reductions. Protective mechanisms of physical activity 
include the regulation of body weight; the reduction 
of insulin resistance, hypertension, atherogenic dys-
lipidemia, and infl ammation; and the enhancement of 
insulin sensitivity, glycemic control, and fi brinolytic 
and endothelial function.115 Women with coronary 
artery disease, peripheral vascular disease or diabe-
tes mellitus must be considered individually when 
prescribing exercise and a pre-participation medical 
evaluation is recommended.116

Aerobic fi tness

For many years aerobic fi tness was thought to stead-
ily decrease with age. It was also thought that this 
decrease was accelerated at the onset of menopause. 
It now appears that any decrease in aerobic fi tness is 
related more to a decrease in activity than age. Post-
menopausal women are able to increase their aerobic 
fi tness as measured by Vo2max. Th e less fi t the woman 
is prior to the commencement of exercise, the greater 
the gain in aerobic fi tness.

Stress urinary incontinence

Th is is a common problem for the adult female athlete, 
especially aft er menopause and with high-impact 
activities.117 Th ere is a positive correlation between 
incontinence and the number of vaginal deliveries a 
woman has had. Pelvic fl oor muscle rehabilitation can 
be taught by specialized physiotherapists.

Exercise guidelines

Women should be encouraged to continue, resume or 
commence exercise in the post-menopausal period. 
For those wishing to commence an exercise pro-
gram, a comprehensive pre-exercise evaluation is 
necessary. A thorough history and examination 
should be performed, paying particular attention 
to cardiovascular risk factors. Blood measurements 
of hemoglobin, glucose, electrolyte and cholesterol 
levels may also be performed. An exercise ECG/EKG 
should be performed prior to commencing an exercise 
program in the presence of abnormal symptoms (e.g. 
chest pain) or cardiovascular risk factors (e.g. strong 
family history).

It is important to tailor the exercise for the individ-
ual, taking into consideration fi tness level, associated 
medical problems and, most importantly, individual 
enjoyment. Th e American College of Sports Medicine 
position stands on exercise and physical activity for 
older adults118 and exercise and osteoporosis119 provide 
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information about exercise prescription in this age 
group. Exercise involving large muscle groups, such 
as walking, swimming, cycling or dancing, is recom-
mended together with balance exercises. For a positive 
health benefi t, exercise should be performed between 
three and fi ve times per week for a period of 20 min-
utes each. Th e patient should aim to attain a heart 
rate equivalent to 70% of the maximum heart rate, 
which can be calculated by subtracting the patient’s 
age from 220. Some form of weight-bearing exercise 
should be included. Progressive strength training is 
also important to prevent the muscle weakness that is 
a universal characteristic of advancing age. It has been 
shown that given an adequate training stimulus, older 
women (and men) show similar or greater strength 
gains as a result of strength training compared with 
young individuals.120 Each work-out should consist of 
up to 15 repetitions of eight to 10 diff erent exercises 
that train the major muscle groups (see Chapter 55). 
Sets of one to two can be performed, two or three 
times per week. Th e weight lift ed should be up to 
85% of one repetition maximum.121, 122 An appropriate 
warm-up and warm-down should be performed and 
attention should be paid to good quality shoes and 
equipment as well as personal safety.

Risks of exercise

Th e main concern of exercise in this age group is 
cardiovascular disorders, such as angina, myocardial 
infarction and sudden death. Careful clinical assess-
ment is required prior to the commencement of an 
exercise program. Th e patient must be counseled to 
cease activity immediately and report to her doc-
tor if any abnormal symptoms such as chest pain, 
irregular heart beats, dizziness, shortness of breath 
or excessive fatigue should occur. Th e majority of 
people who have a serious cardiovascular episode 
(e.g. myocardial infarction) while exercising have 
experienced previous symptoms that they have 
ignored.

Th e other problem associated with exercise in this 
age group is musculoskeletal injuries, oft en as a result 
of a fall. Care should be taken to ensure a suitable 
environment for exercise with a level terrain and 
adequate light, as well as wearing appropriate sup-
portive shoes to reduce the possibility of falls.

The breast
Th e breast is composed primarily of fatty tissue. 
Breast size and shape is largely determined by genetic 
predisposition but may be aff ected by general weight 

loss or weight gain. Breast changes are common in the 
pre-menstrual period, where the breast may increase 
in size up to 40%. 

Trauma

Breast trauma is not common but a contusion may 
occur as a result of a direct blow from a ball, racquet or 
opponent. Th is contusion is associated with bleeding 
and swelling. It should be treated with ice, analgesics 
and support. Occasionally, a deep hematoma will 
require aspiration. Th ere is no evidence that trauma 
to the breast causes tumors.

Nipple problems

‘Runners’ nipples’ is a common condition in which the 
nipples are irritated and abraded by rubbing against 
clothing during prolonged activity. Th is condition is 
actually more common in males than females and is 
more likely to occur in cold weather where the nipple 
is more prominent and harder. It may be prevented 
by the use of petroleum jelly, tape over the nipples or 
a seamless bra (Table 41.4).

Cyclists also commonly develop nipple problems 
as a result of a combination of perspiration and cold. 
Th is can be prevented by the use of appropriate 
clothing, especially a wind-breaking material over 
the chest.

Sports bras

Excessive movement of the breasts, particularly in an 
up and down motion, occurs during exercise. Th is 
may lead to pain and discomfort and aff ect sports 
performance. A number of specialized sports bras 
are now available.

Sports bras should give support from above, below 
and the sides. Th ey should be made of a material 
that is fi rm, mostly non-elastic, non-abrasive and 
has good absorptive quality. Th e straps should be of 
non-stretch material and, ideally, criss-crossed or 
Y-shaped at the back. Th ere should be no seams or 
ridges in the nipple area and no fasteners or hooks. 
Th e sports bra should be individually fi tted and be 
comfortable both at rest and with vigorous activity. 
Th ere should also be provision for the insertion of 
padding for use in contact sports.

Various degrees of padding can be added to the 
bra. In certain sports, such as martial arts and foot-
ball, a plastic cup bra may be placed over the normal 
sports bra. Protective chest pads should be worn in 
soft ball and hockey.
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Environmental factors
Th e main gender diff erence in hot conditions is an 
increased sweat rate in males in a humid environment. 
Th ere appears to be no diff erence in heat acclimatiza-
tion between the genders.

Th e basal body temperature is increased follow-
ing ovulation. Th is increase in temperature aft er 
ovulation results in an increase in the threshold core 
temperature for both sweating and cutaneous vaso-
dilation. However, there is no evidence of a change 
in exercise tolerance to heat in the diff erent phases 
of the menstrual cycle.

A larger ratio of surface area to mass should disad-
vantage the female in colder environments. However, 
the female’s greater proportion of body fat and its 
location in the subcutaneous fat layer provides good 
insulation and probably counteracts the eff ect of the 
large surface area. Females have been shown to have 
a lower skin temperature in cold environments but no 
diff erence is noted with rectal temperature, probably 
due to the insulation eff ect.

Nutrition
Th e nutritional requirements of female athletes are 
similar to those of their male counterparts (Chapter 
37). Th e two main exceptions are iron and calcium.

Th e incidence of iron defi ciency among female 
athletes is particularly high.123 Th e factors that may 
contribute to iron defi ciency are discussed in Chapter 
37. Females have an added susceptibility to iron defi -
ciency because of their low iron stores and loss of iron 
through menstrual blood loss. Th is is compounded 
by a frequently inadequate iron intake when female 
athletes are on low-energy diets.124, 125 Females who 
do not eat red meat are particularly likely to develop 
iron defi ciency.

Th e most common presenting symptom of iron 
deficiency is tiredness or impaired performance 
(Chapter 52). Any athlete who presents complain-
ing of tiredness or impaired performance should 
be suspected of iron defi ciency. Th is is particularly 
likely if the female athlete is an endurance athlete and 
does not eat red meat. Anemia may occasionally be 

Table 41.4 Recommendations for breast care in sport

Issue Garment solution Healthcare practitioner role

Increased physical 
activity

Advise garment suited to type of exercise:
•  impact: supportive, compression, 

seamless, sweat absorbent
•  endurance: ventilated, scapular 

reinforcement, porous fabric
•  contact: protective padding

Advise exercise for health:
•  include bra advice in addressing active 

wear issues
•  awareness that chaffi  ng, bruising, irritation 

and pain are not normal and should be 
addressed

•  refer to physician if further evaluation is 
required

Bruising:
•  shoulder strap
•  anterior breast

•  Wider shoulder straps, can add strap 
pads

•  Less anterior compression, separate cup 
style may help

Address the contact component of sport:
•  technique changes
•  shell chest protectors
•  game conduct

Nipple chaffi  ng Seamless cups:
•  ensure proper size and fi t
•  sweat-absorbent material

Hygiene issues:
•  dry nipples (change out of sweaty or wet 

garments)
•  air dry after showering
•  use moisturizers such as vitamin E cream 

or lanolin
•  use lubricants such as Body Glide or 

Vaseline
•  educate on signs of infection

Controlling breast 
movement

Compression style garment:
•  full fi gure support
•  Spandex body suit for additional support
•  proper sizing and fi t

Advise on proper posture:
•  rhomboid and scapular stabilization 

strengthening to reduce forward posture
•  gait and footwear to ensure correct 

movement patterns
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present but, more commonly, depletion of iron stores 
as measured by low serum ferritin levels is the cause 
of the athlete’s symptoms (Chapter 37).

Th e importance of calcium has been mentioned 
previously in this chapter, both in the management 
of the amenorrheic athlete and in relation to osteo-
porosis. A high calcium intake in the adolescent and 
young adult years appears to be particularly important 
in maximizing peak bone mass, while an adequate 
calcium intake in the post-menopausal years is nec-
essary for the benefi ts of exercise to occur. Calcium 
intake is discussed fully in Chapter 37.

Another nutritional concern is the apparent inad-
equate energy intake of many female athletes when 
compared to their energy expenditure. Th e ‘energy 
drain’ hypothesis has been put forward as a mechanism 
for the development of menstrual disturbances.

Eating disorders

There has been considerable discussion regard-
ing the relationship between eating disorders and 
intense athletic activity. While a direct relationship 
is unlikely, the emphasis on thinness and reduction 
in body fat in particular sports, such as gymnastics, 
endurance running and ballet dancing, may lead to 
an increased incidence of eating disorders in suscep-
tible individuals.126 Pressure from coaches, parents or 
fellow competitors regarding ideal body shape may 
lead to abnormal eating patterns. Other psychologi-
cal risk factors include low self-esteem, poor coping 
skills, perfectionism, obsessive–compulsive traits 
and anxiety.

Disordered eating occurs on a spectrum that can 
range from restrictive eating patterns to pathologi-
cal weight control measures to classic eating disor-
ders such as anorexia nervosa and bulimia nervosa. 
Clinicians should have a high index of suspicion of 
the presence of eating disorders in young females who 
appear excessively thin, who have a distorted body 
image (i.e. they are convinced they are too fat when 
in fact they are extremely thin) or who present with 
amenorrhea. Amenorrhea related to anorexia nervosa 
seems to have a more marked eff ect on reduction of 
bone density than does exercise-associated amenor-
rhea.127, 128 Patients presenting with unusual stress 
fractures, such as fractures of the pubic ramus, may 
have severely reduced bone density secondary to 
anorexia nervosa. A comprehensive evaluation should 
include assessment of exercise behaviors, nutritional 
intake, weight control measures, psychological factors 
and laboratory or diagnostic testing as appropriate. 
Th e management of eating disorders such as anorexia 

nervosa and bulimia can be diffi  cult and may require 
specialized expertise involving a multidisciplinary 
approach.

Injuries
Injuries to the female genital organs occur occasion-
ally. Vulval contusions and lacerations can occur from 
direct trauma, especially in gymnastics. Th ese should 
be treated with the application of ice and surgical 
repair of the laceration if necessary.

Some concerns have been expressed about the 
dangers of water-skiing for females. Forceful vaginal 
douching may occur and occasionally lead to pelvic 
infection. Th e wearing of tight-fi tting wetsuit pants 
should be mandatory for all female water-skiers.

Th ree musculoskeletal injuries that may occur 
more frequently in females are stress fractures, patel-
lofemoral pain (Chapter 28) and anterior cruciate 
ligament injuries.

It has been noted in Chapter 27 that stress fractures 
occur more frequently in amenorrheic women than 
in those who are menstruating normally. Th e exact 
mechanism of the development of stress fractures in 
amenorrheic women is uncertain and may not necessar-
ily be related to low bone density. However, menstrual 
status should be assessed in all female athletes who 
present with stress fractures. A bone density measure-
ment should be considered in these athletes.

Females have a two to eight times greater predis-
position to anterior cruciate ligament rupture than 
males. Th ere are many theories as to why this dif-
ference in injury rate exists. Th ese include intrinsic 
factors, such as joint laxity, hormonal infl uences, limb 
alignment, notch dimensions and ligament size, as 
well as extrinsic factors, such as type of sport, con-
ditioning and equipment.129 Th e reader is directed to 
Chapter 27 for a detailed discussion of this problem 
and preventive strategies.
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CHAPTER 

42
The Older Person 
who Exercises
WITH JACK TAUNTON, WENDY COOK AND JACQUELINE CLOSE

Increasing numbers of older people perform regular 
physical activity that ranges from recreational walk-

ing and swimming or lawn bowls, to vigorous and/or 
competitive activity. Th e Veterans or Masters sports 
movements have grown rapidly and now provide com-
petition at local, national and international levels for 
an increasing number of older athletes.1 Although the 
variability in health and functional status among those 
of a similar age makes defi ning ‘older’ by chronology 
diffi  cult, some authors consider those aged 75 years or 
more as diff ering from younger persons in key factors, 
including the prevalence of asymptomatic coronary 
artery disease and physical limitations preventing 
most in this age group from engaging in vigorous 
high-intensity aerobic training.2

Th e physiology of aging is outside the scope of this 
book but is well described elsewhere.3 We focus on 
the epidemiological and mechanistic evidence for the 
considerable physiological and psychological benefi ts 
of exercise in the older person. However, there are 
certain risks associated with exercise for older people 
that can be minimized by adequate medical screening 
as well as an awareness of, and appropriate response 
to, warning symptoms. Finally, we comment on the 
potential interactions between medications com-
monly used by the elderly and exercise. For guidance 
to prescribe an exercise program in the elderly, the 
reader is directed to Chapter 55.

The benefi ts of physical 
activity in the elderly
Physical activity benefi ts all body organs as well as 
the psyche.1, 2, 4–8 Th e most dramatic benefi ts have 
been found in the cardiovascular system.9, 10 Exercise 

interventions in older patients with coronary heart 
disease decreased morbidity, mortality and symptoms, 
and reduced cardiac rehospitalizations.10

Numerous mechanisms may contribute to these 
benefi ts.11 Increased demand on the myocardium 
improves oxygen utilization. Capillaries dilate and 
multiply to improve the delivery of oxygen and other 
nutrients to muscles. Th e myoglobin content of muscle 
is increased, thus improving the transfer of oxygen 
from the red blood cells to muscle cells. Inside the 
cell, the number of mitochondria increases, enhancing 
aerobic metabolism. Th ere is also an increase in the 
glycogen storage sites of muscle. Exercise tends to 
lower the resting heart rate and the resultant increased 
diastolic time allows improved coronary blood fl ow. 
Stroke volume increases.

Exercise also has an eff ect on blood lipid levels, 
raising levels of high-density lipoprotein cholesterol, 
the ‘cardioprotective’ lipid, and lowering levels of low-
density lipoprotein cholesterol. Exercise lowers blood 
pressure12 and reduces obesity. A combination of these 
two factors, in addition to the reduction in cholesterol, 
decreases the risk of ischemic heart disease.

Exercise may also improve exercise tolerance in older 
people with chronic obstructive pulmonary disease.13 
Th ey will also benefi t from the associated benefi ts of 
aerobic fi tness. Exercise may improve blood sugar 
control in people with diabetes by decreasing insulin 
resistance, and may reduce the need for medication.

Resistance training and high-impact activities 
help maintain bone mass in the elderly.14 An exer-
cise program may also be benefi cial for older people 
with osteoarthritis by improving joint mobility and 
increasing muscle strength.15 Exercise in the form 
of strength and balance training has been shown to 
reduce an older person’s risk of falling.
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Along with the physical benefi ts of exercise, the 
older athlete benefi ts from improved sleep,16 cogni-
tive function17, 18 and mood. Th e muscle control and 
weight loss associated with exercise may lead to 
improvements in body image and reverse the elderly 
person’s fear of activity.19

Exercise reduces anxiety in elderly patients, espe-
cially in those recovering from illness. Exercise can 
lessen depressive symptoms20 and perhaps even reduce 
the risk of developing depression.21

Risks of exercise in 
the elderly
Th e risks associated with a sedentary lifestyle are well 
known although diffi  cult to quantify objectively and 
compare with the risks associated with exercise in later 
years. Underlying co-morbidity is oft en cited as a reason 
to preclude exercise despite the overwhelming evidence 
to support the benefi ts of exercise in many common and 
chronic diseases. From a safety standpoint, clinicians 
prescribing exercise for older people are concerned 
that exercise may induce myocardial ischemia and, in 
turn, precipitate myocardial infarction or sudden death. 
Gill and colleagues have provided recommendations 
regarding precautions that can be taken to minimize the 
risk of serious adverse cardiac events among previously 
sedentary older persons who do not have symptomatic 
cardiovascular disease and are interested in starting an 
exercise program.2

Reducing the risks of exercise

Before starting an exercise program, all older per-
sons should have a complete history and physical 
examination performed by a physician. Contrain-
dications to exercise outside of a monitored envi-
ronment include: myocardial infarction within six 
months, angina or physical signs and symptoms of 
congestive heart failure, and a resting systolic blood 
pressure of 200 mmHg or higher. A functional test 
of cardiac capacity is to ask the patient to walk 15 m 
(50 ft ) or climb a fl ight of stairs.2 A resting ECG/EKG 
should be reviewed for new Q waves, ST segment 
depressions or T-wave inversion. Persons who have 
features of cardiovascular disease should be referred 
for appropriate management. If the patient has no 
overt cardiovascular disease, and no other medical 
or orthopedic contraindications to exercise, he or 
she can begin a low-intensity exercise program as 
discussed below.2 Adhering to the principles outlined 
in Chapter 6 reduces the risk of injury.

Exercise prescription for 
the older individual
Inactive older people

For older adults who undertake no physical activity, 
the fi rst goal of exercise prescription is simply to 
reduce the time spent sitting. Th us, the action plan 
might be to reduce the amount of time spent watch-
ing television. Other suggestions include parking 
further away at malls and shopping centers, taking 
the stairs instead of the elevator, or taking a brief walk 
several times a day. It is wise to suggest exercises that 
are functional and relevant to the individual and are 
incorporated into daily activities. Th e aphorism ‘start 
low, go slow’ applies in this population as it does in 
exercise prescription in general. Th e practitioner 
should set easily attainable short-term goals and 
increase time spent performing moderate activities 
by no more than 5% per week. Th e eventual goal is to 
accumulate 30 minutes a day of moderately intense 
physical activity on most days of the week.

Generally active older people

For older people who are generally active, begin by 
increasing the volume of aerobic exercise or resistance 
training. Aerobic exercises that are particularly attrac-
tive to older individuals are cycling on a stationary 
bicycle, brisk walking, swimming and water aquatics. 
Th e person should warm up (e.g. slow walking) for 
5 minutes and stretch slowly for 5–10 minutes before 
exercising at a moderate level—one at which a conver-
sation can be easily maintained. Th e cool-down aft er 
the exercise session should be by walking slowly and 
stretching for about 15 minutes. Th e person about to 
undertake resistance training should also perform 
a warm-up and stretch fi rst. Free weights and com-
mercially available equipment are both suitable for the 
older person exercising. Proper breathing consists of 
exhaling during the lift  for 2–4 seconds followed by 
inhaling during the lowering of the weight for 4–6 
seconds, working through the entire range of motion 
(or as tolerated for those with arthritis). Th e Valsalva 
maneuver should be avoided, particularly in the elderly 
who are more prone to postural hypotension and syn-
cope than their younger counterparts. Th e lift s should 
be separated by 2 seconds of rest. Th e goal is to perform 
one or two sets of eight to 15 repetitions per set with 
1–2 minutes of rest between sets. Th e patient should 
aim to lift  a weight that is 70–80% of a one repetition 
maximum or the most that he or she can lift  through 
a full range of motion at one time. Th e resistance 
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should be increased no more frequently than monthly. 
Strength exercises should be followed by a cool-down 
and a stretch. Th e principles of follow-up and praise 
for progress, as outlined in the general introduction 
to exercise prescription, apply particularly to seniors, 
who may feel less confi dent about their capacity for 
activity. Current evidence suggests that participants 
who undertake this type of program twice weekly or 
more obtain benefi ts. Only the very unfi t benefi t from 
a once-weekly program.22

Interaction between 
medication and exercise 
in the older person
As most older persons have at least one chronic 
medical condition, and many have multiple chronic 
conditions, medication use is prevalent. Th ere are 
certain problems associated with exercise and some 
of these drugs.

Medications aff ecting the renin–angiotensin 
system

Drugs aff ecting the renin-angiotensin system, such 
as angiotensin-converting enzyme (ACE) inhibitors 
and angiotensin II receptor blockers, lower peripheral 
vascular resistance. Th ey are widely used to treat 
hypertension, systolic heart failure and chronic kidney 
disease. Th ese drugs are suitable for the hypertensive 
athlete as they do not limit maximal oxygen uptake. 
Although the risk of dehydration among young 
people may have been over-represented in recent 
years (Chapter 53), older people who are taking these 
medications may have an increased susceptibility 
to the eff ects of exercise-related dehydration. Th e 
vasodilator eff ect may combine with fl uid losses to 
cause hypotension and dizziness.

Beta-blockers

Beta-blockers are used to treat hypertension, angina, 
tremor and migraine but they may be less eff ective 
in older people than in middle-aged patients. Th ese 
drugs are oft en prescribed aft er acute myocardial 
infarction. Beta-blockers reduce cardiac rate and out-
put and attenuate the normal physiological response 
to exercise. Th e lack of tachycardia induced by exercise 
bothers some people—they dislike the absence of 
the ‘adrenalin surge’. Older athletes who are taking 
beta-blockers will have a restricted exercise capac-
ity, particularly in endurance events. Side-eff ects 
range from postural hypotension, asthma, excessive 

tiredness, impotence, hyerkalemia and lethargy to 
exacerbating peripheral vascular disease and the 
potential of masking hypoglycemia in people with 
diabetes taking older non-selective agents.

Diuretics

Systematic reviews and clinical guidelines suggest that 
thiazide diuretics should be the fi rst-line therapy for 
hypertension.23 Diuretics are used in the treatment of 
heart failure and fl uid retention to increase urinary 
excretion of excess salt and fl uid. Older athletes who 
exercise in warm-to-hot conditions and take diuretics 
are at a particular risk of dehydration. Side-eff ects of 
thiazide diuretics include increased blood sugar levels24 
and increased uric acid levels, which can be suffi  cient 
to precipitate gout. Side-eff ects of thiazide diuretics 
include increased blood sugar levels and increased 
uric acid levels in those with gout. A combination of 
antihypertensive medication and vigorous exercise 
with associated dehydration may decrease the intravas-
cular volume and cause postural hypotension, which 
may manifest itself as light-headedness or fainting. 
Prevention includes maintaining adequate hydration 
and avoiding standing still immediately aft er exertion. 
Alternatively, other medications may be available.

By defi nition, diuretics lead to increased fl uid 
excretion through the renal tract and the diuresis 
occurs in relatively close proximity to oral ingestion. 
Older exercise participants attending classes or under-
taking exercise outdoors may wish to delay the intake 
of their diuretic until aft er exercise to avoid the need 
to urinate excessively. Th is should be undertaken in 
consultation with their medical practitioner.

Other cardiac drugs

Calcium-channel blockers and nitrates (glyceryl 
trinitrate [nitroglycerin]) are used to treat hyperten-
sion and angina. Th ey may impair cardiac output in 
exercise and cause peripheral vasodilatation, thus 
reducing performance. Peripheral venous pooling and 
the vasodilatation can lead to postural hypotension, 
particularly during the cool-down period of exer-
cise. Th ese side-eff ects should, however, be weighed 
up against the fact that this drug may have a direct 
eff ect on improving exercise tolerance by improving 
blood fl ow to the heart. Antiarrhythmic drugs may 
also reduce cardiac output.

Non-steroidal anti-infl ammatory drugs

NSAIDs are commonly used for the treatment of 
arthritis and musculoskeletal problems in the older 
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athlete. Serious side-eff ects of these medications 
include hypertension, fl uid retention and the devel-
opment of peptic ulceration. Th ese drugs can impair 
renal function among older people. Th e risk of cardiac 
events in those taking certain NSAIDs was discussed 
in Chapter 10. Th e drugs should be used cautiously in 
the elderly and discontinued if the patient complains 
of adverse eff ects. NSAIDs should not be prescribed 
to athletes with a history of a bleeding disorder or 
those taking anticoagulants. To minimize the risk of 
gastric irritation, these medications should be taken 
with food or an acid-lowering medication (Chapter 
10). Topical anti-infl ammatory medications may be 
a useful alternative.

Medications aff ecting the central 
nervous system

Medications such as the long-acting benzodiazepines, 
including nitrazepam and diazepam, as well as the 
shorter-acting oxazepam, temazepam and lorazepam 
may aff ect fi ne motor skills, coordination and reac-
tion time, and thermoregulation. Th is may lead to an 
increased risk of injury, especially in contact sports. 
Oft en, people who commence exercise can reduce 
their need for these medications.

Insulin and oral hypoglycemic drugs

Th e dosages of insulin and the oral hypoglycemic 
drugs may need to be reduced prior to exercise to 
avoid hypoglycemia (Chapter 48). Early symptoms of 
insulin resistance in older people can be postprandial 
hyperglycemia. Close monitoring of glycemic control 
and symptoms during exercise is necessary when 
initiating an exercise regimen in order to minimize 
the risk of hypoglycemia during exercise.
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CHAPTER 

43
The Disabled Athlete

WITH NICK WEBBORN

Participation in sports by people with disabilities 
made signifi cant increases over the latter half of 

the last century. In 1948, 16 competitors took part in 
the fi rst Stoke Mandeville Games, a sporting compe-
tition for people with disabilities. Today, over 4000 
athletes from more than 130 countries compete in 
the summer Paralympic Games.

In this chapter we provide a brief historical per-
spective and discuss the challenges that people with 
disability face to achieve the health benefi ts of physi-
cal activity. We discuss common clinical concerns of 
the person with various major disabilities (e.g. spinal 
cord injury, amputation, cerebral palsy). We outline 
the classifi cation system that categorizes persons with 
disabilities to permit fair competition. Th e chapter fi n-
ishes with three practical and specifi c issues—winter 
sports for disabled persons, anti-doping and travel 
with teams.

Historical perspective
At the start of the 19th century sports participation 
among people with disabilities was very limited. With 
the advent of two World Wars, many young men were 
living in society with a wide range of serious injuries. 
Th ese disabled men needed to be integrated back into 
society and part of the rehabilitation process included 
involving them in sporting activity.

A most signifi cant fi gure in the history of dis-
ability sport was Sir Ludwig Guttman, who ran the 
Spinal Injuries Unit at Stoke Mandeville Hospital in 
England. He introduced sporting activity as part of 
the rehabili tation process for those with spinal cord 
injury. On the opening day of the 1948 Olympic 
Games in London, he arranged an archery contest on 
the lawns of the hospital between two spinal injury 

units. Th us began the Stoke Mandeville Games; four 
years later, the games became the International Stoke 
Mandeville Games with the inclusion of a team of 
spinally injured patients from Holland.

Guttman believed that ‘by restoring activity in mind 
and body—by instilling self-respect, self-discipline, a 
competitive spirit and comradeship—sport develops 
mental attitudes that are essential for social reintegra-
tion’. Th e inclusion of other sports such as athletics, 
swimming, table tennis and basketball increased the 
diversity of opportunities for people with disabilities. 
Participation improved slowly and in 1960 the Inter-
national Stoke Mandeville Games were held in Rome 
aft er the Olympic Games with a plan to hold these 
quadrennial games in the Olympic Games host city 
where possible. In 1976 people with vision impair-
ment and limb defi ciencies were included and those 
with cerebral palsy joined in 1980.

Initially the term Olympics for the Disabled was 
used but this was not acceptable to the International 
Olympic Committee (IOC) and in 1985 the term 
Paralympic was devised to describe a games ‘parallel 
to the Olympics’ (not ‘paraplegic’, a common miscon-
ception). In 1989, the International Paralympic Com-
mittee (IPC) was formed and since that time the games 
have truly been the Paralympic Games; cities bid to 
host the Olympics and Paralympic Games together. 
In the 11-day Athens 2004 Paralympic Games, 4000 
athletes represented 142 countries and competed 
before 800 000 spectators.

Th e diff erent disability groups are organized by a 
variety of national and international organizations. 
Th e IPC is the international representative body for 
elite sports for athletes with disabilities, which are 
primarily physical disabilities but also include visual 
impairment. Th e International Sports Federation for 
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Persons with Intellectual Disability (INAS-FID) is affi  l-
iated with the IPC and represents solely elite athletes 
with intellectual disabilities. Th e Special Olympics is 
an organization for people with a full range of intel-
lectual disability and focuses on participation at all 
ability levels. Its motto is ‘Let me win. But if I cannot 
win, let me be brave in the attempt’. Hearing-impaired 
athletes participate in the ‘Deafl ympics’ organized by 
the international organization Comité International 
Sports des Sourds (CISS).

Health benefi ts of 
physical activity
Th e health benefi ts of physical activity are well known1 
but people with disabilities have fewer opportunities 
to participate in regular physical activity for reasons 
that include physiological restrictions associated 
with the disability and access to facilities, as well as 
sociocultural factors. Obesity aff ects the disabled;2 

on the other hand, disabled people who are regularly 
physically active have fewer healthcare costs, includ-
ing fewer visits to physicians and hospitalizations, 
than their inactive counterparts. In addition to the 
musculoskeletal benefi ts of regular physical activity, 
social and psychological benefi ts include improvement 
in self-esteem and social integration.

It is challenging for a person with a disability to 
perform a suffi  cient intensity of exercise to optimize 
health benefi ts. For example, the person using a 
standard wheelchair will fi nd it diffi  cult to push with 
suffi  cient intensity to raise the heart rate and blood 
pressure to the level required to signifi cantly reduce 
coronary risk factors and prevent type 2 diabetes. 

Th us, other modes of exercise are needed to provide 
more intense and prolonged activity. An activity such 
as hand cycling can permit higher intensity exercise 
but requires more expensive equipment. Another 
approach to greater duration and intensity of exercise 
is to use functional electrical stimulation of paralyzed 
muscles. For example, this can be used on a paralyzed 
leg to permit a rowing action. It is evident that this 
requires more expensive special equipment.

Choosing a suitable sport

Th e clinician who advises a disabled person about 
sport choices should realize that people with dis-
abilities take part in a wide range of sports. For some 
sports, such as swimming, the rules and facilities 
require little or no adaptation. Other sports have 
modifi ed equipment or rules to accommodate persons 
with disability (e.g. wheelchair basketball). Certain 
sports have been developed with specifi c disability 
groups in mind, for example, goalball, a court-based 
ball sport developed for the visually impaired, or 
boccia, an adaptation of boules for people with severe 
cerebral palsy. Today, people with disabilities engage in 
all sports—even high-risk activities such as mountain 
climbing and diving.

Th e sports available to people with disabilities 
depend on a variety of aspects that includes access 
to facilities and equipment, coaching and local com-
petition. For some disabled people, sport is a way 
of obtaining physical activity for health benefi t or 
disease modifi cation, whereas others may be aspir-
ing towards elite events such as Paralympic Games 
(Table 43.1).

Competitive sports have certain physiological 
requirements such as aerobic or anaerobic fi tness, skill 
or strength. Some sports include a risk of trauma. Not 
all sports, however, need to be organized or competi-
tive—the focus may be on building self-esteem and 
facilitating social benefi ts.

Factors that infl uence the athlete’s decision may 
include:

• personal preference—enjoyment and 
achievement foster participation

• characteristics of the sport—physiological 
demands, coordination requirements, collision 
potential, preference for team or individual 
sport

• medical condition of the individual—exercise 
may be benefi cial or detrimental to the disability

• cognitive ability and social skills—these 
determine whether a person can follow rules 
and interact with others

Figure 43.1 The Athens 2004 Paralympic Games 
closing ceremony

Fo
to

 C
ou

de
ny

s

Brukner-D-40–43.indt   779Brukner-D-40–43.indt   779 5/6/06   4:31:02 PM5/6/06   4:31:02 PM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL780

PART D SPECIAL GROUPS OF PARTICIPANTSD

• facilities for training and competition
• availability of coaching and support staff 
• availability of equipment—this may be 

expensive (e.g. specialist wheelchairs are used 
in road racing, wheelchair tennis, rugby and 
basketball; prosthetics aids for amputees for 
sprinting).

For elite competition (e.g. the Paralympic Games) 
athletes are categorized as having:

1. a physical disability
2. visual impairment or
3. intellectual impairment.

Some sports are designed for one disability group 
(e.g. those with tetraplegia in wheelchair Rugby), 
whereas other sports (e.g. swimming) have competi-
tions for all disability groups categorized by disability. 
In the following sections we discuss each of these 
categories in turn.

The sportsperson with 
a physical disability
To permit fair competition, persons with physical 
disabilities are subcategorized into those with:

1. spinal cord injury, either congenital or acquired
2 limb defi ciency or amputation
3. cerebral palsy

4. ‘Les Autres’—physical disabilities such as 
muscular dystrophies, syndromic conditions 
and ankylosis or arthritis of major joints that do 
not fi t within the other three categories.

Th e sports clinician needs to be familiar with the 
diff erent sports risks, and capacities, of each dis-
ability group.

Spinal cord injury and sports medicine

Th e spinal cord lesion may be a congenital lesion 
such as spina bifi da, or an acquired lesion through 
disease or trauma. Of those with a traumatic spinal 
cord injury, approximately 80% are men and the 
majority of these are aged between 16 and 30 years. 
Most spinal cord injuries occur as a result of motor 
vehicle accidents but about 15% occur during sport-
ing activity. Th e sports where spinal cord injury is 
more likely and, thus, require vigilant prevention 
eff orts include equestrian activities, gymnastics and 
trampolining, rugby union, American football and 
skiing. Spinal cord injury databases usually include 
‘diving’ into shallow water (oft en under the infl uence 
of alcohol) as a ‘sporting injury’.

Sports-related spinal cord injuries can result in 
paraplegia or quadriplegia with diff erent degrees of 
completeness. Th ere are approximately equal percent-
ages of complete and incomplete quadriplegias and 
paraplegias. Although the loss of motor function 
in spinal cord injury is immediately apparent to 
the observer, sensory impairment also has a major 
impact with loss of light touch, proprioception or 
pain sensation. Also, autonomic dysfunction alters 
thermoregulation and impairs bladder and bowel 
function.3 A high thoracic spinal injury, around T1–4, 
causes sympathectomy of the myocardium, which 
reduces the maximal heart rate to between 110–130 
beats per minute.4 Th is means that training intensity 
scales that rely on percentages of heart rate maximum 
or heart rate reserve are inappropriate but rating of 
perceived exertion (Borg scale) remains useful.5

Overall, exercise prescription in persons with 
spinal cord injury does not vary dramatically from the 
advice off ered to the general population.6–8 Systems 
of functional electrical stimulation activate muscular 
contractions within the paralysed muscles of some 
persons with spinal cord injury. Coordinated patterns 
of stimulation allow purposeful exercise movements, 
including recumbent cycling, rowing9, 10 and upright 
ambulation. Exercise activity in persons with spinal 
cord injury is not without risks that relate to systemic 
dysfunction such as autonomic dysrefl exia, low bone 
mass11 and altered geometry,12 joint contractures and 

Table 43.1 Sports of the 2004 and 2006 Paralympic 
Games

Summer (2004) Winter (2006)

Archery
Athletics
Basketball
Boccia
Cycling
Equestrian
Fencing
Football (CP, VI)
Goalball
Judo
Power lifting
Sailing
Shooting
Swimming
Table tennis
Wheelchair tennis
Volleyball
Wheelchair rugby

Biathlon
Cross-country (Nordic) skiing
Downhill (Alpine) skiing
Sledge hockey
Wheelchair curling

CP = cerebral palsy; VI = visually impaired.
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problems with thermoregulation (see below). Persons 
with spinal cord injury can benefi t greatly by participa-
tion in exercise activities,13 but those benefi ts can be 
enhanced and the relative risks may be reduced with 
accurate classifi cation of the spinal injury.

Thermoregulation—vulnerability to heat and cold

People with spinal cord injury are vulnerable to heat 
injury14 due to a reduction in peripheral receptor and 
cooling mechanisms; sweating is impaired below the 
level of the spinal injury. Th us, athletes need to hydrate 
appropriately and acclimatize where possible. Th ere 
is evidence that cooling and pre-cooling strategies 
off set the risk of heat illness and enhance endurance 
of performance.15

Th ere is also an increased inability to maintain 
body temperature in a cold environment because of 
lack of sensory input and shivering response. Th us, 
adequate preventive measures, including appropriate 
clothing, are particularly important for the person 
with disabilities. Th e reader is also directed to Chap-
ters 53 and 54, relating to exercising in hot and cold 
climates, for more information.

Pressure sores due to insensible skin

Th e insensible areas of skin below the level of the lesion 
are susceptible to unnoticed skin abrasions or pres-
sure sores from prolonged sitting. Once established, 
a pressure sore can entail many weeks or months 
out of normal activities for the individual. Th e keys 
to prevention are regular inspection of the skin aft er 
activity, looking for telltale red areas and abrasions.

Autonomic dysrefl exia

An injury such as a fracture below the level of the 
lesion may not result in the normal pain response 
but may trigger a phenomenon known as autonomic 
dysrefl exia. Th is can be caused by any nociceptive 
input below the level of the lesion, such as a blocked 
catheter causing bladder distension, constipation, 
urinary calculi or ingrowing toenails. Th e nociceptive 
stimulus results in inappropriate levels of noradrenalin 
(norepinephrine) being secreted, producing hyper-
tension, sweating and skin blotching above the level 
of the lesion and a pounding headache. Case reports 
have documented hypertension severe enough to 
cause cerebral hemorrhage, fi ts and death. Th us, 
the condition is a medical emergency with urgent 
attention to removing the nociceptive stimulus and 
reducing blood pressure with medication such as 
sublingual nifedipine.

Some wheelchair athletes have found that when 
they were in the dysrefl exic state while exercising it 

appeared to reduce their rating of perceived exertion 
for performing a given intensity of exercise. Hence 
some athletes started to induce this state intention-
ally to improve their performance by as much as 
10%. Th e technique became known as ‘boosting’.16 In 
1994, inducing the dysrefl exic state was considered 
doping and was banned by the IPC. However, as the 
condition may occur without intent and the athletes 
cannot be assessed during competition, boosting was 
removed as a doping method. Athletes may, however, 
have their blood pressure taken in a pre-competition 
setting and if a systolic blood pressure is 180 mmHg or 
greater, then they may be removed from competition 
on safety grounds. No sanction is imposed but the 
athlete is unable to compete in that event.

Osteopenia

Th e paralysis and consequent immobility also results 
in progressive loss of bone mineral density causing 
osteopenic or osteoporotic changes in the lower limbs 
and spine. Th is may result in fractures caused by 
minimal trauma or from impact collisions in sports 
such as ice sledge hockey or a fall from a chair in 
basketball. Th e sports clinician needs to raise her or 
his index of suspicion for fractures as mechanisms 
of injury that would normally be benign may cause 
fracture in the wheelchair athlete. Even though the 
limbs are not used for ambulation, fracture healing 
is important as persistent deformity may result in 
increased diffi  culty with transferring to and from the 
chair and performing activities of daily living.

Overuse shoulder injuries

In addition to trauma, the musculoskeletal system is 
also prone to overuse injuries. Upper limb injuries 
are common among wheelchair users because of 
repetitive use of the arms for propulsion as well as 
transferring in and out of the chair. Shoulder pain is 
a common presenting symptom in wheelchair users, 
but whether such shoulder pain is more common in 
sedentary wheelchair users than among those who 
are regularly active remains unclear. Nevertheless, in 
sports such as swimming or those involving overhead 
activities (e.g. tennis), the person with disability is 
prone to additional sport-specifi c risk factors for 
shoulder injuries.

Shoulder pain may be referred from the cervical 
or thoracic spine because of the underlying spinal 
pathologies. Factors such as scoliosis, poor seating 
position and muscle imbalance that results from 
pushing techniques may all contribute to alterations 
in scapula stabilization and abnormal patterns of 
movement (Chapter 17).
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The sportsperson with a limb defi ciency

Limb defi ciencies may be congenital or acquired and 
persons may compete with or without a prosthesis, or 
in a wheelchair. A single leg amputee has jumped over 
2 m (6 ft ) in the high jump. Some amputee athletes 
use a wheelchair to play sports such as tennis and 
basketball. Th ese athletes have full muscular strength 
and proprioceptive capability, which may not be the 
case for their spinal cord injured counterparts. Th is 
is further discussed under classifi cation.

A lower limb amputee who uses a prosthetic limb 
for running can now avail him or herself with equip-
ment that enhances performance. Th e fl exible carbon 
fi ber lower portion of the prosthesis now absorbs and 
returns energy to the runner in much the same way 
as the human Achilles tendon does. Th e 100 m sprint 
time is now about 11 seconds. Advances in technolo-
gies permit control of the swing of the prosthetic knee 
to aid sporting performance and also day-to-day life. 
Microprocessor technology is used to detect move-
ment patterns and the joint can be programmed from 
a laptop computer to adapt to diff erent situations.17 
Upper limb adaptations can be useful in sports such 
as lawn bowls or equestrian riding or target sports 
such as archery.

Despite the benefi ts of these technologies, they 
remain expensive and the impact of running at these 
speeds on the residual limb can result in skin chaffi  ng, 
abrasion and bone bruising. Th us, the residual limb 
must be inspected regularly and cared for diligently 
to avoid injury. Because the prosthetic limb is shorter 
than the unaff ected limb to allow it to swing through, 
there is a side-to-side discrepancy that may cause 
pelvic or low back pain.

The sportsperson with cerebral palsy

Cerebral palsy is a complex condition character-
ized by a variety of movement disorders. It is a 
‘non-progressive but not unchanging disorder of 
movement or posture due to an insult or anomaly of 
the developing brain’. Classifi cation oft en occurs by 
the number of aff ected limbs, for example, diplegia, 
hemiplegia or monoplegia, or alternatively by the type 
of movement disorder. Th is may be a spastic cerebral 
palsy with increased tone, choreo-athetoid cerebral 
palsy with large amounts of involuntary movement 
and poor coordination, a hypotonia or a mixture of 
these patterns. Th is may result in classifying a par-
ticular person’s disability with terms such as a ‘spastic 
diplegia’. Approximately 50% of people participating 
in Paralympic sports with cerebral palsy will do so in 
a wheelchair, with the others being ambulant.

Cerebral palsy is also commonly associated with 
a variety of other problems as well as movement 
impairment. Th ese include epilepsy, visual defects, 
deafness and intellectual impairment, and they can 
occur in combination.

Muscle spasticity presents a variety of problems. 
It may cause discomfort and poor posture that may 
predispose the athlete to other injuries. We note that 
spasticity may provide joint stabilization and excessive 
stretching of these muscles may inhibit performance, 
particularly in the ambulant athlete who uses the 
tone in function. Th us, although fl exibility exercises 
are performed to maintain range of motion in joints, 
the timing of this relative to competition needs to be 
reviewed with each individual athlete.

The sportsperson with visual impairment

Visually impaired athletes can take part in a variety 
of sports with diff erent degrees of adaptation of the 
sport. For example, in judo, the competitors start by 
holding on to each other’s tunic. In athletics, a guide 
runner will run alongside the visually impaired athlete, 
sometimes attached by a cord or leash. Some sports 
such as goalball have been developed specifi cally for 
the visually impaired. Th is court-based sport has a 
large goal and is played with a ball with a bell. Play-
ers on one side hurl the ball towards the opponent’s 
goal and the opponents hear where the ball is going 
and try to block it entering their goal. In swimming, 
a method is used to indicate to the swimmers when 
they are approaching the end of the lane to initiate a 
turn or to fi nish and this is achieved by tapping them 
on the head or shoulders as they approach the end 
using a long stick with a padded end.

Athletes are classifi ed by an accredited ophthal-
mologist according to three levels of visual impair-
ment: B1, B2 or B3.

1. B1: athletes have either a total absence of 
perception of light in both eyes or some 
perception of light but are unable to recognize 
the form of a hand at any distance and in any 
direction

2. B2: athletes have the ability to recognize the 
form of a hand to a visual acuity of 2/60 and/or 
a visual fi eld of less than 5°

3. B3: athletes have a visual acuity of above 2/60 
to a visual acuity of 6/60 and/or a visual fi eld of 
more than 5° and less than 20°.

Visual impairment may result in alterations in gait 
that may cause overuse injuries. Athletes with a visual 
impairment are also subject to collisions and falls.
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The sportsperson classifi ed as ‘Les Autres’

Th is group of athletes consists of people with physical 
impairments that do not fi t into any other particular 
physical disability category. Numerous rare syndro-
mic conditions cause physical restrictions and, as 
is common with syndromic conditions, there may 
be a variety of concurrent medical problems other 
than the physical limitation. It is important that the 
clinician serving any of these athletes be familiar 
with the other aspects of the condition. For example, 
Stickler syndrome aff ects collagen synthesis and is a 
congenital condition associated with myopia, retinal 
detachment, cataracts and glaucoma. Th e athlete, 
therefore, may be competing in a visually impaired 
category but the collagen abnormality will result in 
hypermobility of joints, poor healing and the risk of 
early onset of osteoarthritis.

Athletes with an intellectual disability may also 
have coexisting medical conditions depending on 
the cause of the impairment. For example, following 
head injury there may be epilepsy, or there may be 
heart disease in a person with Down syndrome. As 
with any care of any sporting team, a key component 
is preparation and the clinician should ensure that 
adequate medical records or information regarding 
athletes’ past medical history is available.

Classifi cation
Th e traditional system of classifi cation for physical 
disabilities was based on a medical model. Th ere is 
now an increasing push away from purely medical 
criteria towards functional performance and sport-
specifi c testing.

Th e medical model classifi ed athletes by their 
disability. For example, athletes with a similar level 
of spinal cord injury were grouped and would com-
pete against each other; this resulted in multiple 
races within each event (e.g. 100 m sprint). Th en 
some sports started to move to a more functional 
classifi cation so that athletes of diff erent disability 
groups were classifi ed according to factors such as 
muscle strength, range of motion and propriocep-
tion and also dynamically by sport performance. For 
example, a single race may contain competitors with 
paraplegia, cerebral palsy and multiple limb defi cien-
cies. Th is approach has led to improved competition, 
fewer classes, and improved public understanding 
of the sports.

Some sports (e.g. basketball) use a system to 
encourage athletes with diff erent levels of disability to 
play together. Th is means that people with tetraplegia, 

paraplegia or an amputation can play together as 
a team. It uses a points system where athletes are 
awarded points according to their degree of disability, 
with eight classes from 1 point going up in half points 
to 4.5 points; a higher classifi cation number represents 
a greater ability to perform basketball-specifi c skills. 
Th e coach is only allowed players who contribute a 
maximum of 14 points on the court at any one time. 
Th e classifi cation includes sport-specifi c tests such 
as shooting, passing, pushing and dribbling rather 
than any medical examination of muscle function. 
Th is allows on-court assessment during practise and 
competition to verify the players’ capability. Th e pro-
cess of classifi cation is evolving in all sports to seek 
the fairest and most sport-specifi c way to classify for 
each individual sport.

Athletes with an intellectual impairment have 
been included at the elite level of competition since 
1989 but verifi cation of the classifi cation has proven 
challenging. Th e Sydney 2000 Paralympics included 
events for athletes with an intellectual disability and 
the Spanish team won the gold medal. It was later 
discovered, however, that 10 of the 12 players had no 
learning diffi  culties. Th e team was stripped of its title 
and the scandal led to the IPC scrapping the ‘athletes 
with an intellectual disability’ category on the grounds 
that athlete eligibility was too diffi  cult. New criteria 
for intellectual disability have been adopted and it is 
hoped that this new classifi cation system will again 
allow athletes with intellectual disability to participate 
in the Paralympic Games.

To qualify as intellectually impaired, an athlete 
must:

1. have signifi cant impairment of intellectual 
functioning as indicated by a full scale score of 
75 or lower on an internationally recognized and 
professionally administered IQ test

2. show signifi cant limitations in adapted 
behavior as expressed in conceptual, social 
and practical adapted skills—this includes 
communication diffi  culties, problems with 
self-care and social and interpersonal skills; 
the limitations in adapted behavior can be 
established with the use of standardized 
measures that have been referenced against the 
general population

3. have had evidence of intellectual disability 
during the developmental period—from 
conception to age 18 years.

Th ese requirements are necessary for athletes 
undertaking elite sport and not for the Special 
Olympics.
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 A practical implication for the sports clinician 
working with the intellectually disabled is that 
consent to medical treatment should be agreed 
with the guardian or parent.

Adapting performance 
testing and training for 
disabled athletes
Within able-bodied sport, there are well-established 
physiological profi les and scientifi c literature on the 
performance capability of athletes. Within disability 
sport, research has been limited.18 A challenge in 
disabled sport is that physiological responses to exer-
cise vary in diff erent athletes. For example, heart rate 
response diff ers between paraplegic and quadriplegic 
athletes because the maximal heart rate is restricted 
in the quadriplegic athlete.19, 20 People with cerebral 
palsy have diff erent capacities to clear lactate because 
of hypertonia.

Th e base of knowledge within disability sport has 
traditionally come from the rehabilitation or exercise 
therapy setting rather than from performance and so 
the base of knowledge focuses on this aspect rather 
than on elite sport performance. Th ere has also been 
limited exposure to good-quality coaching. All these 
factors lead to diffi  culties in performance profi ling.

Methods of assessment of fi tness also need to be 
diff erent. Arm crank ergometry has been used for 
wheelchair users but is not specifi c to the normal 
action used in propelling a wheelchair. Wheelchair-
usable treadmills and roller systems are available for 
assessing aerobic capacity. Wheelchair propulsion 
is akin to cycling and running and so Vo2max peak 
measures are usually expressed as liters per minute. 
Modifi cations to fi eld tests that serve athletes with a 
disability include a multistaged ‘shuttle’ fi tness test 
adapted to and performed around an octagonal circuit 
to avoid the abrupt forwards and backwards turning 
that would be required in a regular ‘shuttle’ run.21

Th e standard principles of strength training need to 
be adapted according to the disability. Th e wheelchair 
user may be unable to stabilize the trunk to perform 
the action, or the equipment needs to be adapted to 
allow the exercise to take place. Although there has 
been concern that athletes with cerebral palsy may 
suff er increased muscle tone eff ects from strength 
training, there seems to be little evidence for this in 
practise. Th e standard principles of biomechanics also 
need to be re-examined where, for example, stroke 
technique in swimming, symmetry of running,22 or 
javelin throwing techniques must be re-evaluated 

in the light of the disability. Eff orts can be made to 
improve streamlining in the water or to improve range 
of motion in a joint, for example, but normal models 
of ‘correct technique’ may have to be re-evaluated.

Winter sports and 
common injuries
Winter sports exist in a variety of disciplines for 
people with disabilities and participation can include 
the competitive Paralympic level (Table 43.1). Th e 
Alpine events can be for the visually impaired, spinally 
injured or the limb-defi cient athlete. Guide skiers are 
used for the visually impaired and a sitting monoski 
is used for paraplegic athletes.

Standing athletes are at risk of the usual skiing 
injuries (e.g. head injury or ACL rupture). In the sit-
ting classes, small outriggers are used with a ski on 
the end to control the ski so forceful impact landing 
on the outrigger can cause wrist fracture or shoulder 
injury. Th e cross-country events are associated with 
overuse injuries and the sit-skier may suff er shoulder 
and elbow problems. Biathlon (skiing and shooting) 
can be performed by the visually impaired using a 
sighting mechanism that utilizes an audible signal 
with increasing tone as the competitor points towards 
the center of the target.

Sledge hockey is an adapted form of ice hockey. 
Competitors sit on the sledge and skate by pushing 
two sticks, which are also used to strike the puck. 
A variety of disability groups participate in this sport 
as there are only minimal disability entry criteria. 
Injuries occur by direct contact between players, 
use of the stick (intentionally or accidentally) or by 
being hit by the puck. As mentioned above, athletes 
with spinal cord injury-induced low bone mass are 
susceptible to fracture in this sport. Wheelchair curl-
ing was introduced to the Paralympic Winter Games 
in Torino in 2006 and caused few injuries.

Anti-doping issues
Th e IOC is a signatory to the World Anti-Doping 
Code (Chapter 61). Th e list of prohibited substances 
is the same for Paralympic athletes as for able-bodied 
athletes. Because of the nature of athletes’ disabilities, it 
is more likely that they may need to take medications 
on the prohibited list to manage medical conditions. 
To do this, they must complete a therapeutic use 
exemption (TUE) application process that is outlined 
in Chapter 61. A successful application has to meet 
the same criteria as for able-bodied athletes:
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1. that the athlete would experience a signifi cant 
impairment to health if the prohibited 
substance or method was to be withheld in 
the course of treating an acute or chronic 
medical condition

2. that the therapeutic use of the prohibited 
substance would not produce additional 
enhancement of performance other than that 
which might be anticipated by a return to a state 
of normal health

3. that there are no reasonable therapeutic 
alternatives to the use of the prohibited 
substance or method

4. that the necessity for the use of the prohibited 
substance or method is not as a consequence 
of prior non-therapeutic use of the prohibited 
substance.

Th ere are some diff erences to the sample collection 
process which will vary according to the disability. 
Athletes who use intermittent catheterization are 
permitted to use their own catheter to collect the 
urine sample. For athletes who use a condom and 
leg bag drainage system, the contents of the leg bag 
must fi rst be emptied, and a fresh sample of urine 
collected. Th is is to avoid the potential for inserting 
a ‘clean’ sample of urine into the leg bag prior to 
competition.

Athletes who are visually impaired receive help 
to complete forms and are supervised by their own 
observer in the sample collection process. Th e ath-
lete’s representative observes the Doping Control 
Offi  cer during the sample collection process to ensure 
that there is no tampering of the sample during the 
collection process. Athletes with an intellectual dis-
ability need to be accompanied by a representative 
who understands the process.

Disability sport does not appear to be rife with 
the abuse of prohibited substances. However, as in 
able-bodied sport, power lift ing has been tainted 
by anabolic steroid use. Understandably, there have 
been claims of inadvertent use of diuretics or beta-
blockers to treat hypertension. It is challenging for 
athletes to be aware of the anti-doping restrictions on 
medication used to manage their medical conditions; 
this population requires particularly skilled sports 
medicine care.

Travel with teams
Although Chapter 59 is devoted to travel with teams, 
athletes with disability have specifi c needs. Firstly, 
the simple logistics of boarding a team of wheelchair 

users on and off  an aircraft  takes additional time and 
may require lift ing and handling. Toileting on board 
aircraft  using a small-wheeled aisle chair is diffi  cult 
and is likely to decrease the fl uid intake of wheelchair 
users, leading to dehydration. Transportation at the 
destination needs to be accessible so the team clini-
cian should aim to be familiar with the accessibility 
of toilets, rooms and sports facilities in advance if at 
all possible.

Prolonged sitting without the use of the normal 
pressure cushion may result in pressure areas on the 
skin. Athletes should try to take pressure-relieving 
measures during the journey and check pressure areas 
on arrival. Th e risk of deep venous thrombosis exists 
for all long-haul passengers but there are no data to 
suggest that athletes with disabilities are any more 
prone to this than those with comparable medical 
problems. Aft er such trips, dependent edema can 
be a particular problem among individuals who do 
not have the capacity to use the active muscle pump. 
Compression stockings can be appropriate.
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CHAPTER 

43
The Disabled Athlete

WITH NICK WEBBORN

Participation in sports by people with disabilities 
made signifi cant increases over the latter half of 

the last century. In 1948, 16 competitors took part in 
the fi rst Stoke Mandeville Games, a sporting compe-
tition for people with disabilities. Today, over 4000 
athletes from more than 130 countries compete in 
the summer Paralympic Games.

In this chapter we provide a brief historical per-
spective and discuss the challenges that people with 
disability face to achieve the health benefi ts of physi-
cal activity. We discuss common clinical concerns of 
the person with various major disabilities (e.g. spinal 
cord injury, amputation, cerebral palsy). We outline 
the classifi cation system that categorizes persons with 
disabilities to permit fair competition. Th e chapter fi n-
ishes with three practical and specifi c issues—winter 
sports for disabled persons, anti-doping and travel 
with teams.

Historical perspective
At the start of the 19th century sports participation 
among people with disabilities was very limited. With 
the advent of two World Wars, many young men were 
living in society with a wide range of serious injuries. 
Th ese disabled men needed to be integrated back into 
society and part of the rehabilitation process included 
involving them in sporting activity.

A most signifi cant fi gure in the history of dis-
ability sport was Sir Ludwig Guttman, who ran the 
Spinal Injuries Unit at Stoke Mandeville Hospital in 
England. He introduced sporting activity as part of 
the rehabili tation process for those with spinal cord 
injury. On the opening day of the 1948 Olympic 
Games in London, he arranged an archery contest on 
the lawns of the hospital between two spinal injury 

units. Th us began the Stoke Mandeville Games; four 
years later, the games became the International Stoke 
Mandeville Games with the inclusion of a team of 
spinally injured patients from Holland.

Guttman believed that ‘by restoring activity in mind 
and body—by instilling self-respect, self-discipline, a 
competitive spirit and comradeship—sport develops 
mental attitudes that are essential for social reintegra-
tion’. Th e inclusion of other sports such as athletics, 
swimming, table tennis and basketball increased the 
diversity of opportunities for people with disabilities. 
Participation improved slowly and in 1960 the Inter-
national Stoke Mandeville Games were held in Rome 
aft er the Olympic Games with a plan to hold these 
quadrennial games in the Olympic Games host city 
where possible. In 1976 people with vision impair-
ment and limb defi ciencies were included and those 
with cerebral palsy joined in 1980.

Initially the term Olympics for the Disabled was 
used but this was not acceptable to the International 
Olympic Committee (IOC) and in 1985 the term 
Paralympic was devised to describe a games ‘parallel 
to the Olympics’ (not ‘paraplegic’, a common miscon-
ception). In 1989, the International Paralympic Com-
mittee (IPC) was formed and since that time the games 
have truly been the Paralympic Games; cities bid to 
host the Olympics and Paralympic Games together. 
In the 11-day Athens 2004 Paralympic Games, 4000 
athletes represented 142 countries and competed 
before 800 000 spectators.

Th e diff erent disability groups are organized by a 
variety of national and international organizations. 
Th e IPC is the international representative body for 
elite sports for athletes with disabilities, which are 
primarily physical disabilities but also include visual 
impairment. Th e International Sports Federation for 
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Persons with Intellectual Disability (INAS-FID) is affi  l-
iated with the IPC and represents solely elite athletes 
with intellectual disabilities. Th e Special Olympics is 
an organization for people with a full range of intel-
lectual disability and focuses on participation at all 
ability levels. Its motto is ‘Let me win. But if I cannot 
win, let me be brave in the attempt’. Hearing-impaired 
athletes participate in the ‘Deafl ympics’ organized by 
the international organization Comité International 
Sports des Sourds (CISS).

Health benefi ts of 
physical activity
Th e health benefi ts of physical activity are well known1 
but people with disabilities have fewer opportunities 
to participate in regular physical activity for reasons 
that include physiological restrictions associated 
with the disability and access to facilities, as well as 
sociocultural factors. Obesity aff ects the disabled;2 

on the other hand, disabled people who are regularly 
physically active have fewer healthcare costs, includ-
ing fewer visits to physicians and hospitalizations, 
than their inactive counterparts. In addition to the 
musculoskeletal benefi ts of regular physical activity, 
social and psychological benefi ts include improvement 
in self-esteem and social integration.

It is challenging for a person with a disability to 
perform a suffi  cient intensity of exercise to optimize 
health benefi ts. For example, the person using a 
standard wheelchair will fi nd it diffi  cult to push with 
suffi  cient intensity to raise the heart rate and blood 
pressure to the level required to signifi cantly reduce 
coronary risk factors and prevent type 2 diabetes. 

Th us, other modes of exercise are needed to provide 
more intense and prolonged activity. An activity such 
as hand cycling can permit higher intensity exercise 
but requires more expensive equipment. Another 
approach to greater duration and intensity of exercise 
is to use functional electrical stimulation of paralyzed 
muscles. For example, this can be used on a paralyzed 
leg to permit a rowing action. It is evident that this 
requires more expensive special equipment.

Choosing a suitable sport

Th e clinician who advises a disabled person about 
sport choices should realize that people with dis-
abilities take part in a wide range of sports. For some 
sports, such as swimming, the rules and facilities 
require little or no adaptation. Other sports have 
modifi ed equipment or rules to accommodate persons 
with disability (e.g. wheelchair basketball). Certain 
sports have been developed with specifi c disability 
groups in mind, for example, goalball, a court-based 
ball sport developed for the visually impaired, or 
boccia, an adaptation of boules for people with severe 
cerebral palsy. Today, people with disabilities engage in 
all sports—even high-risk activities such as mountain 
climbing and diving.

Th e sports available to people with disabilities 
depend on a variety of aspects that includes access 
to facilities and equipment, coaching and local com-
petition. For some disabled people, sport is a way 
of obtaining physical activity for health benefi t or 
disease modifi cation, whereas others may be aspir-
ing towards elite events such as Paralympic Games 
(Table 43.1).

Competitive sports have certain physiological 
requirements such as aerobic or anaerobic fi tness, skill 
or strength. Some sports include a risk of trauma. Not 
all sports, however, need to be organized or competi-
tive—the focus may be on building self-esteem and 
facilitating social benefi ts.

Factors that infl uence the athlete’s decision may 
include:

• personal preference—enjoyment and 
achievement foster participation

• characteristics of the sport—physiological 
demands, coordination requirements, collision 
potential, preference for team or individual 
sport

• medical condition of the individual—exercise 
may be benefi cial or detrimental to the disability

• cognitive ability and social skills—these 
determine whether a person can follow rules 
and interact with others

Figure 43.1 The Athens 2004 Paralympic Games 
closing ceremony
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• facilities for training and competition
• availability of coaching and support staff 
• availability of equipment—this may be 

expensive (e.g. specialist wheelchairs are used 
in road racing, wheelchair tennis, rugby and 
basketball; prosthetics aids for amputees for 
sprinting).

For elite competition (e.g. the Paralympic Games) 
athletes are categorized as having:

1. a physical disability
2. visual impairment or
3. intellectual impairment.

Some sports are designed for one disability group 
(e.g. those with tetraplegia in wheelchair Rugby), 
whereas other sports (e.g. swimming) have competi-
tions for all disability groups categorized by disability. 
In the following sections we discuss each of these 
categories in turn.

The sportsperson with 
a physical disability
To permit fair competition, persons with physical 
disabilities are subcategorized into those with:

1. spinal cord injury, either congenital or acquired
2 limb defi ciency or amputation
3. cerebral palsy

4. ‘Les Autres’—physical disabilities such as 
muscular dystrophies, syndromic conditions 
and ankylosis or arthritis of major joints that do 
not fi t within the other three categories.

Th e sports clinician needs to be familiar with the 
diff erent sports risks, and capacities, of each dis-
ability group.

Spinal cord injury and sports medicine

Th e spinal cord lesion may be a congenital lesion 
such as spina bifi da, or an acquired lesion through 
disease or trauma. Of those with a traumatic spinal 
cord injury, approximately 80% are men and the 
majority of these are aged between 16 and 30 years. 
Most spinal cord injuries occur as a result of motor 
vehicle accidents but about 15% occur during sport-
ing activity. Th e sports where spinal cord injury is 
more likely and, thus, require vigilant prevention 
eff orts include equestrian activities, gymnastics and 
trampolining, rugby union, American football and 
skiing. Spinal cord injury databases usually include 
‘diving’ into shallow water (oft en under the infl uence 
of alcohol) as a ‘sporting injury’.

Sports-related spinal cord injuries can result in 
paraplegia or quadriplegia with diff erent degrees of 
completeness. Th ere are approximately equal percent-
ages of complete and incomplete quadriplegias and 
paraplegias. Although the loss of motor function 
in spinal cord injury is immediately apparent to 
the observer, sensory impairment also has a major 
impact with loss of light touch, proprioception or 
pain sensation. Also, autonomic dysfunction alters 
thermoregulation and impairs bladder and bowel 
function.3 A high thoracic spinal injury, around T1–4, 
causes sympathectomy of the myocardium, which 
reduces the maximal heart rate to between 110–130 
beats per minute.4 Th is means that training intensity 
scales that rely on percentages of heart rate maximum 
or heart rate reserve are inappropriate but rating of 
perceived exertion (Borg scale) remains useful.5

Overall, exercise prescription in persons with 
spinal cord injury does not vary dramatically from the 
advice off ered to the general population.6–8 Systems 
of functional electrical stimulation activate muscular 
contractions within the paralysed muscles of some 
persons with spinal cord injury. Coordinated patterns 
of stimulation allow purposeful exercise movements, 
including recumbent cycling, rowing9, 10 and upright 
ambulation. Exercise activity in persons with spinal 
cord injury is not without risks that relate to systemic 
dysfunction such as autonomic dysrefl exia, low bone 
mass11 and altered geometry,12 joint contractures and 

Table 43.1 Sports of the 2004 and 2006 Paralympic 
Games

Summer (2004) Winter (2006)

Archery
Athletics
Basketball
Boccia
Cycling
Equestrian
Fencing
Football (CP, VI)
Goalball
Judo
Power lifting
Sailing
Shooting
Swimming
Table tennis
Wheelchair tennis
Volleyball
Wheelchair rugby

Biathlon
Cross-country (Nordic) skiing
Downhill (Alpine) skiing
Sledge hockey
Wheelchair curling

CP = cerebral palsy; VI = visually impaired.
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problems with thermoregulation (see below). Persons 
with spinal cord injury can benefi t greatly by participa-
tion in exercise activities,13 but those benefi ts can be 
enhanced and the relative risks may be reduced with 
accurate classifi cation of the spinal injury.

Thermoregulation—vulnerability to heat and cold

People with spinal cord injury are vulnerable to heat 
injury14 due to a reduction in peripheral receptor and 
cooling mechanisms; sweating is impaired below the 
level of the spinal injury. Th us, athletes need to hydrate 
appropriately and acclimatize where possible. Th ere 
is evidence that cooling and pre-cooling strategies 
off set the risk of heat illness and enhance endurance 
of performance.15

Th ere is also an increased inability to maintain 
body temperature in a cold environment because of 
lack of sensory input and shivering response. Th us, 
adequate preventive measures, including appropriate 
clothing, are particularly important for the person 
with disabilities. Th e reader is also directed to Chap-
ters 53 and 54, relating to exercising in hot and cold 
climates, for more information.

Pressure sores due to insensible skin

Th e insensible areas of skin below the level of the lesion 
are susceptible to unnoticed skin abrasions or pres-
sure sores from prolonged sitting. Once established, 
a pressure sore can entail many weeks or months 
out of normal activities for the individual. Th e keys 
to prevention are regular inspection of the skin aft er 
activity, looking for telltale red areas and abrasions.

Autonomic dysrefl exia

An injury such as a fracture below the level of the 
lesion may not result in the normal pain response 
but may trigger a phenomenon known as autonomic 
dysrefl exia. Th is can be caused by any nociceptive 
input below the level of the lesion, such as a blocked 
catheter causing bladder distension, constipation, 
urinary calculi or ingrowing toenails. Th e nociceptive 
stimulus results in inappropriate levels of noradrenalin 
(norepinephrine) being secreted, producing hyper-
tension, sweating and skin blotching above the level 
of the lesion and a pounding headache. Case reports 
have documented hypertension severe enough to 
cause cerebral hemorrhage, fi ts and death. Th us, 
the condition is a medical emergency with urgent 
attention to removing the nociceptive stimulus and 
reducing blood pressure with medication such as 
sublingual nifedipine.

Some wheelchair athletes have found that when 
they were in the dysrefl exic state while exercising it 

appeared to reduce their rating of perceived exertion 
for performing a given intensity of exercise. Hence 
some athletes started to induce this state intention-
ally to improve their performance by as much as 
10%. Th e technique became known as ‘boosting’.16 In 
1994, inducing the dysrefl exic state was considered 
doping and was banned by the IPC. However, as the 
condition may occur without intent and the athletes 
cannot be assessed during competition, boosting was 
removed as a doping method. Athletes may, however, 
have their blood pressure taken in a pre-competition 
setting and if a systolic blood pressure is 180 mmHg or 
greater, then they may be removed from competition 
on safety grounds. No sanction is imposed but the 
athlete is unable to compete in that event.

Osteopenia

Th e paralysis and consequent immobility also results 
in progressive loss of bone mineral density causing 
osteopenic or osteoporotic changes in the lower limbs 
and spine. Th is may result in fractures caused by 
minimal trauma or from impact collisions in sports 
such as ice sledge hockey or a fall from a chair in 
basketball. Th e sports clinician needs to raise her or 
his index of suspicion for fractures as mechanisms 
of injury that would normally be benign may cause 
fracture in the wheelchair athlete. Even though the 
limbs are not used for ambulation, fracture healing 
is important as persistent deformity may result in 
increased diffi  culty with transferring to and from the 
chair and performing activities of daily living.

Overuse shoulder injuries

In addition to trauma, the musculoskeletal system is 
also prone to overuse injuries. Upper limb injuries 
are common among wheelchair users because of 
repetitive use of the arms for propulsion as well as 
transferring in and out of the chair. Shoulder pain is 
a common presenting symptom in wheelchair users, 
but whether such shoulder pain is more common in 
sedentary wheelchair users than among those who 
are regularly active remains unclear. Nevertheless, in 
sports such as swimming or those involving overhead 
activities (e.g. tennis), the person with disability is 
prone to additional sport-specifi c risk factors for 
shoulder injuries.

Shoulder pain may be referred from the cervical 
or thoracic spine because of the underlying spinal 
pathologies. Factors such as scoliosis, poor seating 
position and muscle imbalance that results from 
pushing techniques may all contribute to alterations 
in scapula stabilization and abnormal patterns of 
movement (Chapter 17).
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The sportsperson with a limb defi ciency

Limb defi ciencies may be congenital or acquired and 
persons may compete with or without a prosthesis, or 
in a wheelchair. A single leg amputee has jumped over 
2 m (6 ft ) in the high jump. Some amputee athletes 
use a wheelchair to play sports such as tennis and 
basketball. Th ese athletes have full muscular strength 
and proprioceptive capability, which may not be the 
case for their spinal cord injured counterparts. Th is 
is further discussed under classifi cation.

A lower limb amputee who uses a prosthetic limb 
for running can now avail him or herself with equip-
ment that enhances performance. Th e fl exible carbon 
fi ber lower portion of the prosthesis now absorbs and 
returns energy to the runner in much the same way 
as the human Achilles tendon does. Th e 100 m sprint 
time is now about 11 seconds. Advances in technolo-
gies permit control of the swing of the prosthetic knee 
to aid sporting performance and also day-to-day life. 
Microprocessor technology is used to detect move-
ment patterns and the joint can be programmed from 
a laptop computer to adapt to diff erent situations.17 
Upper limb adaptations can be useful in sports such 
as lawn bowls or equestrian riding or target sports 
such as archery.

Despite the benefi ts of these technologies, they 
remain expensive and the impact of running at these 
speeds on the residual limb can result in skin chaffi  ng, 
abrasion and bone bruising. Th us, the residual limb 
must be inspected regularly and cared for diligently 
to avoid injury. Because the prosthetic limb is shorter 
than the unaff ected limb to allow it to swing through, 
there is a side-to-side discrepancy that may cause 
pelvic or low back pain.

The sportsperson with cerebral palsy

Cerebral palsy is a complex condition character-
ized by a variety of movement disorders. It is a 
‘non-progressive but not unchanging disorder of 
movement or posture due to an insult or anomaly of 
the developing brain’. Classifi cation oft en occurs by 
the number of aff ected limbs, for example, diplegia, 
hemiplegia or monoplegia, or alternatively by the type 
of movement disorder. Th is may be a spastic cerebral 
palsy with increased tone, choreo-athetoid cerebral 
palsy with large amounts of involuntary movement 
and poor coordination, a hypotonia or a mixture of 
these patterns. Th is may result in classifying a par-
ticular person’s disability with terms such as a ‘spastic 
diplegia’. Approximately 50% of people participating 
in Paralympic sports with cerebral palsy will do so in 
a wheelchair, with the others being ambulant.

Cerebral palsy is also commonly associated with 
a variety of other problems as well as movement 
impairment. Th ese include epilepsy, visual defects, 
deafness and intellectual impairment, and they can 
occur in combination.

Muscle spasticity presents a variety of problems. 
It may cause discomfort and poor posture that may 
predispose the athlete to other injuries. We note that 
spasticity may provide joint stabilization and excessive 
stretching of these muscles may inhibit performance, 
particularly in the ambulant athlete who uses the 
tone in function. Th us, although fl exibility exercises 
are performed to maintain range of motion in joints, 
the timing of this relative to competition needs to be 
reviewed with each individual athlete.

The sportsperson with visual impairment

Visually impaired athletes can take part in a variety 
of sports with diff erent degrees of adaptation of the 
sport. For example, in judo, the competitors start by 
holding on to each other’s tunic. In athletics, a guide 
runner will run alongside the visually impaired athlete, 
sometimes attached by a cord or leash. Some sports 
such as goalball have been developed specifi cally for 
the visually impaired. Th is court-based sport has a 
large goal and is played with a ball with a bell. Play-
ers on one side hurl the ball towards the opponent’s 
goal and the opponents hear where the ball is going 
and try to block it entering their goal. In swimming, 
a method is used to indicate to the swimmers when 
they are approaching the end of the lane to initiate a 
turn or to fi nish and this is achieved by tapping them 
on the head or shoulders as they approach the end 
using a long stick with a padded end.

Athletes are classifi ed by an accredited ophthal-
mologist according to three levels of visual impair-
ment: B1, B2 or B3.

1. B1: athletes have either a total absence of 
perception of light in both eyes or some 
perception of light but are unable to recognize 
the form of a hand at any distance and in any 
direction

2. B2: athletes have the ability to recognize the 
form of a hand to a visual acuity of 2/60 and/or 
a visual fi eld of less than 5°

3. B3: athletes have a visual acuity of above 2/60 
to a visual acuity of 6/60 and/or a visual fi eld of 
more than 5° and less than 20°.

Visual impairment may result in alterations in gait 
that may cause overuse injuries. Athletes with a visual 
impairment are also subject to collisions and falls.
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The sportsperson classifi ed as ‘Les Autres’

Th is group of athletes consists of people with physical 
impairments that do not fi t into any other particular 
physical disability category. Numerous rare syndro-
mic conditions cause physical restrictions and, as 
is common with syndromic conditions, there may 
be a variety of concurrent medical problems other 
than the physical limitation. It is important that the 
clinician serving any of these athletes be familiar 
with the other aspects of the condition. For example, 
Stickler syndrome aff ects collagen synthesis and is a 
congenital condition associated with myopia, retinal 
detachment, cataracts and glaucoma. Th e athlete, 
therefore, may be competing in a visually impaired 
category but the collagen abnormality will result in 
hypermobility of joints, poor healing and the risk of 
early onset of osteoarthritis.

Athletes with an intellectual disability may also 
have coexisting medical conditions depending on 
the cause of the impairment. For example, following 
head injury there may be epilepsy, or there may be 
heart disease in a person with Down syndrome. As 
with any care of any sporting team, a key component 
is preparation and the clinician should ensure that 
adequate medical records or information regarding 
athletes’ past medical history is available.

Classifi cation
Th e traditional system of classifi cation for physical 
disabilities was based on a medical model. Th ere is 
now an increasing push away from purely medical 
criteria towards functional performance and sport-
specifi c testing.

Th e medical model classifi ed athletes by their 
disability. For example, athletes with a similar level 
of spinal cord injury were grouped and would com-
pete against each other; this resulted in multiple 
races within each event (e.g. 100 m sprint). Th en 
some sports started to move to a more functional 
classifi cation so that athletes of diff erent disability 
groups were classifi ed according to factors such as 
muscle strength, range of motion and propriocep-
tion and also dynamically by sport performance. For 
example, a single race may contain competitors with 
paraplegia, cerebral palsy and multiple limb defi cien-
cies. Th is approach has led to improved competition, 
fewer classes, and improved public understanding 
of the sports.

Some sports (e.g. basketball) use a system to 
encourage athletes with diff erent levels of disability to 
play together. Th is means that people with tetraplegia, 

paraplegia or an amputation can play together as 
a team. It uses a points system where athletes are 
awarded points according to their degree of disability, 
with eight classes from 1 point going up in half points 
to 4.5 points; a higher classifi cation number represents 
a greater ability to perform basketball-specifi c skills. 
Th e coach is only allowed players who contribute a 
maximum of 14 points on the court at any one time. 
Th e classifi cation includes sport-specifi c tests such 
as shooting, passing, pushing and dribbling rather 
than any medical examination of muscle function. 
Th is allows on-court assessment during practise and 
competition to verify the players’ capability. Th e pro-
cess of classifi cation is evolving in all sports to seek 
the fairest and most sport-specifi c way to classify for 
each individual sport.

Athletes with an intellectual impairment have 
been included at the elite level of competition since 
1989 but verifi cation of the classifi cation has proven 
challenging. Th e Sydney 2000 Paralympics included 
events for athletes with an intellectual disability and 
the Spanish team won the gold medal. It was later 
discovered, however, that 10 of the 12 players had no 
learning diffi  culties. Th e team was stripped of its title 
and the scandal led to the IPC scrapping the ‘athletes 
with an intellectual disability’ category on the grounds 
that athlete eligibility was too diffi  cult. New criteria 
for intellectual disability have been adopted and it is 
hoped that this new classifi cation system will again 
allow athletes with intellectual disability to participate 
in the Paralympic Games.

To qualify as intellectually impaired, an athlete 
must:

1. have signifi cant impairment of intellectual 
functioning as indicated by a full scale score of 
75 or lower on an internationally recognized and 
professionally administered IQ test

2. show signifi cant limitations in adapted 
behavior as expressed in conceptual, social 
and practical adapted skills—this includes 
communication diffi  culties, problems with 
self-care and social and interpersonal skills; 
the limitations in adapted behavior can be 
established with the use of standardized 
measures that have been referenced against the 
general population

3. have had evidence of intellectual disability 
during the developmental period—from 
conception to age 18 years.

Th ese requirements are necessary for athletes 
undertaking elite sport and not for the Special 
Olympics.
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 A practical implication for the sports clinician 
working with the intellectually disabled is that 
consent to medical treatment should be agreed 
with the guardian or parent.

Adapting performance 
testing and training for 
disabled athletes
Within able-bodied sport, there are well-established 
physiological profi les and scientifi c literature on the 
performance capability of athletes. Within disability 
sport, research has been limited.18 A challenge in 
disabled sport is that physiological responses to exer-
cise vary in diff erent athletes. For example, heart rate 
response diff ers between paraplegic and quadriplegic 
athletes because the maximal heart rate is restricted 
in the quadriplegic athlete.19, 20 People with cerebral 
palsy have diff erent capacities to clear lactate because 
of hypertonia.

Th e base of knowledge within disability sport has 
traditionally come from the rehabilitation or exercise 
therapy setting rather than from performance and so 
the base of knowledge focuses on this aspect rather 
than on elite sport performance. Th ere has also been 
limited exposure to good-quality coaching. All these 
factors lead to diffi  culties in performance profi ling.

Methods of assessment of fi tness also need to be 
diff erent. Arm crank ergometry has been used for 
wheelchair users but is not specifi c to the normal 
action used in propelling a wheelchair. Wheelchair-
usable treadmills and roller systems are available for 
assessing aerobic capacity. Wheelchair propulsion 
is akin to cycling and running and so Vo2max peak 
measures are usually expressed as liters per minute. 
Modifi cations to fi eld tests that serve athletes with a 
disability include a multistaged ‘shuttle’ fi tness test 
adapted to and performed around an octagonal circuit 
to avoid the abrupt forwards and backwards turning 
that would be required in a regular ‘shuttle’ run.21

Th e standard principles of strength training need to 
be adapted according to the disability. Th e wheelchair 
user may be unable to stabilize the trunk to perform 
the action, or the equipment needs to be adapted to 
allow the exercise to take place. Although there has 
been concern that athletes with cerebral palsy may 
suff er increased muscle tone eff ects from strength 
training, there seems to be little evidence for this in 
practise. Th e standard principles of biomechanics also 
need to be re-examined where, for example, stroke 
technique in swimming, symmetry of running,22 or 
javelin throwing techniques must be re-evaluated 

in the light of the disability. Eff orts can be made to 
improve streamlining in the water or to improve range 
of motion in a joint, for example, but normal models 
of ‘correct technique’ may have to be re-evaluated.

Winter sports and 
common injuries
Winter sports exist in a variety of disciplines for 
people with disabilities and participation can include 
the competitive Paralympic level (Table 43.1). Th e 
Alpine events can be for the visually impaired, spinally 
injured or the limb-defi cient athlete. Guide skiers are 
used for the visually impaired and a sitting monoski 
is used for paraplegic athletes.

Standing athletes are at risk of the usual skiing 
injuries (e.g. head injury or ACL rupture). In the sit-
ting classes, small outriggers are used with a ski on 
the end to control the ski so forceful impact landing 
on the outrigger can cause wrist fracture or shoulder 
injury. Th e cross-country events are associated with 
overuse injuries and the sit-skier may suff er shoulder 
and elbow problems. Biathlon (skiing and shooting) 
can be performed by the visually impaired using a 
sighting mechanism that utilizes an audible signal 
with increasing tone as the competitor points towards 
the center of the target.

Sledge hockey is an adapted form of ice hockey. 
Competitors sit on the sledge and skate by pushing 
two sticks, which are also used to strike the puck. 
A variety of disability groups participate in this sport 
as there are only minimal disability entry criteria. 
Injuries occur by direct contact between players, 
use of the stick (intentionally or accidentally) or by 
being hit by the puck. As mentioned above, athletes 
with spinal cord injury-induced low bone mass are 
susceptible to fracture in this sport. Wheelchair curl-
ing was introduced to the Paralympic Winter Games 
in Torino in 2006 and caused few injuries.

Anti-doping issues
Th e IOC is a signatory to the World Anti-Doping 
Code (Chapter 61). Th e list of prohibited substances 
is the same for Paralympic athletes as for able-bodied 
athletes. Because of the nature of athletes’ disabilities, it 
is more likely that they may need to take medications 
on the prohibited list to manage medical conditions. 
To do this, they must complete a therapeutic use 
exemption (TUE) application process that is outlined 
in Chapter 61. A successful application has to meet 
the same criteria as for able-bodied athletes:
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1. that the athlete would experience a signifi cant 
impairment to health if the prohibited 
substance or method was to be withheld in 
the course of treating an acute or chronic 
medical condition

2. that the therapeutic use of the prohibited 
substance would not produce additional 
enhancement of performance other than that 
which might be anticipated by a return to a state 
of normal health

3. that there are no reasonable therapeutic 
alternatives to the use of the prohibited 
substance or method

4. that the necessity for the use of the prohibited 
substance or method is not as a consequence 
of prior non-therapeutic use of the prohibited 
substance.

Th ere are some diff erences to the sample collection 
process which will vary according to the disability. 
Athletes who use intermittent catheterization are 
permitted to use their own catheter to collect the 
urine sample. For athletes who use a condom and 
leg bag drainage system, the contents of the leg bag 
must fi rst be emptied, and a fresh sample of urine 
collected. Th is is to avoid the potential for inserting 
a ‘clean’ sample of urine into the leg bag prior to 
competition.

Athletes who are visually impaired receive help 
to complete forms and are supervised by their own 
observer in the sample collection process. Th e ath-
lete’s representative observes the Doping Control 
Offi  cer during the sample collection process to ensure 
that there is no tampering of the sample during the 
collection process. Athletes with an intellectual dis-
ability need to be accompanied by a representative 
who understands the process.

Disability sport does not appear to be rife with 
the abuse of prohibited substances. However, as in 
able-bodied sport, power lift ing has been tainted 
by anabolic steroid use. Understandably, there have 
been claims of inadvertent use of diuretics or beta-
blockers to treat hypertension. It is challenging for 
athletes to be aware of the anti-doping restrictions on 
medication used to manage their medical conditions; 
this population requires particularly skilled sports 
medicine care.

Travel with teams
Although Chapter 59 is devoted to travel with teams, 
athletes with disability have specifi c needs. Firstly, 
the simple logistics of boarding a team of wheelchair 

users on and off  an aircraft  takes additional time and 
may require lift ing and handling. Toileting on board 
aircraft  using a small-wheeled aisle chair is diffi  cult 
and is likely to decrease the fl uid intake of wheelchair 
users, leading to dehydration. Transportation at the 
destination needs to be accessible so the team clini-
cian should aim to be familiar with the accessibility 
of toilets, rooms and sports facilities in advance if at 
all possible.

Prolonged sitting without the use of the normal 
pressure cushion may result in pressure areas on the 
skin. Athletes should try to take pressure-relieving 
measures during the journey and check pressure areas 
on arrival. Th e risk of deep venous thrombosis exists 
for all long-haul passengers but there are no data to 
suggest that athletes with disabilities are any more 
prone to this than those with comparable medical 
problems. Aft er such trips, dependent edema can 
be a particular problem among individuals who do 
not have the capacity to use the active muscle pump. 
Compression stockings can be appropriate.
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CHAPTER 

44
Sport and Exercise-Associated 
Emergencies: On-Site 
Management
WITH GARTH HUNTE

Life- or limb-threatening sport and exercise-
associated emergencies require rapid assessment, 

intervention and transportation to defi nitive care. 
Hence, although such events are uncommon, the 
sports medicine practitioner must be prepared. It 
is incumbent on any on-site provider to anticipate, 
train and rehearse for these emergencies. Principles 
of management include:

• a team approach
• advance preparation
• rapid assessment
• timely life- and limb-saving interventions
• early transportation to an appropriate level 

medical facility
• regular reassessment.

We aim to help the sports medicine practitioner 
prepare for on-site management of emergencies. Th is 
chapter reviews the sideline or fi eld management 
of sport and exercise-associated emergencies and 
summarizes the sequence of priorities to be followed 
when assessing and treating a severely ill or injured 
athlete. Th e emphasis is on trauma, but other threats 
to life and limb, including anaphylaxis, are also briefl y 
reviewed.

Preparation
Successful initial management of sport and exercise-
associated emergencies requires anticipation and 
thorough preparation. Preparation includes per-
sonnel, training and equipment consistent with the 
potential severity of illness and injury associated 
with the sport or activity, the environment and the 
participant population. For example, on-site coverage 
of high-velocity and contact or collision sports will 

require preparation for potentially severe traumatic 
injuries, whereas coverage of citizen endurance events 
will require preparation for exercise-associated col-
lapse, including thermal injury and sudden cardiac 
arrest.

Personnel and training

Th e minimum requirement should be the presence at 
all sporting events of someone with formal fi rst-aid 
and cardiopulmonary resuscitation (CPR) training. 
Everyone should learn fi rst aid and CPR, and coaches, 
parents and competitors should be encouraged to 
receive appropriate training. First aid, however, 
should not delay activation of local emergency 
medical services (EMS) or other medical assistance 
when required. Brief, accurate and organized com-
munication with EMS should be initiated early, and 
a working mobile phone or radio communication 
with local emergency contacts should be available 
on-site. Advance contact with local EMS providers 
or hospital emergency departments is prudent if the 
nature of the activity or the size of the population 
involved increases the likelihood of a life- or limb-
threatening event.

Th e initial responders to an emergency should 
be comfortable with primary airway management, 
manual in-line stabilization of the cervical spine, 
hemorrhage control and CPR. Additional training, 
such as lifesaving, industrial or wilderness fi rst aid, 
or pre-hospital trauma life support would be advan-
tageous. One practitioner, preferably a physician 
trained in sports medicine, emergency medicine, 
and/or advanced cardiac and trauma life support 
(ACLS/ATLS), should be identifi ed as the leader of the 
team in advance of the event.
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Standard protocols and communication pathways 
for such procedures as assessment and removal of 
an injured athlete from the fi eld of play, assessment 
of the concussed or unconscious athlete, and assess-
ment and protection of an athlete with possible 
spinal injury should be rehearsed with the team of 
providers before the start of the season and at regular 
intervals. Th is will help ensure that in a situation of 
true emergency each member of the team knows 
what to do.

Equipment

Specifi c equipment that is useful in sporting emer-
gencies includes defi brillators, airway and ventilation 
adjuncts, spinal boards, and devices that aid immo-
bilization of injured parts.

Universal precautions

Every practitioner must be protected against exposure 
to an injured athlete’s blood or other body fl uids. Th is 
requires a mask (for mouth-to-mask resuscitation, 
see below), eye protection and gloves.

Airway and ventilation adjuncts

A patent and protected conduit for gas exchange 
is the fi rst priority. Oropharyngeal and/or naso-
pharyngeal airway devices, a mouth-to-mask device, 
and a commercially prepared cricothyrotomy kit 
should be readily available. A 14-gauge catheter-over-
needle device will allow for needle decompression of 
a tension pneumothorax or needle criocothyrotomy 
if high-pressure equipment for transtracheal jet 
ventilation is available. A supplemental oxygen sup-
ply with an adjustable fl ow rate, a bag-valve-mask 

delivery system, and portable suction (Fig. 44.1) 
should also be accessible.

