
Stressing the important role therapeutic modalities play in injury rehabilitation, Thera-

peutic Modalities for Sports Medicine and Athletic Training continues to be the only 

comprehensive text written specifically for athletic trainers. With chapters contrib-

uted by well-known athletic trainers and educators under the direction of William E. 

Prentice, the text provides information on the scientific basis and physiologic effects 

of a wide range of therapeutic modalities, including thermal energy modalities, 

electrical energy modalities, sound energy modalities, electromagnetic modalities, 

and mechanical energy modalities. By focusing on clinical applications and spe-

cific techniques of application, the text offers students the knowledge they need to 

greatly enhance their patients’ recovery.

Features of the Sixth Edition:

Therapeutic Modalities Specifically for Athletic Trainers

Content is fully reorganized to reflect the classification of modalities by the type of 
energy used to produce a specific therapeutic effect.

Chapter 1, The Basic Science of Therapeutic Modalities, is completely revised to 
increase student understanding of the concepts used throughout the text.

Case studies are now integrated into the chapters to facilitate application of key 
concepts.

Treatment Protocol boxes have been added to chapters, detailing how modali-
ties are applied and executed.
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  xi

  HOW DO ATHLETIC TRAINERS 
USE THERAPEUTIC MODALITIES? 

  There is little argument that athletic trainers use 
a wide variety of therapeutic techniques in the 
treatment and rehabilitation of injuries. One of the 
more important aspects of a thorough treatment 
regimen often involves the use of therapeutic mo-
dalities. At one time or another, virtually all ath-
letic trainers make use of some type of therapeutic 
modality. This may involve a relatively simple 
technique such as using an ice pack as a first aid 
treatment for an acute injury or more complex 
techniques such as the stimulation of nerve and 
muscle tissue by electrical currents. There is no 
question that therapeutic modalities are useful 
tools in injury rehabilitation. When used appro-
priately, these modalities can greatly enhance 
the patient’s recovery. For the athletic trainer, it 
is essential to possess knowledge regarding the 
scientific basis and the physiologic effects of the 
various modalities on a specific injury. When this 
theoretical basis is applied to practical experience, 
it has the potential to become an extremely effec-
tive clinical method.    

 WHAT ROLE SHOULD A 
MODALITY PLAY IN INJURY 
REHABILITATION?  

 An effective treatment program includes three pri-
mary objectives: (1) management or reduction of 
pain associated with an injury, (2) return of full 
nonrestricted range of movement to an injured part, 
and (3) maintenance or perhaps  improvement of 

strength through the full range. Modalities, though 
important, are by no means the single most critical 
factor in accomplishing these objectives. Thera-
peutic exercise that forces the injured anatomic 
structure to perform its normal function is the key 
to successful rehabilitation; however, therapeutic 
modalities certainly play an important role in re-
ducing pain and are extremely useful as an adjunct 
to therapeutic exercise. 

 It must be emphasized that the use of thera-
peutic modalities in any treatment program is an 
inexact science. If you were to ask ten different ath-
letic trainers what combination of modalities and 
therapeutic exercise they use in a given treatment 
program, you would probably get ten different 
responses. There is no way to “cookbook” a treat-
ment plan that involves the use of therapeutic mo-
dalities. Thus, what this book will attempt to do is 
to present the basis for use of each different type of 
modality and allow the individual athletic trainer 
to make his or her own decisions as to which will 
be most effective in a given clinical situation. Some 
recommended protocols developed through the 
experiences of the contributing authors will be 
presented.   

  FORMAL INSTRUCTION IN 
THE USE OF THERAPEUTIC 
MODALITIES  

 The athletic trainer is a highly qualified and well-
educated allied health care professional concerned 
with the treatment and rehabilitation of injuries. 
It is essential for the programs educating athletic 
training students to provide classroom instruction 

Preface
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xii  Preface

in a wide range of specialty areas including injury 
prevention, care and management, injury evalu-
ation, and therapeutic treatment and rehabilita-
tion techniques. Formal classroom instruction in 
the use of therapeutic modalities is required in all 
Committee for Accreditation of Athletic Training 
Education (CAATE) programs for athletic train-
ing students who intend to pursue a career in 
sports medicine. Instruction in the use of thera-
peutic modalities has been specifically identified 
and mandated in the  Athletic Training Educational 
Competencies  prepared by the National Athletic 
Trainers’ Association.   

  LEGAL ISSUES IN USING 
THERAPEUTIC MODALITIES  

 The use of therapeutic modalities in the treatment 
of injuries by individuals with various combina-
tions of educational background, certification, and 
licensure is currently a controversial issue. Specific 
laws governing the use of therapeutic modalities 
by athletic trainers vary considerably from state 
to state. Many states’ licensure acts have specific 
guidelines that dictate how the athletic trainer 
may incorporate therapeutic modalities into the 
treatment regimen. Each athletic trainer should be 
careful that any use he or she makes of a modality 
is within the limits allowed by the law of his or her 
particular state. I do not intend the athletic trainer 
to interpret anything in this book as encouraging 
him or her to act outside the scope of the laws of 
his or her state. 

    WHY SHOULD THIS TEXT BE 
USED TO TEACH THE ATHLETIC 
TRAINING STUDENT ABOUT 
THERAPEUTIC MODALITIES?  

 We hope this sixth edition will continue to be a 
useful tool in the ongoing growth and professional 
development of the athletic trainer interested in 
injury rehabilitation. The following are a number of 
reasons why this text should be adopted for use.  

 Comprehensive Coverage of 
Therapeutic Modalities in a Sports 
Medicine Setting 

 The purpose of this text, as in past editions, is to 
provide a theoretically based but practically oriented 
guide to the use of therapeutic modalities for the 
athletic trainer who routinely treats injuries. It is in-
tended for use in advanced courses in athletic train-
ing and sports medicine where various clinically 
oriented techniques and methods are presented.  

  New to This Edition 

 Based on the helpful input we have received from 
users of the text, the sequencing of the chapters in 
this sixth edition has been reorganized and is based on 
classifying the modalities according to the type of en-
ergy that each modality utilizes to produce a specific 
therapeutic effect. In addition, each chapter has been 
expanded and updated to include the latest available 
research that has been published in related profes-
sional journals since the last edition was published. 

 This edition is divided into six parts. Part One, 
“Foundations of Therapeutic Modalities,” begins 
in Chapter 1 by discussing the scientific basis for 
using various therapeutic modalities and grouping 
the modalities according to the type of energy each 
uses. Chapter 2 establishes guidelines for selecting 
the most appropriate modalities for use in different 
phases of the healing process. Chapter 3 discusses 
pain in terms of neurophysiologic mechanisms of 
pain and the role of therapeutic modalities in pain 
management. Part Two, “Thermal Energy Modali-
ties,” includes a discussion of thermotherapy and 
cryotherapy in Chapter 4. Part Three “Electrical 
Energy Modalities,” discusses the basic principles 
of electricity and electrical stimulating currents 
in Chapter 5, iontophoresis in Chapter 6, and bio-
feedback in Chapter 7. Part Four, “Sound Energy 
Modalities,” discusses therapeutic ultrasound in 
Chapter 8. Part Five, “Electromagnetic Energy Mo-
dalities,” discusses low-level laser in Chapter 9 and 
shortwave and microwave diathermy in Chap-
ter 10. Part Six, “Mechanical Energy Modalities,” 
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Preface  xiii

includes intermittent compression (Chapter 11), 
spinal traction (Chapter 12), and massage (Chapter 
13). Each chapter includes discussions of (1) the 
physiologic basis for use, (2) clinical applications, 
and (3) specific techniques of application.  

  Based on Scientific Theory 

 This text discusses various concepts, principles, and 
theories that are supported by scientific research, fac-
tual evidence, and the authors’ previous experience 
with sports-related injuries. The contributing authors 
have carefully researched the material presented in 
this text to provide the most up-to-date information 
on the theoretical basis for employing a particular mo-
dality in a specific injury situation. Additionally, both 
athletic trainers and physical therapists who are con-
sidered experts in their field have carefully reviewed 
the manuscript for this text to ensure that the material 
reflects factual and current concepts for modality use.  

  Timely and Practical 

 The first edition of this text filled a void that existed 
for quite some time in the athletic training educa-
tion program curriculums. It was the first text ever 
published that focused on therapeutic modalities 
and their use by athletic trainers in a clinical set-
ting. Since the first edition, several other texts on 
therapeutic modalities have been published. How-
ever,  Therapeutic Modalities for Sports Medicine and 
Athletic Training  continues to provide the student 
with a comprehensive resource covering all the 
therapeutic modalities an athletic trainer uses. 

 During the preparation of this sixth edition, 
as well as previous editions of this text, we have 
received much encouragement from athletic train-
ing educators and students regarding the usability 
of this text in the classroom setting. It should serve 
as a needed guide for the athletic trainer who is in-
terested in knowing not only how to use a modality 
but also why that particular modality is most effec-
tive in a given situation. 

 The authors who have contributed to this text 
have a great deal of clinical experience. Each of these 

individuals has also at one time or another been in-
volved with the formal classroom education of the 
athletic training student. Thus, this text has been de-
veloped for the student who will be asked to apply the 
theoretical basis of modality use to the clinical setting.  

  Pedagogical Aids 

 This text includes the following aids to facilitate its 
use by students and instructors: 

  Objectives.   These goals are listed at the be-
ginning of each chapter to introduce students to 
the points that will be emphasized. The objectives 
have been rewritten to cover the entire spectrum of 
Bloom’s Taxonomy and thus to challenge the stu-
dent to go beyond knowing and comprehending the 
material to be able to apply, analyze, synthesize, and 
evaluate the important concepts they have learned.  

  Figures and Tables.   Essential points of each 
chapter are illustrated with clear visual materials.  

  Glossary of Key Terms.   A glossary of terms 
for quick reference is provided.  

  Analogies.   A series of analogies is presented 
to help the reader more easily comprehend more 
difficult concepts.  

  Clinical Decision-making Exercises.   New 
exercises have been added to the previous exercises 
in each chapter to help the athletic trainer develop 
decision-making abilities about how a specific mo-
dality may best be used clinically.  

  Summaries.   The important points or con-
cepts of each chapter are succinctly reemphasized 
in the summary list. 

   Review Questions.   A series of questions has 
been developed for each chapter to help the student 
review the critical points to remember.  

  Self-quizzes.   New with this edition is a series 
of objective questions in every chapter that can be 
used to prepare for a written examination and to 
assess student comprehension. Answers are located 
in Appendix D.  

  References.   A list of up-to-date references is 
provided at the end of each chapter for the student 
who wishes to read further on the subject being 
discussed. 
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xiv  Preface

   Suggested Readings.   A comprehensive list 
of journal articles and textbooks provides additional 
information related to the chapter material.  

  Case Studies.   Several case studies have been 
added to each chapter to help illustrate how modali-
ties can be incorporated in a treatment regimen in a 
variety of patient populations to achieve a treat-
ment outcome. These studies have been prepared 
by Sandy Quillen and Frank Underwood.  

  Appendixes.   A chart of motor points, a table 
for unit conversions, and answers to the self-quizzes 
are provided. 

      ANCILLARIES 

   Instructor’s Website 

  PowerPoint Presentation.   Jason Scibek, 
PhD, ATC at Duquesne University, has prepared a 
comprehensive and extensively illustrated Power-
Point presentation to accompany this text for use 
in classroom discussion. The PowerPoint presenta-
tion may also be converted to outlines and given 
to students as a handout. You can easily download 
the PowerPoint presentation from the McGraw-Hill 
website at www.mhhe.com. Adopters of the text 
can obtain the log in and password to access this 
presentation by contacting your local McGraw-Hill 
sales representative.  

  Test Bank.   Each chapter contains true–false, 
multiple choice, and completion test questions. 

   Laboratory Manual.   The Laboratory Manual 
to Accompany Therapeutic Modalities for Sports Medicine 
and Athletic Training will be available for download.   

  eSims 

 eSims is an online assessment tool that provides stu-
dents with computerized simulation tests modeled 
on the Athletic Training Certification Exam. Using 
eSims, students can test and apply their knowledge 
and receive instant feedback to their responses. 
Developed with input from instructros across the 
country, eSims prepares students for success in 
their athletic training careers. 

 Students can find additional information on pre-
paring for the certification exam under “Preparing 
for Certification” at www.mhhe.com/prentice13e.    
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2

 CHAPTER 1 

 The Basic Science of 
Therapeutic Modalities  
     William     E.     Prentice    and      Bob     Blake     

  Following completion of this chapter, 
the athletic trainer student will be able to: 

  •  List and describe the different forms of energy 
used with therapeutic modalities. 

  •  Classify the various modalities according to the 
type of energy utilized by each. 

  •  Analyze the relationship between wavelength 
and frequency for electromagnetic energy. 

  •  Discuss the electromagnetic spectrum and how 
various modalities that use electromagnetic 
energy are related. 

  •  Explain how the laws governing the effects of 
electromagnetic energy apply to diathermy, 
laser, and ultraviolet light. 

  •  Discuss how the thermal energy modalities, 
thermotherapy and cryotherapy, transfer heat 
through conduction. 

  •  Explain the various ways electrical energy can 
be used to produce a therapeutic effect. 

  •  Compare and contrast the properties of 
electromagnetic and sound energy. 

  •  Explain how intermittent compression, 
traction, and massage use mechanical energy 
to produce a therapeutic effect.  

 F
or the athletic trainer who chooses to incor-
porate a therapeutic modality into his or her 
clinical practice, some knowledge and under-

standing of the basic science behind the use of these 
agents is useful.  9   The interactions between energy 
and matter are fascinating, and they are the physi-
cal basis for the various therapeutic modalities that 
are described in this book. This chapter will describe 
the different forms of energy, the ways energy can 
be transferred, and how energy transfer affects bio-
logic tissues. A strong theoretical knowledge base 
can help clinicians understand how each therapeu-
tic modality works.  

  FORMS OF ENERGY  

    Energy    is defined as the capacity of a system for 
doing work and exists in various forms. Energy is 
not ordinarily created or destroyed, but it is often 
transformed from one form to another or trans-
ferred from one location to another.  15   

   There is considerable confusion among even 
the most experienced athletic trainers regarding the 
different forms of energy involved with the various 
therapeutic modalities. The forms of energy that 
are relevant to the use of therapeutic modalities 
are  electromagnetic energy, thermal energy, electri-
cal energy, sound energy,  and  mechanical energy.   15   
Shortwave and microwave diathermy, infrared 
lamps, ultraviolet light therapy, and low-power la-
sers utilize electromagnetic energy. Thermotherapy 

energy The capacity of a system for doing work.
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  3

and cryotherapy transfer thermal energy. The elec-
trical stimulating currents, iontophoresis and bio-
feedback, utilize electrical energy. Ultrasound and 
extracorporal shockwave therapy utilize sound en-
ergy. Intermittent compression, traction, and mas-
sage utilize mechanical energy ( Table 1–1 ).    

    Each of these therapeutic agents transfers en-
ergy in one form or another into or out of biologic 
tissues. Different forms of energy can produce simi-
lar effects in biologic tissues. For example, tissue 
heating is a common effect of several treatments 
that utilize different types of energy. Electrical cur-
rents that pass through tissues will generate heat 
as a result of the resistance of the tissue to the pas-
sage of electricity. Electromagnetic energy such 
as light waves will heat any tissues that absorb 
it. Ultrasound treatments will also warm tissues 

 TABLE 1–1

ELECTROMAGNETIC ENERGY MODALITIES

• Shortwave diathermy
• Microwave diathermy
• Infrared lamps
• Ultraviolet therapy
• Low-power laser

THERMAL ENERGY MODALITIES 

• Thermotherapy
• Cryotherapy

ELECTRICAL ENERGY MODALITIES

• Electrical stimulating currents
• Biofeedback
• Iontophoresis

SOUND ENERGY MODALITIES

• Ultrasound
• Extracorporal shockwave therapy

MECHANICAL ENERGY MODALITIES

• Intermittent compression
• Traction
• Massage

through which the sound waves travel. Although 
the electrical, electromagnetic, and sound energy 
treatments all heat tissues, the physical mechanism 
of action for each is different. 

   The mechanism of action of each therapeu-
tic modality depends on which form of energy is 
utilized during its application. Different forms of 
energy are generated and transferred by differ-
ent mechanisms. Electromagnetic energy is typi-
cally generated by a high energy source and is 
transmitted by the movement of photons. Thermal 
energy can be transferred by conduction, which 
involves the flow of thermal energy between ob-
jects that are in contact with each other. Electrical 
energy is stored in electric fields and delivered by 
the movement of charged particles. Acoustic vibra-
tions produce sound waves that can pass through a 
medium. Each form of energy and the mechanism 
of its transfer will be discussed in more detail to 
provide the scientific basis for understanding the 
therapeutic modalities.  10     

 ELECTROMAGNETIC ENERGY 

    Radiation    is a process by which electromagnetic 
energy travels from its source outward through 
space.  14   Sunlight is a visible type of radiant en-
ergy, and we know that it not only makes objects 
visible but also produces heat. The sun emits a 
spectrum of visible and invisible massless radi-
ant energy and ejects high energy particles as 
a result of high-intensity chemical and nuclear 
reactions. The massless radiant energy emissions 
from the sun are called    photons.    A photon is the 
energy carrier that composes all electromagnetic 
radiation. Photons travel as waves at the speed 
of light, approximately 300 million meters per 

radiation (1) The process of emitting energy from 
some source in the form of waves. (2) A method of 
heat transfer through which heat can be either gained 
or lost.

photon The energy carrier that composes all elec-
tromagnetic radiation.
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4  PART ONE  Foundations of Therapeutic Modalities

second. Since photons all travel at the same speed, 
they are distinguished by their wave properties of 
wavelength and frequency, as well as the amount 
of energy carried by each photon. 

  The Relationship between Wavelength 
and Frequency 

    Wavelength    is defined as the distance between the 
peak of one wave and the peak of either the pre-
ceding or succeeding wave.    Frequency    is defined 
as the number of wave oscillations or vibrations 
occurring in a particular time unit and is com-
monly expressed in Hertz (Hz). One Hertz is one 
vibration per second ( Figure 1–1 ). 

 Since all forms of electromagnetic radiation 
travel at a constant velocity through space, photons 
with longer wavelengths have lower frequencies 
and photons with shorter wavelengths have higher 
frequencies.  12   The following equation is useful for 
doing calculations involving the speed, wavelength, 
and frequency of waves. 

 speed = wavelength ë frequency 
  c  = k ë  v  

   An inverse or reciprocal relationship exists between 
wavelength and frequency. The longer the wave-
length of a wave is, the lower the frequency of the 
wave has to be. The velocity of electromagnetic 
radiation is a constant, 3 × 10 8  m/sec. If we know 
the wavelength of any wave, the frequency of that 
wave can also be calculated. Whenever we are 

Wavelength

Time

Figure 1–1 Wavelength and frequency.

 Analogy 1–1

The relationship between velocity, wavelength, and 
frequency is similar to that of a 7-foot tall basketball 
player and a 5-foot tall gymnast who are asked to run 
a 50-meter race and finish at the same time. Because 
his legs are longer, the basketball player will take lon-
ger strides (wavelength) but fewer steps (frequency) 
to get to the finish line. Conversely, the gymnast has 
a short stride length (wavelength) and therefore must 
take more steps (frequency) if she is to travel an equal 
distance in the same time as the basketball player. 
Thus, since velocity is a constant, there is an inverse 
relationship between wavelength and frequency.

dealing with electromagnetic energy of any kind, 
we can use the speed of light, 3.0 × 10 8  m/s in that 
equation. That speed is not appropriate for electrical 
energy waves or sound energy waves, which do not 
travel at the speed of light.  11  

  The other equation that is important with elec-
tromagnetic radiation is the  energy equation . The 
energy of a photon is directly proportional to its fre-
quency. This means that the electromagnetic radia-
tion with higher frequency also has higher energy. 
We will relate this to the effects that each form of 
electromagnetic radiation can produce in tissues. 

  E  = h ë  v  

 (The letter h is known as  Planck’s constant  and has a 
value of 6.626 × 10 -34  Js. When Planck’s constant 
is multiplied by a frequency in vibrations per sec-
ond, the result has the standard scientific energy 
unit of Joules.)   

 The Electromagnetic Energy Spectrum 

 If a ray of sunlight is passed through a prism, it will 
be broken down into various colors in a predictable 
rainbow-like pattern of red, orange, yellow, green, 

wavelength The distance from one point in a prop-
agating wave to the same point in the next wave.

frequency The number of cycles or pulses per 
second.
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  5

blue, indigo, and violet ( Figure 1–2 ). The range of 
colors is called a    spectrum   . The colors that we can 
detect with our eyes are referred to as  visible light  
or  luminous radiations . Each of these colors repre-
sents a photon of a different energy. They appear as 
different colors because the various forms of radi-
ant energy are    refracted    or change direction as a 
result of differences in wavelength and frequency 
of each color. When passed through a prism, the 
type of radiant energy refracted the least appears 
as the color red, whereas that refracted the most is 
violet.  11   The longest wavelength light is red in color 
and low in energy whereas the shortest wavelength 
light is violet and relatively higher in energy. 

   This beam of electromagnetic radiation from 
the sun that passes through the prism also includes 
propagating forms of radiant energy that are not 
visible to our eyes.  15   If a thermometer is placed 
close to the red end of the visible light spectrum, the 
thermometer will rise in temperature. This is be-
cause there is invisible radiation with longer wave-
lengths than red light, called    infrared radiation   , 
which is absorbed by the thermometer. When the 
infrared radiation is absorbed by the thermometer, 
it heats the thermometer, just like the light from 
the sun can warm your skin as your skin absorbs 
the light. Likewise, photographic film that is placed 
close to the violet end of the visible light spectrum 
can be developed by another form of invisible 

Figure 1–2 When a beam of light is shone through a 
prism, the various electromagnetic radiations in visible 
light are refracted and appear as a distinct band of color 
called a spectrum.

Infrared

Ultraviolet

Red

Orange

Yellow

Green

Blue

Red violet

radiation from the sun, called    ultraviolet radia-
tion   . Infrared radiation is lower in energy than 
red light (infra means lower or below). Ultraviolet 
radiation is higher in energy than violet light (ultra 
means greater or above). Almost all of the electro-
magnetic radiation produced by the sun is invis-
ible. The entire electromagnetic spectrum includes 
radio and television waves, diathermies, infrared 
rays, visible light rays, ultraviolet rays, x-rays, and 
gamma rays ( Table 1–2 )     .

 The electromagnetic spectrum places all of 
the electromagnetic modalities in order based on 
wavelengths and corresponding frequencies. It is 
apparent, for example, that the shortwave diather-
mies have the longest wavelength and the lowest 
frequency and, all other factors being equal, there-
fore should have the greatest depth of penetration. 
As we move down the chart, the wavelengths in 
each region become progressively shorter and the 
frequencies progressively higher. Diathermy, the 
various sources of infrared heating, and the ul-
traviolet regions have progressively less depth of 
penetration.  4   

   Note that the regions labeled as radio and television 
frequencies, visible light, and high-frequency ionizing 
and penetrating radiations certainly fall under the clas-
sification of electromagnetic radiations. However, they 
do not have application as therapeutic modalities and, 
although extremely important to our everyday way of 
life, warrant no further consideration in the context of 
this discussion.     

spectrum Range of visible light colors.

refraction The change in direction of a wave or 
radiation wave when it passes from one medium or 
type of tissue to another.

infrared radiation The portion of the electro-
magnetic spectrum associated with thermal changes 
located adjacent to the red portion of the visible light 
spectrum.

ultraviolet radiation The portion of the electro-
magnetic spectrum associated with chemical changes 
located adjacent to the violet portion of the visible 
light spectrum.
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6  PART ONE  Foundations of Therapeutic Modalities

 TABLE 1–2 Electromagnetic Energy Spectrum*

   ESTIMATED 
 CLINICALLY  CLINICALLY EFFECTIVE 
 USED  USED DEPTH OF  PHYSIOLOGIC
REGION WAVELENGTH FREQUENCY** PENETRATION EFFECTS

Commercial Rradio 
and Television 
Frequencies‡     

Shortwave 22 m 13.56 MHz 3 cm Deep tissue temperature 
diathermy 11 m 27.12 MHz   increase, vasodilation, 
     increased blood flow

Microwave  69 cm 433.9 MHz  Deep tissue temperature 
diathermy 33 cm 915 MHz 5 cm  increase, vasodilation, 
 12 cm 2450 MHz   increased blood flow

Infrared
Luminous IR (1341° F) 28,860 Å 1.04 × 1013 Hz  Superficial temperature
Nonluminous IR  14,430 Å 2.08 × 1013 Hz   increase
 (3140° F)    Vasodilation—
     increased blood flow

Visible light
Red       Laser
         GaAs  9100 Å 3.3 × 1013 Hz 5 cm Pain modulation and
         HeNe 6328 Å 4.74 × 1013 Hz 10 –15 mm  wound healing
Violet
Ultraviolet    Superficial chemical 

UV-A 3200–4000 Å 9.38 × 1013–7.5 × 1013 Hz   changes
UV-B 2900–3200 Å 1.03 × 1014–9.38 × 1013 Hz 1 mm Tanning effcts 
UV-C 2000–2900 Å 1.50 × 1014–1.03 × 1014 Hz  Bactericidal

Ionizing radiation 
(x-ray, gamma 
rays, cosmic rays)‡

* The only forms of electromagnetic energy included are the ones that obey the equations C = k × v and E = h × v. Neither electrial 
currents nor heat traveling by conduction travels at the speed of light.
**Calculated using C = λ × F, C = velocity (3 × 10 m/sec), λ = wavelength, F = frequency.
‡Although these fall under the classification of electromagnetic energy, they have nothing to do with therapeutic modalities and thus 
warrant no further discussion in this text.

 How Is Electromagnetic Energy 
Produced? 

 Various forms of electromagnetic radiation can be 
used by athletic trainers to treat patients provided 
that these forms of energy can be produced and 
directed in safe and economical ways. Tradition-
ally, ultraviolet, infrared, and visible light rays 

have been produced by heating objects such as a 
thin filament to very high temperatures. Objects 
are composed of atoms, which in turn are com-
posed of positively charged nuclei surrounded by 
negatively charged electrons. As the temperature 
increases in a particular substance, the charged 
subatomic particles within the substance vibrate 
more rapidly due to the increase in available 
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  7

energy. The rapid movement of any charged par-
ticles, such as the negatively charged electrons 
within atoms, produces electromagnetic waves. At 
higher temperatures, the number of electromag-
netic waves produced and the average frequency 
of those waves increase. This is how incandescent 
light bulbs in our homes work. The electrical energy 
heats the filaments to very high temperatures, 
which causes them to emit radiation. The electro-
magnetic waves produced by heated filaments in-
clude a broad range of radiation and require large 
amounts of energy to produce. As technology has 
improved, more specific and economical ways 
to produce electromagnetic radiation have been 
developed for use in the therapeutic modalities. 
Electronic tubes or transistors can convert electri-
cal energy into radio waves and a device called a 
magnetron can produce focused bursts of micro-
wave radiation.   

 Effects of Electromagnetic Radiations 

 The effects of electromagnetic radiation on tissues 
depend on the wavelength, frequency, and energy 
of the electromagnetic waves that penetrate those 
tissues. Of the forms of electromagnetic energy 
used by the therapist or trainer, those with 
longer wavelengths are the most penetrating. 
At the low energy end of the electromagnetic 
spectrum, characterized by low frequency and long 
wavelength radiation, the basic effect is to heat 
tissues. The electromagnetic radiation with higher 
amounts of energy per photon can have different, 
more dramatic effects on tissues. The large regions 
of radiation with longer wavelengths than infrared 
radiations are known as the    diathermies   . These 
include shortwave and microwave radiations. 
They penetrate tissues more deeply than infrared 
or visible light. Infrared radiations, such as 
those produced by luminous and nonluminous 
infrared lamps, and visible light also heat tissues. 
These types of radiation are less penetrating than 
microwave radiation, so the warming effects are 
more superficial. Ultraviolet radiation is more 
energetic than visible light and carries enough 

energy to damage tissues. As this radiation is 
not very penetrating, the result of exposure to 
ultraviolet radiation is the superficial skin damage 
that we call sunburn. 

  Laws Governing the Effects of 
Electromagnetic Energy 

 When electromagnetic radiation strikes or comes 
in contact with various objects, it can be reflected, 
transmitted, refracted, or absorbed, depending on 
the type of radiation and the nature of the object 
it interacts with.  2   The rays that rebound off the 
material are said to be    reflected   . If a ray passes 
from one material to another, it changes its path 
by a process called  refraction . Rays passing through 
a material are said to be    transmitted    through 
the material. A portion of the radiation may be 
   absorbed    by the material. Any photons that are 
not absorbed by the tissue will be transmitted to 
deeper layers. The intensity of a ray depends on 
how many photons compose the ray ( Figure 1–3 ). 
Generally, the radiation used in the therapeutic 
modalities that has the longest wavelength tends 
to also have the greatest depths of penetration. It 

diathermy The application of high-frequency elec-
trical energy used to generate heat in body tissue as 
a result of the resistance of the tissue to the passage of 
energy.

reflection The bending back of light or sound 
waves from a surface that they strike.

transmission The propagation of energy through a 
particular biologic tissue into deeper tissues.

absorption Energy that stimulates a particular 
tissue to perform its normal function.

 Analogy 1–2

The colors of a rainbow are created when sunlight 
(electromagnetic energy) is refracted through water 
droplets. The different colors appear because of vary-
ing wavelengths and frequencies, which are refracted 
differently.
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8  PART ONE  Foundations of Therapeutic Modalities

must be added, however, that a number of other 
factors, which are discussed later, can also contrib-
ute to the depth of penetration. 

  Arndt-Schultz Principle.   The purpose 
of using therapeutic modalities is to stimulate 
body tissue. This stimulation will only occur if 
energy produced is absorbed by the tissue.  2  ,  5   The 
   Arndt-Schultz principle    states that no reac-
tions or changes can occur in the body tissues 
if the amount of energy absorbed is insufficient 
to stimulate the absorbing tissues. The goal of 
the athletic trainer should be to deliver sufficient 
energy to stimulate the tissues to perform their 
normal function. An example would be using an 
electrical stimulating current to create a muscle 
contraction. To achieve the depolarization of a 
motor nerve, the intensity of the current must be 
increased until enough energy is made available 
and is absorbed by that nerve to facilitate a depo-
larization. The athletic trainer should also realize 

that too much energy absorbed in a given period 
of time may seriously impair normal function and, 
if severe enough, may cause irreparable damage.  5   

       Law of Grotthus-Draper.   The inverse rela-
tionship that exists between energy absorption by 
a tissue and energy penetration to deeper layers is 
described by the    Law of Grotthus-Draper   . That 
portion of the electromagnetic energy that is not 
reflected will penetrate into the tissues (skin lay-
ers), and some of it will be absorbed super ficially. 
If too much radiation is absorbed by super ficial 
tissues, not enough will be absorbed by the deeper 
tissues to stimulate the tissues. If the amount of 
energy absorbed is sufficient to stimulate the target 
tissue, some physiologic response will occur.  2  ,  5   If 
the target tissue is a motor nerve and your treat-
ment goal is to cause a depolarization of that 
motor nerve, then enough energy must be ab-
sorbed by that nerve to cause the desired depo-
larization. An example showing application of 
the Law of Grotthus-Draper is the use of ultra-
sound treatment to increase tissue temperature in 
the deeper portions of the gluteus maximus mus-
cle. An athletic trainer could use ultrasound at a 
frequency of either 1 MHz (long wavelength) or 
3 MHz (short wavelength). Using ultrasound treat-
ment at a frequency of 1 MHz would be more 
effective at penetrating the deeper tissues than 
ultrasound treatment at 3 MHz, since less energy 
would be absorbed superficially for the longer 
wavelength. 

  Cosine Law.   Any reflection of electromag-
netic radiation or other waves will reduce the 
amount of energy that is available for therapeutic 
purposes. The smaller the angle between the prop-
agating ray and the right angle, the less radiation 
reflected and the greater the absorption. Thus,

 Analogy 1–3

When you go to the beach and are lying in the sun, 
you are more likely to get sunburned during the mid-
dle of the day when the sun’s rays are striking your 
skin at closer to a right angle than later in the after-
noon when sunlight is at more of an oblique angle.

Arndt-Schultz principle No reactions or changes 
can occur in the body if the amount of energy 
absorbed is not sufficient to stimulate the absorbing 
tissues.

Law of Grotthus-Draper Energy not absorbed by 
the tissues must be transmitted.

Electromagnetic energy

1. Reflected

2. Refracted

3. Absorbed

Skin

Fat

Muscle

Figure 1–3 When electromagnetic radiations contact 
human tissues, they may be reflected, refracted, or 
absorbed. Energy that is transmitted through the tissues 
must be absorbed before any physiologic changes can 
take place.
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  9

radiant energy is more easily transmitted to deeper 
tissues if the source of radiation is at a right angle 
to the area being radiated. This principle, known 
as the    cosine law   , is extremely important in the 
chapters dealing with the diathermies, ultraviolet 
light, and infrared heating, since the effectiveness 
of these modalities is based to a large extent on 
how they are positioned with regard to the patient 
( Figure 1–4 ).  5   An example showing the applica-
tion of the cosine law could be that, when doing 
an ultrasound treatment, the surface of the appli-
cator should be kept as flat on the skin surface as 
possible. This allows the acoustic energy coming 
from the applicator to strike the surface as close 
to 90 degrees as possible, thus minimizing the 
amount of energy reflected. 

 Inverse Square Law.   The intensity of the 
radiation striking a particular surface is known to 
vary inversely with the square of the distance from 
the source.  3   For example, when using an infrared 
heating lamp to heat the low back region, the 
intensity of heat energy at the skin surface with 
the lamp positioned at a distance of 10 inches will 
be four times greater than if the lamp is placed at 
a 20-inch distance. This principle, known as the 
   inverse square law   , obviously is of great con-
sequence when setting up a specific modality to 
achieve a desired physiologic effect ( Figure 1–5 ). 
Regardless of the path this transmitted energy 

takes, the physiologic effects are apparent only 
when the energy is absorbed by a specific tissue. 
Treatments will only be effective if enough en-
ergy is absorbed by the tissues, so modalities are 
most effective when placed as close to the body as 
possible.  

 Electromagnetic Energy Modalities  

 Diathermy.   The diathermies are considered 
to be high-frequency modalities because they use 
radiation with more than 1 million cycles per sec-
ond. When impulses of such a short duration come 
in contact with human tissue, there is not sufficient 
time for ion movement to take place. Consequently, 
there is no stimulation of either motor or sensory 
nerves. The energy of this rapidly vibrating radia-
tion produces heat as it is absorbed by tissue cells, 
resulting in a temperature increase.  6   Shortwave 
diathermy may be either continuous or pulsed. 
Both continuous shortwave as well as microwave 
diathermy are used primarily for their thermal 
effects, whereas pulsed shortwave is used for its 
nonthermal effects.  1  ,  5   Diathermy is discussed in 
more detail in Chapter 10.   

 Low-Power Laser.   The word  LASER  is an 
acronym for  light amplification by stimulated emission 
of radiation  and applies to any instrument that gen-
erates light using that technique. There are lasers 
that produce light in either the infrared or visible 
light portions of the spectrum. 

 Lasers can be constructed to operate at certain 
power levels. High-power lasers are used in surgery 
for purposes of incision, coagulation of vessels, 
and thermolysis, owing to their thermal effects. 
The low-power or cold laser produces little or no 
thermal effects but seems to have some significant 

Figure 1–4 The cosine law states that the smaller the 
angle between the propagating ray and the right angle, 
the less radiation reflected and the greater absorbed. 
Thus the energy absorbed in a would be greater than in b.

Energy source Energy source

(a) (b)

cosine law Optimal radiation occurs when the 
source of radiation is at right angles to the center of 
the area being radiated. 

inverse square law The intensity of radiation 
striking a particular surface varies inversely with the 
square of the distance from the radiating source.
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10  PART ONE  Foundations of Therapeutic Modalities

Figure 1–5 The inverse square law states that the intensity of the radiation striking a particular surface varies 
inversely with the square of the distance from the source.

I

I

clinical effect on soft-tissue and fracture healing, as 
well as on pain management, through stimulation 
of acupuncture and trigger points. The laser as a 
therapeutic tool is discussed in Chapter 9.   

 Ultraviolet Light.   The ultraviolet portion of 
the electromagnetic spectrum is higher in energy 
than violet light. As stated previously, the radia-
tion in the ultraviolet region is undetectable by the 
human eye. However, if a photographic plate is 
placed at the ultraviolet end, chemical changes will 
be apparent. Although an extremely hot source 
(7000–9000° C) is required to produce ultraviolet 
wavelengths, the physiologic effects of ultraviolet 
are mainly chemical in nature and occur entirely in 
the cutaneous layers of skin. The maximum depth 
of penetration with ultraviolet is about 1 mm. 

 Due to the availability of oral and topical medi-
cations to treat skin lesions, ultraviolet therapy is 
no longer used as a treatment modality by athletic 
trainers and thus will not be discussed further in 
this text.   

  THERMAL ENERGY  

 Earlier it was stated that any object heated (or 
cooled) to a temperature different than the sur-
rounding environment will dissipate (or absorb) 
heat through conduction to (or from) the other ma-
terials with which it comes in contact. 

   There is confusion over the relationship be-
tween electromagnetic energy and thermal energy 
transfer associated with hot and cold packs. It is cor-
rect to think of the  infrared  modalities as being those 
modalities whose primary mechanism of action is 
the emission of infrared radiation for the purpose of 
increasing tissue temperatures.  8   All warm objects, 
including whirlpool baths, emit infrared radiation, 
but the amount of infrared energy that is radiated 
from hot and cold baths is very small compared 
to the amount that transfers to and from them by 
conduction. Modalities such as hot and cold packs 
operate by conduction of thermal energy, so they 
are better described as conductive modalities. The 
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  11

conductive modalities are used to produce a local 
and occasionally a generalized heating or cooling 
of the superficial tissues with a maximum depth of 
penetration of 1 cm or less. Conductive modalities 
are generally classified into those that produce a 
tissue temperature increase, which we refer to as 
   thermotherapy,    and those that produce a tissue 
temperature decrease, which we call    cryotherapy.    

   Earlier we stated that visible light, luminous 
infrared, and nonluminous infrared lamps are clas-
sified as electromagnetic energy modalities. This 
is because their mechanism of energy transfer is 
through electromagnetic radiation, not conduction. 

   The rate of heat transfer from one object to an-
other is proportional to the difference in temperature 
between them. If two objects are very close in tem-
perature, the transfer of heat will be slow. If there is 
a great temperature difference between two objects, 
the heat transfer between them will be very rapid. 
This has important consequences for the use of hot 
baths and cold baths. When a cold pack (8° F) is 
placed in contact with skin (98.6° F), the difference 
in temperature is approximately 90° F, so the heat 
flow from the skin to the cold pack is very rapid. This 
will cool the skin very rapidly and to a greater tissue 
depth. When tissues are placed in a hot whirlpool 
(110° F), the difference in temperature is only about 
10° F, so the heat transfer from the bath to the skin 
is much slower. Whirlpools also have other effects, 
such as the prevention of evaporative cooling of the 
skin, but the general principle that cold packs work 
more rapidly and to a greater tissue depth holds true. 