Automatic external defi brillator

Early defi brillation is the most important factor aff ect-
ing survival in out-of-hospital cardiac arrest. Although 
automatic external defi brillators (AEDs) (Fig. 44.2) 
are easy to use and have become smaller and more 
aff ordable, the role of AEDs in the high school and 
university athletic setting is still evolving.1 Th e most 
common reported causes of death in athletes less than 
35 years of age with cardiac arrest include structural 
heart disease (e.g. hypertrophic cardiomyopathy) or 
commotio cordis, rather than coronary artery disease. 
Despite evidence of a public health benefi t with AED 
placement in sporting venues and fi tness or training 
facilities with a large population of participants or 
a local EMS call-to-shock interval of greater than 
5 minutes, the role, effi  cacy and optimal placement 
of AEDs for resuscitation of young athletes has not 
been determined.

Spinal immobilization

Although there is insuffi  cient evidence to support 
standards and guidelines for pre-hospital spinal 

Figure 44.1 Portable suction device Figure 44.2 Automatic external defi brillator
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immobilization following trauma, all trauma patients 
with evidence of a spinal column injury or a mecha-
nism of injury with the potential to cause a spinal 
column injury should be immobilized at the scene 
and during transport. Th e combination of an appro-
priately sized or adjusted semi-rigid cervical collar 
and lateral support on a backboard with straps at the 
shoulders and pelvis is eff ective in limiting motion 
of the spine. Split-scoop stretchers permit spinal 
immobilization and transportation without log rolling 
or lift ing, while use of a vacuum mattress will help 
reduce the discomfort of lying on a rigid backboard 
for a prolonged period of time. Pre-hospital clearance 
of a spinal injury is discussed below.

Splints

Appropriate splints and slings are necessary for emer-
gency immobilization of fractures and/or dislocations 
of the extremities. Compression bandages, sterile 
gauze and saline are required to assist with control of 
bleeding and swelling and for initial wound care.

Medication

At a minimum, emergency drugs for the immediate 
treatment of anaphylaxis, hypoglycemia and asthma 
exacerbation should be available on-site. Adrenalin 
(epinephrine) pre-packaged in a 1:1000 dilution (e.g. 
EpiPen) is recommended for the initial management 
of anaphylaxis. Glucagon (1 mg given subcutaneously, 
intramuscularly or intravenously), oral glucose paste 
(50 g) or intravenous (IV) dextrose (D50) should be 
readily available to treat documented hypoglycemia 
in patients over 20 kg; for children under 20 kg or less 
than 12 years of age, the recommended dose is reduced 
by half. Glucagon can also be used for those patients 
with anaphylaxis who are taking a beta-blocker and do 
not respond to adrenalin (epinephrine). A short-acting 
beta-agonist with spacer device would be prudent to 
have on hand for treatment of acute asthma exacer-
bations. Other medications, such as aspirin (ASA), 
glyceryl trinitrate (nitroglycerin), ACLS drugs and 
intravenous fl uids should be considered depending 
on the situation and population involved.

Other equipment

A glucose monitor is advised if any athlete is known 
to have diabetes or the population is unknown. Other 
equipment will depend on the specifi cs of the sport 
or activity. For example, a screwdriver should be on 
hand to help release helmets if facemasks are being 
worn. In situations where a thermal injury may occur, 
such as endurance events, a means of rapid cooling 
or warming should be available.

Approach to the acutely ill 
or injured athlete
Although discussed in sequence, assessment and 
resuscitation is ideally and most appropriately 
accomplished in parallel by a coordinated team. Th is 
approach requires advance preparation, appointment 
of a team leader, eff ective communication, and orches-
tration of roles and tasks. Th e kinetic energy generated 
in the forces and motion involved in high-velocity 
recreational activities and contact sports can produce 
signifi cant injuries. Knowledge of injury mechanism 
and a rapid but complete physical examination will 
help ensure occult injuries are not overlooked. In 
particular, the speed of a projectile or victim, impact 
with stationary objects, the use of protective equip-
ment, and information provided by witnesses should 
be sought. Blunt injuries of the abdomen or chest may 
only be suggested by history; likewise, high-velocity 
deceleration injuries should heighten suspicion for 
tears of the thoracic aorta or capsular tears of solid 
intra-abdominal organs. Some medications, such as 
steroids or beta-blockers, may alter the physiological 
response to injury and obscure typical physical fi nd-
ings. Some key diagnoses to consider in the sporting 
emergency are listed in Table 44.1.

In brief, the approach consists of the following:

1. Establishment of scene safety.
2. A rapid primary survey with resuscitation 

and immediate treatment of life- and limb-
threatening problems.

3. A detailed secondary survey.
4. Initiation of defi nitive care based on the 

secondary survey.

Scene safety

Th e fi rst priority is establishing scene safety. Th reats 
to scene safety might include unstable environmental 
conditions, such as avalanche hazards or falling rock, 
water hazards, fi re or electrical hazards and must be 
dealt with prior to approaching the patient.

Primary survey

Life- and limb-threatening problems are rapidly 
identifi ed in the primary survey and resuscitation 
initiated in conjunction with the assessment. Care of 
the airway, cardiopulmonary resuscitation and other 
direct life- or limb-saving maneuvers, such as needle 
decompression of a tension pneumothorax, stabiliza-
tion of a fl ail chest segment, or direct compression of 
an active hemorrhage, are performed as soon as the 
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problem is identifi ed. Th e time-honored and widely 
followed ABCDE protocol includes:

Airway maintenance with cervical spine (C-spine) 
control

Breathing
Circulation and hemorrhage control
Disability/drugs—assessment of neurological status
Expose the patient, but protect against 

hypothermia

Th e primary survey begins with a general impres-
sion of the athlete’s overall condition. If the athlete 
is alert and talking in a normal voice, and has no 
complaint of neck pain or evidence of hemorrhage, 
the primary survey is complete. Failure to respond, or 
evidence of a major injury demands a rapid, effi  cient 
assessment and timely intervention, oft en while en 
route to an appropriate medical facility. Th e goal 
is to establish quickly if the athlete is presently or 
imminently in a critical condition, to decide early if 
additional resources are required, and to minimize 
scene time. Responders should call for help as soon 
as they are aware that the athlete has a life- or limb-
threatening condition.

Airway with cervical spine protection

Th e airway is the fi rst priority. A patent and protected 
conduit for gas exchange must be maintained for 
oxygenation and ventilation. A quick assessment is 
made by looking for chest wall motion and listening 
and feeling for air movement at the mouth. Clearing 
foreign debris or teeth with suction, a fi nger sweep 
and/or lift ing the mandible with a jaw thrust may 
be required to establish patency. Manual in-line 
stabilization of the neck should be initiated during 
opening of the airway to protect the athlete’s spine 
from unnecessary movement.

Th e jaw thrust maneuver is performed by grasp-
ing the angles of the jaw (one hand on each side) and 
displacing the mandible forward (Fig. 44.3). Since the 
jaw thrust maneuver does not hyperextend the neck, 
it is the method of choice for a trauma victim with a 
potential cervical spine injury.

Airway adjuncts

Inability to open or maintain airway patency requires 
an attempt with an oropharyngeal or nasopharyngeal 
airway. An oral airway should only be used if the 
athlete is unconscious and the gag refl ex is absent. It 
is inserted into the mouth behind the tongue and can 
be facilitated by using a tongue blade. An alternative 
technique is to insert the oral airway in the upside 
down position with its concavity upwards. When the 
soft  palate is encountered the airway is rotated 180° 
and slipped over the tongue. Care must be taken not 
to push the tongue backwards and thereby block, 
rather than clear, the airway.

Table 44.1 Causes of exercise-associated emergencies

Traumatic Non-traumatic

Head injury
 Severe
 Minor (Chapter 13)
Spinal cord injury
 Cervical
 Thoracic
 Lumbar
Thoracic injury
 Flail chest
 Hemothorax
 Tension pneumothorax
 Cardiac tamponade
 Cardiac contusion
Abdominal injury

Ruptured viscus (e.g. 
liver, spleen, kidney, 
bladder, pancreas, 
bowel)

Multiple fractures 
(particularly femoral 
or pelvic fractures)

Blood loss

Cardiac
 Coronary artery disease
 Arrhythmia
 Congenital abnormality
 Hypertrophic 

cardiomyopathy
Hyperthermia
Hypothermia
Cerebrovascular accident
Hypoglycemia
Hyponatremia
Respiratory
 Asthma
 Spontaneous 

pneumothorax
 Pulmonary embolism
Allergic anaphylaxis
Drugs
 Cocaine, morphine
Other
 Vasovagal (fainting)
 Postural hypotension
 Blood pooling post 

exercise
 Hyperventilation
 Hysteria

Figure 44.3 Jaw thrust maneuver to open the airway 
of an individual with a suspected cervical spine injury
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A nasal airway is pliable tube that is oft en toler-
ated in patients with an intact gag refl ex. Passage of a 
nasal airway will be made easier by lubricating the tip 
and inserting it into the most patent nostril, parallel 
to the palate, and with a gentle rotation. Th is simple 
device allows air to bypass upper airway obstruction 
caused by the tongue and/or decreased pharyngeal 
muscle tone, but may cause hemorrhage from the 
nasal passage.

Should eff orts to obtain a patent airway continue 
without success using these airway adjuncts, then 
advanced airway interventions, such as appropriate 
placement of an endotracheal tube, esophageal tra-
cheal Combitube (Fig. 44.4) or laryngeal mask airway 
should be attempted as soon as possible. It behooves 
the sports medicine provider to undertake training 
and practice with one of these advanced techniques 
and to become comfortable with their use. Training 
courses such as ACLS, ATLS or Th e Diffi  cult Airway 
Course are examples of curricula that cover advanced 
airway techniques. Additional resources should be 
accessed early when the situation exceeds the capa-
bilities of the local providers. If trained personnel or 
equipment for an advance airway are lacking, or an 
attempted trial is unsuccessful, then a surgical airway 
will be necessary (see below).

Advanced airway management

Conditions that demand advanced airway manage-
ment prior to the onset of frank compromise of the 
airway or gas exchange include severe head injury 
(Glasgow Coma Scale <8 [see Table 44.2]), injuries 
associated with potential airway obstruction such 
as penetrating neck trauma, upper airway burns 
and anaphylaxis with upper airway edema, thoracic 
injuries with ventilatory compromise, inability to 
establish or protect the airway, and respiratory failure 
or arrest. Early, defi nitive airway management with 
endotracheal intubation is preferred. Failure to act 
early with neck trauma, burns or edema may lead to 
complete upper airway obstruction. Advanced airway 
management should not delay transport and should 
be accomplished en route to hospital if possible.

Endotracheal intubation

Endotracheal intubation allows for protection of a 
patent airway and gives access for positive pressure 
ventilation and pulmonary toilet. Successful, atrau-
matic endotracheal intubation requires training, 
experience and regular practise. It is incumbent on 
anyone undertaking intubation of a patient to have 
assessed for and be prepared for a diffi  cult airway, and 
to have a well thought out plan for the potential ‘can’t 

intubate, can’t ventilate’ scenario. Th e head should 
be maintained in a neutral position with in-line 
immobilization applied by an assistant. Th e method 
of choice is the method the provider is most comfort-
able and competent with and can accomplish in a 
timely fashion. In previous years, blind nasotracheal 
intubation was advocated, however, this technique has 
a signifi cant complication rate, is contraindicated in 
maxillofacial trauma, and should only be considered 
in special circumstances, particularly when oral access 
is limited (e.g. angioedema). Orotracheal intubation 
with in-line immobilization and rapid sequence 
induction is now the modality of choice.

Attempts at endotracheal intubation without 
adequate training, experience and preparation in a 
patient who is obtunded, combative and potentially 
head injured are to be avoided. Traumatic attempts at 
endotracheal intubation without appropriate pharma-
cological preparation increase intracranial pressure, 
stress the cardiovascular system, can injure the upper 
airway, can induce laryngospasm or aspiration of the 
stomach contents, and unnecessarily place the patient 
at risk. An intubation attempt is optimized by:

1. utilizing oximetric, cardiac and blood pressure 
monitoring

2. providing pre-oxygenation with four vital 
capacity breaths

3. having immediate access to working suction
4. confi rming the laryngoscope has a working bulb 

and an appropriately sized blade
5. the use of appropriate pre-medications when 

indicated (e.g. fentanyl)
6. allowing time for pre-treatment medications to 

work
7. patient positioning (sniffi  ng position if no 

cervical spine injury)
8. performing a rapid sequence induction with an 

induction agent, cricoid pressure and a short-
acting neuromuscular blocking agent (e.g. 
suxamethonium [succinylcholine])

9. intubating under controlled conditions.

If a diffi  cult airway is anticipated, then neuro-
muscular blocking agents and excessive sedation 
should be avoided unless the glottis has been visual-
ized on an awake laryngoscopy using titrated light 
sedation and topical anesthesia. Th e potential for 
converting a suboptimal airway into no airway must 
be considered whenever neuromuscular blocking 
agents are utilized. However, deep sedation without a 
neuromuscular blocking agent should also be avoided 
as it off ers suboptimal intubating conditions and has 
neither the success nor low complication rate of either 
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a properly performed rapid sequence induction or an 
awake intubation.

An appropriately sized endotracheal tube should be 
selected and another endotracheal tube one-half to one 
full size smaller should be available. Th e endotracheal 
tube should not be forced, and care should be taken 
to avoid main-stem bronchial intubation. Confi rma-
tion of tube placement should be obtained by visu-
alizing the vocal cords, auscultating over the apices 
and stomach, and monitoring or detecting end-tidal 
carbon dioxide. Once correct placement is confi rmed, 
the endotracheal tube should be secured. Constant 
vigilance and continual reassessment is essential as 
the endotracheal tube may become displaced, kinked 
or obstructed with secretions.

Other devices including surgical airway

Options for the ‘can’t intubate, can’t ventilate’ scenario 
include a laryngeal mask airway, an esophageal tra-
cheal Combitube (Fig. 44.4), retrograde intubation, 
transtracheal jet ventilation or a surgical airway (see 
below).

Inability to secure the airway by other means is 
the primary indication for a surgical airway. Blunt 
or penetrating neck trauma can make endotracheal 
intubation impossible due to edema of the glottis, a 
fractured larynx or crushing injury of the trachea (e.g. 
a hard-struck hockey puck strikes the neck), severe 
oropharyngeal or neck hemorrhage or laryngeal 
spasm. Cricothyrotomy or needle cricothyrotomy 
are preferred.

Surgical cricothyrotomy is performed by making 
a vertical or skin incision with a number 10 blade 
and extending the incision down to the cricothyroid 
membrane. Th e skin edges are then retracted and 
the cricothyroid membrane is incised transversely. 
Th e handle of the scalpel is then inserted and turned 

vertically to hold the membrane open while a hemo-
stat is inserted on either side of the blade to gently 
enlarge the hole. Th e scalpel is then removed and a 
small tracheostomy tube is inserted. Th is technique 
is rapid, safe, relatively bloodless and relatively easy.

Percutaneous needle cricothyrotomy is indicated 
in children under the age of 12 because the cricoid 
cartilage provides the only circumferential support 
to the upper trachea in this age group. A 14-gauge 
catheter-over-needle is inserted into the trachea 
through the cricothyroid membrane, and the can-
nula connected to a high-fl ow oxygen source via a 
Y-connector. Intermittent ventilation may be achieved 
using a rhythm of 1 second on and 4 seconds off  
by placing the thumb over the open end of the 
Y-connector. Th e advantage of this maneuver is that it 
can provide adequate oxygenation for 30–45 minutes. 
Th e disadvantage of this procedure is that although 
some exhalation will occur, it is insuffi  cient for com-
plete ventilation: carbon dioxide will accumulate 
leading to a respiratory acidosis. Note that a 3 mL 
syringe fi ts a size 7 endotracheal tube adaptor and 
this can be connected to a 14-gauge needle to create 
an emergency cricothyrotomy kit.

A third option uses the percutaneous (Seldinger) 
technique to combine the needle cricothyrotomy 
approach with the insertion of a cuff ed or uncuff ed 
cricothyrostomy tube. A catheter-over-needle is 
introduced through the cricothyroid membrane until 
air is aspirated, and then the needle removed, leav-
ing the catheter in place. A guide wire is then passed 
through the catheter, the catheter removed over the 
wire, and a dilator device with a cuff ed or uncuff ed 
tube passed over the wire through the cricothyroid 
membrane (Fig. 44.5). Th e dilator is then removed and 
the cricothyrostomy tube is left  in the trachea. Th is 

Figure 44.4 Esophageal tracheal Combitube—a twin 
lumen device for diffi  cult airways Figure 44.5 Cook Melker cricothyrotomy kit

twin lumen proximal cuff 
distal cuff 
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option provides the advantages of both techniques 
with few complications.

Breathing

Injuries to the chest may prevent adequate oxygenation 
and ventilation even in the presence of a patent airway. 
Th e patient’s chest should be completely exposed to 
be sure that ventilation is adequate and symmetric. If 
there is no spontaneous breathing, the athlete needs 
to be artifi cially ventilated. Th is may be achieved by 
mouth-to-mask respiration, or by using a bag and 
mask device depending on availability and experi-
ence. It is advisable for practitioners to carry a mask. 
Supplemental oxygen should also be administered at 
high fl ow rates (10 L/min) if available. Th e trachea 
should be palpated for deviation and the presence 
of subcutaneous emphysema. Four life-threatening 
conditions—tension pneumothorax, open pneumo-
thorax, fl ail segment and cardiac tamponade—should 
be systematically identifi ed or excluded. Tension 
pneumothorax is relieved by inserting a 14-gauge 
intravenous catheter-over-needle through the sec-
ond intercostal space at the mid-clavicular line on 
the aff ected side. Needle decompression, covering 
a sucking wound and stabilizing a fl ail segment will 
temporarily stabilize the patient until more defi ni-
tive interventions are possible. A chest tube can be 
inserted later, depending on local resources and 
expertise. For prolonged trips and air transport it 
may be appropriate to secure chest decompression 
prior to transporting.

Circulation and hemorrhage control

Adequacy of circulation is best obtained initially by 
assessing skin color and capillary refi ll, and palpating 
the peripheral pulses for presence, strength and rate. In 
a normovolemic patient, capillary refi ll should occur 
within 2 seconds (the time it takes to say ‘capillary 
refi ll’). Blood pressure measurement is unnecessarily 
time consuming and oft en inappropriately reassuring. 
As a rough guide, a palpable pulse is associated with 
the following minimum systolic pressures: radial, 
80 mmHg; femoral, 70 mmHg; and carotid, 50 mmHg. 
Obvious blood loss should be identifi ed and control-
led with direct pressure. Tourniquets, hemostats and 
pneumatic splints are generally to be avoided because 
of their potential for tissue injury, negative eff ects on 
cellular metabolism and frequent inability to control 
bleeding. Redundant intravenous access should be 
established using two large-bore intravenous catheters 
(18 gauge or larger). However, intravenous access 
must not delay transport to a surgical facility and is 
oft en better established en route.

Cardiopulmonary resuscitation

Any traumatic injury or spontaneous collapse result-
ing in loss of consciousness requires a rapid primary 
assessment of the ABCs. If the airway is patent but 
spontaneous breathing is absent and a pulse cannot 
be felt, then CPR should be initiated without delay. 
Responders are encouraged to push hard, push fast, 
allow complete chest recoil aft er compression, and to 
minimize interruptions in chest compressions. For 
the victim with sudden collapse the lone responder 
should fi rst call for help and an AED and then begin 
CPR using a cycle of 30 compressions to two respi-
rations. Th e AED should be used when available to 
deliver a single shock before resuming CPR. Five 
cycles of CPR should be completed before the next 
shock is applied. If two responders are present and 
an advanced airway device is in place, then compres-
sions should be delivered at 100 per minute without 
breaks for ventilation, while ventilation should be 
delivered at eight to 10 breaths per minute.2 Updated 
guidelines for cardiac arrest are available in the 2005 
American Heart Association Guidelines for CPR and 
Emergency Cardiovascular Care (available online at 
<www.americanheart.org>).

Disability (brief neurological examination)

A rapid neurological assessment is performed towards 
the end of the primary survey in order to assess 
whether the athlete is alert, responds to verbal stimu-
lus, responds to painful stimulus, or is unconscious. 

Anaphylaxis
Reduced peripheral perfusion in anaphylaxis results 
from a widespread increase in vascular perme-
ability and cardiovascular collapse secondary 
to an acute, abnormal systemic response. Early, 
defi nitive airway management, fl uid resuscita-
tion and pharmacological therapy comprise the 
initial approach. As previously noted, pre-emptive 
airway management can be lifesaving. Adrenalin 
(epinephrine) is the primary drug treatment of 
anaphylactic reactions and should be given as 
soon as anaphylaxis is recognized. An intramuscular 
(IM) injection of 0.3–0.5 mg (1:1000) should be 
given early to all patients with signs of a systemic 
reaction, particularly hypotension, airway swelling 
or diffi  culty breathing. Glucagon 1 mg IM can be 
given to patients who are unresponsive to adrenalin 
(epinephrine).
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Th e simple mnemonic AVPU can be used to guide 
the assessment:

A alert
V responds to vocal stimuli
P responds to painful stimuli
U unresponsive

However, the Glasgow Coma Scale (GCS) is pre-
ferred for communication with others and should be 
documented (Table 44.2).

Th e presence of an asymmetrically enlarged pupil 
in a patient with a GCS less than 15 may represent 
an intracranial mass eff ect and should be managed 
by ensuring adequate oxygenation and ventilation 
during urgent transfer to a hospital with neurosur-
gical facilities. Defi nite capture of the airway with 
endotracheal intubation should be established en 
route in any patient with centrally caused focal or 
progressive neurological impairment, particularly 
those with a GCS less than 8. Motor function, pain 
response, deep tendon and plantar refl exes should 
be assessed and communicated to the emergency 
department at the destination as needed.

Th e box below lists the conditions that require 
urgent referral of the patient to a hospital with neuro-
surgical capabilities for further assessment.

If the primary survey suggests a possible spinal injury

Any unconscious athlete or any athlete who complains 
of numbness, weakness, paralysis or neck pain should 
be assumed to have cervical spine injury until proven 
otherwise.

Immobilization is best managed with the patient 
in the supine position on a fi rm, fl at surface with 
the head and neck maintained in a neutral position 
by cervical in-line immobilization. If the athlete is 
wearing thick padding (e.g. American football, ice 
hockey), the neck will need to be supported to keep 
it in a neutral position relative to the padded body. If 
the patient has a suspected spinal injury, the helmet 
can remain in place during transport and removed 
in the controlled setting of an emergency depart-
ment. Th e athlete should not be transported from 
the fi eld of play until the ABCs and the spine have 
been stabilized.

The athlete with a seizure

Th e athlete who is having a seizure should be pro-
tected from further injury and placed in the recovery 
position. Th e ABCs should be assessed and stabilized. 
Th e cervical spine should be protected if the seizure 
is unwitnessed or occurs following trauma. First-time 
seizures and prolonged seizures require emergency 
evaluation.

Exposure during the primary survey

All clothing should be removed to allow for a careful 
examination and assessment of the entire patient, 
being careful to maintain core temperature by provid-
ing warm blankets or warming lights.

At completion of the primary survey a decision 
should be made regarding level of care required. 
Timely transport should be initiated and unnecessary 
delays avoided. A philosophy of ‘load and go’ is pref-
erable if defi nitive surgical care is nearby. Prolonged 
transport, however, will dictate more extensive fi eld 
resuscitation and stabilization in order to establish a 
secure airway, redundant large-bore vascular access, 

Table 44.2 Glasgow Coma Scale

Eye opening (E) Verbal response (V) Motor response (M)

4 = spontaneous
3 = to voice
2 = to pain
1 = none

5 = normal conversation
4 = disoriented conversation
3 = incoherent words
2 = no words, only sounds
1 = none

6 = normal
5 = localizes to pain
4 = withdraws to pain
3 = decorticate posture
2 = decerebrate posture
1 = none

Total = E + V + M.

Indications for urgent referral of an 
injured athlete to a neurosurgical 
hospital for assessment
• Prolonged loss of consciousness (more than 

5 minutes)
• Development of increasing headache, nausea 

and vomiting
• Unequal pupils
• Gradual increase in blood pressure or 

decrease in pulse rate
• Convulsion
• Changing neurological signs (changing signs 

means changing pathology)
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and chest decompression if required. Th ese procedures 
are generally easier to perform prior to departure as 
limited space in either ground or air transport vehicles 
makes them that much more challenging. Constant 
vigilance for a change in the patient’s status allows 
for early and potentially lifesaving intervention. Th e 
ABCs should be continually reassessed following any 
intervention or change in status. Remaining alert, 
anticipating problems and being prepared for rapid 
surgical intervention will off er the trauma victim the 
greatest chance of recovery.

Secondary survey

Th e secondary survey involves examination of the 
entire body from the top of the patient’s head to the 
feet. Th e examination may be divided into anatomi-
cal regions or physiological systems, depending on 
the preference of the examiner, but must include a 
thorough assessment of the head and neck, including 
the eyes, ears, nose and mouth, the chest and abdo-
men, including the rectum and pelvis, the spine and 
extremities, and a neurological evaluation. A focused 
history and understanding of the mechanism of injury 
will help guide the search for associated injuries and 
comorbid complications that may not be apparent 
initially.

Head

Th e eyes should be re-evaluated for pupillary size, 
extraocular movements and visual fi elds. Th e fundi 
should also be assessed for hemorrhages, the lens for 
dislocation, the anterior chamber for blood, and the 
globe for evidence of a penetrating injury. Th e scalp, 
ear canal and tympanic membrane should be exam-
ined for evidence of bruising, blood or fl uid.

Spine

Th e NEXUS low-risk criteria3 (Table 44.3) and the 
Canadian C-spine rule4 (Fig. 44.6) are suffi  ciently 
sensitive in the alert, stable, blunt-trauma patient 
without neurological defi cit to assist the provider in 
determining which athlete does not require radio-
graphic cervical spine assessment. However, in any 
other circumstance, adequate assessment of the 
cervical spine cannot be provided by physical exami-
nation alone. Th e patient’s head and neck should be 
immobilized with manual in-line stabilization until 
an appropriately fi tting semi-rigid collar with secure 
lateral support can be applied. Th e spine should be 
immobilized until an adequate radiographic and 
clinical assessment can be made. Log rolling of the 
patient to assess the back and thoracic and lumbar 

Table 44.3 NEXUS low-risk criteria

The National Emergency X-Radiography Utilization 
Study Group (NEXUS) low-risk criteria3

• No midline cervical tenderness
• No focal neurological defi cit
• Normal alertness
• No intoxication
• No painful, distracting injury

1. Any high-risk factor that
  mandates radiography?

• Age ≥ 65 years
             or
• Dangerous mechanism (e.g. 
 axial load to head—Rugby, 
 diving), high-speed vehicular 
 collision (e.g. cycling collision)
             or
• Paresthesias in the limbs

2. Any low-risk factor that
 allows safe assessment of
 range of motion?
             
 (e.g. patient in sitting position
 for examination, ambulatory
 at any time, delayed onset of
 neck pain or absence of
 midline C-spine tenderness) 

3. Able to actively rotate neck?
 45° left and right

No radiography

Radiography

Yes

Unable

No

No

Yes

Able

Figure 44.6 Adaptation of the Canadian C-spine rule 
for radiography for alert and stable trauma patients 
who may have suff ered cervical spine injury in a 
sporting event
FROM STIELL IG, WELLS GA, VANDEMHEEN KL, ET AL. THE CANADIAN C-SPINE RULE FOR RADIOGRAPHY IN ALERT 
AND STABLE TRAUMA PATIENTS. JAMA 2001; 286(15): 1841–8
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spine should only be undertaken by a well-coordinated 
and practiced team and should not delay transport 
to hospital.

Facial trauma

Th e management of dentoalveolar trauma is discussed 
in Chapter 15. Maxillofacial trauma can be treated 
aft er the patient is stabilized if not associated with 
airway compromise. An unconscious patient with 
maxillofacial trauma should be presumed to have a 
cervical spine fracture until proven otherwise.

Epistaxis

Most cases of epistaxis related to trauma can be con-
trolled with direct pinching of the nostrils against the 
nasal septum for a period of at least 10 minutes. Th e 
posterior pharynx should be examined early to detect 
posterior bleeding. If there is a posterior bleed, then 
tamponade with an epistaxis balloon or Foley cath-
eter will be required. A 12–16 French Foley catheter 
can be inserted into the nose along the fl oor of the 
nasopharynx until the tip is visible in the posterior 
pharynx. Th e balloon is slowly infl ated with 15 mL 
of sterile water and pulled anteriorly until it is fi rmly 
against the posterior choanae. Th e catheter is then 
secured with either an umbilical clamp or a hemostat. 
Emergency follow-up with an ear, nose and throat 
specialist is required for all posterior bleeds.

Th e anterior nose should be packed in any episode 
of posterior epistaxis, or when an anterior bleed is 
unresponsive to pressure, topical vasoconstriction 
and attempted cautery. Patients with an anterior pack 
should be followed up within 48 hours and covered 
with amoxycillin (amoxicillin) or cephalexin to mini-
mize the risk of sinusitis or toxic shock.

Chest

Blunt trauma to the chest wall may cause rib fractures, 
fl ail chest, pneumothorax, hemothorax, diaphragm 
rupture, myocardial contusion or cardiac tamponade. 
Deceleration injuries, sometimes seen in high-velocity 
activities such as motor sports and ski racing where 
athletes can come to a sudden, unplanned stop, can 
injure the aorta or pulmonary vessels. Circumferential 
burns may restrict chest expansion and impair venti-
lation, and release by escharotomy may be required. 
Applying gentle anterior/posterior or lateral pressure 
across the chest can help identify the presence of 
fractured ribs.

Auscultation and percussion of the lung fi elds may 
identify a hemothorax if breath sounds are reduced 
or if dullness is percussed over dependent areas of 
the chest. Conversely, reduced breath sounds and 

hyper-resonance in the apices or anterior chest may 
identify a pneumothorax. Distant heart sounds, dis-
tended neck veins and hypotension (Beck’s triad) are 
indicative of cardiac tamponade.

If air or blood exists within the thoracic cavity it 
requires decompression with a needle (if under ten-
sion) and should eventually be drained by chest tube 
thoracostomy. Needle decompression of a tension 
pneumothorax is readily accomplished by inserting 
a large (14 gauge) needle into the second intercostal 
space along the mid-clavicular line on the aff ected 
side. Th is should result in an immediate rush of air out 
of the needle and stabilization of the patient. Needle 
decompression should be followed up by insertion 
of a chest tube if available, but this should not delay 
transport. A secure chest tube is preferred prior to 
air or prolonged ground transport.

Crushing and deceleration injuries of the chest 
may also result in cardiac contusion and/or cardiac 
tamponade. Th e classic features of cardiac tam-
ponade (Beck’s triad) may not be initially present 
or may be diffi  cult to detect. However, tamponade 
should be suspected in any patient with a chest 
contusion, hemodynamic compromise without 
evidence of hemorrhage, and/or pulseless electri-
cal activity with a fast, narrow QRS complex. Th e 
athlete will require urgent transport to an emergency 
department for possible cardiac ultrasound and 
pericardiocentesis.

Shock

Although shock related to trauma might be due to con-
ditions other than blood loss, for example, obstructive 
shock (cardiac tamponade or tension pneumothorax, 
see above) or distributive shock (spinal cord injury, 
see below), a shock-like state associated with trauma 
is most oft en due to hemorrhage. Th e areas where 
life-threatening internal bleeding can occur include 
the chest, the abdomen, the pelvis and the femur. 
Controlling hemorrhage is the goal in hemorrhagic 
shock and urgent surgical intervention is required 
when direct vascular control of ongoing hemorrhage 
is not achievable. Resuscitation to normotension may 
worsen ongoing hemorrhage in some situations, par-
ticularly in penetrating trauma, and delay of aggres-
sive fl uid replacement until the onset of operative 
intervention may be more appropriate. Th is advice, 
however, is predicated on rapid access to a surgical 
facility and cannot be extrapolated to blunt trauma 
or situations of prolonged transport distances. Hence, 
it remains reasonable to establish intravenous access 
en route to a surgical facility and to initiate a bolus of 
crystalloid intravenous fl uid.
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Early signs of shock are subtle and may only 
include delayed capillary refi ll, relative tachycardia 
and anxiety. Systolic hypotension is a late sign and 
suggests that the compensatory mechanisms for 
increasing peripheral resistance and redistribution 
of circulation have exceeded their limits. Th e ‘classic’ 
signs of shock—pallor, clammy skin, confusion, tachy-
cardia, hypotension and reduced urinary output—are 
more likely to present late during acute blood loss in 
a young, healthy endurance athlete. Th e presence of 
enhanced vagal tone, increased blood volume, cardiac 
reserve and peripheral circulation allow for much 
greater compensation. A 50% increase in pulse rate 
and equivalent decrease in pulse pressure, as might 
occur with a 25% reduction in blood volume (class II 
hemorrhage, see box below), is the diff erence between 
a blood pressure of 130/70 mmHg and a heart rate of 
60 beats per minute (bpm), and a blood pressure of 
115/90 mmHg and heart rate of 90 bpm. Such hemo-
dynamic ‘stability’ belies compensatory mechanisms 
under stress. When these fail, vascular collapse can be 
sudden and dramatic. Failure to recognize ongoing 
hemorrhage delays aggressive pursuit of the source of 
bleeding with investigations or surgical exploration. 
A high index of suspicion, based on a suspected or 
known mechanism of injury, must be maintained.

Neurogenic shock is marked by bradycardia and 
hypotension, and is a form of distributive impair-
ment. Ventricular performance and fl uid volume 
are preserved but peripheral perfusion is inadequate 

secondary to loss of sympathetic input, unopposed 
vagal stimulation and poor vascular tone. Th e higher 
the spinal injury, and in particular those above T1, 
the more likely and more severe the resulting shock 
state. Th e diagnosis and treatment of neurogenic 
shock comes aft er the initial ABCs and accompany-
ing resuscitation. It should be considered only aft er 
other causes of hypotension have been investigated 
and treated. Initial management remains rapid infu-
sion of crystalloid and transportation to an acute 
medical facility.

Abdomen

Any abdominal or retroperitoneal injury is poten-
tially dangerous, but the specifi c diagnosis is not as 
important as the recognition that an injury exists and 
surgical intervention may be required. In addition, the 
initial negative examination may belie the seriousness 
of the patient’s condition and the need for continued 
re-evaluation must be emphasized.

Th e athlete who has sustained an injury to one or 
more abdominal organs may complain of severe pain 
and develop signs of shock, or may progress slowly 
over a period of hours. Shoulder pain may occur due 
to irritation of the diaphragm. Th e abdomen should 
be carefully palpated for tenderness and guarding. 
Increasing abdominal pain, evidence of guarding, 
signs of hemodynamic instability, or suspicion of an 
intra-abdominal injury all indicate a need for urgent 
transportation for surgical evaluation. Intravenous 

Categorization of hemorrhagic shock
The American College of Surgeons proposes the following categorization of hemorrhagic shock:

Class I: 15% blood volume loss (750 mL in a 70 kg male)
This is minimal, uncomplicated hemorrhage, with no changes in heart rate, blood pressure or respiratory rate. 
Treatment is by crystalloid replacement in a 3:1 ratio (i.e. 3 L of crystalloid per liter of blood loss).

Class II: 15–30% blood volume loss (up to 1500 mL in a 70 kg male)
Tachycardia, tachypnea, anxiety, delayed capillary refi ll and decreased pulse pressure is usually present. Urinary 
output is only minimally aff ected. A 2 L bolus of crystalloid replaces the equivalent of approximately 600 mL of 
blood and is generally suffi  cient to restore hemodynamic stability. Blood replacement is not usually required 
and the remaining fl uid defi cit can be replaced with further crystalloid infusion.

Class III: 30–40% blood volume loss (up to 2000 mL in a 70 kg male)
Classic signs of shock are present with changes in mental status, signifi cant fall in systolic blood pressure, and 
reduced urinary output. Blood transfusion/volume expansion is indicated.

Class IV: >40% blood volume loss (>2000 mL in a 70 kg male)
Hypotension is profound, urinary output is absent, and the patient is lethargic and near comatose. Immediate 
blood replacement and surgical intervention is necessary.
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access should be established en route to hospital, and 
nothing further given by mouth.

Pelvic injuries

Athletes who sustain pelvic fractures are usually 
competing in high-velocity sports. If the integrity 
of the pelvic ring has been disrupted, there may be 
associated complications such as a ruptured bladder, 
ruptured urethra, rectal injury or internal hemorrhage. 
Th ese injuries require urgent surgical management. 
Th e force required to fracture the pelvis is also likely 
to cause other signifi cant injuries and should heighten 
suspicion. Clinical examination begins with gentle and 
careful anteroposterior and lateral compression of the 
pelvic ring to look for tenderness. Rocking force is 
unnecessarily painful and may increase hemorrhage. 
Th e urethral opening should be inspected for blood, 
and a rectal examination should be performed to assess 
rectal tone and the position of the prostate. A high-
riding prostate suggests urethral disruption.

Pneumatic anti-shock garments, although once 
common, are now rarely used. In conjunction with 
the above resuscitative measures, they may still have 
benefi t in the setting of unstable pelvic fractures. If 
used, they are infl ated from the periphery towards the 
core until an adequate blood pressure response has 
been obtained. Likewise, the defl ation process should 
be gradual while vital signs are monitored. Pneumatic 
anti-shock garments should be used with care. Th ey 
act to increase aft erload and do not autotransfuse 
pooled peripheral blood. Th ere is no evidence that 
they improve survival in patients with hemorrhagic 
shock following trauma. Furthermore, they are con-
traindicated if pulmonary edema is present and should 
not be used if thoracic or diaphragmatic injuries, 
evisceration of abdominal contents, penetrating 
objects or pregnancy are present or suspected. Pres-
sure changes can occur in the anti-shock garment 
and include rapid expansion in a warm room aft er 
being in a cold environment or rapid expansion in an 
unpressurized cabin of an aircraft  at altitude.

Blunt trauma to the scrotum may rupture a testi-
cle. An associated injury to the pampiniform plexus 
may cause massive swelling of the scrotum, making 
diagnosis of the ruptured testicle diffi  cult. Cases of 
a ruptured testicle require surgical exploration and 
repair.

Extremity injuries

Injuries to the limbs may involve damage to the bones, 
joints, vessels or nerves. Th e initial management of 
an injured limb includes control of hemorrhage, 
prevention of further injury, and restoration of blood 

fl ow to the limb. In general, bleeding at the site of the 
injury should be controlled by direct pressure. Open 
wounds should be covered with sterile dressings as 
soon as possible.

Th e amount of hemorrhage following blunt trauma 
should not be underestimated. A closed femoral 
fracture can produce up to 2 L of blood loss, whereas 
a pelvic fracture can result in a blood loss of 3–4 L. 
Longitudinal traction of femoral fractures will help 
reduce blood loss and a pneumatic anti-shock garment 
may help temporize bleeding from a pelvic fracture 
by providing some stability. However, the application 
of the pneumatic anti-shock garment is secondary 
to the requirement for external pelvic fi xation and is 
only potentially useful during transport.

Fractures of the extremities are detected visually 
or with palpation of tenderness. Angulated fractures 
are splinted as they lie unless there is neurovascular 
compromise. Closed angulated fractures of the femur 
are best straightened prior to splinting. Obtain satis-
factory alignment by applying longitudinal traction to 
the distal part. If this is not achieved with one attempt, 
further attempts should only be made in hospital. Th e 
injured area should be splinted; rolled-up blankets, 
clothing, pillows, ski poles, oars, paddles or adjacent 
body parts can all be used as a splint. It is essential 
that the neurovascular status of a limb should be 
documented prior to and following any manipulation 
of a fracture or dislocation. Palpate distal pulses such 
as the dorsalis pedis and posterior tibial pulses of the 
leg and the radial and ulnar pulses of the arm. Note 
skin color, capillary return, temperature and sensation. 
Assess peripheral nerve function with specifi c motor 
and sensory testing (e.g. two-point discrimination 
is very useful).

Fracture–dislocations around the elbow, knee and 
ankle can be associated with vascular occlusion or 
disruption. Neurovascular status should be assessed 
and documented in all cases of joint dislocation before 
and aft er reduction and splinting of the injured limb. 
Trained personnel should attempt careful reduction as 
soon as possible. Evidence of vascular injury should 
be sought aft er elbow (Chapter 18) and knee disloca-
tion (Chapter 27). Clinical assessment is not suffi  cient 
to determine that blood vessels remain intact, and 
further investigation should be considered. Popliteal 
artery injury occurs in approximately a third of knee 
dislocations and vascular integrity should be assessed 
by arteriography if suspicion exists.

Exposed bones and open wounds associated with 
suspected fractures should be covered using sterile 
saline-soaked dressings. Splint the fracture without 
attempting reduction unless there is neurovascular 
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compromise. Do not push the protruding bone back 
into the wound. Transport the patient to hospital 
urgently for fracture management, antibiotic therapy 
and tetanus prophylaxis. Any patient with an open 
fracture should be kept nil by mouth to facilitate rapid 
surgical treatment, if needed.

Acute compartment syndrome should be consid-
ered and sought in any patient with an extremity 
injury marked by hematoma or edema. A conscious 
patient will complain of pain but severely injured or 
unconscious patients may not be able to communicate 
their distress. Hence, a heightened index of suspicion 
is required and, if in doubt, compartment pressures 
should be measured. Treatment requires immediate 
surgical decompression.

Th e most common site of acute compartment 
syndrome is the anterior compartment of the lower 
leg. Clinical features include persistent shin pain 
(greater than one would expect given the nature 
of the injury), swelling and pain on passive muscle 
stretch of the involved compartment. Th ere may also 
be progressive loss of sensory and motor function. 
Paresthesia and numbness on the dorsum of the foot 
may accompany weakness of dorsifl exion of the ankle. 
Absence of pedal pulses is a late sign.

A pulseless extremity should be assessed by Dop-
pler ultrasound. If circulation is compromised, then 
decompression of circumferential burns with escha-
rotomy, and acute compartment syndrome by fasci-
otomy, should be achieved early. Vascular compromise 
secondary to joint dislocation should be relieved by 
longitudinal traction and attempted reduction with 
documentation of neurovascular status before and 
aft er any manipulation.

Traumatic amputations (e.g. fi ngertip) may cause 
substantial hemorrhage so the practitioner should 
apply pressure and elevate the extremity to minimize 
blood loss. Th e proximal stump should ideally be 
cleaned with sterile saline and dressed with sterile 
gauze. Th e amputated part should be wrapped in 
moist sterile gauze, sealed in a plastic bag and trans-
ported in an ice bath with the patient to a center where 
microsurgical reattachment could be performed if 
possible.

Neurological evaluation

Th e neurological examination includes repeat evalu-
ation of the level of consciousness, assessment of 
recall and attention, examination of pupillary reac-
tions, extraocular movements, and visual fi elds, and 
documentation of motor and sensory function in 
the extremities, of deep tendon refl exes, of cerebellar 
function, and of rectal tone. Th e GCS allows sequential 

monitoring and standardized communication and 
should be reported for each component of the score 
(e.g. E4 + V5 + M6 = 15) to ensure consistent evalu-
ation. Any fi ndings of paralysis or paresis suggest a 
major injury to the spinal cord or peripheral nervous 
system. Adequate immobilization using a long spinal 
board and a semi-rigid cervical collar with lateral sup-
port and secure straps to the head and torso must be 
provided. Padding behind the knees, between the legs 
and under the arms, and under the heels and head will 
make the potentially extended length of time immobi-
lized less uncomfortable for the awake patient.

Any athlete with a head injury requires assess-
ment of the ABCs. If the athlete is conscious or semi-
conscious, the neurological examination commences 
with inspection of the player’s facial expression, fol-
lowed by assessment of their orientation, recall and 
attention, and observation of their gait: ‘Hear them 
talk, see them walk, and look in their eyes’.

Any athlete with suspicion of a head injury should 
be removed from play and not allowed to resume 
activity until cleared by a physician knowledgeable 
in concussion management.

Defi nitive care and ongoing reassessment

If local providers and resources are unable to ade-
quately manage the athlete’s injuries, then early 
transport to a surgical facility, and ideally to the 
care of a physician accustomed to trauma, should be 
undertaken. Communication should be established 
between the sending and receiving physicians, and 
arrangements made for appropriate, timely trans-
port. A secure, patent and protected airway, spinal 
immobilization, secure duplicate large-bore vascular 
access, chest decompression (if required), oximetry 
and cardiac monitoring, and trained personnel should 
be provided prior to transport or en route.

Continued reassessment and evaluation of response 
to treatment is important. A life-threatening problem 
that was not apparent initially may become apparent 
at a later time. Furthermore, the initial event may 
have been precipitated by an underlying medical 
problem, such as a cardiac dysrhythmia, myocardial 
infarction, seizure, intracranial hemorrhage, thermal 
injury, hypoglycemia, electrolyte abnormality, or a 
drug or toxin eff ect. Asking not only what, where, 
when and how the injury occurred but also why the 
injury occurred at this point in time may help decipher 
causes that were not initially recognized.

Documentation

A quick mnemonic used to assess the athlete’s past 
history is AMPLE:
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Allergies
Medications
Past illness
Last meal
Events surrounding the injury

It is easiest to obtain the history and document the 
information soon aft er the event. Additional person-
nel may be required to contact witnesses or relatives 
to obtain the necessary information. Confi dentiality 
must be maintained.

Meticulous record keeping, including a chronologi-
cal report with fl ow sheets, allows easy documentation 
of events and their treatment as they progress. In 
life-threatening emergencies consent for treatment 
is presumed; treatment should be given and formal 
consent for subsequent treatment obtained later.

Summary
Eff ective care of the severely ill or injured athlete 
demands advance planning and preparation, educa-
tion of personnel, and team rehearsal. Knowledge of 
injury mechanism, heightened index of suspicion, 
aggressive resuscitation, vigilance and continual reas-
sessment, and early access to appropriate surgical care 
will allow for the best possible outcome. Other causes 
of collapse in the athlete are described elsewhere in 
this book. Th ey include concussion (Chapter 13), 
cardiac causes (Chapter 45), heat stroke (Chapter 53), 
hypothermia (Chapter 54), hyponatremia (Chapter 
53) and drugs (Chapter 61).
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CHAPTER 

45
Cardiovascular Symptoms 
During Exercise

Cardiovascular presentations associated with exer-
cise include palpitation, syncope and chest pain; 

a cardiac murmur may also be detected on physical 
examination. Given that in the United States alone 
cardiovascular diseases claim a life every 34 seconds,1 
these presentations demand accurate assessment.

Th is chapter updates the reader on some aspects 
of cardiovascular physiology and then details the 
approach to each of the clinical presentations men-
tioned above. We then discuss conditions that are of 
particular relevance in sports medicine, including 
hypertrophic cardiomyopathy, coronary artery disease 
and Marfan’s syndrome. Th e chapter concludes with 
a discussion of the specialized cardiac investigations 
that aid diagnosis and, thus, may prevent serious 
cardiovascular events in exercise.

Cardiovascular changes 
with exercise
Certain structural and functional adaptations dis-
tinguish the heart of an athlete (the athletic heart 
syndrome) from the heart of the non-athlete2 and this 
should be regarded as a normal physiological response 
to exercise. Th e heart responds to increased demand 
by increasing its rate and contractility. Structural 
adaptations occur aft er long-term increased demand, 
which may result from pressure overload, associated 
with resistance training, or volume overload, associ-
ated with endurance training.3

In response to chronic pressure overload (e.g. 
weightlifting and throwing athletes), there is an 
increase in septal and free wall ventricular thickness. 
In response to chronic volume overload (e.g. distance 
running athletes), the left  ventricular end diastolic 

diameter increases with a proportional increase in 
the ventricular wall thickness. Athletes who combine 
weight training and endurance activities (e.g. cycling, 
rowing) have a cardiac structure that is between these 
two extremes.3 Th ese overload changes are shown in 
Figure 45.1. In keeping with the recent recognition 
of the benefi ts of resistance training for the cardio-
vascular system, the American Heart Association now 
recommends it as part of the exercise prescription for 
cardiovascular health.4

It is important that clinicians are able to dis-
tinguish between cardiovascular adaptations to 
exercise and cardiovascular changes that may 
suggest disease. The possible changes in physical 
examination findings in the cardiovascular system 
of athletes are shown in Table 45.1.

ECG/EKG (hereon referred to as ECG) changes 
are also seen in athletes.5 Th ese are summarized in 
Table 45.2. Athletes will usually have evidence of 
cardiac enlargement on chest X-ray. Echocardiogram 
fi ndings will vary depending on the type of training 
performed, as mentioned above. Endurance athletes 
may also have false positive thallium stress scans 
(see p. 815).

Palpitation
Th e symptoms of palpitation in association with 
physical activity may be of no consequence but they 
may also be of concern, particularly if accompanied 
by exertional chest pain and/or syncope. Typically, 
however, variations in heart rhythm in athletes are 
benign and do not preclude participation in sport.

Th e athlete may use terms such as ‘pounding’, 
‘fluttering’, ‘flopping’ and ‘skipping’ to describe 
palpitation.
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Clinical approach

Th e mode of onset and off set of palpitation helps 
distinguish an underlying sinus tachycardia from 
other causes of tachycardia (ectopic tachycardias). 
Th e ectopic rhythms characteristically begin instan-
taneously, while sinus tachycardia has a more gradual 
onset and ends over seconds or minutes. Th e history 
should also include any previous episodes or symp-
toms (e.g. syncope or near-syncope, dizziness, chest 
pain or discomfort, seizures), recent medication or 
recreational drug use, eating disorders and a history 

of congenital heart disease or previous cardiac sur-
gery. Th e practitioner should ask if there is any family 
history of cardiac events including sudden death, 
arrhythmias or congenital cardiac conditions.

Other causes of palpitation include thyrotoxicosis, 
hypoglycemia, adrenalin (epinephrine)-producing 
tumor, fever and drugs. Palpitation can be associated 
with the use of tobacco, caff einated products, alcohol, 
adrenalin (epinephrine), ephedrine, aminophylline 
(asthma) or thyroid medication.

Th e physical examination must not be limited 
to the cardiovascular system otherwise causes of 
arrhythmias such as thyrotoxicosis will be missed. 
If the patient is seen during an attack, carotid sinus 
massage can help diagnose supraventricular tachy-
cardia. An ECG during an attack usually provides a 
defi nitive diagnosis. When this cannot be obtained, 
Holter (ambulatory) monitoring and exercise ECG 
testing can prove useful (see p. 814).

Management

Th e approach to management of the athlete present-
ing with palpitation is shown in Figure 45.2. A task 
force of cardiologists has published comprehensive 
guidelines for the management of specifi c arrhyth-
mias in athletes6, 7 and we recommend a specialist 
cardiologist assess any athlete with palpitation who 
is proven to have an arrhythmia6, 7 because treatment 
protocols and medications are updated regularly. Th e 
treatment of common arrhythmias is summarized in 
Tables 45.3 and 45.4.

Th e practitioner must determine whether or not 
an athlete has a structural lesion underlying the 

Figure 45.1 Cardiac adaptations to chronic exercise

Table 45.1 Findings on cardiovascular examination in 
athletes

Signs Findings in athletes

Resting pulse rate Decreased or normal

Jugular venous pressure Normal

Blood pressure Normal or decreased

Left ventricular size Increased

Apex beat Displaced laterally

Edema Always abnormal

Heart sounds
 • First, second
 • Third
 • Fourth

Normal
Often occur (‘physiological’)
May occur in athletes 

but if present warrants 
cardiological assessment

Systolic murmurs Frequent
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Table 45.2 Electrocardiograph changes seen in athletes

ECG fi nding Normal population (%) Athletes (%)

Sinus bradycardia 24 50–80

Sinus arrhythmia 2–20 14–70

First-degree atrioventricular block <1 6–33

Second-degree atrioventricular block <0.1 0.1–10

Third-degree atrioventricular block <0.001 0.02

Atrial fi brillation 0.004 0.06

Premature ventricular contractions (>5 per hour) 43 33

Runs of ventricular tachycardia 6.5 0

Left ventricular hypertrophy (on ECG) <0.1 14–85

Repolarization abnormalities (ST segment elevation) 2 40–100

Figure 45.2 Clinical approach to the athlete with palpitation
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palpitation and arrhythmia. Even if the arrhythmia 
can be controlled, a structural heart abnormality may 
preclude full athletic participation, depending on the 
nature of the lesion. For example, persons with the 
congenital long QT syndrome, a cause of ventricular 
tachycardia, should be excluded from competitive 
sports because of the risk of sudden death.6, 7

Note that beta-blockers, a common therapy for 
arrhythmia, are not well tolerated by athletes as they 
reduce exercise tolerance. Furthermore, beta-blockers 
are on the World Anti-Doping Agency’s list of banned 
substances in certain sports (Chapter 61) because they 
cause a lengthening of diastole, which is an advantage 
in precision sports such as shooting.

Syncope
Syncope is defi ned as a generalized weakness of 
muscles, with loss of postural tone, inability to stand 
upright and a loss of consciousness. Th e term faint-
ness, or presyncope, refers to lack of strength with a 
sensation of impending loss of consciousness. At the 
beginning of a syncopal attack the patient is usually in 
the upright position. Nausea and sometimes vomiting 
may accompany these symptoms. Th ere is a striking 
pallor or ashen gray color of the face and very oft en 
the face and body are bathed in cold perspiration. 
When there is time, the patient may take protection 
against injury; sometimes syncope occurs suddenly 
and without warning.

Table 45.3 Treatment of cardiac arrhythmias that have a regular heart rate

Diagnosis Underlying cause Treatment
Sports participation 
(guidelines only)

Sinus tachycardia Anxiety, fever, anemia, 
thyrotoxicosis

Treat underlying disease if 
present, exclude structural 
abnormality

Generally full

Supraventricular 
tachycardia

None (60%), drugs, 
tobacco, caff eine, 
Wolff –Parkinson–White 
syndrome, thyrotoxicosis

Valsalva maneuver, carotid 
sinus massage, verapamil, 
adenosine

Athletes whose 
symptoms are controlled 
and who have no 
structural abnormality 
can participate in all 
sports

Wolff –Parkinson–White 
syndrome

Atrioventricular bypass 
tract

Pharmacological, including 
calcium channel blockers, 
quinidine, fl ecainide.
Surgical ablation of 
abnormal bypass tracts

Athletes over 20 years 
who are free of 
structural heart 
disease, palpitation 
and tachycardias 
can participate in all 
competitive sports after 
appropriate work-up

Sinus bradycardia Physiological, acute 
myocardial infarction, 
hypothyroidism, 
hypothermia, sinoatrial 
node disease

Nil if asymptomatic; treat 
underlying disease if 
present

Full sports participation 
if physiological or 
underlying condition is 
treated

Atrial fl utter May be caused by 
structural heart disease

Beta-blockers, calcium 
antagonist, other cardiac 
drugs, DC cardioversion

When rhythm is 
controlled with 
pharmacotherapy, 
participation is 
permitted in low-
intensity sports.
Successful control for 
3–6 months permits 
return to all competitive 
sports if there is no 
structural abnormality
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Syncope may be due to reduced cerebral blood 
fl ow, alteration of blood physiology or cerebral events. 
Cerebral blood fl ow is reduced by loss of vasocon-
strictor mechanisms (e.g. postural hypotension), 
loss of circulating blood volume (e.g. blood loss), 
mechanical obstruction of venous return (e.g. Valsalva 
maneuver in weightlift ing), reduced cardiac output 
and arrhythmias. Syncope is more likely to occur with 
normal cerebral blood fl ow if the blood itself is altered 
(e.g. anemia, hypoglycemia). Syncope can also arise 
from cerebral events (e.g. cerebral ischemic attacks, 
emotional disturbances).

In an athlete with syncope, the sports medicine 
practitioner must determine whether the syncope 
occurred during or aft er sport.8,9 If syncope occurs 
immediately the athlete stops being active, such as at 
the end of an endurance event, syncope is likely to be 
due to the pooling of blood in the lower limbs in the 
absence of muscular contraction to pump the blood 
back to the heart.8,9 Th is sudden reduction in blood 
pressure is a common cause of syncope and has been 
labeled as exercise-associated collapse (Chapter 53). 
Th e athlete should be placed in a head-down posi-
tion with the legs and pelvis elevated and he or she 

Table 45.4 Treatment of cardiac arrhythmias that have an irregular heart rate

Diagnosis Underlying cause Treatment
Sports participation 
(guidelines only)

Atrial fi brillation Thyrotoxicosis, alcohol, 
illicit drugs, myocardial 
ischemia, pericarditis, 
digoxin

Digoxin, intravenous 
verapamil, beta-blockers, 
treat underlying disease, 
DC cardioversion

If there is no 
structural heart 
disease, participation 
is permitted if the 
ventricular rate in 
exercise can reach the 
expected rate of sinus 
tachycardia.
If structural heart 
disease is present, 
recommendation 
depends on the lesion 
present. If taking 
anticoagulants, should 
not participate in 
contact sports because 
of risk of bleeding 
complications

Premature ventricular 
complexes

None (50%), stress, 
caff eine, sleep deprivation, 
alcohol, ischemia, 
digoxin, cardiomyopathy, 
low serum potassium 
concentration

Treat cause as appropriate In the absence of 
symptoms and 
structural heart disease, 
athletes may participate 
in all activities.6, 7 Restrict 
to low-intensity sport 
when rhythm worsens 
with exercise or when 
structural heart disease 
is present

Ventricular tachycardia Generally structural, most 
commonly ischemic heart 
disease, cardiomyopathy, 
metabolic disturbances, 
drug toxicity, prolonged 
QT syndrome

Specialist assessment 
mandatory and 
may include cardiac 
catheterization and 
electrophysiological study

If no structural lesion, no 
sports participation for 
6 months following the 
last episode; monitor 
clinically.
If structural heart 
disease is present, 
low-intensity sports only 
as long as there are no 
recurrences6
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will most likely recover quickly and spontaneously.9 
Although this is a benign condition, other causes of 
syncope should be excluded by clinical assessment. 
Th ere is no indication for routine investigation of 
this syncope.

If, on the other hand, an athlete has one or more 
syncopal attacks during sporting activities, it may indi-
cate a serious medical problem. Th ese patients should 
be thoroughly assessed by taking a history, physical 
examination and appropriate investigations.

 It is important to note that syncope while exer-
cising indicates a serious medical problem.

History

Once the athlete is stabilized (Chapter 44), it is 
essential to inquire about the following risk factors 
for cardiac disease:

• a family history of cardiac events in fi rst- and 
second-degree relatives at an age younger than 
65 years

• diabetes mellitus
• a history of valvular disease, including 

rheumatic fever
• hypercholesterolemia, hypertension, smoking.

Th e patient should be asked about chest pain, 
palpitation, unusual shortness of breath with exercise, 
or previous episodes of light-headedness, dizziness 
or collapse.

Examination

Even in the presence of signifi cant structural cardiac 
abnormality, examination may be normal. Cardio-
vascular examination focuses on the nature of the 
carotid pulse for valvular disease, and the quality of 
the apex beat and auscultation for heart sounds and 
murmurs. If a murmur is present, it should be tested 
with the patient performing the Valsalva maneuver 
and also a squat (see below). Th ese clinical tests are 
aimed at detecting hypertrophic cardiomyopathy and 
valvular disease.

Investigations

Investigations should include chest X-ray, ECG, 
exercise stress test and echocardiogram, which are dis-
cussed later in this chapter. Although supraventricular 
tachycardia is uncommonly associated with syncope, 
patients with Wolff –Parkinson–White syndrome are 
susceptible to syncope and this may need investigation 
with electrophysiological studies (see p. 816) to defi ne 

the mechanism and pathway of the tachycardia.10 
Tilt table testing may be used to assess the athlete’s 
susceptibility to further syncopal episodes.

Heart murmur
Heart murmurs occur in both normal and athletic 
populations. In the case of an athlete, a heart murmur 
is usually detected as part of a screening examination 
(Chapter 57). Th e clinician must determine whether 
the heart murmur is ‘innocent’ or signifi cant.

An innocent fl ow murmur is usually a short sys-
tolic murmur that can be diff erentiated from the 
murmur of aortic stenosis, which produces a harsh 
crescendo–decrescendo murmur radiating to the 
neck. Diastolic murmurs are always pathological 
and require further investigation. Th e more common 
causes of heart murmurs are shown in Table 45.5. An 
uncommon cause of heart murmurs with potentially 
serious complications for the athlete is hypertrophic 
cardiomyopathy. Th e clinical approach to the athlete 
with a heart murmur is shown in Figure 45.3.

Chest pain
Th e diagnosis and treatment of the athlete with chest 
pain of musculoskeletal origin has been discussed 
in Chapter 20. Although musculoskeletal causes, 
including referred pain from the thoracic spine, are 
common in young athletes, the practitioner must 
consider the possibility of a cardiac or pulmonary 
cause. Chest pain can originate in a number of struc-
tures, including the myocardium, pericardium, great 
vessels, esophagus, lungs, chest wall, thoracic spine 
and breast. Th e main diff erentiating features between 

Table 45.5 Causes of heart murmurs

Timing of the murmur Cause

Systolic Normal ‘fl ow’ murmur
Aortic sclerosis
Aortic stenosis
Hypertrophic 

cardiomyopathy
Pulmonary stenosis
Atrial septal defect
Ventricular septal defect
Mitral incompetence

Diastolic Aortic incompetence
Mitral stenosis

Continuous Coarctation of the aorta
Patent ductus arteriosus
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pain originating from the thoracic spine and chest 
pain from myocardial ischemia have been described 
in Table 20.3.

Important cardiac causes of chest pain include 
coronary artery disease, aortic stenosis, hypertrophic 
cardiomyopathy and acute pericarditis. Vascular 
causes of chest pain, such as aortic dissection and 
pulmonary embolism, although rare, have occurred 
even in young athletes.

Th e clinical approach to the patient with chest pain 
of suspected cardiac origin11 is shown in Figure 45.4. 
If coronary artery disease is detected, treatment may 
be medical or surgical depending on the extent of 
the disease. If coronary artery disease is not detected, 
the patient should be reassured and the practitioner 
should perform a thorough examination of the respi-
ratory, gastrointestinal and musculoskeletal systems, 
paying particular attention to the thoracic spine.

Sudden cardiac death
Sudden cardiac death related to exercise is uncommon 
but it is perhaps the single biggest challenge to sports 
medicine practitioners.12, 13 Although the overall risk 
of sudden death due to cardiac causes is substantially 
reduced in those who exercise regularly,14,15 the risk 
is temporarily increased during exercise. Recent 
prospective studies suggest this increase is very slight 
in most individuals.16

Th e likelihood of any particular condition being 
the cause of the sudden death varies according to the 
age of the athlete. It is convenient to divide athletes 

into two groups—those under the age of 35 years 
and those over 35 years. Most young athletes who 
die suddenly show evidence of a structural congenital 
cardiovascular lesion, most commonly hypertrophic 
cardiomyopathy (Table 45.6). Coronary artery disease 
is the leading cause of sudden death in athletes over 
the age of 35 years. Other less common causes in that 
age category are mitral valve prolapse, acquired valve 
disease and hypertrophic cardiomyopathy.

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy (HCM) is generally 
regarded as the most common cause of sudden cardiac 
death in athletes, accounting for 36% of deaths in one 
study.17 HCM is a primary disease of cardiac muscle, 
characterized by a hypertrophied but non-dilated left  
ventricle. It occurs in up to two per 1000 of the gen-
eral population and is a primary and familial cardiac 

Figure 45.3 Clinical approach to the athlete with a 
heart murmur

Figure 45.4 Clinical approach to the athlete with 
chest pain of suspected cardiac origin

Brukner-E-44–55.indt   809Brukner-E-44–55.indt   809 5/6/06   3:49:40 PM5/6/06   3:49:40 PM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL810

PART E MANAGEMENT OF MEDICAL PROBLEMSE

malformation with a heterogeneous expression and 
a diverse clinical course for which disease-causing 
mutations in 10 genes encoding sarcomeric and 
regulatory proteins have been reported.18

Th ere are two types of HCM, the obstructive type 
and the much more common non-obstructive type. 
Th e anatomical features of this condition include an 
increased heart weight (>360 g) and asymmetrical 
ventricular wall thickening.

Unfortunately, sudden death is frequently the fi rst 
indication of the presence of HCM. About 90% of 
deaths in athletes caused by HCM occur in males, 
which partly refl ects higher participation rates and 
more intense activity levels. About 60% of athletes 
were high school age at the time of death.18 Most 
athletes had been symptom free and not suspected 
of having cardiovascular disease. Sudden collapse 
was usually associated with exercise, predominantly 
in the late aft ernoon or early evening.

In those who had prodromal symptoms, the most 
prominent were exertional dyspnea (the most com-
mon symptom), chest pain, palpitation as well as 
presyncope and syncope. In patients with associated 
obstruction to left  ventricular fl ow (the obstructive 
type of HCM), the diagnosis may be suggested by 
a characteristic rapid, jerky upstroke of the carotid 
pulse, a double or triple apex beat and the presence of 
a systolic cardiac murmur that increases in intensity 
during the Valsalva maneuver or while standing and 
decreases with squatting. Th ere may be a fourth heart 
sound. A number of patients with HCM have typical 
clinical fi ndings at rest; however, the majority have 
no symptoms because they either have no, or mini-
mal, obstruction to left  ventricular outfl ow at rest. 
Th e sensitivity of physical examination is therefore 
relatively low.

Patients with HCM generally have ECG evidence of 
left  ventricular hypertrophy, ST segment and T wave 
abnormalities, and occasionally prominent Q waves. 
Although the ECG changes are not specifi c for this 
condition, a normal ECG makes the diagnosis of 

hypertrophic cardiomyopathy unlikely. Chest X-ray 
may demonstrate an enlarged heart but most patients 
with hypertrophic cardiomyopathy have normal 
chest X-rays.

Echocardiography is the investigation of choice 
in cases of HCM. A hypertrophied, non-dilated left  
ventricle in the absence of other diseases strongly 
suggests the diagnosis of HCM. Th e HCM disease 
spectrum has been characterized by considerable 
diversity of patterns and extent of left  ventricular 
hypertrophy. While the anterior ventricular septum 
is usually the predominant region of hypertrophy, 
virtually all patterns of left  ventricular hypertrophy 
occur in HCM. For example, although many patients 
show diff usely distributed hypertrophy, about 30% 
demonstrate localized wall thickening confi ned to 
only one left  ventricle segment.

Absolute thickness of the left  ventricle wall is 
nearly always greater than 15 mm (0.6 in.) but var-
ies greatly, with the average being 21–22 mm (1 in.). 
Some patients, however, show only a mild increase 
up to 15 mm (0.6 in.), including a few genetically 
aff ected individuals with normal thickness (<12 mm 
[0.5 in.]). Wall thicknesses of 13–15 mm (0.5–0.6 in.) 
represent a ‘gray zone’ of diagnostic uncertainty. 
Patterns of wall thickening in HCM are oft en strik-
ingly heterogeneous, involving non-contiguous left  
ventricle segments. Transitions between thickened 
areas and regions of normal thickness are oft en sharp 
and abrupt.18 Echocardiography may also reveal 
marked systolic anterior motion of the mitral valve 
and mid-systolic closure of the aortic valves. Th ere is 
normal or increased systolic contractility.

Diff erentiating between HCM and 
athlete’s heart

Th e septal thickness in cases of ‘athlete’s heart’ rarely 
exceeds 15 mm (0.6 in.), whereas in cases of HCM 
the septum is usually at least 15 mm (0.6 in.) thick,17 

although in some young athletes, wall thicknesses of 

Table 45.6 Causes of sudden death of cardiac origin of athletes under the age of 35 years

Common Less common

Hypertrophic cardiomyopathy
Congenital coronary artery anomalies
Aortic rupture (e.g. Marfan’s syndrome)

Myocarditis
Mitral valve prolapse
Aortic stenosis
Arrhythmogenic right ventricular dysplasia
Conduction abnormalities, including Wolff –Parkinson–White syndrome
Prolonged QT syndrome
Dilated cardiomyopathy
Coronary artery disease
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13–15 mm (0.5–0.6 in.) are consistent with a rela-
tively mild morphological expression of HCM and 
may be diffi  cult to distinguish from physiological left  
ventricular hypertrophy (athlete’s heart).

An enlarged left  ventricle end-diastolic cavity 
dimension (>55 mm [>2 in.]) is present in more 
than one-third of highly trained elite male athletes.18 
Conversely, the diastolic cavity dimension is small 
(<45 mm [<1.8 in.]) in most patients with HCM.

An abnormal Doppler transmitral fl ow-velocity 
pattern strongly supports the diagnosis of HCM, 
while a normal Doppler study is compatible with 
either HCM or athlete’s heart.18 Elite athletes with 
left  ventricular hypertrophy may show a reduction 
in wall thickness of about 2–5 mm (0.1–0.2 in.) with 
three months of deconditioning. A decrease such as 
this would be inconsistent with pathological hyper-
trophy and HCM.

In athletes in whom the distinction between HCM 
and athlete’s heart cannot be achieved by other 
methods, echocardiographic screening of family 
members may resolve the diagnosis as the presence 
of HCM in a relative is strong evidence for HCM.

Eligibility for sport

Although not all patients with HCM incur the same 
risk for sudden death, diff erentiating subgroups with 
disparate risks has proven challenging. Th e 26th 
Bethesda Conference recommended that ‘athletes 
with the unequivocal diagnosis of HCM should 
not participate in most competitive sports, with 
the possible exception of those of low intensity. 
Th is recommendation includes those athletes with 
or without symptoms and with or without left  ven-
tricular outfl ow obstruction’ (Table 45.7).6 Patients 
with HCM judged to be at high risk should be 
considered for implantation of a cardioconverter 
defi brillator.19

Marfan’s syndrome
Marfan’s syndrome, a genetic disorder of the connec-
tive tissues, has an autosomal dominant inheritance 
caused by mutations in the gene for the fi brillin-1 
protein. Th e prevalence of Marfan’s syndrome in the 
general population is estimated at two to three in 

Table 45.7 26th Bethesda Conference Guidelines for athletic participation for selected cardiovascular abnormalities

Cardiovascular 
abnormality Guideline for exclusion

Hypertrophic 
cardiomyopathy

Exclusion from most competitive/non-competitive sports with possible exception 
of low-intensity sports, regardless of medical treatment, absence of symptoms, or 
implantation of defi brillator

Coronary artery 
abnormalities

Exclusion from all competitive sports. Participation may be considered 6 months after 
surgical correction and after exercise stress testing

Arrhythmogenic right 
ventricular dysplasia

Exclusion from all competitive sports

Mitral valve prolapse Exclusion if history of syncope associated with arrhythmia, family history of mitral valve 
prolapse and sudden death, documented arrhythmia, or moderate-to-severe mitral 
regurgitation

Marfan’s syndrome Exclusion from contact sports. Patients with aortic regurgitation and marked dilatation 
of the aorta are excluded from all competitive sports. Others may participate in 
low-intensity sports, with biannual echocardiography

Long QT syndrome Exclusion from all competitive sports

Myocarditis Athletes with a history of myocarditis in previous 6 months banned from all competitive 
sports

Wolff –Parkinson–White 
syndrome

Patients with normal exercise testing +/– electrophysiological study may be eligible for 
participation in all sports

Coronary artery disease Individual risk assessment based upon ejection fraction, exercise tolerance, presence 
of inducible ischemia or arrhythmias, and presence of hemodynamically signifi cant 
coronary stenoses on angiography
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10 000. Family history is negative in approximately 
one-third of patients with Marfan’s syndrome and 
presumed to be due to a new mutation.20

Aff ected individuals have multisystem involvement 
including the cardiovascular (heart and aorta), ocular 
and musculoskeletal systems. Aortic root aneurysm 
rupture or dissection is the most common cause of 
sudden death. Mutation of the fi brillin gene results 
in abnormal structural integrity of the ascending 
aorta. Th e aortic root dilatation starts at the sinuses 
of Valsalva and extends distally. Th e common clini-
cal features are tall stature, wide arm span, pectus 
excavatum chest deformity, myopia, hypermobile 
joints and a cardiac murmur. Mitral valve prolapse 
and regurgitation typically occur when Marfan’s 
syndrome manifests in infancy.

Th e diagnosis depends on the presence of major 
criteria in a number of organ systems. If a primary 
relative has Marfan’s syndrome, the diagnosis is 
likely if two organ systems are involved with at least 
one major manifestation, such as lens dislocation, 
cystic medial necrosis of the aorta resulting in aortic 
dilatation/aortic dissection, or the central nervous 
system abnormality, dural ectasia.

To make the diagnosis in the absence of a family 
history, skeletal features are required in addition to 
two of the major manifestations listed above. Th e 
skeletal features of Marfan’s syndrome include a 
high arched palate, long tubular bones, wide arm 
span and hyperfl exible joints. Note that these skeletal 
‘abnormalities’ may provide a benefi t in sports such 
as basketball and volleyball, so clinicians covering 
sports with tall athletes should maintain an index of 
suspicion for this condition.

Investigations that may be helpful in the athlete 
with suspected Marfan’s syndrome include chest X-ray 
(which may occasionally suggest aortic dilatation) 
and, more importantly, echocardiography. Th is should 
be performed whenever there is clinical suspicion of 
Marfan’s syndrome. Magnetic resonance angiography 
(MRA) is becoming used more widely as an effi  cient 
means of imaging the aortic arch.

If the diagnosis is suspected, the athlete should be 
referred to appropriate subspecialists, as defi nitive 
diagnosis is not straightforward, particularly when 
there is no family history. Th e complexity of diagno-
sis arises because the entire list of manifestations of 
Marfan’s syndrome is lengthy and conditions such as 
homocystinuria and Ehlers-Danlos syndrome mimic 
Marfan’s syndrome.

Th e athlete with Marfan’s syndrome with aortic 
dilatation should avoid vigorous activities. Cardio-
vascular abnormalities cause death in 95% of cases. If 

no aortic dilatation is present, sport should be limited 
to low-intensity activities.

When the aorta is involved, the primary goal of 
therapy is to slow or prevent progressive dilatation 
of the aortic root. Th e mainstay of treatment is with 
beta-blockers and regular echocardiography to detect 
progressive dilatation. Early surgical intervention for 
aortic and mitral valve replacement is warranted when 
the disease has progressed.21

Coronary artery disease
Coronary artery disease is the most common cause 
of exercise-related deaths in those aged over 35 years 
and an infrequent cause of sudden death in athletes 
under that age. Typical symptoms of coronary artery 
disease include classic angina (a pressure-type pain 
in the chest) or similar discomfort in the neck, jaws, 
shoulders, arms and back, precipitated by exercise, 
that disappears with the cessation of activity.

Nevertheless, prodromal symptoms are common 
prior to exercise-related deaths but are frequently 
ignored by the athlete, who considers the pain to be 
of musculoskeletal, rather than cardiac, origin.

Other signifi cant cardiac 
conditions
Congenital anomalies of the 
coronary arteries

A number of congenital anomalies of the coronary 
arteries exist and may result in sudden death in 
athletes. Th e abnormality most oft en associated with 
sudden death in exercise is the anomalous origin of 
the left  coronary artery from the right (anterior) sinus 
of Valsalva. Th e aberrant artery passes between the 
aorta and the right ventricular outfl ow tract, with a 
potential risk of compression, especially following 
exercise. Clinical recognition depends on careful 
evaluation of athletes with symptoms of exertional 
chest pain or syncope. Coronary angiography will 
confi rm the diagnosis.

Arrhythmogenic right ventricular dysplasia

Arrhythmogenic right ventricular cardiomyopathy/
dysplasia is a rare condition in most countries but 
appears to have an increased prevalence in the Veneto 
region of north-eastern Italy where it is the major 
cause of sudden death in young athletes.22 Th e patho-
physiology involves fi brofatty replacement of the 
right ventricular myocardium, producing an unstable 
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substrate from which lethal arrhythmias may arise. 
Frequently the fi rst manifestation of the disease is 
sudden death. Some patients complain of palpitations 
and syncope. Ventricular arrhythmias ranging from 
isolated premature ventricular beats to sustained 
ventricular tachycardia are the most common clinical 
presentation. Echocardiography may demonstrate 
right ventricular wall motion abnormalities or abnor-
mal morphology.

Myocarditis

Myocarditis is an infl ammatory process involving 
the myocardial wall, which can be precipitated by a 
number of bacterial, viral and other agents. Most cases 
of acute myocarditis are of viral origin and coxsackie 
B virus is the most commonly identifi ed pathogen. 
The condition is important because it has been 
implicated in sudden cardiac death due to ventricular 
arrhythmia in athletes.23 Clinical diagnosis relies on a 
recent history of myalgia, combined with chest pain, 
fatigue, dyspnea and palpitation. Congestive cardiac 
failure may develop. Arrhythmias and heart block 
may develop. When evaluating an athlete with an 
acute illness, a tachycardia out of proportion to other 
systemic features should alert the clinician to the 
possibility of myocarditis.

Diagnostic tests include erythrocyte sedimentation 
rate, C-reactive protein level and cardiac enzyme 
assay. ECG changes may be non-specifi c. Acute and 
convalescent antibody titers may yield a causative 
agent. An echocardiogram reveals diminished cardiac 
function.

Following myocarditis, the athlete should refrain 
from competitive sport for six months.23 If clinical 
features are normal, ECG and echocardiography at 
rest and during exercise reveal cardiac function and 
dimensions are normal, and Holter monitoring shows 
that there are no arrhythmias with activities of daily 
living, the athlete may return to competition.6

Arrhythmia and conduction abnormalities

A number of rare abnormalities may occasionally 
cause sudden death in young athletes. Th ese include 
congenital long QT syndrome, Wolff –Parkinson–
White syndrome, idiopathic ventricular tachycardia 
and Brugada syndrome.

Congenital long QT syndrome is a familial disease 
characterized by a prolonged QT interval in the 
ECG, and cardiac symptoms (ranging from minor 
symptoms such as dizziness, to major events such as 
seizure, syncope and sudden death) result from the 
precipitation of ventricular tachyarrythmias.24 Th e 

incidence is estimated as one in 7000–17 000 and 
usually the heart is completely normal on examina-
tion. Treatment with beta-blockers has been shown to 
reduce the incidence of syncope and sudden cardiac 
death, but athletes with this condition are advised to 
participate in low-intensity activities only.

Wolff –Parkinson–White syndrome is the result 
of an accessory pathway between the atrium and 
ventricle. ECG displays a short PR interval with a 
delta wave, and conduction of arrhythmias at supra-
physiological rates (>300 beats/min). Treatment of 
symptomatic patients is with radiofrequency ablation. 
If athletes are free of symptoms three to six months 
aft er radiofrequency ablation, then they can resume 
sport with no limitations.25

Idiopathic ventricular tachycardia is a rare cause 
of sudden death that originates from one of the 
ventricular outfl ow tracts. It can also be treated with 
radiofrequency ablation and, following successful 
treatment, sport may be resumed.

Brugada syndrome, characterized by an ECG 
showing right bundle branch block and ST eleva-
tion in the right precordial leads, can be a marker 
of malignant arrhythmias and a rare cause of sud-
den death.25

Aortic stenosis

Aortic stenosis may be congenital, due to rheumatic 
infl ammation of the aortic valve and, in the elderly, 
can result from calcifi c degeneration of the aortic 
cusps. Th is condition is an infrequent cause of sudden 
cardiac death. Patients with severe stenosis should 
avoid physical exertion, even if asymptomatic;26 those 
with mild disease may compete in sports.26

Mitral valve prolapse

Th is condition aff ects 5% of the population and many 
athletes have trivial degrees of mitral regurgitation.27 
However, it can also be associated with sudden cardiac 
death28 so it can be diffi  cult for the sports medicine 
practitioner to manage athletes with this condition. 
We suggest clinicians investigate those patients with 
a positive family history of sudden death, as well as 
those with signifi cant symptoms such as dizziness, 
syncope, palpitation and/or shortness of breath. 
Any physical fi ndings suggesting a body habitus of 
Marfan’s syndrome or that the murmur may be due 
to HCM also warrant further investigation, as does 
an abnormal ECG. Th e majority of athletes who do 
not meet any of those criteria may receive full clear-
ance for sports participation and are at low risk for 
sudden cardiac death.27
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Commotio cordis

Commotio cordis occurs when blunt force trauma 
is applied to the chest (usually via a projectile) that 
results in life-threatening ventricular arrhythmia. It is 
commonly seen in baseball, hockey, lacrosse, soft ball 
and aft er bodily impacts. Th ree determinants of such 
an event have been identifi ed. Th ese include relatively 
low-energy chest impact located directly over the heart, 
precise timing of the blow at a vulnerable period during 
the cardiac cycle, and a narrow compliant chest wall. 
Th e vulnerable period of the cardiac cycle that has been 
identifi ed is a 15–30 ms interval just before the T wave 
peak.29 When impact occurs during this repolarization 
period, transient complete heart block may be induced. 
In approximately 10% of individuals, collapse does not 
occur directly upon impact but may be preceded by 
several moments of relative wakefulness. Th e athlete may 
take a few steps, open his or her eyes, or speak before the 
fi nal cardiac arrest occurs, suggesting a brief period of 
tolerated arrhythmia before circulatory collapse.29

Special cardiac investigations
Tests that are commonly used to aid with diagnosis 
in patients with cardiovascular symptoms and signs 
include echocardiography and exercise stress test. 
Less commonly used tests, particularly in athletes, 
are thallium scans, radionuclide ventriculography, 
Holter monitoring and electrophysiological testing. 
MRA is being used more widely.

Echocardiography

Cardiac structural abnormalities are the major cause of 
cardiac death in athletes under the age of 35 years and 
echocardiography is the most accurate non-invasive 
way to assess cardiac structure. Echocardiography 
uses ultrasound beams of between 2 and 10 megahertz 
(MHz). Th ere are several modes of echocardiography 
to provide a range of data for the clinician. M-mode 
echocardiography provides an ‘ice-pick-like’ view of 
the heart; it detects structures in a one-dimensional 
linear array. Printing this out on a strip recorder, it 
provides a temporal dimension, similar to an ECG 
rhythm strip. Two-dimensional echocardiography 
images a wedge-shaped sector of the heart and allows 
a two-dimensional image to be constructed. Doppler 
echocardiography images blood fl ow within the heart 
and is particularly useful in detecting stenotic or 
regurgitant valves.

Echocardiography is the clinical test of choice for 
left  ventricular hypertrophy and HCM. Th us, it is indi-
cated in patients with presyncopal episodes, syncope, 

shortness of breath, chest pain and a family history of 
sudden death or HCM. Th e test should also be con-
sidered when examination reveals a double systolic 
arterial pulse (bisferiens pulse), a prominent a-wave 
in the jugular venous pulse, a left  ventricular heave, 
a crescendo–decrescendo mid-systolic murmur or a 
fourth heart sound; or if ECG indicates left  ventricular 
hypertrophy, ST segment or T wave abnormalities, or 
Q waves. Echocardiography can be performed when 
the patient is exercising to detect subtle abnormalities 
of wall motion.30, 31

Exercise stress testing

Exercise stress testing on a treadmill is the most com-
monly used test to diagnose and evaluate coronary 
artery disease. It is also used in exercise medicine to 
measure functional capacity as part of the work-up 
for exercise prescription (e.g. aft er myocardial infarc-
tion, in patients with diabetes mellitus). Th e test is 
contraindicated in certain individuals (Table 45.8).

Th e test includes a baseline heart rate, blood pres-
sure and ECG. Th e patient is then asked to exercise 
progressively according to a standard protocol and 
a physician monitors heart rate, blood pressure, 
symptoms and the ECG. It is important to terminate 
the exercise test as soon as any abnormalities occur. 
Th ere are patient, physician and protocol end points 
for exercise testing (Table 45.9).32

Exercise testing does not have 100% sensitivity 
or specifi city so it is not suitable as a screening test 
in a population where the pre-test probability of 
the disease is low.33 For example, a positive test in a 
55-year-old male with angina is associated with a 90% 
probability of disease but the same result in a 45-year-
old asymptomatic male without risk factors is 90% 
likely to be a false positive! Th erefore, determining 
guidelines as to who should undergo exercise testing 
remains challenging.

Exercise testing should be performed for any athlete 
complaining of chest pain or discomfort of possible 
cardiac origin or palpitation. It is also useful to assess 
functional capacity and prognosis in patients with 
coronary artery disease as these individuals will be 
involved in exercise rehabilitation programs. Whether 
or not exercise testing should be performed in those 
aged over 40 years who have been sedentary but 
plan to enter a vigorous exercise program remains a 
subject of debate.34

Both the American College of Sports Medicine 
and Sport Medicine Australia recommend that ‘high-
risk’ individuals (i.e. men over 45 and women over 
55, individuals with more than two cardiovascular 
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risk factors, and those with known disease) undergo 
exercise stress testing before starting a vigorous 
exercise program.35 However, the American College 
of Cardiology and the American Heart Association 
suggest that the use of screening exercise tests is not 
well established by evidence, and that the tests are a 
poor predictor of the major cardiac complications 
(myocardial infarction and sudden cardiac death) 
during exercise.36 Routine exercise testing has not been 
shown to prevent exercise-related acute cardiac events 
and also yields a signifi cant number of false-positive 
tests. A true positive exercise test requires the pres-
ence of a pre-existing hemodynamically signifi cant 

Table 45.8 Contraindications to exercise testing

Unstable or severe cardiac disorders Non-cardiovascular disorders

Recent acute myocardial infarction
Unstable angina
Uncontrolled cardiac arrhythmias
Severe congestive cardiac failure
Severe aortic stenosis
Acute myocarditis, pericarditis or endocarditis
Dissecting aortic aneurysm
Recent pulmonary or systemic emboli
Resting blood pressure >200/>120 mmHg
Acute thrombophlebitis

Active infections
Severe emotional distress
Uncontrolled metabolic diseases (e.g. hyper/hypothyroidism, 

diabetes mellitus)
Neuromuscular, musculoskeletal or arthritic conditions that 

preclude exercise
Other systemic conditions that would make exercise diffi  cult

Adapted from Fardy PS, Yanowitz FG. Cardiac Rehabilitation, Adult Fitness, and Exercise Testing. Baltimore, MD: Williams & 
Wilkins, 1995: 156–244.

Table 45.9 End points for exercise testing

Patient-determined 
end points Physician-determined end points

Protocol end points 
(submaximal tests)

Patient wants to stop Patient appears unwell (e.g. ataxia, confusion, pallor) Heart rate determined 
(e.g. 120 beats/min)

Signifi cant chest 
discomfort

ECG end points: marked ST segment depression or 
elevation; new bundle branch block or atrioventricular 
junctional heart block; ventricular tachycardia or 
fi brillation; increasing frequency of premature ventricular 
complexes; supraventricular tachyarrhythmias

Workload determined 
(e.g. 5 metabolic 
equivalents)

Marked fatigue Exertional hypotension (systolic BP falls below standing 
BP)

Severe dyspnea Systolic BP >250 mmHg

Other limiting symptoms 
(e.g. dizziness, leg cramps, 
joint discomfort)

Diastolic BP >120 mmHg

Equipment failure

BP = blood pressure.
Adapted from Fardy PS, Yanowitz FG. Cardiac Rehabilitation, Adult Fitness, and Exercise Testing. Baltimore, MD: Williams & 
Wilkins, 1995: 156–244.

coronary obstruction, whereas acute coronary events 
oft en involve plaque rupture and thrombosis at the site 
of previously unobstructive atherosclerotic plaque.37 It 
is very rare for this to occur during moderate intensity 
activities such as brisk walking.

Thallium studies

Th allium-201 is the radionuclide most commonly 
used for the evaluation of myocardial perfusion. Th e 
radiolabeled substance is injected intravenously and 
accumulates in viable myocardial cells in proportion 
to myocardial blood fl ow. Areas of myocardium that 
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are poorly vascularized take up less thallium and 
appear as relative defects. Over a period of hours, 
thallium washes out of cells with normal perfusion. 
Th us, defects that improve over time suggest revers-
ible ischemia, whereas defects that persist suggest a 
non-viable myocardium (e.g. infarction).33

Radionuclide ventriculography

Radionuclide ventriculography, or ‘gated cardiac blood 
pool scan’, examines global and segmental cardiac 
function. Th e term ‘gated’ refers to the concept of col-
lecting a series of images and using the ECG rhythm 
to superimpose all of the images at comparable times 
during the sequence of systole and diastole. Th e test 
can be used to calculate ejection fractions, volumes 
and fi lling rates. To obtain a more sensitive test of 
myocardial function, patients can be asked to exercise 
supine on a bicycle ergometer while undergoing this 
test. When the myocardium is diseased, wall motion 
abnormality will increase with exercise and the ejec-
tion fraction will decrease, rather than increase.

Holter monitors and event recorders

Th e most commonly used long-term ECG recording 
system is the Holter monitor, which is generally worn 
for 24 or 48 hours to record a continuous ECG. Th e 
ECG is then analyzed by an automated system that 
prints out selected strips for physician interpretation. 
Event recorders operate in a similar fashion but require 
the patient to trigger the recording.

Electrophysiological studies

Electrophysiological studies are performed by a 
cardiologist placing an electrode catheter via venous 
access into various intracardiac sites. Th e catheters 
record intracardiac electrograms and can deliver 
paced beats to induce arrhythmias if indicated. Th is 
approach is most likely to be used in the athletic 
individual to assess syncope but the diagnostic yield 
is only a small, but important, 10%. Given the invasive 
nature of these tests, electrophysiological studies are 
only indicated when patients have clear symptoms 
and remain undiagnosed aft er a comprehensive non-
invasive assessment.

Prevention of sudden death
Screening asymptomatic patients under the age of 
35 years for the presence of congenital heart disease 
cannot be justifi ed. Th eoretically, to prevent one 
sudden death in this group, it would be necessary to 

screen approximately 20 000 people.28, 38 Th erefore, 
screening must be selective (Chapter 56).

Th e American Heart Association focuses on the 
identifi cation of historical and physical features associ-
ated with increased risk of sudden death.39 Th ese are 
shown in Table 45.10.

Brent Rich has suggested that the following clinical 
fi ndings warrant referral to a cardiologist:40

• new systolic murmur greater than 3/6 intensity
• diastolic murmur
• sudden cardiac death in a fi rst-degree relative
• exercise-induced or unexplained syncope, 

dyspnea or chest pain
• new onset arrhythmias
• fi rst-degree relative with hypertrophic 

cardiomyopathy, Marfan’s syndrome or 
unexplained cardiomyopathy

• signifi cant family history of coronary artery 
disease

• prolonged recovery from viral or systemic 
disease

• exercise prescription for a sedentary individual 
with two or more cardiac risk factors.

It could be argued that following this recommen-
dation will lead to a large number of referrals but we 
agree that if the practitioner has any doubt whatsoever 
when managing cardiac problems in athletes, over-
referral is far preferable to under-referral.

Table 45.10 American Heart Association 
recommendations for pre-participation screening

Personal history

Exertional chest pain

Heart murmur
Easily fatigued
Syncope
Exertional dyspnea
Systemic hypertension

Family history

Premature sudden death
Heart disease in close relatives younger than 50 years 

of age

Physical examination

Heart murmur
Femoral pulses
Stigmata of Marfan’s syndrome
Blood pressure measurement
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CHAPTER 

46
Respiratory Symptoms 
During Exercise
WITH KAREN HOLZER

The normal functioning of the respiratory system 
is critical to athletic performance. Th e integrity 

of this system results in the delivery of oxygen to the 
blood (and subsequently to exercising muscles) and 
the elimination of waste products such as carbon 
dioxide. Any dysfunction of these processes results in 
impaired performance. A number of medical condi-
tions such as asthma and respiratory infections may 
aff ect performance.

Common respiratory 
symptoms
Th ere are a number of symptoms with which an athlete 
may present that indicate the presence of respiratory 
disease. Th ese include:

• shortness of breath (dyspnea)
• wheeze
• cough
• chest pain or tightness.

Shortness of breath and wheeze

Some degree of breathlessness (dyspnea) is a normal 
physiological response to exercise. Oft en occurring 
during intense exercise, it may represent the reaching 
of maximal exercise and ventilatory capacity. However, 
an individual complaining of excessive shortness of 
breath, chest tightness and/or wheezing, particularly 
during rest or low-intensity exercise, may be suff ering 
from a respiratory or cardiac condition.

Breathlessness is a subjective symptom that can be 
defi ned as an increased diffi  culty in breathing. Despite 
the frequency of this complaint, the exact physiological 
mechanism is unknown. Th e most important cause 

from an athletic point of view is asthma (exercise-
induced bronchospasm [EIB]), which is discussed on 
page 821. In the older athlete, especially with a history 
of smoking, chronic obstructive pulmonary disease 
(COPD) or cardiac ischemia should be considered. 
Dyspnea may be classifi ed clinically as acute, chronic 
or intermittent (see box).

Causes of dyspnea in athletes

Acute
Asthma
Cardiac
Infections
Spontaneous pneumothorax
Pulmonary embolism (rare)
Aspiration of foreign body (can occur in athletes 

with dental prosthesis or those who chew 
gum)

Chronic
Asthma
COPD
Cardiac dysfunction—cardiac failure, ischemia, 

valvular
Anemia
Metabolic disorders (e.g. diabetes mellitus)
Pulmonary dysfunction
Obesity

Intermittent
Asthma (most likely)
Left ventricular dysfunction
Mitral stenosis
Psychological
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Examination of the patient together with the 
history of the dyspnea may indicate the likely cause 
of the dyspnea. It is important to remember that 
examination of both the patient with EIB or cardiac 
ischemia may be normal at rest.

Respiratory function tests (e.g. spirometry) are 
required to further assess dyspnea. Spirometry pre 
and post bronchodilator should be performed, and 
if required a bronchial provocation challenge test 
performed. If a cardiac cause is suspected, an exer-
cise ECG/EKG and echocardiogram are required. 
A chest X-ray is essential to assess for a respiratory 
tract infection, cardiac failure, carcinoma, COPD 
and a pneumothorax. Blood tests, in particular the 
hemoglobin level and iron studies, may be required to 
exclude anemia or severe iron defi ciency. Gastroscopy 
may be required to assess for gastroesophageal refl ux. 
Psychological factors, such as anxiety, are considered 
once other diagnoses are excluded and may require 
further assessment.

Cough

Coughing is such a common symptom that its pres-
ence and severity may be underestimated by both 
patients and clinicians. From the clinical history it 
is important to determine the nature of the cough, 
whether the cough is acute or chronic, productive or 
non-productive, as well as the nature and color of any 
sputum. Th e timing of the cough, whether it occurs 
during the day or night and whether it occurs before 
or aft er exercise, is important. Any associated disease 
such as sinusitis or gastroesophageal refl ux should 
also be noted. It is important to establish whether 
the patient is or has been a smoker or exposed to 
passive smoking.

From this clinical history the etiology of the cough 
may be established. A guide to the causes of acute and 
chronic cough is shown in Table 46.1.

Th e treatment of cough is more likely to succeed 
if a specifi c diagnosis is made and treated appropri-
ately. Th e treatment of asthma and respiratory tract 
infections are discussed on pages 823 and 869. Non-
specifi c treatment for cough (e.g. pholcodine, 10 mg 
6 hourly) may be helpful when the symptoms are 
distressing. Perhaps more eff ective than any medi-
cation is an adequate explanation and reassurance 
when appropriate.

Chest pain or tightness

When considering respiratory symptoms, chest 
pain or tightness is not usually considered; how-
ever, many people with asthma may present with a 

subjective feeling of chest tightness alone. As well as 
the respiratory causes of chest tightness, there are 
other important and even life-threatening causes of 
chest tightness, such as cardiac ischemia. Hence, this 
symptom must be investigated appropriately.

Th e causes of chest pain are set out in Table 46.2. 
Successful treatment depends upon the correct diag-
nosis being made. Prompt investigation of patients 
with this symptom is essential because of a number 
of potentially life-threatening causes.

Investigation of the athlete with chest pain or tight-
ness is very similar to that of the athlete with dyspnea, 
as mentioned above, and may include chest X-ray, 
spirometry, bronchial provocation challenge tests, 
exercise ECG/EKG, echocardiogram, blood tests or 
gastroscopy. Th e investigations should be guided by 
the history and examination fi ndings.

Asthma
Asthma is a chronic infl ammatory disorder of the 
airways in which many infl ammatory cells and cellular 
elements play a role, in particular, mast cells, eosi-
nophils, T lymphocytes, macrophages, neutrophils 

Table 46.1 Causes of cough

Acute Chronic

Upper respiratory tract 
infection
Asthma
Bronchitis
Bronchogenic carcinoma
Foreign body inhalation
Left ventricular failure

Post-nasal drip
Asthma
Chronic bronchitis
Gastroesophageal refl ux
Post-infective cough
Psychogenic
Carcinoma
Interstitial lung disease
Benign tumors of the lung
Drugs (e.g. ACE inhibitors)

ACE = angiotensin-converting enzyme.

Table 46.2 Causes of chest pain or tightness in the 
athlete

Common causes
Conditions not to 
be missed

Asthma
Exercise-induced 

bronchoconstriction
Infection
Chest wall injuries
Referred pain from 

thoracic spine

Cardiac ischemia
Carcinoma
Interstitial lung disease
Herpes zoster (shingles)
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and epithelial cells. In susceptible individuals, this 
infl ammation causes recurrent episodes of wide-
spread but variable airfl ow obstruction that is usually 
reversible, either spontaneously or with treatment. 
Th e infl ammation also causes an increase in exist-
ing bronchial hyperresponsiveness to a variety of 
stimuli. Common stimuli or triggers include upper 
respiratory tract infections, cigarette smoke, exercise, 
inhaled allergens (e.g. dust mite, pollens), emotional 
triggers (e.g. stress, laughter), changes in temperature 
and weather, and environmental factors (e.g. dust, 
bush fi res, pollution).

Epidemiology

Th e incidence and prevalence of asthma reported 
depends on the age of the population studied, the 
nature of the population and the criteria used for 
diagnosis. Asthma is more prevalent in developed 
countries, and it is thought by some that the ‘clean’ 
lifestyle in these countries may contribute. Although 
20–30% of people have experienced wheezing in the 
last 12 months, this is usually transient in response 
to a viral infection. Australia has the second highest 
prevalence of current established asthma in the world, 
with a prevalence of 12%. New Zealand has the high-
est prevalence at 15%, while in the United Kingdom 
and the United States the prevalences are 9% and 
7% respectively. In Australia, 1 in 4 children, 1 in 7 
adolescents and 1 in 10 adults have current established 
asthma. Asthma is more common in children than 
adults, with over half the cases developing in child-
hood and another third before the age of 40. Genetic 
factors are thought to play a role.

Clinical features

Th e characteristic symptoms of asthma are:

1. cough—dry, irritating and persistent, oft en 
worse in the early morning or late at night

2. wheeze
3. shortness of breath
4. chest tightness.

However, since the degree of airway narrowing and 
obstruction varies with the condition and treatment, 
the symptoms can also vary from being absent, to low 
grade and occasional through to severe and persistent. 
Th e symptoms are usually reversible, either spontane-
ously or with treatment.

 Th e absence of a wheeze does not exclude 
the diagnosis of exercise-induced broncho-
constriction.

 Types of asthma

Historically, a distinction was made between intrinsic 
(non-allergic) and extrinsic (allergic) asthma in the 
International Disease Classifi cation. Th is distinction 
is now rarely applied as it has been shown that the 
two types of asthma share many of the same patho-
logical features.

Most existing guidelines classify patients with 
asthma as having intermittent or persistent asthma 
based on the severity of asthma, as determined by the 
patient’s symptoms and spirometry before treatment 
is commenced. Importantly, the classifi cation may 
change with time and a severe episode of asthma may 
occur in any of the groups.1 Th e current classifi cation 
of asthma is outlined below.

1. Mild intermittent asthma:
• Symptoms occur less than twice a week and 

are not present between asthma episodes
• Asthma episodes are brief (few hours to a 

few days) and may vary from mild to severe
• Night-time symptoms occur less than twice 

a month
• Spirometry when not having an asthma 

episode is 80% or greater than predicted, and 
the peak expiratory fl ow rate (PEFR) varies 
little from morning to aft ernoons

2. Mild persistent asthma:
• Symptoms occur more than twice a week but 

less than once a day
• Asthma episodes interfere with daily 

activities
• Night-time symptoms occur more than twice 

a month
• Spirometry when not having an asthma 

episode is 80% or greater than predicted, 
and the PEFR varies little from morning to 
aft ernoons

3. Moderate persistent asthma:
• Symptoms occur daily and inhaled short-

acting asthma medications are used every 
day

• Episodes interfere with daily activities, and 
occur more than twice a week and last for 
days

• Night-time symptoms occur more than once 
a week

• Spirometry is abnormal, and is more than 
60% but less than 80% of predicted value; 
the PEFR varies more than 30% between 
morning and aft ernoon readings

4. Severe persistent asthma:
• Symptoms occur all the time during the day
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• Daily physical activities are limited
• Asthma episodes occur frequently
• Night-time symptoms occur frequently
• Spirometry is abnormal and less than or 

equal to 60% of predicted value; the PEFR 
varies more than 30% between morning and 
aft ernoon readings

Precipitating factors

Airway infl ammation appears to be an important 
factor leading to the development of increased airway 
reactivity. A series of immunological and cellular 
events occurs in response to airway ‘triggers’. Mast 
cell degranulation occurs, resulting in the release 
of a number of mediators such as histamine, prosta-
glandins, leukotrienes and cytokines, with a subse-
quent infl ux of infl ammatory cells into the airways. As 
a consequence, infl ammation of the airways results, 
with mucosal edema due to the increased permeability 
of the airway epithelium, mucus production, and con-
traction of the airway smooth muscle, the cumulative 
result being narrowing of the airways, which is the 
pathophysiological hallmark of asthma. Neurological 
factors, possibly mediated by the autonomic nervous 
system via the action of neuropeptides, have also been 
shown to play a role. Th is bronchial hyperreactivity 
may persist and become permanent.

Bronchial hyperreactivity may occur in response to 
specifi c stimuli, such as house dust mite (Dermatopha-
goides pteronyssinus) or fungal spores (e.g. Aspergillus 
fumigatus). It may also occur in response to non-specifi c 
stimuli such as cold, dust, smoke and exercise. Th e role 
of food allergy in asthma remains controversial. Food 
intolerance does not necessarily indicate an allergic 
mechanism. Most cases of asthma induced by specifi c 
food intolerance are evident from a carefully taken 
history, so elaborate exclusive diets are not warranted 
and have generally been disappointing. Skin prick tests 
and radioallergosorbent tests (RAST) may be helpful 
in confi rming the patient’s atopic status and also in 
establishing certain allergies (e.g. to house dust mite) 
but have no role in the diagnosis of ‘food allergies’.

Drugs may be implicated in the production of 
asthma, especially beta-blocking agents and prosta-
glandin inhibitors such as aspirin (ASA) and NSAIDs. 
Occasionally, drugs used to treat asthma such as ipra-
tropium bromide have been responsible for provoking 
bronchoconstriction.

Psychological factors also can induce asthmatic 
episodes, although they do not produce asthma 
in subjects without underlying airway reactivity. 
Th erefore, stress and emotional disturbance need to 

be taken into account in the overall management of 
asthmatic patients.

Risk factors

Th e main risk factors for the development of and 
worsening of asthma are:

1. Genetic predisposition. Atopy is characterized 
by the body’s production of immunoglobulin E 
(IgE) aft er exposure to common environmental 
allergens. A person with high levels of IgE in 
the blood is more likely to have an allergic 
response when exposed to certain allergens in 
the environment. If a person has a parent with 
asthma, he or she is three to six times more 
likely to develop asthma.

2. Environmental exposures. Th e US Institute 
of Medicine2 studied components in the 
environment that aff ected both the development 
of asthma and the exacerbation of the symptoms 
in someone who already has the disease. Th ese 
are outlined below.
(a) Causal relationship between exposure to and 

the development of asthma in susceptible 
children in regards to:
• house dust mite
•  environmental tobacco smoke—both 

prenatal exposure to maternal smoking 
and environmental exposure aft er birth

•  cockroach allergen
•  respiratory syncytial virus

(b) Four exposures are considered causes of 
asthma exacerbations:
•  cat
•  cockroach
•  house dust mite
•  environmental tobacco smoke

(c) Four additional exposures are associated 
with worsening of the disease:
•  dog allergen
•  fungi or moulds
•  rhinoviruses
•  high level of nitrous oxides

Asthma management

Th e general principles of asthma management are 
listed below.

1. Asthma is an infl ammatory disease and 
treatment should be primarily directed against 
this infl ammatory component.

2. Bronchodilators should be used for the 
relief of symptoms only. Increased use of 
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bronchodilators indicates the need for increased 
anti-infl ammatory treatment.

3. Recognition of symptoms and objective 
assessment of airfl ow obstruction by regular 
peak fl ow rate measurements are essential for 
optimal asthma management.

4. Th e patient must take responsibility for the 
initial assessment and treatment of worsening 
asthma through the use of a predetermined 
self-management plan.

Th e assessment of the severity of an asthma attack 
may be aff ected by the speed of onset of the attack. 
In some cases, severe episodes can occur within 
minutes with little or no warning. All patients should 
be educated to respond appropriately if they fail to 
obtain relief from their usual treatment or if peak 
fl ow rates fall signifi cantly.

Th e patient’s inability to assess and appreciate 
the severity of an asthma attack can result in a delay 
in commencing appropriate treatment. Th is occurs 
because patients determine the severity of their asthma 
by symptoms alone. Symptoms are a poor indica-
tor of severity. Patients can assess airway function 
themselves on a regular basis with the use of a peak 
fl ow meter (Fig. 46.1).

While it is impossible to lay down strict criteria 
for hospital admission, the severity of the attack and 
the previous history of response to treatment are 
the main guides. Continued observation is essential 
once admitted.

Exercise-induced 
bronchospasm
Exercise-induced asthma (EIA) or exercise-induced 
bronchospasm (EIB) is described as a transitory 
increase in airway resistance that occurs following 
vigorous exercise.3

Epidemiology

Although EIB occurs mainly in those with clinically 
recognized asthma—in 80% of asthmatics not taking 
inhaled corticosteroids and in 50% of those that 
do—it has also recently been documented in healthy 
asymptomatic persons. Such studies include those 
performed in schoolchildren, defense force recruits, 
highly trained athletes and skaters. In one study 
performed, 10% of Australian schoolchildren with 
no suggestive history of asthma were found to have 
EIB.4 Th e prevalence of EIB in the total Australian 
population is thought to be 12%, with equal distribu-
tion in both sexes. In elite athletes the prevalence has 
also been shown to be signifi cant.

Th e prevalence of EIB in elite athletes has progres-
sively increased over the years. In the 1976 and 1980 
Summer Olympic games, 9.7% and 8.5% respectively 
of the Australian Olympic athletes reported asthma 
in a physical examination.5 However, in the 2000 
Australian Summer Olympic team 21% of the athletes 
reported asthma or EIB.6 Similarly, in the 1984 US 
Summer Olympic team, 11% reported on a medi-
cal history that they had asthma,7 whereas in the 
1996 Summer Olympic Games, 17% of the athletes 
had asthma, as defi ned by athlete-reported use of 
medication and/or previous diagnosis of asthma by 
a physician.8 A similar high prevalence of EIB was 
seen in the 1998 US Winter Olympic team; 22% had 
asthma defi ned as athlete-reported use of asthma 
medication and/or previous diagnosis of asthma by 
a physician.9 Th e occurrence of asthma was highest 
in athletes performing in endurance sports, such as 
cycling, running, rowing and triathlons, in swimming 
and in winter sports such as cross-country skiing and 
fi gure skating.

Pathophysiology

In most cases, bronchoconstriction does not occur 
during the fi rst few minutes of exercise but rather 
begins during the fi rst few minutes of recovery. Two 
separate theories have been proposed to explain 
how the airway is protected from bronchocon-
striction during exercise but is susceptible aft er Figure 46.1 Peak fl ow meter

Brukner-E-44–55.indt   823Brukner-E-44–55.indt   823 5/6/06   11:41:02 AM5/6/06   11:41:02 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL824

PART E MANAGEMENT OF MEDICAL PROBLEMSE

exercise. In both theories, the primary stimulus for 
broncho constriction is the evaporation of water 
lining the airways secondary to the increased level 
of ventilation.

Gilbert and McFadden have suggested that airway 
cooling during exercise and subsequent warming, 
with reactive hyperemia of the airway tissues aft er 
exercise, is responsible for the major component of 
the post-exercise bronchoconstriction.10 In an alter-
native hypothesis, the osmotic hypothesis, Anderson 
has suggested that it is the increased osmolarity of 
the airway tissues subsequent to the evaporation of 
water that occurs with hyperventilation that results 
in mast cell degranulation and the release of bron-
choconstrictor mediators.11

Over recent years the osmotic hypothesis has 
gained popularity as a number of subsequent stud-
ies have shown that it is changes in the inspired air 
water content but not temperature during exercise 
and recovery that modify the magnitude of EIA.12, 13 
Furthermore, bronchoconstriction may be induced by 
inhaling hypotonic and hypertonic aerosols of saline 
solution, dextrose and urea.14–16

The protection against bronchoconstriction 
throughout the exercise period has been attributed 
to the bronchodilating eff ect of circulating catechol-
amines;17 however, this explanation fails to account for 
why the bronchoconstriction associated with eucap-
nic voluntary hyperpnoea (EVH) is oft en delayed 
until ventilation returns to normal. In an alternative 
explanation, it is thought that the increased tidal 
volume during exercise exerts a protective eff ect on 
the airways, similar to the bronchodilating eff ects of 
a single deep inspiration.

Etiology

Th e actual etiology of EIB in elite athletes appears to 
vary depending on the type of sport that the athlete 
is involved in and regularly performs. EIB is thought 
to develop as a consequence of injury to the airways 
secondary to exposure of the airways to large volumes 
of cold air, allergens, pollens, pollutants, smoke or 
dust. Elite athletes may increase their ventilation 
during intense exercise to up to 200 L/min, and thus 
the load of such substances delivered to the airways 
may be extremely large.

In summer athletes it has been proposed that 
exposure to and inhalation of allergens play a major 
role in the development of EIB,18–21 in winter athletes, 
inhalation of cold air22 and in swimmers, inhalation of 
the gases of chlorine and its metabolites, which form 
a layer on the water surface of all pools.23

Clinical features

During exercise, fl ow rates and volumes actually 
improve in many subjects, in both those with and 
without EIB. When exercise is continued for 6–8 min-
utes, the fl ow rates begin to fall in those with EIB. 
Th e lowest rates are usually, but not always, observed 
5–12 minutes following exercise cessation. It is the 
falling fl ow rates and volumes that is characteristic 
of the ‘asthmatic response’.

Siblings of asthmatics, hay fever suff erers and 
patients with cystic fi brosis may also increase their 
fl ow rates during exercise, but only those with EIB 
show a reduction in excess of 10% aft er cessation of 
exercise.24 When establishing a history of EIB, it is 
important to confi rm that the patient had symptoms 
aft er exercise ceased, not only during exercise.

Most athletes with mild EIB recover spontaneously 
within minutes or soon aft er treatment with a broncho-
dilator; however, more severe bronchoconstriction 
may persist for up to an hour without treatment. 
In 50% of athletes who suff er from EIB, there is a 
period aft er an episode of bronchoconstriction where 
further exercise is followed by either less severe or no 
bronchoconstriction at all. Th is ‘refractory period’ 
may persist for up to 4 hours following the initial 
episode of EIB.

Diagnosis

A clinical suspicion of EIB may be indicated by 
symptoms of:

• shortness of breath
• chest tightness
• wheeze
• a dry cough post exercise
• poor performance
• fatigue.

Oft en the symptoms are made worse when exer-
cising during the pollen season, indoors or in the 
cold air. A fi rm diagnosis of EIB, however, cannot 
be made on symptoms alone as these have been 
shown to be poor indicators of EIB. A number of 
studies have shown that a diagnosis based purely on 
a history of exercise-related respiratory symptoms 
has a high level of misdiagnosis, both over- and 
under-diagnosis.25, 26 Diagnosis thus depends on 
demonstrating a de terioration in lung function, in 
particular the forced expiratory volume in 1 second 
(FEV1), measured by lung spirometry (Figs 46.2, 
46.3) following a recognized bronchial provocation 
challenge test. Previously, reductions in PEFR or 
forced expiratory fl ow (FEF25–75) were also accepted, 
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but these are now discouraged due to problems with 
reliability and reproducibility.

Over recent years the accurate diagnosis of asthma 
or EIB has become crucial in elite athletes. Th e Inter-
national Olympic Committee-Medical Commission 
(IOC-MC) and other major sporting bodies require 
objective evidence of asthma or EIB for athletes to be 
permitted to use asthma medications, in particular 
both short- and long-acting inhaled beta-2 agonists. 
Furthermore, the World Anti-Drug Agency (WADA) 
requires that abbreviated Th erapeutic Use Exemption 
forms (TUEs) be submitted for a number of commonly 
used asthma medications, including inhaled beta-2 
agonists and inhaled corticosteroids for all athletes 
at state level or above.

Bronchial provocation challenge tests

Th e challenge tests are classifi ed as being either direct 
or indirect.

Direct challenge tests

Direct challenge tests, otherwise known as the phar-
macological challenge tests, involve the administra-
tion of increasing doses of a drug, usually histamine 
or methacholine, which acts directly on the airway 
smooth muscle receptors to elicit bronchoconstric-
tion. Th e main problem with this type of challenge 
test is that although they have a high sensitivity for 
detecting bronchial hyperresponsiveness, they have 
a low specifi city for EIB, as both healthy subjects 
and those with other lung diseases may also have a 
positive response. Another disadvantage is that direct 
challenge tests, in contrast to indirect challenge tests, 
cannot be used to assess the response of a patient to 
treatment.

Indirect challenge tests

Indirect challenge tests act indirectly by provoking 
mast cell degranulation and thus the release of media-
tors, which then act on the receptors to elicit narrow-
ing of the airways. Th ey have been found to have both 
a high sensitivity and specifi city for EIB.

1. Exercise challenge test. Th is involves exercising 
the patient on the exercise bike or treadmill 
for a minimum of 4 minutes, but preferably 
for up to 8 minutes, at an intensity suffi  cient to 
raise ventilation to approximately 50% of the 
predicted maximum voluntary ventilation for 
the duration of the exercise. Th is test has the 
disadvantage that in elite athletes a suffi  cient 
level of ventilation cannot be achieved.27

2. Eucapnic voluntary hyperpnea challenge test 
(Fig. 46.4). Th is test requires the voluntary 
hyperventilation of dry air containing 4.9% 
carbon dioxide. One of two protocols may be 
used. Th e progressive protocol involves the 
patient ventilating at each of 30%, 60% and 90% 
of his or her maximum voluntary ventilation 
for a period of 3 minutes. Th e steady state 
protocol involves the patient ventilating at 80% 
maximum voluntary ventilation for 6 minutes. 
Th e progressive protocol is recommended 
for clinically recognized asthmatics, while 
the steady state protocol is recommended for 
asymptomatic subjects, elite athletes, defense 
force recruits and persons with no recent 
history of asthma or in those in whom no 
airway narrowing was elicited in the progressive 

Figure 46.2 Flow volume graph showing normal and 
bronchconstriction pattern

Figure 46.3 Lung spirometry
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protocol. Th is challenge test is the current gold 
standard for the diagnosis of EIB.27, 28

3. Hyperosmolar saline challenge test. Th is test 
requires the administration of increasing doses 
of inhaled 4.5% saline, which is thought to 
increase the osmolarity of the airways and, 
in susceptible individuals, leads to mast cell 
degranulation and release of mediators. Th ese 
mediators then act to provoke airway narrowing. 
Aft er each dose of saline, measurements of lung 
function are recorded. Th e test is aborted when 
the lung function falls by greater than 15% from 
pre-testing levels or when the full dose of 22 mL 
is reached. Th e response is said to be mild when 
the dose causing a fall of 15% is greater than 
6 mL, moderate at 2.1–6.0 mL and severe at less 
than 2 mL. Th is test is particularly valuable for 
assessing a subject’s suitability for scuba diving.27

4. Mannitol challenge test. Similar to the 
hyperosmolar challenge test, this test requires 
the administration of doubling doses of inhaled 
mannitol, which acts to increase the osmolarity 
of the airways, thus leading to mast cell 
degranulation and subsequent airway narrowing 
in those with bronchial hyperresponsiveness. 
Again aft er each dose, airway function is 
measured. Th e test is continued until a greater 
than 15% fall in lung function occurs or a 
cumulative dose of 635 mg of mannitol is 
given Th is test has been shown to have a high 
sensitivity and specifi city for the diagnosis of 
EIB in athletes.29 Th is test has the advantages of 

not being laboratory dependent, unlike those 
above, being safe, not time consuming and 
inexpensive.30 It is currently available only in 
specialized centers.

Each of the above challenge tests involves the 
measurement of lung function, in particular the 
FEV1, PEFR or FEF25–75 for up to 20 minutes follow-
ing the challenge. Th e FEV1 is the most sensitive and 
reliable measure of lung function, and is universally 
accepted. The FEF25–75, which measures the flow 
through the mid portions of the vital capacity, was 
previously considered important in the diagnosis of 
EIB; however, similar to the PEFR, it has been shown 
to have high variability and to be dependent on the 
vital capacity, which can change from pre to post 
exercise. Th us, the diagnosis of EIB based on changes 
in the PEFR or FEF25–75 is neither recommended nor 
accepted by major sporting bodies. Depending on the 
type of challenge test, the accepted fall in the FEV1 
for a positive challenge varies from 10% to 20% and 
must occur within a specifi ed period following the 
administration of the challenge dose, or within a 
specifi c cumulative dose of administered agent. Th e 
IOC-MC accepts a fall of 10% in FEV1 from baseline 
for the EVH and exercise challenge tests, both in the 
fi eld and laboratory, of 15% for the hypertonic saline 
challenge test and of 20% for the methacholine chal-
lenge test (Table 46.3).

It is important on the day of testing that patients 
not undertake any form of exercise prior to the chal-
lenge, and that they withhold their usual asthmatic 
medication, the duration depending on the type of 
medication.

Th e severity of the EIB can be assessed either by the 
percentage fall in the FEV1 in response to a standard 
challenge (e.g. exercise or hyperventilation) (Table 
46.4) or the dose of an agent required to induce a 

Figure 46.4 Eucapnic voluntary hyperpnoea 
challenge test

Table 46.3 Diagnostic criteria for EIB as guided by the 
IOC-MC

Bronchial provocation 
challenge test

Change in FEV1 from 
baseline values

Post bronchodilator Increase by ≥12%

EVH challenge Decrease by ≥10%

Laboratory exercise challenge Decrease by ≥10%

Field exercise challenge Decrease by ≥10%

Methacholine challenge Decrease by ≥20%

Hypertonic saline challenge Decrease by ≥15%
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15% fall in FEV1 (e.g. hypertonic saline or mannitol) 
(Table 46.5).

Th e factors infl uencing the severity of EIB are:31

1. type of exercise—endurance sports, cold 
weather sports and swimming (Table 46.6)

2. duration of exercise
3. intensity of exercise—in general, the more stren-

uous the exercise, the more likely EIB will occur
4. environmental factors:

(a) cold more than warm
(b) dry more than humid
(c) air pollutants (e.g. sulfur dioxide and ozone)

5. interval since last episode of EIB (refractory 
period)

6. underlying bronchial hyperreactivity.

Treatment

Th e treatment of EIB is summarized in the fl ow chart 
given in Figure 46.5.

Non-pharmacological treatment

Most principles of non-pharmacological treatment 
are based on the theory that the primary stimulus 
for EIB is the respiratory water loss.

Masks

Masks capture some of the heat and water on expira-
tion so that it is inhaled in the next inspiration. Th ey 
have been found to be successful in reducing the 
severity of EIB.32

Nose breathing

Nose breathing during exercise has a similar eff ect to 
that of wearing masks.33 However, nose breathing is 
not eff ective in everyone or during vigorous exercise. 
In addition, in some athletes the nasal mucosa is as 
sensitive as the lower airways, leading to nasal stuffi  -
ness, increased secretions and sneeze.

Exercise training

Th e results of exercise training have been controver-
sial. Training has been shown to increase the threshold 
at which EIB occurs.34 Th ere are a few reports of a 
reduced severity in EIB symptoms post training, but 
the majority of studies demonstrate no change in the 
occurrence or degree of EIB.35, 36

Table 46.4 Severity of EIB—exercise/hyperpnea 
challenge test

Severity Fall in FEV1

Mild 10–25%

Moderate 25.1–50%

Severe >50%

Table 46.6 Sports likely to be associated with EIB

Middle/long-distance running
Cross-country skiing
Figure skating
Swimming
Aerobics
Cycling
Dancing
Basketball
Soccer
Rugby

Table 46.5 Severity of EIB—hypertonic saline 
challenge test

Severity Saline (mg)

Mild >6

Moderate 2.1–6.0

Severe <2.1

Figure 46.5 Management of exercise-induced bronchospasm

Brukner-E-44–55.indt   827Brukner-E-44–55.indt   827 5/6/06   11:41:06 AM5/6/06   11:41:06 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL828

PART E MANAGEMENT OF MEDICAL PROBLEMSE

Warm-up

Both submaximal work and short sprints have been 
shown to facilitate marked reductions in EIB for 
subsequent exercise.37–39 It is felt that such warm-ups 
increase bronchial blood fl ow and thus improve water 
delivery to the airways.

Refractory period

Th e refractory period occurs aft er exercise in more 
than 50% of subjects and may be used to lessen the 
severity of EIB.40 Th e exact mechanism whereby a 
person becomes refractory is not known but may be 
secondary to an improved delivery of water to the 
airways during the second episode of exercise. Th is 
eff ect is short-lived (a few hours) and can be inhibited 
by the use of NSAIDs.

Pharmacological treatment

Sodium cromoglycate (cromolyn)

Sodium cromoglycate (cromolyn) is a prophylac-
tic aerosol medication administered in a dose of 
20–40 mg, 5–10 minutes prior to exercise. Its mode 
of action is thought to be that of stabilization of the 
basement membrane of the mast cell, preventing the 
release of the mediators for EIB. It also acts to decrease 
vagal nerve aff erent activity. It is most eff ective within 
2 hours of administration and has been shown to 
prevent both the early- and late-phase asthmatic 
reactions. It has no bronchodilating eff ects so cannot 
be used in the treatment of acute symptoms. It has 
minimal side-eff ects.41

Nedocromil sodium

Like sodium cromoglycate, nedocromil sodium has 
a membrane-stabilizing eff ect, preventing the release 
of mediators from mast cells and other infl amma-
tory cells. It is administered in an inhaled dose of 
4 mg, 5–10 minutes prior to exercise, with a dura-
tion of action of up to 4 hours. It, too, is eff ective 
in preventing the early- and late-phase asthmatic 
reactions but it is ineff ective when used to treat 
acute symptoms.42–44 Although it has minimal side-
eff ects, some patients do complain of the taste of 
this medication.

Beta-2 agonists

Inhaled beta-2 agonists are the most eff ective drugs 
available for the relief of acute asthma symptoms. Th ey 
induce bronchodilation, prevent the release of media-
tors from mast cells, and modify the eff ects of the 
mediators on both the contractility of smooth muscle 
and the permeability of mucosal cells. Although it is 

eff ective in providing rapid symptomatic improvement 
to EIB, it has been found that regular use of beta-2 
agonists actually leads to tolerance to the eff ects of 
these medications and may result in a reduction in 
baseline lung function, poor asthma control in addi-
tion to increased bronchial hyperresponsiveness.45 
Two main types of beta-2 agonists are available:

1. Short-acting agents (e.g. salbutamol [albuterol], 
terbutaline). Th ese agents have a rapid onset 
of action, usually within 5 minutes, with peak 
bronchodilation occurring within 15 minutes. 
Duration of action varies but eff ectiveness 
against EIB usually lasts 3–6 hours. Th ese 
agents are the gold standard for the treatment of 
symptoms of EIB but are not recommended for 
use in the prevention of EIB.

2. Long-acting agents (e.g. salmeterol, formoterol). 
Th ese agents have a slower onset of action and, 
as such, cannot be used in the treatment of 
symptoms of EIB. Th e onset of action usually 
occurs within 20 minutes and the duration 
of action is at least 12 hours. Formoterol has 
been shown to induce bronchodilation at both 
15 minutes and 4 hours post-administration.46 In 
addition to the above complications associated 
with regular use of beta-2 agonists, salmeterol 
has the additional problem of a reduction in the 
acute bronchoprotection against EIB.47

Leukotriene antagonists

Leukotrienes are potent bronchoconstrictors that 
also act to stimulate bronchial secretion of mucus 
and increase venopermeability, leading to airway 
edema. Th ey are present in the airways of asthmat-
ics but not normal subjects. Leukotriene antagonists 
(montelukast, zafi rlukast) given orally prior to exercise 
attenuate the bronchoconstrictor and infl ammatory 
response that would otherwise occur in response to 
the exercise.48 One study showed that montelukasts 
provided superior protection compared with inhaled 
salmeterol, a long-acting beta-2 agonist.49

Inhaled corticosteroids

Inhaled corticosteroids improve asthma symptoms 
by reducing airway infl ammation and bronchial 
hyperreactivity. Th ey do not have an immediate 
bronchodilator eff ect and are not eff ective if used as 
prophylaxis just prior to exercise. Th e main role of 
corticosteroids is that of a maintenance therapy to 
help control asthma, but in doing so they also act to 
reduce bronchial responsiveness to exercise, thereby 
reducing the propensity for EIB. Th ey are oft en 
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used on a regular basis, with sodium cromoglycate 
(cromolyn) or nedocromil sodium given prior to 
exercise.

Inhaled corticosteroids have been shown to reduce 
the incidence and severity of EIB.50, 51 Th e main side-
eff ects are oral candidiasis and dysphonia, both of 
which can be reduced by rinsing the mouth following 
administration.47

Theophylline

Th e role of theophylline in the management of asthma 
has changed profoundly over recent years as research 
into the infl ammatory etiology of asthma has led to 
the development of medications aimed to minimize 
this infl ammation. Th eophylline should not be used 
as intermittent prophylaxis for EIB as it is not a 
potent bronchodilator. In addition, the intermittent 
use increases the likelihood of adverse side-eff ects 
such as headaches, nausea, vomiting, tachycardia 
and central nervous system stimulation. Th e use of 
theophylline is, therefore, now limited to those with 
moderate–severe chronic asthma not controlled by 
main-line anti-asthmatic medications.

Treatment model

It is important to note that some drugs used to treat 
asthma are banned by the World Anti-Doping Agency 
(Chapter 61). In athletes subject to drug-testing 
procedures, clinicians are urged to check current 
banned drug listings. A treatment model for those 
athletes with EIB is shown in Table 46.7. In athletes 
who are prone to developing EIB, the regular use of 
medication prior to exercise is advised.

Conditions that may mimic EIB

Vocal cord dysfunction

Vocal cord dysfunction (VCD) is a psychogenic 
disorder of breathing, resulting in exercise-induced 
breathing difficulties. During normal breathing 
the true vocal cords abduct during inspiration and 
expiration; however, during VCD, the true vocal 

cords adduct inappropriately during inspiration, 
resulting in airfl ow obstruction. Less commonly, 
severe narrowing of the vocal cords may occur 
during expiration.

Th e condition commonly occurs in 20–40 year 
old women, although it may also occur in men and 
adolescents. Although in some situations it is related 
to an underlying psychiatric illness, such as general-
ized anxiety, depression, post-traumatic stress disorder 
or a history of sexual abuse, in many cases there is no 
underlying psychological condition.

Clinical features

Th e classic symptoms of VCD commonly occur dur-
ing exercise and resolve within 5 minutes of cessation. 
Th ey consist of a marked throat tightness or choking, 
in conjunction with severe dyspnea and an inspiratory 
stridor—the hallmark feature of VCD. Th e symptoms 
are variable and not necessarily reproducible when 
exercising under identical conditions. Both acute or 
prophylactic treatment with inhaled beta-2 agonists is 
ineff ective. Th e symptoms may be worse during times 
of stress or moderate-to-severe lethargy.

VCD should be considered in all athletes com-
plaining of exercise-induced dyspnea, especially 
when either a diagnosis of EIB has been excluded 
or, alternatively, made but the athlete has failed to 
respond to appropriate treatment.

Investigations

Th e diagnosis of VCD is oft en one of exclusion. An 
appropriate bronchial provocation challenge test 
should be performed, preferably an EVH challenge 
test, to exclude underlying EIB. Ideally, reproduction 
of the symptoms during an exercise challenge or, in 
some situations, participation in normal competition 
is required as it is essential for the treating physician to 
witness the athlete when experiencing the symptoms. 
Typically the athlete struggles to breathe with rapid 
shallow breaths and a loud inspiratory stridor; the 
athlete oft en leans forward, complaining of severe 
tightness of the throat.

Table 46.7 Pharmacological treatment of EIB

Severity Pre-exercise treatment Regular treatment Symptoms treatment

Mild Sodium cromoglycate (cromolyn)/nedocromil 
sodium

Short-acting beta-2 
agonist

Moderate Sodium cromoglycate (cromolyn)/nedocromil 
sodium

Low-dose inhaled 
corticosteroids

Short-acting beta-2 
agonist

Severe Sodium cromoglycate (cromolyn) and/or 
nedocromil sodium

Higher dose inhaled 
corticosteroids

Short-acting beta-2 
agonist
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Spirometry should be performed at the time of 
symptoms, when a fl attening or truncation of the 
inspiratory limb of the fl ow-volume loop is usually 
seen.52 However, in some cases, spirometry may miss 
the diagnosis.53

 In a patient with some of the symptoms of EIB 
but with a normal EVH, the diagnosis of vocal 
cord dysfunction should be considered, espe-
cially in a young female.

 Direct laryngoscopy is required to exclude other 
causes of upper airway obstruction such as vocal 
cord paralysis, glottic or tracheal stenosis, laryngeal 
polyps and other laryngeal abnormalities. Although 
diffi  cult, it is essential to perform direct laryngoscopy 
while the acute symptoms are present to visualize 
laryngeal closure.

Treatment

Treatment revolves around speech and relaxation 
therapy. It is essential that the speech therapist has 
experience with patients with VCD. Th e focus of 
speech therapy is on respiratory control and diaphrag-
matic breathing patterns. As the athlete gains control 
over breathing patterns, he or she may realize a sense 

of control of this condition and reduce the emotional 
stress associated with dyspnea.

Consultation with a psychologist is recommended 
to help the athlete to recognize and come to terms 
with stress. It is also important for the psychologist 
to assess for, and manage, any other underlying psy-
chological condition.

Speech therapy, alone or in combination with other 
treatment interventions, has proven to be successful in 
reducing or eliminating the paroxysms of wheezing, 
stridor and dyspnea.54 With appropriate treatment, 
nearly all athletes who have VCD should be able to 
exercise and compete unimpeded.55

Exercise-induced hyperventilation

Exercise-induced hyperventilation is a common con-
dition occurring in both those athletes with underlying 
EIB and those without. Oft en during intense exercise 
the athlete loses control of his/her breathing, resulting 
in rapid shallow breaths—the abdominal muscles are 
not used. Th e patient typically presents with short-
ness of breath and throat tightness occurring while 
exercising, resolving immediately with rest. Bronchial 
provocation challenge tests, preferably an EVH chal-
lenge test, should be performed to exclude underlying 

Table 46.8 Comparative features of exercise-induced bronchoconstriction, vocal cord dysfunction and exercise-
induced hyperventilation

Feature EIB VCD Hyperventilation

During or after exercise Worse in fi rst 12 minutes 
following cessation of 
exercise

Worse during exercise. 
Resolves within 5 
minutes of cessation

Worse during exercise. 
Resolves within 
5 minutes of cessation

Reproducibility under 
controlled situations

Reproducible Often not reproducible Often not reproducible

Classic symptoms Chest tightness
Dyspnea
Cough
Expiratory wheeze

Throat tightness/choking
Dyspnea
Inspiratory stridor

Throat tightness
Dyspnea

Site of tightness Chest Throat Throat

Bronchial provocation 
challenge tests

Abnormal Normal Normal

Spirometry May be abnormal at rest Normal at rest, abnormal 
during episode

Normal at all times

Laryngoscopy Normal Abnormal Normal

Eff ect of beta-2 agonists Prophylactic—prevents 
episode

Therapeutic—resolves 
symptoms

Prophylactic—nil eff ect
Therapeutic—nil eff ect

Prophylactic—nil eff ect
Therapeutic—nil eff ect

Symptoms outside exercise May be present Absent Absent
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EIB, or in those with known EIB not responding to 
treatment, the challenge test should be performed 
while on medication to confi rm adequate control with 
the medication. An exercise challenge test should be 
performed to allow the treating physician to assess the 
athlete while he or she is experiencing the symptoms. 
Laryngoscopy is required to exclude VCD.

Treatment involves educating the athlete to breathe, 
especially during times of stress or intense exercise. 
Consultation with a psychologist with experience in 
this area is essential. Training is required and appro-
priate exercises are given. Concentration on the use 
of abdominal muscles during breathing is required. 
Principles similar to the Butyeko method of breath-
ing may be used.

Sinus-related symptoms
Sinusitis is a common disorder in both athletes and 
non-athletes. While acute infections are easily diag-
nosed, chronic sinusitis may be far more subtle in its 
presentation. Th e paranasal sinuses are air-fi lled spaces 
within the skull that communicate with the nose. Most 
commonly, the maxillary sinus is aff ected.

Clinical features of acute sinusitis may include facial 
pain, headache, toothache, post-nasal drip, cough, 
rhinorrhea, nasal obstruction, pyrexia and epistaxis. 
It is important to establish whether these symptoms 
are evidence of infective sinusitis or, alternatively, 
infl ammation that is causing pain in the absence of 
infection. Infl ammatory sinus pain may accompany 
acute exacerbations of rhinitis and is oft en short-lived. 
Features of chronic sinusitis are vague facial pain, 
post-nasal drip, cough, nasal obstruction, dental pain, 
malaise and halitosis.

General and local factors may predispose towards 
sinusitis. General factors include diabetes, immune 
defi ciency, mucus abnormalities and disturbances in 
cilia function. Specifi c or local factors that may pre-
dispose athletes to this condition include anatomical 
deformities, polyps, foreign bodies, dental infections, 
cigarette smoking, barotrauma and local tumors. 
Failure to respond to therapy or recurrent episodes 
should prompt the search for a complicating condition 
(e.g. fracture, tumor or other abnormality).

When investigating these patients, assessment 
may be diffi  cult due to the degree of edema. Th is 
may obscure the relevant abnormality. Full exami-
nation sometimes must be delayed until treatment 
has been eff ective. Th e use of plain X-rays should be 
interpreted with caution since up to 1 cm (0.5 in.) of 
mucoid thickening may be regarded as normal. In chil-
dren, a number of developmental changes also make 

radiological interpretation almost impossible. Useful 
fi ndings that may be seen on plain X-ray include the 
presence of a fl uid level and/or opacifi cation of a 
sinus. CT scan will provide additional information. 
In the patient with infective sinusitis, microbiological 
culture of nasal pus may be useful; however, the pres-
ence of normal bacterial fl ora makes interpretation 
diffi  cult. Approximately 50% of infections are due to 
Hemophilus infl uenzae or Streptococcus pneumoniae 
but there are a variety of other organisms that may 
play a role, including Branhamella catarrhalis (most 
common organism in children) and other mixed 
oral anaerobes.

Management of sinusitis

Th e principles of management of sinusitis are, fi rstly, 
appropriate antibiotic therapy, secondly, the estab-
lishment of sinus drainage through the release of 
obstruction and the stimulation of mucus fl ow and, 
thirdly, the control of any predisposing factors. Th e 
antibiotic of fi rst choice is amoxycillin (amoxycillin), 
either used alone or in combination with clavulanic 
acid. Penicillin-allergic patients should use cefaclor, 
cotrimoxazole or doxycycline. If a dental infection is 
the primary source, then anaerobic cover should be 
added (e.g. metronidazole).

Systemically administered decongestants, includ-
ing pseudoephedrine, are of some value in the 
treatment of acute sinusitis. However, a topical decon-
gestant is more eff ective and will have fewer systemic 
side-eff ects. Antihistamines usually slow mucociliary 
function but may have a role, especially if sinusitis is 
the result of nasal allergy. Th e use of topical steroids 
is widely advocated in the acute situation but there 
is oft en a latent period before these are eff ective. Th e 
maintenance of hydration in the treatment of these 
patients is critical and there may well be a role for 
surgery in either the acute or chronic condition where 
there is an anatomical deformity, polyps or a failure 
to respond to medical treatment.

Other exercise-related 
conditions
Exercise-induced anaphylaxis

Approximately 500 cases of exercise-induced ana-
phylaxis have been reported, mostly occurring in 
athletes.56, 57 Numerous attacks may occur before the 
diagnosis is correctly made.

Th e condition is characterized by a sensation of 
warmth, pruritis, cutaneous erythema, angioedema, 
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urticaria (greater than 1 cm [0.5 in.] diameter), 
upper respiratory tract obstruction and, occasionally, 
vascular collapse. It is considered a distinct entity 
from other exertion-related phenomena.

Risk factors include:

• previous atopic history (50%)
• family atopic history (67%)
• food ingestion (e.g. shellfi sh, celery, nuts, 

alcohol)
• weather conditions (e.g. heat, high humidity)
• drug ingestion (e.g. aspirin [ASA], NSAIDs).

Th e management of this condition involves:

1. prevention through modifi cation of the exercise 
program to:
(a) decrease intensity
(b) avoid exercise during warm and humid days
(c) stop exercise at the earliest sign of itching
(d) avoid meals 4 hours before exercise

2. drugs/therapy
(a) antihistamines
(b) cromoglycate (cromolyn)
(c) adrenalin (epinephrine)—should have an 

injection available
(d) pre-treatment does not prevent onset.

Cholinergic urticaria

Th is condition is an exaggerated cholinergic response 
to rapid elevation of the core body temperature 
through a mechanism such as exercise (most com-
monly), hot showers, fever or anxiety.58 It is character-
ized by generalized fl ushing, tan urticarial rash and 
pruritus. Generally, the urticarial papules appear fi rst 
within 10 minutes of starting exercise on the neck or 
upper thorax and spread to the limbs.59 Systemic reac-
tions such as syncope, abdominal pain and wheezing 
are rare. Cholinergic symptoms such as lacrimation, 
salivation and diarrhea may be observed. Recovery 
usually occurs spontaneously in 2–4 hours provided 
there are no systemic symptoms.58 Antihistamines 
are generally used in treatment (e.g. hydroxyzine, 
250 mg/day or cyproheptadine, 4 mg/day).

Exercise-induced angioedema

Angioedema is a non-itchy swelling occurring in 
the deep dermis and subcutaneous tissue. Although 
angioedema can aff ect any body region, it tends to 
involve the face and oral region. Occasional visceral 
manifestations occur. Attacks may be life-threatening 
if the airway is involved. Frank asthmatic attacks rarely 
occur in the setting of exercise-induced angioedema.60 

Prevention may be achieved with modifi cation of the 
exercise program and/or the use of antihistamines 
(e.g. diphenhydramine). Th e selective histamine H2-
receptor blockers (e.g. cimetidine) have been used in 
the treatment of this condition.
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Although moderate physical activity promotes 
several health benefits for the gastrointesti-

nal tract,1 frequent, high-intensity exercise can be 
associated with gastrointestinal symptoms, such 
as loss of appetite, heartburn, chest pain, belching, 
nausea, vomiting, abdominal cramps, urge to defecate, 
diarrhea and rectal bleeding. Th ese symptoms may 
be divided into those relating to the upper and lower 
gastrointestinal tract, as shown in Table 47.1.

Physiological changes that alter gastrointestinal 
function during exercise include reduced blood fl ow 
to the abdominal viscera, gastrointestinal hormonal 
changes and alterations to gastric emptying rates 
and intestinal motility. Also, vigorous diaphragmatic 
movements, abdominal contractions and intestinal 
jarring can all cause abdominal symptoms.2

It must be remembered, however, that although the 
incidence of gastrointestinal symptoms is increased 
with exercise, the presence of symptoms in an athlete 
should not automatically be assumed to be solely 
related to exercise. Athletes as well as non-athletes 
suff er from common conditions such as hiatus hernia 

CHAPTER 

47
Gastrointestinal Symptoms 
During Exercise
WITH CHRIS MILNE

and peptic ulceration, infl ammatory bowel disease, 
polyps and cancer. Clinical judgment is required to 
appreciate when these conditions must be considered 
in the athlete with gastrointestinal symptoms.

Upper gastrointestinal 
symptoms
Heartburn, refl ux, nausea, vomiting and upper abdom-
inal pain are the most common upper gastrointestinal 
tract symptoms related to exercise. Gastroesophageal 
refl ux is a common complaint among athletes.3 Twenty 
per cent of patients with established refl ux consider 
exercise to be the major contributor to their symptoms. 
Th e mechanism by which exercise causes refl ux is not 
well understood, as refl ux is normally associated with 
relaxation of the lower esophageal sphincter; this has 
not been described with exercise. Refl ux appears to 
be more common when exercise is performed aft er a 
meal. Importantly, exercise does not appear to have 
any eff ect on gastric acid secretion.

 Th e distinction between chest pain due to 
gastroesophageal refl ux or esophageal mus-
cular spasm and chest pain due to chest wall 
or cardiac causes may be diffi  cult. Any athlete 
presenting with chest pain on exertion must 
be thoroughly assessed to exclude cardiac 
causes.

Much attention has been paid to the factors that 
may aff ect the gastric emptying rate (GER). Exercise 
at a very high intensity reduces the GER. However, 
exercise intensity does not appear to be a signifi cant 
factor, as this level of exercise cannot be maintained 
for long. Increased volume in the stomach results 

Table 47.1 Gastrointestinal symptoms associated 
with exercise

Upper gastrointestinal 
tract

Lower gastrointestinal 
tract

Heartburn Cramping

Refl ux Urge to defecate

Nausea Diarrhea

Vomiting Rectal bleeding

Bloating Flatulence

Epigastric pain
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in an initial rapid emptying, followed by a phase of 
reduced emptying once the volume of the stomach 
has decreased to about 30% of its initial content.

It was thought until recently that osmolality was 
an important factor in GER. While it is true that 
liquids empty more quickly than solids, there does 
not appear to be signifi cant diff erences in the GER 
for liquids of diff erent osmolality.4, 5 Other factors that 
may be involved include gastrointestinal hormone 
levels, particle size, meal volume, dietary fi ber, gastric 
acidity and the athlete’s anxiety level.

Treatment

Th e treatment of upper gastrointestinal symptoms 
associated with exercise is aimed at reducing the 
contents of the stomach during exercise. This is 
achieved by avoiding solid foods for 3 hours before 
intense exercise. Th e pre-exercise meal should be high 
in carbohydrate and low in fat and protein.

If additional measures are required, the use of 
antacid medication, either in tablet or liquid form, 
may reduce the incidence of heartburn and upper 
abdominal pain associated with exercise. Antacids 
usually remain in the stomach for 30 minutes. If this 
is not suffi  cient, the use of histamine H2-receptor 
antagonists, such as ranitidine and cimetidine, may 
occasionally be necessary. Also, many expert clinicians 
have found an eff ective treatment is domperidone 
10–20 mg 1 hour before meals.

Gastrointestinal bleeding
A classic clinical account of the problem of gastro-
intestinal bleeding in athletes came from Australian 
marathoner, Derek Clayton, aft er he completed a 
world record marathon performance in 1969 (Runners’ 
World May 1979, p. 72):

Two hours later, the elation had worn off . I was urinat-

ing quite large clots of blood, and I was vomiting 

black mucus and had a lot of black diarrhea. I don’t 

think too many people can understand what I went 

through for the next 48 hours.

An occasional bloody stool is frequently noted 
by runners6 and the incidence of occult bleeding is 
high.7 As the amount of bleeding in most cases is 
small, most athletes are not aff ected clinically but 
occasionally iron-deficiency anemia may occur. 
Reduced iron stores are denoted by a low serum 
ferritin level (Chapter 37).

Th e most frequently reported site of exercise-
associated gastrointestinal hemorrhage is the fundus 

of the stomach. Th e mechanism underpinning this 
transitory hemorrhagic gastritis is uncertain. Ischemia 
may play a role as may direct trauma from the dia-
phragm. In susceptible individuals, the gastritis may 
result in part from the general stress of competition 
along with the associated rise in key stress hormones 
such as adrenalin (epinephrine) and cortisol. NSAIDs 
(but not aspirin) contribute to gastrointestinal bleed-
ing in runners.6, 7 A Mallory–Weiss tear secondary 
to forceful vomiting may also present with signs of 
upper gastrointestinal bleeding.

No examples of bleeding from the small intes-
tine have been reported. However, colonic bleeding 
has been observed, particularly from the proximal 
colon.

Th e etiology of gastrointestinal bleeding associated 
with exercise is uncertain and is likely to be multi-
factorial. During exercise, blood fl ow is diverted from 
the splanchnic bed to the exercising muscles. Blood 
fl ow to the gastrointestinal tract may be reduced by as 
much as 75% during intense exercise.8 A number of 
other factors may contribute to a reduction of blood 
fl ow. Such factors include exercise in the fasted state 
as the absence of nutrients within the intestine reduces 
the blood fl ow to that area.

It must be remembered that gastrointestinal bleed-
ing in an athlete is not necessarily associated with 
exercise and the athlete with obvious gastrointestinal 
bleeding should be fully investigated to determine the 
source of the bleeding.

Treatment

If no obvious cause of the bleeding is established, 
adequate hydration must be ensured to prevent aggra-
vation of the relative ischemia. As the mechanical 
eff ect of jarring while running is thought by some to 
be a contributory factor to gastrointestinal bleeding, 
the amount of jarring should be reduced with the 
use of appropriate footwear and avoiding running 
on hard surfaces.

Th ose athletes with a known tendency for gastro-
intestinal bleeding or those who may complain of 
excessive tiredness and fatigue should have the state 
of their iron stores assessed by measurement of their 
serum ferritin levels. Serum ferritin levels of less than 
30 ng/mL in women and 50 ng/mL in men indicate 
reduced iron stores (Chapter 37).

Abdominal pain
Many athletes complain of a sharp, colicky pain in the 
left  or right upper quadrant during strenuous exercise. 
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Th is is commonly referred to as a ‘stitch’. Th e exact 
cause of this common phenomenon is unknown but 
it may be due to muscle spasm of the diaphragm or 
trapping of gas in the hepatic or splenic fl exure of the 
colon. Th is condition has oft en been thought to be 
associated with exercise undertaken soon aft er eating 
a solid meal. Th ere is no proof of this but avoidance 
of a solid meal prior to exercise may be an appropri-
ate treatment.

Occasionally, athletes get a ‘claudication-type’ 
abdominal pain. Th is occurs in association with 
intense, endurance exercise and is thought to occur 
as a consequence of relative ischemia due to shunt-
ing of blood away from the gastrointestinal tract to 
the exercising muscles.8 Th is eff ect is aggravated by 
dehydration. A rare cause of abdominal pain is ‘cecal 
slap’ on the right psoas muscle.

Th e possibility of abdominal pain being referred 
from the thoracic spine should always be consid-
ered. A thorough examination of the thoracic spine 
should be performed in any athlete complaining of 
abdominal pain. Hypomobility detected in one or 
more intervertebral segments should be corrected 
by manual therapy techniques and the eff ect on the 
athlete’s symptoms noted.

Diarrhea
Diarrhea appears to be more frequent with exercise,9 
especially with long-distance running; as a result the 
terms ‘runner’s trots’ and ‘runner’s diarrhea’ have 
been coined to describe the condition. Athletes may 
complain of an urge to defecate while running and 
approximately half of those who experience this urge 
to defecate actually complain of episodes of diarrhea 
during running.

Th e incidence of runner’s diarrhea seems to be 
related to the intensity of the exercise and occurs 
more commonly in competition than in training. 
Th e anxiety associated with competition may be a 
contributory factor.

Th e exact cause of runner’s diarrhea is uncertain. 
Relative intestinal ischemia, described previously, 
may be a contributory factor. An increase in intestinal 
motility may also contribute to the development of 
diarrhea. Studies of the relationship between intesti-
nal transit time and exercise have shown confl icting 
results but it would appear that intestinal motility 
is increased with intense exercise. Th is increase in 
gut motility and changes in intestinal secretion and 
absorption may be related to the increased level of 
endorphins associated with exercise.

When faced with a patient with diarrhea, the 
clinician should also seek a history of vitamin and 
mineral supplementation, or ingestion of caff eine or 
artifi cial sweeteners prior to exercise. Each of these 
may contribute to runner’s diarrhea.

 Acute diarrhea is usually due to an infective 
cause and may be viral or bacterial. Th is is 
a particular problem for athletes when they 
are traveling away from home and is further 
considered in Chapter 59. In the 24 hours 
prior to major competition, team physicians 
generally prescribe norfl oxacin (800 mg) or 
ciprofl oxacin (1 g) with loperamide (4 mg) to 
try to provide rapid symptom relief. Athletes 
with chronic diarrhea should be fully inves-
tigated to exclude any other abnormality (e.g. 
infl ammatory bowel disease).

Treatment

The treatment of athletes with exercise-related 
diarrhea is oft en diffi  cult. Dietary changes should 
include reduction of the fi ber content of the diet in the 
24 hours prior to intense competitive exercise. If the 
problem persists, prophylactic antidiarrheal medica-
tion, such as loperamide, may be used. However, this 
should not be used on a regular basis. Antispasmodics 
(e.g. mebeverine) may be useful. A summary of the 
management of common gastrointestinal symptoms 
is shown in Table 47.2.

Table 47.2 Treatment of common gastrointestinal 
problems

Symptoms Treatment

Heartburn, refl ux, 
epigastric pain

Avoid solid foods prior to 
exercise

Antacid medication
Histamine H2-receptor 

antagonist (rarely necessary)

Gastrointestinal 
bleeding

Ensure adequate hydration
Reduce jarring (e.g. good shoes, 

soft surfaces)
Investigate if persistent
Increase iron content of diet

Abdominal ‘stitch’ Reassure
Avoid pre-exercise meal

Runner’s diarrhea Reduce fi ber content of food 
24 hours prior to run

Antidiarrheal medication 
(e.g. loperamide)
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Exercise and gastrointestinal 
diseases
Lactose intolerance

A limited number of people lack the enzyme lactase, 
which is necessary for the digestion of lactose or 
milk sugar. Asian and African populations typically 
display an absence of lactase. Also, adult lactase has 
only about 5% of the activity of childhood lactase. 
Lactose intolerance leads to gastrointestinal disorders 
resulting in cramps, fl atulence and diarrhea.

Athletes suff ering from lactose intolerance will need 
to avoid dairy products, with the possible exception 
of yoghurt. Th e lactose in yoghurt is largely broken 
down by the bacterial cultures present. It is important 
that athletes who avoid lactose ensure an adequate 
dietary intake of calcium and protein via alternative 
sources such as soy-based products, including milks, 
yoghurts, cheeses and ice-creams. An oft en unrecog-
nized source of lactose is high protein drinks and 
sports supplements. Also, temporary lactose intoler-
ance may follow acute infective diarrhea (particularly 
if caused by rotavirus). Th erefore, milk-based products 
should be among the last to be reintroduced to the 
athlete’s diet aft er such an episode.

Celiac disease

Celiac disease is characterized by abnormal mucosa 
in the small intestine induced by a component of 
the gluten protein of wheat. Barley, rye and oats also 
contain gluten. Anemia is oft en seen in athletes with 
celiac disease due to malabsorption of iron and folate. 
Howell-Jolly bodies may be seen on the blood fi lm 
due to folate defi ciency.

New prevalence data suggest that symptomatic or 
latent celiac disease aff ects up to 1 in 200 people in 
most Western countries. It may not always present 
with the classic symptoms of diarrhea and bloating; 
tiredness is a common presentation (Chapter 52).10 
Laboratory testing may show high levels of IgA anti-
endomysial and IgA tissue transglutaminase anti-
bodies. However, any of the IgA tests may be falsely 
negative in up to 3–5% of celiac patients, mainly in 
those with associated IgA defi ciency.11 Defi nitive 
diagnosis is via multiple small bowel biopsy, showing 
typical mucosal changes of subtotal villous atrophy.

Athletes diagnosed with celiac disease are given 
comprehensive lists of alternative high-carbohydrate 
food sources. Athletes with celiac disease should 
consult a dietitian for assistance in planning a nutri-
tionally adequate diet.

Irritable bowel syndrome

Th is very common gastrointestinal disorder causes 
lower abdominal pain and constipation alternat-
ing with diarrhea. The cause is not known but 
there seems to be a strong association between this 
condition and the intestinal response to emotional 
stress (e.g. sporting competition). Th e clinically 
popular treatment of symptoms includes a balanced 
fi ber diet together with antispasmodic agents (e.g. 
dicyclomine).

Prevention of gastrointestinal 
symptoms that occur with 
exercise
Many of the gut complaints experienced by runners 
are a direct result of the physical activity of running, 
which causes jolting of the gastrointestinal tract 
and reduced blood supply to the cells. However, 
some relief can be gained by a number of dietary 
modifi cations.

Limit dietary fi ber intake prior to 
competition

To ensure that the gut has minimal food content prior 
to racing, it is necessary to reduce the fi ber content of 
the diet in the days preceding the race. Th is means, in 
the two days prior to the competition, changing from 
wholemeal and wholegrain varieties of rice, breads 
and cereals to the more refi ned alternatives, avoiding 
fresh fruit and vegetables with skin, legumes and heavy 
seasonings such as garlic, pepper and curry.

Runners who regularly suff er from diarrhea or the 
urge to use their bowels regularly during a race may 
benefi t from a liquid nutrition supplement during the 
last days preceding the competition. Th is will ensure 
that the gastrointestinal contents are minimized prior 
to the race. An alternative approach is to consume only 
fl uids prior to competition on the day of the event.

Avoid solid foods during the last 3 hours 
prior to the race

To ensure that the stomach is empty, it is important 
that the pre-event meal is consumed at least 3 hours 
before the race begins. However, in some athletes 
with a low GER, the pre-event meal may need to be 
accompanied by a prokinetic agent (e.g. cisapride) and 
eaten up to 4–6 hours prior to competition. Fluids, 
however, should still be consumed in the period 
leading up to the race.
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Select the pre-event meal carefully

Th is meal should contain negligible amounts of fat 
and protein so that it will be easily digested by the 
time the event begins. Select from low-fi ber, high-
carbohydrate foods such as white rice, white bread, 
plain pastas, plain breakfast cereals (e.g. cornfl akes, 
rice bubbles) and avoid adding any fats such as mar-
garine, butter or creamy sauces. Simple carbohydrates 
such as honey, jam and syrup may be used to increase 
the energy value of the meal. Note that high-fructose 
foods (e.g. dried fruit, fruit juices, jam, soft  drinks/
pop) are absorbed slowly, so large volumes may not 
be well tolerated if the sportsperson has a tendency 
for gastrointestinal upset.

Prevent dehydration

It is important to drink small amounts frequently 
during the event, aiming for 500–800 mL per hour. 
During long events (more than 90 minutes) the ath-
lete should choose a drink that contains some carbo-
hydrate (up to 10% solution) and dilute amounts of 
sodium and potassium. Concentrated drinks are more 
likely to cause symptoms. Practice drinking during 
training so that it becomes a habit in competitions.

Avoid fat and protein intake during exercise

During ultra-endurance events where food may be 
consumed during the event, select items that contain 
minimum quantities of protein and fat. Fiber intake 
needs to be kept low and some runners may fi nd 
liquid meal replacements a useful option. Boiled 
white rice, pasta, pancakes with syrup, canned fruit, 
peeled potatoes, plain dry biscuits and plain rolls or 
bread all make good choices. Practice food intake 
during training.

Sample pre-event diet

A sample 24-hour pre-race diet that will help minimize 
gastrointestinal problems during a race is shown in 
the box. Th is plan provides approximately 14  700 kJ 
(3500 kcal) with 76% of the energy from carbohydrate 
and less than 20 g of dietary fi ber.

Consult a sports psychologist

If pre-race nerves are a likely cause of gastrointestinal 
problems, it may be helpful to discuss race build-up 
with a sports psychologist. Proper management of 
anxiety can not only improve stomach and bowel 
problems but may also help maximize race perform-
ance (Chapter 39).
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Breakfast
1 large bowl (2 cups) breakfast cereal with skim 

milk
2 slices white toast spread with honey
1 cup canned peaches
1 glass 100% apple juice

Snack
3 pancakes (made with low-fat milk) topped with 

golden syrup
300 mL fl avored mineral water

Lunch
2 white bread rolls fi lled with low-fat cheese
1 tub low-fat fruit yoghurt
2 glasses water

Snack
2 toasted crumpets spread with honey
1 glass 100% pineapple juice

Dinner
2 cups boiled white pasta topped with 

sauce made from tomato paste and fresh 
mushrooms

1 slice white bread
1 serve rice pudding (white rice)
3 glasses water

Snack
300 mL nutrition supplement
1 glass lemonade
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This chapter proposes to examine two aspects of 
the relationship between diabetes mellitus and 

exercise. Firstly, the adjustments the athlete with 
diabetes might make if he or she wishes to exercise 
and, secondly, what the risks and benefi ts are, both 
in the short term and long term, of exercise to the 
patient with diabetes.

Th ere are many examples of athletes with diabetes 
who have been extremely successful. British rower 
Steven Redgrave developed diabetes at the age of 35 
having won gold medals at each of the previous four 
Olympic games. Following his diagnosis he was able to 
continue training and competing and won a fi ft h con-
secutive gold medal in the Sydney Olympics in 2000.1

There are two distinct types of diabetes mel-
litus: insulin-dependent (type 1) and non-insulin-
dependent (type 2).

Type 1 diabetes
Type 1 diabetes (insulin-dependent diabetes mellitus, 
IDDM), previously known as juvenile-onset diabetes, 
is thought to be an inherited autoimmune disease 
in which antibodies are produced against the beta 
cells of the pancreas. Th is ultimately results in the 
absence of endogenous insulin production, which 
is the characteristic feature of type 1 diabetes. Th e 
incidence of type 1 diabetes varies throughout the 
world but represents approximately 10–15% of dia-
betic cases in the Western world. Th e onset commonly 
occurs in childhood and adolescence but can become 
symptomatic at any age. Insulin administration is 
essential to prevent ketosis, coma and death. Th e aims 
of treatment are tight control of blood glucose levels 
and prevention of microvascular and macrovascular 
complications.

Type 2 diabetes
Type 2 diabetes (non-insulin-dependent diabetes 
mellitus, NIDDM), previously known as matu-
rity-onset or adult-onset diabetes, is a disease, as 
the former names suggest, of later onset, linked to 
both genetic and lifestyle factors. It is characterized 
by diminished insulin secretion relative to serum 
glucose levels in conjunction with peripheral insulin 
resistance, both of which result in chronic hypergly-
cemia. Approximately 90% of individuals with dia-
betes have type 2 diabetes and it is thought to aff ect 
3–7% of people in Western countries. Th e prevalence 
of type 2 diabetes increases with age. Th e pathogenesis 
of type 2 diabetes remains unknown but it is believed 
to be a heterogeneous disorder with a strong genetic 
factor. Approximately 80% of individuals with type 
2 diabetes are obese.

Type 2 diabetes is characterized by three major 
metabolic abnormalities:

1. impairment in pancreatic beta cell insulin 
secretion in response to a glucose stimulus

2. reduced sensitivity to the action of insulin in 
major organ systems such as muscle, liver and 
adipose tissue

3. excessive hepatic glucose production in the basal 
state.

Clinical perspective
Diagnosis

Both type 1 and type 2 diabetes are diagnosed by 
detection of a fasting (>8 hours) plasma glucose level 
that exceeds 7 mmol/L (126 mg/dL), or a plasma 
glucose level greater than 11 mmol/L (200 mg/dL) at 
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2 hours aft er an oral glucose challenge (oral glucose 
tolerance test), or by the appearance of other classic 
symptoms of diabetes.

Diabetic screening

Prior to commencement or an increase in the intensity 
of an exercise program in patients with diabetes, a full 
examination should be performed with particular 
attention to the sites of diabetic complications—the 
cardiovascular system, the feet and the eyes.

Ideally patients should have reasonable diabetic 
control before considering exercise. Long-term 
diabetic control indicators such as glycosylated 
hemoglobin (HbA1C) and fructosamine allow an 
objective measure. Th e HbA1C level allows assess-
ment of the diabetes control in the preceding two 
to three months, and fructosamine in the preced-
ing three weeks. Th e actual levels of these markers 
accepted to indicate reasonable control depends on 
the laboratory used. Th e ideal HbA1C level should be 
less than or equal to 7% for most patients. A blood 
glucose level diary should be kept, with measure-
ments taken at variable times during the day. Fasting 
cholesterol and triglyceride levels should also be 
measured. Assessment of renal function measuring 
urea, creatinine and electrolyte levels, and urinary 
protein excretion and creatinine clearance should 
also be performed.

Examination should focus on the:

1. cardiovascular system—blood pressure 
including postural drop, heart, presence of 
carotid bruits, peripheral pulses

2. eyes—retinopathy, glaucoma, cataracts
3. peripheral neuropathy.

Pre-exercise cardiac screening should be thorough. 
Ischemic heart disease is present in up to 50% of 
patients with type 2 diabetes at the time of diagnosis 
and ‘chest pain’ will not always be present in a diabetic 
because of the risk of silent ischemia secondary to 
autonomic neuropathy. Exercise stress testing should 
be performed if the patient:

• will be undergoing vigorous activity (heart 
rate >60% of maximum)

• has had type 2 diabetes for more than 
10 years

• has had type 1 diabetes for more than 
15 years

• is over 35 years of age
• has any coronary artery disease risk factors
• has any micro/macrovascular disease or 

peripheral vascular disease.

Complications

Both type 1 and type 2 diabetes may result in com-
plications that aff ect multiple end-organ systems. 
In particular, diabetes is associated with accelerated 
atherosclerosis formation, resulting in the risk of 
acute myocardial infarction increasing by two to three 
times.2 Peripheral arterial disease incidence is elevated 
dramatically and the risk of cerebral stroke doubles. In 
addition, diabetes can cause retinopathy, nephropathy 
and autonomic neuropathy (leading to complications 
such as impaired gastric emptying, altered sweating 
and potential silent myocardial ischemia), all of which 
can have serious implications for exercise. Th e risk of 
such complications is associated with both the dura-
tion of the diabetes and the diabetic control. Th e life 
expectancy of someone with diabetes is reduced to 
two-thirds that of a non-diabetic individual.3

Treatment

Th e treatment of both type 1 and type 2 diabetes 
depends on the maintenance of near normal blood 
glucose levels. For those patients with type 1 diabetes, 
exogenous insulin is essential, in conjunction with 
management through diet and close monitoring of 
blood glucose levels. In contrast, only patients with 
poorly controlled type 2 diabetes require insulin, 
the majority being managed with a combination of 
diet, exercise and weight loss. If, however, this is not 
adequate, a patient with type 2 diabetes may require 
the use of oral hypoglycemic agents. Th ese agents 
are used in preference to insulin, the insulin being 
reserved only for patients in whom adequate control 
cannot be achieved. For people with either type 1 or 
type 2 diabetes, a low-fat, carbohydrate-controlled diet 
with an emphasis on an increased intake of complex 
carbohydrates and reduced simple carbohydrates is 
recommended.

Pharmacotherapy in diabetes

Four principle types of insulin are available for patients 
with type 1 diabetes:

1. Rapid acting: very fast onset (within 
5–15 minutes with a peak of action within 
1 hour) and short duration (3–5 hours). 
Examples include insulin lispro and insulin 
aspart.

2. Short acting: rapid onset of action (within 
30 minutes with peak of action between 
2–3 hours) and longer duration (5–8 hours). 
Examples include neutral insulin (e.g. Actrapid, 
Humulin R).
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3. Intermediate acting: slower onset (may 
take 1–2 hours with peak of action between 
4–10 hours) and longer duration (6–18 hours). 
Examples include lente (Monotard) and 
Protophane.

4. Long acting: slow onset (2+ hours with peak 
at 6–20 hours) and long duration (at least 
24 hours) allowing a background level of insulin. 
Examples include ultralente. Insulin glargine 
is another long-acting insulin that is ‘peakless’, 
with onset in about 1.5 hours and a maximum 
eff ect at 4–5 hours that is maintained for 
11–24 hours.

Exercising diabetics have the options of using 
a combination of self-administration of the above 
types of insulin (classically three courses of rapid-
acting insulin with meals during the day, and an 
inter mediate- or long-acting insulin at night) or of 
using a continuous subcutaneous insulin pump allow-
ing for background insulin to be delivered every few 
minutes in small increments to meet requirements 
during fasting and sleep, and boluses to be delivered 
before meals and snacks. Th e infusion set is replaced 
every two to three days with a new subcutaneous 
infusion site. Complications include blockage (and 
potential unexpected hyperglycemia) and infections, 
and units are costly to maintain.

In contrast, only patients with poorly controlled 
type 2 diabetes require insulin. If a trial of a healthy 
lifestyle for two to three months is unsuccessful in 
controlling the blood glucose level, oral hypoglycemic 
agents can be used. If weight continues to be lost while 
exercising the dose may be reduced or even stopped. 
Metformin is usually the medication of fi rst choice. 
It enhances glucose uptake and reduces hepatic 
glucose output and insulin resistance. Sulfonylureas 
increase pancreatic insulin production. Th ey can cause 
hypoglycemia and should be used with caution when 
undertaking vigorous exercise. If an HbA1C of less than 
7% is not achieved aft er three months of monotherapy, 
combination therapy should be considered. Th e most 
commonly used combination is a sulfonylurea and 
metformin. Th ese agents are used in preference to 
insulin, the insulin being reserved only for patients 
in whom adequate control cannot be achieved.

Dietary management

Th e importance of a high-carbohydrate, low-fat diet 
for optimal diabetic control is now well established. 
Fortunately, this conforms to the guidelines for 
maximizing athletic performance. Some older patients 
with type 2 diabetes may have been educated to have 

a low-carbohydrate diet, which results in depletion of 
glycogen stores and impairment of performance.

Carbohydrate requirements for exercise vary con-
siderably between individuals and athletes should be 
encouraged to monitor their blood glucose levels to 
determine their carbohydrate needs before, during 
and aft er exercise (Table 48.1).

Individuals vary considerably in their responses to 
exercise. Only blood glucose monitoring before, during 
and aft er training determines individual needs. Table 
48.1 should be used as a starting point or guide only.

Athletes involved in endurance events who are 
carbohydrate-loading prior to competition may 
need to increase their insulin dosage to cope with the 
increased carbohydrate intake. It is then important 
that carbohydrate is ingested before, during and aft er 
the event.

While it is advised that all insulin-dependent dia-
betic athletes seek individual counseling from a sports 
dietitian and physician to arrange a specifi c dietary 
and training program, there are some important points 
that all diabetic athletes should be aware of:

• Athletes need to learn the eff ects of diff erent 
types of exercise, under diff erent environmental 
conditions, on their blood glucose levels.

• When exercising away from home, it is 
important to always carry carbohydrate foods 
such as fruit, fruit juice, barley sugar or biscuits.

• Aft er vigorous exercise, blood glucose levels 
may continue to drop for a number of hours. It 
is important that carbohydrate is ingested when 
exercise is completed to ensure replenishment of 
glycogen stores and to prevent hypoglycemia.

• Dehydration may be confused with 
hypoglycemia. All athletes should be encouraged 
to consume plenty of fl uid before, during and 
aft er exercise.

• Alcohol should be discouraged aft er exercise as 
it lowers blood glucose levels as well as having a 
dehydrating eff ect.

• Th e best time for training is when blood glucose 
levels are above fasting level but not high. About 
1–2 hours following a meal is ideal.

• If exercise is intermittent, the athlete should take 
some form of carbohydrate during the breaks 
to control blood glucose levels and to prevent 
hunger.

• During long-duration exercise, most diabetic 
athletes require regular carbohydrate intake in 
the form of food or liquids.

• Exercise may speed up the absorption of insulin 
from exercising limbs. Th is can be counteracted 
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to some extent by injecting into parts of the 
body away from the exercising muscle (e.g. the 
abdomen).

Exercise and diabetes
Th e sports physician should be encouraged to work 
closely with the endocrinologist when considering 
exercise prescription for a diabetic patient. Th e target 
of an adult should be to achieve at least 30 minutes 
of continuous moderate activity, equivalent to brisk 
walking fi ve or six days a week, with the fl exibility of 
shorter bouts of more intense activity being considered 
important. Th is is provided that cardiovascular and 
hypertensive problems are taken into account. Heart 
rate may be an unreliable indicator of exertion because 
of autonomic neuropathy, and the rating of perceived 
exertion scales may be more useful.

Although exercise in conjunction with a proper 
diet and medications is the cornerstone in the treat-
ment of diabetes, special care must be taken in those 
taking insulin. Both insulin and exercise independently 
facilitate glucose transport across the mitochondrial 
membrane by promoting GLUT4 transporter proteins 
from intracellular vesicles. Th e action of insulin and 
exercise is also cumulative. As such, an exercising type 
1 diabetic will have lowered insulin requirements, and 
may notice up to a 30% reduction in insulin require-
ments with exercise. Importantly, in the person with 

type 1 diabetes, glycemic control may not be improved 
with regular exercise if changes in the individual’s 
diet and insulin dosage do not appropriately match 
exercise requirements. In the absence of exercise, 
even for a few days, the increased insulin sensitivity 
begins to decline.

It is of extreme importance that those with dia-
betes monitor their blood glucose levels before and 
aft er every work-out. If the work-out is prolonged, 
or symptoms occur, the blood sugar level should 
also be taken during the exercise session. If no 
means exist to identify blood glucose levels before 
a work-out, then the work-out should be of short 
duration and low intensity with a glucose supply 
readily available.

Certain environmental conditions, such as extreme 
heat or strong winds, should be taken into consid-
eration, as supplemental glucose may be required 
while exercising under such conditions. In contrast, 
if exercising when unwell or with a low-grade infec-
tion, glucose levels need to be monitored as a relative 
hyperglycemia may occur.

All patients with diabetes should carry an identi-
fi cation card or bracelet identifying them as having 
diabetes. Th ey should be educated to be alert to the 
early signs of hypoglycemia for at least 6–12 hours 
aft er exercise. It is essential that they carry glucose 
tablets or an alternative source of glucose with them 
at all times. Dehydration during exercise should 

Table 48.1 Adjustment of food intake with exercise

Activity Time
Blood glucose level 
(mmol/L [mg/dL]) Adjustment

Low level ½ hour <5.5 (<100)
>5.5 (>100)

10 g CHO (small serve fruit, bread, biscuits, yoghurt or milk)
No extra food

Moderate 
intensity

1 hour <5.5 (<100)

5.5–10 (100–180)
10–16.5 (180–300)
>16.5 (>300)

20–30 g CHO (1.5–2 serves fruit, bread, biscuits, yoghurt 
and/or milk)

10 g CHO (small serve fruit, bread, biscuits, yoghurt or milk)
No extra food (in most cases)
No extra food. Preferably do not exercise as blood glucose 

level may go up

Strenuous 
activity

1–2 hours <5.5 (<100)
5.5–10 (100–180)
10–16.5 (180–300)
>16.5 (>300)

45–60 g CHO (1 sandwich and fruit and/or milk or yoghurt)
25–50 g CHO (½ sandwich and fruit and/or milk or yoghurt)
15 g CHO (1 serve fruit, bread, biscuits, yoghurt or milk)
Preferably do not exercise as blood glucose level may go up

Varying 
intensity

Long 
duration

½–1 day

Insulin may best be decreased (Conservatively estimate the 
decrease in insulin peaking at time of activity by 10%. 
A 50% reduction is not common.)

Increase carbohydrate before, during and after activity
10–50 g CHO per hour, such as diluted fruit juice

CHO = carbohydrate.
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be prevented by adequate fl uid consumption. It is 
also recommended that the diabetic athlete exercise 
with somebody else, if possible, in case of adverse 
reactions.

Benefi ts of exercise

Th e benefi ts of exercise in type 1 diabetics include 
improved insulin sensitivity, improved blood lipid 
profi les, decreased heart rate and blood pressure at 
rest, decreased body weight and possible decreased 
risk of coronary heart disease.4 It does not appear that 
exercise improves glycemic control, however, insulin 
requirements may be decreased slightly. While exer-
cise may not improve glucose control, the benefi ts of 
exercise in those with diabetes occur mainly through 
reducing the risk factors for cardiovascular disease. 
People with type 1 diabetes typically live longer if 
they participate in regular physical activity as a part 
of their lifestyle.5

It is well recognized that exercise reduces the risk of 
developing type 2 diabetes. Th ere are also considerable 
benefi ts for those with type 2 diabetes.6 A program 
of regular physical activity can reverse many of the 
defects in metabolism of both fat and glucose that 
occur in people with type 2 diabetes.7

As noted above, HbA1C is used as an index of long-
term blood glucose control. Th e lower the value, the 
better. HbA1C is reduced by chronic exercise in people 
with type 2 diabetes. Th e evidence for improvement 
of HbA1C with exercise in type 1 diabetes is not as 
convincing.

Exercise and type 1 diabetes

Control of blood glucose is achieved in a patient with 
type 1 diabetes through a balance in the carbohydrate 
intake, exercise level and insulin dosage. Th e meal 
plan and insulin dosage should be adjusted according 
to the patient’s response to exercise. Unfortunately 
a degree of trial and error is necessary for type 1 
diabetics taking up new activities. Frequent self-
monitoring should occur, at least until a balance is 
achieved among diet, exercise and insulin parameters. 
Th e ideal pre-exercise blood level is 6.6–10 mmol/L 
(120–180 mg/dL).4 Athletes who have blood glucose 
concentrations exceeding 11 mmol/L (200 mg/dL) 
and ketones in their urine, or a blood glucose level 
of more than 16.5 mmol/L (300 mg/dL) regardless 
of ketone status, should postpone exercise and take 
supplemental insulin. Those with blood glucose 
levels less than 5.5 mmol/L (100 mg/dL) require a 
pre-exercise carbohydrate snack (e.g. sports drink, 
juice, glucose tablet, fruit).

Exercise of 20–30 minutes at less than 70% Vo2max 
(e.g. walking, golf, table tennis) requires a rapidly 
absorbable carbohydrate (15 g fruit exchange or 60 
calories) before exercise but needs minimal insulin 
dosing adjustments.

More vigorous activity of less than 1 hour (e.g. jog-
ging, swimming, cycling, skiing, tennis) oft en requires 
a 25% reduction in pre-exercise insulin and 15–30 g 
of rapidly absorbed carbohydrate exchange before and 
every 30 minutes aft er the onset of activity.

Strenuous activity of longer than 1 hour (e.g. 
marathon running, triathlon, cross-country skiing) 
will require a 30–80% reduction in pre-exercise 
insulin and ingestion of two fruit exchanges (30 g or 
100–120 calories) every 30 minutes. It is important 
to remember that excess insulin exacerbates the 
hypoglycemic eff ect more during intense rather than 
moderate exercise.

If early morning activity is to be performed the 
basal insulin from the evening dose of intermediate-
acting insulin may need to be reduced by 20–50%, 
with checking of the morning blood glucose level. Th e 
morning regular-acting insulin dose may also need to 
be reduced by 30–50% before breakfast, or even omit-
ted if exercise is performed before food. Depending 
on the intensity and duration of the initial activity and 
likelihood of further activity, a reduction of 30–50% 
may be needed with each subsequent meal.

Aft er exercise hyperglycemia will occur, but insulin 
should still be decreased by 25–50% (because insulin 
sensitivity is increased for 12–15 hours aft er activ-
ity has ceased). Consuming carbohydrates within 
30 minutes after exhaustive, glycogen-depleting 
exercise allows for more effi  cient restoration of muscle 
glycogen. Th is will also help prevent post-exercise, 
late-onset hypoglycemia, which can occur up to 
24 hours following such exercise.8

If exercise is unexpected, then insulin adjustment 
may be impossible. Instead, supplementation with 
20–30 g of carbohydrate, at the onset of exercise and 
every 30 minutes thereaft er, may prevent hypoglyc-
emia. In elite athletes and with intense bouts of exer-
cise, reductions in insulin dosage may be even higher 
than those listed above. During periods of inactivity 
(e.g. holidays, recovery from injury), increased insulin 
requirements are to be expected.

Exercise and type 2 diabetes

Th ose patients with type 2 diabetes who are managed 
with diet therapy alone do not usually need to make 
any adjustments for exercise. Patients taking oral 
hypoglycemic drugs may need to halve their doses on 
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days of prolonged exercise or withhold them altogether, 
depending on their blood glucose levels. Th ey are 
also advised to carry some glucose with them and to 
be able to recognize the symptoms of hypoglycemia. 
Hypoglycemia is a particular risk in those people with 
diabetes taking sulfonylureas due to their long half-
lives and increased endogenous insulin production. 
Biguanides (e.g. metformin) provide less of a problem 
as they do not increase insulin production.

Diabetes and competition

Diabetic athletes participating in team sports need 
to have a good knowledge of their normal glucose 
profi le in response to exercise. As competition may 
require interstate travel and altered eating patterns, the 
diabetic athlete should practice the match day routine 
at home and have snacks available as necessary. Good 
control of blood glucose levels may require regular 
access to carbohydrate-containing drinks. Th is not 
only serves to improve the glucose profi le but also 
aids rehydration during prolonged exercise.

Diabetes and travel

A physician’s letter should accompany diabetic travel-
ers stating that they carry insulin, needles and blood 
glucose testing equipment. Copies of prescriptions 
should be taken, with medications in their original 
packaging. Insulin should not be packed into checked 
luggage, as there is a risk of it being misplaced, and 
freezing and thawing in the luggage hold. Insulin will 
generally keep for a month at room temperature. An 
emergency supply of carbohydrate should be carried 
by the diabetic.

Travel from north to south generally requires no 
alteration to insulin doses. East to west travel of more 
than 5 hours generally requires insulin dose adjust-
ment. East-bound travel results in a shorter day, while 
west-bound travel a longer one. Travelers should check 
blood glucose levels at least every 6 hours on the fl ight. 
Omitting long-acting insulin for the fl ight duration 
and using quick-acting insulin approximately every 
6 hours around average meal times is one technique. 
Once at the destination, quick-acting insulin is used 
until bedtime, when long-acting insulin is recom-
menced. Continuous insulin pumps usually require 
no adjustment, with the pump’s clock being adjusted 
to the destination time on arrival.

High-risk sports

Th e already high risk in certain sports is increased 
in diabetics. Hypoglycemic attacks, characterized by 

inattention or lack of concentration, in sports such as 
rock and mountain climbing and skydiving have the 
potential for serious if not fatal injury. Th e suitability 
of scuba diving for diabetics has been studied. Military 
diving is not allowed in Great Britain for those with 
type 1 diabetes, and in the United States they cannot 
join the military at all.9 Scuba diving may be safe with 
adequate preparation and a skilled partner who can 
handle trouble with diabetes during the dive.

Exercise and the complications of diabetes

Exercise is oft en neglected when the secondary com-
plications of diabetes occur. Some unique concerns 
for the patient with diabetes that warrant close scru-
tiny include autonomic and peripheral neuropathy, 
retinopathy and nephropathy. Poor glucose control 
appears to be associated with an increased occurrence 
of neuropathy.

Abnormal autonomic function is common among 
those with diabetes of long duration. Th e risks of exer-
cise when autonomic neuropathy is present include 
hypoglycemia, abnormal heart rate and blood pressure 
responses (e.g. postural drop), impaired sympathetic 
and parasympathetic nervous system activity and 
abnormal thermoregulation. Patients with autonomic 
neuropathy are at high risk of developing complica-
tions during exercise. Sudden death and myocardial 
infarction have been attributed to autonomic neu-
ropathy and diabetes. High-intensity activity should 
be avoided, as should rapid changes in body position 
and extremes in temperature. Water activities and 
stationary cycling are recommended.

Peripheral neuropathy (typically manifested as 
loss of sensation and of two point discrimination) 
usually begins symmetrically in the lower and upper 
extremities and progresses proximally. Podiatric 
review should occur on a regular basis, and correct 
footwear can prevent the onset of foot ulcers. Regular 
close inspection of the feet and use of proper footwear 
are important and the patient should avoid exercise 
that may cause trauma to the feet. Feet and toes should 
be kept dry and clean and dry socks should also be 
used. Non-weight-bearing activities, such as swim-
ming, cycling and arm exercises, are recommended 
in those with insensitive feet. Activities that improve 
balance are appropriate choices.