   It should be added that in addition to produc-
ing a tissue temperature increase or decrease, the 
thermal modalities can elicit either increases or de-
creases in circulation depending on whether heat or 
cold is used. They are also known to have analgesic 
effects as a result of stimulation of sensory cutane-
ous nerve endings.  

 Thermal Energy Modalities  

 Thermotherapy.   Thermotherapy techniques 
are used primarily to produce a tissue tempera-
ture increase for a variety of therapeutic purposes. 

The modalities classified as thermotherapy modali-
ties include warm whirlpool, warm hydrocollator 
packs, paraffin baths, and fluidotherapy. The spe-
cific procedures for applying these techniques are 
discussed in detail in Chapter 4.   

 Cryotherapy.   Cryotherapy techniques are 
used primarily to produce a tissue temperature 
decrease for a variety of therapeutic purposes. The 
modalities classified as cryotherapy modalities in-
clude ice massage, cold hydrocollator packs, cold 
whirlpool, cold spray, contrast baths, ice immer-
sion, cryo-cuff, and cryokinetics. The specific proce-
dures for applying these techniques are discussed in 
detail in Chapter 4.     

  ELECTRICAL ENERGY  

 In general, electricity is a form of energy that can 
effect chemical and thermal changes on tissue. 
Electrical energy is associated with the flow of elec-
trons or other charged particles through an electric 
field. Electrons are particles of matter that have a 
negative electrical charge and revolve around the 
core, or nucleus, of an atom. An electrical current 
refers to the flow of charged particles that pass 
along a conductor such as a nerve or wire. Electro-
therapeutic devices generate current, which, when 
introduced into biological tissue, are capable of 
producing specific physiological changes. 

   An electrical current applied to nerve tis-
sue at a sufficient intensity and duration to reach 
that tissue’s excitability threshold will result in a 
membrane depolarization or firing of that nerve. 
Electrical stimulating currents affect nerve and 
muscle tissue in various ways, based on the action 

  Clinical Decision-Making Exercise 1–1

Several modalities can be used to manage pain. 
Of the modalities discussed, which may be used 
to modulate pain and which should an athletic 
trainer recommend as the best to use immediately 
following injury?
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12  PART ONE  Foundations of Therapeutic Modalities

of electricity on tissues. Any electrical currents that 
pass through tissues will warm the tissues based on 
the resistance of the tissues to the flow of electricity. 
The clinically used frequencies of electrical currents 
range from 1 Hz to 4000 Hz. Most stimulators have 
the flexibility to alter the treatment parameters of 
the device to elicit a desired physiologic response in 
addition to the warming of tissues.  10    

 Electrical Energy Modalities 

 Electrical Stimulating Currents.   The nerve 
and muscle stimulating currents are capable of 
(1) modulating pain through stimulation of cutane-
ous sensory nerves at high frequencies; (2) producing 
muscle contraction and relaxation or tetany, depend-
ing on the type of current and frequency; (3) facilitat-
ing soft-tissue and bone healing through the use of 
subsensory microcurrents low-intensity stimulators; 
and (4) producing a net movement of ions through 
the use of continuous direct current and thus elicit-
ing a chemical change in the tissues, which is called 
iontophoresis (see Chapter 6).  14   The electrical stimu-
lating currents and their various physiologic effects 
are discussed in detail in Chapter 5. 

 Electromyographic Biofeedback .  Electro-
myographic biofeedback is a therapeutic procedure 
that uses electronic or electromechanical instru-
ments to accurately measure, process, and feed back 
reinforcing information via auditory or visual sig-
nals. Clinically, it is used to help the patient develop 
greater voluntary control in terms of either neuro-
muscular relaxation or muscle reeducation follow-
ing injury. Biofeedback is discussed in Chapter 7.    

 SOUND ENERGY 

 Acoustic energy and electromagnetic energy have 
very different physical characteristics. Sound en-
ergy consists of pressure waves due to the mechani-
cal vibration of particles, whereas electromagnetic 
radiation is carried by photons. The relationship 
between velocity, wavelength, and frequency is 
the same for sound energy and electromagnetic 
energy, but the speeds of the two types of waves are 

different. Acoustical waves travel at the speed of 
sound. Electromagnetic waves travel at the speed 
of light. Since sound travels more slowly than light, 
wavelengths are considerably shorter for acoustic 
vibrations than for electromagnetic radiations at 
any given frequency.  5   For example, ultrasound 
traveling in the atmosphere has a wavelength of 
approximately 0.3 mm, whereas electromagnetic 
radiations would have a wavelength of 297 m at a 
similar frequency. 

   Electromagnetic radiations are capable of trav-
eling through space or a vacuum. As the density of 
the transmitting medium is increased, the velocity 
of electromagnetic radiation decreases very slightly. 
Acoustic vibrations (sound) will not be transmit-
ted at all through a vacuum since they propagate 
through molecular collisions. The more rigid the 
transmitting medium is, the greater the velocity of 
sound will be. Sound has a much greater velocity 
of transmission in bone tissue (3500 m/sec), for 
example, than in fat tissue (1500 m/sec). 

 Sound Energy Modalities  

 Ultrasound.   A therapeutic modality athletic 
trainers frequently use is ultrasound. Ultrasound is 
the same form of energy as audible sound, except 
that the human ear cannot detect ultrasound fre-
quencies. Frequencies of ultrasound wave produc-
tion are between 700,000 and 1 million cycles per 
second. Frequencies up to around 20,000 Hz are 
detectable by the human ear. Thus the ultrasound 
portion of the acoustic spectrum is inaudible. Ultra-
sound is frequently classified along with the elec-
tromagnetic modalities, shortwave and microwave 
diathermy, as a deep-heating, “conversion”-type 
modality, and it is certainly true that all of these 
are capable of producing a temperature increase in 
human tissue to a considerable depth. However, ul-
trasound is a mechanical vibration, a sound wave, 
produced and transformed from high-frequency 
electrical energy. 5    

 Ultrasound generators are generally set at a 
standard frequency of 1–3 MHz (1000 kHz). The 
depth of penetration with ultrasound is much 
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CHAPTER 1  The Basic Science of  Therapeutic Modalities  13

greater than with any of the electromagnetic radia-
tions. At a frequency of 1 MHz, 50% of the energy 
produced will penetrate to a depth of about 5 cm. 
The reason for this great depth of penetration is that 
ultrasound travels very well through homogeneous 
tissue (e.g., fat tissue), whereas electromagnetic 
radiations are almost entirely absorbed. Thus when 
therapeutic penetration to deeper tissues is desired, 
ultrasound is the modality of choice.  7  ,  10   

 Therapeutic ultrasound traditionally has been 
used to produce a tissue temperature increase 
through thermal physiologic effects. However, it is 
also capable of enhancing healing at the cellular 
level as a result of its nonthermal physiologic ef-
fects. The clinical usefulness of therapeutic ultra-
sound is discussed in greater detail in Chapter 8.  

 Extracorporeal Shock Wave Therapy 
(ESWT).   Extracorporeal shock wave therapy (ESWT) 
is a relatively new noninvasive modality used in the 
treatment of both soft-tissue and bone injuries. The 
 shock waves , in contrast to the connotation of an 
electrical shock, are actually pulsed high-pressure, 
short-duration (<1 m/sec) sound waves. This 
sound energy is concentrated in a small focal area 
(2–8 mm in diameter) and is transmitted through 
a coupling medium to a target region with little at-
tenuation. Over the last several years, a number of 
investigators have used this modality successfully 
in treating plantar fasciitis, medial/lateral epicon-
dylitis, and nonunion fractures. However, at this 
point the expense of using ESWT equipment is pro-
hibitive, and few clinicians have access to this de-
veloping modality. Thus ESWT will not be discussed 
further in this text. 

 MECHANICAL ENERGY 

 In all instances in which work is done, there is 
an object that supplies the force to do the work. 
When work is done on the object, that object gains 
energy. The energy acquired by the objects upon 
which work is done is known as    mechanical en-
ergy   .  15   Mechanical energy is the energy possessed 
by an object due to its motion or due to its position. 
Mechanical energy can be either    kinetic energy    
(energy of motion) or    potential energy    (stored 
energy of position). Objects have kinetic energy if 
they are in motion. Potential energy is stored by 
an object and has the potential to be created when 
that objected is stretched or bent or squeezed. The 
kinetic energy created by a clinician’s hands moves 
to apply a force that can stretch, bend, or com-
press skin, muscles, ligaments, and the like. The 
stretched, bent, or compressed structure possesses 
potential energy that can be released when the 
force is removed. 

 Mechanical Energy Modalities 

 Intermittent compression, traction techniques, 
and massage each use mechanical energy involv-
ing a force applied to some soft-tissue structure 
to create a therapeutic effect. These mechanical 
energy modalities are discussed in Chapters 11, 
12, and 13. 

  Clinical Decision-Making Exercise 1–2

The athletic trainer is treating a patient with a 
chronic low back strain. At this point it has been 
decided that heating the area is the treatment of 
choice. Which of the modalities discussed briefly 
in this chapter may be used as heating modalities? 
Which of these modalities would you choose to 
provide the greatest depth of penetration?

  Clinical Decision-Making  Exercise 1–3

With which of the modalities described briefly in 
this chapter are the cosine law and the inverse 
square law of greatest consideration?

mechanical energy Energy acquired by the objects 
upon which work is done.

kinetic energy Energy of motion.

potential energy Stored energy of position.
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14  PART ONE  Foundations of Therapeutic Modalities

   1.   The forms of energy that are relevant to the 
use of therapeutic modalities are electromag-
netic energy, thermal energy, electrical energy, 
sound energy, and mechanical energy.  

   2.   The various forms of energy may be reflected, 
refracted, absorbed, or transmitted in the 
tissues.  

   3.   All forms of electromagnetic energy travel at 
the same velocity; thus, wavelength and fre-
quency are inversely related.  

   4.   The electromagnetic spectrum places all of the 
electromagnetic energy modalities including 
diathermy, laser, ultraviolet light, and lumi-
nous infrared lamps in order based on wave-
lengths and corresponding frequencies.  

   5.   The Arndt-Schultz principle, the Law of Grot-
thus-Draper, the cosine law, and the inverse 
square law can each be applied to the electro-
magnetic energy modalities.  

   6.   Thermotherapy and cryotherapy modalities 
transfer thermal energy from a heating or cool-
ing source to the body through conduction.  

   7.   Modalities that utilize electrical energy can 
(1) cause pain modulation through stimula-
tion of cutaneous sensory nerves; (2) pro-
duce muscle contraction and relaxation or 
tetany, depending on the type of current and 
frequency; (3) facilitate soft-tissue and bone 
healing through the use of subsensory micro-
currents; and (4) produce a net movement of 
ions thus eliciting a chemical change in the 
tissues.  

   8.   Acoustic energy and electromagnetic energy 
have very different physical characteristics.  

   9.   Mechanical energy can be either  kinetic energy  
(energy of motion) or potential energy (stored 
energy of position). The kinetic energy cre-
ated by a clinician’s hands moves to apply a 
force that can stretch, bend, or compress skin, 
muscles, ligaments, and the like. The stretched, 
bent, or compressed structure possesses poten-
tial energy that can be released when the force 
is removed.  

 Summary 

  Review Questions  

   1.   What are the various forms of energy 
produced by therapeutic modalities?  

   2.   What is radiant energy and how is it 
produced?  

   3.   What is the relationship between wavelength 
and frequency?  

   4.   What are the characteristics of electromag-
netic energy?  

   5.   Which of the therapeutic modalities produce 
electromagnetic energy?  

   6.   What is the purpose of using a therapeutic 
modality?  

   7.   According to the Law of Grotthus-Draper, 
what happens to electromagnetic energy 
when it comes in contact with and/or pen-
etrates human biologic tissue?  

   8.   Explain the cosine and inverse square laws 
relative to tissue penetration of electromag-
netic energy.  

   9.   How do the thermal energy modalities trans-
fer energy?  

   10.   What physiologic changes can the use of elec-
trical energy produce in human tissue?  

   11.   Which of the therapeutic modalities produce 
sound energy?  

   12.   What are the differences between electromag-
netic energy and sound energy?  

  13.   What modalities utilize mechanical energy to 
produce a therapeutic effect?    
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  True or False   
   1.   Wavelength is defined as the number of cycles 

per second.  
   2.   To achieve deeper tissue penetration, the 

wavelength must be increased.  
   3.   Continuous shortwave diathermy produces 

thermal effects. 

  Multiple Choice   
   4.   Which of the following is NOT an electromag-

netic energy modality? 
 a.    Ultraviolet light 
 b.    Ultrasound 
 c.    Low-power laser  
 d.   Shortwave diathermy    
   5.   Sound or radiation waves that change direc-

tion when passing from one type of tissue to 
another are said to .  

 a.   Transmit  
 b.   Absorb  
 c.   Reflect 
 d.    Refract    
   6.   The  states that if superfi-

cial tissue does not absorb energy, it must be 
transmitted deeper. 

 a.    Law of Grotthus-Draper  
 b.   Cosine law 
 c.    Inverse square law  
 d.   Arndt-Schultz principle    

   7.   According to the cosine law, to minimize re-
flection and maximize absorption, the energy 
source must be at a  angle to 
the surface. 

 a.    45 degree 
 b.    90 degree 
 c.    180 degree 
 d.    0 degree    
   8.   Electrical stimulating currents may produce 

the following effects: 
 a.    Muscle contraction 
 b.    Net ion movement 
 c.    Decrease in pain 
 d.    All of the above    
   9.   Thermal energy modalities generally affect 

superficial tissue up to  cm deep,  
   a.   5 cm  
   b.   0.5 cm  
   c.   1 cm  
   d.   10 cm  
  10.  Based on their different characteristics, which 

of the following travels at greater velocity 
through human tissue? 

 a.    Sound energy 
 b.    Electromagnetic energy 
 c.    Both  a  and  b  travel at the same rate. 
 d.    Neither  a  nor  b  travels through human 

tissue.     

 Self-Test Questions 

  Solutions to Clinical Decision-Making Exercises  

  1–1   Superficial heat and cold, electrical stimulat-
ing currents, and low-power laser may all be 
effective for modulating pain. However, ice is 
likely the best choice immediately following 
injury because it will not only modulate pain 
but will also cause vasoconstriction and thus 
help to control swelling.  

  1–2   The athletic trainer may choose to use infra-
red heating modalities, shortwave diathermy, 

or ultrasound—all of  which have the ability 
to produce heat in the tissues. Ultrasound 
has a greater depth of  penetration than any 
of  the electromagnetic or thermal modalities 
since sound energy is more effectively trans-
mitted through dense tissue than is electro-
magnetic energy.  

  1–3   When setting up a patient for treatment using 
either microwave diathermy or ultraviolet 
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16  PART ONE  Foundations of Therapeutic Modalities

therapy, it is critical that the athletic trainer 
consider the angle at which the electromag-
netic energy is striking the body surface to 
ensure that most of  the energy will be 
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 CHAPTER 2 

 Using Therapeutic Modalities 
to Affect the Healing Process  
    William   E.   Prentice    

 HOW SHOULD THE ATHLETIC 
TRAINER USE THERAPEUTIC 
MODALITIES IN 
REHABILITATION? 

 T
herapeutic modalities, when used appropri-
ately, can be extremely useful tools in the reha-
bilitation of the injured patient.  17  ,  24   Like any 

other tool, their effectiveness is limited by the 
knowledge, skill, and experience of the clinician 
using them. For the athletic trainer, decisions 
regarding how and when a modality may best be 
incorporated should be based on a combination of 
theoretical knowledge and practical experience. As 
a clinician, you should not use therapeutic modali-
ties at random, nor should you base their use on 
what has always been done before. Instead, you 
must always give consideration to what should 
work best in a specific injury situation. 

   There are many different approaches and ideas 
regarding the use of modalities in injury rehabilita-
tion. Therefore, no “cookbook” exists for modality 
use. In a given clinical situation, you as an athletic 
trainer should make your own decision about which 
modality will be most effective. 

   In any program of rehabilitation, modalities 
should be used primarily as adjuncts to therapeutic 
exercise and certainly not at the exclusion of range-
of-motion or strengthening exercises. Rehabilitation 
protocols and progressions must be based primarily 
on the physiological responses of the tissues to injury 
and on an understanding of how various tissues 

  Following completion of this chapter, 
the athletic training student will be 
able to: 
  •  Define inflammation and its associated signs 

and symptoms. 

  •  Clarify how therapeutic modalities should be 
used in rehabilitation of various conditions. 

  •  Compare the physiological events associated 
with the different phases of the healing process. 

  •  Formulate a plan for how specific modalities 
can be used effectively during each phase of 
healing and provide a rationale for their use. 

  •  Identify those factors that can interfere with the 
healing process.   

17
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18  PART ONE  Foundations of Therapeutic Modalities

heal ( Figure 2–1 ).  9   Thus, the athletic trainer must 
understand the healing process to be effective in 
incorporating therapeutic modalities into the reha-
bilitative process. 

  In the physically active population, injuries most 
often involve the musculoskeletal system and in fewer 
instances the nervous system.  1  ,  8   Some healthcare 
professionals have debated whether the terms  acute  
and  chronic  are appropriate in defining injury.  13   At 
some point all injuries can be considered acute; in 
other words, there is always some beginning point for 
every injury. At what point does an acute injury 

become a chronic injury? Generally injuries occur 
either from trauma or from overuse. Acute injuries 
are caused by trauma; chronic injuries can result 
from overuse as occurs with the repetitive dynamics 
of running, throwing, or jumping.  33  ,  35   Thus the terms 
 traumatic  and  overuse injuries  are more appropriate. 

In sports medicine,  primary injuries  are almost 
always described as being either traumatic or overuse 
resulting from  macrotraumatic  or  microtraumatic  
forces. Injuries classified as macrotraumatic occur as 
a result of trauma and produce immediate pain and 
disability. Macrotraumatic injuries include fractures, 

TRAUMA

PRIMARY INJURY
Blood
Damaged tissueGreater risk of reinjury

Hematoma

Reduced risk of reinjury

ScabSECONDARY RESPONSE
Edema
Hypoxic damaged tissue
Bleeding

INFLAMMATION
Return to full activity

Optimal recovery

Adequate

REHABILITATION

Pain

Guarding

REPAIR PHASES
Inflammation
Fibroplastic
Maturation

ATROPHYInadequate

Less than optimal
recovery

Return to activity

Figure 2–1 A cycle of sport-related injury.
(From Booher and Thibadeau, Athletic Injury Assessment, 1994)
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dislocations, subluxations, sprains, strains, and con-
tusions.  30   Microtraumatic injuries are most often 
overuse injuries and result from repetitive overload-
ing or incorrect mechanics associated with continu-
ous training or competition. Microtraumatic injuries 
include tendinitis, tenosynovitis, bursitis, and so on. 
A  secondary injury  is essentially the inflammatory or 
hypoxia response that occurs with the primary 
injury. 25   

 THE IMPORTANCE 
OF UNDERSTANDING 
THE HEALING PROCESS 

 The decisions made by the athletic trainer on how 
and when therapeutic modalities may best be used 
should be based on recognition of signs and symp-
toms as well as some awareness of the time frames 
associated with the different phases of the heal-
ing process.  20  ,  26   The athletic trainer must have a 
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The healing process is a continuum 
consisting of three phases

• Inflammatory-response phase
• Fibroblastic-repair phase
• Maturation-remodeling phase

sound understanding of that process in terms of the 
sequence of the phases of healing that take place.  2   

   The healing process consists of the inflammatory-
response phase, the fibroblastic-repair phase, and 
the maturation-remodeling phase. It must be 
stressed that although the phases of healing are pre-
sented as three separate entities,  the healing process is 
a continuum . Phases of the healing process overlap 
one another and have no definitive beginning or 
end points  11   ( Figure 2–2 ). The athletic trainer 
should rely primarily on observation of the signs 
and symptoms to determine how the healing pro-
cess is progressing. 

 Inflammatory-Response Phase 

 When you hear the term  inflammation , you automat-
ically think of something negative. The fact is that 
inflammation is a very important part of the healing 
process.  23   Without the physiological changes that 

Maturation-remodeling phase

(Strong contracted scar
develops, increasing strength

and full return to function)
3 weeks–2 yearsFibroblastic-repair phase

(diminishing pain and tenderness,
gradual return to function)

2 days–6 weeks

Inflammatory-
response phase

(Redness, swelling, tenderness,
increased temperature, loss of function)
0–4 days

Initial
injury

Time

Figure 2–2 The three phases of the healing process fall along an overlapping time continuum.

Signs of inflammation

• Redness
• Swelling
• Tenderness to touch
• Increased temperature
• Loss of function
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20  PART ONE  Foundations of Therapeutic Modalities

take place during the inflammatory process, the 
later stages of healing cannot occur. Once a tissue is 
injured, the process of healing begins immediately.  4   
The destruction of tissue produces direct injury to 
the cells of the various soft tissues. Cellular injury 
results in altered metabolism and the liberation of 
materials that initiate the inflammatory response  31   
( Figure 2–3 ). 

 Signs and Symptoms.   It is characterized 
symptomatically by redness, swelling, tenderness, 
increased temperature, and loss of function.  6  ,  20    

 Cellular Response.   Inflammation is a process 
during which    leukocytes    and other    phagocytic 
cells    and exudate are delivered to the injured tissue. 
This cellular reaction is generally protective, tend-
ing to localize or dispose of injury by-products (for 
example, blood or damaged cells) through phagocy-
tosis, thus setting the stage for repair. Locally, vas-
cular effects, disturbances of fluid exchange, and 
migration of leukocytes from the blood to the tissues 
occur.  14     

 Chemical Mediators.   The events in the 
inflammatory response are initiated by a series of 
interactions involving several chemical mediators.  37   
Some of these chemical mediators are derived from 

the invading organism, some are released by the 
damaged tissue, others are generated by several 
plasma enzyme systems, and still others are prod-
ucts of various white blood cells participating in the 
inflammatory response. Three chemical mediators, 
 histamine, leukotrienes,  and  cytokines,  are important 
in limiting the amount of exudate, and thus swell-
ing, after injury.  22   Histamine, released from the 
injured mast cells, causes vasodilation and increased 
cell permeability, owing to a swelling of endothelial 
cells and then separation between the cells. Leuko-
trienes and prostaglandins are responsible for 
 margination , in which leukocytes (neutrophils 
and macrophages) adhere along the cell walls. They 
also increase cell permeability locally, thus affecting 
the passage of the fluid and white blood cells through 
cell walls via diapedesis to form exudate. Therefore 
vasodilation and active hyperemia are important in 

Epidermis
of skin

Wound

Dermis
of skin

Blood clot

Macrophages

Fibroblast

Neutrophils

Leukocyte

Figure 2–3 Initial injury and inflammatory-response phase of the healing process.

leukocytes A white blood cell that is the primary 
effector cell against infection and tissue damage that 
functions to clean up damaged cells.

phagocytic cells A cell that has the ability to 
destroy and ingest cellular debris.

(A) Cut blood vessels bleed into the wound. (B) Blood clot forms, and leukocytes clean wound.
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CHAPTER 2  Using Therapeutic Modalities to Effect the Healing Process  21

exudate (plasma) formation, in supplying leukocytes 
to the injured area. Cytokines, in particular chemo-
kines and interleukin, are the major regulators of 
leukocyte traffic and help to attract leukocytes to the 
actual site of inflammation.  16   Responding to the 
presence of chemokines, phagocytes enter the site of 
inflammation within a few hours. The amount of 
swelling that occurs is directly related to the extent 
of vessel damage.  

 Vascular Reaction.   The vascular reaction 
involves vascular spasm, the formation of a platelet 
plug, blood coagulation, and the growth of fibrous 
tissue.  34   The immediate response to tissue damage 
is a vasoconstriction of the vascular walls in the 
vessels leading away from the site of injury that 
lasts for approximately five to ten minutes. This 
vasoconstriction presses the opposing endothelial 
wall linings together to produce a local anemia that 
is rapidly replaced by hyperemia of the area due to 
vasodilation. This increase in blood flow is transi-
tory and gives way to slowing the flow in the dilated 
vessels, thus enabling the leukocytes to slow down 
and adhere to the vascular endothelium. Eventu-
ally there is stagnation and stasis. The initial effu-
sion of blood and plasma lasts for twenty-four to 
thirty-six hours. 

 The Function of Platelets.   Platelets do not 
normally adhere to the vascular wall. However, 
injury to a vessel disrupts the endothelium and 
exposes the collagen fibers. Platelets adhere to the 
collagen fibers to create a sticky matrix on the 
vascular wall, to which additional platelets and 
leukocytes adhere and eventually form a plug. 
These plugs obstruct local lymphatic fluid drainage 
and thus localize the injury response. 

 The Clotting Process.   The initial event that 
precipitates clot formation is the conversion of 
fibrinogen to fibrin.  29   This transformation results 
from a cascading effect, beginning with the release 

of a protein molecule called thromboplastin, from 
the damaged cell. Thromboplastin causes pro-
thrombin to be changed into thrombin, which in 
turn causes the conversion of fibrinogen into a very 
sticky fibrin clot that shuts off blood supply to the 
injured area. Clot formation begins around 12 hours 
following injury and is completed by 48 hours  18   
( Figure 2–4 ). 

 As a result of a combination of these factors, the 
injured area becomes walled off during the inflam-
matory stage of healing. The leukocytes phagocytize 
most of the foreign debris toward the end of the 
inflammatory phase, setting the stage for the fibro-
blastic phase. This initial inflammatory response 
lasts for approximately 2 to 4 days following initial 
injury ( Figure 2–5 ). 

Thromboplastin 
released

Prothrombin

Thrombin

Fibrinogen

Fibrin clot

Chemical mediators

• Histamine
• Leukotrienes
• Cytokines

Figure 2–4 The clotting process involves a series of 
physiologic events that require as long as 48 hours to 
complete.

Figure 2–5 The sequence of the inflammatory response.

Injury to cell

Chemical mediators liberated
(Histamine, Leukotrienes, Cytokines)

Vascular reaction
(Vasoconstriction      Vasodilation      Exudate creates stasis)

Platelets and leukocytes adhere to vascular wall

Clot formation

Phagocytosis
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22  PART ONE  Foundations of Therapeutic Modalities

 Chronic Inflammation.   A distinction must 
be made between the acute inflammatory response 
as previously described and chronic inflammation. 
Chronic inflammation occurs when the acute 
inflammatory response does not respond sufficiently 
to eliminate the injuring agent and restore tissue to 
its nomal physiological state.  13   Thus, only low con-
centrations of the chemical mediators are present. 
The neutrophils that are normally present during 
acute inflammation are replaced by macrophages, 
lymphocytes, fibroblasts, and plasma cells. As this 
low-grade inflammation persists, damage occurs to 
connective tissue resulting in tissue necrosis and 
fibrosis prolonging the healing and repair process. 
Chronic inflammation involves the production of 
granulation tissue and fibrous connective tissue. 
These cells accumulate in a highly vascularized and 
innervated loose connective tissue matrix in the 
area of injury.  21   The specific mechanisms that cause 
an insufficient acute inflammatory response are 
unknown, but they appear to be related to situations 
that involve overuse or overload with cumulative 
microtrauma to a particular structure.  10  ,  21   There is 
no specific time frame in which the acute inflamma-
tion transitions to chronic inflammation. It does 
appear that chronic inflammation is resistant to 
both physical and pharmacologic treatments.  19   

 Fibroblastic-Repair Phase 

 During the fibroblastic phase of healing, proliferative 
and regenerative activity leading to scar formation 
and repair of the injured tissue follows the vascular 
and exudative phenomena of inflammation.  15   The 
period of scar formation referred to as    fibroplasia    
begins within the first few hours following injury 
and may last for as long as 4 to 6 weeks.  

 Signs and Symptoms.   During this period 
many of the signs and symptoms associated with the 
inflammatory response subside. The patient may 
still indicate some tenderness to touch and will usu-
ally complain of pain when particular movements 
stress the injured structure. As scar formation pro-
gresses, complaints of tenderness or pain will gradu-
ally disappear.  27  

   Revascularization.   During this phase, 
growth of endothelial capillary buds into the wound 
is stimulated by a lack of oxygen. Thus, the wound 
is now capable of healing aerobically. Along with 
increased oxygen delivery comes an increase in 
blood flow, which delivers nutrients essential for
tissue regeneration in the area  7   ( Figure 2–6 ). 

 Formation of Scar.   The formation of a deli-
cate connective tissue called granulation tissue 
occurs with the breakdown of the fibrin clot. Granu-
lation tissue consists of fibroblasts, collagen, and 
capillaries. It appears as a reddish granular mass of 
connective tissue that fills in the gaps during the 
healing process. 

 As the capillaries continue to grow into the 
area, fibroblasts accumulate at the wound site, 
arranging themselves parallel to the capillaries. 
Fibroblastic cells begin to synthesize an extracellular 
matrix, which contains protein fibers of collagen 
and elastin, a ground substance that consists of 
nonfibrous proteins called proteoglycans, glycos-
aminoglycans, and fluid. On about day 6 or 7, fibro-
blasts also begin producing collagen fibers that are 
deposited in a random fashion throughout the 

■ Analogy 2–1

The physiologic events that occur during the 
inflammatory-response phase are similar to creating 
and rebuilding a fort. The injured area is essentially 
shut off from the outside environment, and soldiers 
(phagocytic cells) come inside the fort to clean up the 
debris before the reinforcement troops (fibroblastic cells) 
show up to rebuild the structures inside.

In chronic inflammation, neutrophils 
are replaced with

• Macrophages
• Lymphocytes
• Fibroblasts
• Plasma cells

fibroplasia The period of scar formation that occurs 
during the fibroblastic-repair phase.
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CHAPTER 2  Using Therapeutic Modalities to Effect the Healing Process  23

forming scar. As the collagen continues to prolifer-
ate, the tensile strength of the wound rapidly 
increases in proportion to the rate of collagen syn-
thesis. As the tensile strength increases, the number 
of fibroblasts diminishes to signal the beginning of 
the maturation phase.  5   

 This normal sequence of events in the repair 
phase leads to the formation of minimal scar tissue. 
Occasionally, a persistent inflammatory response 
and continued release of inflammatory products can 
promote extended fibroplasia and excessive fibro-
genesis that can lead to irreversible tissue damage.  21   

Fibrosis can occur in synovial structures, as is the 
case with adhesive capsulitis in the shoulder; in 
extra-articular tissues, including tendons and liga-
ments; in bursa; or in muscle. 

 A mature scar will be devoid of physiologic 
function, it will have less tensile strength than the 
original tissue, and it is not as well vascularized. 

 Maturation-Remodeling Phase 

 The maturation-remodeling phase of healing is a 
long-term process. This phase features a realign-
ment or remodeling of the collagen fibers that 
make up the scar tissue according to the tensile 
forces to which that scar is subjected ( Figure 2–7 ). 

Granulation 
tissue

Macrophages 

Fibroblast

Regrowth of
blood vessel

Blood clot

Figure 2–6 Blood vessels regrow, and granulation 
tissue forms in the fibroblastic-repair phase of the healing 
process. 

Granulation tissue consists of

• Capillaries
• Collagen
• Fibroblasts

The extracellular matrix contains

• Collagen
• Elastin
• Ground substance

■ Analogy 2–2

The physiologic events that occur during the fibroblastic-
repair phase are similar to taking spaghetti out of a pot 
of boiling water and laying it on a table at random. 
Initially the spaghetti is weak and tender. In a short 
time, the spaghetti begins to dry out and becomes more 
solid, a little dryer, and harder to disturb (as in the tran-
sition between the fibroblastic repair and maturation-
remodeling phases).

Fibroblast

Scar tissue
(fibrosis)

Regenerated
epithelium
(epidermis)

Scab

Figure 2–7 Epithelium regenerates, and connective 
tissue fibrosis occurs in the maturation-remodeling phase 
of the healing process.
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Ongoing breakdown and synthesis of collagen occur 
with a steady increase in the tensile strength of the 
scar matrix. With increased stress and strain, the 
collagen fibers will realign in a position of maximum 
efficiency parallel to the lines of tension.  38   The tis-
sue gradually assumes normal appearance and 
function, although a scar is rarely as strong as the 
normal injured tissue. Usually by the end of approxi-
mately 3 weeks, a firm, strong, contracted, nonvas-
cular scar exists. The maturation phase of healing 
may require several years to be totally complete. 

 FACTORS THAT IMPEDE 
HEALING 

 See  Table 2–1  for a list of factors that impede 
healing.   

 Extent of Injury.   The nature or amount of 
the inflammatory response is determined by the 
extent of the tissue injury.    Microtears    of soft tissue 
involve only minor damage and are most often 
associated with overuse.    Macrotears    involve sig-
nificantly greater destruction of soft tissue and 
result in clinical symptoms and functional altera-
tions. Macrotears are generally caused by acute 
trauma.  

 Edema.   The increased pressure caused by 
swelling retards the healing process, causes separa-
tion of tissues, inhibits neuromuscular control, 

produces reflexive neurological changes, and 
impedes nutrition in the injured part. Edema is best 
controlled and managed during the initial first aid 
management period.  37     

 Hemorrhage.   Bleeding occurs with even the 
smallest amount of damage to the capillaries. Bleed-
ing produces the same negative effects on healing as 
does the accumulation of edema, and its presence 
produces additional tissue damage and thus exacer-
bation of the injury.  29     

 Poor Vascular Supply.   Injuries to tissues 
with a poor vascular supply heal poorly and at a 
slow rate. This is likely related to a failure in the 
delivery of phagocytic cells initially and also of fibro-
blasts necessary for formation of scar.   

 Separation of Tissue.   Mechanical separa-
tion of tissue can significantly impact the course of 
healing. A wound that has smooth edges that are in 
good apposition will tend to heal by primary inten-
tion with minimal scarring. Conversely, a wound 
that has jagged separated edges must heal by second 
intention, with granulation tissue filling the defect 
and causing excessive scarring.  28     

 Muscle Spasm.   Muscle spasm causes trac-
tion on the torn tissue, separates the two ends, and 
prevents approximation. Both local and generalized 
ischemia may result from spasm.  

 TABLE 2–1 Factors That Impede Healing

Extent of injury 
Edema 
Hemorrhage 
Poor vascular supply 
Separation of tissue 
Muscle spasm 
Atrophy 
Corticosteroids 
Keloids and hypertrophic scars 
Infection 
Humidity, climate, and oxygen tension 
Health, age, and nutrition 

■ Analogy 2–3

The physiologic events that occur during the maturation-
remodeling phase are similar to an artist sculpting a 
statue out of a mass of clay. As the artist’s hands pro-
duce stresses and strains on the clay, it is reshaped and 
realigned until the artist is satisfied with the finished 
product (as would occur when the athletic trainer 
incorporates specific therapeutic exercises designed to 
realign collagen fibers along lines of tensile force).

microtears Minor damage to soft tissue most often 
associated with overuse.

macrotears Significant damage to the soft tissues 
caused by acute trauma that results in clinical symp-
toms and functional alterations.
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 Atrophy.   Wasting away of muscle tissue 
begins immediately with injury. Strengthening and 
early mobilization of the injured structure retards 
atrophy. 

 Corticosteroids.   Use of corticosteroids such 
as cortisone in the treatment of inflammation is con-
troversial. Steroid use in the early stages of healing 
has been demonstrated to inhibit fibroplasia, capil-
lary proliferation, collagen synthesis, and increases 
in tensile strength of the healing scar. Their use in 
the later stages of healing and with chronic inflam-
mation is debatable.  

 Keloids and Hypertrophic Scars.   Keloids 
occur when the rate of collagen production exceeds 
the rate of collagen breakdown during the matura-
tion phase of healing. This process leads to hyper-
trophy of scar tissue, particularly around the 
periphery of the wound, that is out of proportion to 
normal scarring. The result is a raised, firm, thick-
ened, red scar.   

 Infection.   The presence of bacteria in the 
wound can delay healing, can cause excessive gran-
ulation tissue, and can frequently cause large 
deformed scars.   

 Humidity, Climate, and Oxygen Tension.  
 Humidity significantly influences the process of epi-
thelization. Occlusive dressings stimulate the epi-
thelium to migrate twice as fast without crust or 
scab formation. The formation of a scab occurs with 
dehydration of the wound and traps wound drain-
age, which promotes infection. Keeping the wound 
moist provides an advantage for the necrotic debris 
to go to the surface and be shed. 

 Oxygen tension relates to the neovasculariza-
tion of the wound, which translates into optimal 
saturation and maximal tensile strength develop-
ment. Circulation to the wound can be affected by 
ischemia, venous stasis, hematomas, and vessel 
trauma.   

 Health, Age, and Nutrition.   The elastic 
qualities of the skin decrease with aging. Degenera-
tive diseases, such as diabetes and arteriosclerosis, 
also become a concern of the older patient and may 
affect wound healing. Nutrition is important for 
wound healing. In particular, vitamin C, vitamin K, 

vitamins A and E, zinc, and amino acids play critical 
roles in the healing process.  

 HOW SHOULD THERAPEUTIC 
MODALITIES BE USED 
THROUGHOUT THE 
REHABILITATION PROCESS? 

 Using Modalities in the Immediate 
First Aid Management of Injury 

  Table 2–2  summarizes the various modalities that 
may be used in the different phases of the healing 
process. Modality use in the initial treatment of injury 
should be directed toward limiting the amount of 
swelling and reducing pain that occurs acutely. The 
acute phase is marked by swelling, pain to touch 
or with pressure, and pain on both active and pas-
sive motion. In general, the less initial swelling, the 
less the time required for rehabilitation. Tradition-
ally, the modality of choice has been and still is  RICE  
(rest, ice, compression, elevation).   

   Cryotherapy is known to produce vasocon-
striction, at least superficially and perhaps indi-
rectly in the deeper tissues, and thus limits the 
bleeding that always occurs with injury. Ice bags, 
cryocuffs, cold packs, and ice massage may all be 
used effectively. Cold baths should be avoided 
because the extremities must be placed in a  gravity-
dependent position. Cold whirlpools also place the 
extremities in the gravity-dependent position and 
produce a massaging action that is likely to retard 
clotting. The importance of applying ice immedi-
ately following injury for limiting acute swelling 
through vasoconstriction has probably been over-
emphasized. The initial use of ice is more important 
for decreasing the secondary hypoxic response asso-
ciated with tissue injury (see Chapter 4). Analgesia, 
which occurs through stimulation of sensory cuta-
neous nerves via the gating mechanism, blocks or 
reduces pain. 

   Immediate compression has been demon-
strated to be an effective technique for limiting 

pre45195_ch02_017-032.indd Page 25  4/30/08  6:54:12 PM epgpre45195_ch02_017-032.indd Page 25  4/30/08  6:54:12 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-02/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-02



26  PART ONE  Foundations of Therapeutic Modalities

 TABLE 2–2  Athletic Training Decision-Making on the Use of Various Therapeutic Modalities 
in Treatment of Acute Injury

PHASE CLINICAL PICTURE 
(SIGNS AND 
SYMPTOMS)

POSSIBLE 
MODALITIES USED

RATIONALE FOR USE APPROXIMATE 
TIME FRAME

Initial acute Swelling, pain to touch, 
pain on motion

CRYO
ESC
IC
LPL
ULTRA

↓ Swelling, ↓ pain
↓ Pain
↓ Swelling
↓ Pain
Nonthermal effects to ↑ 

healing

Injury– day 3

Inflammatory 
response

Swelling subsides, warm 
to touch, discoloration, 
pain to touch, pain on 
motion

Rest
CRYO
ESC
IC
LPL
ULTRA

↓ Swelling, ↓ pain
↓ Pain
↓ Swelling
↓ Pain
Nonthermal effects to ↑ 

healing

Day 1– day 6

Fibroblastic-repair* Pain to touch, pain on 
motion, swollen

Range of motion
THERMO
ESC
LPL
IC
ULTRA

Mildly ↑ circulation
↓ Pain—muscle pumping
↓ Pain
Facilitate lymphatic flow
Nonthermal effects to ↑ 

healing

Day 4 – day 10

Maturation-
remodeling*

Swollen, no more pain to 
touch, decreasing pain 
on motion 

Range of motion
Strengthening
ULTRA

ESC

LPL
SWD
MWD

Range of motion
Strenghtening
Functional activities

Deep heating to ↑ 
circulation

↑ Range of motion, ↑ 
strength

↓ Pain
↓ Pain
Deep heating to ↑ 

circulation
Deep heating to ↑ 

circulation

Day 7–recovery

CRYO, Cryotherapy; ESC, electrical stimulating currents; IC, intermittent compression; LPL, low-power laser; MWD, microwave 
diathermy; SWD, shortwave diathermy; THERMO, thermotherapy; ULTRA, ultrasound; ↓, decrease; ↑, increase.
*Anti-inflammatory medication prescribed by the physician is recommended.

swelling. An intermittent compression device may 
be used to provide even pressure around an injured 
extremity. The pressurized sleeve mechanically 

reduces the amount of space available for swelling 
to accumulate. Units that combine both compres-
sion and cold have been shown to be more effective 
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CHAPTER 2  Using Therapeutic Modalities to Effect the Healing Process  27

massages provide analgesic effects. The use of cold 
also reduces the likelihood of swelling, which may 
continue during this stage. Swelling does subside 
completely by the end of this phase. 

   It must be emphasized that heating an injury 
too soon is a bigger mistake than using ice on an 
injury for too long. Many athletic trainers elect to 
stay with cryotherapy for weeks following injury; in 
fact, some never switch to the superficial heating 
techniques. This procedure is simply a matter of per-
sonal preference that should be dictated by experi-
ence. Once swelling has stopped, the athletic trainer 
may elect to begin contrast baths with a longer 
cold-to-hot ratio. 

   An intermittent compression device may be 
used to decrease swelling by facilitating resorption 
of the by-products of inflammatory process by the 
lymphatic system. Electrical stimulating currents 
and low-power laser can be used to help reduce 
pain. 

   After the initial stage, the patient should begin 
to work on active and passive range of motion. 
Decisions regarding how rapidly to progress exer-
cise should be determined by the response of the 
injury to that exercise. If exercise produces addi-
tional swelling and markedly exacerbates pain, 
then the level or intensity of the exercise is too 
great and should be reduced. Athletic trainers 
should be aggressive in their approach to rehabili-
tation, but the healing process will always limit the 
approach.   

 Modality Use in the 
Fibroblastic-Repair Phase 

 Once the inflammatory response has subsided, the 
fibroblastic-repair phase begins. This stage may 
begin as early as 4 days after the injury and may last 
for several weeks. At this point, swelling has stopped 
completely. The injury is still tender to the touch but 
is not as painful as during the last stage. Pain is also 
less on active and passive motion. 

   Treatments may change during this stage 
from cold to heat, once again using increased swell-
ing as a precautionary indicator. Thermotherapy 

in reducing swelling than using compression alone. 
Regardless of the specific techniques selected (see 
Chapter 13), cold and compression should always 
be combined with elevation to avoid any additional 
pooling of blood in the injured area due to the 
effects of gravity. 

   Electrical stimulating currents may also be used 
in the initial phase for pain reduction. Parameters 
should be adjusted to maximally stimulate sensory 
cutaneous nerve fibers, again to take advantage of 
the gate control mechanism of pain modulation. 
Intensities that produce muscle contractions should 
be avoided because they may increase clotting time 
(see Chapter 5). 

   Low-intensity ultrasound has been demon-
strated to be effective in facilitating the healing pro-
cess when used immediately following injury and 
certainly within the first 48 hours. Low intensities     
produce nonthermal physiologic effects that alter 
the permeability of cell membranes to sodium and 
calcium ions important in healing (see Chapter 8). 

   The low-power laser has also been shown to be 
effective in pain modulation through the stimula-
tion of trigger points and may be used acutely (see 
Chapter 10). 

   The injured part should be rested and protected 
for at least the first 48 to 72 hours to allow the 
inflammatory phase of the healing process to do 
what it is supposed to.  

 Modality Use in the 
Inflammatory-Response Phase 

 The inflammatory-response phase begins immedi-
ately with injury and may last as long as day 6 fol-
lowing injury. With appropriate care, swelling be-
gins to subside and eventually stops altogether. The 
injured area may feel warm to the touch, and some 
discoloration is usually apparent. The injury is still 
painful to the touch, and pain is elicited on move-
ment of the injured part. 

   As in the initial injury management stage, 
modalities should be used to control pain and reduce 
swelling. Cryotherapy should still be used during 
the inflammatory stage. Ice bags, cold packs, or ice 
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techniques including hydrocollator packs, paraffin, 
or eventually warm whirlpool may be safely 
employed. The purpose of thermotherapy is to 
increase circulation to the injured area to promote 
healing. These modalities can also produce some 
degree of analgesia. 

   Intermittent compression can once again be 
used to facilitate removal of injury by-products from 
the area. Electrical stimulating currents can be used 
to assist this process by eliciting a muscle contrac-
tion and thus inducing a muscle pumping action. 
This aids in facilitating lymphatic flow. Electrical 
currents can once again be used for modulation of 
pain, as can stimulation of trigger points with the 
low-powered laser. 

   The athletic trainer must continue to stress the 
importance of range-of-motion and strengthening 
exercises and progress them appropriately during 
this phase.  

 Modality Use in the 
Maturation-Remodeling Phase 

 The maturation-remodeling phase is the longest 
of the four phases and may last for several years, 
depending on the severity of the injury. The ul-
timate goal during this maturation stage of the 
healing process is return to activity. The injury 
is no longer painful to the touch, although some 
progressively decreasing pain may still be felt on 
motion. The collagen fibers must be realigned ac-
cording to tensile stresses and strains placed upon 
them. Virtually all modalities may be safely used 
during this stage; thus, decisions should be based 
on what seems to work most effectively in a given 
situation. 

   At this point some type of heating modality is 
beneficial to the healing process. The deep-heating 
modalities, ultrasound, or short-wave and micro-
wave diathermy should be used to increase circula-
tion to the deeper tissues. Ultrasound is particu-
larly useful during this period since collagen 
absorbs a high percentage of the available acoustic 
energy. Increased blood flow delivers the essential 
nutrients to the injured area to promote healing, 
and increased lymphatic flow assists in breakdown 
and removal of waste products. The superficial 
heating modalities are certainly less effective at 
this point. 

   Electrical stimulating currents can be used for 
a number of purposes. As before, they may be used 
in pain modulation. They may also be used to stim-
ulate muscle contractions for the purpose of 
increasing both range of motion and muscular 
strength.  12   

   Low-power laser can also assist in modulating 
pain. If pain is reduced, therapeutic exercises may be 
progressed more quickly. 

 The Role of Progressive Controlled Mobil-
ity in the Maturation Phase.    Wolff’s Law  
states that bone will respond to the physical 
demands placed upon it, causing it to remodel or 
realign along lines of tensile force.  36   Although not 
specified in Wolff’s Law, the same response occurs 
in soft tissue. Therefore, it is critical that injured 
structures be exposed to progressively increasing 
loads, particularly during the remodeling phase. 
Controlled mobilization has been shown to be supe-
rior to immobilization for scar formation, revascu-
larization, muscle regeneration, and reorientation 
of muscle fibers and tensile properties in animal 
models.  2   However, immobilization of the injured 
tissue during the inflammatory-response phase 
will likely facilitate the process of healing by 
controlling inflammation, thus reducing athletic 
training symptoms. As healing progresses to the 
repair phase, controlled activity directed toward 
return-to-normal flexibility and strength should be 
combined with protective support or bracing. Gen-
erally, clinical signs and symptoms disappear at 
the end of this phase.    

  Clinical Decision-Making Exercise 2–1

A female soccer player sprains her ankle, and the 
team physician diagnoses it as a grade 1 sprain. 
The coach wants to know how long the athlete 
will be out. On what information should the 
athletic trainer base his or her response?
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great for the level of tissue repair or remodeling. 
The athletic trainer must be aware of the timelines 
required for the process of healing and realize that 
being overly aggressive can interfere with that 
process.   

  OTHER CONSIDERATIONS 
IN TREATING INJURY  

 During the rehabilitation period following injury, 
athletes must alter their daily routines to allow the 
injury to heal sufficiently. Consideration must be 
given to maintaining levels of strength, flexibility, 
neuromuscular control, balance, and cardiorespira-
tory endurance. Modality use should be combined 
with the use of anti-inflammatory medications pre-
scribed by the physician, particularly during the 
initial acute and inflammatory-response phases of 
rehabilitation.  3      

  Clinical Decision-Making Exercise 2–2

A patient is 8 days post strain of the quadriceps 
muscle of the thigh. The athletic trainer feels that it 
is time to change from cold therapy to some form of 
heat. What criteria should be used to determine if 
this patient is ready to change to heat?

  Clinical Decision-Making Exercise 2–3

In the rehabilitative process for a sprain of the 
medial collateral ligament in the knee, at what 
point should the athletic trainer decide to add 
therapeutic exercises to modality use?

  As the remodeling phase begins, aggressive 
active range-of-motion and strengthening exer-
cises should be incorporated to facilitate tissue 
remodeling and realignment.  39   To a great extent, 
pain will dictate rate of progression. With initial 
injury, pain is intense and tends to decrease and 
eventually subside altogether as healing pro-
gresses. Any exacerbation of either pain, swelling, 
or other symptoms during or following a particu-
lar exercise or activity indicates that the load is too 

  Clinical Decision-Making Exercise 2–4

The athletic trainer decides to allow a patient with 
a grade 1 ankle sprain to be full weight bearing 
immediately following injury. Is this the best 
decision based on your knowledge of the healing 
process?

 Summary  

   1.   Clinical decisions on how and when therapeutic 
modalities may best be used should be based on 
recognition of signs and symptoms, as well as 
some awareness of the time frames associated 
with the various phases of the healing process.  

   2.   Once an acute injury has occurred, the healing 
process consists of the inflammatory-response 
phase, the fibroblastic-repair phase, and the 
maturation-remodeling phase.  

   3.   A number of pathologic factors can impede the 
healing process.  

   4.   Modality use in the initial treatment phase 
should be directed toward limiting the amount 
of swelling and reducing pain.  

   5.   It is critical to use logic and common sense 
based on sound theoretical knowledge when 
selecting the appropriate modalities to use dur-
ing the different phases of healing.  

   6.   During the rehabilitation period after injury, 
patients must alter their training and con-
ditioning habits to allow the injury to heal 
sufficiently.    
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   1.   How should the athletic trainer incorporate 
therapeutic modalities into a rehabilitation 
program for various sports-related injuries?  

   2.   What are the physiological events associated 
with the inflammatory-response phase of  the 
healing process?  

   3.   How can you differentiate between acute and 
chronic inflammation?  

   4.   How is collagen laid down in the area of  injury 
during the fibroblastic-repair phase of  healing?  

   5.   Explain Wolff ’s Law and the importance of  
controlled mobility during the maturation-
remodeling phase of  healing.  

   6.   What are some of  the factors that can have a 
negative impact on the healing process?  

   7.   Why is the immediate care provided following 
acute injury so important to the healing pro-
cess and the course of  rehabilitation?  

   8.   What specific modalities may be incorporated 
into treatment during the inflammatory-
response phase?  

   9.   What specific modalities may be incorporated 
into treatment during the fibroblastic-repair 
phase?  

   10.   What are the specific indications and contra-
indications for using the various modalities?    

  Review Questions  

  Self-Test Questions 

  True or False   
   1.   Loss of function is a sign of the inflammatory 

process.  
   2.   Leukocytes are present in both the acute and 

chronic inflammatory responses.  
   3.   An injured individual’s health, age, and nutri-

tion are factors that influence healing. 

  Multiple Choice   
   4.   The three phases of the healing process, in 

order, are as follows: 
 a.    Fibroblastic-repair, inflammatory-response, 

maturation-remodeling 
 b.    Inflammatory-response, fibroblastic-repair, 

maturation-remodeling 
 c.    Inflammatory-response, maturation-

remodeling, fibroblastic-repair    
   5.   Which of the following type of cell has phago-

cytic characteristics?  
 a.   red blood cells 
 b.    platelets 
 c.    leukocytes 
 d.    endothelials    
   6.   The extracellular matrix, formed by fibroblastic 

cells, consists of  
 a.   collagen 
 b.    elastin  
 c.   ground substance 
 d.    all of the above    

   7.   During the inflammatory-response phase of 
the healing process, modalities are used to 

 a.    control pain  
 b.   reduce swelling 
 c.    both  a  and  b 
 d.     neither  a  nor  b     
   8.    states that bone and soft tissue 

remodel and realign according to the physical 
demands placed upon them. 

 a.    Wolff’s Law 
 b.    Ohm’s Law 
 c.    Meissner’s Law 
 d.    McGill’s Law    
   9.   Approximately how long does the maturation-

remodeling phase of the healing process last? 
 a.    less than 1 week 
 b.    1 week 
 c.    1 to 2 weeks 
 d.    3 weeks to 2 years    
   10.   Which of the following is NOT a chemical me-

diator involved in the inflammatory-response 
phase? 

 a.    testosterone 
 b.    histamine
 c.     necrosin  
 d.   leukotaxin      
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     2–1 The athletic trainer’s response should be 
based on knowledge of  the healing process 
and an understanding of  the time frames nec-
essary in that process.  

     2–2 The athletic trainer should use cryotherapy 
and some type of  compression device, along 
with elevation, to control swelling initially. 
Additionally, electrical stimulating currents 
may be used to help provide analgesia, and 
ultrasound can be used to facilitate healing.  

     2–3 At this point, the patient is in transition be-
tween the fibroblastic-repair phase and the 
maturation-remodeling phase. Although 
there is still some pain on active motion, all of  
the clinical signs of  inflammation (tenderness 
to touch, increased warmth, redness, and 

so on) have disappeared, and thus it should 
be safe to go with heat. If  changing to heat 
causes the patient to have greater difficulty 
completing strengthening and flexibility ex-
ercises, then the change has likely been made 
too quickly.  

    2–4 Knowing how important it is for the inflam-
matory-response phase to accomplish what it 
needs to physiologically without interference, 
it is likely best to recommend minimal weight 
bearing for the first 24 to 48 hours.  

    2–5 Therapeutic exercises should begin on day 1 
following injury. The point is that modalities 
should be used to facilitate the patient’s effort 
to actively exercise the injured part and not in 
place of  the active exercise.    

  Solutions to Clinical Decision-Making Exercises  
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 CHAPTER 3 

 Managing Pain with 
Therapeutic Modalities  
    Craig   R.   Denegar and     William   E.   Prentice     

 UNDERSTANDING PAIN 

 T
he International Association for the Study of 
Pain defines pain as “an unpleasant sensory and 
emotional experience associated with actual or 

potential tissue damage, or described in terms of 
such damage.”  29   Pain is a subjective sensation with 
more than one dimension and an abundance of 
descriptors of its qualities and characteristics. In 
spite of its universality, pain is composed of a variety 
of human discomforts, rather than being a single 
entity.  28   The perception of pain can be subjectively 
modified by past experiences and expectations. 
Much of what we do to treat patients’ pain is to 
change their perceptions of pain.  5   

   Pain does have a purpose. It warns us that 
something is wrong and can provoke a withdrawal 
response to avoid further injury. It also results in 
muscle spasm and guards or protects the injured 
part. Pain, however, can persist after it is no longer 
useful. It can become a means of enhancing dis-
ability and inhibiting efforts to rehabilitate the 
patient.  14   Prolonged spasm, which leads to circu-
latory deficiency, muscle atrophy, disuse habits, 
and conscious or unconscious guarding, may lead 
to a severe loss of function.  23   Chronic pain may 
become a disease state in itself. Often lacking an 
identifiable cause, chronic pain can totally disable 
a patient. 

   Research in recent years has led to a better 
understanding of pain and pain relief. This research 
also has raised new questions, while leaving many 
unanswered. We now have better explanations for 
the analgesic properties of the physical agents we 

 Following completion of this chapter, 
the athletic training student will be able to: 

  •  Compare the various types of pain and appraise 
their positive and negative effects. 

  •  Choose a technique for assessing pain. 

  •  Analyze the characteristics of sensory receptors. 

  •  Examine how the nervous system relays 
information about painful stimuli. 

  •  Distinguish between the different 
neurophysiologic mechanisms for pain control 
for the therapeutic modalities used by athletic 
trainers. 

  •  Predict how pain perception can be modified 
by cognitive factors.   

33
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34  PART ONE  Foundations of Therapeutic Modalities

use, as well as a better understanding of the psychol-
ogy of pain. Newer physical agents, such as LASER, 
and recent improvements to older agents such as 
diathermy and transcutaneous electrical nerve sim-
ulators offer new approaches to the treatment of 
musculoskeletal injury and pain.  17   The evolution of 
the treatment of pain is, however, incomplete. Not 
even the mechanisms for the analgesic response to 
the simplest therapeutic modalities, heat and cold, 
have been fully described.  42   

   The control of pain is an essential aspect of car-
ing for an injured patient. The athletic trainer can 
choose from several therapeutic agents with analge-
sic properties.  3   The selection of a therapeutic agent 
should be based on a sound understanding of its 
physical properties and physiologic effects. This 
chapter will not provide a complete explanation of 
neurophysiology, pain, and pain relief. Several phys-
iology textbooks provide extensive discussions of 
human neurophysiology and neurobiology to sup-
plement this chapter. Instead, this chapter presents 
an overview of some theories of pain control, intended 
to provide a stimulus for the clinician to develop his 
or her own rationale for using modalities in the plan 
of care for patients he or she treats. Ideally, it will also 
facilitate growth in the body of evidence from which 
improved responses to the therapeutic agents used in 
the treatment of pain can be derived. 

   Many of the modalities discussed in later chap-
ters have analgesic properties. Often, they are 
employed to reduce pain and permit the patient to 
perform therapeutic exercises. Some understanding 
of what pain is, how it affects us, and how it is per-
ceived is essential for the athletic trainer who uses 
these modalities.  3   

 Types of Pain  

 Acute versus Chronic Pain.   Traditionally, 
pain has been categorized as either  acute  or  chronic . 
Acute pain is experienced when tissue damage is 
impending and after injury has occurred. Pain last-
ing for more than 6 months is generally classified as 
chronic.  7   More recently, the term  persistent pain  has 
been used to differentiate chronic pain that defies 

intervention from conditions where continuing 
(persistent) pain is a symptom of a treatable condi-
tion.  18  ,  36   More research is devoted to chronic pain 
and its treatment, but acute and persistent pain con-
front the clinician most often.  30     

 Referred Pain.   Referred pain, which also 
may be either acute or chronic, is pain that is per-
ceived to be in an area that seems to have little rela-
tion to the existing pathology. For example, injury 
to the spleen often results in pain in the left shoul-
der. This pattern, known as Kehr’s sign, is useful for 
identifying this serious injury and arranging prompt 
emergency care. Referred pain can outlast the caus-
ative events because of altered reflex patterns, 
continuing mechanical stress on muscles, learned 
habits of guarding, or the development of hypersen-
sitive areas, called    trigger points   .   

 Radiating Pain.   Irritation of nerves and 
nerve roots can cause  radiating pain . Pressure on the 
lumbar nerve roots associated with a herniated disc 
or a contusion of the sciatic nerve can result in pain 
radiating down the lower extremity to the foot.  

 Deep Somatic Pain.    Deep somatic  pain is a 
type that seems to be sclerotomic (associated with 
a sclerotome, a segment of bone innervated by a spi-
nal segment). There is often a discrepancy between 
the site of the disorder and the site of the pain. 

 PAIN ASSESSMENT 

 Pain is a complex phenomenon that is difficult to 
evaluate and quantify because it is subjective and is 
influenced by attitudes and beliefs of the athletic 

trigger point Localized deep tenderness in a 
palpable firm band of muscle. When stretched, 
a palpating finger can snap the band like a taut 
string, which produces local pain, a local twitch 
of that portion of the muscle, and a jump by the 
patient. Sustained pressure on a trigger point re-
produces the pattern of referred pain for that site.

sclerotome A segment of bone innervated by a 
spinal segment.
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trainer and the patient. Quantification is hindered 
by the fact that pain is a very difficult concept to put 
into words.  1   

   Obtaining an accurate and standardized assess-
ment of pain is problematic. Several tools have been 
developed. These pain profiles identify the type of 
pain, quantify the intensity of pain, evaluate the effect 
of the pain experience on the patient’s level of func-
tion, and/or assess the psychosocial impact of pain. 

   The pain profiles are useful because they com-
pel the patient to verbalize the pain and thereby pro-
vide an outlet for the patient and also provide the 
athletic trainer with a better understanding of the 
pain experience. They assess the psychosocial 
response to pain and injury. The pain profile can as-
sist with the evaluation process by improving com-
munication and directing the athletic trainer toward 
appropriate diagnostic tests. These assessments also 
assist the athletic trainer in identifying which thera-
peutic agents may be effective and when they should 
be applied. Finally, these profiles provide a standard 
measure to monitor treatment progress.  18   

 Pain Assessment Scales 

 The following profiles are used in the evaluation of 
acute and chronic pain associated with illnesses and 
injuries. 

 Visual Analogue Scales.    Visual analogue 
scales  are quick and simple tests to be completed by 
the patient ( Figure 3–1 ). These scales consist of a 
line, usually 10 cm in length, the extremes of which 
are taken to represent the limits of the pain experi-
ence.  25   One end is defined as “No Pain” and the 
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other as “Severe Pain.” The patient is asked to mark 
the line at a point corresponding to the severity of 
the pain. The distance between “No Pain” and the 
mark represents pain severity. A similar scale can be 
used to assess treatment effectiveness by placing 
“No Pain Relief” at one end of the scale and “Com-
plete Pain Relief” at the other. These scales can be 
completed daily or more often as pre- and post-
treatment assessments.  21   

 Pain Charts.    Pain charts  can be used to estab-
lish spatial properties of pain. These two-dimensional 
graphic portrayals are completed by the patient to 
assess the location of pain and a number of subjec-
tive components. Simple line drawings of the body 
in several postural positions are presented to the 
patient ( Figure 3–2 ). On these drawings, the patient 
draws or colors in areas that correspond to his or 
her pain experience. Different colors are used for dif-
ferent sensations—for example, blue for aching 
pain, yellow for numbness or tingling, red for burn-
ing pain, and green for cramping pain. Descriptions 
can be added to the form to enhance the communi-
cation value. The form could be completed daily.  24   

 McGill Pain Questionnaire.   The  McGill Pain 
Questionnaire  (MPQ) is a tool with 78 words that 
describe pain ( Figure 3– 3 ). These words are grouped 
into 20 sets that are divided into four categories rep-
resenting dimensions of the pain experience. While 
completion of the MPQ may take only 20 minutes, it 
is often frustrating for patients who do not speak 
English well. The MPQ is commonly administered to 
athletes with low back pain. When administered 
every 2 to 4 weeks, it demonstrates changes in sta-
tus very clearly.  28   

 Activity Pattern Indicators Pain Profile.  
 The  Activity Pattern Indicators Pain Profile  measures 
athlete activity. It is a 64-question, self-report tool 
that may be used to assess functional impairment 
associated with pain. The instrument measures the 
frequency of certain behaviors such as housework, 
recreation, and social activities.  18    

 Numeric Pain Scale.   The most common 
acute pain profile is a  numeric pain scale . The patient 
is asked to rate his or her pain on a scale from 1 to 
10, with 10 representing the worst pain he or she 

No pain
relief

Complete pain
relief

None Severe

Figure 3–1 Visual analogue scales.
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36  PART ONE  Foundations of Therapeutic Modalities

has experienced or could imagine. The question is 
asked before and after treatment. When treatments 
provide pain relief, patients are asked about the 
extent and duration of the relief. In addition, 
patients may be asked to estimate the portion of the 
day that they experience pain and about specific 
activities that increase or decrease their pain. 
When pain affects sleep, patients may be asked to 
estimate the amount of sleep they got in the previ-
ous 24 hours. In addition, the amount of medication 
required for pain can be noted. This information 
helps the athletic trainer assess changes in pain, 

select appropriate treatments, and communicate 
more clearly with the patient about the course of 
recovery from injury or surgery. 

 All of these scales help patients communicate 
the severity and duration of their pain and appreci-
ate changes that occur. Often in a long recovery, 
athletes lose sight of how much progress has been 
made in terms of the pain experience and return to 
functional activities. A review of these pain scales 
often can serve to reassure the athlete; foster a 
brighter, more positive outlook; and reinforce the 
commitment to the plan of treatment.   

 Documentation.   The efficacy of many of the 
treatments used by athletic trainers has not been 
fully substantiated. These scales are one source of data 
that can help athletic trainers identify the most effec-
tive approaches to managing common injuries. These 
assessment tools can also be useful when reviewing a 
patient’s progress with physicians, and third-party 
payers. Thus, pain assessments should be routinely 
included as documentation in the patient’s note.  

Left Left Left

Left

Left

Left

Left

Left

Left

Right

Right

Right

Right

Right

Right

Right

Right

Figure 3–2 The pain chart. Use the following instructions: “Please use all of the figures to show me exactly where all 
your pains are, and where they radiate to. Shade or draw with blue marker. Only the athlete is to fill out this sheet. Please 
be as precise and detailed as possible. Use yellow marker for numbness and tingling. Use red marker for burning or hot 
areas, and green marker for cramping. Please remember: blue = pain, yellow = numbness and tingling, red = burning or 
hot areas, green = cramping.”
Used with permission from Melzack, R: Pain measurement and assessment, New York, 1983, Raven Press.

Pain assessment techniques

• Visual analogue scales
• Pain charts
• McGill Pain Questionnaire
• Activity Pattern Indicators Pain Profile
• Numeric pain scales
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CHAPTER 3  Managing Pain with Therapeutic Modalities  37

Figure 3–3 McGill Pain Questionnaire. The descriptors fall into four major groups: Sensory, 1 to 10; affective, 11 to 15; 
evaluative, 16; and miscellaneous, 17 to 20. The rank value for each descriptor is based on its position in the word set. 
The sum of the rank values is the pain rating index (PRI). The present pain intensity (PPI) is based on a scale of 0 to 5.

McGill Pain Questionnaire

Patient's Name

PRI   S A E

Flickering
Quivering
Pulsing
Throbbing
Beating
Pounding

1

Jumping
Flashing
Shooting

2

Pricking
Boring
Drilling
Stabbing
Lancinating

3

Sharp
Cutting
Lacerating

4

Pinching
Pressing
Gnawing
Cramping
Crushing

5

Tugging
Pulling
Wrenching

6

Hot
Burning
Scalding
Searing

7

Tingling
Itchy
Smarting
Stinging

8

Dull
Sore
Hurting
Aching
Heavy

9

Tender
Taut
Rasping
Splitting

10

Nagging
Nauseating
Agonizing
Dreadful
Torturing

20

No pain
Mild
Discomforting
Distressing
Horrible
Excruciating

0
1
2
3
4
5

Cool
Cold
Freezing

19

Tight
Numb
Drawing
Squeezing
Tearing

18

Spreading
Radiating
Penetrating
Piercing

17

Annoying
Troublesome
Miserable
Intense
Unbearable

16

Wretched
Blinding

15

Punishing
Gruelling
Cruel
Vicious
Killing

14

Fearful
Frightful
Terrifying

13

Sickening
Suffocating

12

Tiring
Exhausting

Brief
Momentary
Transient

Rhythmic
Periodic
Intermittent

Continuous
Steady
Constant

11

M PRI (T) PPI

Date

(1 –20)(17–20)(16)(11–15)(1–10)

Time am/pm

PPI

COMMENTS

E = External
   = InternalI
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38  PART ONE  Foundations of Therapeutic Modalities

  GOALS IN MANAGING PAIN  

 Regardless of the cause of pain, its reduction is an 
essential part of treatment. Pain signals the patient 
to seek assistance and is often useful in establish-
ing a diagnosis. Once the injury or illness is 
diagnosed, pain serves little purpose. Medical or 
surgical treatment or immobilization is necessary 
to treat some conditions, but physical therapy and 
an early return to activity are appropriate follow-
ing many injuries. The athletic trainer’s objectives 
are to encourage the body to heal through exercise 
designed to progressively increase functional 
capacity and to return the athlete to work, recre-
ational, and other activities as swiftly and safely as 
possible. Pain will inhibit therapeutic exercise. The 
challenge for the athletic trainer is to control acute 
pain and protect the patient from further injury 
while encouraging progressive exercise in a super-
vised environment.   

 PAIN PERCEPTION 

 The patient’s perception of pain can differ markedly 
from person to person as can the terminology used 
to describe the type of pain the patient is experienc-
ing. The athletic trainer commonly asks the patient 
to describe what his or her pain feels like during an 
injury evaluation. The patient often uses  terms  like 
 sharp ,  dull ,  aching ,  throbbing ,  burning ,  piercing ,  local-
ized , and  generalized . It is sometimes difficult for the 
athletic trainer to infer what exactly is causing a 
particular type of pain. For example, “burning” pain 
is often associated with some injury to a nerve, but 
certainly other injuries may produce what the pa-
tient is perceiving as “burning” pain. Thus verbal 
descriptions of the type of pain should be applied 
with caution. 

 Sensory Receptors 

 A nerve ending is the termination of a nerve fiber in 
a peripheral structure. It may be a sensory ending 
(receptor) or a motor ending (effector). Sensory 
endings can be capsulated (e. g., free nerve endings, 

Merkel’s corpuscles) or encapsulated (e.g., end bulbs 
of Krause or Meissner’s corpuscles). 

   There are several types of sensory receptors in 
the body, and the athletic trainer should be aware of 
their existence as well as of the types of stimuli that 
activate them ( Table 3–1 ). Activation of some of 
these sense organs with therapeutic agents will 
decrease the patient’s perception of pain.   

   Six different types of receptor nerve endings are 
commonly described:  

   1.   Meissner’s corpuscles are activated by light 
touch.  

   2.   Pacinian corpuscles respond to deep pres-
sure.  

   3.   Merkel’s corpuscles respond to deep pres-
sure, but more slowly than Pacinian 
corpuscles, and also are activated by hair 
follicle deflection.  

   4.   Ruffini corpuscles in the skin are sensitive 
to touch, tension, and possibly heat; those 
in the joint capsules and ligaments are sen-
sitive to change in position.  

   5.   Krause’s end bulbs are thermoreceptors 
that react to a decrease in temperature and 
touch.  38    

   6.   Pain receptors, called    nociceptors    or    free 
nerve endings   , are sensitive to extreme me-
chanical, thermal, or chemical energy.  5   
They respond to noxious stimuli—in other 
words, to impending or actual tissue dam-
age (for example, cuts, burns, sprains, 
and so on). The term  nociceptive  is from 
the Latin  nocere , to damage, and is used to 
imply pain information. These organs re-
spond to superficial forms of heat and cold, 
analgesic balms, and massage.   

   Proprioceptors found in muscles, joint capsules, 
ligaments, and tendons provide information regard-
ing joint position and muscle tone. The muscle 
spindles react to changes in length and tension 
when the muscle is stretched or contracted. The 

nociceptor Pain information or signals of pain 
stimuli.
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CHAPTER 3  Managing Pain with Therapeutic Modalities  39

Golgi tendon organs also react to changes in length 
and tension within the muscle. See Table 3–1 for a 
more complete listing. 

   Some sensory receptors respond to phasic activ-
ity and produce an impulse when the stimulus is 
increasing or decreasing, but not during a sustained 
stimulus. They adapt to a constant stimulus. 
Meissner’s corpuscles and Pacinian corpuscles are 
examples of such receptors. 

   Tonic receptors produce impulses as long as the 
stimulus is present. Examples of tonic receptors are 
muscle spindles, free nerve endings, and Krause’s 

end bulbs. The initial impulse is at a higher fre-
quency than later impulses that occur during sus-
tained stimulation. 

   Accommodation is the decline in generator 
potential and the reduction of frequency that occur 
with a prolonged stimulus or with frequently 
repeated stimuli. If some physical agents are used 
too often or for too long, the receptors may adapt to 
or accommodate the stimulus and reduce their 
impulses. The    accommodation    phenomenon can 
be observed with the use of superficial hot and cold 
agents, such as ice packs and hydrocollator packs. 

   As a stimulus becomes stronger, the number of 
receptors excited increases, and the frequency of the 
impulses increases. This provides more electrical 
activity at the spinal cord level, which may facilitate 
the effects of some physical agents. 

 TABLE 3–1 Some Characteristics of Selected Sensory Receptors

 Stimulus Receptor

TYPE OF SENSORY 
RECEPTORS

GENERAL 
TERM SPECIFIC NATURE TERM LOCATION

Mechanoreceptors Pressure Movement of hair 
in a hair follicle

Light pressure
Deep pressure
Touch

Afferent nerve fiber

Meissner’s corpuscle
Pacinian corpuscle
Merkel’s touch 

corpuscle

Base of hair follicles

Skin
Skin
Skin

Nociceptors

Proprioceptors

Thermoreceptors

Pain

Tension

Temperature 
change

Distension (stretch)

Distension

Length changes
Tension changes

Cold
Heat

Free nerve endings

Corpuscles of Ruffini

Muscle spindles
Golgi tendon organs

Krause’s end bulbs
Corpuscles of Ruffini

Wall of gastrointestinal 
tract, pharynx, skin

Skin and capsules in 
joints and ligaments

Skeletal muscle
Between muscles and 

tendons
Skin
Skin and capsules in 

joints and ligaments

From Previte JJ: Human Physiology, New York, 1983, McGraw-Hill.

accommodation Adaption by the sensory receptors 
to various stimuli over an extended period of time.

  Clinical Decision-Making Exercise 3–1

The athletic trainer is interested in an injured 
patient’s subjective perception of pain following a 
TENS treatment designed to reduce pain. Describe 
the steps you would take to evaluate pain and 
suggest which pain scale you might choose to use.
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 Cognitive Influences 

 Pain perception and the response to a painful expe-
rience may be influenced by a variety of cognitive 
processes, including anxiety, attention, depression, 
past pain experiences, and cultural influences.  32   
These individual aspects of pain expression are me-
diated by higher centers in the cortex in ways that 
are not clearly understood. They may influence both 
the sensory discriminative and motivational affec-
tive dimensions of pain. 

   Many mental processes modulate the percep-
tion of pain through descending systems. Behavior 
modification, the excitement of the moment, happi-
ness, positive feelings,    focusing    (directed attention 
toward specific stimuli), hypnosis, and suggestion 
may modulate pain perception. Past experiences, 
cultural background, personality, motivation to 
play, aggression, anger, and fear are all factors that 
could facilitate or inhibit pain perception. Strong 
central inhibition may mask severe injury for a 
period of time. At such times, evaluation of the 
injury is quite difficult. 

   Patients with chronic pain may become very 
depressed and experience a loss of fitness. They tend 
to be less active and may have altered appetites and 
sleep habits. They have a decreased will to work and 
exercise and often develop a reduced sex drive. They 
may turn to self-abusive patterns of behavior. Tricy-
clic drugs are often used to inhibit serotonin deple-
tion for the athlete with chronic pain. 

   Just as pain may be inhibited by central modu-
lation, it may also arise from central origins. Pho-
bias, fear, depression, anger, grief, and hostility are 
all capable of producing pain in the absence of local 
pathologic processes. In addition, pain memory, 
which is associated with old injuries, may result in 
pain perception and pain response that are out of 
proportion to a new, often minor, injury. Substance 
abuse can also alter and confound the perception of 
pain. Substance abuse may cause the chronic pain 
patient to become more depressed or may lead to 
depression and psychosomatic pain. 

 NEURAL TRANSMISSION 

    Afferent    nerve fibers transmit impulses from the 
sensory receptors toward the brain while    efferent    
fibers, such as motor neurons, transmit impulses 
from the brain toward the periphery.  42   First-order 
or primary afferents transmit the impulses from the 
sensory receptor to the dorsal horn of the spinal cord 

focusing Narrowing attention to the appropriate 
stimuli in the environment.

afferent Conduction of a nerve impulse toward an 
organ.

efferent Conduction of a nerve impulse away from 
an organ.

  Clinical Decision-Making Exercise 3–2

In addition to managing pain through the use of 
therapeutic modalities, the athletic trainer should 
make every effort to encourage the cognitive 
processes that can influence pain perception. 
What techniques can be taught to the patient to 
take advantage of the cognitive aspects of pain 
modulation?

  Clinical Decision-Making Exercise 3–3

A patient asks the athletic trainer to explain 
why electric stimulation of a trigger point can 
help reduce pain in her shoulder. What is the 
explanation?

Mechanisms of pain control

• Blocking ascending pathways (gate 
control)

• Blocking descending pathways
• Release of β-endorphin and dynorphin
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CHAPTER 3  Managing Pain with Therapeutic Modalities  41

( Figure 3–4 ). There are four different types of first-
order neurons ( Table 3–2 ). Aα and Aβ are large-
 diameter afferents that have a  high  (fast) conduction 
velocity, and Aδ and C fibers are small-diameter fibers 
with  low  (slow) conduction velocity. 

   Second-order afferent fibers carry sensory mes-
sages up the spinal cord to the brain. Second-order 
afferent fibers are categorized as wide dynamic 
range or nociceptive specific. The wide dynamic 
range second-order afferents receive input from 
Aβ, Aδ, and C fibers. These second-order afferents 
serve relatively large, overlapping receptor fields. 
The nociceptive specific second-order afferents 
respond exclusively to noxious stimulation. They 
receive input only from Aδ and C fibers. These 
afferents serve smaller receptor fields that do not 

Sensory cortex

Nociceptor
(free nerve 

ending)

Second-order neuron

Third-order
neuron

First-order neuron

Figure 3–4 Neural afferent transmission. Sensory 
(pain) information from free nerve endings is transmitted 
to the sensory cortex in the brain via first-, second-, and 
third-order neurons.

overlap. All of these neurons synapse with 
third-order neurons, which carry information to 
various brain centers where the input is integrated, 
interpreted, and acted upon.  