Th e incidence of diabetic retinopathy is directly 
proportional to the severity and duration of the 
diabetes: 98% of cases of type 1 and 78% of type 2 
diabetes will progress to detectable retinopathy in 
15 years from the diagnosis. Diabetics with prolifera-
tive retinopathy should avoid exercise that increases 
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systolic blood pressures to 170 mmHg and prolonged 
Valsalva-like activities. Exercise that increases blood 
pressure may worsen retinopathy. Jarring of the 
head during exercise in contact sports may cause 
detachment of the retina. In those with proliferative 
retinopathy, only submaximal exercise tests should 
be conducted. Exercise that results in a large increase 
in systolic pressure (such as weightlift ing) can cause 
retinal hemorrhage. Exercise for these patients could 
include stationary cycling, walking and swimming. If 
possible, blood pressure should be monitored during 
the exercise program. Exercise is contraindicated if 
the individual has had recent photocoagulation treat-
ment or surgery.

Diabetic nephropathy can be classifi ed according to 
urinary albumin excretion rates: <20 μg/min (normo-
albuminuria); 20–200 μg/min (microalbuminuria); 
>200 μg/min (overt nephropathy). Patients with 
microalbuminuria and overt renal disease should 
undertake light-to-moderate exercise only. Vigorous 
exercise that results in marked changes in hemo-
dynamics should be avoided. Th ese include lift ing 
heavy weights and high-intensity aerobic activities. 
Activities that are weight-bearing yet low impact are 
preferable. It is important to wear well-cushioned 
shoes. Renal patients should be fully evaluated before 
commencing an exercise program. Fluid replacement 
is extremely important in these patients. Specifi c train-
ing programs for patients undergoing hemodialysis 
are advised.

Complications of exercise 
in the diabetic athlete
Th e diabetic athlete may suff er hypoglycemia, diabetic 
ketoacidosis and problems associated with the compli-
cations of diabetes. Patients should be encouraged to 
monitor their blood glucose level before, during and 
aft er exercise and to learn their individual patterns of 
response to exercise of diff erent intensities and dura-
tions and to avoid these potentially life-threatening 
complications.

Hypoglycemia

Hypoglycemia (blood glucose level <3.6 mmol/L 
[<65 mg/dL]) is the major concern among athletes 
with type 1 diabetes. Th e use of too much exogenous 
insulin will prevent hepatic glucose production, and 
cause increased glucose uptake into skeletal muscle 
with a subsequent risk of exercise-induced hypoglyc-
emia. Aft er exercise there is increased insulin sensitiv-
ity and reduced glycogen stores, and excess insulin 

will increase the risk of post-exercise hypoglycemia. 
Post-exercise and delayed-onset hypoglycemia can 
occur up to 4–24 hours aft er exercise, respectively. Th e 
eff ects are commonly nocturnal with disturbed sleep 
patterns, altered recovery and impaired performance 
the following day.

Th e initial symptoms of hypoglycemia include 
sweating, headache, nervousness, tremor and hunger. 
Th e symptoms of impending hypoglycemia may be 
diffi  cult to diff erentiate from symptoms experienced 
during vigorous exercise. If the hypoglycemia is not 
corrected, confusion, abnormal behavior, loss of 
consciousness and convulsions may occur.

At the fi rst indication of hypoglycemia, the athlete 
should ingest oral carbohydrate in solid or liquid 
form. Diabetic athletes should carry quickly digest-
ible forms of carbohydrate (e.g. glucose tablets, barley 
sugar) or have a glucose–electrolyte solution available. 
Th e semiconscious or unconscious diabetic patient 
requires urgent intravenous glucose administration 
(50 mL of 50% solution).

Nocturnal hypoglycemia may occur following 
late aft ernoon or evening training or competition. 
Symptoms include night sweats, unpleasant dreams 
and early morning headaches.

Prevention of hypoglycemia depends upon adjust-
ment of the carbohydrate intake and insulin dosage 
to meet the individual athlete’s needs, as discussed 
above. A continual source of glucose must be avail-
able during exercise and, as a rule of thumb, athletes 
usually require 15–30 g of glucose per half hour of 
vigorous exercise. Nocturnal hypoglycemia may be 
prevented by exercising earlier in the day, reducing 
the evening insulin dose or by consuming a complex 
carbohydrate prior to going to bed.

Diabetic ketoacidosis in the athlete

Despite increased glucose uptake that occurs in exer-
cise independent of insulin, a relative defi ciency of 
insulin can lead to hyperglycemia, hyperlipidemia and 
possible diabetic ketoacidosis. Individuals with blood 
glucose levels of 20–25 mmol/L (364–455 mg/dL) and 
above are especially at risk of precipitating diabetic 
ketoacidosis if they exercise vigorously. Th is occurs 
because the counter-regulatory hormone response 
(glucagon, catecholamines, growth hormone and 
glucocorticoids) to exercise pushes the glucose levels 
higher and there is insuffi  cient insulin to prevent keto-
sis. Th erefore, an athlete must be aware of his or her 
diabetic control before exercise. In addition, athletes 
with so-called brittle diabetes must be very cautious 
in reducing their insulin dose before exercise.
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Th e presence of ketones in the urine confi rms the 
presence of hypoinsulinemia and thus increases the 
risk of hyperglycemia and ketosis. Hyperglycemia 
may manifest as poor concentration, dehydration 
or even under-performance, and athletes need to 
be aware of these signs. If the blood glucose level is 
>17 mmol/L (>309 mg/dL) or 14 mmol/L (255 mg/
dL) plus the presence of ketones on urinalysis, then 
exercise should be avoided until insulin has been 
administered and metabolic control is re-established. 
Athletes should not exercise as a way to control high 
blood glucose levels.

Musculoskeletal manifestations 
of diabetes

A number of musculoskeletal disorders are found in 
a higher prevalence in diabetic patients compared to 
the normal population.10 Th e diagnosis of diabetes 
should always be considered in the patient presenting 
with the conditions listed below and summarized in 
Table 48.2.

• Frozen shoulder (adhesive capsulitis).11 Th is 
condition appears at a younger age and is 
usually less painful in patients with diabetes. It 
is associated with the duration of diabetes and 
with age. Th e use of corticosteroid injections 
may increase blood sugar levels in diabetics over 
the 24–48 hour period aft er the injection.

• Limited joint mobility.12 Th is is also known as 
diabetic cheiroarthropathy and is characterized 
by thick, tight, waxy skin mainly on the dorsal 
aspect of the hands, with fl exion deformities 
of the MCP and IP joints. In the early stages 
paresthesias and slight pain may develop 
with symptoms increasing slowly. Treatment 
consists of optimizing diabetic control and 
individualized hand therapy.

• Dupuytren’s contracture.13 Th is is palmar or 
digital thickening, tethering or contracture of 

the hands. In diabetics the ring and middle 
fi nger are more commonly aff ected compared 
with the fi ft h fi nger in non-diabetics. Treatment 
consists of optimizing glycemic control, 
physiotherapy and surgery if severe.

• Carpal tunnel syndrome.14 Th is has a 
prevalence of 11–16% in diabetics; 5–8% of 
patients with carpal tunnel syndrome have 
diabetes.

• Flexor tenosynovitis.15 Th is is fi brous tissue 
proliferation in the tendon sheath leading to 
limitation of the normal movement of the 
tendon. It is associated with the duration of 
diabetes, but not age, and a corticosteroid 
injection is oft en curative.

• Complex regional pain syndrome type 1.16 
Th is is characterized by continuing pain 
out of proportion to stimuli and vasomotor 
dysfunction. Other predisposing conditions 
include hyperthyroidism, hyperparathyroidism 
and type IV hyperlipidemia.

• Diff use idiopathic skeletal hyperostosis (DISH).17 
Th is condition is characterized by new bone 
formation, particularly in the thoracolumbar 
spine. New bone appears to fl ow from one 
vertebra to the next, and is more prominent 
on the right side of the thoracic vertebra. 
Ossifi cation of ligaments and tendons can occur 
elsewhere, including the skull, pelvis, heels or 
elbows. Twelve to 80% of patients with DISH 
have diabetes or impaired glucose tolerance. 
Management consists of education, diabetic 
control and physiotherapy.

• Neuropathic (Charcot’s) joints.18 Th is results 
from diabetic peripheral neuropathy and is seen 
usually in patients over 50 years of age who have 
had diabetes for many years. Th e joints aff ected 
are weight-bearing joints. Management includes 
optimizing glycemic control, regular foot care 
and review, and occasionally surgery.

Table 48.2 Prevalence of musculoskeletal disorders in patients with or without diabetes10

Musculoskeletal disorder With diabetes Without diabetes

Adhesive capsulitis (frozen shoulder) 11–30% 2–10%

Limited joint mobility 8–50% 0–26%

Dupuytren’s contracture 20–63% 13%

Carpal tunnel syndrome 11–16% 0.125%

Flexor tenosynovitis 11% <1%

Diff use idiopathic skeletal hyperostosis 13–49% 1.6–13%
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• Diabetic amyotrophy.19 Th is is distinct from 
other forms of diabetic neuropathy and is 
characterized by muscle weakness/wasting and 
by diff use, proximal lower limb muscle pain, and 
asymmetrical loss of tendon jerks. Th e shoulder 
girdle may be aff ected but less commonly. It 
occurs most oft en in older men with type 2 
diabetes and is a diagnosis of exclusion (sinister 
causes must be sought). Management consists 
of stabilizing glycemic control and the use of 
physiotherapy.

Conclusion
Th e athlete with diabetes needs to have a good under-
standing of the eff ects of exercise on blood glucose 
levels. With regular monitoring and appropriate 
adjustments to insulin dosage and carbohydrate 
intake, the athlete with diabetes should be able to 
participate fully in sporting activities.
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CHAPTER 

49
The Athlete with Epilepsy

WITH PAUL MCCRORY

Epidemiology and 
nomenclature
Epilepsy aff ects approximately 2% of the population. 
In three-quarters of these cases, the diagnosis is made 
before the age of 21 years. Th us, epilepsy is a relatively 
common condition that may aff ect individuals during 
the years of sport participation.

Epilepsy is a neurological disorder of the brain 
characterized by recurrent (more than two) seizures. It 
has been estimated that approximately 10–30% of the 
population will have a seizure at some time in their 
lives.1 However, neither single episodes of seizures 
during adolescence or adult life, nor febrile convul-
sions in infancy, constitute a diagnosis of epilepsy.

Th e terms ‘seizure’, ‘epilepsy’, ‘convulsion’ and ‘fi t’ 
are oft en used interchangeably. For the purpose of 
this chapter, the term ‘seizure’ will refer to an epilep-
tic seizure and the term ‘convulsion’ will be used to 
describe the movements during an episode without 
implying a specifi c etiology.

Pathology
A seizure usually occurs suddenly and is the result 
of an abnormal electrical discharge within the brain. 
In the vast majority of cases, the cause of the electri-
cal disturbance in the brain is unknown. In a small 
percentage of cases, either specifi c genetic inheritance 
or structural anatomical abnormalities can induce 
seizures. Cortical scars related to head injuries, stroke 
and other intracranial injuries may also cause seizures. 
During the seizure there may be an initial prodromal 
stage (‘aura’), followed rapidly by disturbances in 
movement and alterations in consciousness.

Epilepsy can be classifi ed by criteria developed by 
the International League Against Epilepsy (ILAE),2 
which are presently under review.3 Th is classifi cation 
utilizes the electroclinical features of the seizure to 
make a syndromal or etiological diagnosis, which then 
has important implications for management. In the 
broadest sense, the ILAE classifi cation breaks seizures 
into generalized or focal (depending on the origin 
of the seizure), and complex or partial (depending 
upon whether consciousness is preserved during the 
episode). Outside of neurological practise, the specifi c 
epilepsy subtype may be diffi  cult to quantify and sub-
jects are oft en simply reported to have a generalized 
seizure. Th is type of seizure was previously known as 
‘grand mal’ but this term has fallen out of favor and 
should be avoided.

Generalized tonic–clonic seizure

In the generalized tonic–clonic seizure, the patient 
usually falls to the ground and goes through a ‘tonic’ 
phase of muscle stiff ness followed by a ‘clonic’ phase of 
muscle twitches prior to resolution of the attack. Aft er 
the attack, the patient is usually sleepy, confused and 
may have a headache. Th e average length of the seizure 
is usually no more than 30 seconds, although most 
people who have witnessed someone having a seizure 
feel that the attack seems to last much longer.

Convulsions that are not due to epilepsy

In addition to the true epilepsy seizures described 
above, there are other situations where convulsions 
may occur. Th ese may superfi cially resemble epilepsy 
although the etiology of such syndromes is distinctly 
diff erent. Th ese have the potential to cause confu-
sion for non-neurologists and the eyewitness history 
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usually provides the basis of the diagnosis. Th e two 
commonest situations are listed below:

1. Concussive convulsions, where a convulsion 
may be a manifestation of the concussive 
impact. Although usually brief and limited to 
tonic posturing, it may occasionally result in 
a prolonged convulsion over several minutes. 
Th ese are benign phenomena and require 
no specifi c management beyond that of the 
underlying concussion (Chapter 13).4, 5

2. Convulsive syncope, where convulsive 
movements (including generalized movements, 
tongue biting and incontinence) occur in the 
setting of a syncopal faint.

In both situations the convulsive movements result 
from refl ex phenomena, not epileptic discharge.

Diagnosis of epilepsy
Th e diagnosis of epilepsy relies primarily upon the 
clinical history and on the nature of the electro-
encephalogram (EEG) changes. Th e most important 
and useful diagnostic consideration is history from an 
eyewitness who has seen and can describe the attack, 
particularly the onset and off set of the seizure. Any 
patient observed to have a seizure should be referred 
to a neurologist for assessment.

Investigations

In most cases of a seizure, a neurologist would order 
an EEG as well as neuroimaging studies (usually 
MRI). If the EEG is performed within 24 hours of 
a seizure, its diagnostic sensitivity is increased from 
30% to 50% and this may be further improved by 
performing a ‘sleep-deprived’ EEG study. MRI is 
the investigation of choice to adequately image the 
brain in this circumstance. Specifi c MRI protocols are 
necessary to obtain diagnostic information in these 
cases. Where necessary, these investigations would 
be supplemented by blood tests to rule out other 
causes of seizures, such as hypoglycemia, hyper- or 
hyponatremia (Chapter 53) or hypercalcemia.

Treatment

Th e role of specifi c treatment in patients with a single 
seizure or recurrent seizures (epilepsy) requires an 
understanding of the nature of the seizure disorder 
and its natural history as well as individual patient 
consideration. In some situations, drug treatment 
should begin aft er a single seizure. Consideration 
of lifestyle factors in the overall management is 

paramount. Specifi c factors that may lower seizure 
threshold include sleep deprivation, alcohol and use 
of recreational drugs. Patients must be specifi cally 
counseled about such lifestyle issues when they begin 
pharmacological therapy.

More than half the individuals taking antiepileptic 
medication for idiopathic generalized epilepsy can 
expect to be seizure-free with minimal restriction 
on their lifestyle. Approximately one-third may have 
only an occasional seizure, which usually does not 
greatly limit their lifestyle. Th e other 20% will have 
seizures frequently enough to restrict their lifestyle 
to some extent.

Th e medications used in the treatment of epilepsy 
may cause a number of side-eff ects, including tired-
ness, poor concentration, impairment of coordination 
and cognitive impairment. In some cases, medication 
(e.g. phenytoin) toxicity may result in permanent 
neurological symptoms.

Exercise prescription
Regular physical activity is advocated for individuals 
with epilepsy.6 In general, people with epilepsy report 
better seizure control when exercising regularly.7 Occa-
sionally, some individuals will have more seizures with 
exercise,8 and hence every case must be treated indi-
vidually. Persons with epilepsy have no higher injury 
rate in sport6 than those without epilepsy and sport 
participation does not aff ect serum drug levels.

In a sample of over 200 patients with epilepsy 
in Norway, exercise patterns were similar to that 
of the average population.6 In the majority of the 
patients, physical exercise had no adverse eff ects, 
and over a third of patients claimed that regular 
exercise contributed to better seizure control. In 
10% of patients, exercise appeared to be a seizure 
precipitant and this applied particularly to those 
with symptomatic partial epilepsy (i.e. under lying 
structural brain lesion). The risk of sustaining 
serious seizure-related injuries while exercising in 
this population was modest.6

Th ere are a number of important considerations 
when counseling the individual who has epilepsy and 
wishes to exercise. Patients having frequent seizures 
must be discouraged from activities such as scuba 
diving, horseback riding or rock climbing. Sports 
where any impairment in split-second neuromuscular 
timing is dangerous (e.g. motor racing or downhill 
ski racing) should also be avoided. Patients with epi-
lepsy will not be aff ected adversely by participating 
in contact sport provided the normal safeguards for 
participation are followed.
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The frequency of seizures is important when 
considering activities such as swimming, where the 
potential for serious injury exists if a seizure were 
to occur. Generally, swimming is allowed under 
supervision (e.g. with a ‘buddy’). Swimming with a 
companion is a sensible rule for all swimmers, not 
just those with epilepsy.

Th e physical and psychological wellbeing of the 
individual also requires attention. In children, par-
ticularly adolescents, participation in activities is 
important in establishing a good self-image and 
gaining peer group acceptance. Th erefore, it is impor-
tant to allow the child with epilepsy to pursue many 
activities. Absolute and relative contraindications to 
sporting activities are shown in Table 49.1.

Management of a seizure
Observing a seizure can be a frightening experience. 
For an observer, there is oft en an overwhelming feel-
ing of helplessness and concern that the patient may 
die during the seizure. It is important to remember 
that seizures always terminate spontaneously and that 
rarely is a seizure life-threatening. Furthermore, the 
patient experiencing the seizure usually does not feel 
pain or remember the event.

Any individual observing or supervising an epi-
leptic patient should remember two things when 
confronted by a seizure. Firstly, the individual must 
be protected from injury. Secondly, the seizure must 
be closely observed in order to give an accurate 
description to the patient’s physician. Th e longstand-
ing convention of trying to put a knotted sheet or 
spoon in the patient’s mouth should be discouraged 
and the patient should not be physically restrained 
under most circumstances.

It is important to remember that the shaking will 
cease spontaneously aft er a period of time. At the 
end of this time, the patient breathes normally and 

appears sleepy. Th e patient should then be managed 
as for an unconscious patient (e.g. the ABC of fi rst 
aid, Chapter 44).

Conclusion
Overall, people with epilepsy are able to participate in 
sport with few limitations. Occasionally, it is appro-
priate to restrict certain physical activities. A person 
with epilepsy must meet certain legal obligations 
when driving a car. Th e individual with epilepsy must 
take his or her medication correctly and ensure a 
well-balanced eating and sleeping schedule. Family, 
friends, team mates and coaches must be aware of the 
epilepsy and understand what to do in the event of a 
seizure. All these factors will contribute to removing 
unnecessary barriers to a normal active lifestyle in 
those with epilepsy.
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CHAPTER 

50
Joint-Related Symptoms 
without Acute Injury
WITH NICK CARTER

The dictum ‘not everything that presents to the 
sports clinic is sports medicine’ should never be 

forgotten. In daily practise sports clinicians see many 
patients who have mechanical joint injuries; thus, it 
can be tempting to attribute a mechanical diagnosis 
to every patient who presents with a painful or swol-
len joint. It is, however, wise to maintain an index of 
suspicion for infl ammatory joint disease masquer-
ading as a mechanical condition. For example, a 
30-year-old runner may present with recurrent knee 
swelling but have no convincing history of injury. 
Swelling is very uncommon in patellofemoral pain 
(Chapter 28) and a meniscal injury is rare without 
trauma at that age. Th us, the athlete presents with 
a single swollen joint but no injury. Th e clinician 
should be alert to the possibility that this swollen 
knee may be caused by an infl ammatory condition. 
In this chapter we discuss the clinical approach to 
diagnosing patients with the following four common 
presentations:

1. the single swollen joint
2. low back pain and stiff ness
3. multiple joint symptoms
4. joint pain and ‘pain all over’.

We also discuss when to use rheumatological inves-
tigations and how to interpret them.

The patient with a single 
swollen joint
In the athlete with a single swollen joint without a his-
tory of trauma, a possible infl ammatory cause should 
be considered. Table 50.1 summarizes the diff erential 
diagnosis of a single swollen joint.

Clinical perspective

Th e key to accurate diagnosis of a swollen joint is 
through taking a careful history and physical exami-
nation and having an appropriate index of suspicion. 
Infl ammatory joint problems are characterized by 
pain, swelling, warmth, redness, night pain and promi-
nent morning stiff ness. In all athletes, and especially 
in children and adolescents, infl ammatory, infective 
or neoplastic conditions should be considered in the 
light of these symptoms.

History

Many of the infl ammatory diseases are associated with 
extra-articular features that may provide additional 
clues as to the diagnosis:

• Psoriatic arthritis may be associated with 
rash, nail dystrophy, tendon insertion pain 
(enthesopathy) or low back pain.

Table 50.1 Diff erential diagnosis in the athlete 
presenting with a single swollen joint without a clear 
history of trauma

Common conditions Less common conditions

Reactive arthritis Pigmented villonodular 
synovitis

Septic arthritis Juxta-articular bone tumors

Psoriatic arthritis Synovial sarcoma

Gout/pseudogout Monoarticular rheumatoid 
arthritis

Peripheral ankylosing 
spondylitis

Acute sarcoidosis

Osteoarthritis Peripheral enteric arthritis
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• A history of infl ammatory bowel disease 
(ulcerative colitis, Crohn’s disease or celiac 
disease) suggests enteropathic arthritis. Urethral 
discharge or eye infl ammation may suggest a 
reactive arthritis.

• Rheumatoid arthritis is characteristically a 
small joint (hands, wrists and feet), symmetrical 
polyarthritis but can present as a single swollen 
joint in 15% of cases.

• Hypothyroidism, hyperparathyroidism and 
hemochromatosis may be associated with 
calcium pyrophosphate dihydrate deposition in 
articular tissues that may manifest as an acute 
gout-like presentation (‘pseudogout’) or may 
have a subacute or chronic course.

• Previous renal disease or diuretic use may give 
clues to diagnosing gout.

• Septic arthritis is uncommon in the normal joint 
but the possibility should be considered in joints 
recently aspirated or in patients with arthritis, 
diabetes or impaired immune function.

• A family history of infl ammatory arthritis is 
signifi cant as fi rst-degree relatives of patients 

with rheumatoid arthritis are four times more 
likely to develop the condition than the general 
population.1

Th e clinician must ask about these features as the 
athlete is unlikely to volunteer them.

Examination

In addition to examining the symptomatic joint, the 
clinician should perform a general physical examina-
tion. Th is may provide clues to indicate an underlying 
infl ammatory cause. Table 50.2 summarizes important 
extra-articular signs that may be associated with an 
acutely swollen joint.

Investigations

Laboratory tests and imaging should be guided by the 
clinical fi ndings to help confi rm or refute a suspected 
diagnosis. Th e clinician should avoid blanket screen-
ing. Infectious or infl ammatory conditions may be 
associated with elevation of acute-phase reactants 
(e.g. erythrocyte sedimentation rate [ESR], C-reactive 
protein [CRP]). Synovial fl uid aspiration should be 

Table 50.2 Extra-articular signs that may be associated with an acutely swollen joint

System Sign Disease

General Fever
Lymphadenopathy

Septic arthritis, acute gout
Septic arthritis, malignant bone/soft tissue 

tumor

Skin/mucous 
membranes

Psoriasis, nail dystrophy
Erythema nodosum
Tophi
Nail fold infarcts, splinter hemorrhages
Circinate balanitis, keratoderma 

blennorrhagica (Fig. 50.1)
Pyoderma gangrenosum
Erythema chronicum migrans

Psoriatic arthritis
Acute sarcoidosis
Gout
Rheumatoid arthritis (RA) (vasculitis)
Reactive arthritis (ReA)

Enteropathic arthritis (EnA)
Lyme disease

Eyes Conjunctivitis
Iritis

Dry eyes (and mouth)

ReA
Ankylosing spondylitis (AS), psoriatic arthritis, 

EnA
Sjogren’s syndrome (RA)

Locomotor system Small hand (MCP, PIP) and foot (MTP) 
synovitis

Hand (DIP, 1st CMC joints)
Large (lower limb) joint synovitis
Restricted lumbar range of motion/

sacroiliac tenderness
Tender, swollen entheses
Tenosynovitis

RA, psoriatic arthritis, chondrocalcinosis

Nodal osteoarthritis
ReA, AS, psoriatic arthritis, EnA
AS, ReA, psoriatic arthritis, EnA

AS, ReA, psoriatic arthritis, EnA
RA, gout

Neurological Carpal tunnel syndrome RA

CMC = carpometacarpal; DIP = distal interphalangeal; MCP = metacarpophalangeal; MTP = metatarsophalangeal; 
PIP = proximal interphalangeal.
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considered mandatory in cases of acute monoarthritis. 
If septic arthritis is suspected, the aspiration must be 
performed before antibiotics are given. Th e choice of 
antibiotic can be adjusted depending on the results of 
the Gram stain and culture of synovial fl uid and blood 
culture. Uric acid (gout) or calcium pyrophosphate 
dihydrate (pseudogout) crystals may be detected under 
polarized light microscopy. It is important to remember 
that acute crystal arthropathy can be associated with 
fever and leukocytosis and may mimic septic arthritis. 
Furthermore, these conditions may coexist. In cases 
of suspected reactive arthritis, symptoms of urethral 
discharge should prompt referral to a genitourinary 
specialist and stool culture may help identify gut infec-
tion (e.g. Shigella, Salmonella or Campylobacter).

For non-traumatic acute presentations of a swol-
len joint, plain radiographs are not indicated as 
they seldom show more than soft  tissue swelling or 
joint eff usion. Plain fi lms may, however, be helpful 
in identifying bone tumors, erosions or osteoar-
thritis. MRI remains a powerful tool for patients 
with traumatic lesions, bone and soft  tissue tumors, 
pigmented villonodular synovitis (Fig. 50.2) and 
osteomyelitis (Fig. 50.3), and for the early detection 

of erosions. Chest X-ray may reveal bilateral hilar 
lympha denopathy in acute sarcoidosis.

The patient with low back 
pain and stiff ness
A systemic illness is present in up to 10% of patients 
who present with low back pain. Because patients 
with low back pain gravitate to sports clinicians for 

Figure 50.1 Keratoderma blennorrhagica in reactive 
arthritis

Figure 50.2 MRI scan of pigmented villonodular 
synovitis of the knee

Figure 50.3 MRI scan of osteomyelitis that caused 
swelling of the knee
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management, it is important that clinicians have an 
index of suspicion for those patients with a non-
mechanical cause for their low back pain.

Clinical perspective

Th e diff erential diagnosis of low back pain is broad 
and is documented in Chapter 21. Th is diff erential 
diagnosis includes infl ammatory arthritis of the spine 
and sacroiliac joints, known as spondyloarthropathy. 
Spondyloarthropathy is a generic term applied to the 
clinical, radiological and immunological features 
shared by the following diseases:

• ankylosing spondylitis
• reactive arthritis following genitourinary or gut 

infection
• psoriatic arthritis
• enteropathic arthritis (Crohn’s disease, ulcerative 

colitis or celiac disease).

Although patients with these conditions have an 
increased likelihood of being positive for HLA B27 
(see below), a negative result does not eliminate 
the diagnosis. Spondyloarthropathy has its greatest 
prevalence in young men and usually achieves near 
full disease expression by age 35 years; thus, patients 
commonly present to the sports clinician.

History

Patients with back pain due to spondyloarthropathy 
complain of pain that is worse at night, with promi-
nent morning stiff ness (of 2 hours or more), which 
is eased with gentle exercise and NSAIDs. Th is pain 
pattern is very diff erent from the typical pain pattern 
of mechanical low back pain (Chapter 21). Buttock 
or posterior thigh pain may be present, so this symp-
tom does not distinguish the two types of back pain. 
When the patient describes morning back pain with 
prominent stiff ness, the physician should ask whether 
there is a past history of psoriasis or nail dystrophy 
(psoriatic arthritis), infl ammatory bowel disease 
(enteropathic arthritis), or recent genitourinary or 
gut infection (reactive arthritis). Spondyloarthropa-
thy is characterized by infl ammation of the entheses, 
commonly at the patellar tendon, Achilles tendon 
and the plantar fascia.

Peripheral joints may be involved with spondylo-
arthropathy, particularly an asymmetric, lower limb, 
large joint inflammation. The shoulder or hip is 
involved in 30% of patients with ankylosing spond-
ylitis. A history of extra-articular involvement such 
as anterior uveitis (iritis) and the rash of keratoderma 

blennorrhagica (Fig. 50.1) or circinate balanitis (reac-
tive arthritis) may provide clues to the specifi c cause 
of back pain. It is important that the clinician actively 
seeks these associations as the athlete may not fi nd 
them noteworthy to mention. Th ere is oft en a strong 
family history of spondyloarthropathy; for example, 
approximately 6% of siblings of patients with ankylos-
ing spondylitis will develop the condition.2

Examination

When examining the patient with back pain and a 
suspected infl ammatory etiology, the clinician should 
seek tenderness over the sacroiliac joints and pain on 
sacroiliac springing. Restriction of lumbosacral spine 
movement becomes evident fi rst in lateral fl exion. 
Th e clinician should also examine the appendicular 
skeleton for evidence of enthesopathy or peripheral 
joint involvement. Th orough inspection of the skin 
may detect previously unrecognized plaques of 
psoriasis (Fig. 50.4). Th e umbilicus, natal cleft  and 
scalp are common sites and these changes may be 
subtle.3

Investigations

Th e diagnosis of spondyloarthropathy is essentially 
clinical. Investigations may help confi rm or refute 
a suspected diagnosis and should not be used as a 
blanket screening tool. Th ere may be a non-specifi c 
elevation of acute-phase reactants (ESR, CRP), par-
ticularly with peripheral joint involvement, but only 
one-third to two-thirds of patients with active ankylos-
ing spondylitis mount an acute-phase response. HLA 
B27 is associated with ankylosing spondylitis in up 
to 95% of cases and approximately 70% of patients 
with reactive arthritis and axial involvement. Th e 
association is weaker in cases of enteropathic arthritis 
and psoriatic arthritis, with only about 50% of these 

Figure 50.4 Psoriatic plaques of the elbow (right) and 
umbilicus (left)
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patients being HLA B27 positive. As 7% of the general 
population is positive for HLA B27, there is no place 
for requesting HLA B27 as a screening tool for back 
pain (see p. 861).4

Th e diagnosis of ankylosing spondylitis requires 
sacroiliitis to be evident on plain X-ray. Early changes 
include sclerosis and erosion of the sacroiliac joints 
progressing to ankylosis (spontaneous fusion). Con-
currently, there may be erosion at the edges of, and 
squaring of (Fig. 50.5), the vertebral bodies in the 
thoracolumbar spine progressing to syndesmophyte 
(bone spurs) formation and bony bridging (‘bamboo 
spine’). As these changes may take up to 10 years to 
develop,5 plain radiography is relatively insensitive in 
identifying infl ammatory spine and sacroiliac lesions 
in athletes with a short history of symptoms. MRI, 
however, may detect up to 75% of cases of X-ray-
negative early sacroiliitis and this may be considered 
in such cases.6

The patient presenting with 
multiple painful joints
Occasionally patients may attend the sports medi-
cine clinic with multiple joint pain (polyarthralgia) 
or multiple joint pain with synovitis (polyarthritis). 
A systematic approach is vital to make an accurate 

diagnosis. Table 50.3 summarizes the diff erential diag-
nosis of the patient presenting with a polyarthritis.

History

Th e practitioner should begin by distinguishing poly-
arthritis with joint pain, stiff ness and swelling from 
polyarthralgia alone. Joint infl ammation is character-
ized by night pain, prominent morning stiff ness (of at 
least 60 minutes but oft en for hours), swelling, warmth 
and loss of function. In many of these conditions the 
diagnosis is clinical. A key diagnostic feature is the 
onset and pattern of joint involvement.

Rheumatoid arthritis symmetrically aff ects the 
small joints of the hands (Fig. 50.6), wrists and feet 
(PIP, MCP, MTP) and in the majority of patients onset 
occurs over weeks or months.7 Reactive arthritis (fol-
lowing genitourinary or gastrointestinal infection), 
on the other hand, is oft en more rapid in onset and 

Figure 50.5 Squaring of the vertebral bodies in 
ankylosing spondylitis

Table 50.3 Conditions that must be considered when 
a patient presents with polyarthritis

Common conditions Less common conditions

Rheumatoid arthritis Lyme disease

Viral arthritis
 Parvovirus B19
 Epstein-Barr virus

Viral arthritis
 Hepatitis B, C
 Rubella

Polyarticular psoriatic 
arthritis

Rheumatic fever

Polyarticular reactive 
arthritis

Enteropathic polyarthritis

Infl ammatory 
osteoarthritis

Overlap syndrome (with 
infl ammatory myositis, 
scleroderma)

Systemic lupus 
erythematosus

Polyarticular gout/
pseudogout

Figure 50.6 Early rheumatoid hands
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has a propensity to asymmetric involvement of the 
large joints of the lower limb together with enthesitis 
(infl ammation at the insertions of tendons, ligaments 
or capsules) or dactylitis (sausage digits). Th e duration 
of symptoms should be recorded.

Parvovirus B19 polyarthritis frequently aff ects 
young women who care for small children (mothers 
or school teachers) who develop parvovirus B19 
infection (fi ft h disease or ‘slapped cheek’ syndrome). 
Th is condition may be indistinguishable from early 
rheumatoid arthritis. Symptoms and signs usually 
settle within six weeks, whereas rheumatoid arthritis 
oft en follows a chronic and progressive course. Th e 
presence or absence of extra-articular manifestations 
of rheumatological conditions may also aid accurate 
diagnosis (see Table 50.2). Th e pattern of joint involve-
ment in polyarticular pseudogout or psoriatic arthritis 
oft en resembles rheumatoid arthritis but without 
nodulosis, vasculitis or other systemic features seen 
in rheumatoid arthritis.

Examination

Clinical examination requires thorough evaluation of 
all systems. Many of the extra-articular features are 
summarized in Table 50.2. Th e polyarthritis of systemic 
lupus erythematosus may be associated with alopecia, 
mouth ulceration, cutaneous vasculitis (local hemor-
rhages) or a lacy purplish rash referred to as livido 
reticularis in the young female athlete. Th e character-
istic photosensitive facial rash (Fig. 50.7) in systemic 
lupus erythematosus is oft en follicular or sometimes 
itchy. Th e overlap connective tissue dis orders may be 
associated with Raynaud’s phenomenon, dyspepsia due 
to esophageal dysmotility, scleroderma of the hands 
and face, and soft  tissue calcifi cation.

Investigations

Investigations should only be requested to help 
confi rm or refute a suspected diagnosis and must be 
guided by the clinical fi ndings. As with other presen-
tations discussed in this chapter, there is no place for 
blanket screening tests as these are likely to lead to a 
high number of false positive results. Th ere may be a 
non-specifi c elevation of acute-phase reactants (ESR, 
CRP). Aggressive rheumatoid arthritis is oft en associ-
ated with a highly elevated ESR in the early stages of 
disease. Th e clinical utility of rheumatoid factor and 
antinuclear antibody tests is discussed below. Rising 
immunoglobulin (Ig) M antibody titers to Borrelia 
burgdorferi may aid in the diagnosis of Lyme disease 
when suspected. Likewise, antibody screening may 
help with the diagnosis of viral arthropathies (parvo-
virus B19, Epstein-Barr virus and hepatitis).

When crystal arthropathy is suspected, the physi-
cian should aspirate the joint and arrange for crystal 
microscopy under polarized light. Radiographs of 
the hands and feet may detect early erosive change 
in patients with rheumatoid arthritis (Fig. 50.8) or 
psoriatic arthritis, a feature rarely seen in systemic 
lupus erythematosus. A polyarthritis with radiologi-
cal changes of osteoarthritis and chondrocalcinosis 
in the menisci or triangular fi brocartilage complex 
of the wrist may represent calcium pyrophosphate 
dihydrate deposition disease.

The patient with joint pain 
who ‘hurts all over’
A challenging presentation for any clinician is the eval-
uation of the athlete with widespread joint or muscle 
pain who ‘hurts all over’. Th ese patients are oft en fre-
quent attenders and it can be extremely rewarding to 
provide a diagnosis and the help they need. In many 
cases, patients with this presentation have little to fi nd 

Figure 50.7 Urticarial photosensitive rash in systemic 
lupus erythematosus
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on clinical examination. Th e diff erential diagnosis of 
this presentation is broad and includes the conditions 
listed in Table 50.3. Table 50.4 highlights other pos-
sible diagnoses and directs the practitioner towards 
appropriate clinical evaluation.

Investigations must be directed towards a specifi c 
diagnosis but may include blood count with diff eren-
tial white cell count, ESR, plasma immunoglobulin 
assay and electrophoresis, calcium, phosphate, thyroid 
function and creatine kinase tests.

Ordering and interpreting 
rheumatological tests
Th e indication for and interpretation of the results 
of commonly requested rheumatological tests cause 
confusion. In this section we consider fi ve frequently 

requested investigations: rheumatoid factor (RhF), 
erythrocyte sedimentation rate (ESR), antinuclear 
antibodies (ANA), HLA B27 and serum uric acid.

Rheumatoid factor

Rheumatoid factors (RhF) are autoantibodies that 
react, principally, with a specifi c Fc antigen of normal 
IgG. Approximately 80% of patients with rheumatoid 
arthritis are RhF positive. Vasculitis, nodules and more 
rapidly progressive erosive disease are all features of 
patients with high RhF titers. Note that patients with 
other conditions and up to 5% of healthy young indi-
viduals may be RhF positive (15% in the older adult) 
(Table 50.5). Blanket screening for RhF may therefore 
yield a high rate of false positives and the request for an 
RhF test should be reserved for patients with clinical 
features consistent with rheumatoid arthritis. More 
recently, additional antibodies such as anti-CCP (anti-
cyclic citrullinated peptide) have been identifi ed that 

Figure 50.8 Erosive rheumatoid arthritis

Table 50.4 Conditions in patients presenting with 
polyarthralgia

System Cause

Drug induced Quinolones, acyclovir, vitamin A, 
clofi brate, beta-blockers, statins

Infectious Viral syndromes, vaccines

Endocrine Hyper/hypothyroidism, 
hyperparathyroidism, 
corticosteroid withdrawal

Autoimmune Polymyalgia rheumatica, 
infl ammatory myositis

Neoplastic Leukemia, lymphoma, multiple 
myeloma, bone metastasis

Psychiatric Depression, somatization disorder

Other Fibromyalgia (chronic fatigue 
syndrome), silicone implant 
syndrome

Table 50.5 Conditions with an RhF association

Condition RhF association (%)

Sjogren’s syndrome 90

Rheumatoid arthritis 75–80

Systemic lupus erythematosus 25–50

Pulmonary diseases 10–25

Ankylosing spondylitis/gout 5–10

Normal population <5
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are as sensitive as RhF in rheumatoid arthritis patients 
though far more specifi c for the condition. A positive 
anti-CCP result will yield fewer false positive results8 
and may predict disease severity.9

Erythrocyte sedimentation rate

Th e ESR is simple and cheap to perform. It is a non-
specifi c acute- and chronic-phase reactant, and while 
very high elevations (>100 mm/h) may indicate malig-
nancy, sepsis or vasculitis (e.g. giant cell arteritis), 
normal levels do not exclude disease. Confounding 
factors in the interpretation of the ESR include ane-
mia, polycythemia, abnormal red cell morphology or 
congestive heart failure. ESR testing is not useful as a 
screening test in asymptomatic individuals.

Antinuclear antibodies

Autoantibodies that react with various components 
of the cell nucleus are called antinuclear antibodies 
(ANA). Almost 100% of patients with systemic lupus 
erythematosus will be ANA positive but, as with RhF, 
ANAs are found in individuals with other conditions, 
such as scleroderma, Sjogren’s syndrome, rheumatoid 
arthritis, infl ammatory myositis, Hashimoto’s thy-
roiditis, chronic liver or lung disease, drug-induced 
lupus and in 15% of healthy older persons. Th e ANA 
test should not be used to screen patients with joint 
pain or presumed systemic illness.

HLA B27

HLA B27 is a normal gene found in up to 8% of 
normal individuals. HLA B27 is oft en associated with 
ankylosing spondylitis, reactive arthritis, psoriatic 
arthritis and enteropathic arthritis (the spondylo-
arthropathies). Th e prevalence of this allele in diff erent 
populations is shown in Table 50.6.

Also, 12% of HLA B27 positive siblings of patients 
with ankylosing spondylitis will develop the con-
dition.2 In athletes with low back pain, HLA B27 
should not be ordered routinely as there is an 8% 
prevalence of HLA B27 positive alleles in the general 
population, whereas the prevalence in patients with 
spondyloarthropathy is approximately 0.5%. Given 
these pre-test probabilities, the test is more likely to 
produce a false positive than a true positive result. 
It is diagnostically valuable when the incomplete 
syndrome is present or when the pre-test probability 
that the athlete has the condition lies between 30% 
and 70%. It has no value for screening (low pre-test 
probability) or in patients with classic presentations 
(high pre-test probability).10

Serum uric acid

Serum uric acid estimation is primarily used in the 
diagnosis of gout. Abnormal levels are taken at two 
standard deviations either side of the mean (range, 
150–425 μmol/L [2.5–7 mg/dL]) and therefore 5% 
of the normal population will have abnormally low 
or high uric acid levels. Uric acid will reach satura-
tion level in extra-cellular tissues over approximately 
380 μmol/L (6 mg/dL) and serum uric acid levels 
greater than this are associated with an increased 
risk of gout and kidney stones. During 40% of acute 
attacks of gout the uric acid level will, however, fall 
within the reference range. Th e diagnosis of acute 
gout cannot be made merely because of the presence 
of an acutely swollen joint and a high serum uric acid 
level. Th e diagnosis depends on the demonstration 
of uric acid crystals in synovial fl uid. Serial uric 
acid estimations are useful to monitor the eff ect of 
hypouricemic drugs.

Recommended Reading

Cush JJ, Kavanaugh AF, Olsen NJ, et al. Rheumatology: Diagnosis 

and Th erapeutics. Baltimore, MD: Williams & Wilkins, 1999: 

1–559.

A very clear, concise pocket-size guide that clarifi es many 

rheumatological issues for the non-rheumatologist.

Van der Heijde D, Landewe R. Imaging in spondylitis. Curr 

Opin Rheumatol 2005; 17: 413–17.

Table 50.6 Prevalence of the HLA B27 allele

Population
Frequency of 
HLA B27 (%)

Ankylosing spondylitis 90

Ankylosing spondylitis with iritis >95

Reactive arthritis (Reiter’s syndrome) 75–80

Psoriatic arthritis
 Spondylitis
 Peripheral arthritis

50
<10

Enteropathic arthritis
 Spondylitis
 Peripheral arthritis

50
<10

General population 6–8
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CHAPTER 

51
Common Sports-Related 
Infections

Athletes are subject to the same infections suf-
fered by the rest of the community. Certain cir-

cumstances in sport may increase the susceptibility 
of athletes to infections. Athletes involved in team 
sports have prolonged close contact with fellow team 
members, thereby increasing the likelihood of spread 
of infection. In addition, team members oft en share 
food and drink, particularly since the increased use 
of squeeze bottles during exercise.

In this chapter we describe the infections that are 
particularly relevant to the sportsperson either because 
of the serious nature of the infection (e.g. HIV) or 
because of its prevalence (e.g. upper respiratory tract 
infection). We then address the question of whether or 
not athletes have increased susceptibility to infection. 
Finally, we provide practical advice for the clinician 
advising an athlete who has an infection whether or 
not to participate.

Hepatitis
Acute viral hepatitis is a systemic infection predomi-
nantly aff ecting the liver. At least fi ve distinct hepatitis 
viruses have been identifi ed: hepatitis A (HAV), 
hepatitis B (HBV), hepatitis C (HCV), hepatitis 
delta or D (HDV) and hepatitis E (HEV). More than 
350 million people worldwide have chronic, lifelong 
infections of HBV. Th ese carriers are at high risk of 
serious diseases such as liver cirrhosis and primary 
liver cancer, which kill more than one million of 
them a year.1

Th e various types of hepatitis viruses can all pro-
duce clinically similar illnesses.2 While the classic 
sign is the presence of jaundice (icterus), most cases 
of acute viral hepatitis are anicteric and result in 
non-specifi c symptoms such as fatigue and nausea. 

Th e disease is oft en misdiagnosed as an infl uenza-like 
illness. Th ose patients who develop icteric disease 
oft en experience symptoms such as low-grade fever, 
anorexia, fatigue, abdominal discomfort and nausea 
prior to the onset of jaundice.3

Most cases of acute viral hepatitis are self-limited 
and have an excellent prognosis for recovery. Th e most 
serious complication is the development of fulminant 
hepatitis (massive hepatic necrosis). Another poten-
tial complication following acute infection with 
HBV, HCV and HDV (but not HAV or HEV) is the 
development of chronic hepatitis. With HBV the 
rate of progression from acute to chronic hepatitis is 
infl uenced by the age at which the infection occurs, 
with a very high rate (90%) for neonatally acquired 
infections, but only 5% for adult-acquired infections. 
Acute HCV results in chronic infection in 60–80% 
of cases.2

Athletes are at risk of developing hepatitis mainly 
as a result of non-sports-related activity (e.g. sexual 
contact, sharing needles), however, a small theoretical 
risk of virus contamination during certain types of 
athletic activity does exist. Th e mode of transmission 
of viral hepatitis from an infected individual varies 
depending upon the specifi c viral agent, although 
some overlap does exist (Table 51.1).

Infection with HAV or HEV is likely to occur as a 
result of exposure to contaminated food or beverages. 
Th e risk of infection is particularly high during inter-
national travel to areas with poor hygienic conditions 
where HAV and HEV are endemic.4 Direct transmis-
sion of HAV or HEV during sports participation has 
not been described,2 however, outbreaks of hepatitis 
among groups of athletes have been reported, the 
most famous of which involved 90 members of an 
American college’s football team aft er an infected 

Brukner-E-44–55.indt   863Brukner-E-44–55.indt   863 5/6/06   11:41:25 AM5/6/06   11:41:25 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL864

PART E MANAGEMENT OF MEDICAL PROBLEMSE

group of children contaminated the drinking water 
used during practise.5

For athletes, exposure to blood-borne pathogens 
such as HBV and HCV is also much more likely to 
occur during non-sports-related activities such as 
unprotected sexual activity, using injectable drugs 
such as anabolic steroids, sharing personal items such 
as razors, and tattooing and body piercing. However, 
there is the potential for horizontal transmission of 
HBV and HCV while playing sports, especially contact 
or collision sports.

Th e blood of an infected athlete may contaminate 
the skin or mucous membranes of other athletes or 
staff . Two reports of transmission of HBV among 
Japanese athletes have been described, one in sumo 
wrestling6 and the other in American footballers at 
the University of Okayama.7

Th ere has been only one report of HBV transmis-
sion in a non-contact sport.8 Between 1957 and 1963, 
568 cases of HBV were reported among Swedish ath-
letes participating in the sport of orienteering. It was 
thought that the most likely route of contamination 
was the use of water contaminated with infected blood 
to clean the wounds on multiple individuals who were 
cut by thorns and bushes during the competition.

Th ere have been no documented cases of HCV 
transmission during sporting activity,2 but there has 
been a documented case during bloody fi sticuff s 
which was thought to have occurred when the two 
participants shared a common handkerchief to wipe 
their bleeding wounds.9 Th ere has also been a report 
of three soccer players from one amateur club con-
tracting HCV as a result of sharing a syringe to inject 
intravenous vitamin complexes.10

It is clear that the risk of transmission of both 
HBV and HCV during sport is very low, and there 
is no reason why infected individuals should not be 
allowed to compete.

Acute viral hepatitis and activity

In those patients with acute viral hepatitis, strict bed 
rest and avoidance of all physical activity are no longer 
thought to be necessary. Acute hepatitis infection 

should be viewed just as other viral infections and the 
ability to play should be based upon clinical signs and 
symptoms such as fever, fatigue or hepatomegaly.11 
Hepatomegaly (80%) and splenomegaly (10–20%) 
may persist aft er other symptoms have settled. Con-
tact and collision sports should be avoided until the 
organomegaly has resolved.4

Prevention of viral hepatitis

Safe and eff ective vaccines against HAV and HBV are 
available. Athletes working or traveling in countries 
that have a high or intermediate rate of HAV infection 
should be vaccinated. Until recently it was only those 
at increased risk who were advised to have an HBV 
vaccination course, but recently HBV vaccination 
has been recommended in all children.1 Certainly, 
any athlete involved in a contact or collision sport 
should be vaccinated.

Th e hepatitis B vaccine (Engerix-B) is on a zero, 
one and six month schedule. At this time immunity 
should be assessed by a blood test. Approximately 
90% of people become immune aft er a course of three 
injections. If immunity is not present, a further injec-
tion should be given. Th is will increase the chance of 
developing immunity to approximately 95%.

In those who have not been vaccinated and expe-
rience a known or high-risk exposure to HAV or 
HBV, post-exposure prophylaxis with the respective 
immune globulin should be administered. Addi-
tionally there is now evidence that post-exposure 
immunization with HBV vaccine can attenuate or 
prevent acute HBV.

Human immunodefi ciency 
virus (HIV)
HIV is a highly lethal virus transmitted sexually or by 
contact with blood or blood products. Infection with 
HIV initially causes a fl u-like illness. Th is is followed 
by an asymptomatic period characterized by replica-
tion of the HIV virus and antibody formation. Th e 
length of this period is variable but may last months or 

Table 51.1 Transmission of viral hepatitis2

Transmission HAV HBV HCV HDV HEV

Fecal–oral Yes No No No Yes

Percutaneous Yes (unusual) Yes Yes Yes No

Perinatal No Yes Yes Yes No

Sexual Yes (homosexual men) Yes Yes Yes No
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years. Th is is followed by the development of acquired 
immunodefi ciency syndrome (AIDS), which may 
present as a variety of diseases associated with the 
suppression of immunity. Th ese include Pneumocystis 
carinii pneumonia, Kaposi’s sarcoma, cytomegalovirus 
infection, cryptosporidiosis or lymphoma.

Th e presence of HIV antibodies can be detected 
a short time (usually within three months) aft er the 
initial exposure. Practicing safe sex and avoiding direct 
contact with blood or blood products can reduce the 
risk of HIV infection. Th ere is an extremely slight risk 
of acquiring HIV from a contact on the sporting fi eld 
with an HIV carrier bleeding from an open wound 
or from bloodstained clothing. Th is risk has been 
described as being ‘exceedingly low’ and is estimated 
to be between one per million and one per 85 million 
game contacts.12

Th ere are no confi rmed reports of HIV trans-
mission during sport, although there has been one 
possible transmission during a football match13 and 
a number of reports of transmission during bloody 
street fi ghts.14, 15

Attention to the guidelines described in the box 
on page 872 will reduce this risk. Medical personnel 
attending bleeding players must make every attempt 
to stop the bleeding and remove all exposed blood. 
If bleeding cannot be controlled, the player should 
be removed from the field of play. Medical staff 
should always wear gloves when treating a bleeding 
wound.

Th e optimal level of participation and competition 
in an HIV-aff ected athlete remains unknown. Cur-
rent opinion is that healthy, asymptomatic athletes 
with HIV may continue in competition and exercise 
without restriction but should avoid overtraining. 
Athletes with AIDS may remain physically active and 
continue training on a symptom-related basis but 
should avoid strenuous exercise and reduce activity 
during acute illness.

Infectious mononucleosis
Th e Epstein-Barr virus causes infectious mononucle-
osis, also known as glandular fever or ‘mono’. Th e 
incidence of infectious mononucleosis is highest in 
adolescence and early adulthood with 1–3% of Ameri-
can college students reported to become infected 
yearly.16 Many clinicians believe that the incidence of 
infectious mononucleosis is higher in athletes who are 
training intensely but there are no studies to support 
(or refute) this claim.

Th e severity of the infection appears to increase 
with age. Children infected by the Epstein-Barr virus 

develop a fl u-like illness. Adolescents and young adults 
typically develop symptoms of sore throat, malaise, 
headache and less commonly myalgia, nausea and 
vomiting.

Examination of the typical 15–19-year-old patient 
reveals an exudative pharyngitis and swollen cervical 
lymph nodes. A fever of 39–40°C (102–104°F) is com-
mon. Splenomegaly occurs in about 50% of cases and 
peaks in the second or third week of the illness. A simi-
lar clinical picture may be seen with cytomegalovirus 
infection, toxoplasmosis and primary infection with 
HIV. Patients with infectious mononucleosis who are 
treated with ampicillin or amoxycillin (amoxicillin) 
oft en develop a diff use macular rash. Older patients 
have an increased tendency to develop complications 
of infectious mononucleosis such as hepatitis or 
thrombocytopenia (reduced platelet count).

Th e virus is spread through close contact, especially 
saliva (kissing). Th e incubation period is usually 
between 30 and 50 days aft er exposure to the virus and 
the illness lasts between fi ve and 15 days. However, 
tiredness may be more prolonged and, in some cases, 
continue for a number of months.

Investigations usually reveal a moderately raised 
white cell count (10–20 × 109/L [10–20 × 103/μL] with 
an increase in the number of lymphocytes (50% or 
more of total white blood cell count). Between 10% 
and 20% of these lymphocytes are usually described 
as ‘atypical’. Mild thrombocytopenia (platelet count 
<140 × 109/L [<140 × 103/μL]) occurs in approxi-
mately 50% of patients. Liver function test abnor-
malities occur in approximately 75% of patients. Th e 
development of jaundice, however, is uncommon. 
Enlargement of the spleen may be confi rmed on 
ultrasound.

Confi rmation of infectious mononucleosis is usu-
ally made serologically. Th e presence of heterophile 
antibodies can be seen in 85–90% of acute EBV 
infections. Most clinical laboratories use some form 
of latex agglutination method such as the Monospot 
and Paul Bunnell tests. Th ese tests are usually positive 
in the second week of illness. False negative results 
occur but other diagnoses (e.g. cytomegalovirus, HIV, 
toxoplasmosis) should be considered in the presence 
of a negative Monospot result.

In the 10–15% who never develop a positive Mono-
spot test result, EBV-specifi c antibodies are measured. 
Most laboratories provide immunoglobulin (Ig) M 
and IgG antibody results. Th e IgM assay is positive 
in an acute infection and remains so for one to two 
months. Th e IgG antibodies tend to persist for life 
so are not indicative of current infection, only that a 
previous infection has occurred.
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Treatment of infectious mononucleosis involves 
symptomatic treatment to reduce fever and sore 
throat. Infectious mononucleosis is not particularly 
contagious despite the relatively high incidence in 
adolescents and young adults. Th ere is no need for 
isolation of the athlete with infectious mononucleosis. 
Many people have adequate antibody levels because 
of childhood exposure.

Th e athlete with infectious mononucleosis should 
rest from sporting activity until all acute symptoms 
have resolved. As there have been a number of case 
reports of splenic rupture associated with infectious 
mononucleosis, contact and collision sports should 
be avoided while the spleen is enlarged. Th e dilemma 
for the treating physician is how to determine that 
the spleen size has returned to normal. If the spleen 
is palpable, then it is clearly enlarged. However, many 
enlarged spleens are not palpable.

Ultrasound is used to measure spleen size. Simple 
linear ultrasonographic measurements are oft en used, 
but there is uncertainty as to the normal size. An 
upper limit of normal of 12 cm (6 in.) length, 7 cm 
(3.5 in.) width and 4 cm (2 in.) thickness has been 
proposed, but spleen size varies considerably between 
individuals, although it correlates reasonably well with 
body size. Unfortunately, very few individuals have 
previous ultrasonic measurement of the spleen with 
which to compare the post-infective size.

Th e majority of spleen ruptures have occurred 
within 21 days of the onset of symptoms so there is 
a case for allowing return to play aft er that period of 
time, remembering that there is still a slight possibility 
of rupture at a later date.

Skin infections
Skin infections occur more commonly in athletes than 
sedentary individuals.17 Th ey may be viral (e.g. herpes 
simplex, molluscum contagiosum, warts), bacterial 
(e.g. impetigo, folliculitis, otitis externa) or fungal (e.g. 
tinea, scabies, lice). Sweating, chaffi  ng and occlusive 
clothing form a perfect environment for skin infec-
tions. Any breach in the skin from cuts, abrasions or 
lacerations increases the risk of infection.

Viral infections

Contact sports such as wrestling or rugby have a 
higher rate of viral skin infections than non-contact 
sports.18 Training environments may promote the 
transmission of some viral infections via fomites, 
such as weights, mats, weight benches, pool decks 
and communal showers.19

Herpes simplex virus infections

Herpes simplex virus (HSV-1) skin infections occur 
in athletes, particularly among wrestlers (herpes 
gladiatorum) and rugby forwards (herpes rugbeiorum 
or ‘scrum pox’). Th e virus is transmitted through 
skin-to-skin contact. Outbreaks have been reported 
particularly among wrestlers. A review of a recent 
outbreak suggested that there is a 33% probability 
of transmission if herpes develops on a sparring 
partner.20

In contact sports, lesions are common on the 
head and may involve the eyes, leading to conjunc-
tivitis or blepharitis (infection of the eyelids). HSV 
infections can be extremely painful and may be 
accompanied by systemic symptoms such as fever and 
malaise. Th ese symptoms represent the prodrome, but 
not every episode of HSV has a prodrome. Aft er an 
incubation period of fi ve to 10 days, asymptomatic 
shedding of viral particles and the development of 
clinical lesions may occur. Th e vesicles rupture quickly 
and crust over within a few days. Crusted lesions last 
fi ve to seven days, and may take two to three weeks 
to heal completely.18 Th e diagnosis is made on the 
typical appearance of the herpes lesions and can be 
confi rmed with viral cultures.

Herpes labialis (cold sores) typically appear at 
mucocutaneous junctions, especially on the lip. Th ey 
may aff ect snow skiers and others who are exposed to 
cold stress or to increased ultraviolet solar radiation 
at high altitudes.21

Treatment is symptomatic and should begin with 
oral acyclovir (400 mg three times a day or 200 mg 
fi ve times a day for seven to 10 days) immediately 
with the onset of prodromal symptoms. Th e earlier 
the antiviral is taken, the more eff ective it is. Topical 
acyclovir is not helpful. Th e athlete with herpes sim-
plex skin infection should not play sport and should 
avoid contact sport until the lesions have healed.

As HSV is not eliminated, recurrences may occur, 
particularly at times of undue physical or psychologi-
cal stress. Recurrent attacks are usually milder, lasting 
only fi ve days. Treatment is the same but a shorter 
course (fi ve days).

HSV is highly contagious and no-one should com-
pete in a contact sport until the scabs have dried and 
there are no further vesicles, ulcers or drainage. In the 
United States where high school and college wrestling 
is a popular sport, organizations have imposed strict 
rules. Th e National Collegiate Athletic Association’s 
(NCAA) rules include that:22

• the athlete must be free of systemic symptoms 
(fever, malaise)
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• the athlete must be free of any new lesions for 
72 hours

• no moist lesions and all lesions must have a 
fi rm, adherent crust

• the athlete must be using appropriate antiviral 
medication for 120 hours (fi ve days) before 
competition

• covering active lesions is not acceptable.

None of these recommendations, however, are 
evidence-based. On the basis of virus shedding studies 
in herpes genitalis, the athlete can probably return 
to competition four to seven days aft er a recurrent 
outbreak,23 whereas others recommend removing 
the athlete from practise and competition for eight 
days.24

Molluscum contagiosum

Characterized by discrete white to skin-colored, 
umbilicated papules that are 3–5 mm (~0.25 in.) in 
diameter, molluscum contagiosum aff ects mainly 
children and is caused by a virus from the Poxviridae 
family.18 Th e papules are more common in swimmers, 
gymnasts and wrestlers, and are commonly seen on 
the hands, forearms and face. Th ey are generally 
asymptomatic and spread by skin-to-skin contact.

Treatment is generally recommended, particularly 
if an athlete participates in a contact sport. Th e infec-
tion is self-limited but may take months or even years 
to resolve without treatment.18 Th e most common 
method of treatment is application of liquid nitrogen 
or curettage. Lesions should be covered while playing 
contact sport.

Warts

Warts or verrucae are caused by infection with various 
forms of the human papilloma virus (HPV). Th ey are 
commonly seen on the hands and feet and tend to be 
hard and have a verrucous surface. Infectivity is low, 
but warts are transmitted either by direct skin-to-skin 
contact or through fomites such as swimming pool 
decks and showers. Warts are frequently spread by 
autoinoculation from shaving, scratching or other 
skin trauma. Plantar warts can be painful and should 
be treated.

Visual inspection is usually suffi  cient for diagnosis. 
Th e main challenge is distinguishing a wart from a 
callus. Warts do not retain the normal fi ngerprint 
lines on the hands and feet that corns and calluses 
do. A wart on the surface of the foot can also be dis-
tinguished from a callus by paring the lesion down 
with a no.15 blade. Warts will have 10 to 15 pinpoint 
black spots that are thrombosed capillaries. Once 

the wart has been pared down it can be treated with 
liquid nitrogen.

Athletes can return to competition as soon as 
warts have been treated, but the warts should remain 
covered until completely resolved.18

Bacterial skin infections

Certain bacterial infections can be found in epidemic 
numbers in athletes.

Impetigo

A Staphylococcus or Streptococcus skin infection that 
is easily spread from person to person, impetigo 
is particularly common in sports with close skin-
to-skin contact, such as wrestling and the various 
football codes. Impetigo has two diff erent presenta-
tions: bullous and non-bullous. Th e bullous form 
typically begins as multiple fl uid-fi lled vesicles that 
either coalesce or individually enlarge, forming 
blister-like lesions that eventually collapse centrally. 
Th e center has the classic honey-crusted lesion that, 
when removed, reveals erythematous plaques drain-
ing serous fl uid.

Non-bullous impetigo originates as small vesicles 
or pustules with erythematous bases and honey-
colored crusts which also drain fl uid. Breaks in the 
skin provide an avenue for bacterial invasion. Patients 
are typically afebrile, but enlarged lymph glands may 
be present.25

In most cases the diagnosis is made clinically and 
confi rmed with bacterial cultures when necessary. 
Impetigo may resolve spontaneously but when the 
disorder is widespread treatment should be imple-
mented, either with topical or oral (fl ucloxacillin, 
cephalexin) antibiotics. Local debridement of the 
crusts with soap and water is helpful.

All lesions should be covered during contact sport. 
Th e NCAA wrestling guidelines state that the athlete 
must take antibiotics for 72 hours before competition 
and be free from any new skin lesion for 48 hours.22

Folliculitis and furunculosis

Folliculitis is a superfi cial infection of the upper 
portion of the hair follicle and surrounding areas 
characterized by mildly tender papules or pustules 
surrounded by erythema. Furunculosis is an infec-
tion of the deeper hair follicle cavity and the lesions 
usually contain pus.

Furuncles or boils are large, well-defi ned, ery-
thematous and fl uctuant nodules that commonly 
occur in areas of increased sweating and friction, 
such as the buttock, belt line, anterior thigh and 
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axilla.25 Both folliculitis and furunculosis are caused 
by Staphylococcus aureus. Widespread infection should 
be treated with anti-staphylococcal antibiotics (e.g. 
fl ucloxacillin 500 mg three times a day for 10–14 days). 
Boils and abscesses require incision and drainage.

Pseudomonas or ‘hot tub’ folliculitis is usually 
contracted in spas or hot tubs. Symptoms appear from 
6 hours to fi ve days aft er bathing in contaminated 
water and include generalized malaise, low-grade fever 
and headache, accompanied by a pustular rash com-
monly appearing in the axilla, perineum, or buttocks. 
Th e rash is usually self-limiting and disappears aft er 
seven to 14 days. Th ese infections are prevented by 
adequate fi ltration and chlorination of the baths. 
Folliculitis may also occur aft er a vigorous massage 
(especially when insuffi  cient lubricants are used) or 
aft er leg waxing or shaving.

Otitis externa

Otitis externa, an infection of the external auditory 
canal common in swimmers, is caused by either 
Pseudomonas or S. aureus. Th is is sometimes known 
as ‘swimmer’s ear’. Otitis externa presents as a pain-
ful itch or discharge from the external ear. Pain is 
aggravated by traction on the tragus of the ear. Th e 
external auditory canal is usually swollen and tender 
and may be fi lled with debris.

Treatment is by irrigation to remove purulent 
debris, protection from exposure to water and 
mechanical trauma (e.g. avoiding ear plugs) and 
liberal application of corticosporin drops (polymyxin 
B, neosporin and hydrocortisone) over a cotton wick. 
Th ere is a high incidence of recurrent infection. 
Recurrences may be limited by the use of drying 
agents such as 5% acetic acid (Aquaear) before and 
aft er swimming and the insertion of water-resistant 
ear plugs. Another simple preventive measure is 
shaking water out of the ear aft er swimming and 
drying the area with a hair dryer.

Fungal skin infections

Fungal skin infections are common among athletes 
due to the presence of sweat.

Tinea

Th e two most common fungal skin infections are tinea 
pedis (‘athlete’s foot’) and tinea cruris (‘jock itch’). 
Th ese infections cause irritation and itching between 
the toes and in the groin area, respectively.

Topical antifungal cream (e.g. clotrimazole, mico-
nazole, ketoconazole) is eff ective in most cases of tinea 
pedis. Th is should be applied two to three times per 

day over the aff ected toes for two to four weeks. Moist 
infections between the toes resolve more quickly with 
the addition of drying powders. Preventive measures 
include regular changes of socks, shorts and under-
wear, the use of foot powders, and regular cleaning 
of shower facilities. Resistant cases should be referred 
to a dermatologist for alternative topical agents or 
oral medications.

Onychomycosis

Onychomycosis, typically caused by Tricophyton 
rubrum or Tricophyton mentagrophytes, is common 
among athletes, particularly those who swim in pools, 
use communal showers, or have chronic tinea pedis 
and wear occlusive footwear.26 Th e infection results 
from migration of the fungus under the distal nail 
plate leading to a nail bed infection that results in 
discoloration of the nail plate. Subungual debris then 
forms and the nail plate becomes distorted, thickened 
and separated from the nail bed. Over time the nail 
plate becomes brittle and crumbles.27 Treatment 
requires a long-term commitment with either an oral 
antifungal agent or topical nail lacquer.

Scabies

Scabies mites are easily transmitted through skin-
to-skin contact. Once on the skin surface the mite 
burrows into the epidermis, but symptoms may not 
arise until three to four weeks aft er exposure.27

Infestation manifests as small linear burrows and/or 
vesicles characteristically in axillary skin folds, fi nger 
and toe web spaces, the fl exor surface of the wrists, 
the extensor surface of the elbows and knees, perium-
bilicus, genitalia, buttocks and lateral foot. Th e most 
prominent symptom is severe itching.

Confi rmation of the diagnosis can be made by direct 
microscopic visualization of mites from an infected 
papule. Topical therapy is nearly 100% eff ective.

Pediculosis (lice)

Lice can occur on the body (pediculosis corporis), 
head (pediculosis capitis) and genitalia (pediculosis 
pubis) and are spread by close physical contact.27 
Once a person is infested, it can take up to 10 days 
for the nit (louse egg) to hatch. Patients may describe 
night-time itching and may develop an infl amma-
tory reaction to scratching. As bites emerge, they 
appear as 2–4 mm (<0.25 in.) red papules on an 
erythematous base. Diagnosis can be confi rmed by 
direct visualization. Various medications for head 
lice are available over the counter. Most involve 
application to the scalp once and, if required, again 
seven days later. In addition, a fi ne comb should be 
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used to remove nits, and all clothing, bed linen and 
sporting equipment should be washed and dried in 
a hot dryer or discarded.

Viral respiratory infections
Infections of the upper and lower respiratory tracts 
are common, especially during winter months. 
Viruses commonly involved are the adenovirus, 
infl uenza virus, echovirus, cytomegalovirus and 
rhinovirus. Th ey may cause rhinitis, pharyngitis, 
bronchitis or pneumonia. Treatment is usually aimed 
at control of the accompanying fever and a reduc-
tion of symptoms. Some symptomatic treatments 
are contained in the list of substances banned by 
the World Anti-Doping Agency (WADA) (Chapter 
61). Antibiotics should not be used unless bacterial 
infection is suspected.

Infl uenza

Infl uenza is a common viral infection occurring 
in winter months. Th ere are a number of strains of 
infl uenza virus and the predominant strain tends to 
vary from year to year.

Infl uenza can be a debilitating illness with systemic 
symptoms such as fever, malaise and myalgia. It is 
recommended that susceptible individuals, such as 
the elderly, have an annual infl uenza vaccination.

Athletes may wish to have an annual infl uenza 
vaccination as the illness may result in their missing 
a considerable period of competition and training. 
Athletes involved in team sports may wish to be vac-
cinated because of the possibility of spread among 
team members. Th e vaccination should be performed 
during autumn. Some recently developed anti-
infl uenza drugs are showing promise as a possible 
treatment for those who are in the early stages of 
the illness.

Travelers’ diarrhea
Diarrhea is commonly associated with travel to foreign 
countries. Limited attacks of diarrhea occur frequently 
among athletes in international competition. Agents 
that may cause travelers’ diarrhea include Escherichia 
coli, Campylobacter, rotavirus, Salmonella, Shigella 
and Giardia lamblia.

Th e high incidence of diarrhea among travelers is 
thought to be due to changes in the normal bacterial 
fl ora of the food and water in foreign countries. Th e 
traveler is exposed to diff erent bacteria to which he 
or she is not already immune.

Th e attack of diarrhea usually occurs in the fi rst 
week aft er arrival and commonly lasts between 24 
and 48 hours. It is oft en associated with mild fever, 
abdominal pain and malaise. Although the majority 
of these illnesses settle quickly, athletic performance 
may be aff ected during the attack and for some time 
aft erwards.

Because of the potential eff ect on performance, 
attention has been paid to possible methods of 
prevention of travelers’ diarrhea. Avoidance of local 
water and raw foods that may have been washed 
in water (e.g. salads) is recommended. However, 
in spite of these precautions infection may still 
occur.

Th e use of freeze-dried cultures or yoghurt may 
reduce the possibility of infection. Antibiotic pro-
phylaxis of traveler’s diarrhea remains controversial.28 
When deciding whether or not to use this approach, 
the athlete and physician must take into account 
any underlying medical illnesses, the importance 
of the competition, compliance of the traveler with 
food precautions and individual preference. Anti-
biotics may cause mild, or in some cases serious, 
allergic reactions. Recommended antibiotics include 
norfl oxacin (400 mg/day) and ciprofl oxacin (500 
mg/day). Th ese should be commenced on arrival in 
the foreign country and continued until the athlete 
has returned home for 48 hours. Trimethoprim 
sulfamethoxazole and doxycycline were popular 
in the 1990s but resistance is common now. Bis-
muth subsalicylate is less eff ective than antibiotic 
prophylaxis.

Treatment of traveler’s diarrhea includes appropri-
ate fl uid and electrolyte replacement. Antidiarrheal 
medications (e.g. loperamide) are recommended 
for symptomatic relief. Norfloxacin (800 mg to 
start and then 400 mg twice daily for three days) or 
ciprofl oxacin (1000 mg initially, then 500 mg twice 
daily for three days) can shorten symptoms and 
they are indicated if diarrhea is severe, dysenteric or 
persists for more than 48 hours. If diarrhea persists 
for more than fi ve to seven days, giardiasis should 
be considered and this can be treated with a single 
dose of tinidazole (2 g). More persistent diarrhea 
should be investigated.

Exercise and infection
Th ere is considerable debate regarding the relation-
ship between exercise and infection. It is important 
to, fi rstly, consider the relationship between exercise 
and the immune system, then examine whether there 
is an increased incidence of infection associated with 
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intense exercise, and fi nally to consider when an 
athlete can train and play with an infection.

Exercise and the immune system

Th e immune system can be considered as two com-
plementary parts.29 First is the innate immune sys-
tem, which is non-specifi c regarding host defense. Its 
components include the skin, mucous membranes, 
phagocytes, natural killer (NK) cells, cytokines and 
complement factors. Th e latter two elements control 
and mediate immune function and help activate 
T- and B-lymphocytes, key parts of the acquired 
immune system. In contrast to the innate system, the 
acquired system protects the body against specifi c 
infectious agents during both initial and subsequent 
attacks.29

Th e body’s fi rst line of defense consists of skin 
and mucous membranes, which can be impaired by 
temperature, wind, sun, humidity and trauma. Many 
upper respiratory pathogens are airborne and aff ected 
by airfl ow patterns, mechanical barriers, and ciliary 
action in the respiratory tract.29

During exercise, the athlete switches from nasal to 
mouth breathing, and this can increase deposition of 
harmful articles in the lower respiratory tract. It also 
causes increased cooling and drying of the respiratory 
mucosa, which slows ciliary movement and increases 
mucous viscosity.30

NK cells express spontaneous cytolytic activity 
against cells infected with viruses.29 NK cell counts 
increase 150–300% immediately aft er high-intensity 
exercise lasting less than 1 hour. Within 30 minutes 
of the end of such high-intensity exercise, however, 
NK cell counts fall below pre-exercise levels.31 NK 
cell activity increases by 40–100% in response to 
acute exercise of less than 1 hour in duration, and 
falls to 25–40% below pre-exercise levels 1–2 hours 
into recovery time. Intense exercise lasting longer 
than 1 hour causes no rise in NK cell activity. Th ere 
is, however, a more profound and sustained drop in 
NK cell activity in recovery, which is likely to be a 
cortisol-induced eff ect.32

Macrophages phagocytose foreign particles, present 
antigens to lymphocytes, and produce lymphocyte-
stimulating cytokines.30 Acute strenuous exercise 
increases the macrophage count and several aspects 
of macrophage function. Long-term training seems to 
attenuate the macrophage response to acute exercise, 
but the resulting macrophage function is still greater 
than in untrained subjects.31

Cytokines are produced by and mediate com-
munication between immune and non-immune 

cells, and are divided into proinfl ammatory and 
anti-infl ammatory types. Proinfl ammatory cytokines 
such as tumor necrosis factor (TNF)-α, interleukin 
(IL)-1 and IL-6 are increased with acute exercise. 
IL-6 levels can increase up to 100-fold aft er a mara-
thon. Anti-infl ammatory cytokines such as IL-10 
and IL-1 receptor antagonist (IL-1ra) also increase 
with exercise.

Neutrophils are capable of phagocytosis both 
alone and in response to antigen-dependent 
defenses.29 Neutrophil counts increase with acute 
exercise, most likely due to demargination, and several 
hours aft er exercise, a cortisol-induced phenomenon. 
Acute moderate exercise increases neutrophil activ-
ity, but acute intense exercise suppresses it.31 Endur-
ance training reduces several aspects of neutrophil 
function compared with being sedentary. It seems 
that long-term moderate training increases neu-
trophil counts whereas intense training decreases 
them.31

Th e acquired portion of the immune system has 
the ability to form a memory and attack specifi c for-
eign particles that have invaded the body pre viously. 
Th e main components of this system are T- and B-
lymphocytes and plasma-cell-secreted anti bodies. 
Overall, lymphocyte counts increase with acute 
exercise. Lymphocyte counts and B-cell function 
are decreased aft er intense exercise, but not aft er 
moderate exercise.

Antibody production, most notably IgA, is 
impaired by intense, prolonged exercise.29 Cross-
country skiers have low baseline salivary IgA levels, 
which further decline aft er racing. Studies of longi-
tudinal changes in salivary IgA levels in swimmers 
have yielded confl icting results.29 IgG does not seem 
to be aff ected as much by intense training, although 
some elite athletes show a small decrease during 
peak training.30

Among T-lymphocytes are the CD4+ (T-helper) and 
CD8+ (T-suppressor) cells. A ratio of CD4+ to CD8+ 
cells of 1.5:1 is considered necessary for proper cellular 
immune function. Heavy exercise decreases this ratio 
by decreasing CD4+ cells and increasing CD8+ cells. 
A decreased CD4+ count also diminishes cytokine 
output, which decreases NK cell and macrophage 
activation, and B-cell proliferation.30

Researchers have named the brief immuno-
suppression aft er acute, intense physical activity, 
when ciliary action, mucosal IgA levels, NK cell 
count and activity, T-lymphocyte count, and CD4+ 
to CD8+ ratio are decreased, as the immunological 
‘open window’ during which an athlete may be more 
susceptible to infection.
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Exercise and infections

Given the measurable changes in the immune system 
with exercise, are athletes more susceptible to infec-
tions? A number of studies have been performed 
examining the incidence of upper respiratory tract 
infection and exercise. Th e results are confl icting, 
although there is some evidence that intense training 
is associated with a higher level of infection.29

Nieman33 has proposed the J curve (Fig. 51.1). 
According to this theory, regular moderate exercise 
decreases the risk of upper respiratory tract infection 
to below that of sedentary individuals, whereas strenu-
ous intense exercise increases the risk above that of 
sedentary individuals. Th e exact frequency, duration, 
type and intensity of exercise required to optimally 
lower one’s risk of infection, or to adversely increase 
the risk of infection, remains to be determined.29

Foster34 proposed identifi able parameters of train-
ing which related to illness. He related the incidence 
of common illness to indices of training load and 
noted a correspondence between spikes in the indices 
of training and subsequent (within 10 days) illness, 
and computed individual thresholds that allowed for 
optimal explanation of illnesses. On these calculations, 
84% of illnesses could be explained by a preceding 
spike in training load above the individual training 
threshold. However, 55% of the excursions above 
the threshold were accomplished without a related 
illness. A subsequent study failed to support Foster’s 
theory.35

Infection and athletic performance

Infection or subclinical infection is commonly used 
to explain poor athletic performance. Infection may 

compromise muscle enzyme activity and muscle 
strength. Impaired muscle metabolism has also been 
demonstrated using MRI. Exercise performed during 
illness also requires greater cardiopulmonary eff ort. 
Th ese fi ndings may theoretically lead to a detrimental 
eff ect of infection on performance.

A number of studies have been performed at the 
Australian Institute of Sport in Canberra examining 
the relationship between mild illness and sporting 
performance. An initial study in elite swimmers did 
not show any statistically signifi cant decrease in per-
formance in competition in those who had suff ered 
a minor illness in the month leading up to competi-
tion.36 In a group of elite middle-distance and distance 
runners, illness-aff ected runners reported a higher 
perceived training intensity. However, laboratory-
based measures of performance showed little change 
in physical work capacity.35 A third study in another 
group of elite swimmers suggested that mild illness 
had a trivial eff ect on the competitive performances 
of female swimmers, and a substantial though small 
harmful eff ect in male swimmers. In this study it was 
noted that although the mean harmful eff ects were 
trivial to small, the chances of harm for individuals 
were substantial.37

Should an athlete train during illness?

One of the most diffi  cult dilemmas facing the clinician 
and the athlete is to decide whether or not to train 
and/or compete in the presence of a viral illness.

It is important to diff erentiate those athletes suf-
fering from viral illness into two groups—those 
with symptoms restricted to one system, usually the 
upper respiratory tract, and those with generalized 
symptoms. An athlete with an upper respiratory tract 
infection manifesting itself as a sore throat, runny nose 
or headache, who is afebrile, should be allowed to 
continue with mild-to-moderate training below 80% 
of Vo2max. Modifi cation of the training program may 
involve increased skill training with less anaerobic or 
endurance training for the period of the illness.

Th ose athletes with systemic symptoms of general 
malaise, excessive fatigue, muscle pains and tender-
ness, temperature in excess of 38°C (100°F) or a resting 
heart rate greater than 10 beats above normal should 
avoid any athletic activity until the systemic symptoms 
and signs return to normal or near normal. Activity 
should then be gradually resumed.

Engaging in intense exercise during an infection 
has been associated with an increased risk of heat 
exhaustion,38 post-viral fatigue syndrome,39, 40 and 
viral myocarditis.41

Figure 51.1 The association between exercise and 
susceptibility to upper respiratory tract infection33
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Th is diff erentiation between the two forms of viral 
illness is known as the ‘neck check’. 38, 42 In other words, 
if symptoms are above the neck (runny nose, nasal 
congestion, sore throat) and not associated with symp-
toms below the neck (fever, malaise, muscle aches, 
severe cough, gastrointestinal), then the athlete may 
commence training at half intensity for 10 minutes. 
If symptoms do not worsen, then the training session 
can continue as tolerated.

Th ere is no evidence that exercise will aff ect the 
severity or duration of an illness.43

 If symptoms of viral illness are generalised, 
athletes should not train intensely or compete. 
If they are confi ned to one area (e.g. sore 
throat), then they can train moderately.

National position statements on infectious diseases
Sports medicine authorities in Australia, the United 
States and Canada have all produced national 
position statements on infectious diseases, with 
particular reference to HIV and hepatitis B. These 
are summarized below.

A number of blood-borne infectious diseases can 
be transmitted during body contact and collision 
sports. The more serious include HIV (AIDS) and 
hepatitis infections. These diseases may be spread 
by contact with infected:
• blood
• saliva (not for HIV)
• perspiration (not for HIV)
• semen and vaginal fl uids.

The following recommendations will reduce 
the risk of disease transmission. All open cuts 
and abrasions must be reported and treated 
immediately.

Players
1. It is the players’ responsibility to maintain 

strict personal hygiene as this is the best 
method of controlling the spread of these 
diseases.

2. It is strongly recommended that all 
participants involved in contact sport be 
vaccinated with hepatitis B vaccine.

3. Players with prior evidence of these diseases 
must obtain advice and clearance from a 
physician prior to participation.

Team areas
1. It is the clubs’ responsibility to ensure that the 

dressing rooms be clean and tidy. Particular 
attention should be paid to hand basins, 
toilets and showers. Adequate soap, paper 
hand towels, brooms and disinfectants must 
be available at all times.

2. Communal bathing areas (e.g. spas) should 
be strongly discouraged.

3. Spitting or urinating in team areas must not 
be permitted.

4. All clothing, equipment and surfaces 
contaminated by blood must be considered 
potentially infectious and treated accordingly. 
Clothing soiled with blood and other body 
fl uids should be washed in hot, soapy 
water.

5. Sharing of towels, face washers and drink 
containers should be avoided.

6. All personnel working in team areas should 
be vaccinated against hepatitis B.

7. In all training areas, open cuts and abrasions 
must be reported and treated immediately.

Referees and game offi  cials
1. These offi  cials must report all open cuts and 

abrasions at the fi rst available opportunity.
2. Those who offi  ciate in body contact and 

collision sports should be vaccinated against 
hepatitis B.

3. All contaminated clothing and equipment 
must be replaced prior to the player being 
allowed to resume play.

4. If bleeding should recur, the above procedure 
must be repeated.

5. If bleeding cannot be controlled and the 
wound securely covered, the player must not 
continue in the game.

Education
1. There is an obligation upon all relevant 

sporting organizations to provide suitable 
information on associated risk factors 
and prevention strategies for these 
diseases.
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Persistent tiredness, oft en accompanied by a feeling 
of lethargy and impaired sporting performance, is 

a frequent presenting symptom to a sports medicine 
practitioner. Th ese symptoms may be the primary 
reason for a visit to the practitioner or may be an 
additional complaint of a sportsperson presenting 
with an injury, commonly an overuse injury.

Th ere are many possible causes of persistent tired-
ness and/or impaired performance in sportspeople. 
A list of possible causes is shown in Table 52.1. 
Athletes in heavy training are constantly tired but 
can usually diff erentiate between normal, ‘healthy’ 
tiredness and abnormal tiredness, particularly when 
this is accompanied by a deterioration in training 
and competition performance. ‘Healthy’ tiredness is 
usually easily reversed with a day or two of reduced 

training or rest. Th is chapter addresses the problem of 
the athlete with persistent tiredness whose symptoms 
do not disappear aft er a brief period of rest.

History
Th e degree of tiredness should be established from 
the history.

• Does the patient fall asleep during the day?
• Is there a constant feeling of fatigue or does 

tiredness occur only during or aft er training?
• Is the tiredness constant or intermittent? If it is 

intermittent, does it occur only at a particular 
venue, which may indicate an allergy, or only in 
hot weather, which may indicate dehydration?

CHAPTER 

52
The Tired Athlete

WITH KAREN HOLZER

Table 52.1 Causes of persistent tiredness in sportspeople

Common Less common Not to be missed

Overtraining syndrome
Viral illness
 Upper respiratory tract infection
  Infectious mononucleosis 

(glandular fever or ‘mono’)
Inadequate carbohydrate intake
Depletion of iron stores
Inadequate protein intake
Insuffi  cient sleep
Chronic fatigue syndrome

Dehydration
Asthma/exercise-induced asthma
Defi ciency—magnesium, zinc, vitamin B
Allergic disorders
Jet lag
Anemia
Psychological stress
 Anxiety
 Depression
Medications
 Beta-blockers
 Anxiolytics
 Antihistamines
Spondyloarthropathies
Hypothyroidism

Malignancy
Cardiac problems
Bacterial endocarditis
Cardiac failure
Diabetes
Renal failure
Neuromuscular disorders
Malabsorption
Infections
 Hepatitis A, B, C
 HIV
 Malaria
Eating disorders
 Anorexia
 Bulimia
Pregnancy
Post-concussive syndrome
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• How long has tiredness been present? Was the 
onset of tiredness related to any particular event, 
such as an associated viral illness or an overseas 
trip?

• Are there associated symptoms such as a sore 
throat or discomfort with swallowing, which 
may indicate an upper respiratory tract infection 
or infectious mononucleosis?

• Are there respiratory symptoms, such as a post-
exercise cough or chest tightness, that may 
indicate exercise-induced asthma or a lower 
respiratory tract infection?

Training diary

A comprehensive training history is a crucial diag-
nostic aid. Note, the volume and intensity of training 
and, in particular, any recent changes in either of these 
parameters. It is important to take a weekly training 
history to judge whether or not there is suffi  cient 
recovery time between intense training sessions. 
Th e athlete should also be asked whether any active 
recovery is undertaken (Chapter 7). Also, it is essential 
to examine the overall training cycle over a period 
of weeks or months. Th e concept of periodization 
is discussed in Chapter 6. Discover what stage of 
the cycle the athlete is at and what the forthcoming 
program entails.

Other factors to note include:

• the amount of sleep and bed rest—swimmers, 
who tend to rise early to train, are particularly 
susceptible to lack of sleep, and many 
sportspeople, especially those studying or in 
employment, fi nd it diffi  cult to get adequate rest 
and sleep

• the athlete’s social life, which may regularly 
intrude on sleep

• other commitments (such as sponsors’ 
functions)—it is diffi  cult for many athletes to 
combine training with the demands of a job, 
study and social life.

Psychological factors

Any psychosocial factors that may be contributing to 
the athlete’s tiredness should also be noted. Th ese may 
be related to either the athlete’s sporting performance 
or to other aspects of his or her life. Typical sport-
related problems may be a fear of a major impending 
competition, concern about poor training perform-
ance or a fear of failure. Factors unrelated to sport 
may include anxiety or depression related to work, 
study or relationships (Chapter 39).

Nutrition diary

Inadequate fl uid intake may contribute to the devel-
opment of fatigue, especially in hot weather. Fluid 
intake before, during and aft er training should be 
noted.

Th ere are a number of possible dietary causes of 
persistent tiredness and, thus, a full dietary history 
should be taken. Th is involves the athlete complet-
ing a seven-day food diary, which is subsequently 
analyzed to ensure an adequate carbohydrate, protein 
and iron intake (Chapter 37). Th e athlete should also 
be questioned about eating habits to detect eating 
disorders (e.g. anorexia, bulimia).

Medical causes

In addition to the multitude of sport-related causes 
of persistent tiredness, there are numerous medi-
cal causes of this symptom. A full medical history 
should include:

• past history, history of allergies and current 
medications

• attention to any cardiac symptoms such 
as palpitation, ankle edema or chest pain, 
which may indicate the presence of bacterial 
endocarditis or cardiac failure

• cough, shortness of breath or wheeze, which 
suggest asthma or respiratory infection

• gastrointestinal symptoms such as diarrhea, 
which raise the possibility of malabsorption

• a neuromuscular problem, which may be 
inferred by the presence of muscle weakness

• a history of travel within the previous few 
months, which may indicate a tropical infection 
such as malaria

• a history of frequent, heavy menstrual bleeding, 
which suggests iron defi ciency and anemia

• a history of absent periods, which may be due 
to pregnancy and an unrecognized cause of 
tiredness, or weight loss, which is suggestive of 
an eating disorder.

Examination
A full physical examination must be performed to 
exclude any of the possible medical causes of per-
sistent tiredness. Inspection should determine the 
presence of anemia or jaundice. Examination includes 
assessment of the upper respiratory tract and cervical 
lymph nodes; a thorough cardiovascular examination, 
including resting pulse, blood pressure and examina-
tion of the heart; respiratory examination to exclude 
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the presence of a chest infection or asthma; and 
examination of the abdomen with particular attention 
to palpation of the liver and spleen. Th e practitioner 
should also note any evidence of endocrine disease 
such as hypothyroidism or diabetes. A neurological 
examination should be performed if indicated by 
the history.

Investigations
Although the history and examination are the most 
important contributors to the diagnosis of the tired 
athlete, a number of investigations are performed 
as part of the routine work-up of this athlete. Other 
investigations may be indicated from the history or 
examination.

Urine should be routinely tested for the presence 
of glucose, blood and protein. Necessary tests include 
a full blood examination, including a blood fi lm, iron 
studies (iron, ferritin, transferrin and transferrin 
receptor saturation), and vitamin B12 and folate levels. 