 Facilitators and Inhibitors of 
Synaptic Transmission 

 For information to pass between neurons, a trans-
mitter substance must be released from the end of 
one neuron terminal (presynaptic membrane), 
enter the synaptic cleft, and attach to a receptor 
site on the next neuron (postsynaptic membrane) 
( Figure 3–5 ). In the past, all the activity within the 
synapse was attributed to    neurotransmitters   , 
such as acetylcholine. The neurotransmitters, 
when released in sufficient quantities, are known 
to cause depolarization of the postsynaptic neuron. 
In the absence of the neurotransmitter, no depolar-
ization occurs. 

   It is now apparent that several compounds 
that are not true neurotransmitters can facilitate 
or inhibit synaptic activity.    Serotonin   ,    norephi-
nephrine   ,    enkephalin   ,    a-endorphin   ,    dynor-
phine   , and    substance P    are each important in 
the body’s pain control mechanism.  4   

neurotransmitter Substance that passes informa-
tion between neurons.

serotonin A neurotransmitter found in descending 
pathways. It is thought to play a significant role in 
pain control.

norepinephrine A neurotransmitter.

enkephalin Neurotransmitter that blocks the pas-
sage of noxious stimuli from first-order to second-
order afferents. It inhibits the release of substance 
P and is produced by enkephalinergic neurons.

a-endorphin A neurohormone similar in structure 
and properties to morphine.

dynorphin An endogenous opioid.

substance P The neurotransmitter of small-
diameter primary afferent. It is released from both 
ends of the neuron.
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42  PART ONE  Foundations of Therapeutic Modalities

 TABLE 3–2 Classification of Afferent Neurons

SIZE TYPE GROUP SUBGROUP
DIAMETER 
(MICROMETERS)

CONDUCTION 
VELOCITY RECEPTOR STIMULUS

Large A α I 1a 12–20 (22) 70–120 Proprioceptive 
mechanoreceptor

Muscle velocity 
and length 
change, 
muscle 
shortening of 
rapid speed

A α I 1b

A β II Muscle 6–12 36–72 Proprioceptive 
mechanoreceptor

Muscle length 
information 
from touch 
and Pacinian 
corpuscles

A β II Skin Cutaneous 
receptors

Touch, 
vibration, 
hair receptors

A δ III Muscle 1–5 (6) 6 (12)–36 (80) 75% mechano-
receptors and 
thermoreceptors

Temperature 
change

Small A δ III Skin 25% nociceptors, 
mechanoreceptors 
and thermorecep-
tors (hot and cold)

Noxious 
mechanical 
and 
temperature 
(> 45° C, 
< 10° C)

C IV Muscle 0.3–1.0 0.4–1.0 50% mechano-
receptors and 
thermoreceptors

Touch and 
temperature

C IV Skin 50% nociceptors, 
20% mechano-
receptors, 
and 30% 
thermoreceptors 
(hot and cold)

Noxious 
mechanical 
and 
temperature 
(> 45° C, 
< 10° C)

 

   Enkephalin is an    endogenous    (made by the 
body)    opioid    that inhibits the depolarization of 
second-order nociceptive nerve fibers. It is released 
from    interneurons   , enkephalin neurons with short 
axons. The enkephalins are stored in nerve-ending 
vesicles found in the    substantia gelatinosa (SG)    

and in several areas of the brain. When released, 
enkephalin may bind to presynaptic or postsynaptic 
membranes.  4   

   Norepinephrine is released by the depolarization 
of some neurons and binds to the postsynaptic mem-
branes. Norepinephrine is found in several areas of 
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CHAPTER 3  Managing Pain with Therapeutic Modalities  43

located at strategic sites, called binding sites, to 
receive these compounds. β-endorphin and dynor-
phin have potent analgesic effects. These are 
released within the central nervous system by 
mechanisms that are not fully understood at this 
time.   

 Nociception 

 A nociceptor is a peripheral pain receptor. Its cell 
body is in the dorsal root ganglion near the spinal 
cord. Pain is initiated when there is injury to a cell 
causing a release of three chemicals,  substance P , 
 prostaglandin , and  leukotrienes , which sensitize the 
nociceptors in and around the area of injury by 
lowering their depolarization threshold. This is re-
ferred to as  primary hyperalgesia , in which the 
nerve’s threshold to noxious stimuli is lowered, 
thus enhancing the pain response. Over a period of 
several hours  secondary hyperalgesia  occurs, as 
chemicals spread throughout the surrounding tis-
sues, increasing the size of the painful area and cre-
ating hypersensitivity. 

   Nociceptors initiate the electrical impulses 
along two afferent fibers toward the spinal cord. 
Aδ and C fibers transmit sensations of pain and 
temperature from peripheral nociceptors. The 
majority of the fibers are C fibers. Aδ fibers have 
larger diameters and faster conduction velocities. 
This difference results in two qualitatively differ-
ent types of pain, termed acute and chronic.  4   Acute 
pain  is rapidly transmitted over the larger, faster-
conducting Aδ afferent neurons and originates 
from receptors located in the skin.  4   Acute pain is 
localized and short, lasting only as long as there is 
a stimulus, such as the initial pain of an unex-
pected pinprick.  Chronic pain  is transmitted by the 
C fiber afferent neurons and originates from both 
superficial skin tissue and deeper ligament and 
muscle tissue. This pain is an aching, throbbing, 
or burning sensation that is poorly localized and 
less specifically related to the stimulus. There is a 
delay in the perception of pain following injury, 
but the pain will continue long after the noxious 
stimulus is removed. 

the nervous system, including a tract that descends 
from the pons, which inhibits synaptic transmission 
between first-order and second-order nociceptive 
fibers, thus decreasing pain sensation.  22   

   Other endogenous opioids may be active anal-
gesic agents. These neuroactive peptides are 
released into the central nervous system and have 
an action similar to that of morphine, an opiate 
analgesic. There are specific opiate receptors 

endogenous opioids Opiate-like neuroactive 
peptide substances made by the body.

interneurons Neurons contained entirely in the 
central nervous system. They have no projections out-
side the spinal cord. Their function is to serve as relay 
stations within the central nervous system.

substantia gelatinosa (SG) The dorsal horn of the 
grey matter thought to be the mechanism responsible 
for closing the gate to painful stimuli.

m

Figure 3–5 Synaptic transmission.
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44  PART ONE  Foundations of Therapeutic Modalities

   The various types of afferent fibers follow dif-
ferent courses as they ascend toward the brain. 
Some Aδ and most C afferent neurons enter the 
spinal cord through the dorsal horn of the spinal 
cord and synapse in the substantia gelatinosa with 
a second-order neuron ( Figure 3–6 ).  22   Most noci-
ceptive second-order neurons ascend to higher 
centers along one of three tracts—(1) the lateral 
spinothalamic tract, (2) spinoreticular tract, or (3) 
spinoencephalic tract—with the remainder 
ascending along the spinocervical tract.  22   About 
80% of nociceptive second-order neurons ascend 
to higher centers along the lateral spinothalamic 
tract.  22   Approximately 90% of the second-order 

afferents terminate in the thalamus.  22   Third-order 
neurons project to the sensory cortex and numer-
ous other centers in the central nervous system 
(see Figure 3–6). 

   These projections allow us to perceive pain. 
They also permit the integration of past experiences 
and emotions that form our response to the pain 
experience. These connections are also believed to 
be parts of complex circuits that the athletic trainer 
may stimulate to manage pain. Most analgesic 
physical agents are believed to slow or block the 
impulses ascending along the Aδ and C afferent 
neuron pathways through direct input into the dor-
sal horn or through descending mechanisms. These 
pathways are discussed in more detail in the follow-
ing section.  

 NEUROPHYSIOLOGICAL 
EXPLANATIONS OF PAIN 
CONTROL 

 The neurophysiologic mechanisms of pain control 
through stimulation of cutaneous receptors have 
not been fully explained.  43   Much of what is known—
and current theory—is the result of work involving 
electroacupuncture and transcutaneous electrical 
nerve stimulation. However, this information often 
provides an explanation for the analgesic response 
to other modalities, such as massage, analgesic 
balms, and moist heat. 

   The concepts of the analgesic response to cuta-
neous receptor stimulation presented here were first 
proposed by Melzack and Wall  27   and Castel.  8   These 
models essentially present three analgesic 
mechanisms:  

   1.   Stimulation from ascending Aβ afferents 
results in blocking impulses at the spinal 
cord level of pain messages carried along 
Aδ and C afferent fibers (gate control).  

   2.   Stimulation of descending pathways in the 
dorsolateral tract of the spinal cord by Aδ 
and C fiber afferent input results in a block-
ing of the impulses carried along the Aδ 
and C afferent fibers.  

Figure 3–6 The ascending lateral spinothalamic 
and spinoreticular tract in the spinal cord carries pain 
information to the cortex.
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horn

Spinoreticular tract
Lateral 
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Thalamus
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cortex
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Midbrain
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CHAPTER 3  Managing Pain with Therapeutic Modalities  45

   The concept of sensory stimulation for pain 
relief, as proposed by the gate control theory, has 
empirical support. Rubbing a contusion, applying 
moist heat, or massaging sore muscles decreases the 
perception of pain. The analgesic response to these 
treatments is attributed to the increased stimulation 
of Aβ afferent fibers. A decrease in input along noci-
ceptive Aδ and C afferents also results in pain relief. 
Cooling afferent fibers decreases the rate at which 
they conduct impulses. Thus, a 20-minute applica-
tion of cold is effective in relieving pain because of 
the decrease in activity, rather than an increase in 
activity along afferent pathways.  

 Descending Pain Control 

 A second mechanism of pain control essentially ex-
pands the original gate control theory of pain con-
trol and involves input from higher centers in the 

   3.   The stimulation of Aδ and C afferent fibers 
causes the release of endogenous opioids 
(β-endorphin), resulting in a prolonged ac-
tivation of descending analgesic pathways.   

   These theories or models are not necessarily 
mutually exclusive. Recent evidence suggests that 
pain relief may result from combinations of dorsal 
horn and central nervous system activity.  2  ,  11    

 The Gate Control Theory of Pain 

 The gate control theory explains how a stimulus that 
activates only nonnociceptive nerves can inhibit pain 
( Figure 3–7 ).  27   Three peripheral nerve fibers are 
 involved in this mechanism of pain control: Aδ fibers, 
which transmit noxious impulses associated with 
 intense pain; C fibers, which carry noxious impulses 
associated with long-term or chronic pain; and Aβ 
fibers, which carry sensory information from cutane-
ous receptors but are nonnociceptive and do not 
transmit pain. Impulses ascending on these fibers 
stimulate the substantia gelatinosa as they enter the 
dorsal horn of the spinal cord. Essentially the nonno-
ciceptive Aβ fibers inhibit the effects of the Aδ and C 
pain fibers, effectively “closing a gate” to the trans-
mission of their stimuli to the second-order 
interneurons. Thus the only information that is 
transmitted on the second-order neurons through 
the ascending lateral spinothalamic tract to the  cortex 
is the information from the Aβ fibers. The “pain mes-
sage” carried along the smaller-diameter Aδ and C 
fibers is not transmitted to the second-order neurons 
and never reaches sensory centers. 

   The discovery and isolation of endogenous opi-
oids in the 1970s led to new theories of pain relief. 
Castel introduced an endogenous opioid analogue 
to the gate control theory.  8   This theory proposes 
that increased neural activity in Aβ primary affer-
ent pathways triggers a release of enkephalin from 
   enkephalin interneurons    found in the dorsal 
horn. These neuroactive amines inhibit synaptic 
transmission in the Aδ and C fiber afferent path-
ways. The end result, as in the gate control theory, 
is that the pain message is blocked before it reaches 
sensory levels. 

Figure 3–7 Gate control theory. Sensory information 
carried on Aβ fibers “closes the gate” to pain information 
carried on Aδ and C fibers in the substantia gelatinosa 
preventing transmission of pain to sensory centers in the 
cortex. 

�
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Closing
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mechanism
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First-order
neurons

Second-order
neurons

+ � transmitted
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spinothalamic
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To sensory
cortex

Posterior

Anterior

Aδ
C
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enkephalin interneurons Neurons with short 
axons that release enkephalin. They are widespread 
in the central nervous system and are found in the 
substantia gelatinosa, nucleus raphae magnus, and 
periaqueductal grey matter.
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46  PART ONE  Foundations of Therapeutic Modalities

brain through a descending system ( Figure 3–8 ).  9   
Emotions (such as anger, fear, stress), previous 
experiences, sensory perceptions, and other factors 
coming from the thalamus in the cerebrum 
stimulate the    periaqueductal grey    (PAG) matter 
of the midbrain. The pathway over which this pain 
reduction takes place is a dorsal lateral projection 
from cells in the PAG to an area in the medulla of the 
brain stem called the    raphe nucleus   . When the 
PAG fires, the raphe nucleus also fires. Serotonergic 
efferent pathways from the raphe nucleus project to 
the dorsal horn along the entire length of the spinal 
cord where they synapse with enkephalin interneu-
rons located in the substantia gelitanosa.  31   The 
activation of enkephalin interneuron synapses by 
serotonin suppresses the release of the neurotrans-
mitter substance P from Aδ and C fibers used by the 
sensory neurons involved in the perception of 
chronic and/or intense pain. Additionally, enkepha-
lin is released into the synapse between the enkeph-
alin interneuron and the second-order neuron that 
inhibits synaptic transmission of impulses from in-
coming Aδ and C fibers to the second-order afferent 
neurons that transmit the pain signal up the lateral 
spinothalamic tract to the thalamus.  19   

   A second descending, norandrenergic pathway 
projecting from the pons to the dorsal horn has also 
been identified.  22   The significance of these parallel 
pathways is not fully understood. It is also not 
known if these norandrenergic fibers directly inhibit 
dorsal horn synapses or stimulate the enkephalin 
interneurons. 

   This model provides a physiologic explanation 
for the analgesic response to brief, intense stimula-
tion. The analgesia following accupressure and the 

use of some transcutaneous electrical nerve stimu-
lators (TENS), such as point stimulators, is attrib-
uted to this descending pain control mechanism. 

 a-endorphin and Dynorphin in 
Pain Control 

 There is evidence that stimulation of the small-di-
ameter afferents (Aδ and C) can stimulate the release 
of other endogenous opioids called    endorphins    
( Figure 3–9 ).  9  ,  11  ,  27  ,  38  ,  39  ,  42  ,  43   β-endorphin and dyn-
orphin are endogenous opioid peptide neurotrans-
mitters found in the neurons of both the central and 
peripheral nervous system.  40   The mechanisms 
regulating the release of β-endorphin and dynorphin 

periaqueductal grey A midbrain structure that 
plays an important role in descending tracts that 
inhibit synaptic transmission of noxious input in the 
dorsal horn.

raphe nucleus Part of the medulla in the brain 
stem that is known to inhibit pain impulses being 
transmitted through the ascending system.

Figure 3–8 Descending pain control. Influence from 
the thalamus stimulates the periaqueductal grey the 
raphe nucleus and the pons to inhibit the  transmission 
of pain impulses through the ascending tracts.
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CHAPTER 3  Managing Pain with Therapeutic Modalities  47

have not been fully elucidated. However, it is appar-
ent that these endogenous substances play a role in 
the analgesic response to some forms of stimuli used 
in the treatment of patients in pain. 

   β-endorphin is released into the blood from the 
anterior pituitary gland and into the brain and spi-
nal cord from the hypothalamus.  40   In the anterior 
pituitary gland, it shares a prohormone with adre-
nocorticotropin (ACTH). Thus when β-endorphin 
is released, so too is ACTH. β-endorphin does not 
readily cross the blood–brain barrier,  4   and thus the 
anterior pituitary gland is not the sole source of 
β-endorphin.  15   

   As stated previously, pain information is trans-
mitted to the brain stem and thalamus primarily on 
two different pathways, the spinothalamic and 
spinoreticular tracts. Spinothalamic input is thought 
to effect the conscious sensation of pain, and the spino-
reticular tract is thought to effect the arousal and emo-
tional aspects of pain. Pain stimuli from these two 
tracts stimulate the release of β-endorphin from the 
hypothalamus ( Figure 3–10 ). β-endorphin released 
into the nervous system binds to specific opiate-bind-
ing sites in the nervous system. The neurons in the 
hypothalamus that send projections to the PAG and 
noradrenergic nuclei in the brain stem contain β-
endorphin. Prolonged (20–40 minutes) small-diameter 
afferent fiber stimulation via electroacupuncture has 

Figure 3–9 The enkephalin interneuron functions to 
inhibit transmission of pain between the Aδ and C fibers 
and the secnod-order neuron to the ascending tracts.

Figure 3–10 β-endorphin released from the 
hypothalamus, and Dynorphin released from the 
periaquaductal grey and the medulla modulate.
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48  PART ONE  Foundations of Therapeutic Modalities

been thought to trigger the release of β-endorphin.  43   It 
is likely that β-endorphin released from these neurons 
by stimulation of the hypothalamus is responsible for 
initiating the same mechanisms in the spinal cord as 
previously described with other desending mecha-
nisms of pain control. Once again, further research is 
needed to clarify where and how these substances are 
released and how the release of β-endorphin affects 
neural acitivity and pain perception. 

   Dynorphin, a more recently isolated endogenous 
opioid, is found in the PAG, rostroventral medulla, 
and the dorsal horn.  22   It has been demonstrated that 
dynorphin is released during electroacupuncture.  20   
Dynorphin may be responsible for suppressing the 
response to noxious mechanical stimulation.  22   

  Summary of Pain Control Mechanisms 

 The body’s pain control mechanisms are probably 
not mutually exclusive. Rather, analgesia is the re-
sult of overlapping processes. It is also important to 
realize that the theories presented are only models. 
They are useful in conceptualizing the perception of 
pain and pain relief. These models will help the ath-
letic trainer understand the effects of therapeutic 
modalities and form a sound rationale for modality 
application.3 As more research is conducted and as 
the mysteries of pain and neurophysiology are 
solved, new models will emerge. The athletic trainer 
should adapt these models to fit new developments.  

  PAIN MANAGEMENT  

 How should the athletic trainer approach pain? 
First, the source of the pain must be identified. 
Unidentified pain may hide a serious disorder, 

and treatment of such pain may delay the appro-
priate treatment of the disorder.  12   Once a diagno-
sis has been made, many physical agents can pro-
vide pain relief. The athletic trainer should match 
the therapeutic agent to each patient’s situation. 
Casts and braces may prevent the application of 
ice or moist heat. However, TENS electrodes often 
can be positioned under a cast or brace for pain 
relief. Following acute injuries, ice may be the 
therapeutic agent of choice because of the effect 
of cold on the inflammatory process. There is not 
one “best” therapeutic agent for pain control. 
The athletic trainer must select the therapeutic 
agent that is most appropriate for each patient, 
based on the knowledge of the modalities and 
professional judgment.  13   In no situation should 
the athletic trainer apply a therapeutic agent 
without first developing a clear rationale for the 
treatment. 

   In general, physical agents can be used to  
   1.   Stimulate large-diameter afferent fibers 

(Aβ). This can be done with TENS, mas-
sage, and analgesic balms.  

   2.   Decrease pain fiber transmission velocity 
with cold or ultrasound.  

   3.   Stimulate small-diameter afferent fibers 
(Aδ and C) and descending pain control 
mechanisms with accupressure, deep mas-
sage, or TENS over acupuncture points or 
trigger points.  

   4.   Stimulate a release of β-endorphin and 
dynorphin or other endogenous opioids 
through prolonged small-diameter fiber 
stimulation with TENS.  38     

 Analogy 3–1

Blocking pain along ascending and descending path-
ways is like closing a gate to certain types of sensory 
information and opening a gate to allow the passage of 
other types of sensory input. The athletic trainer can 
use different modalities set at specific treatment param-
eters to open or close that gate according to specific 
desired treatment responses.

  Clinical Decision-Making Exercise 3–4

A patient is complaining of pain in the low back 
from a muscle strain. The athletic trainer plans 
to incorporate a modality that will affect the 
ascending pathways, in effect “closing the gate” to 
ascending pain fibers. What modalities can be used 
to take advantage of the gate control theory of pain 
modulation?
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   Other useful pain control strategies include the 
following:  

   1.   Encourage cognitive processes that influ-
ence pain perception, such as motivation, 
tension diversion, focusing, relaxation 
techniques, positive thinking, thought 
stopping, and self-control.  

   2.   Minimize the tissue damage through the 
application of proper first aid and immobi-
lization.  

   3.   Maintain a line of communication with 
the patient. Let the patient know what to 
expect following an injury. Pain, swelling, 
dysfunction, and atrophy will occur follow-
ing injury. The patient’s anxiety over these 
events will increase his or her perception 
of pain. Often, a patient who has been told 
what to expect by someone he or she trusts 
will be less anxious and suffer less pain.  

   4.   Recognize that all pain, even psychoso-
matic pain, is very real to the patient.  

   5.   Encourage supervised exercise to encour-
age blood flow, promote nutrition, increase 
metabolic activity, and reduce stiffness and 
guarding if the activity will not cause fur-
ther harm to the patient.   

   The physician may choose to prescribe oral or 
injectable medications in the treatment of the 
patient. The most commonly used medications are 
classified as analgesics, anti-inflammatory agents, 
or both. The athletic trainer should become familiar 
with these drugs and note if the athlete is taking any 

medications. It is also important to work with the 
referring physician to assure that the patient takes 
the medications appropriately. 

   The athletic trainer’s approach to the patient has 
a great impact on the success of the treatment. The 
patient will not be convinced of the efficacy and impor-
tance of the treatment unless the athletic trainer 
appears confident about it. The athletic trainer must 
make the patient a participant rather than a passive 
spectator in the treatment and rehabilitation process. 

   The goal of most treatment programs is to 
encourage early pain-free exercise. The physical 
agents used to control pain do little to promote tis-
sue healing. They should be used to relieve acute 
pain following injury or surgery or to control pain 
and other symptoms, such as swelling, to promote 
progressive exercise. The athletic trainer should not 
lose sight of the effects of the physical agents or the 
importance of progressive exercise in restoring the 
patient’s functional ability. 

   Reducing the perception of pain is as much an 
art as a science. Selection of the proper physical 
agent, proper application, and marketing are all 
important and will continue to be so even as we 
increase our understanding of the neurophysiology 
of pain. There is still the need for a good empirical 
rationale for the use of a physical agent. The ath-
letic trainer is encouraged to keep abreast of the 
neurophysiology of pain and the physiology of tis-
sue healing to maintain a current scientific basis for 
selecting modalities and managing the pain experi-
enced by his or her patients.   

  Summary  

   1.   Pain is a response to a noxious stimulus that is 
subjectively modified by past experiences and 
expectations.  

   2.   Pain is classified as either acute or chronic and 
can exhibit many different patterns.  

   3.   Early reduction of pain in a treatment program 
will facilitate therapeutic exercise.  

   4.   Stimulation of sensory receptors via the thera-
peutic modalities can modify the patient’s per-
ception of pain.  

   5.   Three mechanisms of pain control may explain 
the analgesic effects of physical agents:  

   a.   Dorsal horn modulation due to the input 
from large-diameter afferents through a 
gate control system, the release of enkeph-
alins, or both.  

   b.   Descending efferent fiber activation due to 
the effects of small-fiber afferent input on 
higher centers including the thalamus, raphe 
nucleus, and periaqueductal grey region.  
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   c.   The release of endogenous opioids includ-
ing β-endorphin through prolonged small- 
diameter afferent stimulation.    

   6.   Pain perception may be influenced by a variety 
of cognitive processes mediated by the higher 
brain centers.  

   7.   The selection of a therapeutic modality for 
controlling pain should be based on current 

knowledge of neurophysiology and the psy-
chology of pain.  

   8.   The application of physical agents for the con-
trol of pain should not occur until the diagnosis 
of the injury has been established.  

   9.   The selection of a therapeutic modality for 
managing pain should be based on establishing 
the primary cause of pain.    

   1.   What is a basic definition of  pain?  
   2.   What are the different types of  pain?  
   3.   What are the different assessment scales avail-

able to help the athletic trainer determine the 
extent of  pain perception?  

   4.   What are the characteristics of  the various 
sensory receptors?  

   5.   How does the nervous system relay informa-
tion about painful stimuli?  

   6.   Describe how the gate control mechanism of  
pain modulation may be used to modulate pain.  

   7.   How do the descending pain control mecha-
nisms function to modulate pain?  

   8.   What are the opiate-like substances and how 
do they act to modulate pain?  

   9.   How can pain perception be modified by 
cognitive factors?  

   10.   How can the athletic trainer help modulate 
pain during a rehabilitation program?    

  Review Questions  

  True or False   
   1.   Both sclerotomic and radiating pain may 

cause pain away from the site of the disorder.  
   2.   Afferent nerve fibers conduct impulses from 

the brain to peripheral sites.  
   3.   Serotonin and β-endorphin affect synaptic 

activity. 

  Multiple Choice   
   4.   Which of the following is NOT a method of 

pain assessment? 
 a.    McGill pain questionnaire 
 b.    Snellen test  
 c.   visual analogue scales 
 d.    numeric pain scale    
   5.   Pain receptors in the body are called _______. 
 a.    Meissner’s corpuscles 
 b.    Krause’s end bulbs 
 c.    Pacinian corpuscles 
 d.    nociceptors    

   6.   Which of the following plays a role in trans-
mitting sensations of pain? 

 a.    substance P 
 b.    enkephalin 
 c.    dynorphin 
 d.    serotonin    
   7.   Which of the following is/are characteristic(s) 

of Aδ fibers? 
 a.    large-diameter fibers 
 b.    fast conduction velocities 
 c.    transmit brief, localized pain 
 d.    all of the above    
   8.   Stimulation of the substantia gelatinosa 

occurs in the __________ theory of pain. 
 a.  space 
 b.        descending 
 c.    gate control 
 d.    enkephalin release    

  Self-Test Questions 
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   9.   β-endorphin, an endogenous opioid, is re-
leased from the__________. 

 a.    hypothalamus 
 b.    anterior pituitary gland 
 c.    raphe nucleus 
 d.    a and b    

   10.   Which of the following cognitive processes 
may affect pain perception? 

 a.    depression 
 b.    past pain experiences
 c.     both a and b 
 d.    neither a nor b      

  Solutions to Clinical Decision-Making Exercises  

   3–1   After conducting a detailed evaluation, a 
number of  options are available, including vi-
sual analogue scales, pain charts, the McGill 
Pain Questionnaire, the Activity Pattern Indi-
cators Pain Profile, and numeric pain scales. 
Numeric pain scales, in which the patient is 
asked to rate his or her pain on a scale from 
1 to 10, are perhaps the most widely used in 
the athletic training setting.  

   3–2   The modality selected should provide a signifi-
cant amount of  cutaneous input that would 
be transmitted to the spinal cord along Aβ 
fibers. The modalities of  choice may include 
various types of  heat or cold, electrical stimu-

lating currents, counterirritants (analgesic 
balms), or massage.  

   3–3   The athletic trainer may choose to use relax–
ation techniques, tension diversion, focusing, 
positive thinking, thought stopping, and self-
control techniques. Certainly the cognitive per-
ception of  pain and the ability to control that 
perception is an aspect of  rehabilitation that the 
athletic trainer should take very seviously.  

   3–4   The athletic trainer should explain that stim–
ulating the trigger point with an electrical 
stimulating current will trigger the release of  
a chemical (β-endorphin) in the brain that 
will act to modulate pain in the shoulder.    
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 CASE STUDY 3–1 

protect the common peroneal nerve on the posterior 
lateral aspect of the knee. Following cold application 
she was encouraged to perform quadriceps setting and 
heel slides. 

   Response   Her volitional control of the quadriceps 
improved and she left the clinic able to perform a 
straight leg raise without a lag. She was also able to 
move the knee from extension to 50 degrees of flexion. 
She was sent home with instructions to use cold three 
to four times daily followed by the previously described 
exercises. Stacey demonstrated active range of motion 

 MANAGING ACUTE PAIN 
  Background   Stacey is a 21-year-old college basket-
ball player referred for rehabilitation the day after 
arthroscopic surgery to remove loose bodies and a tear 
in the medial meniscus of her left knee. 

   Impression   She is typical of patients presenting the 
day following acute injury and surgery. She is experi-
encing considerable discomfort and demonstrates inhi-
bition of the quadriceps muscles and an unwillingness 
to flex and extend the knee.

    Treatment   Stacey was treated with an ice bag 
around the knee for 20 minutes, being careful to 
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from terminal extension to 115 degrees of flexion and 
good control of the quadriceps on return to the clinic 
5 days later. Her rehabilitation progressed well and she 
returned to playing basketball within 3 weeks in prepa-
ration for the upcoming season. 

 Surgery results in acute pain and the associated 
guarding, splinting, and neuromuscular inhibition. 
When active muscle contractions and range of mo-
tion exercises can be performed safely, the use of 
therapeutic modalities can help the patient regain 

function. In this case, cold was selected because of the 
acute presentation and the ease of use at home. TENS 
also would have been appropriate, either alone or in 
combination with cold. It is also important to appreci-
ate the effects of pain-free movement on the recovery 
process. Movement lessens the sensation of stiffness 
postoperatively and provides large-diameter afferent 
input into the dorsal horn, which may relieve pain 
through a gating mechanism or the stimulation of 
enkephalin interneurons.  

 CASE STUDY 3–2 

 MANAGING CHRONIC PAIN 
  Background   Linda is a 31-year-old resident in oral 
surgery. She was referred for rehabilitation for com-
plaints of upper back and neck pain with frequent 
headaches. She states that she has been experiencing 
the symptoms off and on for about 2 years. Her symp-
toms are worse at the end of the work day, especially 
on days she is in the operating room. There is no history 
of trauma to the affected region.

  Physical exam reveals a forward head, rounded 
shoulder posture, spasm of the cervical paraspinal and 
trapezius muscles, and very sensitive trigger points 
throughout the region.

    Impression   Her symptoms were consistent with 
pain of myofascial origin secondary to posture, job-
related stress, and fatigue of the postural muscles. 

   Treatment   She was treated with TENS over the 
trigger points using a Neuroprobe and soft tissue 
mobilization, and she was instructed in a routine of 
postural exercises. She was encouraged to perform 

postural exercises and relaxation activities during 
breaks in her schedule. Linda returned to the clinic 
indicating she had experienced near complete relief 
following her first visit for about 6 hours. The stimu-
lation of trigger points was repeated and Linda was 
instructed in the use of a TENS unit with conventional 
parameters over her most sensitive trigger point. She 
had access to the TENS unit through the surgical 
clinic where she worked. 

   Response   Linda was seen for two additional visits. 
She indicated her compliance with the exercise pro-
gram, which was subsequently expanded into a general 
conditioning program with an emphasis on upper body 
endurance. She also indicated that her symptoms were 
becoming much less severe and less frequent and that 
the home TENS unit gave her a means of controlling 
her pain before it became severe enough to affect her 
activities. Over the subsequent several months, Linda 
completed her residency without additional care for 
her neck and upper back.  
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   PART TWO 

 Thermal Energy Modalities   

  4     Cryotherapy and Thermotherapy        
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 O
f the therapeutic modalities discussed in this 
text, perhaps none are more commonly used 
than heat and cold modalities. As indicated in 

Chapter 1, the infrared region of the electromag-
netic spectrum falls between the diathermy and the 
visible light portions of the spectrum in terms of 
wavelength and frequency. There is confusion over 
the relationship between electromagnetic energy 
and conductive thermal energy associated with the 
infrared region. Traditionally, it has been correct to 
think of the    infrared    modalities as being those 
modalities whose primary mechanism of action is 
the emission of infrared radiation for the purpose of 
increasing tissue temperatures.  79  ,  82   Warm objects 
emit infrared radiation. But the amount of infrared 
energy that is radiated from these objects is negligi-
ble. These modalities operate by conduction of heat 
energy, so they are better described as    conductive 
thermal energy modalities.    The conductive ther-
mal energy modalities are used to produce a local 
and occasionally a generalized heating or cooling of 
the superficial tissues. 

 Conductive thermal energy modalities are gener-
ally classified into those that produce a tissue 

 CHAPTER 4 

 Cryotherapy and 
Thermotherapy 
    William   E.   Prentice    

  Following completion of this chapter, the 
athletic training student will be able to: 

  •  Explain why cryotherapy and thermotherapy 
are best classified as thermal energy modalities. 

  •  Differentiate between the physiologic effects of 
therapeutic heat and cold. 

  •  Describe thermotherapy and cryotherapy 
techniques. 

  •  Categorize the indications and 
contraindications for both cryotherapy and 
thermotherapy. 

  •  Select the most effective conductive energy 
modalities for a given clinical diagnosis. 

  •  Explain how the athletic trainer can use the 
conductive energy modalities to reduce pain.  

infrared That portion of the electromagnetic spec-
trum associated with thermal changes; located adja-
cent to the red portion of the visible light spectrum. 
That part of the electromagnetic spectrum dealing 
with infrared wavelengths.

conductive thermal energy modalities Those 
modalities that transfer energy (either heat or cold) 
through direct contact.
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 temperature decrease, which we refer to as    cryo-
therapy,    and those that produce a tissue temperature 
increase, which we call    thermotherapy.    Cryother-
apy treatment techniques include ice massage, cold 
hydrocollator packs, ice packs, cold whirlpools, ice 
immersion, cold spray, contrast baths, cold-
compression, and cryokinetics. Thermotherapy treat-
ment techniques include warm whirlpool, warm 
hydrocollator packs, paraffin baths, fluidotherapy, 
and ThermaCare wraps. 

 Luminous infrared and nonluminous infrared 
lamps are classified as electromagnetic energy 
modalities. While the wavelength and frequency of 
the energy emitted by these modalities are similar 
to the other thermotherapy and cryotherpy modal-
ities, the mechanism by which the infrared lamps 
produce a tissue temperature increase has nothing 
to do with conduction. Their mechanism of energy 
transfer is through electromagnetic radiation, thus 
explaining why they are classified as electromag-
netic energy modalities. However, since they are 
used for the purpose of increasing superficial tem-
perature and have wavelengths and frequencies 
similar to the other cryotherapy and thermother-
apy techniques, they will also be discussed in this 
chapter. 

 MECHANISMS OF HEAT 
TRANSFER 

 Easy application and convenience of use of cryo-
therapy and thermotherapy modalities provide the 
athletic trainer with the necessary tools for primary 
care of injuries. Heat is defined as the internal vibra-
tion of the molecules within a body. The transmis-
sion of heat occurs by three mechanisms: 
 conduction ,  convection , and  radiation . A fourth 
mechanism of heat transfer,  conversion , is dis-
cussed in Chapter 8, the chapter on ultrasound. 

   Conduction occurs when the body is in direct 
contact with the heat or cold source. Convection 
occurs when particles (air or water) move across 
the body, creating a temperature variation. Radia-
tion is the transfer of heat from a warmer source to 
a cooler source through a conducting medium, 
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such as air (e.g., infrared lamps). The body may 
either gain or lose heat through any of these three 
processes of heat transfer. The cryotherapy and 
thermotherapy modalities discussed in this chapter 
use these three methods of heat transfer to effect a 
tissue temperature increase or decrease.  Table 4–1  
summarizes the mechanisms of heat transfer for 
the various modalities.    

  APPROPRIATE USE OF 
CRYOTHERAPY AND 
THERMOTHERAPY MODALITIES  

 As indicated previously, heating techniques used 
for therapeutic purposes are referred to as  thermo-
therapy . Thermotherapy is used when a rise in 
 tissue temperature is the goal of treatment. The use 
of cold, or  cryotherapy , is most effective in the acute 
stages of the healing process immediately following 
injury when a loss of tissue temperature is the goal 
of therapy. Cold applications can be continued into 
the reconditioning stage of injury management. 

cryotherapy The use of cold in the treatment of 
pathology or disease.

thermotherapy The use of heat in the treatment of 
pathology or disease.

conduction Heat loss or gain through direct contact.

convection Heat loss or gain through the move-
ment of water molecules across the skin.

conversion Changing from one energy form into 
another.

radiation The process of emitting energy from some 
source in the form of waves.

Mechanisms of Heat Transfer

• Conduction
• Convection
• Radiation
• Conversion
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Thermotherapy and cryotherapy are included in 
this section on the basis of their classification in the 
electromagnetic spectrum. The term    hydrotherapy    
can be applied to any cryotherapy or thermotherapy 
technique that uses water as the medium for tissue 
temperature exchange. 

   Although this chapter is concerned primarily 
with application of the cryotherapy and thermo-
therapy modalities and their physiologic effects, 
several other modalities discussed in this text (e.g., 
diathermy and ultrasound) cause similar physiologic 
responses. Specifically, the effects of heat and cold 
therapy discussed in this chapter may be applied to 
any modality that alters tissue temperature. 

   Cryotherapy and thermotherapy can be used 
successfully to treat injuries and trauma.  32   The 
athletic trainer must know the injury mechanism 
and specific pathology, as well as the physiologic 
effects of the heating and cooling agents, to estab-
lish a consistent treatment schedule. Conductive 
energy modalities transmit thermal energy to or 
from the patient. In most cases, they are simple, effi-
cient, and inexpensive. Athletic trainers who choose 
to compare modalities and use the most appropriate 

 TABLE 4–1  Mechanisms of Heat Transfer of the Various Modalities

CONDUCTION CONVECTION RADIATION CONVERSION

Ice massage Hot whirlpool Infrared lamps Ultrasound
Cold packs Cold whirlpool Laser Diathermy
Hydrocollator packs Fluidotherapy Ultraviolet lighta  
Cold spray    
Ice immersion    
Contrast bathsb    
Cryo-Cuff    
Cryokinetics    
Paraffin bath    

a Ultraviolet therapy does not involve a tissue temperature change, but the energy from the ultraviolet source radiates to the skin surface.
b Contrast baths could also involve convection if hot or cold whirlpools are being used.

technique for their patients will be providing qual-
ity care for that patient. A haphazard approach 
to the use of infrared modalities will only reflect a 
disregard for the health care of the patient.   

  CLINICAL USE OF THE 
CONDUCTIVE ENERGY 
MODALITIES  

 The physiologic effects of heat and cold discussed 
previously are rarely the result of direct absorption 
of infrared energy. There is general agreement that 
no form of infrared energy can have a depth of pen-
etration greater than 1 cm.  1   Thus, the effects of the 
conductive energy modalities are primarily superfi-
cial and directly affect the cutaneous blood vessels 
and the cutaneous nerve receptors.  87   

   Absorption of energy cutaneously increases and 
decreases circulation subcutaneously in both the 
muscle and fat layers. If the energy is absorbed cuta-
neously over a long enough period of time to raise 
the temperature of the circulating blood, the hypo-
thalamus will reflexively increase blood flow to the 
underlying tissue. Likewise, absorption of cold cuta-
neously can decrease blood flow via a similar mech-
anism in the area of treatment.  1   

   Thus, if the primary treatment goal is a tissue 
temperature increase with a corresponding increase 

hydrotherapy Cryotherapy and thermotherapy 
techniques that use water as the medium of heat 
transfer.

pre45195_ch04_055-102.indd Page 58  4/30/08  6:55:54 PM epgpre45195_ch04_055-102.indd Page 58  4/30/08  6:55:54 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-04/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-04



CHAPTER 4  Cryotherapy and Thermotherapy  59

in blood flow to the deeper tissues, it is wiser perhaps 
to choose a modality, such as diathermy or ultra-
sound, that produces energy that can penetrate the 
cutaneous tissues and be directly absorbed by the 
deep tissues. If the primary treatment goal is to 
reduce tissue temperature and decrease blood flow 
to an injured area, the superficial application of ice 
or cold is the only modality capable of producing 
such a response. 

   Perhaps the most effective use of the conduc-
tive energy modalities should be to provide analge-
sia or reduce the sensation of pain associated with 
injury. These modalities stimulate primarily the 
cutaneous nerve receptors. Through one of the 
mechanisms of pain modulation discussed in Chap-
ter 3 (most likely the gate control theory), hyper-
stimulation of these nerve Aβ receptors by heating 
or cooling reduces pain. Within the philosophy of 
an aggressive program of rehabilitation, the reduc-
tion of pain as a means of facilitating therapeutic 
exercise is a common practice. As emphasized in 
the preface to this text, therapeutic modalities are 
perhaps best used as an adjunct to therapeutic exer-
cise. Certainly, this should be a prime consideration 
when selecting an infrared modality for use in any 
treatment program. 

   Continued investigation and research into the 
use of heat and cold is warranted to provide useful 
data for the athletic trainer. Heat and cold applica-
tions, when used properly and efficiently, will pro-
vide the athletic trainer with the tools to enhance 
recovery and provide the patient with optimal health 
care management. Thermotherapy and cryotherapy 
are only two of the tools available to assist in the 
well-being and reconditioning of the injured 
patient.  

 Effects of Tissue Temperature Change 
on Circulation 

 Local application of heat or cold is indicated for  ther-
mal  physiologic effects. The main physiologic effect 
is on superficial circulation because of the response 
of the temperature receptors in the skin and the 
sympathetic nervous system. 

   Circulation through the skin serves two major 
functions: nutrition of the skin tissues and conduc-
tion of heat from internal structures of the body to 
the skin so that heat can be removed from the 
body.  45   The circulatory apparatus is composed of 
 two major vessel types : arteries, capillaries, and veins; 
and vascular structures for heating the skin. Two 
types of vascular structures are the subcutaneous 
venous plexus, which holds large quantities of blood 
that heat the surface of the skin, and the arteriove-
nous anastomosis, which provides vascular com-
munication between arteries and venous plexuses.  30   
The walls of the plexuses have strong muscular 
coats innervated by sympathetic vasoconstrictor 
nerve fibers that secrete norepinephrine. When con-
stricted, blood flow is reduced to almost nothing in 
the venous plexus. When maximally dilated, there is 
an extremely rapid flow of blood into the plexuses. 
The arteriovenous anastomoses are found princi-
pally in the volar or palmar surfaces of the hands 
and feet, lips, nose, and ears. 

   When cold is applied directly to the skin, the 
skin vessels progressively constrict to a tempera-
ture of about 10° C (50° F), at which point they 
reach their maximum constrictions. This constric-
tion results primarily from increased sensitivity of 
the vessels to nerve stimulation, but it probably also 
results at least partly from a reflex that passes to the 
spinal cord and then back to the vessels. At tem-
peratures below 10° C (50° F), the vessels begin to 
dilate. This dilation is caused by a direct local effect 
of the cold on the vessels themselves, producing 
paralysis of the contractile mechanism of the vessel 
wall or blockage of the nerve impulses coming to 
the vessels. At temperatures approaching 0° C 
(32° F), the skin vessels frequently reach maximum 
vasodilation. 

   Skin plexuses are supplied with sympathetic 
vasoconstrictor innervation. In times of circulatory 
stress, such as exercise, hemorrhage, or anxiety, 
sympathetic stimulation of these skin plexuses forces 
large quantities of blood into internal vessels. Thus, 
the subcutaneous veins of the skin act as an impor-
tant blood reservoir, often providing blood to serve 
other circulatory functions when needed.  45   
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   Three types of sensory receptors are found in 
the subepithelial tissue: cold, warm, and pain. The 
pain receptors are free nerve endings. Temperature 
and pain are transmitted to the brain via the lateral 
spinothalamic tract (see Chapter 3). The nerve 
fibers respond differently at different temperatures. 
Both cold and warm receptors discharge minimally 
at 33° C (91.4° F). Cold receptors discharge between 
10 and 41° C (50–105.8° F), with a maximum dis-
charge in the 37.5–40° C (99.5–104° F) range. 
Above 45° C (113° F), cold receptors begin to dis-
charge again, and pain receptors are stimulated. 
Nerve fibers transmitting sensations of pain respond 
to the temperature extremes. Both warm and cold 
receptors adapt rapidly to temperature change; the 
more rapid the temperature change, the more rapid 
the receptor adaptation. The number of warm and 
cold receptors in any given small surface area is 
thought to be few. Therefore, small temperature 
changes are difficult to perceive in localized areas. 
Larger surface areas stimulate summation of ther-
mal signals. These larger patterns of excitation 
activate the vasomotor centers and the hypotha-
lamic center.  79  ,  82   Stimulation of the anterior hypo-
thalamus causes cutaneous vasodilation, whereas 
stimulation of the posterior hypothalamus causes 
cutaneous vasoconstriction.  45  ,  122   

   The cutaneous blood flow depends on the dis-
charge of the sympathetic nervous system. These sym-
pathetic impulses are transmitted simultaneously to 
the blood vessels for cutaneous vasoconstriction and to 
the adrenal medulla. Both norepinephrine and epi-
nephrine are secreted into the blood vessels and induce 
vessel constriction.  45   Most of the sympathetic constric-
tion influences are mediated chemically through these 
neural transmitters. General exposure to cold elicits 
cutaneous vasoconstriction, shivering, piloerection, 
and an increase in epinephrine  secretion; therefore, 
vascular contraction occurs. Simultaneously, metab-
olism and heat production are increased to maintain 
the body temperature.  45   

   Increased blood flow supplies additional oxygen 
to the area, explaining the analgesic and relaxation 
effects on muscle spasm. An increased propriocep-
tive reflex mechanism may explain these effects. 

Receptor end organs located in the muscle spindle 
are inhibited by heat temporarily, whereas sudden 
cooling tends to excite the receptor end organ.  79  ,  82     

 Effects of Tissue Temperature 
Change on Muscle Spasm 

 Numerous studies deal with the effects of heat and 
cold in the treatment of many musculoskeletal con-
ditions. Although it is true that the use of heat as a 
therapeutic modality has long been accepted and 
documented in the literature, it is apparent that 
most recent research has been directed toward the 
use of cold. There seems to be general agreement 
that the physiologic mechanisms underlying the 
 effectiveness of heat and cold treatments in reducing 
muscle spasm lie at the level of the muscle spindle, 
Golgi tendon organs, and the gamma system.  116   

   Heat is believed to have a relaxing effect on skel-
etal muscle tone.  38   Local application of heat relaxes 
muscles throughout the skeletal system by simulta-
neously lessening the stimulus threshold of muscle 
spindles and decreasing the gamma efferent firing 
rate. This suggests that the muscle spindles are eas-
ily excited. Consequently, the muscles may be elec-
tromyographically silent while at rest during the 
application of heat, but the slightest amount of vol-
untary or passive movement may cause the effer-
ents to fire, thus increasing muscular resistance to 
stretch. If this is indeed the case, then it seems logi-
cal that decreasing the afferent impulses by raising 
the threshold of the muscle spindles might be 

 Analogy 4–1

Using heat or cold can be like an on/off switching 
mechanism for blood flow. Heat is the on switch that 
may be used to increase circulation, while cold is the off 
switch that minimizes circulation.

 

• Cold may be better for reducing 
muscle spasm.
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effective in facilitating muscle relaxation, as long as 
there is no movement. 

   The rate of firing of both primary and secondary 
endings is directly proportional to temperature. 
Local applications of cold decrease local neural 
activity. Annulospiral, flower-spray (small fibers 
located in the muscle spindle that detect changes in 
muscle position), and Golgi tendon organ endings 
all fire more slowly when cooled. Cooling actually 
decreases the rate of afferent activity even more, 
with an increase in the amount of tension on the 
muscle. Thus, cold appears to raise the threshold 
stimulus of muscle spindles, and heat tends to lower 
it.  36   Although firing of the primary spindle afferents 
increases abruptly with the application of cold, a 
subsequent decrease in spindle afferent activity 
occurs and persists as the temperature is lowered.  83   

   Simultaneous use of heat and cold in the treat-
ment of muscle spasm has also been studied.  30   Local 
cooling with ice, although maintaining body tem-
perature to prevent shivering, results in a significant 
reduction of muscle spasm, greater than that which 
occurs with the use of heat or cold independently. 
This effect was attributed to maintenance of body 
temperature, which decreases efferent activity, 
whereas local cooling decreases afferent activity. If 
the core temperature of the body is not maintained, 
the reflex shivering results in increased muscle tone, 
thus inhibiting relaxation. 

   There is a substantial reduction in the frequency 
of action potential (stimulus intensity necessary for 
firing muscle fibers) firing of the motor unit when 
the muscle temperature is reduced. Muscle spindle 
activity is most significantly reduced when the mus-
cle is cooled, whereas normal body temperature is 
maintained.  95   

   Miglietta  95   presented a slightly different per-
spective on the effect of cold in reducing muscle 
spasm. He performed an electromyographic analy-
sis of the effects of cold on the reduction of clonus 
(increased muscle tone) or spasticity in a group of 
15 patients. After immersion of the spastic extrem-
ity in a cold whirlpool for 15 minutes, it was 
observed that electromyographic activity dropped 
significantly and in some cases disappeared 

altogether. The cold was thought to induce an 
afferent bombardment of cold impulses, which 
modify the cortical excitatory state and block the 
stream of painful impulses from the muscle. Thus, 
relaxation of skeletal muscle is assumed to occur 
with the disappearance of pain.  143   It is not certain 
whether it is the excitability of the motor neurons 
or the hyperactivity of the gamma system, which is 
changed either at the muscle spindle level or at the 
spinal cord level, that is responsible for the reduc-
tion of spasticity. However, it is certain that cold is 
effective in reducing spasticity by reducing or mod-
ifying the highly sensitive stretch-reflex mecha-
nism in muscle. 

   Another factor that may be important to the 
reduction of spasticity is reduction in the nerve con-
duction velocity as a result of the application of 
cold.  25   These changes may result from a slowing of 
motor and sensory nerve conduction velocity and a 
decrease of the afferent discharges from cutaneous 
receptors. 

   Several studies investigated the use of cold fol-
lowed by some type of exercise in the treatment of 
various injuries to the musculotendinous unit. 42,71  
Each of these studies indicated that the use of cold 
and exercise were extremely effective in the treat-
ment of acute pathologies of the musculoskeletal 
system that produced restrictions of muscle action. 
However, if stretching was indicated, it has been 
stressed that stretching is more important for 
increasing flexibility than using either heat or 
cold.  35  ,  137     

 Effects of Temperature Change 
on Performance 

 Several studies have examined the effects of alter-
ing tissue temperature on physical performance 
 capabilities. 

   Changes in the ability to produce torque during 
isokinetic testing following the application of heat 
and cold have been demonstrated, although there 
appears to be some disagreement relative to the 
degree of change in concentric and eccentric 
torque capabilities.  66  ,  135   One study observed that 
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the strength of an eccentric contraction was 
improved with the application of ice, whereas 
another indicated the ice helped to facilitate concen-
tric but not eccentric strength.  24  ,  126   This may be 
due to an increase in the ability to recruit additional 
motor neurons during and after cooling.  75   It also 
appears that higher torque values can be produced 
following the application of cold packs than hot 
packs.  18   The use of cryotherapy does not seem to 
effect peak torque but may increase endurance.  140   
Cold appears to have some effect on muscular power; 
also, it has been shown that performance in vertical 
jumping is decreased following the application of 
cold.  39  ,  43   Cold water immersion does not seem to 
affect range of motion.  19   Joint cryotherapy negated 
movement deficiencies represented by peak knee 
torque and power decreases.  55   

   It seems that heating or cooling of an extrem-
ity has minimal or no effects on proprioception, 
joint position sense, and balance.  16  ,  58  ,  77  ,  80  ,  113  ,  126  ,

  128  ,  138  ,  139  ,  144  ,  151   Thus, it follows that tissue tem-
perature changes have no effect on agility or the 
ability to change direction.  36  ,  64  ,  129   The applica-
tion of ice prior to a warm-up has been shown to 
negatively affect functional performance but an 
active warm-up period decreases detrimental 
effects.  120      

 CRYOTHERAPY 

 Cryotherapy is the use of cold in the treatment of 
acute trauma and subacute injury and for the 
decrease of discomfort after reconditioning and 
rehabilitation.  68   

 Physiologic Effects of Tissue Cooling 

 The physiologic effects of cold are the opposite of 
those of heat for the most part, the primary effect 
being a local decrease in temperature. Cold has its 
greatest benefit in acute injury.  8  ,  44  ,  66  ,  67  ,  69  ,  92   There 
is general agreement that the use of cold is the ini-
tial treatment for most conditions in the musculo-
skeletal system. See  Table 4–2  for a summary of 
indications and contraindications for the use of 
cryotherapy.  The primary reason for using cold in 
acute injury is to lower the temperature in the injured 
area, thus reducing the metabolic rate with a corre-
sponding decrease in production of metabolites and met-
abolic heat.   52   This helps the injured tissue survive 
the hypoxia and limits further tissue injury.  67  ,  69   
Cold has been demonstrated to be more effective 
when applied along with compression than using 
ice alone for reducing metabolism in injured 
 tissue.  92  ,  93   It is also used immediately after injury to 

 TABLE 4–2 Indications and Contraindications for Cryotherapy

INDICATIONS  (during acute or subacute inflammation)

Acute pain
Chronic pain
Acute swelling (controlling hemorrhage and edema)
Myofascial trigger points
Muscle guarding
Muscle spasm
Acute muscle strain
Acute ligament sprain
Acute contusion
Bursitis
Tenosynovitis
Tendinitis
Delayed onset muscle soreness

CONTRAINDICATIONS

Impaired circulation (i.e., Raynaud’s phenomenon)
Peripheral vascular disease
Hypersensitivity to cold
Skin anesthesia
Open wounds or skin conditions (cold whirlpools and 

contrast baths)
Infection
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decrease pain and promote local  vasoconstric-
tion , thus controlling hemorrhage and edema.  89  ,  111   
However, preexercise cooling does not affect the 
magnitude of muscle damage in response to eccen-
tric exercise.  110   Cold is also used in the acute phase 
of inflammatory conditions, such as bursitis, teno-
synovitis, and tendinitis, in which heat may cause 
additional pain and swelling.  82   

   Cold is also used to reduce pain and the reflex 
muscle spasm and spastic conditions that accom-
pany it.  92   Its analgesic effect is probably one of its 
greatest benefits.  31  ,  40  ,  83  ,  116   Although ice seems to 
be effective in treating pain there is little evidence-
based material to support the use of ice in treating 
other musculoskeletal conditions.  56   One explana-
tion of the analgesic effect is that cold decreases the 
velocity of nerve conduction, although it does not 
entirely eliminate it.  25  ,  83  ,  86   It is also possible that 
cold bombards central pain receptor areas with so 
many cold impulses that pain impulses are lost 
through the gate control theory of pain modulation. 
With ice treatments, the patient usually reports an 
uncomfortable sensation of cold followed by sting-
ing or burning, then an aching sensation, and finally 
complete numbness.  63     

   Cold also has been demonstrated to be effective 
in the treatment of    myofascial pain.     143   This type of 
pain is referred from active myofascial trigger points 
with various symptoms, including pain on active 
movement and decreased range of motion. Trigger 
points may result from muscle strain or tension, 
which sensitizes nerves in a localized area. A trigger 
point may be palpated as a small nodule or as a strip 
of tense muscle tissue.  141   

   It appears that cold is more effective in treating 
acute muscle pain as opposed to delayed-onset mus-
cle soreness (DOMS), which occurs following 
exercise.  14   Ultrasound has been shown to be more 
effective than ice for treating DOMS.  94   

   Cold depresses the excitability of free nerve end-
ings and peripheral nerve fibers, and this increases 
the pain threshold.  72   This is of great value in short-
term treatment. Cold applications can also enhance 
voluntary control in spastic conditions, and in acute 
traumatic conditions they may decrease painful 
spasms that result from local muscle irritability.  4   

   Reduction in muscle guarding relative to acute 
trauma has been observed by all active athletic train-
ers. The literature reviewed indicates various reasons 
behind reduced muscle guarding, with the common 
thought of decreased muscle spindle activity.  73   

   The initial reaction to cold is local vasoconstric-
tion of all smooth muscle by the central nervous sys-
tem to conserve heat.  111   Localized vasoconstriction 
is responsible for the decrease in the tendency 
toward formation and accumulation of edema, 
probably as a result of a decrease in local hydrostatic 
pressure.  134   There is also a decrease in the amount 
of nutrients and phagocytes delivered to the area, 
thus reducing phagocytic activity.  134   

   It has been hypothesized that when local tem-
perature is lowered considerably for a period of about 
30 minutes, intermittent periods of vasodilation 
occur, lasting 4–6 minutes. Then vasoconstriction of 
the blood vessels in the superficial tissues recurs for a 
15- to 30-minute cycle, followed again by vasodila-
tion. This phenomenon has come to be known as the 
   hunting response    and is said to be necessary to 
prevent local tissue injury caused by cold.  17  ,  21  ,  81   The 
hunting response has been accepted for a number of 
years as fact; in reality, however, these investiga-
tions have studied measured temperature changes 
rather than circulatory changes. Some clinicians 
have taken the liberty of inferring that temperature 
changes produce circulatory changes and this is sim-
ply not what the hunting response is. The  hunting 

myofascial pain A type of referred pain associated 
with trigger points.

hunting response A reflex increase in temperature 
that occurs in response to cold approximately 15 minutes 
into the treatment. The hunting response has nothing 
to do with vasoconstriction and/or vasodilation.

 

• Cold should be used to decrease 
temperature and thermal metabolic 
rate.
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response is more likely a measurement artifact than 
an actual change in blood flow in response to cold.  3  ,  63   
Even if some cold-induced vasodilation does occur, 
the effects are negligible.  66   

   If a large area is cooled, the hypothalamus (the 
temperature-regulating center in the brain) will 
reflexively induce shivering, which raises the core 
temperature as a result of increased production of 
heat. Cooling of a large area might also cause arte-
rial vasoconstriction in other remote parts of the 
body, resulting in an increased blood pressure.  134   
Because of the low thermal conductivity of underly-
ing subcutaneous fat tissue, applications of cold for 
short periods of time probably are ineffective in cool-
ing deeper tissues.  111   It has been shown also that 
using cold for too long may be detrimental to the 
healing process.  44   

   Cold treatments do not necessarily have as 
much of an effect in the deeper tissues’ relation to 
blood flow. Positron emission tomography is an 
imaging technique that can be used to directly 
quantify local blood flow in response to cold applica-
tion. Using this technology, it has been shown that 
muscle tissue blood flow is reduced after a 20-minute 
ice treatment. However, this reduction only occurs in 
the most superficial layer, which may suggest that 
the therapeutic effects of ice application diminish 
with tissue depth.  22   

   The length of treatment time needed to cool tissue 
effectively depends on differences in subcutaneous tis-
sue thickness.  104   Patients with thick subcutaneous 
tissue should be treated with cold applications for lon-
ger than 5 minutes to produce a significant drop in 
intramuscular temperature. Grant treated acute and 
chronic conditions of the musculoskeletal system and 
found that thin people require shorter icing periods 
and that response was more successful.  42   McMaster 
supported these findings.  89   Fifteen minutes of cooling 
increase knee joint stiffness and lessen the sensitivity 
of position sense.  149   Recommended treatment times 
range from direct contact of 5–45 minutes to obtain 
adequate cooling. 

   In general it has been recommended that treat-
ments last for 20 minutes.  54   It has also been recom-
mended that in patients with differing subcutaneous 

adipose thickness the duration of cryotherapy 
treatment needed to produce a standard cooling 
effect must vary. To produce similar intramuscular 
temperature changes, treatment duration should be 
adjusted based on the subject’s subcutaneous adi-
pose thickness as determined through skin-fold 
measurements. A 25-minute treatment may be ade-
quate for a patient with a skin-fold of 20 mm or less; 
however, a 40-minute application is required to 
produce similar results in a patient whose skin-fold 
is between 20 and 30 mm. A 60-minute treatment 
is required to produce similar results in a patient 
whose skin-fold is between 30 and 40 mm.  112   

   It is generally believed that cold treatments are 
more effective in reaching deep tissue than most 
forms of heat. Cold applied to the skin is capable of 
significantly lowering the temperature of tissue at a 
considerable depth. The extent of this lowered tissue 
temperature is dependent on the type of cold applied 
to the skin, the duration of its application, the thick-
ness of the subcutaneous fat, and the region of the 
body on which it is applied. A 20-minute cryother-
apy treatment applied to the ankle does not alter 
core temperature.  114    Figure 4 –1 shows the temper-
ature changes in various tissues associated with an 
ice pack treatment. 

   The application of cold decreases cell permeabil-
ity, decreases cellular metabolism, and decreases 

Figure 4–1 Temperature changes in various tissues 
during ice application.
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CHAPTER 4  Cryotherapy and Thermotherapy  65

accumulation of edema and should be continued in 
5- to 45-minute applications for at least 72 hours 
after initial trauma.  66   Care should be taken to avoid 
aggressive cold treatment to prevent disruption of 
the healing sequence. 

   The physiologic effects of cold are summarized 
in  Table 4–3.    

 Frostbite.   Frostbite is defined as freezing of a 
body part and occurs when tissue temperatures fall 
below 0° C (32° F). Symptoms of frostbite initially 
include tingling and redness from hyperemia, which 
indicate blood is still circulating to the superficial 
tissues, followed by pallor (a lack of color in the skin) 
and numbness, which indicate that vasoconstric-
tion has occurred and blood is no longer circulating 
to the superficial tissues. 

 When using a cryotherapy technique the 
chances of frostbite are minimal if the recommended 
procedures are followed. However, if treatment time 
exceeds recommendations, or if the temperature of 
the modality is below what is recommended, the 
chances of frostbite will be increased. Certainly if 
there is circulatory insufficiency the chances of 
frostbite are also increased. 

 If frostbite is suspected, the body part should be 
immediately removed from the cold source and 

 TABLE 4–3 Physiologic Effects of Cold and Heat

immersed in water at 38–40° C (100–104° F). It is 
also advisable to refer the patient to a physician. 

 Cryotherapy Treatment Techniques 

 Tools of cryotherapy include ice packs, cold whirl-
pool, ice whirlpool, ice massage, commercial chemi-
cal cold spray, and contrast baths. Application of 
cryotherapy produces a three- to four-stage sensa-
tion. First, there is an uncomfortable sensation of cold 
followed by a stinging, then a burning or aching feel-
ing, and finally numbness. Each stage is related to the 
nerve endings as they temporarily cease to function 
as a result of both decreased blood flow and decreased 
nerve conduction velocity. The time required for this 
sequence varies, but several authors indicate that it 
occurs within 5–15 minutes.  4  ,  7  ,  9  ,  42  ,  48  ,  63  ,  98  ,  100  ,  111   
After 12–15 minutes the hunting response is 
sometimes demonstrated with intense cold (10° C 
[50° F]).  17  ,  65  ,  98  ,  111   Thus, a minimum of 15 minutes 
are necessary to achieve extreme analgesic effects. 

   Application of ice is safe, simple, and inexpen-
sive. Cryotherapy is contraindicated in patients with 
cold allergies (hives, joint pain, nausea), Raynaud’s 
phenomenon (arterial spasm), and some rheuma-
toid conditions.  23  ,  32  ,  42  ,  45  ,  53   

EFFECTS OF HEAT

Increased local temperature superficially
Increased local metabolism
Vasodilation of arterioles and capillaries
Increased blood flow to part heated
Increased leukocytes and phagocytosis
Increased capillary permeability
Increased lymphatic and venous drainage
Increased metabolic wastes
Increased axon reflex activity
Increased elasticity of muscles, ligaments, and capsule fibers
Analgesia
Increased formation of edema
Decreased muscle tone
Decreased muscle spasm

EFFECTS OF COLD

Decreased local temperature, in some cases to 
a considerable depth

Decreased metabolism
Vasoconstriction of arterioles and capillaries (at first)
Decreased blood flow (at first)
Decreased nerve conduction velocity
Decreased delivery of leukocytes and phagocytes
Decreased lymphatic and venous drainage
Decreased muscle excitability
Decreased muscle spindle depolarization
Decreased formation and accumulation of edema
Extreme anesthetic effects
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   Depth of penetration depends on the amount 
of cold and the length of the treatment time 
because the body is well equipped to maintain skin 
and subcutaneous tissue viability through the 
capillary bed by reflex vasodilation of up to four 
times normal blood flow. The body has the ability 
to decrease blood flow to the body segment that is 
supposedly losing too much body heat by shunt-
ing the blood flow. Depth of penetration is also 
related to intensity and duration of cold applica-
tion and the circulatory response to the body seg-
ment exposed. If the person has normal circula-
tory responses, frostbite should not be a concern. 
Even so, caution should be exercised when apply-
ing intense cold directly to the skin. If deeper pen-
etration is desired, ice therapy is most effective 
using ice towels, ice packs, ice massage, and ice 
whirlpools. The patient should be advised of the 
four stages of cryotherapy and the discomfort he 
or she will experience. The athletic trainer should 
explain this sequence and advise the patient of the 
expected outcome, which may include a rapid 
decrease in pain.  3  ,  25  ,  42  ,  50   It has been recommended 
that patients not engage in activity requiring 
power performance immediately after cryother-
apy. However, the use of cold is not contraindi-
cated for use as an analgesic before submaximal 

exercise focusing on restoring neuromuscular 
control to injured  tissues.  124    

 Ice Massage.   Ice massage can be applied by 
the athletic trainer or the patient if the patient can 
reach the area of application to administer self-
treatment. It is best for the first three treatments to 
be administered by the athletic trainer to give the 
patient the full benefit of the treatment. When posi-
tioning the patient’s body segment to be treated, it 
should be relaxed, and the patient should be made 
comfortable. If possible, the body part to be treated 
should be elevated. Appropriate seating and posi-
tioning should be taken into consideration with the 
application of ice. Administration must be thorough 
to get maximal treatment. Ice massage is perhaps 
best indicated in conditions in which some type of 
stretching activity is to be used. It appears that ice 
massage cools muscle more rapidly than an ice 
bag.  154    

 Equipment Needed.  ( Figures 4–2  and  4–3 )
  1.   Styrofoam cups: A regular 6- to 8-ounce 

styrofoam cup should be filled with water 
and placed in the freezer. After it is frozen, 

Figure 4–2 (a) Water may be frozen in a paper cup, Styrofoam cup, or on a tongue depressor for the purpose of ice 
massage. (b) Cyrocup is a commercially produced product for ice massage,

(a) (b)
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with each stroke overlapping half the previous 
stroke. Ice should be applied for 15–20 minutes; 
consistent patterning of circular and longitudinal 
strokes includes the sequence described in the clini-
cal uses section. 

 Physiologic Responses.   Cold progression 
proceeds through the four stages: cold, stinging, 
burning, and numbness. Reddening of the skin 
   (erythema)    occurs as a result of blanching or lack 
of blood in the capillary bed. A common example 
occurs when one works outside in the cold without 
gloves or appropriate footwear and returns inside 
to find the toes beet red. This is an example of the 
body attempting to pool blood in the area to pre-
vent further temperature loss. Ice applications of 
5–15 minutes at greater than 10° C (50° F) will 
not stimulate the hunting response and do not 
stimulate the reflex vasodilation that creates the 
body’s own physically induced heat or increased 
blood flow.            

 Considerations.   The time necessary for the 
surface area to be numbed will depend on the body 
area to be massaged. Approximate time will depend 

all the styrofoam on the sides should be 
removed down to 1 inch from the bottom. 
A frozen cup of ice with a tongue depressor 
inserted is preferred because it has a handle 
with which to hold the block of ice.   

 2.  Ice cups: A cup is filled with water, and a 
wooden tongue blade is placed in the cup. 
The cup is then placed in the freezer. After 
it is frozen the paper cup is torn off. A block 
of ice on a stick is now ready to be used for 
massage.   

 3.  Paper cups: Utilize the same technique as 
the Styrofoam cups, except toweling may 
be needed to insulate the athletic trainer’s 
hand holding the paper cup.   

 4.  A Cryocup is a commercially available 
reusable plastic cup that is ideal for ice 
massage. 

 5.    Towels: These are used for positioning and 
absorbing the melting water in the area of 
the ice massage application.    

 Treatment.   Preferred positions are side lying, 
prone, supine, hook lying, or sitting, depending on 
the area to be treated. Self-treatment should be used 
when patients can comfortably reach the area to be 
treated by themselves. Apply ice massage in a circu-
lar pattern, with each succeeding stroke covering 
half the previous stroke, or in a longitudinal motion, 

Figure 4–3 Ice massage may be applied using either 
circular or longitudinal strokes.

erythema Redness of the skin.

Treatment Protocols: Ice Massage

1. Expose block of ice.
2. Rub ice on hand to smooth rough edges.
3.  Warn the patient that you are going to 

put your cold hand on the body part to be 
treated, then do so.

4.  Remove your hand after 2 or 3 seconds, and 
warn the patient that you are going to put 
the ice on the body part to be treated, then 
do so.

5.  Begin rubbing the ice block in a circular 
motion on the body part being treated. 
Do not put additional pressure on the ice. 
Move the ice at about 5–7 cm/sec. Do not let 
melted water run onto areas of the body that 
are not being treated.
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on how fast the ice melts and what thermopane 
develops between the skin and ice massage. Patient 
comfort should be considered at all times. If adequate 
circulation is present, frostbite should not be a con-
cern. However, if the patient has diabetes, the 
extremities, especially the toes, may require reduced 
temperature and adjustment of the intensity and 
duration of the cold.   

 Application.   After the type of cold applicator 
for ice massage is selected, the patient should be 
positioned comfortably, and clothing should be 
removed from the area to be treated. The area should 
be set up before positioning the patient. Remove the 
top two-thirds of paper from the ice-filled paper or 
Styrofoam cup, leaving 1 inch on the bottom of the 
cup as a handle for the athletic trainer or patient to 
use as a handgrip. The athletic trainer should 
smooth the rough edges of the ice cup by gently rub-
bing along the edges. Ice should be applied to the 
patient’s exposed skin in circular or longitudinal 
strokes, with each stroke overlapping the previous 
stroke. Firm pressure during stroking increases 
numbness following ice massage.  123   The applica-
tion should be continued until the patient goes 
through the cold progression sequence of cold, 

stinging, burning or aching, and numbness. Once 
the skin is numb to fine touch, ice application can be 
terminated. The cold progression is the response of 
the sensory nerve fibers in the skin. The difference 
between cold and burning is primarily between 
the dropping out (sensory deficit) of the cold and 
warm nerve endings. Standard treatments allow 
the patient to place cold applications every other 
20 minutes, thus facilitating the hunting response. 
Some thermobarrier is developed during the ice 
massage in the layer of water directly on the skin, 
but this allows the ice cup to move smoothly over 
the skin. The time from application to numbing of 
the body segment depends on the size of the seg-
ment, but progression to numbing should be around 
7–10 minutes.    

 Commercial (Cold) Hydrocollator Packs.  
 Cold  hydrocollator  packs ( Figure 4–4 ) are indi-
cated in any acute injury to a musculoskeletal 
structure. 

 Equipment Needed.   
 1.  Hydrocollator cold pack: This must be 

cooled to 8° F (15° C). It needs plastic  liners 
or protective toweling for placement on 
a body segment. Petroleum distillate gel 

Figure 4–4 Commercial cold pack. (a) Stored in a refrigeration unit. (b) Come in a variety of sizes. 

(a) (b)
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is the substance contained in the plastic 
pouch design.   

 2.  Moist cold towels: Towels may be im-
mersed in ice water and molded to the skin 
surface, or they can be packed in ice and 
allowed to remain in place. The commer-
cial cold pack should be placed on top of a 
moist towel. 

 3.    Plastic bag: The hydrocollator should be 
placed in the bag. Air should be removed 
from the bag. The plastic bag may then be 
molded around the body segment. 

 4.    Dry towel: To prevent the cold hydrocollator 
from losing heat rapidly, the towel is used as 
a covering to insulate the cold pack.   

 Treatment.   Preferred positions are side lying, 
prone, supine, hook lying, or sitting, depending on 
the area to be treated. The patient must remain still 
during the treatment to maintain appropriate posi-
tioning of the cold pack. The cold pack must be 
molded onto the skin. The pack should be covered 

with a towel to limit loss of cold. A timer should be 
set, or time should otherwise be noted. Treatment 
time should be 20 minutes. 

 Physiologic Responses.   Erythema occurs. 
Cold progression proceeds through the four 
stages.  

 Considerations.   
 Body area should be covered to prevent 
unnecessary exposure.   
 The physiologic response to cold treatment is 
immediate.   
 Patient comfort should be considered at all 
times.   
 Frostbite should not be a concern unless 
circulation is inadequate.   
 The patient should not lie on top of the cold 
pack.     

 Application.   The patient should be posi-
tioned with the treatment area exposed and a 
towel draped to protect clothing. The commercial 
cold pack should be placed against wet toweling 
to enhance transfer of cold to the body segment. 
If the injury is acute or subacute, the body seg-
ment should be elevated to reduce gravity-depen-
dent swelling.  150   Pack the cold pack around the 
joint in a manner designed to remove all air and 
ensure placement directly against wet toweling. 
Cold progression will be the same as with ice 
massage but not as quick because of the toweling 
between the skin and cold pack.  141   General treat-
ment time required for numbing is about 20 min-
utes. The importance of a comfortable, properly 
positioned patient is evident. Checking the sen-
sory area after application is important. Again, 
frostbite should not be a concern if circulation is 
intact. If swelling is a concern, a wet compres-
sion (elastic) wrap could be applied under the 
cold pack. A sequence of 20 minutes on and 20 
minutes off should be repeated for 2 hours; the 
same sequence can be used in home treatment. 
Elevation is a key adjunct therapy during the 
sleeping hours.   

 Ice Packs.   Like cold hydrocollator packs, ice 
packs are indicated in acute stages of injury, as well as 
for prevention of additional swelling after  exercise 

Treatment Protocols: Cold Hydrocollator

1.  Wrap cold pack in towels to provide six to 
eight layers of towel between the cold pack 
and the patient. If using a commercial cold 
pack cover, use at least one layer of towel to 
keep the cover clean.

2. Inform the patient that you are going to put 
the cold pack on the body part to be treated 
then do so.

3.  Set a timer for the appropriate treatment 
time and give the patient a signaling device. 
Make sure the patient understands how to 
use the signaling device.

4.  Check the patient’s response after the first 
5 minutes by asking the patient how it 
feels as well as visually checking the area 
under the cold pack. If the area is blotchy, 
additional toweling may be needed. 
Recheck verbally about every 5 minutes. 
A visual inspection every 5 minutes is not 
inappropriate.
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70  PART TWO  Thermal Energy Modalities

of the injured part ( Figure 4–5 ). It appears that ice 
packs may lower intermuscular temperatures more 
than commercial gel packs.  91   

 Equipment Needed. 
 1.    Small plastic bags: Vegetable or bread bags 

may be used.   
 2.  Ice flaker machine: Flaked or crushed ice is 

easier to mold than cubed ice.   
 3.  Moist towels: These are used to facilitate 

cold transmission and should be placed 
directly on the skin.   

 4.  Elastic bandaging: Bandaging holds the 
plastic ice pack in place and applies com-
pression. The body segment to be treated 
may be elevated.   

 Treatment.   The patient’s position depends on 
the part to be treated. The patient must remain still 
during the treatment. A pack must be placed on the 
skin. The pack should be secured in place with 
 toweling or an elastic bandage. The pack should be 
covered with a towel to limit cold loss. A timer 
should be set, or time should otherwise be noted. 
The treatment time should be 20 minutes. 

 Physiologic Responses.     Cold progression 
proceeds through the four stages.

    Erythema occurs.    

 Considerations.     The body area to be treated 
should be covered to prevent unnecessary expo-
sure.   

 The physiologic response to cold is immediate.   
 Patient comfort should be considered at all 
times.   
 Frostbite should not be a concern unless 
circulation is inadequate.   
 The patient should not lie on top of the ice 
pack.     

 Application.   The application of ice packs is 
similar to the use of commercial cold hydrocollator 
packs; the equipment to be set up in the treatment 

  Clinical Decision-Making Exercise 4–1

The athletic trainer is treating an acute inversion 
ankle sprain and has placed an elastic wrap 
around the ankle for compression. Crushed ice 
bags have been applied to both sides of the ankle 
and it has been elevated. How long should the ice 
bags be left in place?

Figure 4–5 Ice pack molded to fit the injured part.

Treatment Protocols: Ice Pack

1.  Wrap cold pack in wet towel.
2. Warn the patient that you are going to put 

the cold pack on the body part to be treated 
then do so.

3.  Set a timer for the appropriate treatment 
time (generally about 20 minutes), and 
give the patient a signaling device. Make 
sure the patient understands how to use the 
signaling device.

4.  Check the patient’s response verbally 
after the first 2 minutes, then about every 
5 minutes. Perform a visual check of the 
area if the patient reports any unusual 
sensation. If wheals or welts appear, or if the 
skin color changes to absolute white within 
the first 4 minutes of treatment, stop the 
treatment.
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area consists of flaked or cubed ice in a plastic bag 
large enough for the area to be treated. The plastic 
bag can be applied directly to the skin and held in 
place by a moist or dry elastic wrap. It has been 
shown that wrapping a cold pack tightly in place 
produces a significantly greater decrease in intra-
muscular temperature.  130   However, patient com-
fort is of the utmost importance during this applica-
tion to facilitate patient relaxation. The athletic 
trainer may want to add salt to the ice to facilitate 
melting of the ice to create a colder slush mixture. 
Melting ice gives off more energy because of its less 
stable state, and therefore it is colder. It has been 
shown that regular ice contained in an ice pack that 
undergoes a phase change causes lower skin and 
1-cm intramuscular temperatures than cold modal-
ity in commercial ice packs (Wet-Ice, Flexi-i-Cold) 
that do not possess these properties.  81   A towel 
should be placed over the ice pack to decrease 
the warming effect of the environmental air, thus 
 facilitating the cold application. The normal physi-
ologic response progression is cold, stinging, burn-
ing, and finally numbness, at which time the setup 
can be terminated. Because of the pliability of the 
flaked ice pack, it can be molded to the body seg-
ment treated. If cubed ice is used instead of flaked 
ice, it can still be molded, but it will not readily hold 
its position and will need to be secured via elastic 
wrap or toweling.  