Summary of history, examination and investigations of the tired athlete

History
Duration of tiredness
Degree of tiredness
Timing of symptoms
Association with viral illness
Associated symptoms
Training diary
Amount of sleep and rest
Time commitments
Psychological problems
Fluid intake
Dietary history
Menstrual history
Work/personal stress
Associated medical problems
Medications
Allergies

Examination
Full medical examination including:
• pallor
• resting pulse
• blood pressure
• upper respiratory tract including sinuses
• heart
• lungs
• liver/spleen/lymph nodes

• thyroid
• others as indicated

Investigations
Urine testing:
• blood
• glucose
• protein
Routine blood tests:
• hemoglobin
• white cell count
• blood fi lm
• erythrocyte sedimentation rate (ESR)/

C-reactive protein (CRP)
• urea, electrolytes
• serum ferritin/transferrin receptor saturation 

level
• vitamin B12 and folate
• thyroid function tests
Selective blood tests:
• infectious mononucleosis (Paul Bunnell, 

Monospot)
• vitamins and minerals (zinc, magnesium)
• serology (Epstein-Barr virus, cytomegalovirus, 

hepatitis, HIV)
Chest X-ray/ECG/echocardiography
Lung spirometry/eucapnic voluntary hyperpnea 
(pre and post exercise)

Zinc, magnesium, urea and electrolyte levels and liver 
function tests may be added if clinically indicated, as 
may thyroid function tests.

If a viral illness is suspected, investigations may 
include a Paul Bunnell test or Monospot test for 
infectious mononucleosis, serological examination 
for cytomegalovirus and Epstein-Barr virus and, if 
indicated, hepatitis and HIV serological examina-
tion. A chest X-ray may be performed if there is a 
clinical suspicion of a cardiac or respiratory tract 
abnormality.

Lung spirometry may be useful if exercise-induced 
asthma is suspected from the clinical history and 
examination. Comparison of lung function tests pre 
and post exercise or other challenge tests for exercise-
induced asthma should be performed. If an allergy 
is suspected, skin sensitivity tests and RAST blood 
tests may be useful.

A summary of the history, examination and inves-
tigations used in the diagnosis of the tired athlete is 
shown in the box below.
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Overtraining syndrome
Th e overtraining syndrome is a common cause of 
persistent tiredness in athletes. It may have disastrous 
consequences for the serious athlete. It is important to 
clarify exactly what is meant by certain terms. Th e terms 
‘overtraining’, ‘overreaching’, ‘overtraining syndrome’, 
‘burnout’ and ‘staleness’ have all been used in associa-
tion with this condition and need to be clarifi ed.

Overtraining is a process of excessive training in 
high performance athletes that may lead to persistent 
fatigue, performance decrements, neuroendocrine 
changes, alterations in mood states and frequent ill-
ness, especially upper respiratory tract infections.

Th e overtraining syndrome is a neuroendocrine 
disorder that may result from the process of overtrain-
ing and refl ects accumulated fatigue during periods 
of excessive training with inadequate recovery.

Th e term overreaching describes similar symp-
toms (fatigue, performance decrements, mood state 
changes) but of a more transitory nature. Thus, 
overreaching is resolved with short periods of rest or 
recovery training, usually within a two-week period, 
whereas overtraining may require months or occa-
sionally years. Burnout and staleness are other terms 
previously used to describe overtraining.

Development of the overtraining syndrome

Overreaching is oft en utilized by athletes during a 
typical training cycle to enhance performance. Intense 
training, in the short term, can result in a decline 
in performance; however, when incorporated with 
appropriate periods of recovery, a ‘supercompensa-
tion’ eff ect may occur, with the athlete exhibiting an 
enhanced performance when compared with the 
baseline level.1

Th e overtraining syndrome develops when there 
is failed adaptation to overload training (Chapter 6) 
due to inadequate regeneration. A combination of 
excessive training load and inadequate recovery 
time results in short-term overtraining or overreach-
ing. Th e overreaching is associated with impaired 
performance. If, at this stage, the athlete rests and 
has time to regenerate, the symptoms disappear and 
supercompensation may occur.

Unfortunately, some athletes react to impaired 
performance by increasing the intensity of their train-
ing. Th is leads to further impairment of performance, 
which may, in turn, result in the athlete increasing 
training further. A vicious cycle develops and leads 
to the overtraining syndrome. Th is progression is 
demonstrated in Figure 52.1.

Th e initial symptom of the overtraining syndrome 
is usually fatigue but, in time, other symptoms develop. 
Th ere are a large number of symptoms associated with 
the overtraining syndrome, although few of these 
have been clearly documented as reliable and valid 
indicators of the syndrome.2 Some of the physiological 
variables used as indicators of overtraining include:

• performance decrements despite continued 
training

• decreased economy of eff ort during exercise or 
decreased work rate at lactate threshold

• persistent fatigue
• cardiovascular changes such as increased early 

morning heart rate or resting blood pressure
• hematological changes such as decreased serum 

ferritin concentration
• hormonal changes such as decreased 

catecholamine production or alterations in the 
ratio of serum free testosterone to cortisol

• frequent illness such as upper respiratory tract 
infection

• persistent muscle soreness
• loss of body mass.

Psychological and behavioral variables oft en associ-
ated with the overtraining syndrome include:

• mood state changes as shown by the Profi le of 
Mood States (POMS)3

• apathy, lack of motivation
• loss of appetite
• sleep disturbances
• high self-reported stress levels
• irritability or depression.

Th e only parameters consistently shown in scien-
tifi c studies2 to be associated with overtraining are:

• performance decrements
• persistent high fatigue ratings
• decreased maximal heart rate
• changes in the blood lactate threshold, lactate 

concentration at a given work rate or maximal 
blood lactate level

• neuroendocrine changes such as elevated resting 
plasma noradrenalin (norepinephrine) levels 
and decreased noradrenalin (norepinephrine) 
excretion

• high self-reported stress levels and sleep 
disturbances.

Physiological changes

Performance decrements of 10% as well as an inability 
to maintain training loads are not unusual. In one large 
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study, training pace decreased 11–15%, competition 
pace decreased 6–17%, and training distance 43–71% 
in overtrained distance runners.4 Deterioration in 
performance is an essential criterion for the diagnosis 
of overtraining; it is not suffi  cient as a single marker 
of the syndrome because performance also may be 
adversely aff ected by short-term fatigue.2 In general, 
measurements of time to fatigue will show greater 
changes in exercise capacity as a result of overreach-
ing and overtraining,1 however, these tests are not an 
accurate performance indicator as they do not truly 
refl ect the demands of competition.

Although many athletes and coaches have found 
the early morning heart rate or resting heart rate useful 
indicators of overtraining,5 most scientifi c studies have 

failed to confi rm this relationship.6 However, there 
is good evidence that maximal heart rate (measured 
at maximal work rate in a progressive exercise test) 
decreases by 5–10 beats per minute during over-
reaching/overtraining in endurance athletes.7 Heart 
rate variability (HRV), the term used to describe the 
oscillation in the interval between consecutive heart 
beats, has also been suggested as an indicator of 
overtraining, but limited research has thus far failed 
to confi rm this correlation.1

Biochemical changes

Resting blood lactate levels do not appear to change 
in overtrained athletes, however, decreased blood 

Figure 52.1 The development of the overtraining syndrome
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lactate concentrations at maximal work rate have 
been consistently noted in overreached/overtrained 
athletes.8

Skeletal muscle glycogen depletion has been asso-
ciated with overtraining in swimmers,7 however, a 
study in cyclists showed no evidence of depletion.8 
Other biochemical markers such as creatine kinase, 
urea and iron levels have been considered as possible 
indicators of overtraining, although fi ndings have 
been inconsistent.1

Overreaching and overtraining can also occur 
in power athletes, such as weightlift ers. Decreases 
in muscle strength and endurance may be seen in 
association with fatigue.9

Hormonal changes

Basal urinary catecholamine excretion has been 
reported to be signifi cantly reduced in overtrained 
athletes,10 and catecholamine excretion was negatively 
correlated to fatigue ratings. Furthermore, following a 
period of recovery, catecholamine excretion returned 
to baseline values.10 Both Hooper et al.6 and Lehmann 
et al.11 observed increased resting noradrenalin levels 
in athletes who were thought to be overtrained, or 
who had undergone a period of increased training 
that resulted in performance incompetence.

Although resting cortisol levels do not appear to 
change with overtraining, maximal cortisol responses 
appear to be reduced. Both Snyder et al.8 and Urhausen 
et al.12 have reported reduced maximal cortisol levels 
in overreached athletes.

Th e response of both total and free testosterone 
levels in overreached athletes is contradictory. Flynn 
et al.13 observed decreased total and free testosterone 
levels in conjunction with a decease in performance 
following a period of intensive training. However, 
Vervoorn et al.,14 although also reporting lower 
testosterone levels in rowers following an intense 
period of training, found these changes in the absence 
of overtraining. A further study found no signifi cant 
diff erences in resting testosterone levels during normal 
training and a state of overreaching, with an associ-
ated reduction in performance.12

Testosterone and cortisol are thought to have 
opposing eff ects on muscle metabolism, protein syn-
thesis and growth.2 Th e ratio of free testosterone to 
cortisol is suggested to indicate the balance between 
androgenic–anabolic activity (testosterone) and cata-
bolic activity (cortisol), and has been suggested as a 
diagnostic tool for overtraining. Both cortisol and 
testosterone are released in response to high-intensity 
aerobic and anaerobic exercise, and it is believed that 

the ratio of testosterone to cortisol is an indicator of 
the positive and negative eff ects of training due to the 
opposing eff ects that the hormones have on growth, 
protein synthesis and muscle metabolism.15 A decrease 
in the testosterone:cortisol ratio of 30% or more has 
been suggested as an indicator of overtraining. How-
ever, studies have failed to support the usefulness of 
this ratio; the ratio has been shown to be unchanged 
in overreached athletes,12 and decreased in athletes 
who show no performance decrements following 
intensive training.14 It has been suggested, however, 
that if followed over time in individual athletes, the 
ratio of these hormones may give an indication of 
the athlete’s adaptive response to short-term physi-
ological strain.16

Immunological changes

Although there are numerous anecdotal reports of 
increased susceptibility to illness and infections in 
athletes who are overtrained, there is little scientifi c 
evidence to substantiate this.

A number of studies have been performed measur-
ing peripheral leukocyte counts both during periods 
of intense training that have resulted in overreaching 
and in athletes diagnosed as overtrained; in all these 
studies, except one, a change in leukocyte count has 
not been demonstrated in overtrained individuals.1 
Th e single study that demonstrated a change found 
a signifi cant decline in the leukocyte count when 
training was increased.17

Although resting peripheral blood lymphocyte 
counts also do not appear to be infl uenced by over-
training, it has been suggested that the activation 
of the lymphocytes may be increased.1 Neutrophil 
numbers have been reported to be both unchanged 
and increased during periods of intensifi ed training; 
however, neutrophil function has not been assessed in 
overreached athletes, so the role of the neutrophil in 
immune dysfunction is not known. Natural killer cell 
numbers appear to be unaltered in athletes showing 
symptoms of overreaching.1

Salivary IgA, an important factor in host defense, 
has been used to study the mucosal immune system 
response to overtraining. Salivary IgA levels have been 
shown to be reduced in athletes with symptoms of 
overtraining compared with those athletes who were 
well trained.18 A further study also reported lower, 
but not signifi cantly signifi cant, levels of IgA aft er 
intensifi ed training.19

Th e production of glutamine, an important sub-
strate for cells of the immune system, especially 
lymphocytes, macrophages and possibly natural killer 
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cells, is usually increased during periods of immu-
nological challenge.20 Plasma glutamine levels have 
been found to be lowered in overtrained athletes,21, 22 
although a lowered glutamine level was not associated 
with any increase in upper respiratory tract infections 
in overtrained swimmers.21 It has been suggested 
that low glutamine levels aft er prolonged exercise 
may result in a reduction in immune function and a 
subsequent increased risk of infection; however, there 
is still no evidence to link low glutamine levels with 
impaired immune function and increased susceptibil-
ity to illness or infection.1

Psychological changes

Psychological symptoms associated with overtraining 
include anxiety, depression, apathy, lack of motivation, 
irritability, inability to relax and lack of self-confi dence. 
In athletes, the Profi le of Mood States (POMS)3 has 
been used to quantify total mood disturbance. Th e 
specifi c POMS scores of tension and depression have 
been shown to be higher in overtrained swimmers,23 
but also in swimmers aft er increased training with-
out any evidence of overtraining.24, 25 Self-ratings of 
wellbeing have correlated well with overtraining and 
may be a predictor of its onset.

Central fatigue and overtraining

Although the exact biochemical and metabolic changes 
fundamental to the development of the overtraining 
syndrome have not been clearly established, changes 
within the central nervous system appear to play an 
important role in the development of chronic fatigue 
and many of the other common signs and symptoms 
that are frequently seen in the overtraining syndrome, 
such as disrupted sleep, changes in appetite and 
weight, irritability, impaired concentration, decreased 
motivation and depressed mood. It has been sug-
gested that alterations in brain neurotransmitters 
(e.g. serotonin) and the central eff ects of peripherally 
released infl ammatory mediators (e.g. cytokines) are 
important in the development of the overtraining 
syndrome.26

Serotonin has been shown to infl uence central 
fatigue and depression, and it has been suggested 
that it may also play a role in the overtraining 
syndrome. It has been proposed that overtraining 
can result in chronically diminished concentra-
tions of branched-chain amino acids and increased 
plasma free tryptophan levels.26 Tryptophan is 
a metabolic precursor to serotonin. Th e central 
nervous system, in turn, infl uences the peripheral 
neuroendocrine milieu through two hormonal axes: 

the hypothalamic–pituitary–adrenocortical (HPA) 
axis and the sympathetic–adrenal medullary (SAM) 
axis.27 Th e end products of these axes—catecho-
lamines and glucocorticoids—have been implicated 
in the overtraining syndrome.28 As a consequence 
of the hypothalamic and pituitary dysfunction, 
overtrained athletes may experience decreased 
pituitary release of thyroid-stimulating hormone, 
reduced pituitary adrenocorticotrophic response to 
corticotropin-releasing hormone, and alterations in 
growth hormone. Th ere is also evidence of reduced 
intrinsic activity of the sympathetic nervous system 
in the later stages of the overtraining syndrome.29

Ultimately it may be changes in noradrenergic, 
serotonergic or dopaminergic activity in the hypotha-
lamus and pituitary gland that occur with the pro-
longed stress of overtraining that lead to alterations 
in the HPA and SAM axes.30 Circulating cytokines, 
released in association with a state of chronic systemic 
infl ammation induced by overtraining, may also bind 
to receptors in the hypothalamus and also impact on 
the HPA and SAM axes.28

Many of the signs and symptoms that characterize 
the overtraining syndrome are remarkably similar to 
those of clinical depression, and unfavorable changes 
in global mood, behavior and cognition are a consist-
ent fi nding in athletes with the overtraining syndrome. 
It may be diffi  cult to clinically distinguish between 
the two conditions.26 Armstrong and VanHeest27 have 
proposed using an antidepressant such as the selective 
serotonin reuptake inhibitor (SSRI) fl uoxetine as a 
treatment for the overtraining syndrome and describe 
the dramatic eff ect the use of such a medication had on 
the running fortunes of the great American distance 
runner Alberto Salazar who had suff ered from the 
overtraining syndrome for more than a decade.

Monitoring of overtraining

Unfortunately, no single test can detect overtrain-
ing in the athlete. However, there are a number of 
parameters, both clinical and laboratory, which in 
combination may enable the athlete to be monitored 
in order to prevent the development of full-blown 
overtraining syndrome.

Probably the simplest and most eff ective means of 
monitoring overtraining is self-analysis by athletes 
themselves. Daily documentation should include 
sources and ratings of stress, fatigue, muscle soreness, 
quality of sleep, irritability and perceived exertion 
during training or standardized exercise. An example 
of the contents of a daily diary is shown in the box 
on page 882.
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Blood parameters such as red and white blood cell 
counts, hemoglobin level, hematocrit, urea and ammo-
nia levels are not usually abnormal during overtrain-
ing. Changes in exercise blood lactate concentration 
and blood lactate threshold have been shown to be 
good indicators of overtraining but are infl uenced 
by many other factors and are probably only useful 
if assessed repeatedly. Th e POMS test as mentioned 
above may be a useful predictor of overtraining but 
is not a reliable diagnostic tool.

Prevention of overtraining

Th e prevention of overtraining is discussed in pre-
vious chapters. It requires maintenance of the correct 
balance between training load (Chapter 6) and recov-
ery/regeneration (Chapter 7). Th e most important 
component of prevention is awareness of the problem, 
particularly among coaches. Education of coaches 
in the science of training will lead to fewer athletes 
developing this syndrome. Periodization of training, 
allowing suffi  cient regeneration time within the train-
ing program and the use of regenerative techniques 
such as massage, hydrotherapy and relaxation as well 
as higher fl uid and carbohydrate intakes are all being 
used increasingly by serious athletes to enable them 
to cope with high training loads.

Certain groups of athletes appear to be at an 
increased risk of developing the overtraining 
 syndrome. An athlete new to a particular sport may 
train overzealously, and an athlete who is achieving 
some initial success may be encouraged to train 
even harder. An athlete may be led into overtrain-
ing by trying to train with better athletes. It may 
also be dangerous to follow the training program of 
an established ‘champion’ whose training log may 
have been published in a magazine or passed into 
sporting folklore.

Th e athlete who does not have a coach or training 
group to set training programs is far more likely to 
overtrain. Th e support of a sensible, experienced coach 
or training partner is the best means of maximizing 
performance and avoiding overtraining.

Early recognition that an athlete may be devel-
oping the overtraining syndrome may enable the 
practitioner or coach to take the immediate measures 
to avoid further progression. Close liaison between 
coach and the clinician is essential (Chapter 1). Th e 
coach can provide feedback on the athlete’s condition 
and details of the past, present and intended training 
program.

In patients who present with a relatively brief 
history of overtraining, complete rest is recommended 
in the short term and the athlete is advised to get as 
much sleep as possible over the next 48 hours. Oft en 
this can be done over a weekend. If the syndrome is 
not severe, this may be suffi  cient and the athlete may 
recover and begin the week with renewed vigor.

If this brief period of rest does not reduce the 
athlete’s fatigue, the overtraining syndrome has 
developed. Th is may take weeks or months to resolve. 
Treatment includes rest, attention to dietary and fl uid 
intake and psychological support.

Viral illness
Viral illness is a common cause of persistent tiredness 
in the athlete. Th e immunological changes that occur 
as a result of prolonged intense training may result in 
the athlete having an increased susceptibility to viral 
illness, especially upper respiratory tract infections.

Th e athlete with a viral illness presents the sports 
medicine practitioner with a number of dilemmas.

• Should the athlete be allowed to continue 
intense training?

• Will continued intense training result 
in aggravation of the symptoms and the 
development of a more serious illness?

• If the decision is made to avoid intense training, 
is light training or no training preferable?

• If the athlete is about to compete, will 
performance be impaired as a result of this 
viral illness and, in team sports, will this aff ect 
the performance of the team and should a 
replacement be sought?

• If the athlete does have time off  from training 
due to a viral illness, when is it appropriate to 
resume training and at what level?

In these situations, each case must be considered 
on its merits. However, when an athlete presents 

Recommended items for daily 
logbook self-analysis by athletes2

• Training details—distance, duration, pace, 
perceived intensity, heart rate responses, 
resistance work

• Space for athlete’s comments on training—
enjoyment, coping

• Wellbeing ratings on a quantifi able scale 
(1–7)—fatigue, stress, quality of sleep, muscle 
soreness, irritability

• Causes of stress/dissatisfaction
• Illness, injury, menstruation (female athletes)
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with a viral illness and has an elevated temperature, 
intense training is contraindicated as there may 
be the potential for serious illness to develop (e.g. 
myocarditis) or the athlete may prolong the illness 
or develop post-viral fatigue syndrome. In an athlete 
with a mild temperature, light training is permissible 
and may, in fact, have a positive eff ect. In this case, the 
pulse rate should be kept below 70% of the maximum 
heart rate. When the viral illness is accompanied by 
systemic symptoms (e.g. muscle pain), training is 
contraindicated.

Th e conundrum of whether or not to compete 
with a viral illness is almost impossible to solve. In 
most cases, performance will be impaired when an 
athlete has a viral illness. However, there are anecdotal 
reports of excellent sporting performances in athletes 
who apparently competed while ill.

Recurrent viral illnesses may indicate a specifi c 
immune defi ciency, most commonly an IgG3 sub-
class defi ciency.31 IgA and IgM defi ciencies are less 
common.32 Specifi c viral infections (e.g. infectious 
mononucleosis, hepatitis, HIV) are considered in 
Chapter 51.

Nutritional defi ciencies
Depletion of iron stores

Depletion of body stores of iron is a common cause 
of tiredness, particularly in swimmers and endurance 
athletes. Athletes are susceptible to iron defi ciency for 
a number of reasons, including inadequate iron intake, 
increased iron loss and inadequate absorption of 
dietary iron (Chapter 37). Special groups with a greater 
risk of iron defi ciency are menstruating females, any 
athlete who diets and adolescent athletes.

Runners and endurance athletes are at high risk 
of iron defi ciency due to a combination of increased 
gastrointestinal and genitourinary blood loss, loss of 
iron in sweat and an increase in hemolysis in runners, 
swimmers and rowers. Th e hemolysis is believed to 
be due to an increase in the destruction of the older, 
more fragile red blood cells, and is thought to be 
contributed to by altered fl ow dynamics in vigorous 
sports and an increase in body temperature.

Iron defi ciency is further contributed to by an 
inadequate dietary intake, commonly seen in distance 
runners and vegetarians.

Athletes rarely develop frank anemia, which will 
clearly result in tiredness and impaired performance 
due to a reduced oxygen-carrying capacity in the 
blood. However, some athletes with hemoglobin levels 
within the ‘normal’ range may have relative anemia, 

in other words, their hemoglobin level is too low for 
them and they have mild anemia.

An earlier stage of iron defi ciency involves deple-
tion of iron stores, primarily from the bone marrow. 
Th is can also result in tiredness and impaired per-
formance, probably because of the important role of 
iron as a cofactor in muscle metabolism.

Serum ferritin measurement is a good indicator of 
body iron stores and serum transferrin receptor levels 
of the transmission of iron-bearing transferrin to cells. 
Elevated levels of ferritin represent increased iron 
stores, however, elevated transferrin receptor levels are 
a refl ection of tissue iron needs. Th e combination of 
both ferritin and transferrin receptor levels provides 
the most sensitive measurement of the iron status 
of an athlete.33 Both ferritin and transferrin recep-
tor levels should be measured regularly in athletes 
training intensely. Female endurance athletes who 
eat little or no red meat are particularly susceptible 
to this condition. We regard serum ferritin levels of 
less than 30 μg/L (30 ng/mL) in females and less than 
50 μg/L (50 ng/mL) in males, and/or the transferrin 
receptor level of greater than 2.4 mg/L as evidence of 
reduced body iron stores and thus a possible cause 
of tiredness and impaired performance.

Athletes with symptoms of lethargy and poor 
performance, in combination with low ferritin levels 
and/or increased transferrin receptor levels, should 
attempt to increase their iron intake. Referral to a 
dietitian may be required. Exclusion of a gastrointes-
tinal or genitourinary cause of iron loss is important. 
Oral supplementation with ferrous gluconate, sulfate 
or lactate may be required and appears to be eff ec-
tive.34, 35 Absorption is best between meals and may 
be improved with the intake of vitamin C (Chapter 
37). Oft en gastrointestinal intolerance or poor absorp-
tion of oral iron may necessitate the administration 
of parental iron.

Glycogen depletion

Chronic glycogen depletion is an important cause of 
fatigue in the athlete. Glycogen is the storage form of 
carbohydrate and the major source of energy for the 
athlete. Glycogen stores are depleted aft er an intense 
bout of exercise, such as a heavy training session. If 
the glycogen stores are not adequately replenished 
prior to the next training session, they will become 
further depleted. Over a period of intense training 
and inadequate glycogen repletion, a state of chronic 
glycogen depletion will develop. In this state there 
is inadequate energy available for intense exercise, 
resulting in fatigue and impaired performance.
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Replenishment of glycogen stores is achieved with 
a diet high in complex carbohydrates, as described 
in Chapters 7 and 37. It is important to note that the 
sooner carbohydrate is taken following the bout of 
exercise, the more eff ective is the replenishment of 
glycogen stores. Th erefore, athletes should replenish 
their glycogen stores immediately aft er exercise with 
a source of complex carbohydrate such as fruit, cereal 
or high-carbohydrate drinks.

Inadequate protein intake

Inadequate protein intake is another potential cause 
of persistent tiredness in the athlete, although the 
mechanism by which these symptoms are produced 
is not clear. Protein is an energy source providing 
10% of the energy needs through conversion of amino 
acids to glucose. Adequate protein is essential to 
replace protein broken down by muscle contraction. 
Good sources of protein in the diet include lean meat, 
poultry, fi sh and eggs. Protein intake is discussed 
further in Chapters 7 and 37.

Chronic fatigue syndrome
Chronic fatigue syndrome (CFS) is a controversial 
condition, the existence of which is hotly debated 
within the medical profession. Th e term itself was fi rst 
used in 1988 but the syndrome has existed for much 
longer. It has previously been known as neurasthenia 
and myalgic encephalomyelitis (ME). Th e term CFS 
has been adopted to defi ne a suffi  ciently homogene-
ous group of patients to allow research into etiology, 
pathogenesis, natural history and management. As 
the word ‘syndrome’ suggests, CFS is not recognized 
as a distinct disease process.

Defi nition

A number of defi nitions of CFS have been proposed. 
All include the concept of fatigue that interferes 
with activities of daily living and is of at least six 
months’ duration. Th e Center for Disease Control 
(CDC) in Atlanta has defi ned CFS as the presence 
of:36

• clinically evaluated, unexplained, persistent 
or relapsing fatigue that is of new or defi nite 
onset; is not the result of ongoing exertion; is 
not alleviated by rest; and results in a substantial 
reduction of previous levels of occupational, 
educational, social or personal activities and

• four or more of the following symptoms that 
persist or recur during six or more consecutive 

months of illness and that do not predate the 
fatigue:
— self-reported impairment in short-term 

memory or concentration
— sore throat
— tender cervical or axillary nodes
— muscle pain
— multijoint pain without redness or swelling
— headaches of a new pattern or severity
— unrefreshing sleep
— post-exertional malaise of at least 24 hours.

Etiology

CFS is more common in females, high achievers and 
professionals and more common in young adults. 
CFS is widespread in affl  uent settings and virtually 
unreported in developing countries.

Research to date has not identifi ed any clear etiology 
for CFS. It is unlikely that chronic fatigue has a single 
etiology in an individual patient. Th ere are likely to 
be predisposing states, predisposing factors and per-
petuating factors all operating to produce abnormal 
prolonged pathological fatigue. Predisposing states 
might include a positive family history, trait anxiety, 
depression, coping styles and family factors. Fatigue 
symptoms might be perpetuated by secondary gain 
or learned behavior.

Acute infectious illnesses are clearly important 
precipitating factors in many cases, more oft en a viral 
respiratory tract illness than infectious mononucleosis. 
Orthostatic hypotension has been associated with 
CFS, however, this may be a product of the decon-
ditioning associated with the syndrome rather than 
a causative factor.

Studies have reported immunological abnormalities 
such as decreased T-cell responses to mitogens in vitro 
and immunological subclass G abnormalities in cases 
of CFS; however, as immune abnormalities have been 
found in psychological disorders, these fi ndings are 
non-specifi c.

Symptoms

Th e most prominent symptom of CFS is usually 
overwhelming fatigue, especially aft er exercise. Other 
common symptoms include headaches, sore throat, 
enlarged lymph nodes, muscle pain especially aft er 
exercise, unrefreshing sleep, chest and abdominal 
pains.

Th e diagnosis of CFS is diffi  cult to confi rm in 
the absence of any defi nitive sign or test. It is oft en 
a diagnosis of exclusion. Th e other problem with 
the diagnosis of CFS is that there are a number of 

Brukner-E-44–55.indt   884Brukner-E-44–55.indt   884 5/6/06   11:41:35 AM5/6/06   11:41:35 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 885

CHAPTER 52 THE TIRED ATHLETE 52

conditions whose symptoms overlap with those of 
CFS. Th e two most signifi cant are fi bromyalgia and 
depression. Th e major presenting symptom in fi bro-
myalgia is usually widespread muscle and joint pain 
but fatigue is nearly always present. Fibromyalgia is 
characterized by the presence of multiple tender points 
in the muscles. Trigger points are also frequently 
seen in patients with CFS and form an important 
part of the treatment. Fatigue is oft en the primary 
presenting symptom in patients with depression and 
many of the symptoms described in CFS are found 
in depressive patients.

Management

Management of the patient with CFS (or fi bromyal-
gia and depression) is a considerable challenge for 
the practitioner. Th e natural history of CFS is of a 
very gradual improvement over a period of months 
and sometimes years. Treatment should be oriented 
towards psychological support and symptom relief. It 
is essential that the treating practitioner acknowledges 
that the patient has a real problem and is prepared to 
give the patient a diagnosis. It is important to give the 
patient plenty of time and both the patient and those 
close to her (or him) will have many questions. We 
recommend seeing the patient at least weekly in the 
initial treatment phase and later on a less frequent 
but still regular basis.

Exercise is the cornerstone of treatment of chronic 
fatigue.37 Th is may seem strange when one considers 
that post-exercise fatigue and muscle pain are two 
of the most signifi cant features of the disease but a 
slow, graduated increase in activity is an essential part 
of management. Th e exercise program may have to 
commence at a ‘ridiculously’ low level considering the 
history of some athletes. But it should commence at 
a level that the patient can achieve comfortably with 
minimal or no adverse eff ects in the 24–48 hours 
post-exercise. Th e increase in activity should be very 
gradual and if adverse symptoms develop, the patient 
should return to the previous level of activity and 
build up even more slowly.

In a six-month randomized blinded prospective 
trial38 in 96 individuals with CFS, it was found that a 
graded exercise program signifi cantly improved both 
health perceptions and the sense of fatigue whereas 
the use of an antidepressant (fl uoxetine) improved 
depression only. Another study of 66 patients with 
CFS also demonstrated a positive eff ect with graded 
aerobic exercise.39

Many drug treatments have been advocated but 
with little evidence of their effi  cacy. Simple analgesics 

may be helpful and we recommend the use of a tri-
cyclic antidepressant (e.g. amitryptiline 10–25 mg) 
in a single nocte dose. Th is drug seems to improve 
sleep quality and patients will usually wake up more 
refreshed as a result.

Many nutritional supplements have also been 
advocated but again there is no evidence of their effi  -
cacy. We have found the treatment of muscle trigger 
points with dry needling to be helpful in reducing 
muscle pains and headaches in a number of patients 
with CFS.

CFS and the sportsperson

It has been suggested that the incidence of CFS is 
higher in athletes than in the normal population.40 
Certainly a number of high-profi le athletes have 
been diagnosed with the condition. One problem in 
the athlete is the overlap in symptoms between the 
overtraining syndrome and CFS.41 It may be that the 
etiology of the two conditions is similar, with both 
having a neurotransmitter eff ect on central fatigue. 
Athletes who appear to be particularly prone to 
developing CFS are those who are attempting to com-
bine a high level of commitment to their sport with 
full-time work, social and family commitments. Th e 
other group who appear vulnerable are those athletes 
who continue to train and/or compete at an intense 
level when they are suff ering from a viral illness. We 
have seen a number of athletes with debilitating CFS 
whose onset appears to have coincided with such an 
episode.

Other causes of tiredness
A number of psychological problems are associated 
with a feeling of excessive tiredness. Th e two most 
common states are anxiety and depression. Th ese 
problems may be related to the athlete’s sporting 
endeavors or, alternatively, may be quite unrelated. Th e 
presence of eating disorders such as anorexia nervosa 
and bulimia should also be considered.

Hypothyroidism is more common than most 
realize, occurring in 1% of adults, with subclinical 
disease in 5%. Th e condition can aff ect any organ 
system. Hypothyroidism is characterized by a general 
slowing of body processes and can present as chronic 
fatigue, cold intolerance, weight gain and, in women, 
menorrhagia.42 It is oft en associated with high cho-
lesterol levels. An elevated serum thyroid stimulating 
hormone level is a sensitive indicator and patients with 
this condition generally respond well to treatment 
with levothyroxine.
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Diabetes, neuromuscular disorders and cardiac 
problems are all associated with excessive tiredness. 
Exercise-induced asthma may occasionally present 
with tiredness as the major symptom rather than the 
more typical cough, chest tightness or shortness of 
breath post exercise.

A number of medications may cause excessive 
tiredness. Th ese include beta-blockers, antihistamines, 
diuretics, anticonvulsants, sedatives and muscle 
relaxants.

Summary
Excessive tiredness is a common problem among 
athletes in hard training. While overtraining, a viral 
illness or a nutritional defi ciency (especially iron) are 
the most likely causes, other causes should always 
be considered. A thorough history, comprehensive 
examination and appropriate use of investigations 
will usually lead to the correct diagnosis.
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Exercise in the Heat

WITH TIMOTHY NOAKES

Because sporting activity may occur in hot condi-
tions, sports medicine clinicians must be well 

versed in both prevention and management of heat-
associated illness. Humans can only survive core 
temperatures greater than 41°C (106°F) for short 
periods and protein denatures at a body temperature 
of 45°C (113°F).

Fortunately, of all mammals, humans have devel-
oped an almost unmatched capacity to sweat, provid-
ing our species with one of the greatest capacities to 
lose heat during exercise and thus safely to regulate our 
body temperatures even during exercise of long dura-
tion in environmental conditions that would otherwise 
be considered extreme. Th is was brilliantly shown by 
the performance of the 40 kg Japanese runner, Mizuki 
Noguchi, who won the 2004 Athens Olympic Mara-
thon for women in a time of 2 h 26 min 20 s despite 
the extreme environmental conditions—35°C with 
moderate humidity.

Some have argued that this remarkable sweating 
capacity of humans must have developed for some 
evolutionary purpose. Th us, Heinrich has proposed 
that as humans are savanna-adapted animals, the 
reason for our highly developed sweating response 
is because it provides us with an advantage, most 
likely to perform prolonged exercise in the heat 
According to Heinrich, ‘We don’t need a sweating 
response to outrun predators, because that requires 
relatively short, fast sprinting, where accumulating a 
heat load is, like a lactic acid load, acceptable. What 
we do need sweating for is to sustain running in the 
heat of the day—the time when most predators retire 
into the shade’.1 Heinrich also notes that modern 
hunter-gatherers, like the !Kung Bushmen (San) of 
Southern Africa, do not carry food or water with them 
(on 30 km hunts in the heat) because that ‘hinders 

their ability to travel’.1 Th e fi rst documentation of 
just such a hunt recorded that the !Kung San do not 
begin these long hunts lasting 4–6 hours unless the 
desert temperature is in excess of 40°C (104°F) (with 
low humidity);2 the preferred hunting temperature is 
42–45°C (108–113°F).

Despite this remarkable ability of some humans 
to exercise in such heat without health risk, on occa-
sion, heat injury, in particular heatstroke, occurs to 
persons exercising in much less severe environmental 
conditions when the total heat load cannot explain 
why heatstroke developed. Th is suggests that indi-
vidual susceptibility, rather than the environmental 
conditions, plays a much more important role in the 
development of this condition than has previously 
been acknowledged.

In this chapter we briefl y review the physiology of 
heat gain and heat loss before discussing the diagnosis 
and management of three common presentations in 
the heat—heatstroke, exercise-associated collapse and 
cramps. As these names suggest, only the former is 
truly related to heat! Finally, we discuss an important 
diff erential diagnosis of heatstroke—hyponatremia. 
Th is condition results from fl uid overload.3, 4

Mechanisms of heat 
gain and loss
Heat is produced by both endogenous sources (mus-
cle activity and metabolism) and exogenous sources 
(transfer to the body when environmental temperature 
exceeds body temperature). Th e rate of heat produc-
tion and the risk of heatstroke should be greatest in 
those who run the fastest and have the highest work 
rate (i.e. in short-distance rather than marathon 

CHAPTER 
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events). Heat loss occurs by conduction, convection, 
radiation or evaporation. At rest, when environmental 
temperature is below body temperature, thermal bal-
ance is maintained by convection of heat to the skin 
surface and radiation of heat to the environment.

As an individual starts to exercise and produce 
more heat, sweating provides compensatory heat loss 
through evaporation. When the environmental tem-
perature equals or exceeds body temperature, sweating 
is the predominant mechanism of heat loss;5 athletes 
exercising in these conditions rely almost exclusively on 
evaporative heat loss to regulate body temperature.

Th e eff ectiveness of sweating to cool the body is 
aff ected by humidity. In a dry environment, sweat is 
evaporated. A humid environment, in which there 
is a high level of water vapor in the air, limits the 
evaporation of sweat and its cooling eff ect. Th erefore, 
the combination of high temperature and high humid-
ity is particularly dangerous. Athletes should avoid 
exercising in these conditions if possible. In extreme 
environmental conditions, when the humidity is high 
and the temperature is in excess of about 33°C (91°F), 
core temperature can increase substantially even in 
relatively short-distance races (6–15 km). Heavier 
athletes are particularly at risk because they produce 
more heat and have greater diffi  culty losing that heat 
adequately than do lighter athletes when both exercise 
at the same velocity in humid conditions.6 In contrast, 
because they produce less heat when exercising at the 
same velocity as heavier athletes, small athletes are 
especially advantaged when competing in prolonged 
events in the heat.6–8 For example, the 52 kg world 
marathon record holder Paula Radcliff e was unable 
to fi nish the Athens 2004 Olympic Marathon, which 
was won by an athlete who was 12 kg lighter and 
whose best marathon time in cooler conditions was 
substantially slower than Radcliff e’s best.

Th e eff ects of humidity as well as the eff ects of 
solar and ground radiation, air temperature and wind 
speed are included in the wet bulb globe temperature 
(WBGT) index. Th is index is used to determine the 
amount of activity that should be undertaken in hot 
conditions. It is recommended that endurance events, 
especially those involving high intensities of exercise 
(4–21 km), should not be held when the WBGT index 
exceeds 28°C (82°F).9 In practical terms, a WBGT 
index of 28°C (82°F) approximates a dry bulb tem-
perature of 28°C (82°F) with 100% humidity.

Clinical perspective
Appropriate clinical assessment of the athlete who 
presents aft er exercising in the heat is the cornerstone 

of good management. In the past, there has been a 
tendency to initiate treatment before making a rational 
diagnosis. Th is position was taken partly because of 
the problem of high rates of admission to the medical 
tent at major events and partly because it was assumed 
that all athletes who collapsed were dehydrated and 
needed immediate intravenous hydration. Th e former 
problem can be overcome by a system of triage at 
events (Chapter 60), and the latter assumption is not 
evidence-based.10 Th us, the emergency treatment of 
life-threatening conditions, including heatstroke and 
hyponatremia, can safely be delayed for 1 or 2 minutes 
while the rectal temperature is measured and a rea-
sonable working diagnosis is established. Th e obvious 
exception is cardiac arrest, which occurs uncommonly, 
and the diagnosis of which is unambiguous.

Th e criteria for determining the severity of collapse 
are shown in Table 53.1. Th e initial assessment is based 
on the athlete’s level of consciousness and knowledge 
of where in the race the athlete collapsed.

 Patients who are seriously ill show alterations 
in their level of consciousness and almost 
always collapse before completion of the race 
(Fig. 53.1).

In addition, the cause of illness in persons who col-
lapse during the race is usually quite easily determined 

Figure 53.1 Collapse before the fi nish line suggests a 
serious cause of collapse. Exercise-associated collapse 
occurs after the athlete has completed the race, 
crosses the fi nish line, and stops voluntarily. 
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and forms part of the physician’s standard medical 
training.

Measuring rectal temperature, blood pressure and 
heart rate provides additional diagnostic informa-
tion. In longer races (>25 km) when hypoglycemia 
is more likely, a glycometer should also be used. In 
mass events of much longer duration (>4 hours), 
including ultramarathons, equipment for meas-
uring the serum sodium concentration must be 
available so that potentially lethal exercise-related 
hyponatremia can be diagnosed expeditiously. 
Intravenous therapy should only be considered 
aft er a serum sodium concentration greater than 
135 mmol/L (>135 mEq/L) has been measured. It 
is no longer defensible not to measure the serum 
sodium concentration in an athlete admitted to a 
medical tent aft er a sporting event of 4 or more hours 
and in whom there is evidence of some alteration in 
the level of consciousness.11

Whether or not the athlete is conscious or uncon-
scious is the most important sign guiding the diff eren-
tial diagnosis. If the athlete is unconscious, the initial 
diff erential diagnosis is between a medical condition 
not necessarily related to exercise, for example, cardiac 
arrest, grand mal epilepsy, subarachnoid hemorrhage 
or diabetic coma, and an exercise-related disorder, 
most especially heatstroke, hyponatremia or severe 
hypoglycemia. Th e latter is an uncommon cause of 
exercise-related coma in non-diabetic subjects. If the 
athlete is unconscious, the crucial initial measurement 
is the rectal temperature, followed by heart rate and 
blood pressure. If the rectal temperature is above 
41°C (106°F), the diagnosis is heatstroke and the 
patient must be cooled immediately (see below) and 
the cooling continued until the rectal temperature 
stabilizes at 38°C (100°F) or lower.

If the rectal temperature is below 40°C (104°F) 
in an unconscious patient, the blood pressure and 
pulse rate are not grossly abnormal, and there is no 
other obvious medical condition, the probability is 
that the athlete has exercise-associated hyponatremia 
or, rarely, another electrolyte abnormality such as 
hypochloremia also causing cerebral edema. 

 Note that ‘dehydration’ in the range measured 
in athletes during marathon and other endur-
ance or ultraendurance events does not cause 
unconsciousness.

Heatstroke—a temperature 
above 41°C (106°F)
When running, the metabolic rate is a function of 
running speed and body mass; thus, the highest 
rectal temperatures are usually seen in the fastest 
runners competing in events of 8–21 km. In such 
runners, the rectal temperatures may increase to 
40.5°C (104.9°F) without symptoms or evidence of 
heat-related illness.12, 13 Higher rectal temperatures 
are usually associated with symptoms that include 
dizziness, weakness, nausea, headache, confusion, 
disorientation and irrational behavior, including 
aggressive combativeness or drowsiness progressing 
to coma. Examination reveals the patient is hypo-
tensive and has tachycardia. Th e presence or absence 
of sweating does not infl uence the diagnosis. Th e 
tachycardia and hypotension are initially due to a low 
peripheral resistance in the face of an elevated cardiac 
output.14 Recovery of cardiovascular function occurs 
with normalization of the cardiac output and with an 
increase in peripheral vascular resistance.

Table 53.1 Guidelines for determining the severity of the collapsed athlete’s condition

Non-severe Severe

Immediate assessment
 Conscious
 Alert
 Rectal temperature: <40°C (104°F)
 Systolic blood pressure: >100 mmHg
 Heart rate: <100 beats/min

Immediate assessment
 Unconscious or altered mental state
 Confused, disoriented, aggressive
 Rectal temperature: >40°C (104°F)
 Systolic blood pressure: <100 mmHg
 Heart rate: >100 beats/min

Specialized assessment
 Blood glucose level: 4–10 mmol/L (72–180 mg/dL)
 Serum sodium concentration: 135–148 mmol/L 
  (135–148 mEq/L)
 Body weight loss: 0–5%

Specialized assessment
 Blood glucose level: <4 or >10 mmol/L (<72 or 
  >180 mg/dL)
 Serum sodium concentration: <135 or >148 mmol/L 
  (<135 or >148 mEq/L)
 Body weight loss: >10%
 Body weight gain: >2%
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If, during exercise, a previously healthy athlete 
shows marked changes in mental functioning, for 
example, collapse with unconsciousness or a reduced 
level of consciousness (stupor, coma) or mental stimu-
lation (irritability, convulsions), in association with a 
rectal temperature above 41°C (106°F), the diagnosis 
of heatstroke is confi rmed and warrants immediate 
initiation of cooling.

Management of heatstroke

Th e more rapidly the rectal temperature is reduced 
to 38°C (100°F) the better the prognosis. Th e patient 
should be placed in a bath of ice water for 5–10 
minutes. Th e body temperature should decrease to 
38°C (100°F) within this time.15 Care must be taken 
to avoid inducing hypothermia as rectal temperature 
lags behind the core temperature. Shivering indicates 
that core temperature has decreased to 37°C (99°F) or 
below. Although there is no evidence that dehydration 
is the single critical factor causing heatstroke, intra-
venous fl uids may be given to correct the expected 
dehydration and to assist in stabilizing the hyper-
kinetic circulation. Th us, 1–1.5 L of a 0.5% or 0.9% 
saline solution can be given initially, in part to ensure 
rapid venous access should this be required. However, 
cardiac function is compromised in hyperthermia 
and aggressive fl uid therapy can induce pulmonary 
edema. Mortality from heatstroke should be zero in 
healthy athletes who are cooled promptly. Indeed, it is 
usual for athletes to be fully recovered and ambulatory 
within 30–60 minutes of collapse, providing they are 
correctly and expeditiously treated and they do not 
have a predisposing medical condition that explains 
their increased individual susceptibility to heatstroke 
(exercise-induced malignant hyperpyrexia).

 It is the delay in initiating cooling that makes 
heatstroke a potentially fatal condition.

Is hospital admission indicated?

Th e medical team must decide whether or not to admit 
the athlete to hospital for further observation aft er his 
or her temperature has been reduced to below 38°C 
(100°F). Th ere is a tendency for rectal temperature 
to increase aft er cooling; this increase may not be 
noticed if the patient returns home without appropri-
ate supervision. An increasing rectal temperature aft er 
cessation of exercise and appropriate cooling indicates 
ongoing heat-generating biochemical processes in 
muscle unrelated to exercise that may be related to 
conditions such as malignant hyperthermia.

Hospital admission is always required if the patient 
fails to regain consciousness within 30 minutes of 
appropriate therapy that returns the rectal temperature 
to 38°C (100°F). Patients who regain consciousness 
rapidly, whose cardiovascular system is stable and 
whose rectal temperature does not increase in the 
fi rst hour aft er active cooling ceases usually do not 
need hospital admission. Th us, the decision as to 
whether hospital admission is needed can usually be 
made within an hour of the patient reaching medical 
treatment.

An absolute indication for hospital admission would 
be a failure to achieve cardiovascular stability during 
that time. A persisting tachycardia and hypotension in 
the supine, head-down position suggests that cardio-
genic shock is developing. As heatstroke is such an 
uncommon complication of exercise, its presence 
should raise the possibility that other factors may 
be operative. Th ese include genetic predisposition, 
unaccustomed drug use or subclinical viral infection. 
Indeed, in such cases the question must be asked: Is the 
hyperthermia the cause of the condition or merely a 
sign of another potentially more serious condition?

Complications of heatstroke

Heatstroke may be associated with damage to one or 
more body systems, as shown in Table 53.2. Whether 
the hyperthermia of heatstroke directly causes this 
damage or whether it is merely an accompanying 
feature of another disease syndrome that has yet to be 
properly described needs to be considered.3 It appears 
that there is an individual susceptibility to heatstroke. 
Malignant hyperthermia, which is usually activated 
by certain general anesthetic agents, may also be trig-
gered by other stimuli, perhaps including exercise. Th e 
biochemical abnormality resides in skeletal muscle, 
where it may activate uncontrolled metabolism 
and hyperthermia and ultimately an extensive, and 
potentially fatal, rhabdomyolysis (degeneration of 
skeletal muscle). Th e process can only be reversed 
by a specifi c drug, dantrolene sodium, or, less oft en, 
by rapid whole-body cooling. A number of deaths 
among high-profi le professional athletes in the United 
States who died within 16–24 hours of the onset of 
‘heatstroke’ despite receiving appropriate medical 
care raises the strong possibility that:

1. they were not suff ering from heatstroke but 
from some other condition of which the 
hyperthermia was merely a diagnostic ‘red 
herring’

2. because of a hereditary or acquired 
predisposition, exercise may be one factor that 
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triggers the development of this fatal condition 
in these susceptible individuals

3. focusing solely on lowering the body 
temperature may not be enough to save the 
lives of these predisposed individuals—rather, 
attempts must be made to prevent the 
rhabdomyolysis, which appears to be the 
immediate cause of the critical complications 
(acute renal failure and cardiac arrest) that 
ultimately cause death.

Patients suff ering rhabdomyolysis present with 
brown-colored urine accompanied by muscle weak-
ness, swelling and pain. Th e skin may become dis-
colored because of hemorrhages and the muscles 
have a ‘doughy’ feel. Th e urine contains high levels of 
myoglobin, which causes the brown discoloration and 
granular casts. Serum creatine kinase activity is also 
high. Laboratory tests may reveal elevated levels of 
potassium and uric acid and, in severe cases, evidence 
of disseminated intravascular coagulation. Th is condi-
tion requires urgent intensive care treatment.

Exercise-associated collapse
Exercise-associated collapse describes the common 
type of collapse that occurs in athletes who success-
fully complete endurance events without distress 
but who suddenly develop symptoms and signs of 
postural hypotension when they stop exercising. 
Th is condition has been referred to as ‘heat syncope’ 
and ‘heat exhaustion’ but we avoid these terms as 
the condition is benign and the rectal temperature 
is never suffi  ciently elevated to suggest a diagnosis 
of heatstroke. If the rectal temperature is elevated 
and the patient has an altered level of consciousness, 

heatstroke is the correct diagnosis. Th e largest modern 
study of subjects who required medical attention aft er 
long-distance events found that only a tiny propor-
tion of participants had markedly elevated rectal 
temperatures, indicating heatstroke, and few without 
heatstroke required hospitalization.16

Th is phenomenon of collapse aft er completing a 
sporting event in the heat occurs because the sudden 
cessation of exercise induces postural hypotension 
by causing blood to ‘pool’ in the dilated capacitance 
veins in the lower limb when the ‘second heart’ action 
of the lower limb musculature stops. In addition, 
there may be abnormal perfusion of the splanchnic 
circulation, with loss of a large fl uid volume into the 
highly compliant splanchnic veins. Th e problem is a 
precipitous fall in the central (rather than circulating) 
blood volume and, hence, atrial fi lling pressures.17–19 
Since athletes collapse aft er exercise, dehydration 
cannot be a factor as fl uid loss suffi  cient to impair 
cardiovascular function must produce its eff ects 
before the athlete completes the race and not aft er 
the race has been completed when the stress on the 
cardiovascular function is reducing.

Th e early publications referring to this condition 
did not fi nd elevated rectal temperatures and used 
the terms ‘heat exhaustion’, ‘heat prostration’ or ‘heat 
syncope’ to describe the condition of collapse due to 
postural hypotension that develops in people who 
exercise in the heat. Unfortunately, this terminology 
has been misinterpreted to indicate that the collapse 
is caused by elevated body temperature and failure of 
heat regulation, which is not the case. Rather the con-
dition is caused by the persistence into recovery of the 
low state of peripheral vascular resistance present dur-
ing exercise. In addition, Noakes has drawn attention 
to the possible action of the Barcroft -Edholm refl ex in 
this condition.20 In 1945 Barcroft  and Edholm showed 
that a sudden reduction in the right atrial pressure, 
in their case induced by venesection but analogous 
to the sudden reduction in atrial pressure that will 
result when the muscle pump becomes inactive on the 
cessation of exercise, induced a sudden and atavistic 
reduction in peripheral vascular resistance leading to 
hypotension and syncopy.21 Restoration of the right 
atrial fi lling pressure reversed this vasodilation by 
increasing the peripheral vascular resistance.

Th e diagnosis of exercise-associated collapse can 
be made on the basis of a typical history, fi ndings 
of a postural hypotension reversed by lying supine 
with the pelvis and legs elevated (Trendelenberg 
position), and the exclusion of readily identifi able 
medical syndromes such as diabetes and heatstroke 
(Chapter 44).

Table 53.2 Complications of heatstroke

System Abnormality

Cardiovascular Arrhythmias
Myocardial infarction
Pulmonary edema

Neurological Coma
Convulsion
Stroke

Gastrointestinal Liver damage
Gastric bleeding

Hematological Disseminated intravascular 
coagulation

Muscular Rhabdomyolysis

Renal Renal failure
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Management of exercise-associated collapse

As patients with exercise-associated collapse are 
conscious, they can be encouraged to ingest fl uids 
orally during recovery. Sports drinks containing both 
glucose (4–8%) and electrolytes (Na: 10–20 mM) are 
appropriate provided the athlete does not also have 
evidence of fl uid overload. Th e patients should lie 
with their pelvis and legs elevated. Nursing patients 
in this head-down position is always dramatically 
eff ective, producing a more stable cardiovascular 
system within 30–90 seconds and, usually, instant 
reversal of symptoms as a result of reversal of the 
Barcroft /Edholm refl ex. Th e symptoms of dizziness, 
nausea and vomiting associated with this condition 
may result simply from a sudden reduction in blood 
pressure, especially as there is a dramatic fall from the 
elevated blood pressure maintained during exercise. 
Generally, recovery occurs within 10–20 minutes 
in persons nursed in the head-down position. Most 
athletes with exercise-associated collapse will be able 
to stand and walk unaided within 10–30 minutes of 
appropriate treatment and can be encouraged to leave 
the facility at that time.

Few, if any, athletes with exercise-associated col-
lapse are suffi  ciently dehydrated to show the usual 
clinical signs of dry mucous membranes, loss of skin 
turgor, sunken eyeballs and an inability to spit. Some 
clinicians advocate intravenous therapy when these 
signs are present but we only use intravenous therapy 
in athletes who continue to have increased heart rates 
(>100 beats/min) and hypotension (<110 mmHg) 
when lying supine with the legs and pelvis elevated 
above the level of the heart.

Cramps
Heat cramps were fi rst described among coal miners 
in 1923, eventually becoming known as ‘miner’s’, 
‘fi reman’s’, ‘stoker’s’, ‘cane-cutter’s’ or simply ‘heat’ 
cramps. Th e popular belief that cramps are caused by 
severe dehydration and large sodium chloride losses 
that develop during hot conditions has no scientifi c 
basis.22–24 Aft er a lifetime studying sodium balance in 
persons exercising in desert heat, Epstein and Sohar 
concluded that salt-defi ciency heat cramps had never 
been proven to exist and illustrated ‘christening by 
conjecture’.25 Cramps can occur at rest or during 
or aft er exercise undertaken in any environmental 
conditions; they are specifi c neither to exercise, nor 
to exercise in the heat. Th e more modern hypothesis 
proposes that cramps probably result from altera-
tions in spinal neural refl ex activity activated by 

fatigue in susceptible individuals (Chapter 2).22–24 
Th e term ‘heat cramps’ should be abandoned as it 
clouds understanding of the possible neural nature 
of this connection.

Management of cramps

Stretching out the muscle to length is one eff ective 
therapy. Application of ice and physiotherapy of the 
aff ected muscle may also help. Th e Boston Marathon 
medical team treats muscle cramps with intravenous 
normal saline, and intravenous magnesium therapy 
has been used in the Hawaiian Ironman Triathlon, 
but clinical trials of either treatment have yet to be 
published.

Fluid overload: hyponatremia
Hyponatremia is perhaps the most important diff er-
ential diagnosis in athletes who seek medical atten-
tion at an event undertaken in the heat, particularly 
at an ultramarathon. Th us, any athlete who becomes 
unconscious during or aft er ultradistance running or 
triathlon races and whose rectal temperature is not 
elevated should be considered to have symptomatic 
hyponatremia (hyponatremic encephalopathy) until 
measurement of the serum sodium concentration 
refutes the diagnosis. We emphasize that dehydration 
does not cause unconsciousness until it is associated 
with renal failure with uremia or hepatic failure.10 To 
achieve such a weight loss as a result of dehydration, a 
50 kg athlete would require 10 hours of high-intensity 
exercise at a sweat rate of 1 L per hour without any fl uid 
replacement. Such a performance seems improbable 
in modern sporting events in which fl uid is provided 
usually every 1–3 km and athletes are typically advised 
to drink ‘as much as tolerable during exercise’. In 
contrast the !Kung San have been known to exercise 
for 6 hours in 45°C (113°F) desert heat without fl uid 
replacement and without obvious detrimental eff ects 
other than some evidence of fatigue.2 It is much more 
likely that athletes encouraged to drink ‘as much as 
tolerable’ during exercise in order to prevent ‘dehydra-
tion’ will present with fl uid overload.11, 26

Athletes with hyponatremic encephalopathy and 
serum sodium concentrations below 129 mmol/L 
(129 mEq/L) are overhydrated by between 2 L and 
6 L.27, 28 Th e physician should be alerted to this diagno-
sis in a patient with an altered level of consciousness. 
If the patient is conscious, he or she may complain of 
feeling bloated or ‘swollen’. A helpful clinical sign is 
that rings, race identifi cation bracelets and watchstraps 
feel and are noticeably tighter. Th e race bracelet is 
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a particularly useful indicator, as it is usually loose 
fi tting before a race.

Management of hyponatremia

Under no circumstances should any hypotonic or 
isotonic fl uids be given to unconscious or semicon-
scious athletes with hyponatremia. Rather, patients 
with hyponatremia require some or all of the following 
interventions dependent on the degree to which they 
have developed encephalopathy secondary to cerebral 
edema: fl uid restriction; diuretics; intravenous hyper-
tonic (3–5%) saline at rates of about 100 mL/h.11 As 
the condition is due in part (see below) to abnormal 
secretion of arginine/vasopressin (antidiuretic hor-
mone [ADH]) in the face of hypotonicity and fl uid 
overload, diuresis may be delayed even in patients with 
quite mild hyponatremia. Th e use of a diuretic may 
be justifi ed to initiate diuresis. Providing hypotonic 
or isotonic fl uids to patients who are unconscious 
because of cerebral edema delays recovery and may 
produce a fatal result, as appears to have happened 
in isolated cases in recent years.29–31

In summary, it is essential that physicians caring 
for athletes with hyponatremia are aware of the 
correct management of this condition. Th e current 
management includes:

• bladder catheterization to monitor the rate of 
urine production during recovery—spontaneous 
recovery will occur if adequate amounts of 
urine (>500 mL/h) are passed. (Note: A high 
urine sodium concentration in the face of 
hyponatremia is diagnostic of inappropriate 
secretion of arginine/vasopressin [ADH], 
one of the three cardinal requirements for the 
development of this condition, see below).

• no fl uids by mouth—salt tablets and 
sodium-containing foods can be given

• high sodium (3–5%) solutions given 
intravenously provided they are infused slowly 
(50–100 mL/h)

• use of diuretics.

Etiology of exercise-associated hyponatremia 
and hyponatremic encephalopathy

 Th e seminal paper describing the fi rst cases 
of exercise-associated hyponatremia in 1985 
concluded, on the basis of the history, the 
clinical fi ndings and the estimated sodium 
and water balance during exercise in those 
athletes, that the etiology of the hyponatremia 
was due to overhydration.32

Th e article also concluded that the intake of hypotonic 
fl uids in excess of that required to balance sweat and 
urine losses may be hazardous in some individuals.

A second study published in 199127 unambiguously 
resolved the issue of what causes exercise-associated 
hyponatremic encephalopathy. In this study, each of 
eight athletes who collapsed with exercise-associated 
hyponatremia was fl uid overloaded by 1.22–5.92 
L. Th e athletes conservatively estimated that their 
fl uid intakes during exercise ranged from 0.8 to 1.3 
L/h, compared with maximum values of 0.6 L/h in 
athletes with normal serum sodium concentrations. 
It was also found that the athletes’ sodium losses 
(153 ± 35 mmol) were not larger than those of athletes 
who maintained normonatremia during exercise. 
Th us, this study concluded that exercise-associated 
hyponatremia results from fl uid retention in athletes 
who consume abnormally large fl uid volumes during 
prolonged exercise. It was also noted that because the 
potential dangers of severe dehydration and, thus, the 
need to drink adequately during prolonged exercise 
have been so well publicized, some athletes may 
consume dangerously large volumes of water during 
prolonged exercise.

Despite this unequivocal evidence presented 
20 years earlier,33 and subsequently confi rmed by a 
large prospective clinical trial,26 a number of infl uential 
sports medicine organizations began to advocate that 
athletes should drink ‘as much as tolerable’ during 
exercise. At the same time the theory evolved that 
exercise-associated hyponatremia was due to large 
unreplaced sodium losses in sweat (Fig. 53.2) and 
that the condition could therefore be prevented by 
the ingestion of sports drinks during exercise.

However, the fi rst international consensus state-
ment on exercise-associated hyponatremia11 has 
concluded that the role of sodium loss in the develop-
ment of exercise-associated hyponatremia has yet 
to be established. Rather, the study of Noakes et al.3 
concludes that three factors explain why the range 
of serum sodium concentrations aft er exercise is so 
variable even when the weight change is the same 
(Fig. 53.3). Thus, to develop exercise-associated 
hyponatremia subjects must:

1. over-drink, usually by drinking in excess of 
750 mL per hour for at least 4 hours during 
exercise

2. fail adequately to suppress the inappropriate 
secretion of the water-retaining hormone 
arginine/vasopressin (ADH) and

3. either inappropriately osmotically inactivate 
circulating serum ionized sodium or fail 
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to mobilize osmotically inactive sodium to 
maintain a normal serum sodium concentration 
in an expanded total body water.

Th e conclusion of these fi ndings is that the avoid-
ance of over-drinking is the sole factor required to 
prevent exercise-associated hyponatremia.11 Further-
more, the ingestion of sports drinks plays no role in 
this prevention because:

1. sports drinks are markedly hypotonic with a 
low sodium concentration (about one-seventh 
the serum sodium concentration). Th us, their 
ingestion adds substantially more water than 
sodium to the body. Since exercise-associated 
hyponatremia is due to fl uid overload, the 

inappropriate ingestion of large volumes of 
sports drinks will compound the hyponatremia

2. exercise-associated hyponatremia is always 
also due to inappropriate secretion of arginine/
vasopressin (ADH). Th e action of ADH on 
the kidney is to produce water retention and 
sodium diuresis.3 Th us, the ingestion of any 
fl uid regardless of its sodium content will cause 
further fl uid retention, with excretion of all the 
sodium present in the ingested fl uid.

3. the internal osmotically inactive sodium stores 
exceed, by an order of magnitude, the amount 
of sodium that might be ingested from a 
sports drink during prolonged exercise. Th us, 
appropriate mobilization of these stores will 

Figure 53.2 A theoretical diagram of how the serum sodium (Na+) concentration might alter with changes in 
sodium and fl uid balance. It was proposed that weight loss during exercise would cause hyponatremia as a result of 
dehydration and large, unreplaced sodium losses (right side of the diagram). In contrast, excessive drinking leading 
to weight gain would reduce the serum sodium concentration by the dilution of the equally reduced whole-body 
sodium content in an expanded volume of total body water. A plot of serum sodium concentration versus body 
weight change during exercise would be an inverted U shape. ADAPTED FROM ARMSTRONG LE, ED. PERFORMING IN EXTREME ENVIRONMENTS. CHAMPAIGN, IL: HUMAN 

KINETICS, 2000: 103–35, FIGURE 6.4.
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prevent exercise-associated hyponatremia, 
regardless of how much sodium is ingested by 
mouth during exercise.

Other causes of exercise-
related collapse in hot weather
Heatstroke and exercise-associated collapse are the 
most likely causes of distress or collapse while exer-
cising in hot weather. It is, however, important to 
consider other possible causes of distress or collapse 
that may also occur in these conditions. A list of pos-
sible causes of collapse and the likely circumstances 
surrounding that collapse is shown in Table 53.3. Th is 
highlights the importance of determining the rectal 
temperature as the fi rst step in the assessment of the 
collapsed athlete in hot weather. A rectal temperature 
above 40°C (104°F) indicates that heat illness is the 
most likely cause of collapse. A rectal temperature 
below 40°C (104°F) should encourage the clinician 
to consider other causes of collapse.

It is important to remember that athletes suff ering 
from hyperthermia and hypothermia may present in 
the same event. Th e faster runners with their increased 

heat production may present with hyperthermia, while 
slower runners, particularly those who have stopped 
to a walk, may present later in the day with hypo-
thermia. Th e possibility of hypothermia is increased 
if a cold wind is present or if the temperature drops 
over the duration of the event. Cold-related illness is 
discussed in Chapter 54.

Heat acclimatization
Athletes are able to cope much better with hot or humid 
conditions if they are acclimatized.34, 35 Th e human body 
adjusts to exposure to hot conditions by increasing 
blood volume and venous tone and, particularly, by 
alterations to the sweating mechanism. Th e main ways 
in which the sweating mechanism is aff ected are by:

• earlier onset of sweating
• increased amount of sweating
• increased dilution of the sweat (lower sodium 

concentration).

Th ese changes result in increased heat loss for a given 
set of environmental conditions and a smaller rise in 
body temperature.

Figure 53.3 In a study of 2135 athletes, Noakes and colleagues3 found that weight gain during exercise was 
signifi cantly, and linearly, associated with a lower serum sodium concentration after racing (P < 0.0001). The data 
points formed a line, not an inverted U shape, indicating that hyponatremia was due to excessive fl uid consumption. 
ADAPTED FROM NOAKES TD, ET AL.3
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Table 53.3 Other causes of collapse

Cause Associated features

Hypoglycemia Diabetic using medication
Poor carbohydrate loading and 

intake
High alcohol intake prior to 

event

Hyponatremia Ultraendurance event
Large amounts of plain water

Hypothermia Slow athlete in endurance event
Cold wind (change of weather)

Drug toxicity Athlete using social or 
performance-enhancing 
drugs (e.g. cocaine, 
amphetamines)

Ischemic heart 
disease/
arrhythmia

Previous history of cardiac 
disease

Family history
High risk factor profi le

Stroke Older athlete
Hypertensive athlete

Convulsions/coma Epilepsy
Head injury
Hyponatremia

Head injury Contact sport

Th ere is considerable dispute regarding the ideal 
length of time required for heat acclimatization, 
although a minimum of two weeks is probably required 
when coming from a cool climate to a hot or humid 
climate. One problem that reduces the eff ectiveness 
of heat acclimatization is that in the week or two 
prior to a major event, the athlete is oft en tapering 
(i.e. reducing the amount of training). While there 
is some eff ect on heat acclimatization in the rested 
state, it may be necessary to perform relatively inten-
sive exercise to maximize acclimatization. Th erefore, 
exposure to the warmer environment should occur 
for a minimum of two weeks.

A number of other factors aff ect acclimatization. 
If the athlete wishes to compete in a hot and humid 
environment, it is necessary to acclimatize for both 
heat and humidity. Training in a hot, dry environ-
ment provides only partial acclimatization for a 
hot, humid environment. Another factor aff ecting 
heat acclimatization is the presence or absence of 
air conditioning. To maximize acclimatization, the 
athlete should be exposed to the environmental 
conditions 24 hours a day. If the only exposure to 
the hot conditions is during training and the athlete 

then returns to an air-conditioned environment, the 
eff ectiveness of acclimatization is reduced. Th erefore, 
it is recommended that athletes spend a minimum 
of two weeks acclimatizing at the site of competition 
or in an environment very similar to that anticipated 
for competition. Some intense training should be 
performed during this period and air conditioning 
should be restricted to night-time for sleeping and 
adequate recovery.

Although it is possible to assist the acclimatization 
process by exercising in a heat chamber for 3 hours 
per day prior to departure, it is only partially eff ec-
tive and should be used as an adjunct to rather than 
as a replacement for full acclimatization. Wearing 
impermeable clothing while exercising may also make 
a small contribution to acclimatization.
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Guidelines for the prevention of heat illness
Most cases of heat illness could be prevented if the following guidelines are followed.
 1. Perform adequate conditioning. The athlete must have trained appropriately and be conditioned for the 

planned activity.
 2. Undergo acclimatization if competing in unaccustomed heat or humidity.
 3. Avoid adverse conditions. Event organizers should ensure that high intensity or endurance events should 

not take place in adverse conditions of heat or humidity. If events are to occur in hot climates, they 
should take place in the early morning before conditions deteriorate.

 4. Alter training times. Unless trying to acclimatize, the athlete should avoid exercise at the hottest time of 
the day.

 5. Wear appropriate clothing. In hot conditions, athletes should wear a minimal amount of loose-fi tting, 
light-colored clothing. An open weave or mesh top is ideal. Many athletes choose to remove their top 
during training in hot conditions. This has the advantage of allowing better heat loss from sweating but is 
counterbalanced by an increased heat gain from the environment.

 6. Drink appropriate amounts of fl uids before the event. The athlete should ensure that he or she is 
adequately hydrated in the 24 hours prior to the event. A good method of confi rming this is to ensure 
that urine output is clear and of good volume. Fluids should be drunk right up until the commencement 
of exercise. It is recommended that 500 mL of fl uid be drunk in the half hour prior to exercise in the heat. 
Remember, however, that humans are unable to ‘store’ fl uid. Thus, a fl uid intake in excess of requirements 
is unnecessary before the race.

 7. There is no evidence that fl uid ingestion during exercise can prevent heatstroke in those predisposed 
to develop the condition. Nor is there any published evidence that dehydration is an important factor 
predisposing to heatstroke or the development of illness in athletes who have some access to such 
fl uids during exercise.33, 36 It has been shown that fl uid ingestion during exercise in the laboratory 
may reduce the rectal temperature somewhat 37 but that this eff ect may be a result of the inadequate 
convective cooling usually present in indoor exercise.38 When exercise is undertaken in the laboratory 
in environmental conditions that reproduce the conditions in out-of-door exercise, high rates of fl uid 
ingestion are not required to prevent this additional increase in rectal temperature. Rather, drinking to 
the dictates of thirst (ad libitum) produces an optimum result.38

 8. To minimize the uncomfortable sensations of thirst and so to optimize performance during exercise, 
athletes can be assured that they need drink only according to the dictates of their thirst (ad libitum)36. 
Usually, rates of ad-libitum fl uid ingestion during exercise may vary between 200 and 800 mL per hour; 
much higher amounts are not uncommon in athletes who develop exercise-associated hyponatremia.27, 39 
Interestingly, elite athletes appear to drink sparingly during exercise, suggesting that superior athletic 
ability may be associated with a reduced dipsogenic drive during exercise. This would clearly be an 
advantageous evolutionary adaptation in early human hunter-gathers like the !Kung San who, since 
they have no access to fl uid during hunting, will not be disabled by the development of intolerable thirst 
and hence have to terminate their hunt prematurely. For exercise up to 1 hour in duration, plain water is 
appropriate. For exercise lasting longer than 1 hour, a dilute glucose and electrolyte solution should be 
used (Chapter 37).

 9. Ensure athletes and offi  cials are well educated. It is important that event organizers, coaches and athletes 
understand the importance of adequate hydration, the danger of water intoxication, and the need to 
avoid excessive environmental conditions.

10. Provide profi cient medical support. A well-equipped, well-trained medical team should be present at all 
endurance events occurring in hot or humid conditions. The guidelines for the medical coverage of an 
endurance event are discussed in Chapter 60.
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CHAPTER 

54
Exercise at the Extremes 
of Cold and Altitude
WITH MICHAEL KOEHLE

Exercise in the cold
Activities in which cold injuries are likely to occur 
include those involving water immersion (e.g. 
swimming, scuba diving, boating, triathlons), those 
commonly performed in alpine environments (e.g. 
skiing), and those that require prolonged activity 
(e.g. marathons, ultraendurance events). Hypother-
mia, a central or core temperature of 35°C (95°F) or 
lower, occurs when the body loses more heat than 
it generates.

Generation of body heat
Humans function optimally in a relatively narrow 
temperature range. At ambient air temperatures above 
28°C (82°F), heat produced by basal metabolism 
maintains the core temperature at 37°C (99°F). In 
conditions below this temperature, the body must 
produce additional heat to remain thermoneutral. 
Such heat production can be achieved by greater 
physical activity and autonomically mediated shiver-
ing, a physiological response of healthy individuals 
in a moderate environment.

Shivering involves involuntary muscular con-
tractions in response to cold and uses energy stores 
quickly. Th e capacity to shiver lessens as local glyco-
gen stores are depleted. Th e intensity of shivering is 
generally related to the rate of change of temperature. 
Shivering results in decreased muscular coordina-
tion and, therefore, impairs sporting performance. 
Non-shivering thermogenesis occurs in young chil-
dren because of metabolism of brown fat but this 
mechanism is not available to adults, who have little 
brown fat.

Heat loss
Heat transfer occurs mainly from the skin and is 
therefore regulated by the circulation, the amount of 
insulation and perspiration. Heat loss occurs through 
conduction, convection, radiation and evaporation.

Conduction

Conduction occurs because of direct contact with 
a cold object or air. Heat transfer is related to the 
area of contact and the relative heat conductance of 
the objects. Conduction is most important in water 
immersion, as the conductivity of water is approxi-
mately 23 times that of air. Conduction may also be 
important when lying on cold wet ground.

Convection

Convection relates to the movement of air close to 
the body. Th is is normally low when wearing clothes 
but may be important in windy conditions with tem-
peratures up to 20°C (68°F). It is also signifi cant in 
sports such as cycling and running.

Radiation

Radiation involves the emission of heat energy to 
nearby objects. Th is occurs from uncovered skin and 
is the greatest source of heat loss under normal condi-
tions. In cold conditions, however, the amount of heat 
loss through radiation is less as the skin temperature 
approximates the environmental temperature.

Evaporation

Heat lost as sweat on the external skin or cloth-
ing is converted from liquid to gas by evaporation. 
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Evaporation forms part of the body’s insensible water 
losses that occur continually. Evaporation is increased 
in dry, windy conditions and may go unnoticed. An 
evaporative heat loss occurs when water is evaporated 
from the outside of a wetsuit in windy conditions. Heat 
is also lost through feces, urine and respiration.

Minimizing heat loss

Several factors help minimize heat loss. Peripheral 
vasoconstriction reduces external heat loss and 
increases the thickness of the shell of insulation but 
it is not eff ective in the head and scalp. Clothing helps 
reduce heat loss and curling the body into a ball to 
reduce the exposed surface area may minimize this 
even further. Keeping still also prevents heat loss. Lean 
athletes may be at a disadvantage with exposure to 
cold because fat provides insulation.

Measurement of body 
temperature
Direct measurement of core temperature is not 
practical. Th us, indirect measures are made at the 
tympanic membrane (intermediate zone) or the 
skin or mouth (peripheral zone). Measuring low 
temperatures requires a low-reading thermometer 
(below 32°C [90°F]).

Oral temperature is unreliable as it may be aff ected 
by wind, rain, external temperature and recent ingestion 
of food. It may, however, be a useful screening exercise 
as the core temperature will never be lower than the 
oral temperature. If the oral temperature is above 35°C 
(95°F), hypothermia can be excluded. It is necessary 
to leave the thermometer in the mouth for at least 3 
minutes and the temperature should not be taken within 
30 minutes of ingestion of hot or cold food.

Measurement of axillary temperature is also not 
reliable as it may be aff ected by skin temperature. 
Axillary temperature is usually 1–1.5°C (1.8–2.7°F) 
below core temperature and becomes less reliable in 
cold conditions.

Measurement of rectal temperature is the most 
commonly performed procedure to assess hypother-
mia. It is necessary to leave the thermometer in the 
rectum for at least 3 minutes at a depth of 10 cm (4 in.). 
Rectal temperature represents the temperature of the 
circulation supplying ‘intermediate’ tissues. Meas-
urement of tympanic membrane temperature is less 
accurate and may be aff ected by water or wax in the 
ear as well as the surrounding skin temperature.1

In an outdoor emergency, if a thermometer is not 
available, the best means of assessing body temperature 

is to feel an area of the body that is not normally cold. 
It is important to remember that skin temperature is 
a poor guide to core temperature. Skin temperatures 
can drop to as low as 21–23°C (70–73°F) before any 
decrease in core temperature is detected.

Eff ects of hypothermia
Cardiovascular eff ects

Vasoconstriction may lead to fl uid shift s by increasing 
the central blood volume, thus causing a cold diuresis. 
Th is diuresis, in conjunction with the increased fl uid 
loss from respiration and sweat during exercise, may 
reduce total circulating volume. Upon rewarming, 
peripheral vessels dilate and cause a fl uid shift  to the 
periphery with a further reduction in central circula-
tion. When combined with a cold myocardium, this 
may lead to circulatory collapse.

Decreased cardiac output occurs because of a com-
bination of reduced circulatory volume, myo cardial 
depression and impaired electrical conductance. 
Impaired conductance results in a decreased heart 
rate and ECG/EKG changes with prolongation of all 
intervals. Th e presence of a J wave in the ST segment 
is indicative of hypothermia. Atrial fi brillation may 
occur and usually reverts with rewarming. Ventricular 
fi brillation may occur and may be refractory to treat-
ment at very low temperatures.

Respiratory eff ects

Cold exposure results in hyperventilation with a 
resultant respiratory heat and water loss. Th is may 
contribute to dehydration and bronchospasm.

A decrease in core temperature is also associated 
with a reduction in airway protective mechanisms 
and subsequent increased risk of aspiration. Th ere is, 
however, no direct damage to the lung from exposure 
to cold due to the eff ective heating and humidifying 
mechanism of the upper airway.

Other eff ects

Delayed nerve conduction and neuromuscular trans-
mission causes numbness, impaired coordination and 
cognition. Th is may persist for some hours or even 
days aft er the core temperature returns to normal.

Muscle stiff ness and weakness associated with 
hypothermia may lead to an increased risk of muscle 
tears. Adequate warm-up and stretching should be 
performed prior to muscular activity in cold condi-
tions. Excessive shivering may lead to poor voluntary 
muscular control and increased fatigue. Hypothermia 
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may inhibit glycolysis and fat metabolism. Renal func-
tion can be impaired due to decreased renal blood 
fl ow,2 and coagulopathies can occur.3

Clinical features
Th e clinical features of hypothermia vary depending 
on the degree of reduction in core temperature. Th ese 
are listed in Table 54.1.

General principles of 
managing hypothermia
Management of the hypothermic athlete requires:

• recognition of the problem
• removal from cold, windy or wet conditions
• gentle and minimal handling
• measurement of the core temperature
• insulation to prevent further heat loss
• provision of nutritional and fl uid support
• assessment for the presence of other conditions 

(e.g. frostbite)
• possible passive or active rewarming
• possible transportation to a medical facility.

Methods to achieve rewarming
Passive rewarming

Passive rewarming involves insulating the patient 
adequately to allow metabolic heat to rewarm slowly 
from within. If the patient can be removed from the 
cold environment, then it is advisable to remove all 
wet clothing and cover the whole body, including the 
head, with dry blankets.

If removal from the cold environment is not pos-
sible, wet clothing should only be removed if it can 
be done in a gentle fashion without exposing the bare 
patient to wind or rain. Th is minimizes the risk of 

movement inducing ventricular fi brillation. Th is is 
usually not possible. If the wet clothing is not removed, 
the patient should be placed in a plastic bag from the 
neck downwards to prevent any evaporative loss and 
to avoid wetting any dry insulation placed over the 
wet clothes. A second plastic bag placed over the dry 
insulation will keep it dry from subsequent exposure 
to rain. If none of the above is possible, a group of 
fully clothed people closely surrounding the patient 
is helpful (‘penguin eff ect’).4

Space blankets are commonly used in the treatment 
of hypothermia. However, in cold conditions, radiant 
heat loss is minimal compared with conductive loss, 
especially with poor insulation and high winds. Space 
blankets, therefore, provide little added protection, 
are easily torn by twigs, shred easily and are highly 
fl ammable.

In cases of moderate and severe hypothermia, 
passive rewarming is the safest way to rewarm5 unless 
the patient is in a highly monitored intensive care 
unit with experienced skilled staff . Metabolic heat 
production initially increases with shivering and 
then decreases with decreasing temperature to 50% 
of a normal rate at 24°C (75°F). Th is heat production 
can rewarm the patient at 0.5–1°C (1–1.8°F) per hour 
even in profound hypothermia.

External active rewarming

Active rewarming may be by external or internal 
methods. External active rewarming is recommended 
in cases of mild hypothermia but should be avoided 
in severe hypothermia. Th ere are a number of diff er-
ent means of external active rewarming, including 
a hot air or water-circulating blanket, hot packs to 
the axillae, groin and torso or a hot tub. Warming 
should be ideally directed to the trunk to reduce the 
risk of core temperature aft erdrop, a phenomenon 
caused by cold blood returning from the extremities 
to the core.

Table 54.1 Clinical features of hypothermia

Mild (33–35°C [91–95°F]) Moderate (31–32°C [88–90°F]) Severe (<31°C [<88°F])

Cold extremities Apathy, poor judgment Inappropriate behavior

Shivering Reduced shivering Total loss of shivering

Tachycardia Weakness and drowsiness Cardiac arrhythmias

Tachypnea Slurred speech and amnesia Pulmonary edema

Urinary urgency Dehydration Hypotension and bradycardia

Mild incoordination Increased incoordination and clumsiness
Fatigue

Reduced level of consciousness
Muscle rigidity
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Internal active rewarming

Internal active rewarming can be performed in a 
hospital setting. Techniques that may be used include 
extracorporeal blood warming, cardiopulmonary 
bypass, airway warming and warm intravenous infu-
sion. In severe hypothermia, active rewarming in a 
highly monitored intensive care unit with experienced 
staff  can increase survival; however, in circumstances 
less than that, active rewarming may be both danger-
ous and counterproductive.

Other rewarming methods

Drugs play little or no role in the treatment of compli-
cated hypothermia. Exercise is not helpful in anything 
but very mild hypothermia. Exercise depletes glycogen 
and therefore eventually inhibits shivering. Exercise 
also increases the rate of heat loss.

Treatment of hypothermia 
in sport
Although sporting activity generally provides suffi  -
cient body heat to keep the athlete warm, hypothermia 
may occur as a result of the following situations:

• an accident or injury
• exhaustion
• dehydration
• immersion (accidental or deliberate).

Sports with a particularly high risk of cold injury 
include endurance running, skiing or cycling, moun-
taineering, hiking, caving, windsurfi ng, kayaking and 
scuba diving. Insuffi  cient clothing may provide inad-
equate protection from the environment, particularly 
near the end of a long race when running speed and 
heat production are reduced. Frostbite can occur in 
low temperatures, especially when combined with 
high wind speed.

Th e risk of hypothermia in athletes is increased by 
a lack of knowledge, lack of communication, pushing 
oneself to exhaustion, ignoring early warning signs, 
poor psychological and physical preparation and 
inadequate protection from the weather. Cold wind 
increases heat loss in proportion to wind speed, that is, 
wind chill factor. Note that if the temperature is –1°C 
(30°F) in still air, wind speeds of 16, 32 and 48 km/h 
reduce the temperature to –9°C (16°F), –14°C (7°F) 
and –19°C (–2°F), respectively.6 Cyclists and skiers 
can generate these wind chill factors on a still day.

Hypothermia is a medical emergency and therapy 
should be instituted at once. Athletes presenting with 

hypothermia must have their temperature measured 
with a low-reading thermometer and managed accord-
ing to whether they have mild, moderate or severe 
hypothermia. We discuss each of these conditions 
and a specifi c form of hypothermia—that associated 
with cold-water immersion.

Treatment of mild hypothermia

A patient with mild hypothermia (33–35°C [91–95°F]) 
should be removed from the cold, insulated appropri-
ately and given a warm, sweet drink. Alcohol should 
be avoided. Th is patient will safely rewarm with or 
without active rewarming. Th e application of external 
heat may make him or her feel more comfortable. 
Heat should be applied to the torso, axillae and groin 
only and the patient should be continually monitored. 
Mild activity may be performed provided the rectal 
temperature remains close to 35°C.

Treatment of moderate hypothermia

Th e patient with moderate hypothermia (31–32°C 
[88–90°F]) should also be removed from the cold and 
insulated appropriately. In the fi eld setting, the patient 
should not be rewarmed actively until the rectal 
temperature is rising and is above 34°C (93°F). Th e 
patient should be continually monitored, if possible, 
for the presence of hypotension and arrhythmias. 
Active rewarming can be performed in the hospital 
setting with continuous monitoring, intravenous 
rehydration and the availability of resuscitation 
equipment. Moderate hypothermia is not usually 
life-threatening itself; however, these patients are at 
risk of progressing to severe hypothermia, which has 
a signifi cant mortality.

Treatment of severe hypothermia

Th e patient with severe hypothermia (<31°C [<88°F]) 
should be handled as little and as gently as possible 
as the risk of ventricular fi brillation is considerable. 
Th e treatment of the severely hypothermic patient 
depends on the availability of appropriate facilities. If 
the patient can be transported quickly and safely with 
minimal handling, he or she should be transferred to 
a hospital equipped with an intensive care unit. In this 
setting, active rewarming can begin.

Th e severely hypothermic patient may oft en appear 
dead but on closer observation may have an extremely 
slow heart rate (as low as 6 beats per minute) and 
a slow respiration rate. Th ese patients must not be 
mistaken for being in asystole as cardiopulmonary 
resuscitation may precipitate ventricular fi brillation. 
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Patients suff ering from severe hypothermia should 
never be considered to be dead until they are warm 
and dead.7, 8

Treatment of immersion hypothermia

Immersion hypothermia usually results from rapid 
cooling in a non-exhausted patient. Other major 
dangers to a victim of immersion are impaired swim-
ming performance and immediate cardiorespiratory 
responses due to cold. Th e patient should be gently 
removed, in the horizontal position if possible, from 
the water with particular attention paid to signs of 
cardiovascular collapse when the hydrostatic sup-
port of the patient’s blood pressure is removed. If the 
rectal temperature is below 31°C, the patient should 
be treated in the same way as any patient with severe 
hypothermia. If the rectal temperature is above 32°C 
and the patient has been in the water less than 3 hours, 
rapid rewarming can begin, as signifi cant fl uid shift s 
should not have occurred.9 It is important to remem-
ber when insulating the patient that sweat may reduce 
the eff ectiveness of the insulating material and that 
evaporation from the outer surface of a wetsuit may 
cause considerable heat loss.

Frostbite
Frostbite involves crystallization of fl uids in the skin 
or subcutaneous tissue aft er exposure to subfreez-
ing temperatures (<–0.6°C [<31°F]). With low skin 
temperature and dehydration, cutaneous blood vessels 
constrict and limit circulation because the viscosity of 
blood increases. Water is drawn out of the cells and 
ice crystals cause mechanical destruction of skin and 
subcutaneous tissues. It most commonly occurs in 
the periphery, with the fi ngers and toes being most 
aff ected.10 Th e tip of the nose and ears and the tissue 
of the cheek are also aff ected. Cross-country ski races 
are postponed if the temperature at the coldest point 
in the course is less than –20°C (–4°F) because of the 
severe wind chill generated at race pace.6

Frostbite can be classifi ed as:

• superfi cial or mild, involving the skin and 
subcutaneous tissue only, or

• deep or severe, involving the full skin thickness 
and deeper tissues.

Clinical features

Patients with superfi cial frostbite complain of a burn-
ing local pain with numbness. On examination, the 
skin is initially pale and grey and becomes red aft er 

thawing. Superfi cial serous bullae (blisters) may be 
present; hemorrhagic blisters represent subdermal 
damage.

Local thawing by contact with direct body heat can 
treat superfi cial frostbite. Th e injured part should not 
be directly rubbed as sloughing may occur. No attempt 
should be made to thaw the injured part unless it is 
certain that refreezing will be prevented. Refreezing 
results in a far more serious injury.

Deep frostbite is initially extremely painful and 
then becomes numb. Th e body part aff ected appears 
as a frozen block of hard, white tissue with areas of 
gangrene and deep hemoserous blisters if severe. 
Th e aff ected part should be rapidly rewarmed in a 
hot water bath of temperature 39–41°C (102–106°F). 
A whirlpool bath with added antiseptic is ideal. 
Th e rewarming process is oft en acutely painful and 
requires analgesia. Radiant heat from a fi re or radia-
tor should not be used as skin burns may occur. Th e 
tissue should continue to be warmed until it becomes 
soft  and pliable and normal sensation returns. Appro-
priate tetanus prophylaxis is indicated.11 Th e serous 
blisters contain thromboxanes and prostaglandins 
that damage underlying tissue. Th ese serous blisters 
should be debrided and treated topically with aloe. 
Hemorrhagic blisters should be left  intact. Ibuprofen 
400 mg orally twice a day is recommended to prevent 
further prostaglandin-mediated tissue damage.11

Intravenous infusion of low-molecular-weight 
dextran may help reduce swelling and maintain 
vasodilatation. Prophylactic parenteral penicillin 
should be administered for 72 hours.11 It is important 
to salvage as much tissue as possible. Debridement 
should be delayed for days to weeks when obvious 
demarcation has occurred. Contractures and com-
partment syndromes may develop and should be 
treated appropriately.

Prevention of cold injuries
Th e majority of cold injuries are preventable if general 
guidelines are followed and the athlete benefi ts from 
the specifi c strategies that have been developed for 
cold weather activities.

General guidelines

Th e following guidelines apply to all activities where 
hypothermia has the potential to occur:

1. Plan adequately.
2. Communicate plans to others.
3. Avoid activity inappropriate for fi tness level.
4. Avoid activity to exhaustion.
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5. Avoid dehydration.
6. Ensure adequate nutrition.
7. Warm up appropriately.
8. Wear appropriate clothing for weather 

conditions.
9. Cancel activity or seek shelter if appropriate. 

Note that the American College of Sports 
Medicine recommends that if the ambient 
dry bulb temperature is below –20°C (–4°F), 
race directors should consider canceling or 
rescheduling races.6

Athletes should wear appropriate clothing for the 
particular environmental conditions. It is advisable to 
wear a number of layers of clothing rather than one 
thick layer. Th is will enable the athlete to remove layers 
of clothing when exercising in warmer conditions and 
therefore reduce sweating. It also enables the athlete 
to put on additional clothing if the temperature or 
level of activity drops. Clothing should be made of 
a good insulating material such as wool, synthetic 
fl eece or polypropylene. Use of cotton garments 
should be avoided.

In rain or snow, adequate waterproof outer clothing 
should be worn. Th e outer jacket should also off er 
adequate protection against wind. Recommended 
materials include nylon and Gore-Tex. In cold condi-
tions, extremities such as the head, face and hands 
should be covered. Synthetic or wool socks should 
be worn instead of cotton.

Running and cycling

Runners and cyclists are at particular risk of cold 
injuries because they usually wear a minimum of 
clothing, are exposed to an increased wind chill 
factor and oft en prefer to train alone. Dehydration 
and exhaustion are also common.

As mentioned in Chapter 53, it is possible to see 
cold and heat injuries in the same endurance events. 
Slower participants are susceptible to cold injuries.

Mountaineers, hikers and cavers

Th ese athletes are at particular risk of hypothermia 
due to increased convective and conductive heat 
loss.12 Oft en, when exercising in a group, the least 
fi t person is at risk of developing cold injuries. Th is 
person may have excessive sweating, hyperventilation 
and peripheral vasodilatation resulting in exhaustion, 
dehydration and increased heat loss.

It is important for other members of the party to 
observe for the early signs of cold injury (e.g. shiver-
ing, dysarthria, delayed cerebration). Th e group’s plans 

should constantly be reviewed taking into account the 
latest environmental conditions and forecasts and the 
state of the individual members of the party.

Back-country and cross-country skiing

The cross-country skier is at a high risk of cold 
injury due to exposure to a cold environment and 
the potential for fatigue and injury. Clothing with 
eff ective thermal insulation including leg covers is 
essential. It is important to keep the inner garments 
dry. If clothing becomes wet, it should be changed 
promptly while the individual is still alert. Th e cross-
country skier should never ski alone.

Water sports

In surface water sports (e.g. windsurfi ng, kayaking), 
wind and spray may contribute to cold injuries. 
Exhaustion may occur quickly and the windsurfer may 
be some distance from shore when this occurs. Cold 
injuries can be prevented by the use of wetsuits with 
coverings for extremities (e.g. hood, gloves, boots). 
Knowledge of weather conditions is important and 
the sport should not be performed alone.

Divers should also always dive with a partner. Th e 
dive should be planned taking into consideration 
the water temperature and the degree of insulation 
provided by the wetsuits. It is important to conserve 
energy in order to reduce heat losses. Th e diver (or 
partner) must be vigilant for the early signs of cold 
injury.13

Exercise at altitude
Many active people enjoy traveling to altitude for 
recreation. Altitude illness can occur at altitudes above 
3000 m (10 000 ft ) and can cause signifi cant morbidity 
among travelers to altitude. Th e life-threatening mani-
festations of altitude illness—high-altitude cerebral 
edema and high-altitude pulmonary edema—occur in 
0.1–4.0% of visitors to altitude.14 A larger proportion of 
travelers experience milder symptoms. While not life-
threatening, these can be severe enough to interfere 
with trip participation and enjoyment. Fortunately, 
altitude illness is preventable, and proper pre-trip 
counseling can play a role in reducing morbidity and 
mortality at altitude.

Itinerary

One of the most important determinants of an indi-
vidual’s risk of altitude illness is the itinerary. Rate 
of ascent is a strong predictor for acute mountain 
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sickness.15 Th ose who ascend slowly, allowing for 
gradual acclimatization, have a lower likelihood of 
developing acute mountain sickness (odds ratio 3.0 for 
faster ascent).15 Sleeping altitude is monitored when 
assessing the rate of ascent as large increases in sleep-
ing altitude pose the greatest risk of altitude illness. 
Various guidelines have been proposed for graded 
ascent, ranging from 300 m to 600 m (1000–2000 ft ) 
of ascent per night16, 17 when above 3000 m (10 000 ft ). 
Additionally, at least one night at an intermediate 
altitude (1500–2500 m [5000–8000 ft ]) on the way to 
very high altitude is recommended for acclimatiza-
tion.14 No controlled studies have been conducted that 
demonstrated an ideal ascent rate. A recommended 
ascent rate of no more than approximately 400 m 
(1300 ft ) per night should be followed. Approximately 
every 1000 m (3200 ft ), an additional rest day is 
recommended where the traveler sleeps at the same 
altitude for two consecutive nights.

Daytime acclimatization hikes to higher altitudes 
are permitted and encouraged in those travelers 
who are not exhibiting signs and symptoms of alti-
tude illness. Th is ‘climb high, sleep low’ approach 
has long been used to accelerate acclimatization by 
intermittently exposing the individual to a higher 
dose of hypoxia.

Travelers with more rigid itineraries oft en ascend 
too quickly or while symptomatic or sick in order to 
meet external deadlines. Although 40% of trekkers 
in the Nepal Himalayas are in organized groups, they 
account for 80% of medical evacuations.18 Patients 
should be encouraged to have a fl exible itinerary, 
with room for extra rest days to allow for illness or 
other setbacks.

Previous altitude history

Patients with a previous history of altitude illness are 
at increased risk of recurrence.15, 19 Susceptible indi-
viduals should follow a more conservative itinerary 
(aiming for 300 m [1000 ft ] increments in sleeping 
altitude). Th ese individuals should also strongly 
consider chemoprophylaxis, especially if they are 
returning to an altitude at which they were previously 
ill (discussed later).

Th e eff ect of recent previous altitude exposure is a 
matter of much debate. In laboratory models of deac-
climatization,20 hypoxic ventilatory response seems to 
recede aft er only one week. However, observational 
studies suggest that altitude exposure in the previous 
two months provides a signifi cant degree of protection 
from acute mountain sickness.15 Th e protection from 
high-altitude pulmonary edema seems to be much 

shorter lasting. Re-entry high-altitude pulmonary 
edema 21, 22 is a phenomenon whereby high-altitude 
residents develop pulmonary edema aft er a brief trip to 
low altitude. Th ese residents would presumably be well 
acclimatized to their home altitude, but apparently do 
not retain any protection from high-altitude pulmo-
nary edema when they briefl y descend. It therefore 
appears that previous altitude exposure may provide 
some protection from acute mountain sickness, but 
not from high-altitude pulmonary edema.

Patient characteristics and previous 
medical history

Gender is not believed to be a risk factor for acute 
mountain sickness.23, 24 Th ere does appear to be a 
slight overrepresentation of male patients with high-
altitude pulmonary edema.14 Although early work 
suggested that older travelers might have some slight 
protection from acute mountain sickness, there is 
insuffi  cient data using current defi nitions of altitude 
illness to confi rm this fi nding.25 One hypothesis for 
the mechanism of this phenomenon involves cerebral 
atrophy. Brain swelling within a rigid cranium may 
play a role in the pathophysiology of high-altitude 
cerebral edema and acute mountain sickness.26 
Th e cerebral atrophy associated with aging may be 
therefore mildly protective against acute mountain 
sickness.

High-altitude pulmonary edema has some 
unique medical risk factors. Th e pathophysiology of 
high-altitude pulmonary edema involves increased 
pulmonary vascular pressures, possibly related to 
heterogeneous hypoxic pulmonary vasoconstriction. 
Th erefore, conditions that increase pulmonary vas-
cular pressure, such as unilateral pulmonary artery 
hypertension26, 27 and primary pulmonary hyperten-
sion27 increase the risk of an individual developing 
high-altitude pulmonary edema.

Asthma

Asthma is not a risk factor for altitude illness. Asth-
matics tend to have fewer symptoms while at moderate 
altitude. Th e improvement in clinical status is believed 
to be due to thinner air and a relative dearth of pollut-
ants and lung irritants in the air.28 (At extreme altitude, 
airway heat loss may aggravate asthma.) Before intense 
physical eff orts, patients should pre-medicate with 
bronchodilators (and possibly inhaled corticoster-
oids), especially if they have known exercise-induced 
bronchospasm.29 Rapid ascent to an altitude of 3000 m 
(10 000 ft ) or more should be avoided in those with 
moderate or severe asthma.29
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Refractive eye surgery

Patients who have had refractive eye surgery may 
have visual diffi  culties while traveling at altitude 
(especially above 5000 m [16 400 ft ]). Th ere are sev-
eral reports of visual disturbances aft er scalpel radial 
keratotomy at high altitude.30, 31 Th e more recent laser 
procedures (laser PRK and LASIK) have resulted in 
fewer complications. A recent study of mountaineers 
with LASIK demonstrated that some still had symp-
toms such as blurring and dry eyes while traveling 
above 5000 m (16 400 ft ).32 Exacerbation of dry eye 
is the presumed mechanism of these disturbances.33 
Patients should be cautioned about possible visual 
problems and should bring artifi cial tears for daily 
instillation while at moderate altitude and above. If 
visual blurring does occur, they should not ascend 
any further.

Hormones and pregnancy

Th e eff ectiveness of oral contraceptive pill (OCP) 
regimens is not believed to be altered at altitude.24 
Mountain travelers oft en suff er diarrhea or other 
conditions requiring concurrent medication therapy 
that may interfere with the effi  cacy of OCPs. Patients 
should be cautioned to use a second method of con-
traception in these situations.

Th ere is also a theoretical risk that combination 
OCPs might have the potential of increasing the risk 
of thrombosis at altitude (especially when combined 
with conditions which can commonly occur such as 
dehydration, polycythemia and stasis). To date, there 
have been no reports of deep vein thrombosis in this 
group.24 At sea level, third-generation OCPs (contain-
ing desorgestrel or gestodene) have a higher risk of 
thrombosis than second-generation OCPs (relative 
risk 1.7),34 which may be preferable for sojourners 
to altitude.

Th ere are some specifi c concerns for pregnant 
women at altitude. With travel at altitude, comprehen-
sive medical care is oft en unavailable. Furthermore, 
medication options for acute mountain sickness 
prevention are more limited in pregnant women. 
For example, sulfonamides (such as acetazolamide) 
are contraindicated in the fi rst trimester and aft er 
36 weeks of pregnancy. Pregnancy-specifi c conditions 
that may be aff ected by altitude include spontaneous 
abortion, pre-eclampsia, gestational hypertension, 
placental abruption and intrauterine growth restric-
tion (IUGR). Th e data relevant to these conditions 
are limited and usually derived from studies of high-
altitude residents (as opposed to sojourners), who may 
have diff erent risk profi les. Th e Union Internationale 

des Associations d’Alpinisme (UIAA) consensus 
paper24 has the following recommendations regarding 
pregnant women:

• those at risk of spontaneous abortion, 
preeclampsia, IUGR and placental abruption 
should avoid high-altitude exposure

• pregnant women should allow two to three days 
for acclimatization prior to exercising at altitude, 
waiting two weeks before performing strenuous 
exercise

• chronic hypertension, anemia, smoking and 
cardiopulmonary disease are contraindications 
for travel to altitude aft er 20 weeks’ gestation.

General preventive measures

Exertion

Exertion is an independent risk factor for acute 
mountain sickness.35 Because both exertion and cold 
can increase pulmonary vascular pressure, they are 
both believed to worsen high-altitude pulmonary 
edema.36 Travelers are therefore encouraged to adopt 
a regular even pace and avoid overexertion while at 
altitude. Th ey should also be encouraged to bring 
appropriate clothing and equipment for the cold 
weather.

Hydration

Some recent research indicates that dehydration may 
also potentiate acute mountain sickness.37 Th e air at 
altitude is dry, respiratory rate is higher, and mouth 
breathing is more common. Th ese factors increase 
insensible losses at altitude. Travelers should there-
fore consume at least 3–4 L of water and clear non-
caff einated, non-alcoholic beverages per day while 
trekking or climbing. On rest days, fl uid requirements 
would be slightly less. A good guideline is to aim for 
the urine to be clear.

Infections

Upper respiratory tract infections are extremely com-
mon at altitude. Th ere is some evidence that these 
infections may increase the risk of acute mountain 
sickness,38 and high-altitude pulmonary edema.39 
At altitude, upper respiratory tract infections may 
also increase the potential for dehydration (through 
increased insensible losses). Travelers should be 
counseled to modify their rate of ascent when they 
contract an upper respiratory tract infection, allow-
ing more time for rest and acclimatization. Th ey 
should also be monitoring their fl uid intake to avoid 
dehydration.
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Diet

A high-carbohydrate diet is recommended for altitude 
travelers.40 Presumably, the etiology of this benefi t 
is related to an elevated respiratory quotient (Vco2/
Vo2) from the metabolism of carbohydrates over fats. 
Increasing carbon dioxide production leads to increased 
ventilation, and improved arterial oxygen saturation.

One of the later manifestations of altitude accli-
matization is increased red blood cell production. 
Adequate iron stores are required to allow for the new 
heme pigment production. Th ose who may have low 
iron stores (e.g. vegetarians, menstruating women) 
should consider iron supplementation to facilitate 
this process.41

Ultraviolet light

With ascent, ultraviolet light exposure increases 
by approximately 4% per 300 m (1000 ft ).17 By this 
formula, there would be approximately 70% more 
ultraviolet radiation at Everest Base Camp than at 
sea level. Th is increased radiation is compounded 
by radiation refl ected off  any snow that is present. 
Because of this refl ected radiation, individuals can 
get sunburns in unlikely places such as the underside 
of the nose or chin. Travelers should be advised of 
the increased risk of sunburn and snow blindness 
(ultraviolet keratitis) at altitude. Th ey should bring 
appropriate sun-protective clothing, hats, sun block 
and lip balm. Sunglasses with adequate face protec-
tion (glacier glasses or wraparound glasses are best) 
are essential for the prevention of snow blindness. If 
traveling with guides or porters, the traveler should 
ensure that they are also adequately equipped for sun 
and cold protection. As many cases of snow blind-
ness occur aft er the patient’s sunglasses have been 
broken or lost, it is a good idea to bring an extra pair 
of sunglasses for the traveling group.

Prophylactic medications

In certain conditions, prophylactic medications may 
be warranted. Individuals who are at higher risk of 
altitude illness should consider taking medications for 
prophylaxis. Th ese individuals are those with a previ-
ous history of an altitude illness, with an aggressive 
itinerary, or with other risk factors mentioned above. 
Diff erent medication regimens are used for prevention 
of acute mountain sickness/high-altitude cerebral 
edema than for high-altitude pulmonary edema.

Acute mountain sickness

Acetazolamide is a medication that is legendary among 
climbers and trekkers. Over the years, there has been 

a lot of experience with using acetazolamide in the 
prevention of acute mountain sickness. Th ere have 
also been several high-quality studies demonstrating 
its effi  cacy.42–45 In these studies, a dose of 250 mg orally 
twice a day has been shown to be eff ective in reducing 
the incidence of acute mountain sickness. A low-dose 
regimen (125 mg orally twice a day) reduced the inci-
dence of acute mountain sickness.44 Th e relative risk 
reduction at this dosage level was approximately 50% 
(one case prevented for every eight people treated). 
When a dose of 125 mg twice daily was compared to 
250 mg twice daily by Carlsten et al.,45 the lower dose 
was not signifi cantly diff erent from placebo.

A meta-analysis of several studies concluded that 
a dose of 750 mg twice daily was the only eff ective 
dose, however, it was limited by varying ascent rates 
and fi nal altitudes among studies as well as exclud-
ing studies that did not dichotomize outcomes into 
presence or absence of altitude illness. Th e optimal 
dose of acetazolamide for the prevention of acute 
mountain sickness that minimizes adverse eff ects has 
yet to be clarifi ed. A prospective study, comparing 
diff erent dosages at the same ascent rate, is required 
to address this controversy properly.

Acetazolamide is contraindicated in many travel-
ers to altitude, including those with an allergy to 
sulfonamides and those with glucose-6-phosphate 
dehydrogenase deficiency. Pregnant and breast-
feeding women should also avoid this medication. 
Furthermore, acetazolamide should not be taken in 
conjunction with salicylates as there is an increased 
risk of central nervous system depression and meta-
bolic acidosis.

Dexamethasone is an appropriate alternative for 
acute mountain sickness prophylaxis in those who 
cannot tolerate acetazolamide. Th e recommended 
prophylactic dose is 8 mg daily (usually divided twice 
daily).46 For prophylaxis, these medications need only 
be taken until the traveler reaches a stable altitude 
(and is asymptomatic at that altitude). Once descent 
has begun, these medications are not required.

Other xenobiotics have been proposed for acute 
mountain sickness prophylaxis. Ginkgo biloba initially 
showed some promise in smaller initial studies, but 
two recent high-quality studies have shown no ben-
efi t over placebo.43, 47 Both coca and garlic have been 
proposed as possible prophylactic therapies. Th ere 
have been no published studies of either intervention. 
Coca can also increase the risk of acute coronary 
syndrome among users,48 a devastating complication 
in a remote area. None of these alternative therapies 
can be recommended for the prevention of acute 
mountain sickness.

Brukner-E-44–55.indt   908Brukner-E-44–55.indt   908 5/6/06   11:41:48 AM5/6/06   11:41:48 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 909

CHAPTER 54 EXERCISE AT THE EXTREMES OF COLD AND ALTITUDE 54

High-altitude pulmonary edema

Several medications have been shown to be effi  ca-
cious in the prevention of recurrent high-altitude 
pulmonary edema. Nifedipine (20 mg sustained-
release preparation three times a day),49 tadalafi l 
(10 mg twice a day),50 dexamethasone (8 mg twice 
a day)50 and salmeterol (two puff s twice a day)51 
have all been examined. Unfortunately, no powerful 
studies have yet been done to compare each of these 
four therapies. Th e decision of which medication to 
prescribe should probably be based on tolerance and 
mitigation of adverse events.

Sleep at altitude

Visitors to high altitude oft en have poor sleep marked 
by frequent arousals and periodic breathing.52 Sleep 
quality and periodicity improve with acclimatization 
at moderate altitudes, but may persist at extreme 
elevations.52 Both acetazolamide and benzodiazepines 
have been used eff ectively to improve sleep quality 
at altitude.

Acetazolamide acts to reduce respiratory alkalosis, 
and hence respiratory periodicity. It has long been 
used to improve the sleep quality at high altitude.53 
Th e standard dose of acetazolamide for improving 
sleep is 125 mg orally every 4 hours.

Temazepam (10 mg orally) improves both subjec-
tive54, 55 and objective measures of sleep quality in 
travelers to altitude.56 It is an appropriate alternative 
in those patients unable to take acetazolamide.

Specifi c issues for athletes

Although sporting events can oft en take place at mod-
erate altitude (e.g. the Mexico City Olympics were held 
at 2240 m [7300 ft ]), it is rare that they would occur 
above 3000 m (10 000 ft ) where altitude illness is a risk. 
However, some ski resorts (e.g. in Colorado) are high 
enough to cause altitude illness among visitors.

Altitude presents a few unique challenges to com-
peting athletes. Th e hypoxia can cause decrements 
in performance, particularly in endurance events. 
With drier air and more ultraviolet light exposure, 
athletes can be at an increased risk of dehydration 
and sunburn. Full acclimatization can take weeks 
to months, but a short acclimatization period at the 
altitude of competition prior to the event is benefi cial 
for performance. Th is should be of at least 48 hours in 
duration and preferably longer if scheduling permits.57 
During this acclimatization period, rest and hydration 
status should be prioritized. A high-carbohydrate diet 
would also be benefi cial (as mentioned above).

Intermittent hypoxic exposure (e.g. sleeping in a 
hypoxic tent) is commonplace among elite endur-
ance athletes. Th ese repeated exposures to simulated 
altitude have been shown to increase the ventilatory 
response to hypoxia, and might prove benefi cial 
by ‘pre-acclimatizing’ athletes to altitude before 
arrival.

Conclusion
Exposure to altitude can lead to altitude illness and/or 
exacerbation of pre-existing medical conditions. Many 
of these situations are preventable through appropriate 
planning or pharmaceutical intervention. A thorough 
medical history combined with analysis of the itiner-
ary is a key step in the prevention of medical problems 
at altitude. Altitude also provides unique challenges 
to the competing athlete that can be mitigated with 
appropriate preparation and acclimatization.
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CHAPTER 

55
Exercise Prescription 
for Health
WITH PEKKA KANNUS AND TERESA LIU-AMBROSE

Even though the benefi ts of exercise are widely 
known, the great majority of the developed world 

remains sedentary. In the United States, one in four 
individuals reported doing no leisure time physical 
activity.1 In Great Britain, one in six are physically 
inactive.2 A great number of chronic conditions 
are associated with physical inactivity and a review 
entitled ‘Waging war on modern chronic diseases: 
primary prevention through exercise biology’ argues 
cogently that almost 30% of annual deaths would 
be preventable with a primary prevention approach 
through physical activity.3

We feel that the sports clinician is ideally placed 
to wage the war on physical inactivity for several 
reasons. Firstly, all the members of the sports medicine 
team (Chapter 1) are aware that physical inactivity is 
the enemy and most have already adopted a healthy 
lifestyle. Secondly, sports clinicians, be they primary 
care physicians, physiotherapists or massage thera-
pists, work with the inactive as well as the active and, 
thus, are well placed to infl uence many people to take 
additional exercise if it is needed.

Th irdly, sports medicine practitioners have an 
expertise in musculoskeletal medicine and familiarity 
with exercise that is an advantage when prescribing 
exercise. For example, a sports physician or physio-
therapist may assess a patient with osteoporosis and 
back pain and realize that the pain is coming from a 
hypomobile facet joint. Th ere is no contraindication 
to exercise prescription—merely a need for treatment 
(Chapters 10, 21). A physician less familiar with 
musculoskeletal medicine may have thought that 
the pain was directly related to osteoporosis or its 
complications and, thus, proscribed exercise.

Th e aim of this chapter is to refresh those unfamil-
iar with exercise prescription with the basic concepts 

so that they may feel more confi dent in counseling a 
patient appropriately. Many medical practitioners are 
not confi dent about their ability to prescribe exercise 
for patients.4 We outline the approach to pre-exercise 
assessment and then detail aerobic and resistance 
exercise prescription. We illustrate standard resist-
ance exercises so that they can be photocopied for 
patients’ benefi t. We discuss exercise prescription 
for the elderly patient as this large segment of our 
population can benefi t enormously from exercise 
prescription. Finally, we illustrate how to prescribe 
exercise for four common affl  ictions: hypertension, 
cardiac event, osteoarthritis and osteoporosis.

Pre-exercise evaluation
Before prescribing exercise, the practitioner must 
take a history and perform a physical examination 
just as he or she would when prescribing medication. 
To extend the analogy, the clinical assessment may 
indicate that special tests are needed before therapy 
(in this case an exercise program) can begin.

Establish lifestyle goals

A good place to start the history is by asking the 
patient to outline his or her goal(s) related to the 
exercise program. Be clear as to whether the aim 
is to prevent risk of a disease, slow progression of 
complications of a disease or improve quality of life 
that has been compromised by a chronic disease. Th e 
aim will infl uence the exercise prescription itself and 
how progress is to be measured.

Th e history should include a thorough medical 
review to seek any possible contraindications to exer-
cise. Screening programs such as the Physical Activity 
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Readiness Questionnaire (PAR-Q)5 help the exercise 
specialist who does not feel medically qualifi ed to 
assess the patient. Th e healthcare practitioner will seek 
to identify any abnormalities in the cardiovascular, 
pulmonary, musculoskeletal, metabolic or endocrine 
systems that should prevent physical activity. Previ-
ous and current physical activity levels are reviewed, 
as is the use of medications, alcohol and cigarettes. 
Cholesterol screening should be undertaken where 
indicated. Patients taking diuretics should have 
potassium levels checked. As discussed in Chapter 
45, whether or not an exercise stress test with ECG/

EKG is indicated remains a controversial issue and 
the reader is directed to two excellent monographs 
on this subject.6, 7

Discuss activity preferences and interests

To be successful, an exercise program must be tai-
lored to the patient’s interests. Th us, the practitioner 
needs to ask about sporting and activity preferences 
and profi le. A lifestyle questionnaire (Fig. 55.1) can 
aid in developing a program that is both individually 
appropriate and interesting.

Figure 55.1 Lifestyle questionnaire

Lifestyle questionnaire

Name of participant: Date:

 1. Indicate the physical activities that you participated in over the last month during your leisure time.

 Duration (minutes)  Intensity
 Frequency 1–15 15–30 31–60 60+ Light Medium Heavy

Walking for exercise _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Bicycling _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Swimming _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Jogging/running _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Home exercises _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
(Ice) skating _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Cross-country skiing _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Tennis _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Golf _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Popular dance _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Baseball/softball _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Alpine skiing _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Ice hockey _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Bowling _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Exercise classes _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Racquetball _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Curling _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
Others: please specify        
_________________ _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
_________________ _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
_________________ _________ ❏ ❏ ❏ ❏ ❏ ❏ ❏
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 2. How long have you been doing some physical activity in your leisure time at least once a week?
 ❏ I don’t do an activity  ❏ For less than 3 months ❏ From 3 months to just ❏ For more than 6 months
     each week      under 6 months

 3. If you want to participate more in physical activities than you do now, why aren’t you able to? (Check at most 
three reasons.)

 ❏ I don’t want to participate  ❏ Lack of time because of other ❏ Requires too much
 more  leisure activities  self-discipline

 ❏ Ill health ❏ Costs too much ❏ Lack necessary skills
 ❏ Injury or handicap ❏ No facilities nearby ❏ Other ________________
 ❏ Lack of energy ❏ Inadequate facilities
 ❏ Lack of time because of  ❏ No leaders available

 work/school

 4. If you wanted to participate more in physical activities, which of the following would increase the amount of 
physical activity you do? (Check at most three.)

 ❏ Nothing ❏ Organized sports available ❏ More leisure time
 ❏ Better or closer facilities ❏ Organized fi tness classes  ❏ More energy

   available
 ❏ Diff erent facilities ❏ Fitness test with personal  ❏ More self-discipline

   activity program available
 ❏ Less expensive facilities ❏ People with whom to  ❏ Better health

   participate
 ❏ More information on the benefi ts ❏ Common interest of family
 ❏ Organized fi tness classes 

 available ❏ Having necessary equipment
 ❏ Employer- or union-sponsored  ❏ Common interest of friends

 activities available

 5. Here is a list of reasons why some people do physical activities during their leisure time. How important is each 
of these to you?

  Very  Of some Of little Of no
 important importance importance importance
To feel better mentally and physically ❏ ❏ ❏ ❏
To be with other people ❏ ❏ ❏ ❏
For pleasure, fun or excitement ❏ ❏ ❏ ❏
To control weight or to look better ❏ ❏ ❏ ❏
To move better or to improve fl exibility ❏ ❏ ❏ ❏
As a challenge to my abilities ❏ ❏ ❏ ❏
To relax or reduce stress ❏ ❏ ❏ ❏
To learn new things ❏ ❏ ❏ ❏
Because of advice to improve general health ❏ ❏ ❏ ❏
Because of physician’s order for therapy or rehabilitation ❏ ❏ ❏ ❏
Other _________________________________________ ❏ ❏ ❏ ❏

 6. How important is each of the following to you in gaining a feeling of wellbeing?
  Very  Of some Of little Of no

 important importance importance importance
Adequate rest and sleep ❏ ❏ ❏ ❏
A good diet ❏ ❏ ❏ ❏
Low calorie snacks between meals ❏ ❏ ❏ ❏
Maintenance of proper weight ❏ ❏ ❏ ❏
Participation in social and cultural activities ❏ ❏ ❏ ❏
Control of stress ❏ ❏ ❏ ❏
Regular exercise, sports or games ❏ ❏ ❏ ❏
Being a non-smoker ❏ ❏ ❏ ❏
Adequate medical and dental care ❏ ❏ ❏ ❏
Positive thinking/meditation ❏ ❏ ❏ ❏
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 7. Comparing yourself to others of your own age and sex, would you say you are:
 ❏ more fi t? ❏ less fi t? ❏ as fi t?

 8. In the past year, what physical activities have you stopped doing? (Do not include those stopped due to a 
change in the season.)
❏ None or list activity/ies
_________________________________________________________________________________
Why did you stop doing this activity?
_________________________________________________________________________________
_________________________________________________________________________________
Why did you stop doing this activity?
_________________________________________________________________________________

 9. What physical activities would you like to start in order to improve your fi tness and health?
❏ None or list activity/ies
_________________________________________________________________________________
What is the main reason you have not yet started this?
_________________________________________________________________________________
_________________________________________________________________________________
What is the main reason you have not yet started this?
_________________________________________________________________________________
_________________________________________________________________________________
What is the main reason you have not yet started this?
_________________________________________________________________________________

10. With whom do you/would you usually do your physical activities in your leisure time?
 ❏ No-one ❏ Friends ❏ Immediate family or relatives
 ❏ Co-workers ❏ Classmates at school ❏ Others

11. At what time do you/would you usually do your physical activities? (Indicate more than one if you usually do 
activities more than once a day.)

 ❏ In the morning ❏ At lunchtime ❏ Immediately after work
 ❏ In the evening ❏ In the afternoon ❏ At no special time

12. (a) How would you describe your state of emotional wellbeing?
 ❏ Very good ❏ Adequate ❏ Poor
 ❏ Good ❏ Very poor
 (b) How do you think this might aff ect your physical activity/fi tness goals?
 ❏ Aid ❏ Hinder ❏ No eff ect
 Please explain: __________________________________________________________________

13. What do you usually eat for breakfast? (Usually means at least four days a week.) Check all that apply.
 ❏ I don’t eat breakfast ❏ Bread, danish or donut ❏ Fruit or fruit juice ❏ Yoghurt
 ❏ Eggs ❏ Granola ❏ At least 170 mL milk ❏ Tea/coff ee
 ❏ Bacon or other meat,  ❏ Other cereals ❏ Cheese

 fi sh or poultry

14. In the last year, have you been eating:
Sweet food and candies? ❏ More ❏ Less ❏ Same as before
Fruit and vegetables? ❏ More ❏ Less ❏ Same as before
Fats and fried foods? ❏ More ❏ Less ❏ Same as before
Salt and salty foods? ❏ More ❏ Less ❏ Same as before
Meals on a regular basis? ❏ More ❏ Less ❏ Same as before
The same amount of food or calories? ❏ No, more ❏ No, less ❏ Yes, same as before
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15. (a) About how many hours of sleep do you usually get each day?
 ❏ Six hours or less ❏ Eight ❏ Ten
 ❏ Seven ❏ Nine ❏ Eleven hours or more
 (b) Do you think you are getting enough sleep?
 ❏ Always ❏ Usually ❏ Seldom ❏ Never

16. (a) About how often do you usually drink alcohol?
 ❏ More than once a day ❏ 1–3 times a week ❏ Less than once a month
 ❏ 4–7 times a week ❏ 1–3 times a month ❏  I don’t drink alcohol—go to 

question 17
 (b) About how many drinks do you usually have at a time?
  Where one drink is:
  • one pint of beer (350 mL)
  • one small glass of wine
  • one shot of liquor/spirits (i.e. 30–45 mL with/without mix)
 ❏ 1 ❏ 2–3 ❏ 4–5 ❏ 6–7 ❏ 8+

17. Which of the following best describes your experience with tobacco? Check all that apply.
❏ I haven’t smoked ❏ I currently smoke ❏ I stopped smoking
  ❏ cigarettes occasionally ❏ cigarettes recently
  ❏ less than ½ pack of cigarettes daily ❏ cigarettes over a year ago
  ❏ about a pack of cigarettes daily ❏ a pipe, cigars or cigarillos recently
  ❏ two or more packs of cigarettes daily ❏ a pipe, cigars or cigarillos over a year
  ❏ a pipe, cigar or cigarillo occasionally  ago
  ❏ a pipe, cigars or cigarillos daily

18. In general, how would you describe your state of health?
 ❏ Very good ❏ Good ❏ Average
 ❏ Poor ❏ Very poor

Physical examination

A complete physical examination includes examina-
tion of the neuromuscular system, cardiovascular 
system and respiratory function. In preparation 
for physical activity the sports medicine practi-
tioner is ideally trained to assess the biomechanical 
competence of the spine and the musculoskeletal 
system in order to prevent musculoskeletal injury 
associated with activity, and to understand the 
physiological changes of exercise in patients of all 
ages (Chapter 6).

Management

It is important at this stage to match the participant’s 
goals with their preferences and abilities. Figure 55.2 
is an assessment form for this purpose. If the match 
between these three elements is an uneasy one, the 
practitioner must refocus participants on each element 
and inform them of the benefi ts and limitations of 
their choices. Th e practitioner must discover what 
facilities and programs are available to the individual, 
both in the home and in the local community (e.g. 

a heated pool may be easily accessible). Th e action 
plan worksheet (Fig. 55.3) can assist with the program 
planning stage. It includes reasonable lifestyle changes 
and achievable short-term goals. Th ese are both keys 
to the success of any program.

Contingency plans and follow-up

As in any clinical interaction, it is important to identify 
personal barriers to achieving the goals set up in the 
action plan and to have a contingency plan if blocks are 
encountered. For example, if the participant chooses 
a combined land and water exercise program, ask 
them if they have a swimsuit and whether a pool is 
accessible by bus. Have an alternative plan available 
should the program be off ered on days or at times 
that are inconvenient. In addition, it is important to 
ask about social and fi nancial barriers that are oft en 
not addressed, for example, the older adult who is 
responsible for grandchildren thus has very little time 
to participate. Also, factors such as body image and 
self-effi  cacy issues are barriers to physical activity 
that are less oft en acknowledged.8, 9
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Inventory of Lifestyle Needs and Activity Preferences

Lifestyle needs

I feel it is important to me to:
❏ like the people I’m with ❏ release energy
❏ be in a group ❏ have common interests with other people
❏ be independent ❏ be able to contribute something to a group
❏ get to know other people ❏ meet many new people
❏ have the other people like me ❏ be a leader
❏ be physically active ❏ feel confi dent
❏ use my imagination ❏ learn something
❏ create something ❏ be in pleasant, attractive surroundings
❏ fi nd the activity challenging ❏ be alone
❏ feel safe and secure ❏ have a structured activity
❏ try something new and diff erent ❏ be able to do things at the last minute
❏ be myself ❏ follow rules
❏ use my talents ❏ be praised
❏ improve myself and my skills ❏ have fun and enjoy myself
❏ accomplish something ❏ release frustration
❏ relax ❏ take a risk
❏ spend time with my family
Instructions: Once you have checked the lifestyle needs that are important to you, list the three most important and 
identify which activities would most probably satisfy those needs.

 Lifestyle needs Activity preferences

1.  _________________________________________ ___________________________________________
  ___________________________________________
  ___________________________________________
  ___________________________________________
2.  _________________________________________ ___________________________________________
  ___________________________________________
  ___________________________________________
  ___________________________________________
3.  _________________________________________ ___________________________________________
  ___________________________________________
  ___________________________________________

  ___________________________________________

Figure 55.2 Assessment form for exercise prescription

Patients should be followed up regularly just as 
they would if they were being treated with medication. 
Asking patients about progress and documenting the 
response will provide them with a positive stimulus. 
Th e practitioner can have a substantial infl uence 
on the patient’s behavior and, thus, should praise 
improvements liberally. Exercise goals should be 
examined periodically and adjusted according to 
progress. Nothing adds to boredom more quickly than 
performing the same program repetitively. Any pain or 
discomfort should be noted and treated appropriately, 
as discussed in Chapters 6 and 10.

Other tips

Encourage participants to involve family or friends 
in their program goals. Even a casual question from 
friends such as ‘How is your activity program coming 
along?’ may provide the impetus needed to maintain 
compliance.

Suggest to your patients/clients that they use a 
‘buddy system’ if possible. Also, direct them to a pro-
gram where strong social support can be established, 
as studies suggest adherence is improved with group 
participation.
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Action Plan Worksheet Name: ____________________________  Date: ____________

Goals and action steps: Time frame:

Goal #1 _______________________________________________________ ________________________
Action steps
1.  ____________________________________________________________ ________________________
2.  ____________________________________________________________ ________________________
3.  ____________________________________________________________ ________________________
Goal #2 _______________________________________________________ ________________________
Action steps
1.  ____________________________________________________________ ________________________
2.  ____________________________________________________________ ________________________
3.  ____________________________________________________________ ________________________
Goal #3 _______________________________________________________ ________________________
Action steps
1.  ____________________________________________________________ ________________________
2.  ____________________________________________________________ ________________________
3.  ____________________________________________________________ ________________________

Prescription for physical activity

Frequency

Intensity

Time

Type

Comments:

Success indicators
1.  __________________________________________________________________________________________
2.  __________________________________________________________________________________________
3.  __________________________________________________________________________________________
4.  __________________________________________________________________________________________
5.  __________________________________________________________________________________________
Date for next appraisal: ___________________________________________________________

Figure 55.3 The action plan worksheet
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Components of 
exercise prescription
In this section we review the components of an exer-
cise program and outline prescription for the healthy 
adult. Th is provides a menu to help the practitioner 
prescribe exercise for patients.

Aerobic activities: endurance training

Aerobic activities improve the capacity of individuals 
to exercise for long periods. Th ey are generally con-
sidered of benefi t to the cardiorespiratory system, but 
multiple systems (e.g. brain, joints) can benefi t from 
aerobic training. Dynamic exercises that use large 
muscle groups for long duration include walking, 
jogging, running, swimming, bicycling, cross-country 
skiing and aerobic dance. Exercises that use the arms 
as well as the legs include some forms of stationary 
cycles with movable handlebars, cross-country ski 
simulators and rowing machines. Low-impact activities 
such as stationary cycling are ideal for individuals with 
conditions such as arthritis or poor balance, which 
may put them at an increased risk of musculoskeletal 
injury. Swimming is suitable for some people but can 
aggravate shoulder osteoarthritis if the freestyle stroke 
is used and knee osteoarthritis with vigorous breast-
stroke kicking. A program that provides endurance 
training while performing some resistance exercise is 
circuit training. Participants undertake short periods 
of exercise at a number of stations arranged in a circuit. 
Th e continuous nature and high number of repetitions 
characteristic of this form of exercise may improve 
both endurance and muscular strength.

Aerobic exercise intensity is measured by heart rate 
or by rating of perceived exertion. Th e training rate is 
70–85% of maximum heart rate, which can be measured 
in a maximal test or estimated by subtracting the indi-
vidual’s age from 220. Borg’s perceived exertion scale is 
also a useful way of monitoring intensity.10 Th ere has 
been a shift  from prescribing vigorous exercise several 
times a week to prescribing moderate activity daily. 
Th e US Surgeon-General’s report recommends a total 
of 30 minutes of moderate activity, such as walking, 
sweeping or doing housework, daily. Swedish exercise 
physiologist, Per Åstrand, who can still ride to work 
aged over 80 years, calculated that 60 minutes per day 
is required in today’s sedentary society.11

Resistance training

In addition to its role in increasing muscle bulk and 
strength, resistance training provides multisystem 

benefi ts such as to prevent diabetes, reduce the risk 
of cardiovascular disease and improve brain function. 
Resistance training is an integral part of any compre-
hensive health program and it is vigorously promoted 
by the American College of Sports Medicine, Ameri-
can Heart Association and the US Surgeon-General’s 
office. Some practitioners are uncomfortable in 
prescribing resistance training because of a personal 
unfamiliarity with the subject.4 Exercise guidance, if 
there is any at all, consists of ‘walk for half an hour a 
day’. However, the guidelines for resistance exercise 
prescription are easy to follow.

Current research recommends that healthy persons 
of all ages and many patients with chronic diseases 
perform single-set resistance exercise programs of 
up to 15 repetitions on a minimum of two days per 
week.12 Each work-out session should consist of eight 
to 10 diff erent exercises that train the major muscle 
groups. Examples are illustrated in Figure 55.4. Th e 
prescription should include at least one exercise 
from each of the six columns in Table 55.1. Single 
set programs are less time-consuming and should 
therefore aid with program adherence. Th ey also 
provide virtually all of the health benefi ts of multiple 
set programs.13 Th e goal of this type of program is 
to gain a signifi cant amount of muscle mass, endur-
ance and strength to contribute to overall fi tness and 
health. Patients with chronic diseases (e.g. arthritis) 
may have to limit range of motion for some exercises 
and use lighter weights with more repetitions. Patients 
who have osteoarthritis, or limited range of motion 
due to previous injury, should perform the activity 
slowly and give equal time to both the up and down 
phase of a repetition.

Exercise prescription for 
the older individual
Older people vary widely in their exercise capacity, 
so we provide advice for the rather inactive and the 
generally active person.

Inactive

For older adults who are sedentary, the fi rst goal of 
exercise prescription is simply to reduce the time 
spent sitting. Th us, the action plan might be to reduce 
the amount of time spent watching television. Other 
suggestions include parking further away at malls 
and shopping centers, taking the stairs instead of the 
elevator, or taking a brief walk several times a day. 
Use the information from the health assessment and 
lifestyle sheets (Figs 55.1, 55.2) to incorporate the 
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individual’s favorite activities. Remember that the 
aphorism ‘start low, go slow’ applies in this popula-
tion as it does in exercise prescription in general. 
Th e practitioner should set easily attainable short-
term goals and increase the time spent performing 
moderate activities by no more than 5% per week. 
Th e eventual goal is to accumulate 30 minutes a day 
of moderately intense physical activity on most days 
of the week.

Generally active

For older people who are generally active, begin by 
increasing the volume of aerobic exercise or resistance 
training. Aerobic exercises that are particularly attrac-
tive to older individuals are cycling on a stationary 
bicycle, brisk walking, swimming and water aquatics. 
Th e person should warm up (e.g. slow walking) for 
5 minutes and stretch slowly for 5–10 minutes before 

Table 55.1 Resistance exercises classifi ed by body region

Chest and 
shoulder 
region

Upper and 
lower back

Abdominal 
region Arm region

Hip and thigh 
region Leg region

Bench press 
(Fig. 55.4a)

Back extension 
(Fig. 55.4e)

Bent knee curl-
up (Fig. 55.4h)

Arm curl 
(Fig. 55.4j)

Leg curl 
(Fig. 55.4l)

Toe (heel) raise 
(Fig. 55.4p)

Shoulder shrugs 
(Fig. 55.4b)

Latissimus pull-
down (Fig. 55.4f )

Reverse sit-up 
(Fig. 55.4i)

Triceps pull-
down (Fig. 55.4k)

Seated leg press 
(Fig. 55.4m)

Seated 
(overhead) press 
(Fig. 55.4c)

Bent-over row 
(Fig. 55.4g)

Half-squat 
(Fig. 55.4n)

Upright row 
(Fig. 55.4d)

Side leg raises 
(Fig. 55.4o)

Figure 55.4 Examples of resistance exercises

(a) Bench press
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(b) Shoulder shrugs

(c) Seated (overhead) press
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(d) Upright row

(e) Back extension
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exercising at a moderate level—one at which a con-
versation can be easily maintained. Th e cool-down 
aft er the exercise session should be by walking slowly 
and stretching for 10–15 minutes.

Th e person about to undertake resistance training 
should also perform a warm-up and stretch fi rst. Free 
weights and commercially available equipment are 
both suitable for the older person exercising. Proper 
breathing consists of exhaling during the lift  for 
2–4 seconds followed by inhaling during the lower-
ing of the weight for 4–6 seconds, working through 
the entire range of motion (or as tolerated for those 
with arthritis). Th e Valsalva maneuver should be 
avoided, particularly in the elderly who are more 
prone to postural hypotension and syncope than their 
younger counterparts. Th e lift s should be separated by 
2 seconds of rest. Th e goal is to perform one or two 
sets of eight to 15 repetitions per set with 1–2 minutes 
of rest between sets. Th e patient should aim to lift  a 
weight that is 70–80% of a one repetition maximum. 
One repetition maximum refers to the most he or 
she can lift  through a full range of motion at one 
time. Th e resistance should be increased no more 
frequently than monthly. Strength exercises should be 
followed by a cool-down and a stretch. Th e principles (f) Latissimus pull-down

(g) Bent-over row

Brukner-E-44–55.indt   923Brukner-E-44–55.indt   923 5/6/06   11:41:55 AM5/6/06   11:41:55 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL924

PART E MANAGEMENT OF MEDICAL PROBLEMSE

of follow-up and praise for progress as outlined in the 
general introduction to exercise prescription apply 
particularly to seniors, who may feel less confi dent 
about their capacity for activity.

Exercise prescription for the 
patient with hypertension
Th e general guidelines for exercise prescription, as 
outlined above, should be followed. Pre-exercise evalu-
ation should be used to identify other risk factors and 
detect concurrent disease. In many centers, an exercise 
stress test (Chapter 45) is advised if two risk factors 
(e.g. male gender, diabetes mellitus, hypercholesterol-
emia, family history of early coronary artery disease, 
smoking) are present in an asymptomatic hypertensive 
individual. Th is provides an opportunity to measure 
submaximal and maximal blood pressure responses 
and exercise capacity. Patients with a systolic blood 
pressure over 180 mmHg or diastolic pressure above 
105 mmHg should have drug therapy initiated before 
an exercise program proceeds.

Training intensity does not need to be high in the 
patient with hypertension—it should be maintained 
within 65–70% of maximum heart rate as measured 

by the exercise test or from the calculated formula (220 
– age). Th e initial conditioning period should last for 
12–16 weeks and then, if blood pressure is adequately 
controlled, antihypertensive medication can be gradu-
ally reduced while the patient is closely observed for 
rebound hypertension and evidence of myocardial 
ischemia. Th is would require biweekly follow-ups.

Resistance training for 
the cardiac patient
Endurance exercise is promoted as part of cardiac 
rehabilitation programs and an Australian expert 
working group, extending the 1996 US Surgeon-
General’s report on physical activity and health, 
recommended that:14

• people with established clinically stable 
cardiovascular disease should aim, over time, 
to achieve 30 minutes or more of moderate 
intensity physical activity on most, if not all, 
days of the week

• less intense and even shorter bouts of activity 
with more rest periods may suffi  ce for those 
with advanced cardiovascular disease

(h) Bent knee curl-up
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• regular low-to-moderate level resistance activity, 
initially under the supervision of an exercise 
professional, is encouraged.

Th e benefi ts from regular moderate physical activ-
ity for people with cardiovascular disease include 
augmented physiological functioning, lessening of 
cardiovascular symptoms, enhanced quality of life, 
improved coronary risk profi le, superior muscle fi t-
ness and, for survivors of acute myocardial infarction, 
lower mortality. Th e greatest potential for benefi t is 
in those people who were least active before begin-
ning regular physical activity, and this benefi t may 
be achieved even at relatively low levels of physical 
activity. Medical practitioners should routinely pro-
vide brief, appropriate advice on physical activity 
to people with well-compensated, clinically stable 
cardiovascular disease.14

We alert the reader to the trend towards including 
resistance training together with endurance activi-
ties in this population. Pre-existing guidelines for 
resistance exercise in cardiac rehabilitation were 

considered vague and/or overly restrictive, limiting 
the ability of cardiac rehabilitation programs to help 
patients achieve their desired levels of daily activity in 
a timely manner aft er cardiac events.15 Like healthy 
adults, patients who have suff ered myocardial infarc-
tion need a minimum level of muscular strength to 
perform activities of daily living but they oft en lack 
the confi dence or physical strength necessary. Th e 
importance of resistance training is increasingly being 
recognized and the sports medicine practitioner may 
be asked to provide expertise in prescribing a resist-
ance exercise program for the cardiac patient.

Updated resistance training guidelines for cardiac 
patients16 are similar to those for healthy adults. Th e 
primary diff erences are the reduced intensity and 
slower progression of the training volume for the 
cardiac patients together with the increased patient 
monitoring and program supervision.12 Lighter 
weights should be used for 10–15 repetitions. Low-
risk patients (>7 metabolic equivalent capacity meas-
ured by cardiac stress test) can be cleared for heavy 
resistance training that involves 12–15 repetitions 

(i) Reverse sit-up
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(j) Arm curl

(k) Triceps pull-down
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to fatigue. More high-risk patients should keep their 
fatigue to a moderate level. Given that beta-blockers 
can alter the normal hemodynamic response to exer-
cise, patients should monitor their level of exertion, 
and there is increasing use of Borg’s rating of perceived 
exertion (RPE) scale17 to monitor the patient’s level 
of exertion when training.16 An RPE range of 11–15 
is frequently used in cardiac rehabilitation settings 

to prescribe dynamic exercise (such as walking on a 
treadmill) intensity.

Exercise prescription in 
patients with osteoarthritis
Osteoarthritis of both the knee and the hip are 
important non-fatal conditions that cause pain and 

(l) Leg curl
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limit activity in older people. Th ere are no cures or 
disease-modifying agents for osteoarthritis and, 
thus, the goal of treatment is to reduce pain and 
disability and improve quality of life.18 Th e American 
College of Rheumatology has published guidelines 
for the treatment of knee osteoarthritis that sug-
gest that exercise is an important part of therapy. 
Exercise programs provided modest improvements 
in measures of disability, physical performance and 
pain in the knee18–20 and the hip.19 Unfortunately, 
there are insuffi  cient data to outline the optimal 
protocol. Both resistance and exercise programs 
have proven helpful, as was a mixture of several 
types of therapy.20

One successful exercise protocol consisted of a 
three-month facility-based walking program and 
then a 15-month home-based walking program. Th e 
facility-based program consisted of 12–15 participants 
meeting with an exercise instructor three times per 
week and walking on an indoor track. For the home 
program, which was also prescribed thrice weekly, 
most participants walked on pavement along streets 
or in nearby parks. Th e exercise leader contacted 
subjects regularly. Each aerobic session consisted of 
10 minutes for each of warm-up and warm-down 
that bracketed a 40-minute walk at between 50% 
and 70% of their heart rate reserve as determined by 
a screening exercise test.

(m) Seated leg press
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Th e resistance training was arranged along paral-
lel lines to the aerobic exercise training with respect 
to the distribution of time spent at the facility and 
time spent on a home program and attention given 
to warm-up and warm-down. Th e 40-minute resist-
ance training program consisted of two sets of 12 
repetitions of nine exercises: leg extension, leg curl 
(Fig. 55.4l), step-up, heel raise (Fig. 55.4p), chest fl y, 
upright row (Fig. 55.4d), seated press (Fig. 55.4c), arm 
curl (Fig. 55.4j) and a pelvic tilt exercise. Weight was 
begun at the lowest possible level (about 1 kg [2.2 lb]) 
and increased in a stepwise fashion as long as the 
participant could complete two sets of 10 repetitions. 
Once a plateau was reached, weight was increased 
aft er patients successfully completed two sets of 12 
repetitions for three consecutive days. Although much 
more research is needed to test the various modali-
ties of exercise for osteoarthritis of these joints,21 this 
protocol provides a basis from which practitioners 
can prescribe exercise.

Exercise prescription in 
patients with osteoporosis
Most types of activity programs are preferable to a 
sedentary lifestyle for patients with osteoporosis and 
should be encouraged. Exercise sessions should begin 

with a 20-minute warm-up, comprising 10 minutes of 
gentle stretching and range of motion activity followed 
by 10 minutes of aerobic exercises. For cardiovascu-
lar exercises, targeted heart rate should be 60% of 
maximum heart rate (220 – age) for a beginner or a 
deconditioned woman and 70–75% for those in more 
intermediate health. Weight training with light free 
weights and rubber tubing can then be incorporated. 
As per standard resistance training, the exercises 
should target the major muscle groups. Eff ective upper 
arm exercises include pushing against a wall or pulling 
and twisting against a partner.22 Quadriceps strength 
can be improved with a wall slide (squat) exercise or 
by practicing standing from a seated position. Trunk 
stabilization (i.e. core stability) exercises are oft en 
introduced in the crook lying position and progressed 
to sitting and standing. Trunk stabilization exercises 
target the recruitment of transversus abdominis 
and the internal and external obliques rather than 
rectus abdominis. Due to the propensity to develop 
a kyphotic posture with osteoporosis, back posture 
correction exercises should also be emphasized and 
can be done standing, in a chair or prone.

Balance exercises can be introduced initially by 
having individuals hold a tandem stance for 10 
seconds with their eyes open while holding onto the 
kitchen counter for support. Other balance exercises 
include single leg stance with eyes open (then eyes 

(n) Half squat
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(o) Side leg raises
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closed), tandem forward walking, walking backwards, 
and tandem backwards walking.

The exercise program should conclude with 
a 15-minute cool-down period and warm-down 
stretches can be done sitting on the fl oor.

Remember also that the assessment for exercise 
prescription should allow the practitioner to dis-
cover what activities the client values. Many popular 
activities require some degree of strength, fl exibility, 
endurance, balance and coordination. For example, 
a good line dancing class emphasizes posture and 
the attributes listed, is fun, and does not require a 
partner.

Community-based exercise program 
for osteoporosis

‘Osteofi t’ is an exercise-based program devised by 
staff  of the British Columbia Women’s Health Center 
Osteoporosis Program in Vancouver, Canada. Th is 
community-based program for women and men aims 

to reduce participants’ risk of falling and improve 
their functional ability and thereby enhance their 
quality of life. It diff ers from typical seniors’ exercise 
classes by specifi cally targeting posture, balance, gait, 
coordination, and trunk and pelvic stabilization rather 
than general aerobic fi tness.

A typical class consists of a warm-up, the work-
out and a relaxation component, which are outlined 
below. ‘Osteofi t’ classes also include ‘Osteofi t tips’, a 
5-minute health education topic that the instructor 
shares with participants.

Th e work-out itself consists of strengthening and 
stretching exercises intended to improve posture by 
combating medially rotated shoulders, chin protru-
sion (excessive cervical extension), thoracic kyphosis 
and loss of lumbar lordosis. Exercises to improve bal-
ance and coordination may progress from heel raises 
and toe pulls to the mildly challenging two-legged 
heel–toe rock and the more challenging tandem 
walks and obstacle courses. Pelvic stabilization is 
trained using leg exercises (e.g. hip abduction and 

(p) Toe (heel) raise
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extension) or balance exercises. Aft er appropriate 
training and progression through less challenging 
positions, trunk stabilization is addressed when the 
participant is cued and positioned to do all standing 
exercises with resistance for the arms (e.g. biceps 
curls) and shoulders (e.g. lateral arm raises). Th e 
abdominal muscles are strengthened in their function 
as stabilizers rather than as prime movers. Exercises 
to improve functional ability include chair squats and 
getting up and down off  the fl oor.

Upper and lower body activities are alternated to 
reduce the risk of tendinopathy. If the class includes 
more than one set of an exercise, the sets are sepa-
rated by a short rest period. Repetitions are kept 
to between eight and 16 and weights are relatively 
light so that participants do not work to fatigue with 
each set. Th e exercises are arranged so that the less 
strenuous exercises, such as hamstring stretching, are 
at the end of the work-out. Th e last few minutes of 
the class are devoted to relaxation techniques such 
as deep breathing, progressive muscle tensing and 
relaxing, and visualizations to a background of soft  
music and/or nature sounds. ‘Osteofi t’ is one form of 
safe and eff ective exercise for a population that is at 
high risk of osteoporotic fracture.23, 24

Exercise prescription in 
practise: a case study
We provide a case report of a 75-year-old woman 
with osteoporosis who participated in a six-month 
program of high-intensity, twice-weekly resistance 
training.24, 25

Case report

Mrs S was a 75-year-old woman who lived with her 
husband. She had a history of falls and low trauma 
fractures to her wrists. According to Mrs S, her nick-
name among her family and close friends was ‘Betty 
Broken Bones’. Due to her fear of sustaining further 
fall-induced fractures, Mrs S was reluctant to par-
take in regular exercise. As a result, Mrs S was quite 
deconditioned and her physical state was negatively 
aff ecting her quality of life. For example, for the past 
two years, Mrs S was no longer able to take bubble 
baths, something she immensely enjoyed, due to her 
inability to get in and out of the bathtub safely.

In 2002, Mrs S decided she was going to participate 
in a six-month program of high-intensity, twice-
weekly resistance training.24 Th e protocol for the 
resistance training program was progressive and of 
high intensity; it aimed to increase muscle strength in 

the extremities and trunk. Both a Keiser Pressurized 
Air system and free weights were used to provide the 
training stimulus. Mrs S underwent a two-week famil-
iarization period with the equipment and the exercises. 
Th e exercises included: biceps curls (Fig. 55.4j), triceps 
extension (Fig. 55.4k), seated row, latissimus dorsi 
pull-downs (Fig. 55.4f), mini-squats, mini-lunges, 
hamstring curls (Fig. 55.4l), calf raises (Fig. 55.4p) and 
gluteus maximus extensions on a mat. Th e intensity 
of the training stimulus was initially set at 50–60% of 
one repetition maximum as determined at week two, 
with a work range of two sets of 10–15 repetitions, and 
progressed to 75–85% of one repetition maximum at 
a work range of six to eight repetitions (two sets) by 
week four. Th e training stimulus was increased using 
the seven repetition maximum method,26 when two 
sets of six to eight repetitions were completed with 
proper form and without pain or discomfort. Squats, 
lunges and gluteus maximus extensions, however, did 
not follow the above guideline. Th ese three exercises 
were performed initially with body weight and loading 
was increased only when proper form was maintained 
for two sets of 10 repetitions.

Over the course of the six-month period, Mrs S 
found that she had the strength and confi dence to 
once again enjoy her bubble baths. Mrs S also found 
she was more confi dent in her own abilities. Aft er 
completing the six-month resistance training program 
and research study, Mrs S decided to continue with 
resistance training at her local community center 
with a friend she met through training. When Mrs S 
was interviewed again at the end of 2005, a full three 
years aft er taking on resistance training as a research 
participant, she stated she had not fallen since 2002 
and was still enjoying her bubble baths daily!
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CHAPTER 

56
The Preparticipation 
Physical Evaluation
WITH SANDY HOFFMAN

A preparticipation physical evaluation (PPE) should 
take place for competitive athletes of all ages, 

genders and levels of organized sports competition. 
Th e primary objectives of a PPE are to provide a 
structured environment in which to identify and 
maintain the health and safety of an athlete and to 
identify illnesses, injuries or chronic medical condi-
tions that may endanger an individual athlete’s health 
and safety, or the health and safety of those with whom 
they practice and compete.1 Th e PPE can also be used 
as a guide to help competitive athletes with chronic 
medical conditions participate to their fullest extent 
and provide an access point for general healthcare.

A PPE is oft en a mandatory administrative require-
ment of an athletic association for organized sports 
participation. Th ere is a wide variation throughout 
the world in how these examinations are performed, 
including questions asked, physical examination 
components performed, and the level of training of 
practitioners conducting these examinations.

Th is chapter will discuss the objectives of the 
PPE as well as presenting a format for conducting 
a thorough evaluation. Participation clearance will 
also be discussed. Th e reader is referred to Chapters 
40–43 for details regarding special populations such 
as the older and younger athlete, the female athlete 
and the disabled athlete.

Objectives
Detection of life-threatening or disabling conditions 
is a daily challenge for healthcare practitioners, and a 
primary objective of the PPE. Many medical condi-
tions that are life-threatening are diffi  cult to detect 
and are dependent on the level of experience of the 
practitioner performing the examination, as well as the 

conditions under which the examination is performed. 
Developing worldwide uniformity in the approach to 
a comprehensive PPE may help defi ne and improve 
the ability to achieve this goal in a typically younger 
and ‘healthier’ population.1–7

Another primary objective of the PPE is to screen 
for conditions that may predispose a competitive 
athlete to injury or illness. Th ere is no literature to sup-
port the concept that performance of a PPE predicts 
who will develop an orthopedic injury, or prevents 
or reduces the severity of an orthopedic injury in an 
athlete.8 Furthermore, in a case series of 158 athletes 
with sudden death, the cardiovascular abnormality 
responsible for death was prospectively identifi ed in 
only one athlete.9 Despite the lack of evidence that the 
PPE as currently conducted is able to prevent injury 
or illness, early recognition and treatment of such may 
minimize time lost from training and competition, 
an important goal of a competitive athlete.

Th e PPE can also serve as a vehicle to meet admin-
istrative requirements of an athletic association 
or governing body for eligibility to participate in 
competitive athletics. In the United States, a PPE is a 
required condition to participate in organized sports 
at the high school and collegiate levels. Italy requires 
compulsory annual medical clearance to compete in 
organized sports at many levels,5 and the PPE require-
ments are diff erent in Australia.2 In addition, there 
are numerous country-specifi c legal statutes that 
govern the rights of athletes to participate, as well as 
the confi dentiality of medical records obtained during 
performance of a PPE.

For many athletes the PPE serves as an entry point 
into a healthcare system, especially for adolescents, 
allowing an opportunity to provide quality and cost-
eff ective healthcare, determine general health, and 
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initiate discussion on health-related topics. At higher 
levels of competition it may also provide an oppor-
tunity to assess psychological, social and nutritional 
factors that may aff ect performance, gather baseline 
data related to performance such as muscle strength 
and fl exibility, and develop a rehabilitation plan for 
any pre-existing injury to maximize performance. 
Th e PPE also aff ords the opportunity for the sports 
medicine team and athletes to meet and develop a 
working relationship and to initiate counseling and 
education regarding injury and illness prevention, 
high-risk behaviors, nutrition and hydration, envi-
ronmental issues, as well as other aspects of training 
and performance. Lastly, the PPE can provide a forum 
for clinicians to advise participants on appropriate 
sports in which to participate, especially for those 
athletes with disabilities.10

Who should undergo the PPE
Th e PPE was developed for competitive athletes at 
the high school, college and elite amateur and profes-
sional levels. Recently Maron et al.11 have proposed 
recommendations for preparticipation screening and 
assessment of cardiovascular disease at the masters 
athlete level. In the broader context, however, all 
persons who begin a new activity program should have 
a ‘PPE’ tailored to their age, ability and anticipated 
‘athletic’ endeavor. Th is chapter, however, will focus 
on the competitive athlete and the reader is referred 
to Chapter 55 on how to develop an exercise prescrip-
tion for all ‘athletes’.

Who should perform the PPE
Th e Team Physician Consensus Statement from 
the American College of Sports Medicine makes 
recommendations at the collegiate level for which 
practitioners should perform the PPE.12 Skills in 
both musculoskeletal evaluation, as well as cardiac 
auscultation, may require that more than one clini-
cian perform components of the examination. In 
the United States, laws vary from state to state as to 
the educational and experiential skills that a prac-
titioner needs to perform a PPE. International and 
professional athletes are governed by their athletic 
organizations as to who is considered qualifi ed to 
perform a PPE.

When to perform the PPE
Timing of the PPE ideally should occur at least six 
to eight weeks prior to the beginning of the practise 

season to allow time for appropriate rehabilitation of 
injuries or to evaluate and treat medical conditions.

Th e required frequency of the PPE varies according 
to the governing bodies of various athletic organiza-
tions and the age of the athlete.2, 4, 6 Generally it is rec-
ommended that a comprehensive PPE be performed 
at entry to middle school, high school and college, 
any time an athlete transfers to a new school, and at 
least every two years in younger athletes.1 An interim 
comprehensive history that includes the integral com-
ponents of the American Heart Association screening 
guidelines,13 height, weight, blood pressure, and a 
problem-focused examination is also recommended. 
Th e optimal frequency for elite amateur, professional 
and masters athletes has yet to be determined.

Where to conduct the PPE
Offi  ce-based examinations are more costly but pro-
vide privacy and the opportunity for continuity of 
care, especially if there is a previously established 
provider–patient relationship. If the provider, how-
ever, has not had adequate training in components of 
the PPE, particularly in musculoskeletal and cardiac 
examination, the visit may end up focusing more on 
health maintenance and developmental concerns than 
on the particular athletic endeavor.

A station-based examination is inexpensive and 
designed to have a sports focus, but lacks continuity 
of care and oft en does not allow an athlete an oppor-
tunity to explore developmental issues or risk-taking 
behaviors. Th e PPE working group has developed tips 
to improve the coordinated medical team approach to 
a PPE, including having the team physician coordinate 
the process, as well as having clinicians with various 
expertise available.1

What to include in the PPE
History

A thorough medical history is crucial to the prepar-
ticipation evaluation of competitive athletes. Various 
questionnaires have been developed for athletes of all 
ages and levels of competition. Controversy exists as 
to whether the PPE should cover a broad range of 
topics, including health promotion and risk behaviors, 
or be limited to orthopedic and cardiac conditions. 
Th e Preparticipation Evaluation Working Group has 
developed an evaluation form that includes most 
conditions that could aff ect the health and safety of 
athletes.1 Th is form also includes follow-up questions 
on substance use, mental health, and general safety 
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issues that they recommend be discussed face-to-face 
with the clinician performing the examination.

Younger athletes are encouraged to complete the 
history form prior to the evaluation with an adult 
to help ensure accuracy. A web-based PPE has been 
used on a small scale with collegiate and high school 
athletes in the United States,14, 15 and has the potential 
to facilitate research on the eff ectiveness of the PPE 
as currently performed.

Th e essential components of the history include a 
thorough system review for acute or chronic medical 
and orthopedic conditions, and a sports participation 
history, including the use of protective equipment, 
use of medications and supplements, allergies, and a 

menstrual history for female athletes. Questions regard-
ing immunization status, dietary status and health-risk 
behaviors are oft en included (Table 56.1).

Physical examination

Th e physical examination component of the PPE 
should be performed by skilled clinicians with a 
particular focus on cardiovascular, neurological and 
orthopedic abnormalities that would identify ath-
letes at high risk of disability or death. Baseline data 
should also be obtained on blood pressure, weight, 
height and organ function in case of injury or illness 
(Table 56.2).

Table 56.1 Important components of the history

Past history

• Ever been denied participation
• Chronic medical conditions
• Hospitalizations, surgeries
• Unpaired organ (eye, testicle, kidney)
• Medications, supplements

Allergies

• Medications
• Foods
• Bees, wasps, other

Cardiovascular

• Syncope, near syncope (during or after activity)
• Chest pain
• Palpitations
• Heart murmur
• High blood pressure
• Fatigue
• Shortness of breath with exertion
• Family history of sudden cardiac death (or 

unexpected drowning)
• Family history of premature coronary disease

Orthopedic

• Injury (sprain, strain)
• Broken bones, dislocated joints or stress fracture
• Brace

Respiratory

• Exercise-related wheezing, cough, diffi  culty 
breathing

Infectious diseases

• Recent infectious mononucleosis
• Herpes skin infection

Neurological

• Head, facial or dental injury
• Confusion or memory loss after a head injury
• Numbness, tingling or inability to move arms or legs 

after being hit
• Headaches with or immediately after exercise

Eyes

• Glasses or contact lenses
• Use of protective eyewear

General

• History of heat illness
• History of sickle-cell trait or disease

Dietary

• Weight loss/gain
• Satisfaction with current weight
• Dietary habits, limit or control certain foods

Females

• When menstruation commenced
• How many menses in last 12 months
• Last menstrual period, prior menstrual period

Immunizations

• Tetanus
• Hepatitis A, B
• Meningococcal
• Infl uenza
• Others (dependent on travel history)

Health-risk behaviors

• Tobacco, alcohol, drugs
• Sexual history
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Diagnostic tests

Cardiovascular testing

Th e prevalence of cardiovascular diseases capable of 
causing sudden death in young athletes is estimated 
to be very low, although it diff ers in various parts 
of the world.15, 16 A thorough history and physical 

examination based on the American Heart Association 
screening recommendations remains the cornerstone 
of the cardiac preparticipation screening.13, 17 Reviews 
of high school4 and collegiate6 PPE forms used in the 
United States, however, demonstrate a signifi cant lack 
of essential components in most questionnaires.

Much interest has been generated in the use of 
diagnostic testing to assist in screening for cardio-
vascular conditions that may predispose an athlete to 
sudden cardiac death. Routine diagnostic testing with 
an ECG/EKG has been performed as part of the PPE 
in Italy for many years and has been found useful in 
identifying athletes with hypertrophic cardiomyopa-
thy.3, 5 Th e ECG is a relatively easy and inexpensive test 
to perform, but the sensitivity and specifi city are too 
low to be used as a screening test in a young popula-
tion.18 Atherosclerotic coronary disease is the most 
common form of heart disease in masters athletes 
and a routine screening ECG is recommended for 
this population as part of their PPE.11

Echocardiography and exercise stress testing are 
not suggested for routine screening, however, these 
diagnostic tests may be indicated in certain popula-
tions such as masters athletes, particularly if they 
are undertaking sudden vigorous training,11 and for 
athletes with abnormalities on a resting ECG.

It is important to recognize that further testing and 
referral should be considered for any athlete who has 
a personal or family history of sudden cardiac death 
or premature coronary disease. Symptoms of syncope, 
unexplained exertional dyspnea or chest pain should 
be thoroughly evaluated19 as they may be an early sign 
of one of the genetic cardiovascular diseases (Table 
56.3). Additional testing should also be undertaken 
if the athlete has a heart murmur, hypertension, or 
abnormalities suggestive of Marfan’s syndrome or 
coarctation of the aorta.

Neurological testing

No evidence-based guidelines exist as to the require-
ments for assessment of a previous head injury during 

Table 56.2 Important components of the physical 
examination

General

• Height
• Weight

Eyes, ears, nose, throat

• Visual acuity
• Pupil symmetry
• Ear canals and tympanic membranes
• Nasal septum, polyps
• Teeth
• Throat lesions

Lungs

• Breath sounds
• Chest expansion
• Contour of thoracic cage

Cardiovascular system

• Blood pressure in both arms
• Radial and femoral pulses
• Heart rate, rhythm 
• Murmurs (systolic/diastolic and grade)
• Stigmata of Marfan’s syndrome

Abdomen

• Tenderness
• Organomegaly
• Masses

Skin

• Rashes
• Lesions

Genitalia (males only)

• Testicles, masses
• Hernia

Musculoskeletal (symmetry, range of motion, 
strength, fl exibility, balance)

• Neck, back
• Shoulder
• Elbow, wrist, hand
• Hip
• Knee
• Ankle, foot
• Gait Table 56.3 Genetic cardiovascular diseases

Hypertrophic cardiomyopathy (HCM)
Arrhythmogenic right ventricular cardiomyopathy 

(ARVC)
Marfan’s syndrome
Ion channel diseases
Long-QT syndrome (LQTS)
Brugada syndrome
Catecholaminergic polymorphic ventricular 

tachycardia (CPVT)
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the PPE.20 Consensus expert recommendations exist, 
however, for the use of a baseline cognitive assessment 
such as the Prague sport concussion assessment tool 
(SCAT) as well as baseline neuropsychological test-
ing, particularly for those athletes in high-risk sports 
such as Rugby, soccer, ice hockey, and American 
football.21

Other diagnostic tests

Other diagnostic tests may be appropriate for selected 
athletes (Table 56.4).

participate in his or her chosen sport with treatment 
of a medical or orthopedic condition, even on a lim-
ited basis, determination should be made as to what 
activities he or she can compete in. Classifi cation of 
activities based on dynamic (volume load) or static 
(pressure load) demands on the left  ventricle22 and 
degree of physical contact23 can help the clinician 
guide athletes into appropriate activities based on 
their general health and cardiovascular status. Tables 
56.5 and 56.6 provide examples of sports based on 
strenuousness and degree of contact. Detailed recom-
mendations that contain expert consensus regarding 
‘clearance’ for a particular competitive sport have 
been developed by several groups.1, 11, 19, 23–25 As in all 
aspects of medicine, reliance on current consensus 
guidelines, good medical practice, and the athlete’s 
overall health should be considered when making 
individual decisions about participation.26

Conclusions
An ideal screening test is one that screens for a con-
dition that is prevalent and causes morbidity and 
mortality, is accurate, practical, cost-eff ective, safe, 
and identifi es conditions that are treatable.

Th e PPE as currently performed may not be an 
ideal evidence-based screening tool for prevention of 
illness and injury in athletes. Some authors suggest 
a move towards a history and examination that con-
tains an overview of an athlete’s entire health status, 
including age-appropriate preventive health services 
such as tobacco cessation. Th e PPE, however, should 
not replace comprehensive health maintenance visits 

Table 56.4 Miscellaneous diagnostic tests

Urinalysis
Hemoglobin and ferritin levels
Hepatitis B, C and HIV antibodies
Bone mineral density
Peak fl ow and pulmonary function
Body fat composition
Isokinetic muscle testing
Biomechanical analysis and gait assessment
Video analysis of technique

Why do the PPE for 
competitive athletes? 
What is ‘clearance’?
Th e objective of the PPE is to allow athletes to par-
ticipate in their sport of choice safely, without harm 
to themselves or others. If an athlete cannot safely 

Table 56.5 Examples of sports classifi ed by strenuousness

High/moderate dynamic 
and static

High/moderate dynamic 
and low static

High/moderate static 
and low dynamic

Low static and low 
dynamic

Rugby
Downhill skiing
Wrestling
Ice hockey
Water polo

Soccer
Swimming
Table tennis
Volleyball
Squash

Gymnastics
Sailing
Archery
Diving
Auto racing

Curling
Golf
Bowling
Cricket

Table 56.6 Examples of sports classifi ed by contact

Contact/collision Limited contact Non-contact

Rugby
Ice hockey
Soccer
Water polo
Wrestling

Gymnastics
Snowboarding
Skiing
Volleyball
Handball

Curling
Golf
Swimming
Bowling
Table tennis
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for athletes unless it incorporates components of such 
into its format.27

Considerations for improving the way a PPE is 
performed include developing a common format, 
determining optimal frequency, and measuring the 
eff ectiveness of the delivery of healthcare services 
performed during a PPE.1, 2, 5, 7 Electronic implemen-
tation of a PPE questionnaire has been attempted at 
the high school and collegiate levels in the United 
States,14, 15 providing the beginning of a database 
from which we may gather information, measure 
eff ectiveness of our current process, and develop a 
PPE that focuses on how sports participation infl u-
ences an individual athlete’s short- and long-term 
health. A more focused, systematic, standardized 
PPE, tailored to specifi c populations, that is age and 
developmentally specifi c, is a goal of sports medicine 
practitioners throughout the world.

Recommended Reading

Preparticipation Physical Evaluation Working Group. 

Preparticipation Physical Evaluation Monograph. 3rd edn. 

Minneapolis: McGraw-Hill Healthcare Information, 2004.
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Screening the competitive athlete is an important 
component of the sports medicine team’s job. It 

involves taking a comprehensive history and exami-
nation with additional tests if appropriate. Screening 
diff ers from a preparticipation examination (Chap-
ter 56) in that it is oriented both towards health and 
performance.

Aims of medical screening
Th e medical screening of high performance athletes 
has a number of aims:

1. Ensure optimal medical health
(a) Recognize previously undiagnosed medical 

problems, such as cardiac murmurs, 
exercise-induced asthma, anorexia nervosa, 
Marfan’s syndrome, depression

(b) Assess the status of known medical 
problems, such as asthma, diabetes, epilepsy

2. Ensure optimal musculoskeletal health
(a) Assess any current injury
(b) Assess the defi cit(s) resulting from any 

previous injury
(c) Identify unrecognized injury

3. Optimize performance (nutrition, psychology, 
biomechanics)

4. Injury prevention
(a) Assess the presence of any predisposing 

factors to musculoskeletal injury, such 
as lack of fl exibility, muscle weakness/
imbalance, impaired proprioception, 
abnormal biomechanics

5. Review medications and vaccinations
6. Baseline data collection

(a) Obtain baseline data, such as muscle 
strength, joint range of motion, blood tests, 

CHAPTER 

57
Screening the Elite Athlete

neuropsychological testing, to compare pre- 
and post-concussion results, or bone density 
measurement

7. Develop professional relationship with athlete
8. Education

Benefi ts of screening
There are a number of advantages to be gained 
from screening the athlete in addition to the above-
mentioned factors. Screening provides an opportunity 
for the athlete to be examined by a physician, some-
times for the fi rst time in many years. Young athletes 
are usually healthy and rarely seek assistance from a 
medical practitioner. Th e athletic screening may be the 
fi rst time that a physician has listened to the athlete’s 
heart since birth. It may be the fi rst time the athlete’s 
blood pressure or urine have ever been tested.

Th e screening process gives the clinical team an 
opportunity to develop a relationship with the ath-
lete that may stand them in good stead in the future. 
A knowledge of the athlete’s personal details, including 
family, job and other personal habits, may provide 
useful information in the future management of the 
athlete. Screening also gives the opportunity for the 
clinical team to off er advice regarding the prevention 
of injuries (e.g. the need for warm-up and stretching), 
to emphasize the importance of early reporting of 
injuries and appropriate initial management, to discuss 
possible symptoms of overtraining and the various 
methods of preventing overtraining, and to give advice 
regarding diet and psychological techniques.

When should athletes be screened?

Athletes should be screened at the earliest opportunity. 
Th is may be prior to or immediately aft er they join a 
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high-level squad or team. A full screening should be 
performed initially. Subsequent modifi ed screening, 
usually concentrating on musculoskeletal problems 
and focusing on areas that may have proved a problem 
in the preceding season, should be performed each 
year between the end of one season and the com-
mencement of training for the following season. Th is 
allows adequate time for any specifi c treatment, such 
as surgery or rehabilitation, to be performed before 
the resumption of intense training.

The screening protocol
Th e proposed protocol is shown in Figure 57.1 (pp. 949–
53; this is also available as a downloadable PDF fi le at 
<www.clinicalsportsmedicine.com>). Th e fi rst page 
contains the athlete’s personal details and consent 
form, along with the outcome summary to be fi lled 
in by the examining physician. Page two is completed 
by the physician with recommendations and suggested 
follow-up. Pages one and two can then be used as a 
summary to be distributed to the appropriate personnel 
following the screening. Pages three and four are to be 
fi lled in by the athlete, preferably prior to coming in for 
screening, or else in the waiting room. We recommend 
that younger athletes, in particular, fi ll in the form with 
the help of a parent or guardian if possible. Th e fi nal 
page is a summary of the examination fi ndings and is 
fi lled in by the examining physician.

Cardiovascular screening

Statistics regarding the incidence of sudden death 
in sport in Australia are not available, but episodes 
of sudden unexplained death during exercise occur 
and are oft en reported in the media. We assume that 
the rate of sudden death is similar to that in other 
countries (approximately 1 in 200 000). Anecdotal evi-
dence indicates that, similar to the experience in other 
countries, cardiac causes comprise the vast majority 
of sudden deaths in athletes. Th e most common 
cardiac abnormalities associated with sudden death 
in young (<35 years old) athletes are hypertrophic 
cardiomyopathy (HCM), coronary artery abnormali-
ties, myocarditis, arrhythmias, valve abnormalities 
and aortic rupture.

Basic screening to detect those at risk of sudden car-
diac death include a careful history and physical exami-
nation. A family history of sudden death under the age 
of 60 or a history of episodes of unexplained syncope 
or palpitations warrant further investigation.

Seto1 claims that personal and family history can 
reveal 64–78% of conditions that would prohibit or 

alter sports participation. However, the American 
Heart Association found that the combination of 
history and physical examination was unable to 
detect serious cardiovascular diseases.2 According 
to Maron et al.,3 detection of HCM by standard 
screening is unreliable because most patients have the 
non-obstructive form of this disease, characteristically 
expressed by only a soft  heart murmur or none at all. 
Furthermore, most athletes with HCM do not experi-
ence syncope or have a family history of premature 
sudden death due to the disease.

Th e addition of a 12-lead ECG to the screening 
process enhances the detection of certain cardio-
vascular abnormalities. Th e ECG is abnormal in about 
95% of patients with HCM. Th e major drawback of 
the use of ECGs in screening, aside from the expense, 
is the high frequency of abnormal fi ndings associated 
with normal physiological adaptations of an athlete’s 
heart to training.3

A two-dimensional echocardiogram is the prin-
cipal diagnostic tool for the detection of HCM and 
will also detect most, but not all, important cardiac 
lesions. However, the considerable expense of the 
echocardiogram means that it would cost hundreds 
of thousands of dollars to detect one previously 
undiagnosed case.

In Italy approximately fi ve million sports partici-
pants undergo a preparticipation screening including 
an ECG each year. Its effi  cacy for detecting cardiac 
abnormalities that may result in sudden cardiac death 
has not been investigated. A recent review of the 
program by Pigozzi et al.4 stated that the usefulness of 
12-lead ECG for identifying cardiovascular disease in 
highly trained athletes is limited. Based on the large 
proportion of false positive abnormal ECGs found in 
the athletic population (40%) in Italy, the diagnostic 
power of the ECG was low (sensitivity 50%, positive 
predictive value 7%).

We do not perform routine ECGs as part of our 
medical screening but if there is any symptom or sign 
suggestive of cardiovascular disease, then an ECG 
and frequently an echocardiogram will be ordered. 
In sports such as basketball and volleyball, we look 
closely for the presence of clinical features of Marfan’s 
syndrome.

Th e questions relating to cardiovascular problems 
in our questionnaire are adapted from those recom-
mended by the American Heart Association:3

• Have you ever passed out, become dizzy or had 
chest pain during or aft er exercise?

• Has anyone in the family died suddenly and 
unexpectedly before the age of 50?
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• Have you ever had a heart abnormality or 
murmur diagnosed by a doctor?

• Have you ever had an abnormal heart rate, 
palpitations or irregular heart beats?

• Have you had high blood pressure or high 
cholesterol?

• Has a physician ever denied or restricted your 
participation in sport for heart problems?

• Have any of your relatives ever had 
cardiomyopathy, Marfan’s syndrome, long QT 
syndrome or signifi cant heart arrhythmia?

Medical health

Generally, fi t, young athletes have very little occasion 
to visit a physician. Some of the athletes will not 
have been to see a physician for many years and may 
not have a regular general practitioner, especially if 
their sporting prowess has resulted in them moving 
from their home town. Th e examining physician 
should not assume that basic medical procedures 
such as auscultation of the heart and blood pres-
sure measurement have ever been performed on 
the athlete. Th e screening questionnaire necessarily 
focuses on the more common conditions aff ecting 
young athletes.

Asthma and exercise-induced asthma have a sig-
nifi cant prevalence of under- and over-diagnosis, as 
well as under- and over-treatment. As a result and 
especially recently with the International Olympic 
Committee (IOC) and World Anti-Doping Agency 
(WADA) restrictions on the use of beta-2 agonists, 
the detection of asthma is a high priority. Th e effi  cacy 
of diff erent methods of screening for the presence of 
asthma and exercise-induced asthma are described 
in Chapter 46. Th e standard questions in our pro-
tocol are:

• Do you have asthma, chest tightness, wheezing 
or coughing spells during or aft er exercise?

• Have you been tested in an accredited 
laboratory?

Obviously, there is almost an unlimited amount of 
questions that could be included in a health question-
naire in an attempt to detect some abnormality. Apart 
from the cardiovascular and respiratory questions 
mentioned above, we include the following questions 
in our questionnaire:

• Do you have a history of concussion or loss of 
consciousness?

• Have you ever suff ered a heat-related illness 
(e.g. dizziness, cramps, blurred vision, 
disorientation, collapse)?

• Do you have any problems with your skin 
(e.g. rashes, moles, acne)?

• Do you have a chronic illness or see a physician 
regularly for any particular problem (e.g. 
diabetes, epilepsy, thyroid problems, bowel 
disorder)?

 Please list:
• Have you ever had surgery or required 

hospitalization?
 Please list, including approximate dates:

In addition, urinalysis is a simple screening tool 
for the presence of diabetes.

Menstrual abnormalities are commonly associated 
with intense athletic activity in females and may lead 
to signifi cant bone loss resulting in stress fractures 
and osteoporosis. Th erefore, it is important to include 
questions designed to detect abnormal menstruation 
in the questionnaire:

• Have you started your periods? _______ 
If so, what age __________________?

• Date of your last gynecological examination/
PAP smear _____ / _____ / _____

• Have you ever missed your period for more than 
6 months?

• Does your menstruation aff ect your 
performance?

In our clinical experience, the incidence of mild 
depression among high level athletes is quite signifi -
cant. Th e medical screening presents an opportunity 
for the athlete to discuss their depression. If the athlete 
complains of excessive fatigue, depression should be 
considered among other possible causes of fatigue.

• Have you, or a close relative, ever suff ered from 
depression?

• Have you ever suff ered from excessive fatigue or 
overtraining?

Musculoskeletal screening

Time constraints do not allow a comprehensive assess-
ment of all joints and muscles. Th e aim of musculo-
skeletal screening, therefore, is to assess recovery 
from any previous injury and to assess the presence 
of proven (very few) or suspected risk factors for 
future injury. Athletes involved in sports associated 
with a high risk of specifi c joint or muscle injuries 
(e.g. swimmers’ shoulders, pitchers’ elbows) should 
have specifi c assessments performed on these areas.

A full injury history should be taken and any defi -
cits remaining post-injury should be fully assessed 
with a view to designing a rehabilitation program 

Brukner-F-56–62.indt   946Brukner-F-56–62.indt   946 5/6/06   11:42:33 AM5/6/06   11:42:33 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 947

CHAPTER 57 SCREENING THE ELITE ATHLETE 57

to restore full function. Frequently, athletes will 
have resumed full athletic participation following 
a signifi cant injury and yet still have considerable 
limitations in strength, range of movement, pro-
prioception and so on.

Th e questionnaire asks the athlete to describe the 
nature and date of any previous injury and list any 
residual problems. Th ey are asked to describe the 
nature, date and symptoms of any current injury.

Optimize performance

Th e medical screening process is an opportunity to 
assess areas that may not necessarily impact on health 
but may aff ect performance. Examples of these are 
nutrition, psychology and biomechanics. A brief 
assessment of these areas may suggest a problem which 
can then be followed up by the appropriate expert.

Athletes in sports in which competitors have to be 
under a specifi ed weight (e.g. wrestling, boxing) or 
sports where being thin is thought to have some aes-
thetic (gymnastics) or performance (distance running) 
advantage may be at an increased risk of unhealthy 
eating or the development of an eating disorder.

• Do you have problems making weight for your 
sport?

• Do you follow any special diet (e.g. vegetarian, 
weight loss, Pritikin)?

• Have you ever had a nutritional defi ciency 
diagnosed (e.g. iron, vitamin B12)?

Injury prevention

Th ere is very little research evidence showing associa-
tions between the presence of certain risk factors and 
particular injuries. An example would be the presence 
of menstrual abnormalities or an eating disorder lead-
ing to the development of stress fractures.5 Clinical 
experience suggests additional possible relationships. 
Th e medical screening process is an opportunity to 
identify potentially correctable risk factors and imple-
ment measures designed to reduce that risk. It is also 
an opportunity to ensure that appropriate equipment, 
such as helmets, mouthguards and shin pads, is used 
in relevant sports.

• Do you wear orthoses?
• Do you wear any protective equipment when 

playing your sport?

Medications and vaccinations

Th e medical screening is an opportunity to review 
the use of medications—both prescription and over-

the-counter drugs—as well as supplements. Th e list of 
banned substances produced by WADA and the IOC 
is regularly changed and athletes need to be aware of 
the most recent changes.

• Do you take any prescribed medicine? _____
 Please list type and dose:
• Do you have any ‘over-the-counter’ 

supplements/medication/herbal remedies? ____
 Please list:
• Have you notifi ed your national sporting 

organization (NSO)?
• Do you have any allergies to any medication, 

insects or other agents?

Th e screening also presents an opportunity to check 
the vaccination status of the athlete.

• Vaccinations (please put dates if you have had 
any of the following):

 Tetanus: ___________ Rubella 
 Infl uenza: _________  (German 
 Typhoid: __________  measles): ___________
 Hepatitis A: ________ Hepatitis B: __________
 Yellow fever:  _______ Chickenpox: _________
 Meningitis C: ______ Polio: ______________
 (Hepatitis A and B may be in a combination 

vaccine, usually a series of three injections over 
6 months.)

 (Measles, mumps and rubella is a combination 
vaccine, part of usual childhood series.)

Baseline data collection

In certain sports, particularly at elite level, regu-
lar monitoring of hematological and biochemical 
para meters is performed to detect early evidence of 
defi ciencies. An example would be the monitoring of 
serum ferritin levels in female endurance athletes.

In contact sports such as football, team physicians 
are increasingly using neuropsychological testing to 
monitor recovery from concussion. A team physi-
cian might wish to perform baseline testing before 
the season to use as a comparison in the recovery 
process.

Develop professional relationship 
with the athlete

Th e medical screening process on entry into a profes-
sional team or institute program gives an opportu-
nity for the team physician to commence his or her 
professional relationship with the athlete. It enables 
the physician to become fully aware of the athlete’s 
past history and gives an insight into the athlete. Th e 
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athlete is given the opportunity to list on the form 
any issues that he or she would like to discuss with 
the physician.

Education

Th e medical screening presents an opportunity for 
the physician to educate the athlete on such issues as 
injury prevention (stretching, warm-up), immediate 
injury management (RICE), nutrition, appropriate 
equipment, the use of medications and supplements, 
vaccinations and so on.

Problems

Th ere are a number of problems inherent in the 
medical screening program. As mentioned previ-
ously there is no uniformity of protocols. Some are 
very long (up to 40 pages of questionnaire, with full 
muscle and joint examinations) and are therefore time 
consuming for both athlete and physician, resulting 
in compliance issues.

In some cases multiple screenings are performed 
by diff erent organizations on the same athlete. For 
example, an elite 18-year-old basketballer in Australia 
may have screenings as part of his professional team, 
his state or national institute of sport, the national 
basketball team and the Australian Olympic team. 
All will probably be slightly diff erent and represent 
a waste of time and resources.

Another issue is that of follow-up. Oft en an exten-
sive screening is performed with various recommen-
dations emanating from it. Unfortunately there is 
frequently no mechanism for follow-up. We recom-
mend that the examining physician or Chief Medical 
Offi  cer (CMO) follow up with the athlete either by 
telephone or in person approximately six weeks aft er 
the screening to ensure that the recommended actions 
have taken place.

Who has access to the data from the screening? 
Th e athlete? Th e team or organization? Th e examining 
physician? Th e information obtained from medical 
screening is bound by the same confi dentiality restric-
tions as any medical information.

Certainly, the athlete has the right to the informa-
tion. How that is presented to the athlete is another 
area of controversy. Athletes who are traveling con-
stantly (e.g. tennis player or golfer on international 
circuit) should have the screening information in 

their possession at all times so that the treating 
practitioner can be made aware of any problems. It 
has been suggested that the traveling athlete should 
have a ‘medical passport’ (hard copy and CD-ROM) 
containing all relevant information.

Th e confi dential medical information obtained at 
the screening should not be distributed to the team 
or institute administration. It should be held by the 
CMO of the organization and passed on at the CMO’s 
discretion to relevant medical and paramedical prac-
titioners as required for the optimal management of 
the athlete.
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Figure 57.1 Medical screening protocol
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One of the most challenging yet enjoyable aspects 
of sports medicine is involvement in team care. 

Working with a team provides opportunities to:

• belong to a team and share in its successes and 
failures

• work closely with athletes on a regular basis
• implement preventive strategies
• manage acute injuries from the time of injury
• closely monitor the progress of injuries
• learn and develop decision-making skills in a 

competitive environment
• work closely with other clinicians and 

disciplines and thereby develop your own skills 
(e.g. massage, nutrition advice)

• liaise closely with the coaching and fi tness staff  
and understand the demands placed on them

• better understand the demands of the particular 
sport

• understand the psychological pressures on the 
players

• fully appreciate the importance of team 
dynamics.