 Cold Whirlpool.   The cold whirlpool is indi-
cated in acute and subacute conditions in which 
exercise of the injured part during a cold treatment 
is desired ( Figure 4–6 ). 

 Equipment Needed.   
 1.  Whirlpool: The appropriate size whirlpool 

must be filled with cold water or ice to 
lower the temperature to 50–60° F. The 
athletic trainer should use flaked ice and 
make sure the ice melts completely because 
pieces of ice could become projectiles if a 
body segment is in the pool.   

 2.  Ice machine: Flaked ice acts faster than 
cubed to lower the water temperature.   

 3.  Toweling: Sufficient toweling is needed 
for padding the body segment on the 

whirlpool and for drying off after treat-
ment.   

 4.  Appropriate setup in area: A chair, whirl-
pool, and a bench in the whirlpool must be 
arranged before treatment.   

 Treatment.   The temperature should be set at 
50–60° F. The body segment to be treated must be 
immersed. For total body immersion, the water tem-
perature should be set at 65–80º F. The treatment 
time should be 5–15 minutes. 

Figure 4–6 The ice should be melted in a cold 
whirlpool before it is turned on.

Treatment Protocols: Cold Whirlpool

1.  Pad edge of tank with toweling, warn 
patient that the water is cold, then place 
body part in water.

2. Instruct patient to keep away from all parts 
of the turbine.

3.  Turn on the turbine, adjust the aeration, agita-
tion, and direction of the water being pumped.

4.  Check the patient’s response verbally and 
visually about every 2 minutes. Remind the 
patient to tell you if the area starts hurting 
or if sensation is lost.
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 Physiologic Responses. 
   Cold progression proceeds through the 
four stages.   
 Erythema occurs.    

 Considerations.    Caution : Even though the 
immediate application of cold will help to control 
edema if applied immediately following injury, the 
gravity-dependent positions should be avoided with 
acute and subacute injuries.  21  ,  28  ,  29  ,  147   It has been 
shown that treatment in the dependent position 
causes a significant increase in ankle volume over a 
20-minute period. However, if high-voltage pulsed 
electrical currents of sufficient intensity to produce 
muscle contraction are used simultaneously, 
increases in ankle volume are minimized.  88   Cold wet 
compression or elastic wrap should be put in place 
before treatment. The body area to be treated should 
be completely immersed. A cold whirlpool allows 
exercises to be done during treatment. Patient com-
fort should be considered at all times. Frostbite 
should not be a concern unless circulation is inade-
quate. A toe cap made of neoprene can be used to 
make the patient more comfortable in the cold whirl-
pool.  96    

 Application and Precautions.   The unit should 
be turned on after it has been established that the 
ground fault interrupter (GFI) is functioning. The 
patient should be cautioned to use care when 
standing or walking on slippery floors and particu-
larly when getting in and out of the whirlpool. The 
patient should be positioned in the whirlpool area, 
and appropriate padding should be provided for the 
patient’s comfort. The timer should be set for the 
amount of time desired, depending on the size of 
the body part to be treated. Treatment should con-
tinue until the body segment becomes numb 
(approximately 15 minutes). Numbness is the cuta-
neous (skin or superficial) response. Frostbite 
should not be a concern unless the individual has a 
history of circulatory deficiencies or has diabetes. 
Treatment time will be between 7 and 15 minutes 
to allow the complete circulatory response. Cau-
tion is indicated in the gravity-dependent position 
because of the likelihood of additional swelling if 
the body segment is already swollen.  21   This is the 

most intense application of cold of the cryotherapy 
techniques listed. Therefore, the first two or three 
treatments should be administered with the ath-
letic trainer remaining in the area. One of several 
reasons for the intensity of cold is that the body 
cannot develop a    thermopane    (insulating layer of 
water) on the skin because of the convection effect 
of the whirlpool. Cold whirlpools have been shown 
to be more effective than ice packs at maintaining 
prolonged significant temperature reduction for at 
least 30 minutes post-treatment.  102   Additional 
benefits include the massaging and vibrating effect 
of the water flow. A review of the skin surface and 
an assessment of edema in the extremities will 
require removal of the part being treated from the 
whirlpool. If total body immersion is used, care 
should be taken for the intensity and duration of 
the whirlpool and for protection of the genitals 
from direct water flow. Applications can be repeated 
following rewarming of the body segment after 
sensation has returned. If the cold application is 
administered before practice, it should be done 
before the application of preventive strapping. 
Enough time should also be allowed for sensation 
to return before taping. Studies have indicated that 
the reflex vasodilation lasts up to 2 hours. A patient 
could practice, then return to the training room 
and receive additional treatment without addi-
tional edema created by    congestion    as a result of 
vascular and capillary insufficiency occurring dur-
ing the healing process. Increased heart rate and 
blood pressure are associated with cold applica-
tion. Conditioned patients should not have a prob-
lem with  dizziness after cold applications, but care 
should be taken when transferring the patient from 
the whirlpool area. Whirlpool cultures of the tank 
and jet should be taken monthly to keep bacterial 
growth under control. 

thermopane An insulating layer of water next to 
the skin.

congestion Presence of an abnormal amount of 
blood in the vessels resulting from an increase in blood 
flow or obstructed venous return.
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 Whirlpool Maintenance.   Safety considerations 
for using both cold and hot whirlpools have been dis-
cussed previously. It is equally important to mention 
the importance of maintaining the cleanliness of the 
whirlpools in a clinical setting. It is not uncommon 
for several individuals to use a whirlpool between 
cleanings. This practice is certainly not recommended 
and in fact is contrary to the standards of most health 
regulatory agencies in many states. 

 It is recommended that the whirlpool be drained 
and cleaned after each treatment to minimize the 
potential risks of spreading fungal, viral, or bacterial 
infections, especially in those individuals who have 
open lesions. Whirlpools should be cleaned by filling 
the basin above the level of the turbine, adding a 
commercial antibiotic solution, disinfecting agent, 
or chlorine bleach, and then running the turbine for 
at least 1 minute. The turbine and drain filter should 
be scrubbed and the tub thoroughly rinsed. The out-
side surface of the whirlpool should be cleaned daily. 
To keep bacterial and fungal growth in check, whirl-
pool cultures should be taken monthly. 

 Cold Spray.   Cold sprays, such as Fluori-
Methane, do not provide adequate deep penetra-
tion, but they do provide adjunctive therapy for 
techniques to reduce muscle spasm. Physiologically 
this is accomplished by stimulating the Aβ fibers 
involved in the gate control theory. The primary 
action of a cold spray is reduction of the pain spasm 
sequence secondary to direct trauma. However, it 
will not reduce hemorrhage because it works on the 
superficial nerve endings to reduce the spasm via 
the stimulation of Aβ fibers to reduce the so-called 
painful arc. Cold spray is an extremely effective 
technique in the treatment of myofascial trigger 
points. Precautions concerning the use of cold spray 
include protecting the patient’s face from the fumes 
and spraying the skin at an acute rather than a per-
pendicular angle.  142   Cold spray is indicated when 
stretching of an injured part is desired along with 
cold treatment.  

 Equipment Needed.   
 1.  Fluori-Methane   
 2.  Toweling   
 3.  Padding    

 Treatment.   
 The area to be treated should be sprayed and 
then stretched.   
 Spasm should be reduced.   
 Treatment should be distal to proximal.   
 A quick jetstream spray or stroking motion 
should be used.   
 Cooling should be superficial; no frosting should 
occur.   
 Cold sprays may be used in conjunction with 
acupressure.   
 Treatment time should be set according to body 
segment.   

 Physiologic Responses.   
 Muscle spasm is reduced.   
 Golgi tendon organ response is facilitated.   
 Muscle spindle response is inhibited.   
 Musculoskeletal structures may be stimulated.    

 Considerations.   
 Both the acute and the subacute response should 
be positive.   
 The room should be well ventilated to avoid the 
accumulation of fumes.   
 Patient comfort should be considered at all 
times.     

Treatment Protocols: Vapocoolant Spray

1.  Position body part such that the area to be 
treated is on a stretch.

2. Protect the patient’s eyes and ensure that 
the patient does not inhale fumes.

3.  Holding the vapocoolant upside down, with 
the nozzle at about a 30-degree angle from 
the perpendicular with the skin, and about 
45 cm from the skin, spray the skin from 
distal to proximal.

4.  Spray in one direction only three to 
four times, then apply direct pressure or 
increased stretch as indicated and tolerated 
by the patient. Repeat the procedure as 
needed after the skin has rewarmed.

5.  Check the patient’s response frequently 
during the treatment. 
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 Application.   The application of Fluori-
Methane is typical of the application of other cold 
sprays ( Figure 4–7 ). The following application 
procedures apply specifically to Fluori-Methane, but 
they provide an outline of the procedures, indica-
tions, and precautions applicable to all cold sprays. 
The athletic trainer should follow the manufactur-
er’s instructions in the use of any cold spray. 

 Fluori-Methane is a topical vapocoolant that 
acts as a counterirritant to block pain impulses of 
muscles in spasm. When used in conjunction with 
the “spray-and-stretch” technique, Fluori-Methane 
can break the pain cycle, allowing the muscle to 
be stretched to its normal length (pain-free state). 
The application of the “spray-and-stretch” tech-
nique is a therapeutic modality that involves three 
stages: evaluation, spraying, and stretching. The 
therapeutic value of “spray-and-stretch” becomes 
most effective when the practitioner has mastered 
all stages and applies them in the proper sequence.   

 Evaluation.   During the evaluation phase the 
cause of pain is determined as local spasm of an irri-
tated trigger point. The method of applying “spray-
and-stretch” to a muscle spasm differs slightly from 
application to a trigger point. The trigger point is a 
deep hypersensitive localized spot in a muscle that 

causes a referred pain pattern. With trigger points 
the source of pain is seldom the site of the pain. 
A trigger point may be detected by a snapping 
palpation over the muscle, causing the muscle in 
which the irritated trigger point is situated to 
“jump.” In the case of muscle spasm, the source and 
site of pain are identical. A trigger point may also be 
effectively treated using ultrasound and electrical 
stimulation.  78     

 SPRAYING 
 The following steps should be followed to apply 
 Fluori-Methane.   

 1.  The patient should assume a comfortable 
position.   

 2.  Take precautions to cover the patient’s 
eyes, nose, and mouth if spraying near 
the face.   

 3.  Hold the spray can or spray bottle (up-
side down) 12–18 inches away from the 
treatment surface, allowing the jetstream 
of vapocoolant to meet the skin at an 
acute angle. 

 4.    Apply the spray in one direction only—
not back and forth—at a rate of 4 inches 
(10 cm) per second. Three or four sweeps 
of the spray in one direction only are suf-
ficient to treat the trigger point or to over-
come painful muscle spasms. The skin 
must not be frosted. It is possible but not 
very likely that the intense cold (15° C) of 
the Fluori-Methane can freeze the skin, 
causing frostbite, and result in superficial 
tissue necrosis. Certainly the chances of 
this occurring are not nearly as likely as 
when using ethyl chloride. In the case of 
trigger point, spray should be applied from 
the trigger point to the area of referred 
pain. If there is no trigger point, the spray 
should be applied from the affected muscle 
to its insertion. The spray should be applied 
in an even sweep. About two to four paral-
lel, but not overlapping, sweeps of spray 
should be enough to cover this skin repre-
sentation of the affected muscle.     

Figure 4–7 Spray-and-stretch technique using Fluori-
Methane.
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 Stretching.   The static stretch should begin 
as you start spraying from the origin to the inser-
tion (simple muscle spasm pain) or from the trig-
ger point to the referred pain when the trigger 
point is present. Spray and stretch until the muscle 
reaches its maximal or normal resting length. You 
will usually feel a gradual increase in range of 
motion. The spraying and stretching may require 
two to four spray applications to achieve the ther-
apeutic results in any treatment session. A patient 
may have multiple treatment sessions in any 
1 day. 

 The spray-and-stretch technique outlined in 
the preceding must be considered a therapeutic sys-
tem. The practitioner should spend some time each 
day practicing until the technique is mastered.   

 Composition.   Fluori-Methane is a combination 
of two chlorofluorocarbons—15% dichlorodifluoro-
methane and 85% trichloromonofluoromethane. 
The combination is not flammable and at room tem-
perature is only volatile enough to expel the con-
tents from the inverted container. Fluori-Methane 
is supplied in amber Dispenseal bottles that emit a 
jetstream from a calibrated nozzle.   

 Indications.   Fluori-Methane is a vapocoolant 
intended for topical application in the management 
of myofascial pain, restricted motion, and muscle 
spasm. Clinical conditions that may respond to the 
spray-and-stretch technique include low back pain 
(caused by muscle spasm), acute stiff neck, torticollis, 
acute bursitis of shoulder, muscle spasm associated 
with osteoarthritis, ankle sprain, tight hamstring, 
masseter muscle spasm, certain types of headache, 
and referred pain from trigger points.     

 Precautions.   Federal law prohibits dispensing 
without a prescription. Although Fluori-Methane is 
safe for topical application to the skin, care should 
be taken to minimize inhalation of vapors, especially 
when it is being applied to the head or neck. Fluori-
Methane is not intended for production of local 
 anesthesia  and should not be applied to the point 
of frost formation. Freezing can occasionally alter 
pigmentation.   

 Contrast Bath.   Contrast baths are used to 
treat subacute swelling, gravity-dependent swell-
ing, and vasodilation–vasoconstriction response. 
Both contrast baths and cold whirlpools have been 
demonstrated to be effective in treating delayed-
onset muscle soreness.  76   A contrast-therapy 
 technique using hot and cold packs has been 
shown to have little or no effect on deep muscle 
 temperatures.  103    

 Equipment Needed. ( Figure 4–8 )  
 1.    Two containers. One container is used to 

hold cold water (50–60° F), and the other 
is used to hold warm water (104–106° F). 
Whirlpools may be used for one or both 
containers.   

 2.  Ice machine   
 3.  Towels   
 4.  Chair     

Figure 4–8 Contrast bath using a warm whirlpool and 
ice immersion cylinder.

  Clinical Decision-Making Exercise 4–2

An assembly-line worker is diagnosed with 
a myofascial trigger point in her middle 
trapezius. What infrared therapeutic modality 
would likely be a good choice for treating this 
condition?
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 Treatment.   Hot and cold immersions are 
alternated. Treatment time should be at least 20 
minutes. Treatments should consist of five 1-minute 
cold immersions and five 3-minute warm immer-
sions, although the exact ratio of cold to hot treat-
ment is highly variable.  

 Treatment Tip.   Contrast baths produce little 
or no “pumping action” and are not very effective in 
treating swelling. A better alternative is to use cryo-
kinetics, which involves cold followed by active 
muscle contractions and relaxation to help elimi-
nate swelling.    

 Physiologic Responses.     Vasoconstriction 
and vasodilation occur.   

 Necrotic cells are reduced at the cellular level.   
 Edema is decreased.    

 Considerations.   
 The temperatures of the baths must be 
maintained.   
 A large area is required for treatment.   
 Patient comfort must be considered at all 
times.   

 Application.   After the area is set up, a whirl-
pool can be used for either hot or cold application, 
with the opposite method of treatment contained 
in a bucket or sterile container. The temperatures 
of these immersion baths must be maintained 
(cold at 50–60° F, hot at 98–110° F) by adding ice 
or warm water. It is generally easier to use a large 
whirlpool for the warm water application and a 
bucket for the cold water application. There has 
been considerable controversy regarding the use 
of contrast baths to control swelling. Contrast 
baths are most often indicated when changing the 
treatment modality from cold to hot to facilitate a 
mild tissue temperature increase. The use of a 
contrast bath allows for a transitional period dur-
ing which a slight rise in tissue temperature may be 
effective for increasing blood flow to an injured 
area without causing the  accumulation of addi-
tional edema. The theory that contrast baths 
induce a type of pumping action by alternating 

vasoconstriction with vasodilation has little or no 
credibility. Contrast baths probably cause only a 
superficial capillary response, resulting from 
inability of the larger deep blood vessels to con-
strict and dilate in response to superficial 
 heating.  101  ,  132   

 Thus, it is recommended that during the initial 
stages of contrast bath treatment the ratio of hot to 
cold treatment begins with a relatively brief period 
in the hot bath, gradually increasing the length of 
time in the hot bath during subsequent treatments. 
Recommendations as to specific lengths of time are 
extremely variable. However, it would appear that 
a 3:1 ratio (3 minutes in hot, 1 minute in cold) or 
4:1 ratio for 19–20 minutes is fairly well accepted. 
Whether the treatment is ended with cold or hot 
depends to some extent on the degree of tissue tem-
perature increase desired. Other athletic trainers 
prefer to use the same ratios of 3:1 or 4:1, begin-
ning with cold. The technique may certainly be 
modified to meet specific needs. Since the extremity 
is in the gravity-dependent position, once the 
injured part is removed from the contrast bath, 
skin sensation and the amount of edema accumu-
lation should be assessed to make sure that the 
treatment has not actually increased the amount 
of edema.  7    

 Cold-Compression Units.   The Cryo-Cuff is 
a device that uses both cold and compression simul-
taneously. The Cryo-Cuff is used both acutely fol-
lowing injury and postsurgically ( Figure 4–9 ). 

 Equipment Needed.   Originally developed by 
Aircast, the Cryo-Cuff is made of a nylon sleeve that 
connects via a tube to a 1-gallon cooler/jug.  

 Application.   Cold water flows into the sleeve 
from the cooler. As the cooler is raised, the pressure in 

 Clinical Decision-Making Exercise 4–3

A patient is about 1 week post–quadriceps 
contusion. To this point the patient has had 
only cryotherapy and some mild stretching 
exercises. At what point should the athletic 
trainer choose to switch to heat?

vasoconstriction Narrowing of the blood vessels.
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the cuff is increased. During the treatment, the water 
warms and can be rechilled by lowering the cooler 
to drain the cuff, mixing the warmer water with the 
colder water, and then again raising the jug to 
increase pressure in the cuff.   

 Considerations.   The only drawback to this 
simple yet effective piece of equipment is that the 
water in the cuff must be continually rechilled. 
However the Cryo-Cuff is portable, easy to use, and 
inexpensive.  66     

 Cryokinetics.      Cryokinetics    is a technique 
that combines cryotherapy or the application of 
cold with exercise.  66  ,  67   The goal of cryokinetics is to 
numb the injured part to the point of analgesia and 

then work toward achieving normal range of 
motion through progressive active exercise. Using 
cryokinetics does not seem to delay the onset of 
fatigue.  11   

 Equipment Needed.   The technique uses ice 
immersion, cold packs, or ice massage.  

 Application.   The technique begins by numb-
ing the body part via ice immersion, cold packs, or 
ice massage. Most patients will report a feeling of 
numbness within 12–20 minutes. If numbness is 
not perceived within 20 minutes, the athletic trainer 
should proceed with exercise regardless. The numb-
ness usually will last for 3–5 minutes, at which point 
ice should be reapplied for an additional 3–5 min-
utes until numbness returns. This sequence should 
be repeated five times.   

 Considerations.   Exercises are performed 
during the periods of numbness. The exercises 
selected should be pain-free and progressive in 
intensity, concentrating on both flexibility and 
strength.  115   Changes in the intensity of the activity 
should be limited by both the nature of the healing 
process and individual patient differences in percep-
tion of pain. However, progression always should 
be encouraged.    

 Ice Immersion  
 Equipment Needed.   Ice buckets allow ease of 

application for the athletic trainer.   
 Application.   Again, a wet area should be 

selected (where spilled water is not a concern), with 
the patient positioned for comfort. Water should be 
at 50–60° F and treatment should last for 20 min-
utes.The immersion, like the contrast bath, should 
be maintained until desired results are reached. If 
cryokinetics are part of the treatment, then the con-
tainer should be large enough to allow for the move-
ment of the body segment.   

 Considerations.   Although ice immersion 
has been shown to be effective in controlling post-
traumatic edema,  27   ice immersion is similar to cold 
whirlpool in that the body segment may be subject 
to gravity-dependent positions. Cold pain may be 
worse during ice immersion than during cold pack 
application.  70     

Figure 4–9 Cyro-Cuff combines cold and pressure.

cryokinetics The use of cold and exercise in the 
treatment of pathology or disease.
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 THERMOTHERAPY 

 Physiologic Effects of Tissue Heating 

 Local superficial heating (infrared heat) is recom-
mended in subacute conditions for reducing pain 
and    inflammation    through analgesic effects. Su-
perficial heating produces lower tissue tempera-
tures at the site of the pathology (injury) relative to 
the higher temperatures in the superficial tissues, 
resulting in    analgesia.    During the later stages of 
injury healing, a deeper heating effect is usually de-
sirable; it can be achieved by using the diathermies 
or ultrasound. Heat dilates blood vessels, causing 
the patent capillaries to open up and increase circu-
lation. The skin is supplied with sympathetic vaso-
constrictor fibers that secrete norepinephrine at 
their endings (especially evident in feet, hands, lips, 
nose, and ears). At normal body temperature, the 
sympathetic vasoconstrictor nerves keep vascular 
anastomoses almost totally closed, but when the 
superficial tissue is heated, the number of sympa-
thetic impulses is greatly reduced so that the anas-
tomoses dilate and allow large quantities of blood to 
flow into the venous plexuses. This increases blood 
flow about twofold, which can promote heat loss 
from the body.  45   

   The    hyperemia    created by heat has a benefi-
cial effect on injury. This is based on increases of 
blood flow and pooling of blood during the meta-
bolic processes. Recent hematomas (blood clots) 
should never be treated with heat until resolution of 
bleeding is completed. Some athletic trainers have 
advocated never using heat during any therapeutic 
modality application.  53  ,65,  66  ,  67       

   The rate of metabolism of tissues depends partly 
on temperature. The metabolic rate increases 
approximately 13% for each 1° C (1.8° F) increase 
in temperature.  53   A similar decrease in metabolism 
has been demonstrated when temperatures are low-
ered. 

   A primary effect of local heating is an increase 
in the local metabolic rate with a resulting increase 
in the production of    metabolites    and additional 
heat. These two factors lead to an increased 

intravascular hydrostatic pressure, causing arterio-
lar    vasodilation    and increased capillary blood 
flow.  134   However, increased hydrostatic pressure 
involves a tendency toward formation of edema, 
which may increase the time required for rehabilita-
tion of a particular injury. Increased capillary blood 
flow is important with many types of injury in which 
mild or moderate inflammation occurs because it 
causes an increase in the supply of oxygen, antibod-
ies, leukocytes, and other necessary    nutrients    and 
enzymes, along with an increased clearing of metab-
olites. With higher heat intensities, vasodilation and 
increased blood flow will spread to remote areas, 
causing increased metabolism in the unheated area. 
This is known as    consensual heat vasodilation    
and may be useful in many conditions where local 
heating is contraindicated.  38     

   The application of heat can produce an anal-
gesic effect, resulting in a reduction in the inten-
sity of pain. The analgesic effect is the most 

 Clinical Decision-Making Exercise 4–4

On day 2 following an ankle sprain. the 
athletic trainer decides to put a patient in a 
cold whirlpool to have her do exercises. At 
this point in a rehabilitation program is this 
really the best course of action?

analgesia Loss of sensibility to pain.

inflammation A redness of the skin caused by 
 capillary dilation.

hyperemia Presence of an increased amount of 
blood in part of the body.

metabolites Waste products of metabolism or 
 catabolism.

nutrients Essential or nonessential food substances.

vasodilation Dilation of the blood vessels.

consensual heat vasodilation Vasodilation and 
increased blood flow will spread to remote areas, 
causing increased metabolism in the unheated area.
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 frequent    indication    for its use.  134   Although the 
mechanisms underlying this phenomenon are not 
well understood, it is related in some way to the 
gate control theory of pain modulation. Heat has 
been shown to reduce pain associated with delayed 
onset muscle soreness following a 30-minute 
treatment.  135   

   Heat is applied in musculoskeletal and neuro-
muscular disorders, such as sprains, strains, artic-
ular (joint-related) problems, and muscle spasms, 
which all describe various types of muscle pain.  38   
Heat generally is considered to produce a relax-
ation effect and a reduction in guarding in skeletal 
muscle. It also increases the elasticity and decr-
eases the viscosity of connective tissue, which is 
an important consideration in postacute joint 
injuries or after long periods of immobilization. 
This may also be important during a warm-up 
activity prior to exercise for increasing intramus-
cular temperatures.  133   However, it has also been 
demonstrated that heat alone without stretching 
has little or no effect in improving flexibil-
ity.  2  ,  10  ,  20  ,  127   It appears that a deep heating treat-
ment using ultrasound may be more effective for 
increasing range of motion than using a more 
superficial heating technique.  62   

   Many athletic trainers empirically believe that 
heat has little effect on the injury itself but serves 

rather to facilitate further treatment by producing 
relaxation in these types of disorders.  38   This is 
accomplished by relieving pain, lessening hyperto-
nicity of muscles, producing sedation (which 
decreases spasticity, tenderness, and spasm), and 
decreasing tightness in muscles and related 
structures. 

 Thermotherapy Treatment Techniques 

 Heat is still used as a universal treatment for pain 
and discomfort. See  Table 4–4  for a summary of 
uses of thermotherapy. Much of the benefit is 
derived from the treatment simply feeling good. 
However, in the early stages after injury, heat 
causes increased capillary blood pressure and 
increased cellular permeability; this results 
in additional swelling or    edema    accumula-
tion.  3  ,  15  ,  38  ,  63  ,  153    No patient with edema should be 
treated with any heat modality until the reasons for 
the edema are determined.  It is in the best interest of 
the athletic trainer to use cryotherapy techniques 

indication The reason to prescribe a remedy or 
procedure.

edema Excessive fluid in cells.

    Indications  

  Subacute and chronic inflammatory conditions  
 Subacute or chronic pain 
 Subacute edema removal 
 Decreased ROM 
 Resolution of swelling 
 Myofascial trigger points 
 Muscle guarding 
 Muscle spasm 
 Subacute muscle strain 
 Subacute ligament sprain 
 Subacute contusion 
 Infection     

   Contraindications 

 Acute musculoskeletal conditions 
 Impaired circulation 
 Peripheral vascular disease 
 Skin anesthesia 
 Open wounds or skin conditions (cold whirlpools 

and contrast baths)     

  TABLE 4–4 Indications and Contraindications for Thermotherapy 
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to reduce the edema before applying heat. Superfi-
cial heat applications seem to feel more comfort-
able for complaints of the neck, back, low back, 
and pelvic areas and may be most appropriate for 
the patient who exhibits some allergic response to 
cold applications. However, the tissues in these 
areas are absolutely no different from those in the 
extremities. Thus the same physiologic responses 
to the use of heat or cold will be elicited in all areas 
of the body. 

   Primary goals of thermotherapy include 
increased blood flow and increased muscle tempera-
ture to stimulate analgesia, increased nutrition to 
the cellular level, reduction of edema, and removal 
of metabolites and other products of the inflamma-
tory process.   

 Warm Whirlpool  
 Equipment Needed.   ( Figure 4–10 ) 

 1.        Whirlpool: The whirlpool must be the cor-
rect size for the body segment to be treated. 

 2.    Towels: These are to be used for padding 
and drying off. 

 3.    Chair 
 4.    Padding: This is to be placed on the side of 

the whirlpool.     

 Treatment.   The patient should be positioned 
comfortably, allowing the injured part to be 
immersed in the whirlpool. Direct flow should be 
6–8 inches from the body segment. Temperature 
should be 98–110° F (37–45° C) for treatment of 
the arm and hand. For treatment of the leg, the tem-
perature should be 98–104° F (37–40° C), and for 
full body treatment, the temperature should be 98–
102° F (37–39° C). Time of application should be 
15–20 minutes.   

 Considerations.   Patient positioning should 
allow for exercise of the injured part. The size of the 
body segment to be treated will determine whether 
an upper extremity, lower extremity, or full body 
whirlpool should be used.   

 Application.   The temperature range of 
a warm whirlpool is 100–110° F (39–45° C). It is 
similar in setup to a cold whirlpool. The patient 
must be positioned in the whirlpool with appropri-
ate padding provided for the patient’s comfort. The 
unit should be turned on after it has been ascer-
tained that the GFI is functioning. The timer should 
be set for the amount of time desired, depending on 
the size of the body part to be treated (10–30 min-
utes). Treatment time should be long enough to 
stimulate vasodilatation and reduce muscle spasm 
(approximately 20 minutes). Again, caution is indi-
cated in the gravity-dependent position in subacute 
injuries.  119   If some pitting edema exists (i.e., finger 
pressure on the skin leaves an indentation), cold 
or contrast baths are better indicated. In addition 
to increased circulation and reduction of spasm, Figure 4–10 Warm whirlpool.

  Clinical Decision-Making Exercise 4–5

The athletic trainer is treating a patient 
with a grade 2 MCL sprain. After the first 
week there is still considerable swelling on 
the medial side of the knee just below the 
joint line. He decides to use a contrast bath 
to take advantage of the “pumping action” 
of vasoconstriction/vasodilation. Is this 
technique likely to be effective?
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benefits of the warm whirlpool include the massag-
ing and vibrating effects of the water movement. 
On removal of the body segment from the whirl-
pool, it is necessary to review the skin surface and 
limb girth to see if the warm whirlpool increased 
swelling; this step is indicated even if the patient is 
past the subacute stage. After allowing the body 
segment to cool down, appropriate preventive 
strapping or padding can be placed on the body seg-
ment. If the patient receives the treatment before 
exercising, it is recommended that he or she gently 
do range-of-motion exercises to reduce congestion 
and increase proprioception (sense of position) in 
all joints. If the patient is complaining of muscle 
soreness, it would be more appropriate to recom-
mend swimming pool exercises. The whirlpool pro-
vides a sedative effect. It is recommended that the 
patient shower or clean the body surface before 
using a whirlpool. Random access to the whirlpool 
is not warranted. 

 The warm whirlpool is an excellent postsurgical 
modality to increase systemic blood flow and mobi-
lization of the affected body part. The appropriate-
ness of whirlpool therapy needs to be addressed by 
the athletic trainer because it is the most commonly 
abused physical therapy modality. An example of 
this abuse is the practice of placing an individual in 
the whirlpool without taking the time to assess the 

specific physiologic responses desired. However, it is 
an excellent adjunctive modality when used appro-
priately in the clinical setting. 

 Whirlpools should be cleaned frequently to pre-
vent bacterial growth. When a patient with any open 
or infected lesion uses the whirlpool, it must be 
drained and cleaned immediately. Cleaning should be 
done using both a disinfecting and antibacterial 
agent. Particular attention should be paid to cleaning 
the turbine by placing the intake valves in a bucket 
containing the disinfecting solution and turning the 
power on. Bacterial cultures should be monitored 
periodically from the tank, drain, and jets.   

 Commercial (Warm) Hydrocollator Packs  
 Equipment Needed.   ( Figure 4–11 ) 

 1.      Unit heat packs: These are canvas 
pouches of petroleum distillate. A ther-
mostat maintains the high tempera-
ture (170° F) and helps prevent burns. 
Unit heat packs come in three sizes: 
(1) regular size is 12 inch × 12 inch 
for most body segments; (2) double size is 
24 inch × 24 inch for the back, low back, 
and buttocks; and (3) cervical is 6 inch 
× 18 inch for the cervical spine. Packs are 
 removed by tongs or scissor handles. 

 2.    Towels: Regular bath towels and commer-
cial double pad towels are required. Com-
mercial double pad toweling has a pouch 
for pack placement and 1-inch thick tow-
eling to be placed in cross fashion, tags 

Figure 4–11 (a) Hydrocollator packs stored in tank. (b) Come in a variety of sizes. 

(a) (b)
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on the edge of packs folded in, toweling 
overlapped on one side and four layers on 
the opposite side. Six layers equal 1 inch 
of toweling. Additional toweling may be 
needed depending on total body surface 
covered.    

 Treatment.   Position six layers of toweling as 
shown in  Figure 4-12 . Sufficient toweling should be 
provided to protect the patient from burns. Patient 
position should be comfortable. Treatment time 
should be 15–20 minutes. 

 Physiologic Responses. 
   Circulation is increased. 
   Muscle temperature is increased. 
   Tissue temperature is increased. 
   Spasms are relaxed.    

 Considerations.   The size of the body segment 
to be treated should determine how many packs are 
needed. Patient comfort is always a consideration. 
Time of application should be 15–20 minutes. Also, 
after use rewarming of the pack requires about 20 
minutes.  59     

 Application.   Appropriate toweling and posi-
tioning of the patient is necessary for a comfort-
able treatment. The moist heat pack tends to stim-
ulate the circulatory response. Dry heat, as 
discussed in the infrared section, has a tendency to 
force blood away from the cutaneous capillary 
bed, thus increasing the possibility of a burn with 
the skin’s inability to dissipate heat.  131   The patient 

must not be allowed to lie on the packs because 
this will increase the risk of burn. Also, it may 
force the silicate gel out through the seams of the 
fabric sleeves. If the patient cannot tolerate the 
weight of the moist heat pack, alternate methods 
can be used. For example, the patient can be placed 
lying on his or her side, with the majority of the 
weight of the hot pack on the side of the pack and 
the pack held in place by additional towels or 
sheets wrapped around the patient. The most com-
mon indications are for muscular spasm, back 
pain, or as a preliminary treatment to other modal-
ities. Hot packs have been shown to attenuate 
delayed onset muscle soreness 30 minutes after 
treatment.  135    

Figure 4–12 Techniques of wrapping hydrocollator packs.

 Clinical Decision-Making Exercise 4–6

A volleyball player has an acute strain of 
the erector spinae muscles in the low back. 
The athletic trainer feels that using ice on 
the low back will cause the patient to be 
uncomfortable and perhaps induce muscle 
guarding in the injured muscle. Thus, 
the athletic trainer chooses to use a hot 
hydrocollator pack instead of an ice pack. 
Is this the appropriate clinical decision?
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    Paraffin Baths.   A    paraffin bath    is a simple 
and efficient, although somewhat messy, tech-
nique for applying a fairly high degree of localized 
heat. Paraffin treatments provide six times the 
amount of heat available in water because the 
mineral oil in the paraffin lowers the melting 
point of the paraffin. The combination of paraffin 
and mineral oil has a low specific heat, which 
enhances the patient’s ability to tolerate heat 
from paraffin better than from water of the same 
temperature. 

 The risk of a burn with paraffin is substan-
tial. The athletic trainer should weigh heavily 
the considerations between a paraffin bath and 
warm whirlpool bath in the athletic setting. The 
majority of  paraffin baths are used for chronic 
arthritis in the hands and feet. If the patient has 

paraffin bath A combined paraffin and mineral oil 
immersion commonly used on the hands and feet for 
distal temperature gains in blood flow and temperature.

a chronic hand or foot problem, the use of paraffin 
instead of water usually gives longer lasting pain 
relief. 

 Equipment Needed. 
 1.    Paraffin bath ( Figure 4–13 )   
 2.  Plastic bags and paper towels 
 3.    Towels   

   Treatment. 
 Dipping.   The extremity should be dipped into 

the paraffin for a couple of seconds, then removed to 
allow the paraffin to harden slightly for a few sec-
onds. This procedure is repeated until six layers have 
accumulated on the part to be treated.   

  Wrapping.   The paraffin-coated extremity 
should be wrapped in a plastic bag with several layers 
of toweling around it to act as insulation (Figure 4–13). 
Treatment time should be 20–30 minutes. 

   Physiologic Responses. 
   Tissue temperature increases. 
   Pain relief occurs. 
   Thermal hyperthermia occurs. 

     Considerations.   Some units are equipped 
with thermostats that may elevate the temperature 
to 212° F, thus killing any bacteria that may grow 
in the paraffin. Otherwise the temperature should be 
set at 126° F. 

 If the paraffin becomes soiled, it should be dumped 
and replaced at no longer than 6-month intervals. 

Figure 4–13 (a) Hand being dipped in paraffin bath. (b) After being dipped in paraffin, the hand should be wrapped in 
plastic bags and toweling.

(a) (b)
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   Application.   A paraffin bath purchased for the 
clinic should have a built-in thermostat. Before 
treatment, the patient’s body segment should be 
cleaned thoroughly with soap, water, and finally 
alcohol to remove any soap residue. This will pre-
vent bacterial buildup in the bottom of the paraffin 
bath, which is an excellent medium for culture 
growth. 

 The mixture ratio of paraffin to mineral oil is 
1 gallon of mineral oil to 2 pounds of paraffin. The 
mineral oil reduces the ambient temperature of 
the paraffin, which is 126° F (at which tempera-
ture a burn could occur). It is important to build 
six layers of paraffin, with the first layer highest 
on the body segment and each successive layer 
lower than the previous one. This is important 
because when dipping the extremity in the paraf-
fin, if the second layer of paraffin is allowed to get 
between the skin and the first layer of paraffin, the 
heat will not dissipate and the patient could be 
burned. Because heat is retained in the body and is 
also radiated from the paraffin, capillary dilation 
and blood supply in the treated segment increase. 
The athletic trainer should place the patient in a 

comfortable position and enclose the paraffin in 
paper towels, plastic bags, and toweling to main-
tain the heat. Treatment is applied for approxi-
mately 20–30 minutes. Removing the paraffin 
calls for extra care not to contaminate the used 
portion so that it does not affect the entire bath 
when it is returned. 

 Removal of paraffin involves removing towels, 
plastic bag, and paper towels, then using a tongue 
depressor to split the paraffin to allow easy 
removal. If the paraffin has not touched the floor, 
remove the paraffin cast over the open paraffin 
bath. It will dissolve on returning to the remaining 
liquid paraffin. Clean the body segment with soap 
and water. If a postsurgical patient is being treated, 
give a massage because the mineral oil will make 
the skin moist and supple. When cleaning the skin, 
the athletic trainer must examine the surface for 
burns or mottling. 

 A less safe but likely more effective technique 
for increasing tissue temperature is to immerse the 
body part in the paraffin bath. The treatment 
begins by repeatedly dipping the body part in the 
paraffin as described above until at least six layers 
have accumulated. Next the body part is placed in 
the paraffin for the remainder of the treatment 
time. The patient should be instructed not to move 
the body part to keep the paraffin from cracking 
and to avoid touching the bottom or sides of the 
paraffin unit. 

 The thermostat will raise the temperature of the 
paraffin to 212° F, destroy any bacteria, and main-
tain a sterile contact medium. Paraffin baths require 
supervision to prevent contamination, but they do 
provide a special type of treatment that is well 
adapted to the patient with injuries of the hands 
and feet.   