Many of the skills gained in the team environment can 
be incorporated into one’s own offi  ce practise.

The off -fi eld team
Th e size and make-up of the medical support team 
will depend on a number of factors, including the 
size of the sporting team, the standard of competition 
and fi nancial considerations. Frequently, the support 
team will consist of one individual who may be either 
a physician, physiotherapist, massage therapist or 
trainer. Specialists from various branches of medicine 
can contribute to the sports medicine team1, 2 as, of 

course, does the family medicine practitioner, who 
represents the largest category of medical team care 
provision. Specialized sports medicine training is now 
available in many countries.3–6 A sole practitioner 
should develop a network of supporting practitioners 
who can assist where additional professional manage-
ment is indicated.

Professional sporting teams oft en employ a medi-
cal support team that consists of representatives of 
diff erent sports medicine disciplines. Whoever is 
responsible for assembling such a team must ensure 
not only that all the individuals have high professional 
standards but also that they work well as a team, as 
some practitioners are more suited to this than others. 
Th e ethical issues facing professional teams’ clinicians 
are diff erent from a clinician working as a volunteer 
for a local sporting team (see also Chapter 62).7–13

If possible, the professional sporting team should 
have access to the services of a sports physician, physio-
therapist, massage therapist, podiatrist, dietitian, 
psychologist, orthopedic surgeon and sports trainer 
as well as the coaching and fi tness staff . If specifi c 
areas of responsibility are clearly defi ned, this will 
help avoid confl ict. Ideally, one member of this team 
should be the leader and take ultimate responsibility 
for diffi  cult management decisions and the smooth 
running of the group.

Coaching and fi tness staff 

Clinicians caring for a team have multiple responsibili-
ties. Although their unarguable primary responsibility 
is to the athlete, they also have responsibilities to the 
coach, team management and fellow support staff . 
Th us, the medical team should liaise closely with 
the coaching and fi tness staff  for the athletes’ benefi t. 

CHAPTER 

58
Providing Team Care
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Fitness staff  should be included in the regular meet-
ings of the sports medicine team so that a coordinated 
approach is maintained and the team clinicians should 
have input into training programs as part of an injury 
prevention strategy (see Chapter 6). It is particularly 
important that medical and fi tness staff  collaborate 
closely in injury rehabilitation so that a player’s post-
injury rehabilitation transfers seamlessly from the 
physiotherapist/athletic trainer’s care to that of the 
conditioning coach when appropriate. Unfortunately, 
cases have arisen where the player receives confl ict-
ing instructions from ‘competing’ members of the 
rehabilitation team!

Pre-season assessment
As team sports have a distinct playing season, all 
players should be reviewed at the end of a season to 
plan appropriate individual treatment and rehabilita-
tion for the off -season and to arrange how this will 
be monitored by the sports clinician. Similarly, there 
should be full assessment of all team members at the 
beginning of pre-season training. New recruits should 
be evaluated as soon as possible. Th e pre-season 
assessment consists of a comprehensive history and 
examination, looking for evidence of medical illness, 
a full musculoskeletal assessment and further tests, 
if necessary. Th e assessment is described further in 
Chapters 56 and 57 and will oft en be carried out in 
conjunction with a fi tness assessment.

Educate team members
Working with a team provides an ideal opportunity 
to educate athletes and also coaches. Pre-season 
assessment provides one opportunity. Other teach-
ing moments arise during follow-up consultations or 
treatments and in regular brief talks given to the team 
by the sports medicine practitioners. Experienced 
team clinicians have found that relevant topics of 
education include:

• injury prevention strategies (e.g. appropriate 
warm-up, stretching, strength programs, 
protective equipment)

• the importance of players reporting injuries 
early

• the importance of the fi rst 24 hours in acute 
injury management

• a request that the players report any other 
treatment being received for their injuries

• nutritional advice (Chapter 37).

 In many cases the most important education 
for athletes in sports that are subject to drug 
testing is:

• advice regarding permitted and banned 
medications—team members should be 
told that it is essential that they do not 
take any medication without checking 
fi rst with the medical staff .

Other essentials
Issues such as the quality of the medical facilities, 
thorough record-keeping, respect for athletes’ con-
fi dentiality, availability of equipment and having an 
active presence around the team all contribute to 
being a successful team practitioner.

Facilities

Adequate facilities are essential. If possible, there 
should be a separate, well-equipped room at training 
and competition venues to enable proper assessment 
and treatment of injuries to take place. Th is room 
should have a door that can separate it from the rest 
of the training venue when privacy and confi denti-
ality are required. Th e room should contain a good 
light source, a couch and appropriate equipment and 
medications.

It is the responsibility of the sports medicine team 
to ensure that adequate fi rst-aid equipment is present 
at both training and competition venues (Chapter 
44). Th is includes:

• stretchers (including an appropriate stretcher for 
the transport of spinal injuries)

• resuscitation equipment, such as an automatic 
external defi brillator

• an Air-Viva for oxygen, as well as splints, 
bandages and crutches

• an adequate supply of ice.

Th ere should also be easy access for an ambulance 
if required, and a telephone with emergency num-
bers (ambulance, nearest hospital) must be readily 
available.

Record-keeping

As in all medical practice, records are important for 
patient care and medico-legal purposes. It becomes 
particularly important when more than one member 
of the medical team is involved in the treatment of a 
patient. Excellent soft ware programs allow the prac-
titioner to maintain records on a laptop computer. 
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Th is is particularly useful when there are various 
training venues or when traveling with the team 
(Chapter 59).

Confi dentiality

It is essential that members of the sports medicine 
team do not discuss a player’s medical problems with 
other team members, offi  cials or the media without 
the player’s express permission. Th e British Olympic 
Association has published a position statement on 
athlete confi dentiality8 that clearly tells coaches, 
managers, administrators and other team offi  cials 
that the athlete comes fi rst!8, 9 A key platform of the 
code of conduct states: ‘Coaches wish to be informed 
of athletes’ problems. Th is can only occur with the 
consent of the individual athlete.’ Th e British Olympic 
Association has produced a consent form (see box) 
that other sporting bodies may consider using. Th e 
code emphasizes that even if the athlete has signed 
a consent form, he or she may still withhold consent 
for any specifi c consultation, test or treatment.

The ‘team clinician’s bag’

Th e contents of the ‘team clinician’s bag’ will vary 
depending on the type of sport, the access to other 
facilities and the clinician’s own preferences. Some 
suggested contents for the ‘team clinician’s bag’ for a 
sports clinician responsible for a contact sport team 
without immediate access to more sophisticated 
facilities are listed in the box (p. 957).

Being part of the ‘team chemistry’

To be eff ective, the members of the sports medicine 
team must attend training sessions and competi-
tion. In this way, the medical team members gain 
an understanding of the physical and psychological 
demands placed on athletes. It also enables them to 
observe specifi c training routines and techniques, 
which in turn may lead to an increased understanding 
of the mechanism of injury. Th is assists the clinician 
in devising a sport-specifi c rehabilitation program. 
Regular attendance also means that the clinician is 
likely to be present when an acute injury occurs and 
is therefore able to institute appropriate therapy. Th e 
fi nal advantage of being in constant attendance is 
an increased acceptance by the team members and 
other offi  cials of the clinician as a valuable part of 
the team.
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Athlete consent form as proposed 
by the British Olympic Association9

Athlete consent form
I agree/do not agree to relevant details from 
consultations, test or treatments undertaken by 
………………………………………… in (year/
season) …………… being released to (e.g. coach/
performance director/member of support staff ) 
……………….

I realize that refusal to give consent for the release 
of details will not aff ect my access to medical care, 
treatment or testing. It cannot be guaranteed that 
others will not use this refusal of consent in relation 
to selection.

Consent can be withdrawn at any time, and only 
notice of its withdrawal will be released to those 
specifi ed above.

I have read the notes on informed consent and 
fully understand them.

Signed……………………………………………..

Date………………………………………………..
(to be signed also by parent or guardian for those 
under 18 years)
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The ‘team clinician’s bag’

Diagnostic instruments
Oral/rectal thermometer
Stethoscope
Blood pressure cuff 
Ophthalmoscope
Otoscope
Pencil torch

Sutures/dressings
Needle holders
Forceps
Scissors—nail clippers, small 

sharp scissors and tape 
scissors

Scalpel
Scalpel blades
Syringes (2 mL, 5 mL, 10 mL)
Needles (23, 21, 16 gauge)
Sutures—nylon 3/0, 4/0, 5/0, 

6/0; dexon 3/0
Suture cutters
Local anesthetics—1% 

lignocaine (lidocaine)
—1% lignocaine (lidocaine) 

with adrenalin 
(epinephrine)

—marcaine
Steri-strips (3 mm [0.12 in.], 

6 mm [0.25 in.])
Alcohol swabs
Gauze swabs
Dressing packs
Antiseptic solution 

(povidone iodine)
Tincture of benzoin
Melolin dressing pads
Dressing strips
Bandaid plastic strips
Crepe bandages
Tube gauze

Medications
Oral analgesics (e.g. 

paracetamol 
[acetaminophen], aspirin)

Injectable analgesics (e.g. 
pethidine [meperidine], 
morphine)

NSAIDs
Antibiotics (e.g. amoxycillin 

[amoxicillin], erythromycin, 
fl ucloxacillin, doxycycline, 
metronidazole)

Antacid tablets
Antinausea (e.g. 

prochlorperazine [oral/IM])
Antidiarrheal (e.g. 

loperamide)
Fecal softeners
Antihistamines
Bronchodilators (e.g. 

salbutamol inhaler, 
beclomethasone inhaler)

50% glucose solution
Sedatives
Throat lozenges
Cough mixture (e.g. senega 

and ammonia)
Creams/ointments: antifungal, 

antibiotic, corticosteroid, 
anti-infl ammatory

Eye/otic antibiotic drops
Tetanus toxoid

Equipment
Oral airway
Bolt cutters/screwdriver
Air splints
Triangular bandage (sling)
Tongue depressors
Cotton-tipped applicators
Rigid sports tape (2.5 cm 

[1 in.], 3.8 cm [1.5 in.], 5 cm 
[2 in.])

Hypoallergenic tape
Dressing retention tape
Elastic adhesive bandage 

(2.5 cm [1 in.], 5 cm 
[2 in.])

Compression bandage (5 cm 
[2 in.], 7.5 cm [3 in.], 10 cm 
[4 in.])

Adhesive felt
Adhesive foam
Blister pads
Adhesive spray
Coolant spray
Finger splints
Cervical collar, soft and hard
Sterile gloves, goggles, mask
Eye kit including irrigation 

solution, fl uorescein, eye 
patches, local anesthetic 
and antibiotic eye drops, 
contact lens container 
(Chapter 15)

Sunscreen
Massage oil/heat rubs
Intravenous fl uid and giving 

sets

Other
Urine reagent strips
Safety pins
Tampons
Contaminated needle 

container
Spare shoelaces
Batteries
Safety razor
Plastic bags (for ice)
Heel raises
Heel wedges
Arch supports
List of banned substances
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Traveling with a team presents the sports medicine 
practitioner with a considerable challenge. While 

friends and colleagues may consider that you are 
heading off  on a glamorous trip, the reality is that 
providing quality medical support for a traveling 
team is stressful and exhausting.1, 2 Being a success-
ful member of a touring team (Fig. 59.1) requires far 
more than good professional skills.

The traveling sports clinician often has to fill 
a number of roles. Th ese may include physician, 
physiotherapist, massage therapist, podiatrist, trainer, 
fi tness adviser, dietitian, psychologist, assistant team 
manager, assistant coach, statistician, travel coordi-
nator and baggage supervisor. Traveling with a team 
oft en involves working long hours in less than ideal 

conditions with athletes and coaches who are under 
great stress due to the demands of competition and 
travel. It also involves extended periods of time away 
from family and work.

Th e success, or otherwise, of the sports clinician 
traveling with a team depends on preparing carefully, 
working long hours, developing multiple treatment 
skills and having well-developed inter personal skills 
and personal coping mechanisms.

Preparation
Adequate planning is the key to a successful trip. 
Preparation includes researching the destination, 
providing advice for team members and obtaining 
supplies. It also requires thorough self-preparation.

Things to do before travel

• Be well-versed about the travel destination. 
Climate, altitude, level of pollution, 
accommodation, food, water, vaccination 
requirements, security and the level of 
medical support at the destination must all be 
anticipated.3–5 If the competition is at altitude 
or in the heat, acclimatization will be necessary 
(Chapter 53). Th is may entail arriving well 
before the competition begins.

• Obtain details about the team’s accommodation. 
In hot climates, air-conditioning may be an 
advantage for comfort although it may delay 
heat acclimatization. Sleeping arrangements 
must be adequate. Particularly tall athletes 
require extra-long beds. Try to guarantee a 
dedicated medical room when traveling with a 
large team. If this is not possible, the clinician 

CHAPTER 

59
Traveling with a Team
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Figure 59.1 Success on the road! Although traveling 
with a team requires great personal sacrifi ce, the 
sports medicine practitioner can contribute to athletes’ 
achieving their dreams
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should have a hotel room to himself or herself 
which doubles as a treatment room and 
permits players to be treated with privacy and 
confi dentiality as needed.

• Research the type of food available at the venue. 
If there is not suffi  cient high-carbohydrate food 
available or if the food is likely to be unfamiliar 
and unappetizing, it may be possible to have 
appropriate meals prepared. It may also be 
necessary to bring food, both in solid and liquid 
form, from home.

• Discover whether the water supply is of good 
quality and if there is a risk of gastrointestinal 
infections, especially ‘traveler’s diarrhea’. Th is 
will aff ect planning and determination of 
whether precautionary measures are needed.

• Vaccination requirements vary considerably 
between countries. Cholera and typhoid 
vaccinations are required in certain countries, 
particularly in Asia, South America and Africa.6, 7 
Travel to tropical areas may require malaria 
prophylaxis. Immunizations for the athlete 
are listed in Table 59.1. Th e vaccination and 
malaria prophylaxis requirements are constantly 
changing and up-to-date information should be 
obtained from local or national travel advisory 
services and from databases such as the websites 
of the World Health Organization and the 
Centers for Disease Control and Prevention in 
Atlanta (see Recommended Websites, p. 967). 
Th is is particularly important for illnesses where 
the disease pattern is rapidly evolving (e.g. 
the severe acute respiratory syndrome [SARS] 
outbreak in 2003, the avian fl u which began in 
2005).

• Assess medical support services, such as 
ambulance and hospitals, at the destination. 
Travel insurance, including medical cover, 
should be arranged for all team members.

Assessing team members’ fi tness

• Contact all team members, including coaches 
and offi  cials, prior to departure to ask about 
present and past injuries and illnesses. Oft en 
offi  cials provide a traveling clinician with much 
anxiety because of medical conditions such 
as coronary artery disease. Attempts must be 
made to treat injuries prior to departure. Th is 
not only benefi ts the athlete but reduces the 
subsequent load on the medical team. It may be 
necessary to liaise with the player’s own treating 
clinician.

• In many cases the team will assemble at a 
predeparture camp. Th e medical support team 
should attend the camp to meet athletes and 
offi  cials, perform comprehensive assessments 
and initiate treatment for any medical or 
musculoskeletal problem.

• Prior to departure, the clinician should 
ask whether the coach and offi  cials expect 
non-medical tasks to be performed during 
the forthcoming trip. Th is may include 
responsibility for warm-ups, nutrition advice 
and attention to strength and conditioning. 
Videotaping has been needed at times! Th ese 
possibly unfamiliar roles may need some 
brushing up.

Advice for team members

A vital part of the preparation is to provide advice 
for the team members about air travel (see p. 964), 
minimization of the eff ects of jet lag, precautions 
required with food and drink during the tour, heat 
acclimatization, drugs and sexual activity. This 
advice may be given prior to departure by hand-outs, 
email or team websites. Th is provides background 
information but it should be supplemented by team 
or individual discussions either at the predeparture 

Table 59.1 Immunizations for the athlete

Basic (essential) Recommended Regional (depends on travel destination)

Tetanus Hepatitis A (frequent international travel) Malaria

Diphtheria Hepatitis B (contact sports especially) Typhoid fever

Measles Infl uenza (annual vaccination) Japanese encephalitis

Mumps Cholera

Rubella Rabies

Poliomyelitis Meningococcus
Yellow fever
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camp or at a team meeting soon aft er arrival at the 
destination.

Diet

It is not easy for athletes to maintain good dietary 
practises when traveling. In some situations, it may 
be diffi  cult to obtain suffi  cient amounts of appropri-
ate foods. Fast food outlets are convenient but oft en 
supply high-fat foods inadequate in carbohydrate. 
Athletes should be advised as to wise food choices and 
which snacks may be appropriate. In addition, athletes 
oft en eat in village dining rooms or restaurants where 
buff et-style food is off ered. Th ere is a tendency for 
athletes to overeat in this situation if it is unfamiliar. 
Since the athlete may also be tapering and so burning 
up fewer calories, weight gain can occur. Swimmers 
seem to be particularly susceptible to this problem. 
Some suggestions regarding suitable meals while 
traveling are shown in the box below.

Athletes should be advised about the importance of 
maintaining an adequate fl uid intake in hot climates.5 
If there is uncertainty about the quality of the water, 

tap water and ice should be avoided and fl uid intake 
restricted to bottled water.

To minimize the risk of traveler’s diarrhea, athletes 
should be advised to wash their hands carefully before 
meals (using bottled water where necessary), eat only 
food that has been cooked and avoid shellfi sh, salads, 
unpasteurized milk products and unpeeled fruits.

Gender verifi cation

Gender verifi cation is no longer required at most 
World Championships or the Olympic Games. 
Staff  should check with the relevant International 
Federation.

Drug testing

If drug testing is to be performed, team members must 
be reminded that certain medications, including many 
over-the-counter medications used in the treatment of 
coughs and colds, are banned (Chapter 61). It is vital 
that no athlete takes any medication without checking 
with the medical support team. It is also important 
to explain the drug testing procedure as this may be 

Breakfast
• Avoid overeating at buff et-style breakfasts
• Wholegrain cereal with low-fat milk
• Fresh, tinned or dried fruit
• Pancakes, raisin bread, toast, muffi  ns or 

crumpets topped with jam, honey, golden syrup
• Low-fat yoghurt or Fromage Frais
• Grilled tomatoes or baked beans on toast
• Fresh fruit juice, tea, coff ee (in moderation)

Lunch
• Avoid high-fat choices such as French fries, pies, 

pastries, fried fi sh or chicken
• Sandwiches, rolls, bagels or pita bread with 

low-fat fi llings (e.g. tuna, skinless chicken, egg, 
turkey, salad)

• Thick crust pizza with low-fat toppings—avoid 
salami, ham, sausage, pepperoni

• Steamed rice with stir-fried vegetables
• Plain hamburger with salad—no egg, bacon, 

onion or cheese
• Chicken souvlaki or doner kebab with salad
• Fruit juices, low-fat milk, mineral water

Dinner
• Avoid dishes described as fried, crispy, breaded, 

creamed, buttery or au gratin. Look for dishes 

described as steamed, boiled, grilled, poached, 
chargrilled or ‘in its own juice’

• Ask for sauces and butter on the side. Request 
extra bread, potato, rice and pasta

• Find restaurants that off er Italian foods such as 
pasta, salad and thick pizza. Select pasta dishes 
with low-fat sauces such as marinara, napolitana 
or vegetarian. Avoid butter on bread and 
excessive dressing

• From Asian restaurants, select rice or noodles 
with vegetables and lean chicken or beef

• Barbecued chicken (skin removed) with corn, 
baked potato and salad

• Thick vegetable or minestrone soup with bread, 
crackers or muffi  ns

• Grilled fi sh with baked potato, rice, pasta and 
vegetables

• Fresh fruit, sorbet or gelati for desserts
• Limit alcohol and always ask for a jug of iced 

water or bottled water (commercial sports 
drinks may provide a readily available source of 
electrolyte as well as fl uid)

• Check that the seal of drinks has not been 
broken, especially if buying drinks from 
potentially dubious sources (e.g. some roadside 
stalls)

• Visit the kitchen and talk to the chef. Look for 
fresh and recently cooked food
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stressful, particularly for younger or inexperienced 
athletes. If possible, a member of the medical team 
should accompany the athlete to the drug test, both 
to provide emotional support and to ensure that the 
correct testing procedure is followed. Up-to-date 
information about drug testing and banned substances 
can be obtained from National Sporting Organizations 
and Olympic Federations. Telephone inquiry hotlines 
have been established in many countries and some 
are listed in Table 59.2. Remember to discuss illicit 
drug use such as marijuana or ecstasy and how this 
may be detected in drug testing.

Sexual activity

Team members should be warned of the dangers of 
acquiring sexually transmitted infections such as 
gonorrhea, chlamydia, hepatitis B or HIV. Abstinence 
guarantees prevention but condoms should be made 
available.

The medical bag

The next step in the preparation for travel is to 
assemble the medical kit of equipment and supplies. 
Th e contents of the medical kit will vary depending 
on the make-up of the medical support team, the 
size of the overall team, the destination and the local 
facilities available. It is advisable to be as self-suffi  cient 
as possible when traveling with a team. Obtaining 
equipment and medications in a foreign country 
may be diffi  cult, time-consuming and expensive. 
Th e suggested contents for a medical kit for a sports 
clinician accompanying a team to overseas competi-
tion are shown in the box opposite. Athletes should 
be advised that it is their responsibility to provide any 

supplements (e.g. vitamin, mineral or carbohydrate 
supplements) they may wish to take but the clini-
cian should ensure that banned substances are not 
inadvertently included by an athlete.

 When traveling internationally, take a written 
inventory of the contents of each bag for 
customs purposes. A non-confrontational 
response to customs checks usually works best! 
Do not carry narcotic analgesics; tramadol is 
eff ective for severe pain and is subject to fewer 
restrictions in most countries.

Clinician’s hip bag

A small hip bag8 is a useful way to carry small quan-
tities of basic medical supplies when traveling by 
airplane; this contains the essentials to provide team 
members symptom relief until hold baggage can be 
accessed. Note that even small nail scissors are not 
permitted in cabin baggage.

Th e precise contents will vary according to indi-
vidual team needs, but consider including:

• simple analgesics (e.g. paracetamol 
[acetaminophen], soluble aspirin)

• adhesive plasters (e.g. bandaids)
• nose spray (e.g. oxymetazoline)
• throat lozenges
• antiemetic (e.g. metoclopramide, 

prochlorperazine buccal tablets)
• antidiarrheal (e.g. loperamide)
• sedatives (e.g. triazolam) on long night fl ights.

Self-preparation

Finally, it is important for the clinician to prepare 
himself or herself for travel. Because trips are always 
extremely busy, it is important to be well rested and 
in good health prior to departure. It is also impor-
tant to spend time with loved ones prior to depar-
ture, especially for lengthy trips. A summary of the 
guidelines for preparation for travel with a team is 
shown below.

1. Information
(a) Venue

 (i)  climate
 (ii)  altitude
 (iii)  pollution
 (iv)  accommodation
 (v)  food
 (vi)  security
 (vii)  water
 (viii)  vaccination requirements

Table 59.2 Contact details for obtaining drug 
information in various countries

Country Drug information hotline 
telephone number/website address

Australia (02) 6206 0200/<www.asda.org.au>

Canada 1 800 672 7775/<www.cces.ca>
(613) 748 5755

Great Britain 0171 380 8029 (UK Sports Council)
0181 864 0609 or 0181 992 1963 

(British Olympic Association Medical 
Centre)

New Zealand 0800 DRUGFREE = 0800 378 437

South Africa (12) 841 2686/2639 (SA Institute for 
Drug-Free Sport)

United States (800) 233 0393
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Contents of the medical bag for interstate and international travel

Diagnostic instruments
Oral/rectal thermometer
Stethoscope
Blood pressure cuff 
Ophthalmoscope
Otoscope
Pencil torch

Sutures/dressings
Needle holders
Forceps
Scissors: nail clippers, small sharp 

scissors and tape scissors
Scalpel
Scalpel blades
Syringes (2 mL, 5 mL, 10 mL)
Needles (23, 21, 16 gauge)
Sutures: nylon 3/0, 4/0, 5/0, 6/0; 

dexon 3/0
Suture cutters
Local anesthetics:  

1% lignocaine (lidocaine)
 1% lignocaine (lidocaine) with 

adrenalin (epinephrine)
 marcaine

Steri-strips (3 mm [0.12 in.], 6 mm 
[0.25 in.])

Alcohol swabs
Gauze swabs
Dressing packs
Antiseptic solution (povidone 

iodine)
Tincture of benzoin
Melolin dressing pads
Dressing strip
Bandaid plastic strips
Crepe bandages
Tube gauze

Medications
Oral analgesics (e.g. paracetamol 

[acetaminophen], aspirin)

Injectable analgesics (e.g. 
pethidine [meperidine], 
morphine)

Adrenalin (epinephrine) for 
anaphylaxis

NSAIDs
Antibiotics (e.g. amoxycillin 

[amoxicillin], erythromycin, 
fl ucloxacillin, doxycycline, 
metronidazole)

Antacid tablets
Antinausea (e.g. 

prochlorperazine [oral/IM])
Antidiarrheal (e.g. loperamide)
Oral contraceptive pill
Fecal softeners
Antihistamines
Bronchodilators (e.g. salbutamol 

inhaler, beclomethasone 
inhaler)

50% glucose solution
Sedatives and hypnotics
Throat lozenges
Cough mixture (e.g. senega and 

ammonia)
Creams/ointments: antifungal, 

antibiotic, corticosteroid, 
anti-infl ammatory

Eye/otic antibiotic drops
Tetanus toxoid

Equipment
Oral airway
Bolt cutters/screwdriver
Air splints
Triangular bandage (sling)
Tongue depressors
Cotton-tipped applicators
Rigid sports tape (2.5 cm 

[1 in.], 3.8 cm [1.5 in.], 
5 cm [2 in.])

Hypoallergenic tape
Dressing retention tape

Elastic adhesive bandage 
(2.5 cm [1 in.], 5 cm [2 in.])

Compression bandage (5 cm 
[2 in.], 7.5 cm [3 in.], 10 cm 
[4 in.])

Adhesive felt
Adhesive foam
Blister pads
Adhesive spray
Coolant spray
Finger splints
Cervical collar, soft and hard
Sterile gloves, goggles, mask
Eye kit including irrigation 

solution, fl uorescein, eye 
patches, local anesthetic and 
antibiotic eye drops, contact 
lens container (Chapter 15)

Sunscreen
Massage oil/heat rubs
Electrotherapy (e.g. TENS, 

portable laser)
Portable couch 
Alarm clock
Intravenous fl uid and giving sets

Other
Urine reagent strips
Safety pins
Tampons
Contaminated needle 

container
Spare shoelaces
Flexible orthoses
Batteries
Safety razor
Plastic bags (for ice)
Heel raises
Heel wedges
Arch supports
List of banned substances
Transformer and dual voltage 

connector (if appropriate)

 (ix)  malaria prophylaxis
 (x)  available medical support

(b) Team members
 (i)   past and present illnesses and 

injuries

2. Advice
(a) air travel
(b) jet lag
(c) food
(d) drink
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(e) drugs
(f) gender verifi cation
(g) infectious diseases

3. Medical kit
(a) medication
(b) tape, bandages, etc.
(c) other (e.g. nutritional supplements)

Air travel and jet lag
Air travel is an important part of professional and 
international sport. Short-distance air travel (up to 
3 hours) does not appear to present any problems 
to the athlete.9 On the other hand, extended air travel, 
as may be required for major events such as Olympic 
Games or World Championships, can provide sig-
nifi cant problems.

Jet lag, when the body is unable to adapt rapidly 
to a time zone shift  and normal body rhythms lose 
synchrony with the environment, is aggravated by a 
number of factors in addition to the amount of time 
zone change.10–12 Factors that appear to increase the 
severity of jet lag include traveling east rather than 
west, age, impaired health, lack of previous travel 
experience, sleep deprivation, dehydration, stress, 
alcohol and excessive food intake.13–17

Th e trip can be made signifi cantly more comfortable 
if the team management plans ahead to obtain seats 
on less busy fl ights that minimize stopovers and time 
spent waiting for connections. Advanced planning 
also permits players’ preferred food options, such as 
low salt, low fat, vegetarian, seafood or ‘sports meals’, 
to be available for them on the fl ight. Especially on 
international fl ights with connections that have more 
than a 1 hour break, the team may try to negotiate entry 
into the airport club lounges for all the athletes.

Whether or not pharmacological agents such as 
short-acting hypnotics (e.g. triazolam 0.25–0.5 mg) 
or melatonin (5 mg taken at night) reduce the impact 
of jet lag remains unclear.18, 19 Most team doctors 
traveling with Super 14 Rugby teams advocate the 
use of triazolam 0.25–0.5 mg for travel on a long 
night-time sector. Some team members may require 
additional doses for a few days aft er arriving at the 
destination if travel has occurred over more than 
about six time zones.

Th e Cochrane Collaboration concluded that ‘Mela-
tonin is remarkably eff ective in preventing or reducing 
jet-lag, and occasional short-term use appears to be 
safe. It should be recommended to adult travelers 
fl ying across fi ve or more time zones, particularly 
in an easterly direction, and especially if they have 
experienced jet-lag on previous journeys’.18

 Consistent with these data, we recommend 
that, if possible, upon arrival at the destina-
tion, athletes spend some time outdoors, rather 
than indoors, during the sunlight hours so that 
natural light can have a physiological eff ect on 
resetting circadian rhythm.

Experienced practitioners and many successful sports-
people suggest that low-intensity physical activity 
early aft er arrival helps promote adjustment to the 
new time zone.

Experienced air travelers have developed a series 
of guidelines to minimize the adverse effects of 
long-distance travel. Th ese have been phrased in the 
second person in the box opposite so that they may 
be photocopied and given to athletes.

The medical room
A medical room should be established soon aft er 
arrival. Ideally, this should be a large room separated 
from any bedrooms. Hours of treatment should be 
specifi ed so that the practitioner has adequate time 
for meal and exercise breaks. Th is must be strictly 
enforced as athletes have a tendency to extend these 
hours. An appointment sheet enables athletes to 
plan their treatment and it also provides a record of 
treatment. Th e clinician should ensure that athletes 
know the room number of the medical staff  in case 
of emergencies at night. It is important that the team 
manager knows how to contact the medical staff  if the 
room is unattended. It also helps to obtain an athlete 
room list from the team manager.

For trips involving a single venue, a portable 
examination couch (treatment table) is valuable for 
the comfort of both the athlete and treating clinician. 
A low soft  bed may not be an appropriate site for 
massage or spinal mobilization. On trips involving 
multiple venues, the advantages of having a treatment 
couch must be weighed up against the inconvenience 
of transporting the couch. When traveling with two 
clinicians, the compromise is oft en to take one port-
able table and use the hotel bed as a second treatment 
site for electrotherapy, massage and so on.

Illness
Traveler’s diarrhea

Traveler’s diarrhea, the most common infectious 
illness encountered when on the road with a team, 
is generally due to non-viral pathogens such as 
enterotoxigenic Escherichia coli, Salmonella, Shigella, 
Campylobacter or Giardia lamblia. Strategies for 
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decreasing risk of exposure to infection were dis-
cussed in the dietary advice above (p. 961). Although 
all antibiotics have the potential to cause occasional 
adverse side-eff ects, it may be advisable to use them 
prophylactically when traveling to high-risk areas 
for major competitions. Examples of short-term 
prophylaxis used by some teams include either 500 mg 
ciprofl oxacin daily, 100 mg doxycycline daily or the 
combination of 800 mg sulfamethoxazole with 160 mg 
trimethoprim daily.5 Note that the fi rst two of these 
choices can produce photosensitivity.

Traveler’s diarrhea is usually mild and self-limiting 
but may occasionally be severe and distressing. Any 

illness near the time of competition is particularly dis-
turbing for the athlete. Th e condition should be treated 
aggressively with loperamide, two tablets initially 
and then one tablet with each loose bowel action 
until symptoms abate. At the same time, the player 
should drink dilute fl uid to prevent dehydration. Th e 
most suitable fl uid intake is a glucose–electrolyte 
solution made up with bottled water. If symptoms 
persist or are accompanied by systemic symptoms 
such as fever or sweating, treatment is commenced 
with antibiotics such as doxycycline (200 mg stat then 
100 mg 12 hourly) or norfl oxacin (400 mg twice daily 
for three days).

Guidelines to make long-distance travel as straightforward as possible
 1. If you have control of fl ight times, consider arriving at your fi nal destination late afternoon.12

 2. In the days prior to departure, adjust your eating, sleeping and training times towards those of the 
destination. Once the trip begins, set your watch to the time at the destination and be guided by that as 
to when you eat and sleep, and try to remain active.

 3. The timing of sleep on long fl ights can help a lot to minimize jet lag once you arrive at the destination. 
For a morning arrival, try to sleep in the hours before arrival. For an evening arrival, try to sleep earlier in 
the fl ight depending on its duration. When it is time to sleep, recline the seat fully, ensure you are warm 
and use the pillows provided or an infl atable pillow. Eyeshades and earplugs may be useful.

 4. When organizing seating on the plane, try to get your preferred seat either at check-in or by swapping 
with a team mate or offi  cial. Tall players will often be provided the exit row; this has additional leg room. 
Some players prefer the aisle seat because of ease of access to the bathroom and opportunities to walk. 
Some athletes fi nd it easier to sleep in window seats.

 5. Plan ways to avoid boredom during long fl ights and have any material you need (e.g. your favorite 
books, iPod, DVDs, CDs, card sets) in your cabin luggage. Hopefully the movies will be good ones!

 6. It is important to be active when possible. Regular walking in the aisle reduces risk of deep venous 
thrombosis, permits a chance to get extra water from the water fountain and can also provide you an 
opportunity to stretch (e.g. near some exits). Take advantage of stopovers to stretch and walk. Jogging 
or more aerobic exercises are not recommended as your muscles will be tight and your joints stiff .

 7. If you think the airline food may not be to your liking (e.g. taste, fat content of many ‘snacks’), bring some 
of your own food. Consume some fruit if possible.

 8. The dry atmosphere of the aircraft cabin tends to lead to dehydration, which may be aggravated by 
drinking coff ee or alcohol, both of which have a diuretic eff ect. Ask for additional rehydrating drinks as 
needed. Most appropriate drinks are water, mineral water, fruit juice or lemonade. Caff eine-containing 
drinks, such as coff ee, tea or cola, and alcohol should be avoided. Excessive sparkling fl uids (e.g. soft 
drinks [pop] or sparkling mineral water) can lead to abdominal discomfort in the low-pressure cabin 
environment.

 9. Remember to stay calm when traveling. Long-distance travel is inevitably associated with delays at airline 
check-ins, customs or due to inclement weather and mechanical problems. Adopt a relaxed attitude to 
these delays—they are beyond your control.

10. Upon arrival at the destination, adopt local time and eating habits. Make every eff ort to stay awake 
during the day even if you feel very tired. Some exercise can help if you feel likely to doze off . Where 
possible, we advocate you avoid using sleeping tablets as they delay acclimatization of normal circadian 
patterns. On arrival, weather permitting, try to spend some time in the natural sunlight to help your body 
adjust to the new time zone.
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Upper respiratory tract infections

Upper respiratory tract infections are also common 
among traveling athletes. Moving from one environ-
ment to another exposes the athlete to diff erent strains 
of respiratory viruses. Air travel and accommodation 
in air-conditioned hotels also increase the risk of upper 
respiratory tract infections. At events where drug test-
ing is taking place, therapeutic options for the treat-
ment of these infections are limited. Antihistamines 
may be helpful. Th roat lozenges and corticosteroid 
nasal sprays can provide symptomatic relief. Early 
intervention with antibiotics should be considered.

Th ere is some concern in a team situation of the 
possibility of cross-infection between team mates. 
Any team member with a signifi cant viral or bacterial 
infection should be isolated to minimize the risk of 
spread throughout the team. Th is may involve the 
infected team member having to sleep in a room 
away from other athletes and careful handling of 
water bottles and towels.

Injury
A good time to implement injury prevention strate-
gies, such as warm-up, stretching, strength mainten-
ance and massage, is when a team is on the road. 
Traveling with a team also permits early intensive 
treatment of injuries, which, in conjunction with 
the high motivation of athletes, oft en results in some 
dramatic responses.

While on tour, the sports clinician may need 
to provide the services of other health profession-
als (multiskilling). For instance, if the sole clini-
cian is a physician, he or she needs to be able to 
use electrotherapeutic modalities, and provide 
soft  tissue therapy and spinal mobilization in the 
treatment of soft  tissue injury. Similarly, a physio -
ther a pist traveling with a team needs to have a broader 
understanding of medical issues than one who works 
exclusively in an offi  ce. Every opportunity should be 
taken to acquire the necessary skills before going on 
tour. However, the clinician who travels with a team 
cannot be an expert in all areas of medicine. If faced 
with a problem beyond one’s knowledge and experi-
ence, it is advisable to seek assistance, either locally 
from another clinician or by telephone or email from 
a colleague at home.

Drug testing
Th e sports clinician must be familiar with the drug-
testing rules for the particular competition, including 

the list of banned drugs and the testing procedure 
(Chapter 61). Th e clinician should attempt to meet 
the chief medical offi  cer in charge of drug testing 
prior to the event. Th e medical support team needs 
to remind athletes constantly that they must not take 
any medication without approval.

Sometimes a confl ict will arise when the clinician 
needs to decide whether to stay with an athlete who is 
to be drug tested (which may involve a wait of some 
hours) or to return to the team’s accommodation to 
treat other athletes. Th is should be discussed with 
players and the coaching staff  prior to the situation 
arising but may need to be decided according to the 
needs of each situation.

Local contacts
It is best to contact local medical offi  cials before 
arrival if possible and modern communication has 
made this increasingly easier. National consulates 
and embassies may provide useful sources of infor-
mation about the quality of local medical personnel 
and facilities. Upon arrival and before competition 
begins, the traveling practitioner should meet local 
medical support staff . As well as facilitating immedi-
ate care of the athletes, this provides an opportunity 
to exchange ideas with clinicians from diff erent 
backgrounds.

Psychological skills
One of the main roles of the medical team while on 
tour is to provide psychological support to the rest of 
the team.20 Travel can be extremely stressful to team 
members and this may be compounded by the stress 
of high-level competition. Th ere is a tendency for team 
members, coaches and offi  cials alike to unburden 
their problems onto the medical staff . Th ese problems 
may be related to poor performance or, alternatively, 
to personal problems, sometimes involving other 
members of the team. Personal confl icts within a 
team are common, particularly when the team is 
unsuccessful. It is important that the members of the 
medical support team retain a positive and profes-
sional attitude at all times.

Th e medical support team is expected to adopt a 
leadership role in team situations. Th e most diffi  cult 
situation for medical team members is in situations 
of confl ict, particularly between the coach and one or 
more team members. It is essential that the medical 
team gives the coach their full support, while at the 
same time using their psychological and interpersonal 
skills to resolve confl ict if possible.
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Personal coping skills
Th e medical support team should adopt certain per-
sonal skills to enable them to cope with the stresses 
of traveling with a team.20 Adequate preparation is 
an essential component of success on tour. It is also 
important to control the hours of work to ensure 
adequate time for meals, exercise and sleep. It may 
also, on occasion, be necessary to give priority to 
certain team members who may play more impor-
tant roles in a team sport. Th is needs to be explained 
to all team members. It is important at all times 
to adopt a positive mental attitude in spite of any 
excessive physical or emotional demands of the job. 
On return from traveling with a team, it is time to 
rest and spend quality time with family and friends. 
Th is is the ideal time to review the tour and submit 
a tour report. It is also important to consider ways 
in which performance could be improved if further 
travel opportunities arise.

Why some clinicians ‘fail’ on tour

Th ere are a number of problems for the medical 
support team associated with a traveling team. Th ese 
include the long hours, the demanding nature of the 
work, complex group dynamics, the stress of competi-
tion, the need to perform multiple roles and the lack 
of back-up professional support. Th ese problems all 
contribute to the relatively high failure rate of medical 
support team members, as perceived by coaches, 
offi  cials and other team members.

Recommended Websites

Communicable Diseases Australia: <http://www.cda.gov.

au/about.htm>

US Centers for Disease Prevention and Control: <http://www.

cdc.gov>

World Health Organization (WHO): <http://www.who.int/

topics/en/>

WHO site on avian infl uenza: <http://www.who.int/csr/disease/

avian_infl uenza/en/>

WHO site on SARS: <http://www.who.int/csr/sars/en/>

Recommended Reading

Brown DW. Medical issues associated with international 

competition. Guidelines for the traveling physician. 

Clin Sports Med 1998; 17: 739–54.

A practical summary of the issues by a very experienced soccer 

physician. Particularly enlightening on the psychological 

aspects of team dynamics.

Manfredini R, Manfredini F, Fersini C, et al. Circadian rhythms, 

athletic performance, and jet lag. Br J Sports Med 1998; 32: 

101–6.

Milne C. Medical problems on tour. Phys Th er Sport 2002; 3: 

97–109.

An article for physiotherapists who provide team coverage.

Walker E, Williams G, Raeside F, Calvert L. ABC of Healthy 

Travel. 5th edn. London: BMJ Books, 1997.

Easily accessible information, consistent with other titles in this 

series.

World Health Organization. International Travel and Health: 

Situation as on 1 January 2005. Geneva: WHO, 2005.

Internationally respected publication, updated annually.

Postolache T, ed. Sports Chronobiology. An Issue of Clinics in 

Sports Medicine 24–2. New York: Saunders, 2005.

Young M, Fricker P, Maughan R, et al. Th e traveling athlete: 

issues relating to the Commonwealth Games, Malaysia, 

1998. Clin J Sport Med 1998; 8: 130–5.

An excellent summary, particularly for athletes traveling to hot 

and humid countries.
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CHAPTER 

60
Medical Coverage of 
Endurance Events
WITH TIMOTHY NOAKES

The organizers of endurance events are obliged 
to provide medical coverage both to enable 

competitors to have immediate access to optimal 
management of medical problems and to relieve the 
burden on local medical services. Th ese endurance 
events may include marathons, ultramarathons, 
triathlons and ‘ironman’ triathlon events, as well as 
long-distance events such as walking, swimming, 
cycling and cross-country skiing. Many of these 
events will have large numbers of competitors with 
varying degrees of fi tness.

Blisters, bruises, lacerations and muscle cramps 
are the cause of a large number of presentations to 
the medical tent at these events. Overuse injuries 
may develop or may be aggravated in athletes by 
competing in an endurance event, whereas traumatic 
injuries may occur as a result of a fall in a crowded 
running fi eld or from a bike, for example. Th ermal 
injuries (heatstroke or hypothermia) are common 
in endurance events (Chapters 53 and 54). As there 
is the possibility of cardiovascular collapse dur-
ing such events, appropriate facilities must be 
available.

The precise details of the medical services 
required will depend on the particular sport, the 
duration and intensity of the activity and the prevail-
ing environmental conditions. Medical teams that 
have worked at endurance events for years are able 
to predict the expected numbers of casualties. It is 
vital to keep medical records for all athletes treated 
at a particular event and to analyze these data for 
historical trends (Table 60.1). We will consider a 
marathon foot race with 1000 competitors as the 
basis for our recommendations. Th e fi gures should 
be adjusted according to the type of events and the 
number of competitors.

Race organization
Specifi c pre-race strategies to enhance the safety of 
the competitors include the following:

 1. Schedule the race at a time of year and day 
when environmental conditions will not 
adversely aff ect performance or health. Th e 
medical director of the race should have the 
authority to cancel the race should adverse 
weather conditions prevail. Th e American 
College of Sports Medicine position statement 
recommends that if the wet bulb globe 
temperature index is above 28°C (82°F) or if 
the ambient dry bulb temperature is below 
–20°C (–4°F), organizers should consider 
canceling or rescheduling the event.2

 2. Ensure adequate provision of carbohydrate-
containing fl uids en route, as this is essential.

 3. Plan the race course so that the start and fi nish 
are in an area large enough to accommodate all 
spectators and race fi nishers, medical facilities 

Table 60.1 The expected percentage of race starters 
likely to be admitted to the central medical care facility 
at a sporting event with 1000 competitors1

Activity
Percentage of 
race starters

Running
 42 km
 21 km

2–20
1–5

Ultratriathlon >200 km 15–30

Cycling 5

Cross-country skiing 5
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and quick get-away routes for emergency 
vehicles. Place fi rst-aid stations along the 
route at points allowing for rapid access by 
emergency vehicles and ideally about 3–5 km 
apart.

 4. Set preparticipation screening and 
qualifi cation standards to ensure that unfi t and 
inexperienced athletes do not place themselves 
at undue medical risk during the event.

 5. Provide pre-race seminars for participants 
by medical personnel, as this can reduce the 
number of casualties. Advice may include:

 (a) correct training
 (b)  consumption of suffi  cient carbohydrate 

before the race
 (c)  eating a pre-race breakfast and drinking 

approximately 500–800 mL of a 4–7% 
carbohydrate solution every hour during 
the race

 (d)  warning of the dangers of competing 
during or shortly aft er a febrile illness or 
while taking medications.

 6. Ensure registration forms include questions 
regarding past and present medical history. 
Th is enables identifi cation of, for example, 
athletes with diabetes, asthma and coronary 
artery disease. Such athletes could be sent 
specifi c information advising them on safety 
precautions such as wearing a medical bracelet.

 7. Implement an ‘impaired competitor’ strategy. 
Strategically positioned fi rst-aid helpers should 
be permitted to stop athletes who appear ill 
and unable to fi nish the course. Th ere should 
be vehicles to transport these competitors to 
the fi nish line.

 8. Advise the local hospital emergency 
department of the forthcoming race and the 
likely number and nature of casualties.

 9. Hold meetings between the various members 
of the medical team (see below).

10. Ensure an emergency transport service is 
available to bring problem cases to the central 
medical facility or to the nearest hospital 
emergency facility. Helicopter evacuation 
has proven invaluable for prompt treatment 
of athletes suff ering cardiac arrest and other 
life-threatening conditions.

The medical team
A medical director of appropriate expertise should be 
appointed a number of months prior to the staging 
of an endurance event to work closely with the event 

director. Early appointment of a medical director 
permits him or her to implement the pre-race strate-
gies outlined above.

Th e medical director is responsible for the prepa-
ration of medical services and the supervision of the 
medical team on the day of the event. As endurance 
events are commonly held over a large area, commu-
nication between the diff erent members of the medi-
cal team is the highest priority. Th e medical director 
should ensure adequate means of communication are 
available through the use of a two-way radio system 
or cellular network system.

Th e medical team should consist of appropriately 
trained doctors (sporting injuries and medical emer-
gencies), physiotherapists, sports/athletic trainers, 
nurses, podiatrists and masseurs. For an endurance 
event with 1000 competitors, the medical team should 
number approximately 20, of which at least one-third 
should be doctors. Approximately 60% of the medical 
team should be situated in the medical areas near the 
fi nishing line, 10% of the medical team should be at 
the fi nish line itself, 20% of the medical team should 
be distributed at the fi rst-aid stations along the route 
and 10% of the medical team should be patrolling 
the route in road cars, bicycles or ambulances. In 
shorter events, a greater proportion of the medical 
team should be situated near the fi nish line.

Th e medical team should practice performing 
emergency procedures, athlete evacuation and rapid 
assessment of the collapsed athlete prior to the event. 
At peak periods in a large race of 10 000–20 000 
competitors, it is common to have four to six athletes 
requiring attention every minute—a much faster 
rate of admission than even the busiest inner-city 
trauma centers. Th us, the medical team must have 
procedures well rehearsed. Th is preparation period 
also provides the medical director the opportunity to 
ensure that all caregivers are using the most recent, 
evidence-based guidelines for the management of 
casualties.3, 4 In large events(>3000 competitors) or in 
adverse environmental conditions, at least one fully 
equipped mobile intensive care ambulance should be 
in attendance near the fi nish line. In small events, the 
ambulance service should be notifi ed that the event 
is taking place.

First-aid stations
First-aid stations should be placed en route at strategic 
positions, providing a stretch and massage facility 
for cramping muscles, fi rst aid (plasters, bandaids) 
for chafi ng skin and blistered feet, and identifi cation 
of the at-risk runner who is confused or delirious. 

Brukner-F-56–62.indt   970Brukner-F-56–62.indt   970 5/6/06   11:42:44 AM5/6/06   11:42:44 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL 971

CHAPTER 60 MEDICAL COVERAGE OF ENDURANCE EVENTS 60

Th ese stations provide a center from which athletes 
can be transported to the central medical facility or 
to a nearby hospital emergency department. Th us, 
stations should be positioned in areas that have good 
access to exit routes as needed.

In running events, fi rst-aid stations should be 
about 3–5 km apart. Practitioners skilled in treating 
common musculoskeletal problems and administer-
ing emergency fi rst aid should staff  these. A doctor 
should staff  each of a number of fi rst-aid stations. All 
fi rst-aid stations should be in communication with 
the medical director. In larger events, a road car or 
ambulance should patrol the course with a doctor 
in attendance.

Drink stations are usually situated next to fi rst-aid 
stations. It is important that the two be separated 
by at least 50 m so that the large crowds passing 
through the drink stations do not interfere with fi rst-
aid management. Additional drink stations should 
be situated at approximately 2–2.5 km intervals in 
events such as a marathon.5, 6 For events lasting less 
than 1 hour, water is the fl uid of choice for rehydra-
tion. For longer events, a glucose–electrolyte drink 

is preferred in order to improve endurance and to 
prevent hypoglycemia.

Medical facility at the 
race fi nish
Th e layout of the central medical station will depend 
on the facilities available to the race organizers. Figure 
60.1 shows the fl oor plan of the medical facility at the 
end of the 56-km Two Oceans ultramarathon foot 
race held annually in Cape Town, South Africa.1 Th e 
green and red zones are for non-severe and severe 
cases, respectively. Other areas are allocated for the 
diagnostic laboratory, physiotherapy, medical sup-
plies and toilets.

Note that the red zone for emergencies such as 
cardiovascular collapse, hypothermia and heatstroke 
is best located immediately adjacent to the triage 
station. Th e red zone can be constructed to aff ord a 
degree of privacy for distressed or seriously ill patients 
and permit discrete measurement of rectal tem-
peratures. Th is area should be staff ed by emergency 

Figure 60.1 Floor plan of the medical facility located at the fi nish line of the 56-km Two Oceans ultramarathon foot 
race held in Cape Town, South Africa
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trained doctors and nurses. An ambulance should be 
located next to the red zone to allow rapid transport 
of emergency cases.

Th e benefi t of this type of system over the undif-
ferentiated medical tent that was prevalent in the 
past is that potentially lethal emergencies are much 
less likely to be overlooked in the general hustle and 
bustle of athletes with numerous important but not 
life-threatening musculoskeletal problems. Figure 
60.2 provides guidelines for the activities that need 
to be completed in each of the areas.

Th e equipment needs for a race medical center 
include the following:

 1. Chairs and tables for the computer operator 
at the admission area, for the laboratory 
technologist and the diagnostic equipment, 
and for the other medical equipment and 
drugs.

 2. Stretchers for transporting collapsed athletes 
from the race fi nish to the medical facilities. 
Th ese are also used for athletes to lie on in 
the green and red zones. Stretchers must be 

rigid so the foot can be elevated and collapsed 
athletes can be nursed, at least initially, in 
the head-down position (Chapter 53). Some 
A-frame stands are needed to elevate the 
foot of the stretcher. Th ese are removed 
once the athlete’s cardiovascular status has 
normalized.

 3. Blankets for each stretcher. Th ese allow for 
discrete measurement of rectal temperature 
(Chapter 53) and treatment of hypothermia 
(Chapter 54).

 4. Plastic baths large enough to accommodate 
the torso of 40–90 kg (6.3–14.5 stone) athletes. 
Th ese are fi lled with ice water and are used to 
treat heatstroke (Chapter 53).

 5. Refrigerator facility—a mobile refrigerator 
truck is ideal for large races.

 6. Computer terminal linked to the race fi nish.
 7. Blood electrolyte and sodium analyzers. 

Ideally, serum sodium and potassium 
concentrations should be measured in all 
patients. However, this is essential in all 
subjects who are diagnosed as ‘dehydrated’ 

Figure 60.2 Suggested fl ow chart for the management of athletes once they enter the central medical facility 
(see Fig. 60.1)

Admission Area

• given medical card
• race number recorded
• time of entry to facility recorded

Unsatisfactory progress
reassess, change zone
discharge to hospital

Discharge Area

• record time out of facility
• check medical card filled out satisfactorily
• record discharge and diagnosis on computer

Green Zone
non-severe

Red Zone
severe

Within each zone

• record vital signs regularly
• check serum electrolyte and glucose concentrations
• record method of treatment
• intermittent assessment of progress on therapy

Satisfactory progress
discharge home

Triage Area

• BP, pulse, temperature, state of consciousness
• blood glucose concentration
• information recorded on card
• diagnosis made
• assigned to zone (see Table 53.1 for criteria)
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 and in need of intravenous fl uids. A serum 
sodium concentration below 130 mmol/L 
(130 mEq/L) indicates that the athlete is more 
likely over- rather than under-hydrated.

 8. Bins for rubbish and ‘sharps’.

 9. Toilet facilities.

10. Medications and equipment. Table 60.2 lists 
the resuscitation and medical equipment and 
Table 60.3 the medications required to cope 
with the expected emergency conditions. 
A pharmacist should be present to control the 
distribution of medications.

11. Given that over 60% of runners requiring 
attention aft er a marathon require 
physiotherapy services, it is ideal if a separate 
physiotherapy area can be set aside from the 
central medical facility. Many endurance 
events also provide a massage tent for athletes. 
As there are oft en a large number of minor foot 
injuries associated with endurance running 
events, the presence of a podiatrist is of great 
assistance also.

Additional supplies required for the medical tents and 
fi rst-aid stations are shown in the boxes on page 974.

Table 60.2 Essential resuscitation and diagnostic tools for an endurance sporting event with 1000 competitors

Resuscitation tools Diagnostic tools

Oral airways (sizes 6–8)
Resuscitation masks (disposable)
Defribrillator
Oxygen cylinder/mask (2)

Stethoscopes (5)
Sphygmomanometers for blood pressure measurement (5)
Rectal thermometers (5 with disinfectant)
Torches
Ophthalmoscope and otoscope
Glucometers for blood monitoring (2)
Refl ex hammer
Blood electrolyte analyzer
Urine sticks
Peak fl ow meter (1)

Table 60.3 Basic medications required in the medical facility at endurance sporting events with 1000 competitors

Mode of administration Medication

Injectable Atropine (0.4 mg/mL)
Dexamethasone (4 mg/mL)
Morphine sulfate 15 mg/cc
Dextrose 50%
Adrenalin (epinephrine) (1:1000) (1 mg/mL)
Salbutamol for nebulizer
Metoclopramide
Cardiac resuscitation drugs: atropine, lignocaine (lidocaine), frusemide
Xylocaine (local anesthetic)
Tetanus toxoid

Inhalation Salbutamol inhaler

Oral Paracetamol (acetaminophen) (500 mg)
Sublingual glyceryl trinitrate (nitroglycerin) (0.4 mg)
Isordil spray
Chlorzoxazone tablets (500 mg)
Loperamide capsules (2 mg)

Topical Propacaine (0.5%) eye anesthetic
Water-soluble lubricant
Povidone iodine
Tincture of benzoin
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competitors regarding some of the pitfalls of compet-
ing in an endurance event will not only improve their 
performance but will also reduce the risk of any major 
problem developing.

Medical input into the planning of the event is 
essential. Th e risk of thermal injury is reduced if the 
event is held at a time that is likely to avoid extremes 
of heat or cold. Events held in warmer climates 
should be commenced early in the morning or in the 
evening. Adequate facilities and equipment should 
be provided with well-stocked, regular drink stations 
along the route.

Th e presence of experienced, trained medical and 
paramedical staff  to deal with any emergency will 
dramatically reduce the risk of serious problems. 
A functional layout of the medical facility can permit 
rapid, appropriate care of all race participants.

Recommended Reading

Hew-Butler T, Almond C, Ayus JC, et al. Exercise-Associated 

Hyponatremia (EAH) Consensus Panel. Consensus 

statement of the 1st International Exercise-Associated 

Hyponatremia Consensus Development Conference, Cape 

Town, South Africa 2005. Clin J Sport Med 2005; 15(4): 

208–13.

Noakes, TD. Th e Lore of Running. 4th edn. Champaign: Human 

Kinetics, 2003.

Speedy DB, Noakes TD, Kimber NE, et al. Fluid balance during 

and aft er an ironman triathlon. Clin J Sport Med 2001; 11(1): 

44–50.

Speedy DB, Noakes TD, Boswell T, Th ompson JM, Rehrer N, 

Boswell DR. Response to a fl uid load in athletes with a 

Supplies required for medical 
stations at the fi nish line of a 
marathon with 1000 competitors
Surgical instruments and disposables
Scissors
Latex gloves
Syringes (3 mL, 5 mL, 10 mL)
Needles (18, 21, 25 gauge)
Steri-strips, bandaids
Skin disinfectant
Adhesive bandages
Gauze pads
Suture equipment (disposable)
Space blanket
Fluid administration sets; cannulas, poles, giving 

sets (10)
Normal saline for intravenous use (10 × 1 L)
5% dextrose for intravenous use (2 × 1 L)
Haemacel for intravenous use (2 × 1 L)

Other equipment
Ice and plastic bags (100 kg of ice)
Water (500 L)
Glucose–electrolyte drink (to make 250 L)
Cups (2000)
Towels
Blankets (10) and space blankets
Rigid-frame stretchers (10)
Nebulizer (2)
Infl atable arm and leg splints (2 each)
Slings (5)
Rigid strapping tape (various sizes)
Elastic bandages (various sizes)
Tape scissors
Dressing packs (10)
Eye pads
Petroleum jelly
Pens and paper for record collection
Laptop computer for data entry
Athletic trainer’s kit
Podiatrist’s kit (scalpel, sharp scissors, 

disinfectant, skin care pad, adhesive felt)

Conclusion
Th e risks associated with endurance events can be 
reduced with adequate preparation, good medical 
coverage on the day of the event and, most impor-
tantly, education of the competitors. Educating the 

Supplies required at a fi rst-aid 
station along a marathon course 
with 1000 competitors
Stretchers (5)
Blankets (5)
10 cm (4 in.) and 15 cm (7.5 in.) elastic bandages 

(6 each)
Gauze pads
Rigid strapping tape
Dressing packs (5)
Skin disinfectant
Infl atable arm and leg splints (1 each)
Athletic trainer’s kit
Petroleum jelly
Pen and paper for record collection
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history of exercise induced hyponatremia. Med Sci Sports 

Exerc 2001; 33(9): 1434–42.
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CHAPTER 

61
Drugs and the Athlete

The use of performance-enhancing drugs is prob-
ably the major problem facing sport today. Despite 

intense eff orts by sporting bodies and the medical 
profession to eliminate the problem, drug taking to 
assist sports performance remains widespread.

Th e International Olympic Committee’s (IOC) 
defi nition of doping is:

...the use of an expedient (substance or method) 

which is potentially harmful to athlete’s health and/or 

capable of enhancing their performance, or the pres-

ence in the athlete’s body of a prohibited substance 

or evidence of the use thereof or evidence of the use 

of a prohibited method.

A look at the history of drug use in sport shows that 
drug use is not a recent phenomenon.

Historical perspective
Drugs were used to enhance performance in ancient 
civilizations. Th e ancient Greeks used mushrooms, 
while the Roman wrestlers used special mixtures of 
herbs to improve performance. A favorite mixture 
among ancient Egyptian athletes is said to have been 
the rear hooves of an Abyssinian ass, ground up, boiled 
in oil and fl avored with rose petals and rosehip.

Th e use of performance-enhancing substances 
has even resulted in the introduction of two com-
monly used words in our language. Th e Norwegian 
warriors, the Berserkers, fortifi ed themselves with 
psychoactive mushrooms that so wildly aff ected their 
behavior that the word ‘berserk’ is now part of our 
language. Indigenous South African tribes used a local 
liquor called ‘dop’ as a stimulant, leading to the use 
of the word ‘doping’, which has come to be used as a 

general term to describe the use of chemical means 
to enhance performance.

Reports of doping were common in the 19th 
century. Substances used included caff eine, alcohol, 
glyceryl trinitrate (nitroglycerine), opium and strych-
nine. Th e fi rst reported drug-related death occurred 
in 1896 when an English cyclist died of an overdose 
of ‘trimethyl’. Th omas Hicks ran to victory in the 
Olympic marathon of 1904 in St Louis with the help 
of raw egg, injections of strychnine, and doses of 
brandy administered to him during the race.

Th e origins of the current epidemic of drug use 
among sportspeople can be traced back to the intro-
duction of various substances during World War II. 
Amphetamines were introduced to US troops to help 
keep them awake at the battlefront. Following the 
war, some sportspeople began to use amphetamines. 
Th is problem came to public attention when Danish 
cyclist, Kurt Jensen, died from a heat-related illness 
at the 1960 Rome Olympics. Th e misuse of ampheta-
mines and nicotinic acid contributed signifi cantly to 
his death. A further indication of the amphetamine 
problem was shown by the death, in front of a huge 
television audience, of British cyclist Tommy Simpson 
in the 1967 Tour de France. Th ese deaths and the 
widespread allegations of drug taking at the 1964 
Tokyo Olympics led the IOC to establish a Medical 
Commission in 1967 and to ban the use of pharma-
ceutical agents to enhance performance.

Around the same time, sensitive gas chroma-
tography drug-testing techniques were introduced 
by Arnold Beckett in London. Th e IOC commenced 
drug testing at the 1968 Olympics in Mexico but 
it was not until the 1972 Olympics in Munich that 
full-scale testing was commenced. Seven athletes, 
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including four medalists, had positive test results to 
stimulants or narcotics.

Th e use of anabolic steroids can be traced back 
to 1927 when Fred Koch, an organic chemist at the 
University of Chicago, developed a form of testoster-
one by extracting the hormone from bull’s testicles 
and treating it with benzene and acetone. Th e sub-
stance produced aggressive behavior and masculine 
characteristics in animals. Th e fi rst reported use of 
testosterone in humans came during World War II 
when German storm-troopers used it to enhance 
their aggressiveness.

It was alleged that Soviet athletes used anabolic 
steroids in the 1952 Olympics in Helsinki and these 
allegations were substantiated by one of the Russian 
team physicians two years later at the World Weight-
lift ing Championships in Vienna. Western athletes 
began to use anabolic steroids aft er the release of 
dianabol in 1958. Th e use of anabolic steroids, espe-
cially by power athletes, became widespread in the 
late 1960s and 1970s.

A reliable test method was fi nally developed in 1974 
and the IOC added anabolic steroids to its list of pro-
hibited substances in 1975. Th is resulted in a marked 
increase in the number of drug-related disqualifi ca-
tions in the late 1970s, notably in strength-related 
sports such as throwing events and weightlift ing. 
Since the fall of the Communist regime in the former 
German Democratic Republic, it has become evident 
that athletes from that nation were subjected to a 
systematic doping program.

In 1983, caff eine and testosterone were added to 
the prohibited list. In that year, improved testing 
techniques instituted at the Pan American Games at 
Caracas resulted in a number of weightlift ers being 
disqualifi ed for steroid use. Many athletes, on hear-
ing of the increased sensitivity of the tests, elected 
to return home rather than compete. In 1985, beta-
blockers, diuretics and glucocorticosteroids were 
added to the prohibited list of substances.

At the 1988 Seoul Olympics, the positive test result 
for anabolic steroids on 100 m winner Ben Johnson 
focused world attention on the continuing problem 
of drug abuse in sports and resulted in renewed inter-
national attempts to stamp out the use of performance-
enhancing drugs in sport. In Australia, the Australian 
Sports Drug Agency (ASDA) was established. Th e 
emphasis by this doping control agency is on random 
and out-of-competition drug testing of athletes.

Th e fi rst allegations regarding blood doping were 
made about Finnish distance runners in the 1970s. 
At the 1984 Olympics, members of the US cycling 
team admitted to blood doping, and Finnish distance 

runner Marti Vaino tested positive for anabolic 
steroids, apparently as a result of reinfusing blood 
that had been extracted some time earlier. Th e IOC 
banned blood doping as a method in 1986, but had 
no reliable method for its detection until recently.

With blood doping banned, athletes sought other 
ways of increasing their levels of hemoglobin. One 
method was by injecting erythropoietin (EPO) and this 
was included in the IOC’s list of prohibited substances 
in 1990, even though an EPO detection test, based on 
a combination of blood and urine analysis, was only 
developed in time for the Sydney Olympics in 2000.

In 1998, a large number of prohibited medical 
substances was found in a raid during the Tour de 
France. Th e scandal led to a major reappraisal of the 
role of public authorities in anti-doping aff airs. At that 
time, a number of organizations, many with confl icts 
of interest, were involved in developing policies and 
sanctions. Th e IOC convened the World Conference 
of Doping in Sport in Lausanne, Switzerland in Febru-
ary 1999 and the delegates produced the Lausanne 
Declaration on Doping in Sport.

As a result of this Declaration, the World Anti-
Doping Agency (WADA) was established in Novem-
ber 1999 to promote and coordinate the fi ght against 
doping in sport internationally. WADA was set up 
under the initiative of the IOC with the support and 
participation of intergovernmental organizations, 
governments, public authorities, and other private 
and public bodies fi ghting against doping in sport. 
WADA consists of equal representatives from the 
Olympic Movement and public authorities.

In the past decade there have been reports that 
traditional ‘sports’ drugs (particularly body-building 
agents) have been used in other settings. For example, 
drugs banned in sports have been used in gymnasi-
ums as well as in security and military services. In 
addition, these agents appear to have found a niche 
in the entertainment industry, where physique and 
public image are important.

Why athletes take drugs
Unfortunately, there has been little research into this 
question but there are a number of possible reasons 
why athletes take performance-enhancing drugs:

• knowledge or a belief that their competitors are 
taking drugs

• a determination to do anything possible to attain 
success

• direct or indirect pressure from coaches, parents 
and peers
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• pressure from government and/or authorities 
themselves (e.g. Eastern block countries during 
the 1960s to 1990s)

• lack of access to legal and natural methods 
to enhance performance (e.g. nutrition, 
psychology, recovery)

• community attitudes and expectations regarding 
success and performance

• fi nancial rewards
• infl uence from the media in facilitating these 

expectations and rewards.

It is likely that a combination of the above factors is 
present in most athletes who take drugs.

Prohibited substances
WADA is responsible for producing and maintain-
ing the World Anti-Doping Code containing the 
Prohibited List of Substances, which contains those 
substances and methods that are banned either at 
all times or in competition only. Substances will be 
added to the list if they satisfy any two of the follow-
ing three criteria:

1. the potential for enhanced performance
2. the potential for being detrimental to health
3. they violate the spirit of sport.

Th e list is reviewed annually and an updated list 
commences on 1 January each year. Th e list that 
took eff ect on 1 January 2006 contains fi ve classes of 
substances that are prohibited both in and out of com-
petition, another four classes of substances prohibited 
in competition only, three methods prohibited in and 
out of competition, and two substances prohibited in 
particular sports (see box).

In addition, WADA monitors certain other sub-
stances (in 2006, stimulants and narcotics) to detect 
patterns of misuse; this may lead to these substances 
being added to the Prohibited List in the future.

Athletes may have illnesses or conditions which 
require them to take banned medications. In these 
cases the athlete may apply for a Th erapeutic Use 
Exemption (TUE) from their National Anti-Doping 
Organization of their International Federation to 
obtain authority to use the substance. WADA does 
not grant TUEs but may consider appeals related to 
the granting or denying of a TUE.

A summary of the prohibited classes of drugs, their 
medical usage, eff ect on performance and side-eff ects 
is shown in Table 61.1.

Prohibited classes of 
substances
Anabolic agents

WADA’s list of prohibited substances 
and methods (as at 1 January 2006)

Prohibited classes of substances 
(in and out of competition)
S1. Anabolic agents
S2. Hormones and related substances, mimetics 

and analogs
S3. Beta-2 agonists
S4. Agents with anti-estrogenic activity
S5. Diuretics and other masking agents

Prohibited classes of substances 
(in competition only)
S6. Stimulants
S7. Narcotics
S8. Cannabinoids
S9. Glucocorticosteroids

Prohibited methods 
(in and out of competition)
M1. Enhancement of oxygen transfer
M2. Chemical and physical manipulation
M3. Gene doping

Substances prohibited in 
particular sports
P1. Alcohol
P2. Beta-blockers

S1: Anabolic agents
Anabolic agents are prohibited.
1. Anabolic androgenic steroids (AAS)
 (a)  exogenous AAS: e.g. danazol, 

fl uoxymesterone, gestrinone, 
4-hydroxytestosterone, mesterolone, 
metenolone, methandienone, methyl-
1-testosterone, methylnortestosterone, 
methyltestosterone, nandrolone, 
19-norandrostenedione, 
norethandrolone, oxymesterone, 
stanozolol, tetrahydrogestrinone, and 
other substances with a similar chemical 
structure or similar biological eff ect

continues
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Anabolic androgenic steroids

Androgens are steroid hormones that are secreted 
primarily by the testes but also by the adrenal glands 
and ovaries. Testosterone is the principal androgen 
responsible for the development of the primary sexual 
characteristics in utero and during the neonatal 
period. It is also responsible for the development of 
the pubertal secondary sexual characteristics and it 
contributes to the increase in height and amount of 
skeletal muscle at that time. Testosterone promotes 
aggressive behavior, which is possibly due to direct 
stimulation of brain receptors. It also plays a role in 
sexual orientation.

Anabolic androgenic steroid (AAS) hormones 
are derivatives of testosterone. Th e structure of the 
testosterone molecule can be adjusted to maximize 
either the androgenic or anabolic eff ect. Athletes 
generally abuse those agents that have maximum 
anabolic eff ect while minimizing the androgenic side-
eff ects. A large number of diff erent AAS hormones 
have been synthesized.

Examples of prohibited AASs are shown in the box 
above. Th e exogenous ones are synthetic analogs of 
testosterone and the endogenous ones are naturally 
occurring and are involved in the metabolic pathways 
of testosterone.

Th e clinical uses of anabolic steroids are limited. 
They may be used as hormone replacement for 

primary and secondary hypogonadism, Klinefelter’s 
syndrome and occasionally delayed puberty. Th ey 
have also been used to treat disturbances of nitrogen 
balance and muscular development, and several other 
non-endocrine diseases, including several forms of 
anemia, hereditary angioneurotic edema and breast 
carcinoma. Steroids increase lean body mass in 
patients with chronic obstructive pulmonary disease 
and HIV, and they may have a role in the treatment 
of muscular dystrophy and several dermatological 
diseases.1

Th e use of AASs in certain sports, particularly 
power sports such as weightlift ing, power lift ing,2 
sprinting and throwing, is widespread, as is their 
use by body builders.3 Th e use of AASs in footballers 
varies in the diff erent codes of football. Th ere would 
appear to be a high incidence of use in players of 
American football with a lower incidence in players 
of other football codes.

While the incidence of AAS use is highest in elite 
athletes, there is a disturbingly high incidence among 
recreational and high school athletes.4–7 Th is may 
be related to a desire to increase sporting perform-
ance or to improve body image. In 1987, the fi rst 
US national study of AAS use at a high school level 
found that 6.6% of male seniors had used the drugs; 
38% of those users had commenced before turning 
16 years of age.4 Subsequent studies have confi rmed 
that 4–6% (range 3–12%) of US high school boys 
have used AASs at some time, as have 1–2% of US 
high school girls.

AASs are taken orally or by intramuscular injection. 
More recently, transdermal patches, buccal tablets, 
nasal sprays, gels and creams are being used as the 
delivery mechanisms.8

AASs are usually used in a cyclical manner with 
periods of heavy use, generally lasting six to 12 weeks, 
alternating with drug-free periods lasting from one 
to 12 months. Th e aim of the drug-free periods is to 
reduce the side-eff ects of the drugs; whether this is 
the case remains unknown.

AAS users follow a ‘pyramid’ regimen, which com-
mences with a low daily dose and gradually increases 
to a high dose then back down to a lower dose, and/or 
a ‘stacking’ regimen, in which several diff erent types 
of anabolic steroids, oral and/or injectable, are taken 
simultaneously. Th e purpose behind the ‘stacking’ 
regimen is to achieve receptor saturation with a lower 
total androgen dose than would be required if only one 
compound were used. Users hope that this regimen 
may reduce the incidence of side-eff ects. Commonly, a 
combination known as ‘pyramid stacking’ is used. Th e 
dosages taken by AAS users varies but those wishing 

 (b)  endogenous AAS: e.g. androstenediol, 
androstenedione, dihydrotestosterone, 
prasterone, testosterone and their 
metabolites and isomers

For endogenous substances, a sample will be 
deemed to contain a prohibited substance if the 
concentration so deviates from the range of values 
normally found in humans that it is unlikely to be 
consistent with normal endogenous production.

If the sample is in the normal range but there are 
serious indications of a possible use of a prohibited 
substance, such as comparison to reference steroid 
profi les, further investigation will be carried out.

When a testosterone/epitestosterone (T/E) 
ratio is greater than 4:1, further investigation may 
be conducted

Other anabolic agents: clenbuterol, tibolone, 
zeranol, zilpaterol.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.
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Table 61.1 Prohibited drugs and their eff ects

Type of drug 
(examples) Medical usage Eff ect on performance Side-eff ects

Anabolic steroids

Methandrostenolone, 
stanozolol, nandrolone

Hypogonadism, severe 
osteoporosis, breast 
carcinoma

Increased muscle 
bulk, increased 
muscle strength, 
possibly improving 
anticatabolic eff ect, 
recovery

Acne, baldness, 
gynecomastia, decreased 
sperm production, 
testes size and sex drive, 
increased aggression, 
liver abnormalities, 
hypertension, 
hypercholesterolemia

Hormones and related substances

Erythropoietin (EPO) Anemia secondary to 
chronic renal disease

Increased endurance Increased blood viscosity, 
myocardial infarction

Human growth hormone 
(hGH)

Dwarfi sm, short stature Anecdotal evidence only Allergic reactions, 
diabetogenic eff ect, 
acromegaly

Insulin-like growth factor 
(IGF-1)

Dwarfi sm, diabetes 
mellitus type 2

Anecdotal evidence only Acromegaly, organomegaly, 
hypoglycemia

Insulin Diabetes Anecdotal evidence only Hypoglycemia

Human chorionic 
gonadotrophin (hCG)

Hypogonadism May increase 
endogenous 
production of steroids

Gynecomastia

Adrenocorticotropic 
hormone (ACTH)

Steroid-responsive 
conditions

Euphoria As in corticosteroids

Beta-2 agonists

Salbutamol, terbutaline Asthma, exercise-induced 
bronchospasm

Possible anabolic eff ects Tachycardia, tremor, 
palpitations

Agents with anti-estrogenic activity

Aromatase inhibitors 
(anastrozole, 
aminoglutethamide)

Breast cancer Used to counter 
gynecomastia

Joint aches, stiff ness

Selective estrogen 
receptor modulators 
(SERMS) (tamoxifen)

Breast cancer, 
osteoporosis

Males: used with AAS to 
prevent gynecomastia

Females: muscle bulk 
(anecdotal evidence)

Females: masculinization
Deep venous thrombosis

Clomiphene, cyclofenil Anovulatory infertility Increases gonadotrophin-
releasing hormone 
(GnRH) and 
endogenous 
testosterone 
(anecdotal evidence)

Bloating, stomach pains, 
blurred vision, headaches, 
nausea and dizziness
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Type of drug 
(examples) Medical usage Eff ect on performance Side-eff ects

Diuretics

Frusemide, 
hydrochlorothiazide, 
chlorothiazide

Hypertension, edema, 
congestive cardiac 
failure

Rapid weight loss, 
decreases 
concentration of 
drugs in urine

Electrolyte imbalance, 
dehydration, muscle 
cramps

Stimulants

Amphetamines 
(dexamphetamine, 
dimethylamphetamine)

Narcolepsy, ADHD May delay fatigue, 
increased alertness

Anxiety, insomnia, dizziness, 
euphoria, headache, 
nausea, vomiting, 
confusion, psychosis, 
hypertension, addiction

Ephedra Dietary supplements for 
weight loss

Large doses improve 
cycling performance

Additive eff ect with 
caff eine

Hypertension, arrythmias, 
seizure, cerebrovascular 
accident

Cocaine Nasal anesthetic Increased alertness Impaired hand–eye 
coordination, aggression, 
cardiac and cerebral 
abnormalities

Narcotics

Pethidine, morphine Moderate-to-severe pain No evidence of improved 
performance, may be 
able to compete with 
injury

Nausea, vomiting, dizziness, 
respiratory depression, 
addiction

Cannabinoids

Marijuana, hashish Palliative care, chronic 
pain

Negative eff ect Impaired psychomotor skills, 
altered perception of time, 
impaired concentration

Glucocorticosteroids

Prednisolone Widely used anti-
infl ammatory

Severe asthma

Euphoria
Eff ect on performance 

unknown

Cushingoid symptoms

Enhancement of oxygen 
transfer

Blood doping Nil Improves endurance Transfusion reaction, 
increased blood viscosity

Artifi cial oxygen 
carriers (hemoglobin 
oxygen carriers, 
perfl uorocarbon 
emissions)

Rapid blood volume 
expansion

Following acute blood 
loss

Improved endurance 
(no evidence)

AAS = anabolic androgenic steroids; ADHD = attention defi cit hyperactivity disorder.

Table 61.1 Prohibited drugs and their eff ects continued
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to bulk up frequently use dosages 10–100 times the 
physiological dose.

Diff erent AASs are used at diff erent times of the 
training program depending on the phase of activ-
ity being performed. Certain AASs are regarded by 
their users (e.g. body builders) as more appropriate 
for specifi c aims, such as increased muscle defi nition. 
AAS users may use other drugs (e.g. diuretics, anti-
estrogens, human chorionic gonadotrophin [hCG] 
and anti-acne medications) to counteract the common 
side-eff ects of AAS.

Most AASs are obtained through a black market 
that exists through gymnasiums, health centers 
and increasingly on the Internet (e.g. <http://www.
pharmaeurope.com>, viewed 22 December 2005). 
Information (and misinformation!) is readily avail-
able in pamphlets, niche-market magazines and, of 
course, the Internet.

Testosterone precursors (e.g. dehydroepiandros-
terone [DHEA]) and designer steroids (e.g. tetra-
hydrogestrinone [THG]) have recently received 
considerable publicity (see p. 985).

Eff ect on performance

Anabolic steroids have a threefold eff ect.

1. Anabolic eff ect. Th is is due to the induction of 
protein synthesis in skeletal muscle cells. AASs 
attach to specifi c cytoplasmic receptors in 
muscle cells and this complex then activates the 
nucleus to synthesize ribosomal and messenger 
RNA and initiate the process of protein 
synthesis. Th is anabolic eff ect continues during 
steroid treatment. An additional anabolic eff ect 
may occur indirectly through increased levels 
of endogenous growth hormone associated with 
AAS administration.

2. Anticatabolic eff ect. Th is is mediated in two 
ways. AASs may reverse the catabolic eff ects of 
glucocorticosteroids released at times of training 
stress and they may improve the utilization of 
ingested protein, thereby increasing nitrogen 
retention. Th is eff ect depends on adequate 
protein intake. Athletes in heavy training, 
especially weight training, are in a catabolic 
state. Th is is associated with the release of 
glucocorticosteroids and increased nitrogen 
utilization. When intense training is combined 
with insuffi  cient recovery time or inadequate 
protein intake, a chronic catabolic state may 
develop. Th is can be associated with impaired 
training and competition performance and 
the development of overuse injuries. Anabolic 

steroids may reverse this catabolic state, and 
permit an increased training load.

AAS use appears to increase muscle size 
and muscle strength but only when certain 
conditions are met. For anabolic steroids to be 
eff ective in increasing muscle size and strength, 
the athlete taking the steroids must perform 
intense weight training and have an adequate 
protein intake. If these conditions are met, an 
increase in muscle size and strength will result.

3. Enhancement of aggressive behavior. Increased 
aggression may encourage a greater training 
intensity and may also be advantageous during 
competition in sports such as weightlift ing and 
contact sports. However, there may also be 
negative psychological eff ects, as discussed below.

Th ere is considerable evidence that testosterone 
administration combined with weight training leads 
to an increase in lean body mass and a decrease in 
body fat.9–11 Th is eff ect appears to be dose-related. 
Th e change in muscle mass with testosterone use 
is due to muscle fi ber hypertrophy and increases in 
myonuclear number.12

Studies have demonstrated a 5–20% increase in 
baseline strength, depending on the drugs and dose 
used as well as the administration period.1

While the majority of anabolic steroid use has 
been by athletes in power events, there is anecdotal 
evidence of a positive eff ect of anabolic steroids on 
endurance exercise. Firstly, the anticatabolic eff ect 
may improve recovery from heavy training, thus 
reducing the likelihood of injury and allowing the 
athlete to undertake greater volume and intensity of 
training. Secondly, anabolic steroids have a stimula-
tory eff ect on bone marrow, which may result in an 
increased production of red blood cells, thus improv-
ing the oxygen-carrying capacity of the blood.

Long-term treatment of certain anemias with 
AASs has shown an increase in hemoglobin con-
centrations, but the majority of studies have failed to 
show any improvement in endurance performance 
with AAS.1

Th e above eff ects of anabolic steroids occur in both 
males and females.

Side-eff ects

Side-eff ects of anabolic steroid usage are extremely 
common and can be particularly significant in 
women.

Th e majority of side-eff ects are reversible on ces-
sation of the drug(s). However, a number of serious 
side-eff ects have been reported with anabolic steroid 
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use, in some cases leading to death. Th e mortality rate 
among elite power lift ers suspected of steroid abuse 
was signifi cantly higher (12.9%) than that of a control 
population (3.1%).13 Another study investigating the 
deaths of 34 known users of the drugs concluded 
that AAS use was associated with an increased risk 
of violent death from impulsive, aggressive behavior 
or depressive symptoms.14

An additional health risk associated with the use 
of AASs is that of infection associated with needle 
sharing.1 HIV, hepatitis B and C, and abscesses have 
been documented among anabolic steroid injectors 
who share needles15 and one study found that 25% of 
adolescent AAS users shared needles.15

As yet, the long-term eff ects of prolonged anabolic 
steroid usage are unknown. However, as athletes who 
abuse these compounds oft en administer doses as 
high as 100 times the usual therapeutic dose, there 
must be serious concerns for side-eff ects and toxicity. 
As well as this, a number of violent crimes, including 
domestic violence, which have resulted in death, have 
been attributed to ‘roid rage’. A list of the common and 
less common side-eff ects of anabolic steroid usage is 
shown in Table 61.2.

Toxicity in both sexes

 1. Liver. As many as 80% of individuals using 
those androgens that have a 17-methyl 
substitution on the steroid molecule 
have developed liver disorders, including 
hyperbilirubinemia and elevated liver enzyme 
levels.16 Th ese changes can be reversed with 
cessation of the drug. However, continued 
administration can lead to biliary obstruction 
and jaundice. Th is may take up to three 
months to reverse when steroid use is ceased. 
Th e responsible steroid compounds are 
mainly oral and include stanozolol and 
oxymethalone. Intermittent administration 
of these compounds has been shown to 
lower the incidence of these symptoms. Th e 
carbon-17 esters such as testosterone and 
nandrolone are not associated with these liver 
problems as these substances are administered 
by injection and bypass the liver. Th e use of 
anabolic steroids to treat various medical 
illnesses has been occasionally associated with 
the development of other liver abnormalities, 
such as peliosis hepatis (blood-fi lled cysts in 
the liver),17, 18 as well as benign and malignant 
hepatic tumors.19, 20

2. Tumors. Th ere have been occasional cases of 
tumors reported in athletes using anabolic 

steroids. Th ese include Wilms’ tumor, carcinoma 
of the prostate and leukemia. It is not possible 
to prove a direct relationship between the 
development of these tumors and anabolic 
steroid usage.

3. Lipids. Changes in lipid profi les are commonly 
seen with anabolic steroid usage.21–23 Lowered 
levels of high-density lipoprotein (HDL) 
cholesterol and raised levels of low-density 
lipoprotein (LDL) cholesterol are seen. A 
lowered HDL:LDL ratio is a risk factor for the 
development of coronary heart disease but as yet 

Table 61.2 Side-eff ects of anabolic steroids

Common Less common

Both sexes

Acne
Alopecia
Abnormal liver enzymes
Lowered HDL level
Raised LDL level
Elevated triglyceride level
Hypertension
Reduced humoral 

immunity
Irritability
Aggression
Mood swings
Changes in libido
? Addiction

Peliosis hepatis
Hepatoma/

hepatocarcinoma
Wilms’ tumor
Coronary artery disease
Tendon ruptures
Psychosis
Acute schizophrenia
? Addiction
? Leukemia

Males

Decreased sperm 
production

Decreased testicle size
Decreased FSH, LH
Gynecomastia

? Cancer of the prostrate

Females

Menstrual irregularities Deepening of voice
Male pattern baldness
Hirsuitism
Clitoromegaly
Breast shrinkage

Adolescents

Increased facial/body hair
Acne
Premature closure of 

epiphyses

Phallic enlargement
Male pattern baldness
Deepening of voice
Abnormal psychosocial 

maturation

FSH = follicle stimulating hormone; HDL = high-density 
lipoprotein; LDL = low-density lipoprotein; LH = 
luteinizing hormone.
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there is no convincing evidence of an increased 
incidence of coronary heart disease in anabolic 
steroid users.24 Th ese lipid changes appear to be 
reversed on cessation of the drug(s).25

4. Hypertension.  Raised blood pressure is 
commonly seen in association with anabolic 
steroid usage,23, 26 although the changes are 
not consistent. Th e increase in blood pressure 
also usually reverts to normal on cessation 
of use. Th e elevation in blood pressure may 
be secondary to sodium and water retention. 
Isolated cases of myocardial infarction27, 28 and 
cerebrovascular accident27–29 have been reported 
in association with anabolic steroid use. Th ere 
is serious concern about the possible long-term 
sequelae of anabolic steroid use, in particular, 
the possibility of an increased incidence of 
coronary artery disease in the light of the 
persistent fi ndings of elevated blood pressure, 
decreased HDL levels and increased LDL levels. 
Whether or not these transient eff ects are 
negated by the return to normal values in times 
of steroid abstinence remains to be seen.

5. Immunity. Th ere is evidence that humoral 
immunity is reduced with steroid use. Lowered 
levels of IgG, IgM and IgA have been noted. 
Th e clinical signifi cance of these changes is 
uncertain.

6. Skin. Skin changes are common with anabolic 
steroid usage and are related to excessive 
sebum production.30, 31 Th ese changes include 
acne, rosacea, sebaceous cysts, furunculosis, 
folliculitis and increased body and facial hair. 
Care should be taken with the treatment 
of severe acne with either tetracyclines or 
isotretinoin as these drugs may aggravate 
pre-existent liver damage.

7. Psychological. Mild psychological eff ects, such 
as irritability, mood swings, changes in libido 
and increased aggression, are common with 
anabolic steroid usage.32, 33 AAS use directly 
causes signifi cant disturbances in personality 
profi le.34 Another study showed that AAS users 
reported being signifi cantly less in control of 
their aggression than did controls.35

Violent behavior may occur in susceptible 
individuals and psychiatric abnormalities 
such as acute schizophrenia and transient 
psychoses are not uncommon.36 It would appear 
that anabolic steroids may also become both 
psychologically and physically addictive.37 
Withdrawal may lead to depression, fatigue, 
decreased sex drive, insomnia and anorexia.

Toxicity in males

A reduction in testicular size and sperm volume 
appears to be common with anabolic steroid use due 
to a negative feedback eff ect resulting in decreased 
pituitary production of follicle stimulating hormone 
(FSH) and luteinizing hormone (LH).38 Testicular 
volume is reduced on average by 20%, and sperm 
production is severely reduced and commonly ceases 
altogether. Th e popular usage of human chorionic 
gonadotrophin (hCG) in conjunction with anabolic 
steroids to avoid testicular atrophy does not appear 
to be eff ective, although it has been suggested that 
clomiphene may successfully restore AAS-induced 
pituitary–gonadal dysfunction.39

Th ese side-eff ects appear to be reversible on ces-
sation of anabolic steroids. However, decreased 
sperm production may take three months to return 
to normal.

Ironically, one of the side-effects of anabolic 
steroid usage is feminization. Th is occurs as a result 
of peripheral conversion of AAS to estrogens. Plasma 
estradiol levels rise considerably with anabolic steroid 
usage. Th is feminization manifests itself as gyneco-
mastia (development of breast tissue in males). Body 
builders use tamoxifen to counteract this estrogen eff ect 
and, as a result, increase the androgenic side-eff ects, 
but there is no evidence for its eff ectiveness.40

Toxicity in females

In female athletes, menstrual irregularities frequently 
occur with anabolic steroid use. Other symptoms can 
include deepening of the voice, male pattern bald-
ness, hirsutism, altered libido, uterine atrophy and an 
enlarged clitoris. Th ese changes may be irreversible. 
Anabolic steroids taken in pregnancy can cause fetal 
abnormalities or miscarriage.

Toxicity in adolescents

Anabolic steroid usage during adolescence in both 
sexes is commonly associated with acne, increased 
facial and body hair and premature closing of the 
epiphyseal plates.41, 42 Other changes that may be seen 
during adolescence include phallic enlargement, male 
pattern baldness, deepening of the voice and abnormal 
psychosocial maturation.

Testosterone precursors

It has been suggested that testosterone precursors 
or prohormones such as androstenedione (‘andro’) 
and dehydroepiandrosterone (DHEA) may have 
an ergogenic effect by increasing testosterone 
levels.
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Androstenedione

Androstenedione is a relatively weak steroid available 
in many over–the-counter nutritional supplements. It 
is an immediate precursor to testosterone as well as 
estradiol and estrone. Its anabolic activity is one-fi ft h 
to one-tenth of testosterone. Although some studies 
have shown that androstenedione use will lead to 
increased testosterone levels, there is no evidence 
that it will signifi cantly increase strength or lean 
body mass.8 Adverse eff ects include gynecomastia 
and increased risk of cardiovascular disease second-
ary to increased levels of estrogen, and a signifi cant 
reduction of HDL cholesterol.