 Fluidotherapy.      Fluidotherapy     is a 
unique, multifunctional physical medicine modal-
ity. The fluidotherapy unit is a dry heat modality 

fluidotherapy A modality of dry heat using a finely 
divided solid suspended in a stream of air with the 
properties of liquid.

Treatment Protocols: Paraffin Bath

1. Guide the body part into the paraffin, 
making sure the patient does not contact the 
bottom of the cabinet or the heating coils.

2. After 2 or 3 seconds, remove the body 
part and keep it above the paraffin so that 
none of the paraffin drips onto the floor. 
Reimmerse the body part, and repeat until 
the appropriate number of dips have been 
completed, or reimmerse for the duration of 
the treatment.

3. Set a timer for the appropriate treatment 
time and give the patient a signaling device. 
Make sure the patient understands how to 
use the signaling device.

4. Check the patient’s response after the first 
5 minutes by asking the patient how it 
feels. Recheck verbally about every 
5 minutes. 
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that uses a suspended air stream, which has the 
properties of a liquid. Its therapeutic effectiveness 
in rehabilitation and healing is based on its ability 
to simultaneously apply heat, massage, sensory 
stimulation for desensitization, levitation, and 
pressure oscillations. Fluidotherapy is capable of 
significantly elevating superficial skin tempera-
ture.  60   Unlike water, the dry, natural medium does 
not irritate the skin or produce thermal shocks.  152   
This allows for much higher treatment tempera-
tures than with aqueous or paraffin heat transfer. 
The pressure oscillations may actually minimize 
edema, even at very high treatment temperatures. 
Clinical success has been reported in treatment of 
pain, range of motion, wounds, acute injuries, 
swelling, and blood flow insufficiency. Fluidother-
apy treatment of the hand at 115° F (46.2° C) 
results in a sixfold increase in blood flow and a 
fourfold increase in metabolic rates in a normal 
adult. These properties will increase blood flow, 
sedate, decrease blood pressure, and promote heal-
ing by accelerating  biochemical reactions. 

 Counterirritation, through mechanoreceptor 
and thermoreceptor stimulation, reduces pain 
 sensitivity, thus permitting high temperatures 
without painful heat sensations. Pronounced 
hyperthermia accelerates the chemical metabolic 
processes and stimulates the normal healing pro-
cess. The high temperatures enhance tissue elastic-
ity and reduce tissue viscosity, which improves 
musculoskeletal mobility. Vascular responses are 
stimulated by long-lasting hyperthermia and pres-
sure fluctuations, resulting in increased blood flow 
to the injured area. 

    Equipment Needed. 
 1.    Choose the appropriate fluidotherapy unit 

( Figure 4–14 ). 
 2.    Toweling 

     Treatment. 
   The patient must be positioned for comfort. 
   The patient should place the body segment to be 
treated (hand or foot) in the fluidotherapy unit. 
   Protective toweling must be placed at the unit 
interface and body segment. 
   Treatment time should be 15–20 minutes.   

Figure 4–14 Fluidotherapy treatment units. (Photo 
courtesy of Fluidotherapy Corporation, 6113 Aletha 
Lane, Houston. TX77081.) 

Treatment Protocols: Fluidotherapy

1. With the agitation off, open the sleeved 
portion of the unit.

2. Instruct patient to insert body part into the 
cellulose particles, reminding her to tell you 
if the temperature is too hot.

3. Fasten the sleeve around the body part to 
prevent the cellulose particles from being 
blown out of the unit, and start the agitation.

4. Check the patient’s response verbally after about 
5 minutes. Remind the patient to tell you if the 
heating sensation becomes uncomfortable.

   Physiologic Responses. 
   Tissue temperature increases. 
   Pain relief occurs. 
   Thermal hyperthermia occurs. 

     Considerations. 
   Fluidotherapy unit must be kept clean. 
   All knobs must be returned to zero after 
treatment. 

     Application.   The patient should be positioned 
comfortably. The treated body segment should be 
submerged in the medium before the unit is turned 
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on. There is no thermal shock when heat is applied. 
Treatments are approximately 20 minutes. Recom-
mended temperature varies by body part and patient 
tolerance, with a range of 110–125° F (43–53° C). 
Maximum temperature rise in the treated part 
occurs after 15 minutes of treatment. Unless contra-
indicated, active and passive exercise are encour-
aged during treatment. 

 In case of open lesions or infections, a protec-
tive dressing is recommended to prevent soiling 
or contaminating the cloth entry ports. Patients 
with splints, bandages, tape, orthopedic pins, 
plastic joint replacement, and artificial tendons 
may be treated with fluidotherapy. The medium 
is clean and will not soil clothing. It is not neces-
sary to disrobe to get the full benefit of heat and 
massage; however, direct contact between skin 
and the medium is desirable to maximize heat 
transfer. 

 In treating the hands, muscles, ankles, and con-
ditions that manifest themselves relatively near the 
surface of the skin, appreciably higher body temper-
atures can be achieved using superficial heating 
modalities. Further, the superficial modalities treat a 
larger area of the body than ultrasound or micro-
wave diathermies, thus the total amount of heat 
absorbed will be much higher. Fluidotherapy, hydro-
therapy, and paraffin cause about the same amount 
of temperature increase.  32     

 ThermaCare Wraps.   ThermaCare Heat-
wraps are made of a cloth-like material that con-
forms to the body’s shape to provide therapeutic 
heat. Each wrap contains small discs containing 
iron, charcoal, table salt, and water that heat up 
when exposed to oxygen in the air providing at 
least 8 hours of continuous, low-level heat. Once 
opened the ThermaCare wrap begins to warm 
immediately and reaches its therapeutic tempera-
ture within approximately 30 minutes.  33  ,  34  ,  97   
Wraps are made for the neck, back, and lower 
abdomen  106  ,  107  ,  117   ( Figure 4–15 ). The Therma-
Care wrap has been shown to effectively increase 
intramuscular temperature at a depth of 
2 cm.  145  ,  146   

   Infrared Lamps.   As mentioned earlier in 

this chapter, unlike all of the other modalities dis-
cussed previously, infrared lamps are considered to 
be an electromagnetic energy modality rather than 
a conductive energy modality. When talking about 
infrared modalities, the athletic trainer most typi-
cally thinks of the infrared lamp. The biggest 
advantage of an infrared lamp is that superficial 
tissue temperature can be increased, even though 
the unit does not touch the patient. However, radi-
ant heat is seldom used because it is limited in 
depth of skin penetration to less than 1 mm. Dry 
heat from an infrared lamp tends to elevate super-
ficial skin temperatures more than moist heat; 
however, moist heat probably has a greater depth 
of penetration. 

 Superficial skin burns occasionally occur 
because of intense infrared radiation and the reflec-
tor becoming extremely hot (4000° F). It is recom-
mended that a warm moist towel be placed over the 
body segment to be treated to enhance the heating 
effects. Dry towels should cover the remainder of the 
body not being treated. This will allow a greater 
blood to tissue exchange by trapping the heat 
buildup in the moist towel and reducing the stagnant 

Figure 4–15 ThermaCare wrap applied to low back. 
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air over the body segment. Caution should be used, 
and the skin should be checked every few minutes 
for mottling. 

 Infrared generators may be divided into two 
categories: luminous and nonluminous. Nonlumi-
nous generators consist of a spiral coil of resistant 
metal wire wound around a cone-shaped piece of 
nonconducting material. The resistance of the 
wire to the electric flow produces heat and a dull 
red glow. A properly shaped reflector then radiates 
the heat to the body. All incandescent bodies and 
tungsten and carbon filament lamps are in the cat-
egory of luminous generators. No nonluminous 
lamps are currently being manufactured because 
infrared at a wavelength of 12,000 A will pene-
trate slightly more deeply than either longer or 
shorter waves, owing to a certain unique charac-
teristic of human skin. Tungsten filament and spe-
cial quartz red sources produce significant amounts 
of infrared heat at 12,000 A. Flare as a result of 
reflection off the skin can be a serious problem. 

  Equipment Needed, 
 1.    Infrared lamp ( Figure 4–16 ) 
 2.    Dry toweling: This is to be used for 

draping the parts of the body not being 
treated. 

 3.    Moist toweling: Moist towels are used to 
cover the area to be treated. 

 4.    A GFI should be used with an infrared 
lamp.   

    Treatment.     The patient should be positioned 
20 inches from the source. 

   Protective toweling should be put in place. 
   Treatment time should be 15–20 minutes. 
   Skin should be checked every few minutes for 
mottling. 
   Areas that are not to be treated must be 
protected.   

  Physiologic Responses.     A superficial rise in 
tissue temperature occurs.

    There is some decrease in pain. 
   Moisture and sweat appear on the skin surface. 

     Considerations.   To avoid a generalized tem-
perature rise, only the portion that is injured should 
be treated. The infrared lamp should be used primar-
ily when a patient cannot tolerate pressure from 
another type of modality (e.g., hydrocollator packs). 
Caution must be exercised to avoid burns. 

Figure 4–16 Various infrared heating lamps. 

Treatment Protocols: Infrared Lamps

1. Position lamp such that the bulb is parallel 
to the body part being treated (such that the 
energy will strike the body at a 90° angle) 
and is 20 inches away from the patient. 
Measure and record the distance from the 
lamp to the closest part of the body being 
treated.

2. Inform the patient that he should feel only 
a mild warmth; if it is hot, he should inform 
you. Start the lamp.

3. Set a timer for the appropriate treatment 
time and give the patient a signaling device. 
Make sure the patient understands how to 
use the signaling device.

4. Check the patient’s response after the first 
5 minutes by asking the patient how it feels 
as well as visually checking the area being 
treated. Recheck visually and verbally about 
every 5 minutes.
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   Application.   The patient should be placed in a 
comfortable position. Moist heat should be used to 
stimulate blood flow without forcing blood away 
from the area as with dry heat. A moist, warm towel 
should be applied to the area to be treated. A squirt 
bottle should be used to keep the towel moist. All 
areas not to be treated should be draped. The dis-
tance from the area to be treated to the lamp should 
be adjusted according to treatment time: The stan-
dard formula is 20 inches distance = 20 minutes 
treatment time. After treatment, the skin surface 
should be checked. This type of treatment tends to 
force the blood away from the capillary bed and 
should be used only in superficial skin complaints 
related to dry heat requirements.  

  COUNTERIRRITANTS  *    

 Although counterirritants are not an infrared 
modality, they are often associated with ice and 
heat because of their common sensations. Coun-
terirritants are topically applied ointments that 
chemically stimulate sensory receptors in the 
skin.  51   Four major active ingredients are found in 
counterirritants. Menthol and methyl salicylate, 
which are found in peppermint and wintergreen 
oils, respectively, are the two most common and 
they are often combined. Camphor is another ir-
ritant that is usually combined with the other 
two, producing a chemical irritant. Perhaps the 
most promising irritant is capsaicin, which is de-
rived from hot peppers. Capsaicin, the most re-
searched, has been shown to be effective in re-
ducing chronic pain.  47   Application of either 
menthol analgesic balm or capsaicin on the skin 
has analgesic effects on signals from receptors lo-
cated in muscles.  108  ,  118   Capsaicin and menthyl 
salicylate have been used in combination to help 
reduce pain.  57   Allied health professionals along 
with an increasing active population use skin 
counterirritants to relieve some pain from the 

strains and sprains of jobs and recreational 
activities. 

   The mechanism of pain relief from the coun-
terirritants is not exactly known. It is very proba-
ble that multiple methods of pain control could be 
at work. Some speculate that the rubbing applica-
tion stimulates the large myelinated mechanore-
ceptors and works by the gate control theory. 
Because the irritants produce a noxious stimulus 
and a cool/warming sensation, they are also 
thought to stimulate both noxious and thermal 
receptors. By applying a noxious stimulus and 
superficial thermal response, the thin Αδ and C 
afferent fibers are stimulated and inhibit pain in a 
manner similar to acupuncture. There is no evi-
dence of tissue temperature response or a signifi-
cant increase in blood flow from the application of 
a counterirritant. Capsaicin is thought to have a 
preferential action on C fibers by stimulating the 
release and depletion of substance P stores in the 
nociceptors, which are responsible for transmit-
ting the pain signal. There is strong evidence that 
capsaicin affects synapses in the spinothalamic 
tract.  13   Counterirritants have been shown in clini-
cal trials to decrease pain and increase range of 
motion  49   when compared to warm placebo oint-
ment. Some researchers have speculated that it 
may act similarly to the spray-and-stretch tech-
nique. It has been suggested that they work simi-
larly to nonsteroidal anti-inflammatory medica-
tion by limiting prostaglandin production. 

   Methods of application include massaging, vig-
orous rubbing, and combine padding. The most 
common method used is massaging a generous 
amount on the affected area until no ointment is 
visible. Counterirritants can be applied with vigor-
ous rubbing or friction massage for the benefit of 
soft-tissue treatment. The combine padding method 
involves applying a generous amount of counterir-
ritant, between 1/4 and 1/2 inch, on the pad and 
applying it to the affected area with a wrap. Manu-
factured counterirritant packs with self-adhesive 
are now available. 

   Counterirritants should not be confused 
with other similar products containing trolamine 

* The authors would like to thank Dr. Brian G. Ragan from the 
University of  Northern Iowa for his contribution of  this section 
to the text.
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 salicylate, which has not been shown to be effective. 
They do not produce a chemical irritation and 
should be used with skeptical optimism. Because 

they may function like nonsteroidal anti-inflamma-
tories, caution is indicated with people who are sen-
sitive to such medication.    

 Summary  

   1.   Any modality that produces energy with wave-
lengths and frequencies that fall into the infrared 
region of the electromagnetic spectrum are re-
ferred to as infrared modalities. However energy 
is transferred by conduction and thus cryother-
apy and thermotherapy techniques are best clas-
sified as conductive thermal energy modalities.  

   2.   When any conductive thermal energy modalities 
are applied to connective tissue or muscle and 
soft tissue, they will cause either a tissue tem-
perature decrease or tissue temperature increase.  

   3.   The primary physiologic effect of heat is vasodi-
lation of capillaries with increased blood flow, 
increased metabolic activity, and relaxation of 
muscle spasm.  

   4.   The primary physiologic effects of cold are 
 vasoconstriction of capillaries with decreased 
blood flow, decreased metabolic activity, and 
analgesia with reduction of muscle spasm.  

   5.   The conductive thermal energy modalities have 
a depth of penetration of less than 1 cm. Thus 
the physiologic effects are primarily superficial 
and directly affect the cutaneous blood vessels 
and nerve receptors.  

   6.   Examples of thermotherapy are whirlpools, 
moist heat packs, infrared lamps, heating pads, 
and fluidotherapy.  

   7.   Examples of cryotherapy are ice packs, ice mas-
sage, commercial ice packs, ice whirlpools, and 
cold sprays.    

  Review Questions  

   1.   What is the definition of a conductive energy 
modality?  

   2.   What are the two basic therapeutic clinical 
uses for the conductive energy modalities?  

   3.   What is the depth of penetration into the tis-
sues of the conductive energy modalities?  

   4.   What are the effects of changing temperatures 
on circulation?  

   5.   How does changing tissue temperature affect 
muscle spasm?  

   6.   What are the physiologic effects of both thera-
peutic heat and cold?  

   7.   What are the differences between the terms 
 cryotherapy, thermotherapy , and  hydrotherapy ?  

   8.   What are the various cryotherapy techniques 
that the athletic trainer can use?  

   9.   What are the various thermotherapy tech-
niques that the athletic trainer can use?    

  Self-Test Questions 

 True or False  
   1.   Applying heat or cold to an extremity will af-

fect balance, proprioception, and performance.  
   2.   Cold whirlpools should be set at temperatures 

of 50–60º F.  
   3.   Cryokinetics is a therapeutic technique that 

combines cryotherapy and exercise.    

  Multiple Choice  
   4.   This mechanism of heat transfer is through 

direct contact. 
 a.    radiation 
 b.    convection 
 c.    conduction 
 d.    conversion    
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   5.    should be used on acute 
injuries to  temperature and 
thus slow metabolic rate. 

 a.    cold, decrease 
 b.    cold, increase 
 c.    heat, decrease 
 d.    heat, increase    
   6.   The three to four stages of sensation following 

cold application, in order, are the following: 
 a.    sting, cold, burn/ache, numb 
 b.    cold, sting, numb, burn/ache 
 c.    burn/ache, cold, sting, numb 
 d.    cold, sting, burn/ache, numb    
   7.   An insulating layer of water next to the skin is 

called which of the following? 
 a.    erythema 
 b.    thermopane 
 c.    anesthesia 
 d.    inflammation    

   8.   Which of the following is NOT an effect of 
thermotherapy? 

 a.    increased circulation 
 b.    relaxed spasms 
 c.    decreased cell metabolism 
 d.    increased soft-tissue elasticity    
   9.   Which of the following is a contraindication 

for cryotherapy? 
 a.    acute pain 
 b.    skin anesthesia 
 c.    muscle spasm 
 d.    acute ligament sprain    
   10.   In what condition would thermotherapy be 

indicated? 
 a.    decreased range of motion 
 b.    skin anesthesia 
 c.    acute musculoskeletal injury 
 d.    acute pain         

 Solutions to Clinical Decision-Making Exercises 

 4–1 Because the elastic wrap has been placed un-
derneath the ice bags there is an insulating 
layer through which the cold must penetrate. 
The passage of  cold can be facilitated if  the 
elastic wrap is wet. It is likely that the ice can 
be left in place for up to an hour as long as the 
patient does not have any type of  sensitivity 
reaction to the cold. 

 4–2 A spray-and-stretch technique has been recom-
mended as an effective technique for dealing 
with myofascial trigger points. Using Fluoro-
Methane spray, the athletic trainer should make 
strokes parallel with the direction of  fibers and 
then stretch the middle trapezius immediately 
following the application of  the cold spray. 

 4–3 At day 7, the likelihood of  any additional 
swelling is minimal. As long as the patient 
is not complaining of  tenderness to touch 
it is probably safe to switch to some form of  
heat, but it would be recommended that ei-
ther ultrasound or shortwave diathermy be 
used since the depth of  penetration of  both is 
greater than any infrared modality. 

 4–4 It is likely that the combined effects of  placing 
the ankle in a dependent position, the massag-
ing action of  the whirlpool jets, and the active 
exercise may cause some additional swelling, 
especially only 2 days postinjury when it is 
likely that the patient is still exhibiting signs 
and symptoms of  inflammation. It would be 
more advisable to simply use an ice bag with 
elevation followed by whatever active exer-
cises are appropriate. 

 4–5 It is clear that a contrast bath produces little or 
no “pumping action” and thus would not be ef-
fective in treating swelling. A better alternative 
would be to use cryokinetics, which involves 
cold followed by active muscle contractions 
and relaxation to help eliminate swelling. 

 4–6 The athletic trainer should have chosen to use 
an ice pack. Remember this is an acute injury. 
Muscle strains in the low back are no different 
than in any other muscle, and just because the 
patient might be a little uncomfortable is not 
a good reason to make an incorrect decision 
about which modality is the most appropriate.   
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 COLD WHIRLPOOL 
  Background   A 32-year-old woman fell onto her 
outstretched left hand 12 weeks ago and sustained a 
comminuted fracture of the distal radius as well as a 
noncomminuted fracture of the scaphoid. She was 

treated with a closed reduction and external fixation 
(fiberglass cast) for 8 weeks, then a splint for 4 weeks. 
She has been referred for rehabilitation, to include 
mobilization, strengthening, and range-of-motion 

    Case Study 4–1 

 ICE MASSAGE 
  Background   A 35-year-old man sustained a Colles 
fracture of the right wrist during a fall 13 weeks ago. He 
was treated with a closed reduction and plaster for 
12 weeks; the cast was removed 1 week ago. The frac-
ture is well healed with good position. In addition to 
active and passive exercise, you begin joint mobilization 
on an every-other-day schedule. In spite of the fact that 
the tissues are strong enough to tolerate grades II and 
III mobilization, the patient experiences so much pain 
that you are limited to grade I mobilization. To increase 
the patient’s tolerance for mobilization, you decide to 
perform an ice massage prior to mobilization. 

   Impression   Limitation of motion secondary to frac-
ture and immobilization. 

   Treatment Plan   A cup of ice was applied to the 
anterior and posterior aspects of the wrist until the 

patient experienced numbness. The duration of the 
treatment was approximately 9 minutes. Immediately 
following the ice massage, joint mobilization tech-
niques were used to increase the range of motion of 
the wrist. 

   Response   The patient’s tolerance for more aggres-
sive mobilization was increased for approximately 
5 minutes following the ice massage. As the accessory 
motions were restored, the active range of motion also 
improved. After six sessions, joint mobilization was 
 discontinued, the patient continued with active and 
passive range-of-motion exercise, and strengthening 
exercise was added to the program. Ten weeks after 
removal of the cast, the patient’s range of motion in all 
planes was approximately 90% of normal, and the 
patient was discharged to a home program.   

    Case Study 4–2 

   Treatment Plan   Because the target tissues are 
immediately subcutaneous, you elect to use a hydrocol-
lator pack. Using a cervical pack, heat was applied to 
the circumference of the knee for 12 minutes. Immedi-
ately after removal of the hot pack, joint mobilization 
was initiated. Following joint mobilization, active 
range-of-motion and strengthening exercises were 
performed. 

   Response   The patient was treated 3 days per week 
for 4 weeks, then discharged to a home program. He 
had full active and passive range of motion, patellar 
mobility was normal, and strength was 80% of the 
unaffected limb.   

 HYDROCOLLATOR PACK 
  Background   A 15-year-old boy sustained a noncom-
minuted, transverse fracture of the left patella during a 
football game 6 weeks ago. He was treated with plaster 
immobilization for 6 weeks; the cast was removed yester-
day. He has full knee extension (the knee was immobi-
lized in full extension) and has only 20 degrees of flexion. 
The patella is well healed and nontender, and patellar 
mobility is severely limited. As an adjunct to active and 
passive exercise, you begin joint mobilization of the patel-
lofemoral joint every day. To enhance the response of the 
connective tissue, you decide to increase the tissue tem-
perature prior to mobilization. 

   Impression   Limitation of motion secondary to frac-
ture and immobilization. 

    Case Study 4–3 
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    Case Study 4–4 

 CONTRAST BATH 
  Background   A 29-year-old police officer sustained 
a laceration of the right posterior forearm as a result of 
a struggle with an individual using a knife. There was 
a partial laceration of the extensor carpi radialis longus 
and brevis, and the extensor digitorum (communis), 
no arterial damage, no motor nerve damage, but a 
complete transection of the superficial radial nerve. 
The laceration was sutured primarily, and a splint 
applied to prevent stress on the repair. The patient is 
now 12 weeks postinjury, and has full wrist and hand 
motion and near-normal strength. However, he has 
developed extreme sensitivity to any stimulus over the 
dorsal-radial aspect of the wrist and hand, which is 
disabling. The patient guards the area by holding the 
right forearm with his left hand, and experiences severe 
pain when anything touches the area (including a 
breeze). The area innervated by the superficial radial 
nerve is glossy in appearance, and is now hairless (as 
compared to the left forearm and hand). He has been 
referred for pain management and desensitization. 

   Impression   Complex regional pain syndrome 
(CRPS) type II (also known as causalgia). 

   Treatment Plan   Two basins large enough to 
immerse the entire forearm were filled with water, one 

at 40° C (104° F) and the other at 14° C (57° F). The 
patient’s forearm was immersed in the warm water for 
2 minutes, then removed and immersed in the cold 
water for 1 minute. The sequence was repeated six 
times, for a total treatment duration of 18 minutes. 
Immediately after the final immersion, the patient was 
encouraged to brush the painful area with his left 
hand, and to tap over the mid- and distal-radius, along 
the course of the superficial radial nerve. 

   Response   After the initial treatment, the patient 
noted little improvement, and was unable to tolerate 
the desensitization. The treatment was repeated the 
next day, and he was able to tolerate a few seconds of 
desensitization. He was treated in the clinic daily for a 
total of four sessions, and he was then instructed to 
continue the contrast bath treatment on a home 
program, with weekly rechecks. He completed twice-
daily sessions at home, and noted very gradual 
increases in the duration of the increased tolerance to 
touch and tapping, as well as an ability to tolerate 
more vigorous touch. Two months later, there was no 
hypersensitivity in the superficial radial nerve distri-
bution, and the skin had returned to a normal 
appearance.            

exercise. The radius demonstrates radiographic heal-
ing, and there is no evidence of aseptic necrosis. Her 
distal forearm, wrist, hand, and fingers remain mark-
edly swollen, and she is experiencing significant pain 
at rest. She is unable to tolerate more than mild pres-
sure on the wrist, making joint mobilization extremely 
difficult, and has severe pain with attempted active 
range of motion. 

   Impression   Posttraumatic pain and swelling, 
postimmobilization pain and loss of motion. 

   Treatment Plan   A small extremity hydrotherapy 
tank was filled with ice and water to achieve a water 
temperature of 17° C (63° F). The patient’s left upper 
member was immersed in the water up to the level of the 
mid-forearm, and the turbine was used to direct water 
onto the wrist and hand. For the initial 5 minutes, the 
patient was instructed to gently move the wrist and 

hand actively. For the next 5 minutes, passive range of 
motion was conducted by the athletic trainer; 5 minutes 
of joint mobilization followed the passive range of 
motion. The total treatment time in the cold whirlpool 
was 15 minutes. She was instructed in a home exercise 
program to gain motion and strength. 

   Response   The patient was treated with the cold 
whirlpool 3 days per week for 3 weeks, at which time 
the swelling had subsided to a minimal amount. Her 
range of motion was approximately 50% that of the 
right wrist and hand. The cold whirlpool was discon-
tinued after 9 sessions, and other physical agents were 
used to facilitate a return to function. After an addi-
tional 12 sessions, the patient was discharged to a 
home program, with her left wrist and hand motion 
and strength approximately 80% that of the right wrist 
and hand.   
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 CHAPTER 5 

 Basic Principles of Electricity and 
Electrical Stimulating Currents  
    Daniel   N.   Hooker       and William   E.   Prentice     

 M
any of the modalities discussed in this book 
may be classified as electrical modalities. 
These pieces of equipment have the capabili-

ties of taking the electrical current flowing from a 
wall outlet and modifying that current to produce a 
specific, desired physiologic effect in human biologic 
tissue. 

 Understanding the basic principles of electricity 
usually is difficult even for the athletic trainer who 
is accustomed to using electrical modalities on a 
daily basis. To understand how current flow affects 
biologic tissue, it is first necessary to become famil-
iar with some of the principles and terminology that 
describe how electricity is produced and how it 
behaves in an electrical circuit. 

  COMPONENTS OF ELECTRICAL 
CURRENTS  

 All matter is composed of atoms that contain posi-
tively and negatively charged particles called    ions   . 
These charged particles possess electrical energy 
and thus have the ability to move about. They tend 
to move from an area of higher concentration to-
ward an area of lower concentration. An electrical 
force is capable of propelling these particles from 
higher to lower energy levels, thus establishing 
   electrical potentials   . The more ions an object has, 
the higher its potential electrical energy. Particles 
with a positive charge tend to move toward nega-
tively charged particles, and those that are nega-
tively charged tend to move toward positively 
charged particles ( Figure 5–1 ).  97   

 Following completion of this chapter, the 
athletic training student will be able to: 

  •  Define the most common terminology related to 
electricity. 

  •  Differentiate between monophasic, biphasic, 
and pulsatile currents. 

  •  Categorize various waveforms and pulse 
characteristics. 

  •  Contrast the various types of current modulation. 

  •  Discriminate between series and parallel circuit 
arrangements. 

  •  Explain current flow through various types of 
biologic tissue. 

  •  Explain muscle, nerve and nonexcitatory cell 
responses to electrical stimulation. 

  •  Describe how current flows through biologic tissue. 

  •  Discuss the various treatment parameters 
including frequency, intensity, duration, and 
polarity that must be considered with electrical 
stimulating currents. 

  •  Differentiate between the various currents that 
can be selected on many modern generators 
including high-volt, biphasic, microcurrent, 
Russian, interferential, premodulated 
interferential, and low-volt. 

  •  Compare techniques for modulating pain 
through the use of transcutaneous electrical 
nerve stimulators. 

  •  Be able to create a safe environment when 
using electrical equipment.   
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  105

      Electrons    are particles of matter possessing a 
negative charge and very small mass. The net move-
ment of electrons is referred to as an    electrical 
current   . The movement or flow of these electrons 
will always go from a higher potential to a lower 
potential.  157   An electrical force is oriented only in 
the direction of the applied force. This flow of elec-
trons may be likened to a domino reaction. 

   The unit of measurement that indicates the rate 
at which electrical current flows is the    ampere (A)   ; 
1 A is defined as the movement of 1    coulomb (C)    or 
6.25 × 10 18  electrons per second. Amperes indicate 
the rate of electron flow, whereas coulombs indicate 
the number of electrons. In the case of therapeutic 
modalities,    current    flow is generally described in 
milliamperes (1/1000 of an ampere, denoted as mA) 
or in microamperes (1/1,000,000 of an ampere, 
denoted as µA).  153   

   The electrons will not move unless an electrical 
potential difference in the concentration of these 
charged particles exists between two points. The 
electromotive force, which must be applied to pro-
duce a flow of electrons, is called a    volt (V)    and is 
defined as the difference in electron population 
(potential difference) between two points.  22   

      Voltage    is the force resulting from an accumu-
lation of electrons at one point in an electrical cir-
cuit, usually corresponding to a deficit of electrons 
at another point in the circuit. If the two points are 
connected by a suitable conductor, the potential dif-
ference (in electron population) will cause electrons 

to move from the area of higher population to the 
area of lower population. 

    Commercial current flowing from wall outlets 
produces an electromotive force of either 115 or 
220 V. The electrotherapeutic devices used in injury 
rehabilitation modify voltages. Electrical generators 
are sometimes referred to as being either low or 
high volt. These terms are not very useful, although 
some older texts have referred to generators that 
produce less than 150 V as  low volt  and those that 
produce several hundred volts as  high volt .  22      

    Electrons can move in a current only if there is 
a relatively easy pathway to move along. Materials 

Higher
potential

Higher
potential

−

Lower
potential

Lower
potential

Flow of
electrons

Potential difference

Potential
Difference

=

Figure 5–1 The difference between high potential and 
low potential is potential difference. Electrons tend to 
flow from areas of higher concentration to areas of lower 
concentration. A potential difference must exist if there is 
to be any movement of electrons. 

ion A positively or negatively charged particle.

electrical potential  The difference between 
charged particles at a higher and lower potential.

electron Fundamental particles of matter possessing 
a negative electrical charge and very small mass.

electrical current The net movement of electrons 
along a conducting medium.

ampere Unit of measure that indicates the rate at 
which electrical current is flowing.

coulomb Indicates the number of electrons flowing 
in a current.

current The flow of electrons.

volt The electromotive force that must be applied 
to produce a movement of electrons. A measure of 
electrical power.

voltage The force resulting from an accumulation 
of electrons at one point in an electrical circuit, usu-
ally corresponding to a deficit of electrons at another 
point in the circuit.

■ Analogy 5–1

The flow of electrons may be likened to a domino reac-
tion. As the first domino (electron) is knocked down, it 
causes the next domino to fall down and move slightly 
forward thus moving the next and the next and so 
forth. Thus, energy is propagated along this chain of 
dominoes just as electrical energy moves along a con-
ducting medium.
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106  PART THREE  Electrical Energy Modalities

that permit this free movement of electrons are 
referred to as    conductors   .    Conductance    is a term 
that defines the ease with which current flows along 
a conducting medium and is measured in units 
called siemans. Metals (copper, gold, silver, alumi-
num) are good conductors of electricity, as are elec-
trolyte solutions, because both are composed of large 
numbers of free electrons that are given up readily. 
Thus, materials that offer little opposition to current 
flow are good conductors. Materials that resist cur-
rent flow are called    insulators   . Insulators contain 
relatively fewer free electrons and thus offer greater 
resistance to electron flow. Air, wood, and glass are 
all considered insulators. The number of amperes 
flowing in a given conductor is dependent both on 
the voltage applied and on the conduction charac-
teristics of the material.  141   

   The opposition to electron flow in a conducting 
material is referred to as    resistance    or    electrical 
impedance    and is measured in a unit known as an 
   ohm   . Thus, an electrical circuit that has high resis-
tance (ohms) will have less flow (amperes) than a 
circuit with less resistance and the same voltage.  12   

   The mathematical relationship between cur-
rent flow, voltage, and resistance is demonstrated in 
the following formula: 

Current flow =
  voltage
resistence

   This formula is the mathematical expression of 
   Ohm’s law   , which states that the current in an 
electrical circuit is directly proportional to the volt-
age and inversely proportional to the resistance.  167   

   An analogy comparing the movement of water 
with the movement of electricity may help to clarify 
this relationship between current flow, voltage, and 
resistance ( Table 5–1 ). In order for water to flow, 
some type of pump must create a force to produce 
movement. Likewise, the volt is the pump that pro-
duces the electron flow. The resistance to water flow 
is dependent on the length, diameter, and smooth-
ness of the water pipe. The resistance to electrical 
flow depends on the characteristics of the conduc-
tor. The amount of water flowing is measured in gal-
lons, whereas the amount of electricity flowing is 
measured in amperes.    

    The amount of energy produced by flowing 
water is determined by two factors: (1) the number 
of gallons flowing per unit of time; and (2) the pres-
sure created in the pipe. Electrical energy or power 
is a product of the voltage or electromotive force and 
the amount of current flowing. Electrical power is 
measured in a unit called a    watt   . 

 Watt = volts × amperes 

   Simply, the watt indicates the rate at which 
electrical power is being used. A watt is defined as 
the electrical power needed to produce a current 
flow of 1 A at a pressure of 1 V.    

conductors Materials that permit the free move-
ment of electrons.

conductance The ease with which a current flows 
along a conducting medium.

insulators Materials that resist current flow.

resistance The opposition to electron flow in a con-
ducting material.

electrical impedance The opposition to electron 
flow in a conducting material.

ohm A unit of measure that indicates resistance to 
current flow.

Ohm’s law The current in an electrical circuit 
is directly proportional to the voltage and inversely 
proportional to the resistance.

watt A measure of electrical power (watt = volt × 
ampere).

 TABLE 5–1  Electron Flow as Analogous to 
Water Flow

ELECTRON FLOW  WATER FLOW

Volt  = Pump 
Ampere = Gallon 
Ohm (property of  =  Resistance (length
  conductor)   and distance of pipe)
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     ELECTROTHERAPEUTIC 
CURRENTS  

 Electrotherapeutic devices generate three different 
types of current that, when introduced into biologic 
tissue, are capable of producing specific physiologic 
changes. These three types of current are referred 
to as biphasic or alternating (AC), monophasic or 
direct (DC), or pulsatile (PC). 

      Monophasic or direct current   , also referred to 
in some texts as galvanic current, has an uninterrupted 
unidirectional flow of electrons toward the positive 
pole ( Figure 5–2a ). On most modern direct current 
devices, the polarity and thus the direction of current 
flow can be reversed.  3   Some generators have the capa-
bility of automatically reversing polarity, in which case 
the physiologic effects will be similar to AC current.  137   

       In a    biphasic or alternating current   , the con-
tinuous flow of electrons is bidirectional, constantly 
changing direction or, stated differently, reversing its 
polarity. Electrons flowing in an alternating current 
always move from the negative to positive pole, revers-
ing direction when polarity is reversed ( Figure 5–2b ). 

      Pulsatile currents    usually contain three or 
more pulses grouped together and may be undirec-
tional or bidirectional ( Figure 5–2c ). These groups 
of pulses are interrupted for short periods of time 

■ Analogy 5–2

The flow of electrical current along some conducting 
medium is similar to the flow of water in a pipe. For 
water to flow, some type of pump must create a force to 
produce water movement (the volt is the pump that 
produces the electron flow). The resistance to water 
flow is dependent on the length, diameter, and smooth-
ness of the water pipe. The resistance to electrical flow 
depends on the characteristics of the conductor. The 
amount of water flowing is measured in gallons, while 
the amount of electricity flowing is measured in 
amperes. The amount of energy produced by flowing 
water is determined by two factors: (1) the number of 
gallons flowing per unit of time and (2) the pressure 
created in the pipe. The electrical energy or wattage 
produced is a function of amperage times voltage.

Monophasic
Direct (DC)

Biphasic 
Alternating (AC)

Pulsatile (PC)

+

0

(a)

(b)

(c)

–

+

0

–

+

0

–

Figure 5–2 (a) Monophasic current or direct (DC). 
(b) Biphasic current or alternating (AC). (c) Pulsatile 
current (PC).

alternating current Current that periodically 
changes its polarity or direction of flow.

biphasic current Another name for alternating 
current, in which the direction of current flow re-
verses direction.

direct current Galvanic current that always flows 
in the same direction and may flow in either a positive 
or negative direction.

monophasic current Another name for direct cur-
rent, in which the direction of current flow remains 
the same.

pulsatile currents Contain three or more pulses 
grouped together and can be unidirectional or 
bidirectional.

Types of Electrical Current

• Biphasic or Alternating (AC)
• Monophasic or Direct (DC)
• Pulsatile (PC)
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and repeat themselves at regular intervals. Pulsatile 
currents are used in interferential and so-called 
Russian currents.  5  ,  43   

    GENERATORS OF 
ELECTROTHERAPEUTIC 
CURRENTS  

 A great deal of confusion has developed relative to 
the terminology used to describe electrotherapeutic 
currents.  74   Basically, all therapeutic electrical gen-
erators, regardless of whether they deliver biphasic, 
monophasic, or pulsatile currents through electrodes 
attached to the skin, are    transcutaneous electrical 
stimulators   . The majority of these are used to stim-
ulate peripheral nerves and are correctly called 
   transcutaneous electrical nerve stimulators 
(TENS)   . Occasionally, the terms    neuromuscular 
electrical stimulator (NMES)    or electrical muscle 
stimulator (EMS) are used; however, these terms are 
only appropriate when the electrical current is being 
used to stimulate muscle directly, as would be the 
case with denervated muscle where peripheral 
nerves are not functioning. A    microcurrent 
electrical nerve stimulator (MENS)    uses current 
intensities too small to excite peripheral nerves. 
   Low-intensity stimulator (LIS)    is a term that has 
also been used to refer to    MENS   .  5  ,  114  ,  130   Currently 
MENS  and LIS are most often referred to simply as 
   microcurrent   . 