Dehydroepiandrosterone (DHEA)

DHEA is also a testosterone precursor and secreted 
by the adrenal gland.43 It has been promoted to 
increase muscle mass and weight loss. Its use was 
publicized by the US baseballer, Mark McGwire, 
who admitted to using DHEA during the season in 
which he set the home run scoring record. DHEA 
does not enhance serum testosterone concentration 
or increase strength.44 Although there is some evi-
dence of a weight loss eff ect in rats, the only human 
study into the eff ectiveness of DHEA in weight loss 
failed to show any benefi t.45 Due to the potential for 
androgenic eff ects, DHEA is not recommended for 
young children and women.8

Tetrahydrogestrinone (THG)

It has been suspected for many years that laboratories 
were working on developing a designer steroid that 
would prove undetectable. THG, a newly developed 
designer steroid, was discovered in 2003 when a track 
and fi eld coach gave the contents of a used syringe to 
drug testing authorities. Th e drug was subsequently 
analyzed and its chemical structure determined. A test 
to detect the presence of THG was developed and 
past urine samples of a number of elite track athletes 
analyzed and found to be positive.46

THG was created with the dual purpose of impart-
ing anabolic steroid eff ects to athletes, and allowing 
those athletes to avoid detection by standard doping 
control drug testing. Th e primary reason THG went 
undetected in urine samples was that it tends to break 
down when prepared for analysis by the standard 
anabolic steroid screen.47 Once it was suspected that 
the steroid was disintegrating during standard testing, 
a more sensitive assay process was used.

THG has been shown to be chemically and phar-
macologically related to the specifi cally listed anabolic 
steroids gestrinone and trenbolone on the WADA 

Prohibited List. In vitro studies have suggested that 
THG may be a potent anabolic agent, although the in 
vivo potency will depend upon the steroid’s circulat-
ing half-life and its binding to sex hormone-binding 
globulin.48

Th e discovery of a previously unknown designer 
steroid raises the concern that other undetectable 
substances are being used. Another designer steroid, 
desoxy-methyl testosterone, has subsequently been 
discovered.

Clenbuterol

Clenbuterol, which is considered both an anabolic 
agent and a beta-2 agonist, has been used as an 
ergogenic aid but there is no scientifi c evidence in 
humans to support the animal studies that showed 
increased lean mass.49 Side-eff ects include tremor and 
tachycardia. Th ere are anecdotal reports of sudden 
death in two body builders.49

Hormones and related substances

S2: Hormones and related 
substances
The following substances, including other sub-
stances with a similar chemical structure or similar 
biological eff ect, and their releasing factors are 
prohibited:
1. Erythropoietin (EPO)
2. Growth hormone (hGH), insulin-like growth 

factors (e.g. IGF-1), mechano growth factors 
(MGFs)

3. Gonadotrophins (LH, hCG), prohibited in 
males only

4. Insulin
5. Corticotrophins

Unless an athlete can demonstrate that the 
abnormal concentration was due to a physi-
ological or pathological condition, a sample will be 
deemed to contain a prohibited substance where 
the concentration of the prohibited substance or 
its metabolites and/or relevant ratios or markers 
in the athlete’s sample so exceeds the range 
of values normally found in humans that it is 
unlikely to be consistent with normal endogenous 
production.

If a laboratory reports, using a reliable analytical 
method, that the prohibited substance is of exog-
enous origin, the sample will be deemed to contain 
a prohibited substance and shall be reported as an 
adverse analytical fi nding.

Brukner-F-56–62.indt   985Brukner-F-56–62.indt   985 5/6/06   11:42:50 AM5/6/06   11:42:50 AM



BRUKNER AND KHAN,  CLINICAL SPOR TS MEDICINE 3E,  McGRAW-HILL PROFESSIONAL986

PART F PRACTICAL SPORTS MEDICINEF

Erythropoietin

EPO is a naturally occurring hormone secreted by the 
kidney. It stimulates the bone marrow and increases 
red blood cell production. Th is leads to an increase in 
red blood cell mass, hemoglobin and hematocrit. Its 
main therapeutic use has been in patients with anemia 
due to conditions such as chronic renal failure, cancer 
chemotherapy or HIV (patients on zidovudine), and 
also for surgical patients to minimize the need for 
blood transfusions.50

Recombinant EPO (rhEPO) became available in the 
late 1980s and was used by some athletes competing 
in endurance sports. Th ere have been incidents in the 
past two decades in which athletes have either admit-
ted taking or tested positive to EPO, particularly in 
cycling and cross-country skiing, the most publicized 
being the 1998 Tour de France where the Festina team 
was caught with huge amounts of EPO.

As EPO causes an increased red cell mass, an extra 
oxygen-carrying capacity is created, which permits 
an increase in energy production by aerobic oxida-
tion of glucose and free fatty acids.51, 52 Th is is the 
most effi  cient means of energy production and limits 
anaerobic production, which is ineffi  cient and leads 
to fatigue. Aerobic oxidation is the most important 
energy source for endurance athletes. EPO provides 
the benefi ts of blood doping without the risk of blood 
transfusion.

EPO has been shown to increase hemoglobin levels 
by 11%53 and improve Vo2max (7%)54 and exercise toler-
ance (17% increased time for run to exhaustion).55

Th e main side-eff ect of EPO is hyperviscosity of 
the blood due to a raised hematocrit. Th is raises the 
risk of myocardial infarction and cerebrovascular 
accident, the risk being increased with dehydrating 
endurance exercise. Th e unexplained death of 18 
otherwise healthy cyclists between 1997 and 2000 has 

been linked to EPO, but there is no concrete evidence 
to support this theory.50

Less serious side-eff ects of EPO use include fever, 
nausea, headache, anxiety and lethargy. Seizures have 
been reported in 2–3% of patients in the fi rst 90 days 
of therapy.50

Some sports have introduced safety cut-off s for 
hematocrit levels (e.g. 50%) as an indirect means of 
restricting the use of EPO.56 Th is is unsatisfactory due 
to the wide variations in ‘normal’ hematocrit levels 
and the number of factors that can aff ect the value.57 
Athletes may then manipulate their drug intake to 
ensure that they are just below the allowed limit.

Recently it has become possible to detect the use of 
EPO by athletes. Testing for EPO was introduced at 
the 2000 Sydney Olympics and involved a combina-
tion of blood and urine tests.58

Two cross-country skiers were stripped of their 
medals at the 2002 Winter Olympic Games in Salt 
Lake City aft er testing positive for darbepoetin, a new 
recombinant version of EPO.

Human growth hormone

Human growth hormone (hGH) is a polypeptide 
hormone produced by the anterior pituitary. It is also 
called somatotrophic hormone and somatotrophin. It 
is essential for normal growth and development.

Growth hormone exerts its eff ect on all cells in the 
body. It is anabolic in nature and causes an increased 
rate of protein synthesis and concurrent reduction 
in protein catabolism. It produces mobilization 
and increased use of fatty acids for energy and thus 
increases lean tissue mass and decreases fat mass. 
It causes a decreased rate of glucose utilization. 
Growth hormone also produces accelerated growth. 
In the skeletally immature, stature is increased and 
prolonged treatment results in gigantism. When the 
epiphyses are closed, linear growth ceases and hGH 
produces acromegaly.

Another important action of hGH is the stimula-
tion of the insulin-like growth factor-1 (IGF-1) in the 
liver, which synergizes with hGH to produce many 
of its eff ects. Exercise stimulates the production of 
hGH fi ve- to tenfold, whereas starvation decreases 
its production.59

hGH is species specifi c and bovine and porcine 
hormones have no eff ect in humans. Since 1985 
recombinant hGH has been produced. Prior to 
this hGH was derived from cadavers and this led 
to several cases of Creutzfeldt–Jakob disease in the 
recipients.

Th e medical use of hGH is limited to the treatment 
of ‘dwarfi sm’ and replacement therapy in growth-

The presence of other substances with a similar 
chemical structure or similar biological effect, 
diagnostic marker or releasing factors of a hormone 
listed above or of any other fi nding which indicates 
that the substance detected is of exogenous origin, 
will be deemed to refl ect the use of a prohibited 
substance and shall be reported as an adverse 
analytical fi nding.

Source: WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.
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defi cient children. It may have a role for children 
with Turner’s syndrome and for people with chronic 
renal insuffi  ciency. It is only available in the inject-
able form.

Athletes use hGH because of its alleged anabolic 
eff ects, that is, increased muscle mass and decreased 
fat mass.60 A number of scientifi c studies have not 
shown a link between hGH use and increased muscle 
strength or improved exercise performance61, 62 and 
therefore some scientists are adamant that there is 
absolutely no anabolic eff ect from hGH.63 However, 
these studies include very small sample sizes and use 
doses of hGH which are probably considerably less 
than those used by athletes; no studies have evaluated 
the use of a combination of hGH and AAS, a com-
mon practise among athletes. Further studies must be 
done before we can fi nally determine whether hGH 
has an anabolic eff ect.

Adverse reactions are well documented and 
include gigantism in the younger athlete, acromegaly 
in the adult athlete, hypothyroidism, hyperchole-
sterolemia, ischemic heart disease, congestive car-
diac failure, cardiomyopathy, myopathies, arthritis, 
diabetes mellitus, impotence, osteoporosis, men-
strual irregularities and Creutzfeldt–Jakob dis-
ease. Although recombinant hGH has no risk of 
Creutzfeldt–Jakob disease, ‘black market’ sources 
of hGH are oft en derived from cadavers.

In 1996 the IOC launched a program called Human 
Growth Hormone 2000 (HGH 2000) with the aim 
of developing a reliable screening test to detect 
exogenous hGH by the time of the Sydney Olympic 
Games in 2000. Despite considerable funding, the 
diffi  culties proved insurmountable and the test was 
not ready by the Sydney Games. Th ere were a number 
of reasons for the diffi  culty. Firstly, hGH is a naturally 
occurring hormone, with varying levels between 
individuals of diff erent ages, sexes and activity levels. 
Secondly, hGH release is stimulated by exercise and 
varies in concentration throughout the day in each 
individual, and thirdly, no reliable marker for hGH 
level is excreted in the urine, therefore a blood test 
must be used.59 Since 2000 further progress has been 
made and it is now possible to perform a blood test 
to detect the presence of hGH.

Insulin-like growth factors

Growth hormone eff ects on the growth of bones and 
cartilage and on protein metabolism are brought 
about indirectly by stimulation of the liver and other 
tissue to release somatomedins (growth factors). Th e 
principal somatomedin is insulin-like growth factor 
(IGF-1/somatomedin C). IGF-1 results in an increase 

in glucose and amino acid uptake and inhibits apop-
tosis (programmed cell death). It enhances lipolysis 
indirectly by insulin suppression and it may be linked 
to carcinogenesis (increased IGF-1 receptors have 
been found in tumors of the lung, breast and Wilms’ 
tumor of the kidney).

Clinical applications are limited but include some 
types of dwarfi sm and growth problems in children, 
and in people with diabetes mellitus type 2, and it 
may have a role in kidney disease, catabolic states, 
osteoporosis, atherosclerosis and osteoarthritis.

IGF-1 is used by athletes with the aim of increas-
ing muscle mass, but studies have failed to show 
any increase. In addition, supplementation of IGF-1 
appears to be associated with moderate-to-severe 
hypoglycemia, decreased growth hormone secretion, 
a shift  from lipid to carbohydrate oxidation for energy, 
and a general disruption of the insulin/glucagon 
system.64 Th ere is some evidence that it is the IGF 
binding protein-3 that is more closely related to 
overall growth than IGF-1 itself.65 Th ere is also some 
disturbing evidence to suggest that IGF-1 is mitogenic. 
Elevated IGF-1 levels have been linked to prostate, 
colorectal and lung cancers.66

Human chorionic gonadotrophin

hCG is produced by the placenta and is a glycoprotein 
hormone produced in large amounts during preg-
nancy and also by certain types of tumors. It has a very 
similar structure to LH and has the same biological 
activity except that it has a much longer half-life. hCG 
mainly stimulates sex steroid hormone biosynthesis in 
the gonads. Th us, in the female, hCG can substitute 
for the ovulatory surge of LH and ovulation and also 
maintain the corpus luteum for the production of 
progesterone, mainly in pregnancy. In the male, hCG 
can replace LH in stimulation of the interstitial cells 
within the testes to produce testosterone.

Th e therapeutic uses of hCG are limited. It can be 
used to stimulate ovulation in females and has been 
used to induce puberty in adolescent males who have 
delayed sexual development. It is mainly abused by 
male athletes as it increases the endogenous produc-
tion of both testosterone and epitestosterone without 
increasing the urinary testosterone-to-epitestosterone 
ratio above the normal levels. Its other main use 
is to attempt to maintain testicular volume in the 
male athlete using anabolic steroids, which leads to 
inhibition of pituitary LH and FSH secretion and 
consequently loss of testicular volume. However, as 
it is FSH that maintains testicular volume, using hCG 
is unlikely to be eff ective. In the female athlete it is 
unlikely to give any benefi t.
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Th e main side-eff ect of hCG is gynecomastia, prob-
ably from raised estrogen secretion from the testes. 
Th e drug combination of hCG and anabolic steroids 
causes headaches, depression and edema.

hCG and LH were prohibited in all athletes but 
following problems with elevated hCG levels in 
females who were either currently pregnant or had 
recently miscarried, since 2006 they are prohibited 
in male athletes only. An elevated level of hCG in the 
male is a doping off ence unless it can be shown to be 
due to a physiological or (very rarely) a pathological 
condition such as a tumor.

Insulin

Insulin is a small hormone produced in the pancreas 
whose main role is in carbohydrate metabolism. 
Insulin is anabolic in nature causing cell growth, 
increasing both glucose and amino acid uptake by 
cells and increased protein synthesis. It also decreases 
protein catabolism. Insulin also increases lipogenesis 
by promoting fatty acid synthesis and storage in 
adipose tissue. Th e main clinical use for insulin is for 
treating people with diabetes mellitus type 1.

Athletic use of insulin is mainly found in the power 
sports—weightlifting and body building. In one 
report, as many as 25% of AAS users concurrently 
use insulin.67 Th e method of insulin abuse appears 
to be relatively simple and spread by word of mouth. 
Most users inject 10 IU of regular insulin aft er exer-
cise and then consume sugar-containing foods and 
drinks. As insulin has a half-life of 4 minutes in the 
human body, it vanishes rapidly and would be very 
diffi  cult to detect. Even when detected it is impossible 
to distinguish from the athlete’s own insulin.

Th e anabolic properties of insulin used in the 
hypoinsulinemic state (diabetic) are well recognized, 
however, the concept of a hyperinsulinemia-induced 
anabolic state is much less well supported.68 Physio-
logical hyperinsulinemia reportedly stimulates amino 
acid transport in human skeletal muscle. Although 
insulin inhibits protein breakdown, stimulation of 
bulk protein synthesis during hyperinsulinemia is 
observed only when concomitant hyper aminoacidemia 
occurs.69

Th e use of insulin in this situation is potentially 
very dangerous. Unrecognized hypoglycemic attacks 
can cause permanent neurological defi cit and even 
death.68

Corticotrophins

Adrenocorticotropic hormone (ACTH) is also known 
as corticotrophin or adrenocorticotrophin and is 
secreted by the anterior pituitary gland. Its main eff ect 

is on the adrenal cortex. Th ree major steroid hormones 
are produced in the adrenal cortex. Th ese are:

1. aldosterone (mineral corticoid)
2. cortisol (glucocorticoid eff ect)
3. DHEA (androgenic eff ect) (see p. 985).

ACTH stimulates secretory activity in those cells 
that produce cortisol and androgens. It is abused in 
order to increase the secretion of the adrenal andro-
gens, which are moderately active male sex hormones. 
Th ese are converted to testosterone in extra-adrenal 
tissues, which accounts for much of their androgenic 
activity. ACTH abuse also increases cortisol levels and 
this in turn stimulates gluconeogenesis, which raises 
blood glucose levels. Th is is achieved by mobilization 
of amino acids, mainly from muscle for conversion 
to glucose in the liver and also by decreasing glucose 
utilization by the cells. Th us, the ergogenic eff ect of 
ACTH is negligible as its catabolic eff ects cancel out 
its anabolic eff ects. In fact, ACTH has no ergogenic 
benefi t and is detrimental to performance. It is because 
of a belief in increased performance within the athletic 
community that it is placed on the Prohibited List.

Beta-2 agonists

S3: Beta-2 agonists
All beta-2 agonists including their D- and L-isomers 
are prohibited.

As an exception, formoterol, salbutamol, terbuta-
line and salmeterol when administered by inhalation 
require an abbreviated TUE (ATUE). Despite the grant-
ing of any form of TUE a concentration of salbutamol 
greater than 1000 ng/mL will be considered an 
adverse analytical fi nding unless the athlete proves 
that the abnormal result was the consequence of the 
therapeutic use of inhaled salbutamol.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Beta-2 agonists are used widely, mainly in their aero-
sol forms, in the treatment of asthma. When given 
systemically by tablet or injection, beta-2 agonists 
may have anabolic eff ects and their use is therefore 
prohibited. Th ey are not permitted to be given by the 
oral or intravenous route.

Side-eff ects include:

• nervousness
• tremor
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• tachycardia
• palpitation
• headache
• nausea
• vomiting
• sweating.

Th e side-eff ects are minimized when the drugs 
are given by inhalation. An abbreviated Th erapeutic 
Use Exemption (ATUE) is required for the use of the 
four permitted inhaled beta-2 agonists (formoterol, 
salbutamol, terbutaline and salmeterol). Confi rma-
tion of the diagnosis of asthma or exercise-induced 
asthma may be required (Chapter 46).

Agents with anti-estrogenic activity

Tamoxifen has a number of harmful eff ects in 
females. It has been shown to increase the risk of 
venous thromboembolic events. As it is related to 
diethylstilbestrol (DES), women who became pregnant 
while taking the drug may be at increased risk of giving 
birth to a child with congenital defects.

Diuretics and other masking agents

S4: Agents with anti-estrogenic 
activity
The following classes of anti-estrogenic substances 
are prohibited.
1. Aromatase inhibitors including, but not limited 

to, anostrozole, letrozole, aminoglutethimide, 
exemestane, formestane, testolactone.

2. Selective estrogen receptor modulators 
(SERMS) including, but not limited to, 
raloxifene, tamoxifen, toremifene.

3. Other anti-estrogenic substances, including, 
but not limited to, clomiphene, cyclofenil, 
fulvestrant.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Aromatase inhibitors lower the amount of estrogen 
in the body, whereas drugs such as the selective 
estrogen receptor modulators (SERMs) block the 
estrogen receptors.

Th e anti-estrogen drugs such as tamoxifen and 
clomiphene are used by both male and female ath-
letes for diff erent reasons. Male athletes primarily 
use tamoxifen in conjunction with AASs to prevent 
the development of gynecomastia. Tamoxifen also 
increases testosterone levels in males and is advertised 
as a body fat reducer.

In females, there is evidence that tamoxifen is used 
as an ergogenic agent, particularly by body builders.70 
By blocking the estrogen receptors in a woman’s body, 
tamoxifen leaves testosterone unopposed. Th is could 
lead to masculinization.

S5: Diuretics and other masking 
agents
Masking agents include but are not limited to:
• diuretics
• epitestosterone
• probenecid
• alpha-reductase inhibitors (e.g. fi nasteride, 

dutasteride)
• plasma expanders (e.g. albumin, dextran, 

hydroxyethyl starch)
Diuretics include: acetazolamide, amiloride, 

bumetanide, canrenone, chlorthalidone, ethacrynic 
acid, frusemide, indapamide, metolazone, spirono-
lactone, thiazides (e.g. bendrofl umethiazide, chlo-
rothiazide, hydrochlorothiazide), triamterene and 
related substances.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Clinically, diuretics are used in the treatment of 
hypertension, fl uid retention and congestive cardiac 
failure. Side-eff ects from their use include dehydra-
tion, hypotension, muscle cramps and electrolyte 
disturbances. Athletes use diuretics in order to lose 
weight rapidly prior to competition in sports where 
weight limits are set. Th ese sports include boxing, 
wrestling, weightlift ing, judo, light-weight rowing; 
they are also used by jockeys.

Th e use of diuretics may be combined with other 
dehydration techniques such as use of a sauna, exercise 
in hot conditions and food and water restrictions. 
Th ese practises may result in rapid dehydration and 
electrolyte imbalances, which may be harmful to the 
athlete, particularly if practiced on a regular basis. 
Diuretics are also used to aid the excretion or dilute 
the presence of illegal substances in the urine.

Epitestosterone is taken by athletes who are also 
taking testosterone or AASs in an attempt to normalize 
their testosterone/epitestosterone (T/E) ratio, where 
an abnormally high ratio is used as an indication of 
illegal drug use (see above). Probenecid is a drug 
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used clinically to increase the uptake of penicillin 
administered intramuscularly. It is used by athletes to 
accelerate the excretion of prohibited substances.

Finasteride is used clinically in the treatment of 
symptomatic benign prostatic hypertrophy and male 
pattern baldness. As male pattern baldness is one 
of the side-eff ects of the use of testosterone and its 
related substances, fi nasteride may be used to reduce 
that side-eff ect.

Plasma volume expanders such as hydroxyethyl 
starch (HES) dilute the concentration of hemoglobin 
and erythrocytes. A number of Finnish cross-country 
skiers were found to be using HES at the 2001 World 
Championships and subsequently disqualifi ed.

Stimulants

Th e stimulants are a broad group of substances and 
include central nervous system stimulants, sympatho-
mimetic agents and cocaine. Until 2004 all stimulants 
were on the Prohibited List. In 2004 bupropion, 
caff eine, phenylephrine, phenylpropanolamine, pipa-
drol, pseudoephedrine and synephrine were removed 
from the Prohibited List and placed on the Monitor-
ing Program. Th e major stimulants remaining on the 
banned list are the amphetamines, cocaine, ephedrine 
and modafi nil.

Amphetamines

Amphetamines were fi rst used clinically in the 1930s 
for their stimulatory eff ects in the treatment of nar-
colepsy. Th eir clinical use nowadays is restricted to the 
treatment of narcolepsy and childhood hyper active 
syndromes such as attention defi cit hyperactivity 
disorder (ADHD).71 Th ey have been widely used 
in sport to delay fatigue and increase alertness, 
although their use appears to have diminished in 
recent years, possibly due to adverse publicity regard-
ing side-eff ects. Th ere is some evidence that the use of 
amphetamines may enhance speed, power, endurance 
and concentration.

Th e ‘benefi ts’ of amphetamine use must be weighed 
against the adverse eff ects. Acute behavioral side-
eff ects are common with the use of amphetamines. 
Th ese include central nervous system excitation as 
demonstrated by irritability, insomnia, restlessness, 
dizziness or a tremor. Occasionally, more severe eff ects 
such as confusion, paranoia, delirium and uncon-
trolled aggression may occur. Systemic side-eff ects 
include hypertension, angina, vomiting, abdominal 
pain and occasional cerebral hemorrhage. Some 
deaths of sportspeople have resulted, even when 
‘normal’ doses of amphetamines have been used, 
when undertaking maximal physical activity. Chronic 
use of amphetamines is associated with central nerv-
ous system related symptoms such as uncontrolled 
involuntary movements. Amphetamines are addictive 
and withdrawal is associated with fatigue, lethargy 
and depression.

Th ere has been considerable controversy over the 
granting of TUEs for amphetamines on the basis 
of required treatment for ADHD. Th e granting of 
TUEs in ADHD is mostly confi ned to children. Th e 
previous requirements involved requiring children to 
cease their ADHD treatment on weekends or other 
occasions to allow them to compete but this was con-
sidered unreasonable aft er expert advice deemed it to 
have negative eff ects on symptom control. Currently, 
the granting of TUEs for children with ADHD is well 
documented and accepted.

S6: Stimulants
The following stimulants are prohibited in competi-
tion: adrafi nil, adrenalin (epinephrine),(a) amfepra-
mone, amiphenazole, amphetamine, amphetaminil, 
benzphetamine, bromantan, carphedon, cathine,(b) 
clobenzorex, cocaine, cropopamide, crotetamide, 
cyclazodone, dimethylamphetamine, ephedrine,(c) 
etamivan, etilamphetamine, etilefrine, fampro-
fazone, fenbutrazate, fencamfamine, fencamine, 
fenetylline, fenfl uramine, fenproporex, furfenorex, 
heptaminol, isometheptene, levmethamfetamine, 
meclofenoxate, mephentermine, mesocarb, 
methamphetamine(D-), methylenedioxyam-
phetamine, methylenedioxymethamphetamine, 
p-methylamphetamine, methylephedrine, meth-
ylphenidate, modafi nil, nikethamide, norfenaf-
rine, norfl enfl uramine, octopamine, ortetamine, 
oxilofrine, parahydroxyamphetamine, pemoline, 
pentetrazol, phendimetrazine, phenmetrazine, 
phenpromethamine, phentermine, prolintane, 
propylhexedrine, selegiline, sibutramine, strychnine 
and other substances with a similar chemical 
structure or similar biological eff ects.

(a) Adrenalin (epinephrine) associated with local 
anesthetic agents or by local administration (e.g. nasal, 
ophthalmological) is not prohibited.
(b) Cathine is prohibited when its concentration in 
urine is greater than 5 μg/mL.
(c) Each of ephedrine and methylephedrine is pro-
hibited when its concentration in urine is greater 
than 10 μg/mL.
Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.
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Th e use of stimulants in the treatment of adult-
onset ADHD remains controversial primarily because 
recognition of the clinical entity itself is relatively 
recent. It appears that with the release of a new non-
stimulating medication (e.g. atoxematine) for adult 
ADHD the problem of no alternative treatment may 
be solved.

Ephedra

Ephedra is a shrub that grows mainly in desert or arid 
regions and is native to Northern China and Inner 
Mongolia. Diff erent species vary in the amount of 
ephedrine alkaloids, the content of which produces 
the pharmacological eff ects of ephedra. Th e most 
common alkaloid is ephedrine, which generally 
constitutes 40–90% of the alkaloid content. Th is is 
the major ephedra alkaloid found in over-the-counter 
supplements. Pseudoephedrine is the next most 
common alkaloid and is less potent. It is produced 
synthetically and is used in many over-the-counter 
and prescription medications as a nasal decongestant. 
Norephedrine and norpseudoephedrine are minor 
alkaloid components.

Th e main use of ephedra, especially in the United 
States, is in dietary supplements. A review of case 
reports showed that 60% of users of ephedra-
containing supplements were women and that the 
major reasons for its use were weight loss (59%), 
improved athletic performance (16%), and increased 
energy (6%).72 Th ere is some physiological basis for 
the use of ephedra as a weight loss medication and 
some data showing a modest increase in weight loss, 
although only over a six month period.73

The performance-enhancing effects of ephe-
drine and pseudoephedrine have been extensively 
studied. Normal dosages of both substances do not 
appear to enhance performance.74 Large doses of 
pseudoephedrine enhance cycling performance, 
and the combination of ephedrine and caff eine has 
been shown to enhance performance75 and carry 
the most risk.

Following an increasing number of reports of 
adverse events, including hypertension, arrhythmias, 
myocardial infarction, seizure, cerebrovascular acci-
dents and death, the US Food and Drug Administra-
tion made it illegal for manufacturers to sell dietary 
supplements containing ephedrine.

Similarly, phenylpropanolamine, another com-
monly used dietary supplement, was voluntarily 
withdrawn from the market aft er its use was found 
to be an independent risk factor for hemorrhagic 
stroke in females.

Cocaine

Cocaine is more a community drug problem rather 
than a drug for performance enhancement. It emerged 
in the 1960s to become a major health problem. 
Recently, the introduction of ‘crack’, a purer form 
of cocaine, has increased the risks associated with 
its use.

Cocaine has a minimal performance-enhancing 
eff ect because of the brief duration of its action. 
Decreased fatigue has been noticed and cocaine use 
causes increased activity and talkativeness. Th e main 
feeling produced by cocaine is one of euphoria and a 
sense of wellbeing. Th e mood elevation appears similar 
to that produced by amphetamines but is far more 
transient. Th e feeling of euphoria is usually followed 
soon aft er by a feeling of dysphoria and craving. Th is 
may be overcome by another dose of cocaine. Tachy-
phylaxis occurs following repeated use.

Th e positive eff ects on athletic performance are 
minimal and may be associated with heightened 
arousal and increased alertness with low doses. 
Detrimental eff ects on performance are reported 
more frequently and include impaired hand–eye 
coordination, distorted sense of time and inappro-
priate aggression.

The side-effects of cocaine are numerous and 
include:

• serious cardiovascular problems, such as 
myocardial infarction, cardiac arrhythmia

• cerebral hemorrhage
• convulsions
• similar behavioral changes to amphetamine 

users.

Th e normal clinical use of cocaine is restricted to 
its use as a topical anesthetic agent in eye and nose 
surgery but it cannot be used in sport as a topical 
anesthetic. Its use is illegal in most countries and 
possession of cocaine can carry heavy penalties.

Modafi nil

In the 2003 World Track and Field Championships 
Kelli White was disqualifi ed aft er her victories in the 
100 m and 200 m sprints when she tested positive for 
the presence of modafi nil, which she claimed she was 
taking for the treatment of narcolepsy. At the time 
modafi nil was not specifi cally listed on the Prohibited 
List, but the International Association of Athletics 
Federations (IAAF) considered that modafi nil fell 
under the category ‘and related substances’ for stimu-
lants and recommended that she be stripped of her 
medals. Modafi nil is not a classic psychostimulant 
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and it is not clear if it is a performance-enhancing 
agent.76 Th ose who are prescribed modafi nil in the 
treatment of narcolepsy should apply for a TUE, which 
requires the diagnosis of narcolepsy to be confi rmed 
by one of the accepted methods (e.g. sleep studies in 
an accredited institution).

Narcotics

Cannabinoids

S7: Narcotics
The following narcotics are prohibited in com-
petition: buprenorphine, dextromoramide, 
diamorphine (heroin), fentanyl and its deriva-
tives, hydromorphone, methadone, morphine, 
oxycodone, oxymorphone, pentazocine, pethidine 
and related substances.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Narcotics are derivatives of the opium poppy and 
include morphine, pethidine and diamorphine 
(heroin). Th ey are commonly used in the manage-
ment of moderate-to-severe pain.

As well as their analgesic eff ect, narcotics may 
cause:

• mood disturbances
• drowsiness
• mental clouding
• constipation
• nausea
• vomiting.

In high doses they may cause:

• respiratory depression
• hypotension
• muscle rigidity
• addiction
• signifi cant withdrawal eff ects.

Narcotics have no ergogenic eff ect but have the 
potential to mask pain and permit athletes to compete 
with musculoskeletal injuries. For this reason, they are 
included on the list of prohibited substances.

Codeine, dextromethorphan, dextropropoxy-
phene, dihydrocodeine, diphenoxylate, ethylmor-
phine, pholcodine, propoxyphene and tramadol 
are permitted.

S8: Cannabinoids
Cannabinoids (e.g. marijuana, hashish) are prohib-
ited in competition.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Th e products of the cannabis plant such as marijuana, 
hashish, hash oil, sensemilla and others are considered 
to be the most popular illicit drug in the world. Th e 
most important compound contained in the plant 
is the cannabinoids, in which the substance delta-9-
tetrahydrocannabinol (THC) is the most signifi cant 
compound due to its psychoactive properties. Th e 
rate of absorption of THC by the lungs is very high. 
Maximal blood concentrations are obtained aft er 
3–8 minutes, the onset of action on the central nerv-
ous system is observed in approximately 20 minutes 
and the peak eff ect in 2–4 hours. Duration of action 
for psychoactive eff ects is 4–6 hours.

For occasional users cannabinoid metabolites can 
be detected in urine up to fi ve to seven days aft er the 
exposure. In chronic users it may be detected as long 
as 30 days aft er the last exposure.

From 1989 cannabis has been included on the list 
of drugs subject to certain restrictions. A concen-
tration in the urine of carboxy-THC greater than 
15 ng/mL has been used to allow for the possible 
eff ect of passive smoking. In the 1998 Nagano Winter 
Olympics, snowboarder Ross Rebagliati tested positive 
for cannabinoids, was suspended and subsequently 
reinstated.

Cannabinoids have a negative eff ect on sports per-
formance through impairment of psychomotor skills, 
altered perception of time and impaired concentra-
tion. Th ey may also have a negative eff ect on exercise 
performance.77 Th e well-recognized ‘amotivational’ 
syndrome associated with long-term marijuana use 
may be particularly damaging to a sporting career.

Glucocorticosteroids

S9: Glucocorticosteroids
All glucocorticosteroids are prohibited in com-
petition when administered orally, rectally or by 
intravenous or intramuscular injection. Their use 
requires a TUE.

continues
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Glucocorticosteroids are used widely in medicine for 
their anti-infl ammatory eff ect. Oral glucocorticoster-
oids are prohibited because of their potential ergogenic 
eff ect. Some studies have shown that large doses of 
intravenous glucocorticosteroids increase cardiac out-
put. Th ere has been some speculation that large doses 
of oral glucocorticosteroids may also increase cardiac 
output but the evidence is inconclusive. However, it 
is known that large doses of oral glucocorticosteroids 
can cause mood elevation, euphoria, restlessness and 
increased motor activity. Some athletes have been 
suspected of taking large doses of glucocorticoids in 
an eff ort to enhance performance. Th is is concern-
ing, not only because of the potential ergogenic eff ect 
but also because of the serious side-eff ects related to 
corticosteroid use.

Prohibited methods
Enhancement of oxygen transfer

Blood doping

Blood doping is the administration of blood or red 
blood cells to an athlete to increase the red blood 
cell mass. Th is may be autologous (infusion with the 
athlete’s own blood) or homologous (infusion with 
appropriately cross-matched donated blood).

Th e usual method of blood doping is to withdraw 
two units of an athlete’s own blood four to six weeks 
prior to competition. Th is allows time for the red blood 
cell count to return to normal prior to reinfusing the 
blood a day or two before competition. Th e aim of 
this procedure is to increase the red blood cell mass 
and therefore increase the oxygen-carrying capacity 
of the blood. Improved endurance may occur as a 
result of blood doping.78, 79

Blood doping has been prohibited since 1984 but 
its use dropped dramatically when recombinant EPO 
became available in 1987.80 Recently with the advent 
of testing for EPO blood doping has again become 
popular. Only recently has a reliable method been 
developed for its detection. Th e American cyclist 
Tyler Hamilton was one of the fi rst athletes to be 
found guilty of blood doping in 2004.

Side-eff ects do occur with blood doping as they 
do with any transfusion, especially if donated blood 
is used. Allergic reactions may occur and there is 
an increased risk of blood-borne diseases such as 
hepatitis B and C and HIV. In addition, blood doping 
has been reported to increase the blood viscosity 
signifi cantly and this may lead to some serious health 
risks due to sludging of blood, particularly in the 
cerebral circulation.

Th e production of recombinant EPO led to the 
practise of blood doping being abandoned by ath-
letes, however, since the advent of a reliable blood 
test for the detection of EPO, blood doping has again 
become popular.

Artifi cial oxygen carriers

Artifi cial oxygen carriers or ‘blood substitutes’ are 
being developed to serve as a temporary replacement 
for transfused red blood cells in the prevention of 
ischemic tissue damage and hypovolemic shock. Two 
main types are available: hemoglobin oxygen carriers 
(HBOCs) and perfl uorocarbons (PFCs).

Hemoglobin oxygen carriers

HBOCs have been developed as hemoglobin substi-
tutes in recent years for use when a rapid expansion of 
blood volume is needed in acute blood loss following 

Topical preparations when used for dermato-
logical, aural/otic, nasal, buccal cavity and ophthal-
mological disorders are not prohibited and do not 
require any form of TUE.

Other routes of administration (e.g. inhalation) 
require an abbreviated TUE (ATUE).

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

M1: Enhancement of oxygen 
transfer
The following are prohibited:
1. Blood doping, including the use of 

autologous, homologous or heterologous 
blood or red blood cell products of any 
origin.

2. Artifi cially enhancing the uptake, transport 
or delivery of oxygen, including but not 
limited to perfl uorochemicals, efaproxiral 
(RSR13) and modifi ed hemoglobin products 
(e.g. hemoglobin-based blood substitutes, 
microencaspsulated hemoglobin products).

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.
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severe injury, surgery, or severe hemolytic anemia 
when human blood is unavailable, time necessary to 
undertake a proper cross-match is short, or the risk 
of blood infection is high.81

As the free hemoglobin molecule is inherently 
unstable, biochemical modifications have been 
made to the molecule. Th ree principle approaches 
have been used to stabilize and modify tetramic 
hemoglobin: polymerization using polyaldehydes, 
conjugation of polymers to the surface of the hemo-
globin, or cross-linking the alpha- and beta-dimers 
of the protein.82

Hemoglobin is available from three different 
sources: bovine blood, human blood and genetic 
engineering. Bovine blood is cross-linked by glutar-
aldehyde, thus preventing the breakdown of hemo-
globin. It can readily release oxygen into the tissues 
and is relatively inexpensive. One study of its eff ect on 
exercise performance, although signifi cantly fl awed, 
showed increased oxygen uptake and lowered lactate 
levels compared to autologous transfusion.83

HBOCs have several advantages. Th ey can be 
pasteurized and ultrafi ltered and so are safe from 
infection, they are readily available and easy to store 
with a long shelf life of up to 2 years, all blood types 
are compatible, and they have only one-third the 
viscosity of blood.81 Th e main disadvantage is that 
they only last 12–48 hours in the body, compared 
with 120 days for blood cells. Th ere is some evidence 
of high pulmonary and peripheral blood pressure 
associated with their use.82

Th ere have been rumors of their use in sport but 
no defi nitive evidence.

Perfl uorocarbon emulsions

PFCs, a group of synthetic compounds similar to 
tefl on, are hydrocarbons to which fl uorine atoms have 
been added. Th ey are extremely inert, inexpensive to 
produce, and are made up in a sponge-like emulsion 
containing very small particles, 0.2 μm in diameter, 
which can deliver oxygen to the tissues through very 
small blood vessels. Th ey are capable of physically 
dissolving large amounts of oxygen in plasma.81

Unlike hemoglobin, PFCs do not bind oxygen. 
Th e amount of oxygen that can be carried in solu-
tion is directly proportional to the gas partial pres-
sure. A high partial pressure gradient is required to 
dissolve a large quantity of oxygen in the PFCs, and 
such gradients are also necessary between PFC and 
tissue in order to achieve a biologically useful degree 
of oxygen unloading. Th is precludes their use where 
supplemental oxygen is not available.82

Th e fi rst generation PFCs (e.g. Fluosol-DA) proved 
unsatisfactory, but the second generation products 
(Oxygent, Oxyfl uor) using improved technology and 
containing higher concentrations of the active agent 
in the emulsion show promise.

As yet, no study had investigated the performance-
enhancing eff ects of PFCs, however, they have been 
found to improve oxygen delivery to the tissue under 
many conditions.

Detection

It would be futile to analyze urine samples in 
search of PFCs and most HBOCs since they are 
not processed by the kidney and/or the urinary 
excretion is too low and variable. Th e presence 
of an artifi cial oxygen carrier in the blood will be 
easily detected as long as the sample is taken soon 
aft er competition.82

Chemical and physical manipulation

M2: Chemical and physical 
manipulation
1. Tampering, or attempting to tamper, in 

order to alter the integrity and validity of 
samples collected during doping controls is 
prohibited. These include but are not limited 
to catheterization, urine substitution and/or 
alteration.

2. Intravenous infusions are prohibited, except 
as legitimate acute medical treatment.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Chemical and physical manipulation is the use of 
substances and/or methods that alter, attempt to alter 
or may reasonably be expected to alter the integrity 
and validity of urine samples used in doping controls. 
Th ese include, without limitation:

• catheterization
• sample substitution and/or tampering.

Th e success or failure of the use of a prohibited 
substance or method is not material. It is suffi  cient 
that the said substance or procedure was used or 
attempted for the infraction to be considered as 
consummated.

WADA has prohibited procedures that interfere 
with the content or collection of urine samples used 
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for drug testing such as the use of catheters to sub-
stitute urine. Th ere have been a number of cases of 
athletes who have been disqualifi ed from competition 
when they have been caught substituting urine from 
a coach, relative or fellow athlete in order to avoid 
having their own urine tested. Th is use of surrogate 
urine is prohibited and there have been examples 
where the athlete has subsequently been caught out 
because the surrogate urine has contained a prohibited 
substance that was being used by a friend or relative 
at the time of the test!

Current testing procedures are structured in such 
a way that the risk of substituting surrogate urine is 
minimal. Th e athlete is accompanied by a chaper-
one (of the same gender) so that the urine sample is 
provided under direct observation and the chance 
of substituting alternative urine is virtually impos-
sible. However, athletes still use ingenious methods 
to avoid detection.

Intravenous infusions are no longer allowed by 
WADA except as a legitimate acute medical treatment. 
However, there is not, as yet, an accepted defi nition 
of ‘acute medical treatment’.

Gene doping

Depending on the nature of the promoter and the 
vector used for delivery, the protein expression may 
be of short (days/weeks) or long (weeks/years) dura-
tion. Th e expressed protein may be confi ned to the 
cell that was treated (e.g. muscle) or may be released 
into the circulation.

Examples of potential areas for gene doping to 
improve athletic performance are EPO for endur-
ance performance and IGF-1 for muscle strength. 
An adenovirus was used to deliver the EPO gene in 
mice and monkeys and this boosted the hematocrit 
from 49% to 81% in the mice and from 40% to 70% 
in the monkeys. Th e eff ects lasted over a year in 
the mice and for 12 weeks in the monkeys.84 Mice 
injected with the IGF-1 gene showed a 15% increase 
in muscle bulk.85

Detecting gene doping will be very diffi  cult. Engi-
neered genes are likely to look identical with endog-
enous gene products. Detection of associated viral 
particles may be possible but that would involve 
muscle biopsies. Labeling of gene transfer products 
with genetic ‘bar codes’ may be another option but 
would require the cooperation of scientists, the 
pharmaceutical and biotech industries and public 
authorities.86

WADA, in collaboration with the Karolinska 
Institute and the Swedish Sports Confederation, held 
a workshop meeting in Stockholm on the subject of 
gene doping in sport in December 2005. Th e meeting 
was the second such meeting sponsored by WADA, 
the fi rst being the workshop held at the Banbury 
Center, Long Island, New York, in March 2002. Th e 
Stockholm meeting included more than 50 partici-
pants from 15 countries and included geneticists and 
other biomedical scientists, ethicists, public policy 
experts, representatives of the IOC, and the broad 
international sports community.

Th e following principles and conclusions were 
agreed upon:

• Clinical results indicate that gene transfer for 
the purpose of therapy (gene therapy) now 
represents a proven, although very immature 
and still experimental fi eld of human medicine 
and is an important area of biomedical research 
with great promise for the uniquely eff ective 
correction of many other serious and intractable 
human diseases.

• Clinical research in human gene therapy is fi lled 
with many recognized and unrecognized pitfalls 
and dangers. All gene transfer procedures in 
human subjects and patients should be required 
to abide by established principles and codes 

M3: Gene doping
The non-therapeutic use of cells, genes, genetic 
elements, or of the modulation of gene expression, 
having the capacity to enhance performance, is 
prohibited.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Gene doping or gene transfer technology to improve 
athletic performance is a serious threat to the integrity 
of elite sport. Th e principle of gene therapy is based 
on the delivery to a cell of a therapeutic gene that 
may compensate for an absent or abnormal gene. In 
general, DNA is used as the genetic material. Th is 
genetic material encodes for a therapeutic protein 
and needs to be delivered to the cell nucleus to be 
active. In order to deliver the genetic material, this 
material can be encapsulated into a virus such as an 
adenovirus or retrovirus, or into a lipid such as a 
liposome. Th e viruses are crippled so that they are no 
longer pathogenic. Th e encapsulated genetic material 
is mostly referred to as a vector and is introduced into 
the body by direct injection into the target organ or 
administered by aerosol for lung delivery.
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governing gene transfer in human subjects, with 
special emphasis on full disclosure of the nature 
and dangers of a procedure and fully informed 
consent by participants. Such manipulations 
should also be carried out strictly in accordance 
with existing local and national rules and 
regulations for gene transfer in human subjects.

• Th e participation of physicians and other 
licensed professionals in gene transfer 
procedures that are not fully compliant with 
such standards of human clinical research and 
human experimentation should be considered 
medical malpractice and/or professional 
misconduct.

• Greater interactions should be encouraged 
among the sports community, professional 
scientifi c organizations, licensing agencies 
and clinical research oversight bodies to 
stimulate awareness of the potential illicit use 
of gene transfer techniques for athletic and 
other enhancement purposes and to develop 
appropriate sanction mechanisms for illegal or 
unethical application of gene transfer in sport. 
Public discussion on the prospect of gene-based 
enhancement should be promoted.

• Th e vigorous research program that has been 
instituted by WADA has led to signifi cant 
progress towards a better understanding of 
the genetic and physiological eff ects of doping 
and of scientifi cally rigorous methods for more 
eff ective detection of pharmacological and gene-
based doping. Scientifi c progress made through 
the WADA-supported research studies that were 
summarized at the conference suggests that 
new detection methods are likely to emerge and 
will help to prevent tainting of sport by gene 
doping. Research programs instituted by WADA 
and other anti-doping organizations should be 
supported. Academic, private and government 
research organizations should be encouraged to 
dedicate resources to further progress to deter 
gene doping.

• Th e use of genetic information to select for or to 
discriminate against athletes should be strongly 
discouraged. Th is principle does not apply to 
legitimate medical screening or research.

• Sports organizations at all levels, from student 
and amateur levels to international elite levels, 
should promote knowledge about the potential 
dangers associated with the misuse of genetic 
manipulations for athletic enhancement.

Classes of drugs banned 
in certain sports
Alcohol

P1: Alcohol
Alcohol (ethanol) is prohibited in competition 
only in the following sports. Detection will be 
conducted by analysis of breath and/or blood. The 
doping violation threshold for each Federation is 
reported.
• Aeronautic (FAI) 0.20 g/L
• Archery (FGITA, IPC) 0.10 g/L
• Automobile (FIA) 0.10 g/L
• Billiards (WCBS) 0.20 g/L
• Boules (CMSB, IPC bowls) 0.10 g/L
• Karate (WKF) 0.10 g/L
• Modern pentathlon (UIPM) 

(for disciplines involving shooting) 0.10 g/L
• Motorcycling (FIM) 0.10 g/L
• Powerboating (UIM) 0.30 g/L

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Alcohol generally has a negative eff ect on athlete 
performance, impairing reaction time, hand–eye 
coordination, accuracy, balance, gross motor skills 
and strength.87

Beta-blockers

P2: Beta-blockers
Unless otherwise specified, beta-blockers are 
prohibited in competition only, in the following 
sports:
• Aeronautic (FAI)
• Archery (FGITA, IPC) (also prohibited out of 

competition)
• Automobile (FIA)
• Billiards (WCBS)
• Boules (CMSB, IPC bowls)
• Bridge (FMB)
• Chess (FIDE)
• Curling (WCF)
• Gymnastics (FIG)
• Modern pentathlon (UIPM) (for disciplines 

involving shooting)
continues
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Beta-blockers are drugs commonly used in the treat-
ment of hypertension, angina, arrhythmia, migraine, 
anxiety, tremor and following myocardial infarction. 
Th eir anxiolytic and anti-tremor eff ects resulted in 
their use in the sports of shooting and archery where 
steadiness of hand and arm is important.

Beta-blockers do not show any other positive 
eff ect on performance, in fact, they may have negative 
eff ects on both anaerobic and aerobic endurance. Side-
eff ects may include fatigue, depression, nightmares, 
bronchospasm and sexual dysfunction. Alternative 
treatments to beta-blockers are available for most of 
the clinical conditions mentioned.

Specifi ed substances
Th e Prohibited List identifi es specifi ed substances 
that are particularly susceptible to unintentional 
anti-doping rule violations because of their general 
availability in medicinal products or are less likely to 
be successfully abused as doping agents (see box).

Therapeutic use of a 
prohibited substance
Athletes may have illnesses or conditions that require 
them to take particular medications. If the medica-
tion an athlete is required to take to treat an illness or 
condition happens to fall under the Prohibited List, a 
TUE may give that athlete the authorization to take 
the needed medicine.

The criteria necessary to be fulfilled to grant 
‘therapeutic use’ are:

• the athlete would experience signifi cant 
health problems without taking the prohibited 
substance or method

• the therapeutic use of the substance would 
not produce signifi cant enhancement of 
performance and

• there is no reasonable therapeutic alternative to 
the use of the otherwise prohibited substance or 
method.

WADA has issued an International Standard for 
the granting of TUEs. Th e Standard states that all 
International Federations and National Anti-Doping 
Organizations must have a process in place whereby 
athletes with documented medical conditions can 
request a TUE, and have such a request appropriately 
dealt with by a panel of independent physicians 
called a Th erapeutic Use Exemption Committee 
(TUEC).

Th ose athletes wishing to take a prohibited sub-
stance can begin treatment only aft er receiving the 
authorization notice from the relevant organization. 
TUEs are granted for a specifi c medication with a 
defi ned dosage and specifi c length of time.

Th e process is considerably simpler for two groups 
of drugs:

• Motorcycling (FIM)
• Nine-pin bowling (FIQ)
• Sailing (ISAF) (for match race helms only)
• Shooting (ISSF, IPC)
• Skiing/snowboarding (FIS) in ski jumping, 

freestyle aerials/halfpipe and snowboard 
halfpipe/big air

• Wrestling (FILA)
Beta-blockers include, but are not limited to, 

the following: acebutolol, alprenolol, atenolol, 
betaxolol, bisoprolol, bunolol, carteolol, carvedilol, 
celiprolol, esmolol, labetalol, levobunolol, meti-
pranolol, metoprolol, nadolol, oxyprenolol, pin-
dolol, propranolol, sotalol, timolol.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.

Specifi ed substances
A doping violation involving such substances 
may result in a reduced sanction provided that 
the … athlete can establish that the use of such a 
specifi ed substance was not intended to enhance 
sports performance …

Specifi c substances include:
• all inhaled beta-2 agonists except clenbuterol
• probenecid
• cathine, cropropamide, crotetamide, 

ephedrine, etamivan, famprofazone, 
heptaminol, isometheptene, 
levmethamfetamine, meclofenoxate, 
p-methylamphetamine, methylephedrine, 
niketamide, norfenefrine, octopamine, 
ortetamine, oxilofrine, phenpromethamine, 
propylhexedrine, selegiline, sibutramine

• cannabinoids
• all glucocorticosteroids
• alcohol
• all beta-blockers.

Source:  WADA. The 2006 Prohibited List. International 
Standard. Available online: <http://www.wada-ama.
org/rtecontent/document/2006_LIST.pdf>.
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1. glucocorticosteroids by non-systemic routes 
(e.g. intramuscular, intra-articular injection)

2. beta-2 agonists by inhalation (formoterol, 
salbutamol, salmeterol, terbutaline).

For these drugs, an abbreviated TUE (ATUE) form 
is submitted to the relevant organization and the 
athletes can begin treatment as soon as the form has 
been received by the relevant organization.

Permitted substances

A list of the amounts of caff eine contained in vari-
ous foods and drinks is shown in Table 61.3.

Th e eff ect of caff eine on sporting performance has 
been widely studied. Th e vast majority of research 
demonstrates that caff eine improves muscle contrac-
tility, work output, time to exhaustion, and perform-
ance during prolonged, moderate- to high-intensity 
activities lasting 30–120 minutes.88 Th ere is less con-
vincing evidence for a benefi cial eff ect of caff eine in 
short-term exercise, although there are clearly some 
ergogenic benefi ts during intense exercise lasting at 
least 1 minute, but to a lesser degree than for pro-
longed exercise.88

Caff eine is widely used in high-intensity inter-
mittent scenarios such as a football match, but the 
eff ect on performance is unclear. One study from 
Boston looked at intermittent high-intensity activity 
in the laboratory setting and found a positive eff ect 
for caff eine,89 but the laboratory conditions failed to 
mimic those of a football match.

There are various theories as to how caffeine 
works to help performance. Th e majority of available 
research suggests that adenosine receptor antagonism 
is the primary mode of action for caff eine’s ergogenic 
eff ects rather than the long-held belief that it was due 
to glycogen sparing.88 Because caff eine can improve 
concentration, reduce fatigue and enhance alertness, 
it has been suggested that some of its benefi ts on 
performance may be derived from its psychological 
eff ects. Th ere is also the possibility of a placebo eff ect, 
in other words, if an athlete believes a caff eine tablet 
will help, then it may do so.

Drug groups permitted by WADA
Antibiotics
Antidepressants
Antidiarrheals
Antihistamines
Antihypertensives (excluding beta-blockers)
Antinauseants
Aspirin (ASA), paracetamol (acetaminophen), 

codeine, dextropropoxyphene
Eye medications
NSAIDs
Oral contraceptives
Skin creams and ointments
Sleeping tablets

Recently deleted drugs
As mentioned above a number of drugs have been 
removed from the Prohibited List over the past few 
years and are now being monitored by WADA to detect 
possible patterns of misuse. Th e two most controversial 
omissions have been caff eine and pseudo ephedrine.

Caff eine

Caff eine is the most commonly used drug in the 
world. It occurs naturally in more than 60 plants and 
is contained in coff ee, tea, chocolate, cola and various 
beverages. Until 2004, caff eine was on the Prohibited 
List with urine levels above 12 μg/mL deemed illegal. 
Th is was thought to be the equivalent of six to eight 
cups of coff ee. A typical cup of brewed coff ee contains 
about 100 mg of caff eine, the same amount as an Aus-
tralian No Doz tablet. Interestingly, an American No 
Doz tablet contains 200 mg of caff eine. For many years 
athletes in various sports have been using caff eine in 
doses below the banned level.

Table 61.3 Caff eine contained in various foods and 
drinks

Food or drink Serve
Caff eine 
content (mg)

Instant coff ee 250 mL 60

Brewed coff ee 250 mL 80–100 
(variable)

Tea 250 mL 30

Hot chocolate 250 mL 5–10

Chocolate 60 g bar 5–15

Coca-Cola 375 mL can 50

Red Bull energy drink 250 mL can 80

V energy drink 250 mL can 50

Lift Plus 250 mL can 36

Black Stallion 250 mL can 80
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Coff ee contains many substances in addition to 
caff eine and it is possible that some of these may 
counter the performance enhancing eff ect of caff eine. 
Th ere is some evidence that caff eine taken alone in 
the form of a tablet is a more eff ective performance 
enhancer than caff eine taken in coff ee.

Th ere are some areas of activity in which caff eine 
may have a negative eff ect. Large doses of caff eine 
impair fi ne motor control and technique, which may 
impair performance. Over-arousal may lead to inter-
ference with recovery and sleep patterns, which may 
interfere with the ability to recover between training 
competitions.

Other side-eff ects include palpitations, increased 
stomach acidity, restlessness, anxiety, tremors and 
increased muscle tension. Ingestion of caff eine has 
long been thought to lead to dehydration but studies 
have failed to support this theory.88

Th ere are concerns that since caff eine has been 
removed from the Prohibited List its use in sport has 
increased dramatically. If WADA decides that this 
increased use is of suffi  cient concern to take action, 
it is faced with a dilemma. Banning caff eine totally 
would be impossible. It would mean that no athlete 
could have a coff ee or cola 24–48 hours prior to a 
game. Another alternative would be to reintroduce 
the 12 μg/mL urine level beyond which it becomes 
a doping off ence. Th e problem with this level is that 
the performance-enhancing eff ect of caff eine occurs 
at dosages below that which would exceed the urine 
level. Most research has shown that the positive eff ect 
of caff eine occurs at a dosage of 3–6 mg/kg of body 
weight, in other words, between 200 and 400 mg in 
the average athlete.

Non-intentional doping 
in sports
When athletes test positive for a banned substance, 
they frequently deny the claim and allege circum-
stances other than intentional doping. Typical defenses 
include that their drink had been spiked, passive 
inhalation of drug smoke or inadvertently taking 
a nutritional supplement or food that contained a 
prohibited substance.

Studies have shown that it is possible that an 
individual could produce detectable levels of can-
nabinoids in urine samples only aft er extremely severe 
conditions of passive exposure to marijuana smoke. 
Th e IOC has in the past required a urine concentra-
tion of carboxy-THC of greater than 15 μg/L. It is 
most unlikely that such a level could be obtained 

through passive exposure.90 Similarly, only individuals 
exposed to passive cocaine smoke under extremely 
harsh conditions would show cocaine metabolites in 
a urine sample.

Research has indicated that both poppy seed-
containing food91 and herbal cocoa tea92, 93 can produce 
levels of morphine and cocaine metabolites above 
the allowed limit. Studies have also shown that it is 
possible to yield illegal positive results for anabolic 
agents aft er consumption of meat originating from 
animals treated with anabolic agents.94

A number of studies have shown that there is a 
signifi cant number of ‘nutritional supplements’ which 
contain substances other than those described on the 
label and that a number of these are prohibited sub-
stances such as prohormones or anabolic steroids.90 
Th e IOC has reported that 14.8% of some 650 products 
sampled contained levels of banned substances suf-
fi cient to result in a positive urine sample. None of the 
substances carried warnings or product information 
on the contents.95 Athletes should be wary of ingesting 
these supplements.

Biotransformation products of permitted substances 
can also cause an athlete to test positive. One example is 
the permitted analgesic codeine, which is metabolized 
to morphine at levels above the threshold.

Drug testing
Drug testing has become commonplace in both ama-
teur and professional sport. Th e clinician providing 
services to the team or individual must be familiar 
with the list of prohibited substances and the drug 
testing procedure itself. Th e athlete is entitled to have 
a representative present to confi rm that the correct 
testing procedures have taken place. Oft en the rep-
resentative is the team clinician.

Testing procedure

Selection

An athlete can be selected for a drug test at any time 
(including while injured and/or post-operatively).

Notifi cation

An athlete can be notifi ed of their selection for a drug 
test by a drug control offi  cial either:

• in person (at any time, in or out of competition)
• by telephone (out of competition)
• by written notice (out of competition).

Th e criteria for deciding which athlete is tested 
vary from event to event. At some competitions, 
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placegetters will be tested, at others, competitors are 
selected randomly, while at other times, certain events 
may be targeted for testing.

Presenting for a drug test

Th e drug control offi  cial records the athlete’s details on 
a notifi cation form, which is then signed by the athlete. 
A copy is kept by the athlete for his/her records.

In the presence of the chaperone the athlete may:

• receive necessary medical attention
• attend a victory ceremony
• fulfi l media commitments
• compete in further events
• warm-down
• eat or drink (at his/her own risk)—during 

competition events sealed drinks are provided 
and it is recommended that athletes only 
consume these fl uids until aft er the testing is 
completed.

Sample collection

Th e athlete is required to provide a urine sample in 
the direct view of a drug control offi  cial who is the 
same gender as the athlete. Th e athlete’s representative 
is not permitted to observe the actual collection of 
the sample, only the testing procedures and paper-
work.

A minimum of 80 mL of urine is required for a 
competition test and 60 mL for an out-of-competition 
test. (If there is insuffi  cient sample, the initial sample 
will be sealed with a temporary seal and additional 
urine sample(s) will be collected and mixed with the 
original sample until there is suffi  cient.) Following 
the collection of the sample, the athlete will return 
to the doping control area, where a second doping 
control offi  cial will be present, as well as the athlete’s 
representative if there is one accompanying them, to 
complete the sealing of the sample and paperwork.

Th e athlete will be asked to select a sample col-
lection kit, which consists of two bottles (labeled ‘A’ 
and ‘B’ with identifying numbers) housed in a sealed 
polystyrene outer case. It is important that the athlete, 
and his/her representative, checks that the kits are 
sealed correctly, that the bottles are clean and that 
the lids are suitable.

Splitting, sealing and labeling of the sample

Th e athlete will be asked to pour a measured amount 
of urine into both the A and B bottles, leaving a small 
amount behind for the drug control offi  cial to test 
the pH and/or specifi c gravity. Th e athlete will seal 
the bottles with the self-sealing, one-use only, lids 

provided. Th e sample code number of the kit will be 
identifi ed and recorded on the drug testing form.

Checking pH and concentration of sample

Th e drug control offi  cial will check the pH and/or spe-
cifi c gravity of the sample. If the urine pH is less than 
5 or greater than 9, or the urine has a specifi c gravity 
of less than 1.010, a second specimen is required. If 
the second specimen is also outside this range, then 
the test will still proceed.

Final paperwork

At this stage, the competitor provides the medical 
declaration. Th e medical declaration is extremely 
important. Th e competitor is asked to list all medica-
tions taken in the previous week, including over-the-
counter medications, prescription drugs and other 
substances taken by mouth, injection, inhalation or 
suppository.

Th is list should include all vitamins, amino acids 
and other supplements. It is vitally important that 
this list be completed accurately as all substances 
taken in that period are likely to show up in the 
laboratory test.

Th e competitor, his or her representative and the 
drug control offi  cer then check all the written infor-
mation and, if satisfi ed, sign the drug testing form. 
Th e competitor is given a copy of the form.

Th e sealed samples and the section of paperwork 
that does not disclose the athlete’s name are then sent 
in a sealed bag to an accredited laboratory where the 
sample is analyzed using gas chromatography and 
mass spectrometry.

Initially only the A sample is analyzed. If the labora-
tory fi nds a possible positive test result in the sample 
in the A bottle, it informs the drug testing agency, 
which then informs the competitor that a possible 
positive test result has been recorded. Th e competi-
tor, or a representative, is then entitled to be present 
at the unsealing and testing of the B sample. If the 
B sample also proves positive, the relevant sporting 
organizations are informed. It is the responsibility of 
the relevant sporting organization to determine what 
penalty/sanctions are to be applied following a report 
of a positive test result. Th e testing agency does not 
determine the penalty to apply.

WADA has designated penalties to which most 
sporting bodies now adhere.

Ethical dilemmas
Most drug taking among athletes does not involve con-
tact with the medical profession. A fl ourishing black 
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market both of medical and veterinary products gives 
athletes relatively easy access to these drugs. However, 
many athletes concerned about the reported eff ects 
of these drugs will seek a medical opinion before 
commencing these drugs. Th is gives the clinician an 
excellent opportunity to counsel the athlete.

It also may provide an ethical dilemma for the 
clinician. While it is clear that no clinician should 
prescribe prohibited drugs or facilitate their use, 
the dilemma arises when an athlete, accepting that 
the clinician will not actually prescribe the drugs, 
asks that their drug usage be monitored for possible 
side-eff ects.

Th ere are confl icting arguments as to whether 
clinicians should become involved in the monitor-
ing of drug use by athletes. On the one hand, many 
feel that to do so would be to encourage the use of 
prohibited substances. On the other hand, others feel 
that clinicians have a duty to monitor patients and that 
if this is ignored, athletes may be at increased risk of 
developing serious problems. Th e medical profession 
continues to monitor other forms of drug abuse, such 
as tobacco and alcohol, both of which have signifi cant 
morbidity and mortality. Th is is an ethical dilemma 
for each individual clinician to resolve.

However, there is opportunity to:

• determine why athletes wish to take the 
drug—for example, do they want to be bigger 
or do they believe that other athletes they are 
competing against are using performance-
enhancing substances

• discuss all other aspects of their sporting 
performance and any external pressures that 
are being applied by parents, coaches, other 
competitors, offi  cials or media

• give an honest appraisal of substances they are 
taking or may wish to take

• explore other permitted options, including 
nutrition, massage, sports psychology and 
training methods

• discuss the ethical issues of drug usage in 
athletes—the use of drugs is a form of cheating.

Clinicians are reminded that there are medical 
board rulings on the prescription of anabolic steroids 
for non-medical reasons. Th ese vary from state to state 
and country to country. Clinicians need to be aware 
that the use of many substances has documented 
physical and psychological adverse eff ects. Ultimately, 
the decision remains one for the individual clinician 
with due reference to the guidelines and regulations 
of the medical board of the state in which he/she 
practices.

The battle against drugs
Th e sporting community is waging a constant battle 
against the use of drugs in sport. In the 1970s and 
1980s, drug use became widespread, particularly in 
elite and professional sport. Th e turning point of the 
battle against drug use may have been the sensational 
disqualifi cation of 100 m sprinter Ben Johnson at the 
1988 Seoul Olympic Games. Th is single event focused 
attention on the problem of drug use and encour-
aged governments and sporting bodies to address 
the problem. As a result of this event and subsequent 
government inquiries, random internationally veri-
fi ed, out-of-competition drug testing is available and 
used in many countries. Th is is an extremely costly 
exercise but essential if drug taking is to be reduced. 
Countries such as Australia and Canada have taken 
the lead in the fi ght against doping. Unfortunately, 
not all countries are as enthusiastic and vigilant, and 
many international countries do not have random out-
of-competition testing as part of their normal testing 
procedures. Th is creates an inequitable situation for 
international sports competition.

Th e athletes and their chemists will always fi nd 
new drugs to take. For instance, the development 
of masking agents and new short-acting, rapidly 
eliminated anabolic agents creates a challenge for the 
testing authorities. Th e introduction of both blood 
and urine sample collection will help towards the 
detection of a wider range of performance-enhancing 
substances, including the use of some recombinant 
hormonal substances such as hGH and EPO. While 
random testing has been a signifi cant step in the battle 
against drugs, the battle is far from over.

Th e sporting community must remain vigilant to 
stamp out all drug use in sport. Th e athletes themselves 
are desperate to eliminate all cheating from among 
their fellow competitors but they will require the 
unqualifi ed support of their sporting organizations 
and the testing authorities internationally in order to 
achieve a level playing fi eld in international sport.

Th ere are four important principles to be followed 
if drug use is to be prevented.

1. We must be honest with athletes about the 
advantages and side-eff ects of drugs.

2. We must educate our athletes, particularly 
school-age athletes, about the problems 
associated with drug taking (including alcohol 
and tobacco).

3. Random, internationally verifi ed, out-of-
competition drug testing must be carried out 
regularly.
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4. Society’s attitude that winning is the only thing 
that matters must be gradually changed.

Th e last point will be the hardest battle to win.

The role of the team clinician
Th e team clinician has an extremely important role 
to play in the prevention and management of doping 
problems. Th e primary role of the team clinician 
should be education of team members. Th is should 
involve regular briefi ngs, especially prior to the season. 
Topics covered should include:

• the Prohibited List (available at <http://www.
wada-ama.org/rtecontent/document/2006_LIST.
pdf>)

• prescription drugs:
— athletes must inform clinicians that they are 

subject to drug testing and ensure that the 
clinician confi rms that the medication being 
prescribed does not contain any banned 
substance

— if the clinician is uncertain, suggest 
contacting the national anti-doping agency 
for confi rmation

• inadvertent doping:
— checking the contents of all medications, 

especially over-the-counter substances and 
supplements

— if uncertain, contact the national anti-doping 
agency for confi rmation

• drug testing protocols:
— especially the importance of listing all 

medications including supplements
• travel:

— be aware while traveling in foreign countries 
that drugs with the same or similar brand 
names in one country may have a diff erent 
composition in another country

— always ensure that you take your own regular 
medications with you.
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CHAPTER 

62
Ethics and Sports Medicine

The broad goal of medical ethics is to improve the 
quality of patient care by identifying, analyzing 

and attempting to resolve the ethical problems that 

arise in the practise of clinical medicine.1 In addition, 
the increased professionalism of sport has raised 
numerous signifi cant ethical issues in sports medi-
cine. Infl uences such as the practitioner’s employer 
(sports team or organization), the athlete’s desire to 
play with pain and injury, and the economic con-
sequences of playing or not playing all complicate 
medical decisions.2, 3

Five of those contentious areas are discussed 
below:

1. confl ict of interest
2. confi dentiality
3. performance-enhancing drugs
4. infectious diseases
5. ethics in sport.

It is to be hoped that we have come a long way 
over the last few decades. For example, in the 1970s, 
an Australian football star said:

I know that a football club doctor would never have 

the audacity to tell you the truth ... Front up in the 

medical room with severe internal bleeding and they 

will say something like ‘it’s just a scratch—you’ll be 

right’. I guess that’s why they have football club doctors 

and why players should never go to anyone else.

Th e Age (Melbourne), 6 July 1979

In 1981, however, the World Medical Association 
(WMA) adopted a declaration to act as a guideline 
to clinicians treating athletes. Th e declaration was 
subsequently amended at WMA Assemblies in 1987 
and 1993. Th e Federation International de Sports 

Medicine (FIMS) simplified the code into three 
principles:4

1. Always make the athlete a priority.
2. Never do harm.
3. Never impose your authority in a way that 

impinges on the individual right of the athlete to 
make his or her own decision.

Confl ict of interest
Th e goal of most patients is usually to reduce suf-
fering and prolong healthy life. Athletes, especially 
professional athletes, have as their priority a desire 
to perform. A major objective for a sports clinician 
is to support athletic achievement.2 As a result of the 
dynamics of professional sports, medical decision 
making can be aff ected by a host of factors not nor-
mally encountered in standard practise.

Decision making can potentially be aff ected by 
pressures exerted from a variety of sources that may 
infl uence both clinicians and the patient/players. 
A professional team clinician should recognize these 
potential infl uences and their eff ect on ethical medi-
cal decision making. Th ese pressures may come from 
players, management and coaches, and the clinicians 
themselves.5

Th e team clinician may come under pressure to 
allow the athlete to play from a number of diff er-
ent sources. Th e players themselves are usually the 
greatest potential source of pressure on the clinician. 
Athletes are highly motivated. An athlete may prefer 
to risk his or her health for the sake of participation 
and success in the game, motivated by machismo, 
peer pressure, pride, institutional pressures, and also 
economic considerations.6 However, it has been shown 
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that athletes, as a group, signifi cantly underestimate 
the disruptive eff ects of injury.7

Pressure may also come also from the coach, 
team mates, parents or team administration. Th is 
pressure can take several forms, including pressur-
ing the athletes who will in turn attempt to infl u-
ence the clinician’s decision making. Other forms 
of pressure may come about from direct or indirect 
questioning of the clinician’s decisions, or scrutiniz-
ing the medical care of the team with comments 
to the media.3 Management could directly attempt 
to aff ect decisions by threatening replacement of 
the team clinician.5 Team clinicians treating athletes 
must keep those powerful motivators in mind when 
determining the extent of an injury and the time 
needed for recovery.

A danger that may befall the unwary team physi-
cian is the ‘fan syndrome’. Its principal symptom is 
the distortion of proper clinical judgment when the 
clinician may be infl uenced by his or her desire to see 
the team succeed. Th is can be manifested in many 
ways. Th e clinician’s desire to see the team succeed may 
propel a decision to declare a leading athlete fi t for a 
crucial competition when further recuperation from 
injury is in order. Such may be the clinician’s desire to 
remain on good terms with the team’s management 
that he or her is infl uenced to provide advice which 
accords with what will please rather than what may 
be dispassionately appropriate. Th e insidious nature 
of the ‘fan syndrome’ is that very rarely will a clinician 
be aware that his or her behavior is aff ected by it.8

Team clinicians inevitably benefit from team 
success. Th ere may be fi nancial benefi ts as the staff  
earn bonuses for success and may have their con-
tracts increased for the following season; they may 
get the opportunity for travel to play-off  games and 
end-of-season trips based on success; they may get 
increased media exposure if the team progresses to a 
high-profi le game and their professional reputation 
may be enhanced (rightly or wrongly) if the team is 
successful.

Th e sum of these pressures may aff ect a clinician’s 
judgment and lead to a vulnerability to litigation. 
Th ere have been instances in a number of countries 
of team clinicians being sued.

The clinician’s duty: 
the team or the athlete?

Th e clinician employed by the professional team, 
either on a salary or, more commonly, on a contract, 
has an inherent confl ict of interest. Is the primary duty 
of the clinician to the athlete or the team?

In most situations the interests of the team and 
the athlete coincide. What is best for the athlete is 
usually best for the team. However, situations may 
arise where there may be short-term benefi t to the 
team to the detriment of the athlete’s health. Th is 
confl ict is considered further below under the head-
ing confi dentiality.

Th e overriding duty of the team clinician is always to 
the athlete. Th is is true regardless of how much pressure 
the team clinician feels under from the coaches, other 
members of the team and parents. Th e team clinician 
is required to give full disclosure to the athlete (and 
the parents if appropriate) regarding the extent of the 
injury, the nature of the injury, proper rehabilitation, 
and the consequences of injuries.9

If the wellbeing of the athlete is in confl ict with an 
interest of a third party, the wellbeing of the athlete 
is always paramount.10 Instituting a policy that the 
team clinician has the fi nal say regarding any player’s 
participation9 minimizes potential confl icts between 
the medical team and coaches and other members of 
the team administration.

Th e coaches and other members of the administra-
tion associated with the team should all be aware that 
the team clinician makes the ultimate determination 
regarding the decision of whether an injured athlete 
can return to play.

If, after full disclosure, the legally competent 
athlete, or the parents in the case of a minor athlete, 
insist on contravening the clinician’s recommendation, 
the team clinician should ask the player (or parent) 
to sign an exculpatory waiver.

Local anesthetic injection and 
administration of analgesics

In professional sport, local anesthetic administration 
is commonplace, but there has been a reluctance to 
disclose the extent of the prevalence of these injections 
(Scenario 1).11 Th e most common way of adminis-
tering these drugs such as lignocaine (lidocaine) is 
by injection into or around the painful area. Th e 
most common site and conditions for which local 
anesthetics are used are AC joint injury, iliac crest 
contusion (hip pointer), a rib contusion or fracture, 
or an undisplaced fi nger fracture. Other conditions 
for which local anesthetic injections have been used 
include the plantar fascia (Scenario 1), stress fractures, 
ankle ligament sprains, tennis elbow and adductor 
muscle tears.

Analgesics (‘pain killers’) are also thought to be 
commonly used in professional sport. Th ese range 
from simple oral analgesics such as paracetamol 
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(acetaminophen) to more powerful oral medications 
including substances such as codeine, to injectable 
analgesics such as ketorolac. A survey of National 
Football League team clinicians documented that 
28 of the 30 responding teams used ketorolac during 
the season. Medical staff  that used the drug treated 
an average of 15 diff erent players over the course of 
the season, with the range from 2 to 35.12

Th ere are two issues at stake in these situations. Th e 
clinician must fi rstly consider whether playing with 
the injury may make the injury worse. In most cases 
the answer is ‘yes’. Also, the clinician must consider 
whether playing with an injury would place the player 
at an increased risk of other injuries. And whether a 
player ‘carrying’ an injury would place other players 
at increased risk of injury.

Does the situation change if the team clinician has 
an employment agreement with the team or not; the 
player is professional or amateur; it is an important/
less important game; the player is a key player/lesser 
player; the request comes from the athlete or the 
coach or the team administration; or if the athlete 
is under age?

What if the athlete is under age? What is the role of 
the parents in the decision making? Can we assume 
that they are acting in the best interests of the child? 
What if the player wants to rest and the parents insist 
he or she plays?

Without the pain from the injured area acting as a 
warning symptom, players will not be aware that they 
may be aggravating the injury until the eff ect of the 
injection wears off . Th e clinician and the athlete must 
weigh up the potential advantages and disadvantages 
of playing. In professional sport this may be aff ected 
by the importance of the occasion, and on whether 
it is a one-off  game such as the fi nal game of the 
season, aft er which the player may have an extended 
time to recover, or whether the injury will require 
weekly anesthetic injections for a number of weeks to 
enable the player to continue playing. It may be that 
continuing to play aft er an injection may prevent the 
injury from healing.

Th e other concern is the long-term eff ects of con-
tinuing to play aft er an anesthetic or analgesic. Pain 

may be considered the body’s mechanism to alert 
patients to the potential for damage.

Short-term gain, long-term pain

Frequently there is a confl ict between short-term 
advantage and the potential for long-term problems. 
Scenarios 2 and 3 are typical examples.

Scenario 1
A professional footballer suff ering from plantar 
fasciitis prior to an important match requests a 
pain-killing injection from the team clinician. The 
footballer plays after receiving the pain-killing 
injection and ruptures the plantar fascia.

Scenario 2
A star footballer sustains a torn meniscus three 
weeks before the start of fi nals/play-off s. The tear is 
clearly amenable to repair, but this would mean an 
extended period off  sport and no fi nals/play-off s. 
A partial menisectomy would almost certainly allow 
the player to return for the fi nals/play-off s, but is 
associated with a much higher risk of subsequent 
osteoarthritis.

Scenario 3
A professional footballer injures his knee, tear-
ing the anterior cruciate ligament (ACL). In addi-
tion, he has signifi cant damage to the articular 
osteochondral surface. The footballer has an ACL 
reconstruction (Chapter 27) and is keen to resume 
playing. He asks for advice.

Scenario 3 is a common one which provides a 
signifi cant ethical dilemma for team clinicians and 
orthopedic surgeons. Th ere is a general acceptance 
in the sporting and medical communities that a 
torn ACL is no longer a career-ending injury and 
that athletes should be able to return to high-level 
competition somewhere between four and 12 months 
aft er ACL reconstruction. Recently, however, we13 
and others14 have expressed concern about the long-
term consequences of facilitating return to sport aft er 
these injuries.

As described previously, the incidence of long-
term osteoarthritis following injuries such as a torn 
meniscus and torn ACL is signifi cant. It is likely that 
returning to high-level, high-intensity sport following 
these injuries would accelerate this process. Clinicians 
need to discuss these possible adverse eff ects with 
their athletes prior to them returning to sport. Th is 
emphasizes the importance of informed consent.

Informed consent

Informed consent is of vital importance throughout 
medicine, particularly in the light of ethical and 
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legal concerns. Informed consent is ‘the voluntary 
agreement by a patient to a proposed health care 
management approach aft er proper and adequate 
information is conveyed to the patient about the 
proposed management, including potential risks and 
benefi ts and alternative management options’.15

Th e potential risks and benefi ts of a particular 
course of action need to be explained in a relaxed 
atmosphere away from distractions. When practical, 
the clinician should always give players an opportunity 
to go away and think about it, preferably with some 
relevant written material, and off er the opportunity 
of another discussion to answer any queries they 
may have.

Informed consent in the context of a professional 
athlete has its particular challenges. It is complicated 
by some of the issues already mentioned, pressure 
from coaches, management, agent, family and others 
who stand to benefi t from the athlete’s continued par-
ticipation in their sport. Th e injured athlete is under 
pressure to ‘do what is best for the team’. An athlete 
who acts contrary to this, seeks outside advice, chooses 
non-traditional therapies, refuses to play while still 
hurting or otherwise attempts to act autonomously 
is considered petulant, uncommitted and indiff erent 
to the goals of the team. Within professional sports, 
the number of injured players who have been so 
labeled is legion.16

Th e athlete will invariably receive information 
about the possible courses of action from a variety of 
sources. Th e internet is now a major source of medical 
information for patients. Unfortunately, there is no 
means of separating unscientifi c information from that 
which is based on good scientifi c evidence. Personal 
testimonials carry a lot of weight with athletes, who 
will oft en be more infl uenced by the experience of 
a colleague, or a well-publicized experience of a 
high-profi le player, than the advice given by their 
practitioner. Th e athlete usually does not appreciate 
that every case is diff erent.

Another potential diffi  culty is decisions being made 
in the middle of a game such as whether or not to have 
an injection. Fully informed consent is not practical in 
this circumstance, but this does not excuse the clini-
cian from making a good faith attempt at educating 
the player on the risks and benefi ts, and documenting 
the discussion in the medical record.

Documentation is essential. Ideally, documenta-
tion should be provided to the athletes explaining 
the risks and benefi ts of a particular course of action. 
Th e athlete and the clinician should both sign a docu-
ment stating that the athlete has been given certain 
information and advice.

Occasionally the athlete will decide not to heed the 
advice of the clinician and go ahead with a course of 
action contrary to what has been advised. Of course, 
this is the right of the athlete as it is the right of any 
patient. However, it is essential that it be documented 
that the athlete is acting against the advice of the 
practitioner.

Guidelines for resolution of confl ict of interest

Th e guidelines for a clinician to follow for the resolu-
tion of confl ict of interest include:

• player’s health is paramount
• informed consent
• full disclosure
• exculpatory waiver
• team clinician contract
• player contract
• care with the media.

Confi dentiality
Patient confi dentiality is fundamental to the practise 
of medicine. Th e professional codes of conduct of 
medical and paramedical practitioners limits their 
freedom to report injuries, illnesses and other prob-
lems to anyone else other than the individual directly 
concerned. How does this aff ect the team clinician? 
Scenarios 4 and 5 provide examples.

Scenario 4
During the last training session before a major 
game, a player sustains a mild hamstring strain, 
which is not noticed by the coaching staff . The 
player presents for treatment, tells the clinician ‘in 
confi dence’, and begs the clinician not to inform 
the coach.

Scenario 5
A professional player has a career-threatening 
injury. You are asked by team management to 
help conceal the injury as it wishes to trade the 
player.

Th e athlete and the team clinician have a confi -
dential clinician–patient relationship. But when man-
agement pays a team clinician, this may change the 
relationship between clinician and athlete. Th e team 
clinician has two masters to serve: the athlete–patient 
and the team management.
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Th e American Medical Association admonishes 
clinicians ‘not to reveal confi dences entrusted to them 
unless required to do so by law or, if necessary, to pro-
tect the welfare of the individual or community’.17

In the case of professional or collegiate team clini-
cians, because of the salaries or scholarships received 
by the athletes, management may have access to 
their records. Th is access is deemed by some to be 
appropriate. Th erefore, discussing the condition of 
the athlete with management would also probably 
be viewed as appropriate.18

Before examination the team clinician should 
remind the athlete that he or she is acting on behalf of 
the team. Permission must be sought from the athlete 
to disclose relevant information regarding the athlete’s 
medical or physical condition to appropriate team 
offi  cials.19 What if the athlete asks to speak to the clini-
cian ‘in confi dence’, or aft er telling the clinician some 
information asks that it be kept confi dential?

While it is clear that team clinicians have the right 
to inform team management of relevant injuries, there 
is a gray area about what is appropriate. Issues such as 
drug or alcohol use, personal issues, and psychiatric or 
psychological problems may all impact on the player’s 
performance and yet the consequences of revealing 
these problems to the team management may impact 
negatively on the careers of the players/patients.

It is strongly advised that all players and medical 
staff  sign written agreements prior to the season 
which make it absolutely clear that the team clinician 
has the player’s permission to divulge information to 
the team coach/management if appropriate. Th is has 
the unfortunate consequence that the player is more 
likely to seek advice and/or treatment away from the 
team medical staff .

Th e British Olympic Association (BOA) has a dif-
ferent view on this question. Just prior to the Sydney 
Olympic Games, the BOA published a position state-
ment on athlete confi dentiality.20 Th is argues that 
coaches can only be informed of an athlete’s problems 
with the consent of the individual athlete. In relation 
to contracts, the BOA statement said that medical 
support staff  who sign a contract with the governing 
body may be in breach of their professional code of 
conduct if they breach their duties of confi dentiality. 
It suggested that athletes who had signed a general 
consent form could still withhold consent for any 
specifi c consultation, test or treatment.

The media

Relationships with the media are another potential 
problem for the team clinician as sports medicine 

information can be personally and/or fi nancially 
damaging to the athlete. Th e team clinician should 
always have the permission of the player and, if appro-
priate, team management before divulging details of 
injuries to the media.

It is much safer for the clinicians not to talk to the 
media at all and leave all communication regarding 
injuries to the team media spokesperson.

Performance-enhancing drugs
It is clear that since the 1980s a signifi cant minority of 
sports clinicians have played a role in administering 
performance-enhancing drugs to athletes. Th e most 
extreme example occurred in the systemized doping 
practises of the East German regime of the 1970s 
and 1980s.21 Other prominent examples of clinicians 
mediating doping were the Ben Johnson steroid case 
at the 1988 Olympics, and the 1998 Tour de France 
erythropoietin (EPO) scandal (Chapter 61). Th ere 
has always been a small number of clinicians who 
encouraged the use of drugs, particularly anabolic 
steroids.

Th ere were a number of diff erent rationales for this 
support. Some used the patient autonomy notion that 
the non-medical use of drugs is simply a matter of 
personal liberty and individual experimentation and 
that if athletes are aware of possible adverse reactions 
and are willing to accept the risks in the hope of other 
rewards there should be no reason not to prescribe 
the drugs. Some argued that as other performance-
enhancing techniques were allowed drugs were no 
diff erent, others argued that given that steroid use 
was widespread there was no point trying to prevent 
it, and others argued the harm minimization line that 
clinicians have an obligation to monitor the eff ects of 
steroids in the same way as they monitor the potential 
harmful eff ects of alcohol and smoking. One suspects 
that others were infl uenced by their desire to become 
associated with elite sportspeople.

It is interesting to note the comments of Califor-
nian clinician Robert Kerr, who was a well-known 
supplier of anabolic steroids in the 1980s. Kerr ceased 
prescribing steroids, stating that while his intention 
was to steer athletes clear of black market steroids of 
dubious quality and to minimize the medical risks of 
taking steroids by prescribing so-called safe types and 
dosages, he was duped by his patients because they 
went to the black market for additional steroids and 
used far more than the dosages he prescribed.22

While it is now illegal to prescribe anabolic steroids 
in a number of countries such as Australia, it is not 
illegal to give advice about how to alleviate some of 
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the harmful eff ects of steroid use, just as clinicians 
and other healthcare providers give information to 
intravenous drug users about how to avoid becom-
ing infected with the human immunodeficiency 
virus (HIV).

By monitoring are you giving de facto approval? 
Are you facilitating this player’s drug use? Scenario 
6 provides an example. Monitoring steroid use may 
allow a clinician to develop a relationship with an 
athlete that will give the opportunity to help the 
athlete stop using anabolic steroids. Clinicians are 
much more eff ective in changing attitudes about 
steroid use if they give balanced information about 
the potential benefi ts as well as the risks of using 
anabolic steroids.23

player himself/herself has told you he/she is taking 
steroids. Does your duty to the team to prevent the 
adverse eff ects of a positive drug test result override 
patient confi dentiality? Is the situation diff erent if a 
third party has informed you? If so, do you approach 
the player and say that you have heard a rumor and 
off er advice regarding the personal dangers and the 
implications for the team?

According to the BOA’s position statement, ‘a 
refusal to consent to disclosure must be respected 
even in the event of an athlete taking a prohibited 
substance’.20

Or, if you confront the player and he/she refuses to 
stop taking the steroids, what should you do? Th ere 
are two components to this question. Firstly, it is 
the clinician’s duty to counsel the athlete regarding 
the dangers of taking anabolic steroids. Th e second, 
more diffi  cult, ethical question is whether the clini-
cian should inform team management of the player’s 
anabolic drug use on the basis that a positive drug 
test may have disastrous implications for the player, 
the team and team management (possibly including 
the team clinician if it is known that the clinician was 
aware of the drug taking).

We believe that patient confi dentiality is paramount 
but attempts should be made to encourage the player 
to admit his or her drug taking.

Scenario 6
An athlete asks you to monitor his or her anabolic 
steroid use with regular examinations and blood 
tests.

A team clinician should be careful not to give 
the athlete the impression that he or she condones 
the use of steroids or other performance-enhancing 
drugs and should make it clear that the opposite is 
true. Th is information should be documented in the 
athlete’s record.

We concur with Kennedy’s advice24 that the proper 
medical response to a request to prescribe or moni-
tor drug use is to provide accurate information and 
advice in a non-judgmental manner.

Athletes will not seek help or advice about drugs 
from a team clinician whom they cannot trust to keep 
their confi dence. However, the confi dentiality of the 
clinician–patient relationship allows the clinician to 
assure athletes that disclosures, discussions and treat-
ments will remain confi dential. Clinicians, however, 
have a duty to warn third parties of impending harm 
related to an athlete’s drug use, and a team clinician’s 
public duty to warn may override the private duty of 
confi dentiality.

Scenario 7
You become aware that a player in your team is 
taking anabolic steroids. The team is regularly 
drug tested.

Scenario 7 provides another example. Th e situ-
ation in this scenario places the team clinician in 
a diffi  cult position. Let us assume, fi rstly, that the 

Scenario 8
You become aware that one of your athletes is 
taking a banned substance which cannot currently 
be detected by drug testing.

What about the situation in Scenario 8 where a new 
‘undetectable’ drug becomes available. How does this 
situation change Scenario 7 now that there is no risk of 
testing positive for a drug? Th ere is no longer the risk 
of embarrassment/shame/penalty that would result 
from a positive drug test result but you are still aware 
that one of the players in your care is acting against 
the laws of the game. Again, patient confi dentiality 
is paramount unless the physical health of another 
person is endangered.

Infectious diseases
Several questions arise in this contentious area. Can 
an bbhathlete with HIV, hepatitis B or hepatitis C 
compete? Is this a medical, ethical or legal problem? 
Th is is probably a decision for the sporting body with 
input from medical, legal and advocacy groups.25
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In the 1990s in Melbourne an amateur Australian 
Rules footballer who admitted to being HIV positive 
was refused permission to play. Th e player’s appeal 
on the grounds of discrimination was heard at the 
State Civil and Administrative Tribunal. Th e Equal 
Opportunity Act 1995 provides that a person must 
not discriminate against another person by excluding 
such other person from participating in a sporting 
activity. However, another section of the Act provides 
that discrimination on the basis of impairment may be 
permitted if such discrimination is reasonably neces-
sary to protect the health or safety of any person.

Th e Tribunal found that although there was a 
statistical risk of transmission of HIV from the player 
to another player or offi  cial, the prospects of such 
transmission were so low that the Tribunal granted 
the player permission to play with the proviso that 
appropriate precautions be taken to protect players 
from such transmission as far as possible.26

Scenario 9 raises similar confi dentiality issues to 
those discussed previously. Th e clinician must deter-
mine whether the public interest outweighs patient 
confi dentiality. Th e infected player may be a risk to 
both team mates and opponents.

As sports medicine clinicians, we have unique 
ethical responsibilities for the athletes in our care, 
the sports organizations we work for, and the ideals 
of fair play and fair competition.29 It is easy at times, 
when caught up in the pressure of competition, to 
lose sight of the full range of responsibilities. Sports 
clinicians are in a unique position to intervene with 
patients, speak out with respect to rules, drugs and 
violence, and develop and adhere to a sports medicine 
code of ethics.
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