   There is no relationship between the type of 
current the generator delivers to the patient and the 
type of current the generator uses as a power source 
(i.e., a wall outlet or battery). Generators that 
produce electrotherapeutic currents may be driven 

by either alternating or direct currents. Devices that 
plug into the standard electrical wall outlet use 
alternating current. The commercially produced 
alternating current changes its direction of flow 120 
times per second. In other words, there are 60 com-
plete cycles per second. The number of cycles occur-
ring in 1 second is called    frequency    and is indicated 
in hertz (Hz), pulses per second (pps), or cycles per 

transcutaneous electrical stimulator All thera-
peutic electrical generators regardless of whether they 
deliver biphasic, monophasic, or pulsatile currents 
through electrodes attached to the skin.

transcutaneous electrical nerve stimulator 
(TENS) A transcutaneous electrical stimulator 
used to stimulate peripheral nerves.

neuromuscular electrical stimulator (NMES) 
Also called an electrical muscle stimulator 
(EMS), it is used to stimulate muscle directly, as 
would be the case with denervated muscle where 
peripheral nerves are not functioning.

microcurrent electrical nerve stimulator 
(MENS) Used primarily in tissue healing, the 
current intensities too small to excite periph-
eral nerves.

low-intensity stimulator (LIS) Another more 
current term for MENS.

microcurrent The term most commonly used 
to refer to MENS or LIS.

frequency The number of cycles or pulses per 
second.

  Clinical Decision-Making Exercise 5–1

An athletic training student asks the clinical 
instructor the difference between a TENS unit and 
an NMES unit. How should the clinical instructor 
respond?

  Clinical Decision-Making Exercise 5–2

An injured lacrosse player has a strain of the right 
quadriceps muscle group. The athletic trainer has 
decided to use a high-volt electrical stimulator 
to induce a muscle contraction and is explaining 
how the electricity will do this when the athlete 
becomes fearful that there will be an electric shock. 
What should the athletic trainer explain about 
using electrical current to reassure the patient?
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  109

second (cps). The voltage of electromotive force pro-
ducing this alternating directional flow of electrons 
is set at a standard 115 or 220 V. Thus, commercial 
alternating current is produced at 60 Hz with a cor-
responding voltage of either 115 or 220 V.  

    Other electrotherapeutic devices are driven by 
batteries that always produce direct current, rang-
ing between 1.5 and 9 V, although the devices 
driven by batteries may, in turn, produce modified 
types of current. 

    WAVEFORMS  

 The term    waveform    indicates a graphic representa-
tion of the shape, direction,    amplitude   ,    duration   , 
and pulse frequency of the electrical current the 
electrotherapeutic device produces, as displayed by 
an instrument called an oscilloscope. 

  Waveform Shape 

 Electrical currents may take on a  sinusoidal ,  rectan-
gular ,  square , or  spiked  waveform configuration, 
depending on the capabilities of the generator pro-
ducing the current ( Figure 5–3 ). Biphasic, mono-
phasic, and pulsatile currents may take on any of 
the waveform shapes. 

       Pulses versus Phases and Direction 
of Current Flow 

 On an oscilloscope, an individual waveform is re-
ferred to as a    pulse   . A pulse may contain one or 
more    phases   , which is that portion of the pulse that 
rises in one direction either above or below the base-
line for some period of time. Thus, direct current is 
unidirectional and is referred to as  monophasic  cur-
rent. It produces waveforms that have only a single 

waveform The shape of an electrical current 
as displayed on an oscilloscope.

amplitude The intensity of current flow as 
indicated by the height of the waveform from 
baseline.

duration Sometimes also referred to as pulse 
width. Indicates the length of time the current is 
flowing.

pulse An individual waveform.

phases That portion of the pulse that rises above or 
below the baseline for some period of time.

cycle Applies to biphasic current.

pulse and phase, which are the same ( Figure 5–4a ). 
Because current flow is unidirectional, it always 
flows in the same direction toward either the posi-
tive or negative pole. With direct current the terms 
pulse duration and phase duration only indicate the 
length of time that current is flowing. 

  Conversely, alternating current, referred to as 
 biphasic current , produces waveforms that have two 
separate phases during each individual cycle. ( Cycle  
applies to biphasic current, whereas  pulse  applies to 
monophasic current.) Current flow is bidirectional, 
reversing direction or polarity once during each 
cycle. Biphasic waveforms may be symmetrical or 
asymmetrical.  43   A biphasic symmetric waveform 
has the same shape and size for each phase in both 
directions (Figure 5–4b). In contrast, a biphasic 
asymmetric waveform has different shapes for each 
phase ( Figure 5–5a ). Asymmetric waveforms can be 
either balanced or unbalanced. If the phases are bal-
anced, the net charge in each direction is equal. If 
the phases are unbalanced, one phase has a greater 
net charge than the other and some movement of 
ions will occur (Figure 5–5b).

  Clinical Decision-Making Exercise 5–3

How can the athletic trainer make adjustments 
in the electrode placement to increase the current 
density in the deeper tissues?

Waveform Shapes

• Sinusoidal
• Rectangular
• Square
• Spiked
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110  PART THREE  Electrical Energy Modalities

Figure 5–3 Waveforms  of monophasic, biphasic, or pulsatile current may be either sine, rectangular, square, or 
spiked in shape.
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       Pulsatile current waveforms are representative 
of electrical current that is conducted as a series of 
pulses of short duration (msec) and may be either 
monophasic or biphasic. The time that each pulse 
lasts is called the phase duration. Sometimes single 
pulses may be interrupted by an    interphase 
interval   . Pulse duration is the sum of all phases 

plus the interphase interval. With pulsatile currents 
there is always a short period of time when current 
is not flowing between the two phases called the 
   interpulse interval    (Figure 5–4c).  

   Pulse Amplitude.   The amplitude of each 
pulse reflects the intensity of the current, the maxi-
mum amplitude being the tip or highest point of 
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  111

  Clinical Decision-Making Exercise 5–4

The athletic trainer is interested in producing 
a tetanic muscle contraction. What treatment 
parameter can be adjusted to produce this type 
of contraction?

each phase (see Figure 5–4). Amplitude is measured 
in amperes, microamps (µA), or milliamps (mA). 
The term  amplitude  is synonymous with the terms 
 voltage  and  current intensity . Voltage is measured in 
volts, microvolts (µV), or millivolts (mV). The higher 
the amplitude, the greater the peak voltage or inten-
sity. However, the peak amplitude should not be 
confused with the total amount of current being 
delivered to the tissues. 

 On electrical generators that produce short-
duration pulses, the total current produced (c/sec) is 
low compared to peak current amplitudes owing to 
long interpulse intervals that have current 
amplitudes of zero. Thus, the  total current  (average), 
or the amount of current flowing per unit of time, is 
relatively low, ranging from as low as 2 to as high as 
100 mA in some interferential currents. Total 

Figure 5–5 Asymmetric waveforms. (a) Balanced 
asymmetrical current. (b) Unbalanced asymmetrical current. 

Figure 5–4 Characteristics of (a) monophasic current, 
(b) biphasic current, and (c) pulsatile current. 
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interphase interval The interruptions between 
individual pulses or groups of pulses.

interpulse interval The period of time between 
individual pulses.

pre45195_ch05_103-165.indd Page 111  4/30/08  6:56:45 PM epgpre45195_ch05_103-165.indd Page 111  4/30/08  6:56:45 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-05/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-05



112  PART THREE  Electrical Energy Modalities

current can be increased by either increasing pulse 
duration or increasing pulse frequency or by some 
combination of the two ( Figure 5–6 ). 

           Pulse Charge.   The term    pulse charge    refers 
to the total amount of electricity being delivered to the 
patient during each pulse (measured in coulomb or 
microcoulomb). With monophasic current, the phase 
charge and the pulse charge are the same and always 
greater than zero. With biphasic current, the pulse 
charge is equal to the sum of the phase charges. If the 
pulse is symmetric, the net pulse charge is zero. In 
asymmetric pulses the net pulse charge is greater than 
zero, which is a monophasic current by definition.  5                 

 Pulse Rate of Rise and Decay Times.   The 
   rate of rise    in amplitude, or the rise time, refers to 
how quickly the pulse reaches its maximum ampli-
tude in each phase. Conversely,    decay time    refers 
to the time in which a pulse goes from peak ampli-
tude to 0 V. The rate of rise is important physiologi-
cally because of the    accommodation    phenomenon, 
in which a fiber that has been subjected to a con-
stant level of depolarization will become unexcitable 

at that same intensity or amplitude. Rate of rise and 
decay times are generally short, ranging from nano-
seconds (billionths of a second) to milliseconds 
(thousandths of a second) (see Figure 5–3). 

 Amplitude = voltage = current intensity           

 By observing the different waveforms, it is 
apparent that the sine wave has a gradual increase 
and decrease in amplitude for biphasic, monopha-
sic, and pulsatile currents (see Figure 5–3a–c). The 
rectangular wave has an almost instantaneous 
increase in amplitude, which plateaus for a period of 
time and then abruptly falls off (see Figure 5–3d–f). 
The spiked wave has a rapid increase and decrease 
in amplitude (see Figure 5–3g–i). The shape of these 
waveforms as they reach their maximum amplitude 
or intensity is directly related to the excitability of 
nervous tissue. The more rapid the increase in 
amplitude or the rate of rise, the greater the cur-
rent’s ability to excite nervous tissue. 

 Many high-volt monophasic currents make use 
of a twin peak spiked pulse of very short duration 
(170 µsec) and peak amplitudes as high as 500 V 
( Figure 5–7 ). Combining a high peak intensity with 
a short phase duration produces a very comfortable 
type of current as well as an effective means of stim-
ulating sensory, motor, and pain fibers.  163   
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Figure 5–7 Most DC generators produce a twin peak 
spiked pulse of short duration and high amplitude.

pulse charge The total amount of electricity being 
delivered to the patient during each pulse.

rate of rise How quickly a waveform reaches its 
maximum amplitude.

decay time The time required for a waveform to go 
from peak amplitude to 0 V.

accommodation Adaptation by the sensory recep-
tors to various stimuli over an extended period of time.

Peak current

Average current

+

0

–
Figure 5–6 Average current is low compared to peak 
current amplitudes due to long interpulse intervals.
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  113

       Pulse Duration.   The    duration    of each pulse 
indicates the length of time current is flowing in one 
cycle. With monophasic current, the phase duration 
is the same as the pulse duration and is the time from 
initiation of the phase to its end. With biphasic cur-
rent, the pulse duration is determined by the com-
bined phase durations. In some electrotherapeutic 
devices, the duration is preset by the manufacturer. 
Other devices have the capability of changing 
duration. The phase duration may be as short as a 
few microseconds or may be a long-duration direct 
current that flows for several minutes. 

 With pulsatile currents, and in some instances 
with biphasic and monophasic currents, the current 
flow is off for a period of time. The combined time of 
the pulse duration and the interpulse interval is 
referred to as the    pulse period    (see Figure 5–4).             

 Pulse Frequency.   Pulse frequency indicates 
the number of pulses or cycles per second. Each indi-
vidual pulse represents a rise and fall in amplitude. 
As the frequency of any waveform is increased, the 
amplitude tends to increase and decrease more 
rapidly. The muscular and nervous system responses 
depend on the length of time between pulses and on 
how the pulses or waveforms are modulated.  115   
Muscle responds with individual twitch contrac-
tions to pulse rates of less than 50 pps. At 50 pps or 
greater, a tetanic contraction will result, regardless 
of whether the current is biphasic, monophasic, or 
polyphasic. 

 Currents have been clinically labeled as either 
low-, medium-, or high-frequency, and a great deal 
of misunderstanding exists over how these fre-
quency ranges are classified.  5   Generally, all stimu-
lating currents are low-frequency and deliver 
between one and several hundred pulses per second. 
Recently, a number of so-called medium-frequency 
currents have been developed that have frequencies 
of 2500 to as high as 10,000 pps. However, these 

Current Modulation

• Continuous
• Burst
• Beat
• Ramping

duration Sometimes also referred to as pulse width. 
Indicates the length of time the current is flowing.

pulse period The combined time of the pulse dura-
tion and the interpulse interval. 

so-called medium-frequency pulses are in reality 
groups of pulses combined as bursts that range in 
frequency from 1 to 200 pps. These modulated 
bursts are capable of producing a physiologically 
effective frequency of stimulation only in this 1 to 
200 pps range owing to the limitations of the abso-
lute refractory period of nerve cell membranes. 
Therefore, many of the claims of equipment manu-
facturers relative to medium-frequency currents are 
inaccurate.  5      

 Current Modulation 

 The physiologic responses to the various waveforms 
depend to a large extent on current modulation. 
   Modulation    refers to any alteration in the ampli-
tude, duration, or frequency of the current during a 
series of pulses or cycles. 

  Continuous Current.   With continuous 
current the amplitude of current flow remains the 
same for several seconds or perhaps minutes. Con-
tinuous current is usually associated with long 
pulse duration monophasic current ( Figure 5–8a ). 
With monophasic current, flow is always in a 
uniform direction. In the discussion of physiologic 
responses to electrical currents, it was indicated 
that positive and negative ions are attracted 
toward poles or, in this case, electrodes of opposite 
polarity. This accumulation of charged ions over a 
period of time creates either an acidic or alkaline 
environment that may be of therapeutic value. 
This therapeutic technique has been referred 

modulation Refers to any alteration in the magni-
tude or any variation in the duration of an electrical 
current.
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114  PART THREE  Electrical Energy Modalities

to as    medical galvanism   . The technique of 
   iontophoresis    also uses continuous monophasic 
current to transport ions into the tissues (see 
Chapter 6). If the amplitude is great enough to 
produce a muscle contraction, the contraction will 
occur only when the current flow is turned on or 
off. Thus, with direct continuous current, a muscle 
contraction will occur both when the current is 
turned on and when it is turned off. 

   Burst Modulation.   Burst modulation occurs 
when pulsatile or biphasic current flows for a short 
duration (milliseconds) and then is turned off for a 

short time (milliseconds) in a repetitive cycle (Fig-
ure 5–8b and c). With pulsatile currents, sets of pulses 
are combined. These combined pulses are most com-
monly referred to in the literature as    bursts   , but they 
have also been called  packets ,  envelopes , or  pulse 
trains .  105   The interruptions between individual bursts 
are called    interburst intervals   . The interburst 
interval is much too short to have any effect on a 
muscle contraction. Thus, the physiologic effects of a 
burst of pulses will be the same as with a single pulse.  5   
Some machines allow the athletic trainer to change 
the burst duration and/or the interburst interval.                     

 Beat Modulation.   A beat modulation will be 
produced when two interfering biphasic current 
waveforms with differing frequencies are delivered 
to two separate pairs of electrodes through separate 
channels within the same generator (see Figure 5–33). 
The two pairs of electrodes are set up in a criss-
crossed or cloverleaf-like pattern so that the circuits 
interfere with one another. This interference pat-
tern produces a beat frequency equal to the differ-
ence in frequency between the two biphasic current 
frequencies. As an example, one circuit may have a 
fixed frequency of 4000 Hz, while the other is set at 
a frequency of 4100 Hz, thus creating a beat fre-
quency of 100 beats per second. This type of beat-
modulated alternating current is referred to as 
 interferential current  and/or  premodulated interferential  
and will be discussed later in this chapter.   

 Ramping Modulation.   In    ramping    modu-
lation, also called surging modulation, current 
amplitude will increase or ramp up gradually to 

medical galvanism Creates either an acidic or 
alkaline environment that may be of therapeutic 
value.

iontophoresis Uses continuous direct current to 
drive ions into the tissues.

bursts A combined set of three or more pulses; also 
referred to as packets or envelopes.

interburst intervals Interruptions between indi-
vidual bursts.

ramping Another name for surging modulation, in 
which the current builds gradually to some maximum 
amplitude.

Figure 5–8 Current may be modulated using 
(a) continuous current, (b) burst modulated alternating 
current, (c) burst modulated pulsatile current, and 
(d) ramp-up and ramp-down modulation. 
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  115

extremely complex. However, all electrical circuits 
have several basic components. There is a power 
source, which is capable of producing voltage. There 
is some type of conducting medium or pathway that 
current travels along and that carries the flowing 
electrons. Finally, there is some component or group 
of components that is driven by this flowing current. 
These driven elements provide resistance to electri-
cal flow.  31    

 Series and Parallel Circuits 

 The components that provide resistance to current 
flow may be connected to one another in one of two 
different patterns, a    series circuit    or a    parallel 
circuit   . The main difference between these two is 
that in a series circuit there is only one path for cur-
rent to get from one terminal to another. In a paral-
lel circuit, two or more routes exist for current to 
pass between the two terminals. 

   In a series circuit the components are placed 
end to end ( Figure 5–9 ). The number of amperes of 
an electrical current flowing through a series circuit 
is exactly the same at any point in that circuit. The 
resistance to current flow in this total circuit is equal 
to the resistance of all the components in the circuit 
added together. 

  R T  = R 1  + R 2  + R 3         

Electrical energy is required to force the current 
through the resistor, and this energy is dissipated in 
the form of heat. Consequently, there is a decrease 

some preset maximum and may also decrease or 
ramp down in intensity (Figure 5–8d). Ramp-up 
time is usually preset at about one-third of the on 
time. The ramp-down option is not available on all 
machines. Most modern stimulators allow the 
athletic trainer to set the on and off times between 
1 and 10 seconds. Ramping modulation is used clin-
ically to elicit muscle contraction and is generally 
considered to be a very comfortable type of current 
since it allows for a gradual increase in the intensity 
of a muscle contraction.  

       ELECTRICAL CIRCUITS  

 The path of current from a generating power source 
through various components back to the generating 
source is called an electrical    circuit   .  20   In a closed 
circuit, electrons are flowing, and in an open circuit, 
the current flow ceases. Electronic circuits are not 
ordinarily composed of single elements; they often 
encompass several branches or components with 
different resistances. The current in each branch 
may be easily calculated if the individual resistances 
are known and if the amount of voltage applied to 
the circuit is also known.  31   

               We all know that with the development of the 
microelectronics industry, electrical circuits can be 

  Clinical Decision-Making Exercise 5–5

The athletic trainer wants to elicit both a muscle 
contraction and produce ion movement 
simultaneously within the same treatment. What 
type of current modulation will allow this to 
happen?

circuit The path of current from a generating 
source through the various components back to the 
generating source.

series circuit A circuit in which there is only one 
path for current to get from one terminal to another.

parallel circuit A circuit in which two or more 
routes exist for current to pass between the two 
terminals.

R1

VD1 VD2 VD3

Total voltage = VD1 + VD2 + VD3

Total resistance = R1 + R2 + R3

R2

+ –
Power source

Voltage

R3

Figure 5–9 In a series circuit, the component resistors 
are placed end to end. The total resistance to current flow 
is equal to the resistance of all the components added 
together. There is a voltage decrease at each component 
such that the sum of the voltage decreases is equal to the 
total voltage.
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116  PART THREE  Electrical Energy Modalities

in voltage at each component such that the total 
voltage at the beginning of the circuit is equal to the 
sum of the voltage decreases at each component.  

V T  = VD 1  + VD 2  + VD 3  

   In a parallel circuit, the component resistors 
are placed side by side and the ends are connected 
( Figure 5–10 ). Each of the resistors in a parallel cir-
cuit receives the same voltage. 

     The current passing through each component 
depends on its resistance. Therefore, the total volt-
age will be exactly the same as the voltage at each 
component. 

   V T  = V 1  = V 2  = V 3  

   Each additional resistance added to a parallel circuit 
in effect decreases the total resistance. Adding an 
alternative pathway, regardless of its resistance to 

current flow, improves the ability of the current to get 
from one point to another. The current will, in gen-
eral, choose the pathway that offers the least resis-
tance. The formula for determining total resistance in 
a parallel circuit according to Ohm’s law is: 

1
RT

=
1

R1
+

1
R2

+
1

R3

   Thus, component resistors connected in a series 
circuit have a higher resistance and lower current 
flow, and resistors in a parallel circuit have a lower 
resistance and a higher current flow. 

   The electrical stimulating units, in general, make 
use of some combination of both series and parallel 
circuits.  64   For example, to elicit a muscle contraction, 
the electrodes from an electrical stimulating unit are 
placed on the skin ( Figure 5–11 ). The current from 
those electrodes must pass directly through the skin 
and fat. The total resistance to current flow seen by 
the electrical stimulating unit is equal to the com-
bined resistances at each electrode. This passage of 
current through the skin is basically a series circuit. 

       After the current passes through the skin and fat, 
it comes in contact with a number of different types of 
biologic tissues (bone, connective tissue, blood, mus-
cle). The current has several different pathways 
through which it may reach the muscle to be stimu-
lated. The total current traveling through these tissues 
is the sum of the currents in each different type of 
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Figure 5–11 The electrical circuit that exists when 
electrons flow through human tissue is in reality a 
combination of a series and parallel circuit.

Figure 5–10 In a parallel circuit, the component 
resistors are placed side by side and the ends are connected. 
The current flow in each of the pathways is inversely 
proportional to the resistance of the pathway. The total 
voltage is the sum of the voltages at each component. 
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Total voltage = V1 = V2 = V3
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1 1
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■ Analogy 5–3

Series and parallel electrical circuits would be like 
obstacle courses set up for training military personnel. 
In one type of course (series circuit), the obstacles (com-
ponent resistors) are set up end to end so that the soldier 
must go over or through each obstacle to complete the 
course. In the second type (parallel circuit), obstacles 
are set up side by side, and the soldier must choose the 
obstacle that is the easiest (that offers the least resis-
tance) so that he or she can finish the course quickly.
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  117

tissue, and because there are additional tissues through 
which current may travel, the total resistance is effec-
tively reduced. Thus, in this typical application of a 
therapeutic modality, both parallel and series circuits 
are used to produce the desired physiologic effect.   

 Current Flow through Biologic Tissues 

 As stated previously, electrical current tends to 
choose the path that offers the least resistance to flow 
or, stated differently, the material that is the best 
conductor.  163   The conductivity of the different types 
of tissue in the body is variable. Typically, tissue that 
is highest in water content and consequently highest 
in ion content is the best conductor of electricity. 

   The skin has different layers that vary in water 
content, but generally the skin offers the primary 
resistance to current flow and is considered an insu-
lator. Skin preparation for the purpose of reducing 
electrical impedance is of primary concern with 
electrodiagnostic apparatus, but it is also important 
with electrotherapeutic devices. The greater the 
impedance of the skin, the higher the voltage of the 
electrical current must be to stimulate underlying 
nerve and muscle. Chemical changes in the skin can 
make it more resistant to certain types of current. 
Thus, skin impedance is generally higher with direct 
current than with biphasic current.  86   

   Blood is a biologic tissue that is composed largely 
of water and ions and is consequently the best electri-
cal conductor of all tissues. Muscle is composed of 
about 75% water and depends on the movement of 
ions for contraction. Muscle tends to propagate an 
electrical impulse much more effectively in a longitu-
dinal direction than transversely. Muscle tendons are 
considerably more dense than muscle, contain rela-
tively little water, and are considered poor conduc-
tors. Fat contains only about 14% water and is thought 
to be a poor conductor. Peripheral nerve conductivity 
is approximately six times that of muscle. However, 
the nerve generally is surrounded by fat and a fibrous 
sheath, both of which are considered to be poor con-
ductors. Bone is extremely dense, contains only about 
5% water, and is considered to be the poorest biologic 
conductor of electrical current. It is essential for the 

athletic trainer to understand that many biologic 
 tissues will be stimulated by an electrical current. 
Selecting the appropriate treatment parameters is crit-
ical if the desired tissue response is to be attained.  82      

  CHOOSING APPROPRIATE 
TREATMENT PARAMETERS  

 To make the treatment options very simple for the 
clinician, the equipment manufacturers have cre-
ated preset treatment protocols for each type of 
current. An athletic trainer may choose the preset 
protocols or can choose to manually alter a number 
of treatment parameters including frequency, inten-
sity, duration, and polarity. They must also choose 
the size and placement location of the electrodes.  

 Frequency 

 To understand electrically stimulated muscle contrac-
tions, we must think in terms of multiple stimuli rather 
than a simple direct current response. The motor 
nerves are not stimulated by a steady flow of direct 
current. The nerve repolarizes under the influence of 
the current and will not depolarize again until a sud-
den change in current intensity occurs. If continuous 
monophasic current were the only current mode 
available, we would get a muscle contraction only 
when the current intensity rose to a stimulus thresh-
old. Once the membrane repolarized, another change 
in the current intensity would be needed to force an-
other depolarization and contraction ( Figure 5–12 ). 

       Frequency indicates the numbers of impulses or 
cycles produced by an electrical stimulating device in 
one second and is referred to as cycles per second 
(CPS), pulses per second (pps), or Hertz (Hz). Frequency 
can determine the type of muscle contraction elicited. 
The amount of shortening of the muscle fiber and the 
amount of recovery allowed the muscle fiber are a 
function of the frequency. The mechanical shortening 
of the single muscle fiber response can be influenced 
by stimulating again as soon as the tissue membrane 
repolarizes. Only the membrane has the absolute 
refractory period; the contractile mechanism operates 
on a different timing sequence and is just beginning to 
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contract. When the muscle membrane receives a sec-
ond stimulus, the myofilaments are already overlap-
ping, and the second stimulus causes an increased 
mechanical shortening of the muscle fiber. This pro-
cess of superimposing one twitch contraction on 
another is called  summation of contractions . As the 
number of twitch contractions per second increases, 
single twitch responses cannot be distinguished, 
and    tetanization    of the muscle fiber is reached 
( Figure 5–13 ). The tension developed by a muscle 
fiber in tetany is much greater than the tension from 
a twitch contraction. This muscle fiber tetany is strictly 
a function of the frequency of the stimulating current; 
it is not dependent on the intensity of the current.  11  ,  117   

In general, a higher frequency can be used to produce 
an increase in muscle tension due to the summative 
effects, while a lower frequency is more often used for 
muscle pumping and edema reduction. 

   Intensity 

 Increasing the intensity of the electrical stimulus 
causes the current to reach deeper into the tissue. 
Depolarization of additional nerve fibers is accom-
plished by two methods: higher threshold fibers 
within the range of the stimulus are depolarized by 
the higher intensity stimulus and fibers with the 
same threshold but deeper in the structure are depo-
larized by the deeper spread of the current. High-volt 
currents are capable of deeper penetration into the 

tissue than low-volt currents and may be desirable 
when stimulating deep muscle tissue. This is one of 
the most significant differences between high- and 
low-volt currents.  2  ,  117     

 Duration 

 We also can stimulate more nerve fibers with the 
same intensity current by increasing the length of 
time (duration) that an adequate stimulus is avail-
able to depolarize the membranes. Greater numbers 
of nerve fibers then would react to the same intensity 
stimulus, because the current would be available for 
a longer period of time.  11  ,  77  ,  157   This method requires 
the use of a stimulator with an adjustable duration.   

 Polarity 

 With any electrical current, the electrode that has a 
greater number of electrons is called the  negative 
electrode  or the    cathode   . The other electrode has a 
relatively lower number of electrons and is called 
the  positive electrode  or the    anode   . The negative 

Figure 5–13 Summation of contractions and 
tetanization.
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Figure 5–12 Direct current influence on a motor unit.
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electrode attracts positive ions and the positive elec-
trode attracts negative ions and electrons. With bi-
phasic waves, these electrodes change polarity with 
each current cycle. 

   With a monophasic current, the athletic trainer 
can designate one electrode as the negative and one 
as the positive, and for the duration of the treatment 
the electrodes will provide that polar effect. The polar 
effect can be thought of in terms of three character-
istics: (1) chemical effects, (2) ease of excitation, and 
(3) direction of current flow.  9  ,  11  ,  104  ,  117  ,  126  ,  157   

   Chemical changes occur only with long dura-
tion continuous current. 

      Chemical Effects.   Changes in pH under each 
electrode, a reflex vasodilation, and the ability to 
facilitate movement of oppositely charged ions 
through the skin into the tissue (iontophoresis) are 
all thought of as chemical effects. A tissue-stimulating 
effect is ascribed to the negative electrode. To create 
these effects, longer pulse durations (>1 min) are 
required.  9  ,  59  ,  119  ,  126   The bacteriostatic effect is 
achieved at either the anode or cathode with inten-
sities in the 5–10 mA range, although at 1 mA or 
below the greatest bacteriostatic effect was found at 
the cathode.  68   Another study using treatment times 
exceeding 30 minutes found some bacteriostatic 
effect of high-voltage pulsed currents.  85          

Ease of Excitation of Excitable Tissue.   The 
polarity of the active electrode usually should be 
negative when the desired result is a muscle con-
traction because of the greater facility for membrane 
depolarization at the negative pole. However, cur-
rent density under the positive pole can be increased 
rapidly enough to create a depolarizing effect. Using 
the positive electrode as the active electrode is not 

as efficient, because it will require more current 
intensity to create an action potential. This may 
cause the patient to be less comfortable with the 
treatment. In treatment programs requiring muscle 
contraction or sensory nerve stimulation, patient 
comfort should dictate the choice of positive or 
negative polarity. Negative polarity usually is the 
most comfortable in this instance.  44  ,  117  ,  157     

 Direction of Current Flow.   In some treat-
ment schemes, the direction of current flow also is 
considered important. Generally speaking, the neg-
ative electrode is positioned distally and the positive 
electrode proximally. This arrangement tries to rep-
licate the naturally occurring pattern of electrical 
flow in the body.  9  ,  107   

 The direction of current flow could also influ-
ence shifting of the water content of the tissues and 
movement of colloids (fluid suspension of the intra-
cellular fluid). Neither of these phenomena is well 
documented or understood, and further study is 
needed before clinical treatments are designed 
around these concepts.  111  ,  129  ,  157   

 True polar effects can be substantiated when 
they occur close to the electrodes through which the 
current is entering the tissue. In laboratory situa-
tions in physics, polar effects occur in very close 
proximity to the electrode. To cause these effects, 
the current must flow through a medium. If the tis-
sue to be treated is centrally located between the 
two electrodes, results cannot be assigned to polar 
effects.  9  ,  75   Clinically, polar effects are an important 
consideration in iontophoresis, stimulating motor 
points or peripheral nerves, and in the biostimula-
tive effects on nonexcitatory cells.   

     Current Density.   The    current density    
(amount of current flow per cubic volume) at the 
nerve or muscle must be high enough to cause 

 

• Negative electrode = cathode
• Positive electrode = anode

 

• Muscle contraction = negative active 
electrode

 

• Cathode = distal
• Anode = proximal

current density Amount of current flow per 
cubic area.
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depolarization. The current density is highest 
where the electrodes meet the skin and diminishes 
as the electricity penetrates into the deeper tissues 
( Figure 5–14 ).  11  ,  157   If there is a large fat layer 
between the electrodes and the nerve, the electrical 
energy may not have a high enough density to 
cause depolarization ( Figure 5–15 ). 

 If the electrodes are spaced closely together, the 
area of highest-current density is relatively superficial 
( Figure 5–16a ). If the electrodes are spaced farther 
apart, the current density will be higher in the deeper 
tissues, including nerve and muscle ( Figure 5–16b ). 

   Electrode size will also change current density. As 
the size of one electrode relative to another is decreased, 
the current density beneath the smaller electrode is 
increased. The larger the electrode, the larger the area 
over which the current is spread, decreasing the cur-
rent density ( Figure 5–17 ).  2  ,  4  ,  11  ,  117  ,  157   

   Using a large (dispersive) electrode remote from 
the treatment area while placing a smaller (active) 
electrode as close as possible to the nerve or muscle 
motor point will give the greatest effect at the small 
electrode. The large electrode disperses the current 
over a large area; the small electrode concentrates the 
current in the area of the motor point (Figure 5–17). 

 Electrode size and placement are key elements 
the athletic trainer controls that will have great 

(+) (–) (+) (–)

(a) (b)

Figure 5–16 (a) Electrodes are very close together, producing a high-density current in the superficial tissues. 
(b) Increasing the distance between the electrodes increases the current density in deeper tissues.

(+) (–)
Skin

Fat

Nerve

Figure 5–15 Equal size electrodes spaced close 
together on body part with thick fat layers. Thus, the 
electrical current does not reach the nerve.

(+) (–)
Skin

Fat

Moderate current density

High current density

Low current densityNerve

Figure 5–14 Current density using equal size electrodes spaced close together.
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influence on results. High-current density close to 
the neural structure to be stimulated makes success 
more certain with the least amount of current. 
Electrode placement is probably one of the biggest 
causes of poor results from electrical therapy.  75     

 Electrode Placement.   Several guidelines 
will help the athletic trainer select the appropriate 
sites for electrode placement when using any of the 
treatment protocols aimed at the electrical stimula-
tion of sensory or motor nerves. Electrodes should be 
placed where the athletic trainer feels will be the 
most effective location and then moved in a trial-
and-error pattern until a specific treatment goal is 
achieved. The following patterns may be used:  

   1.   Electrodes may be placed on or around a 
painful area.  

   2.   Electrodes may be placed over specific der-
matomes, myotomes, or sclerotomes that 
correspond to the painful area.  

   3.   Electrodes may be placed close to the spinal 
cord segment that innervates a painful area.  

   4.   Peripheral nerves that innervate the painful 
area may be stimulated by placing electrodes 
over sites where the nerve becomes superfi-
cial and can be stimulated easily.  

   5.   Vascular structures contain neural tissue 
as well as ionic fluids that would transmit 
electrical stimulating currents and may be 
most easily stimulated by electrode place-
ment over superficial vascular structures.  

   6.   Electrodes may be placed over trigger 
point or acupuncture point locations.  151    

   7.   Electrodes should be placed over motor 
points of the muscle or at least over the 
muscle belly of the muscle in which you 
are trying to elicit a contraction.  

   8.   Both acupuncture and trigger points have 
been conveniently mapped out and illus-
trated. A reference on acupuncture and trig-
ger areas is included in Appendix A. The ath-
letic trainer should systematically attempt to 
stimulate the points listed as successful for 
certain areas and types of pain. If they are ef-
fective, the patient will have decreased pain. 
These points also can be identified using an 
ohm meter point locator to determine areas 
of decreased skin resistance.  

   9.   Combinations of any of the preceding sys-
tems and bilateral electrode placement also 
can be successful.  90  ,  91  ,  104  ,  162    

   10.   A    bipolar    application of electrodes uses 
electrodes of the same size in the same gen-
eral treatment area ( Figure 5–18a ). Since 
the size of the electrodes is the same, the 

Less current
density

Greater current
density

Figure 5–17 The greatest current density is under the 
small or active electrode.

Figure 5–18 Electrode setup: (a) bipolar, (b) monopolar, (c) quadripolar. 

 (a) (b) (c) 
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current density under each electrode is es-
sentially the same. Thus the physiologic 
effects under each electrode should be the 
same. However if one electrode is located 
over a motor point and the other is not, 
a muscle contraction may occur at lower 
current amplitude over the motor point. 

    11.   A    monopolar    application of electrodes 
uses one or more small active electrodes 
over a treatment area and a large disper-
sive electrode placed somewhere else on 
the body ( Figure 5–18b ). The higher cur-
rent density is under the smaller or active 
electrode, and thus a desired physiologic 
response will likely occur at the active 
 electrode.    

   12.   A    quadripolar    technique uses two sets of 
bipolar electrodes, each of which comes 
from a completely seperate channel on the 
electrical stimulator ( Figure 5–18c ).

     13.   Crossing patterns are used with interferen-
tial and premodulated interferential cur-
rents. They involve electrode application 
such that the electrical signals from each 
set of electrodes add together at some point 
in the body and the intensity accumulates. 
The electrodes are usually arranged in a 
crisscross pattern around the point to be 
stimulated (see  Figure 5–19 ). If you wish 
to stimulate a specific superficial area, the 
electrodes should be relatively close to-
gether. They should be located so the area 
to be treated is central to the location of the 
electrodes. If pain is poorly localized pain 
(for example, general shoulder pain) and 
seems to be deeper in the joint or muscle 
area, spread the electrodes farther apart to 
give more penetration to the current. 

     The athletic trainer should not be limited to any 
one system but should evaluate electrode placement 
for each patient. The effectiveness of sensory or 
motor stimulation is closely tied in with proper elec-
trode placement. As in all trial-and-error treatment 
approaches, a systematic, organized search is always 
better than a “shotgun,” hit-or-miss approach. 

  Clinical Decision-Making Exercise 5–6

An athletic trainer is using an electrical stimulator 
to induce a muscle contraction of the rectus 
femoris. The active electrode is placed over the 
motor point of the muscle and the dispersive 
electrode is placed under the leg. What changes 
in the setup of the electrodes and/or changes in 
current parameters can be made to reach the 
threshold of depolarization for this muscle?

Channel
I

Desired 
stimulation
area

Summation of
currents from
channels I and II

Channel
II

B1

B A1
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Figure 5–19 (a) Current flow is from A to A, and B 
to B. As the currents cross the area of stimulation, they 
summate in intensity. (b) Typical crossing pattern for 
electrodes.
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Numerous articles have identified some of the best 
locations for common clinical problems, and these 
may be used as a starting point for the first 
approach.  91   If the treatment is not achieving the 
desired results, the electrode placement should be 
reconsidered.     

 On/Off Time.   Most electrical generators allow 
the clinician the capability of setting the ratio of time 
the electrical current will be on and the time it will be 
off. The lower the ratio of on time to off time the less 
total current the patient will receive. On some gener-
ators this on/off time is referred to as the  duty cycle .     

 PHYSIOLOGIC RESPONSES 
TO ELECTRICAL CURRENT 

 Electricity has an effect on each cell and tissue that 
it passes through.  23  ,  135   The type and extent of the 
response are dependent on the type of tissue and its 
response characteristics (e.g., how it normally func-
tions or changes under normal stress) and the na-
ture of the current applied (current type, intensity, 
duration, voltage, and density). The tissue should 
respond to electrical energy in a manner similar to 
that in which it normally functions.  4   

   The effects of electrical current passing through 
the various tissues of the body may be thermal, 
chemical, or physiologic.  23   All electrical currents 
cause a rise in temperature in a conducting tissue.  17   
The tissues of the body possess varying degrees of 
resistance, and those of higher resistance should 
heat up more when electrical current passes 
through. As indicated previously, the electrical cur-
rents used for stimulation of nerve and muscle have 
a relatively low average current flow that produces 
minimal thermal effects. 

   Clinically, athletic trainers use electrical cur-
rents to produce either muscle contractions or mod-
ification of pain impulses through effects on the 
motor and sensory nerves. This function is depen-
dent to a great extent on selecting the appropriate 
treatment parameters based on the principles identi-
fied in this chapter.  17   

   Electrical currents are also used to produce 
chemical effects. Most biologic tissue contains 

negatively and positively charged ions. A direct cur-
rent flow will cause migration of these charged par-
ticles toward the pole of opposite polarity producing 
specific physiologic changes.  

 Direct and Indirect Physiologic Effects 

 These physiologic responses to electrical stimulating 
currents can be broken into direct and indirect ef-
fects. There is always a direct effect along the lines of 
current flow and under the electrodes. Indirect ef-
fects occur remote to the area of current flow and 
are usually the result of stimulating a natural phys-
iologic event to occur.  2  ,  30   

   If a certain effect is desired from stimulation, 
goals must be established to achieve the specific 
physiologic response as a goal of treatment. These 
responses can be grouped into two basic physiologic 
responses: excitatory and nonexcitatory. 

   The excitatory is the most obvious and the 
one that has been used the most often in the past 
in treating patients. In the clinical setting, we 
spend most of our time trying to get the excitatory 
response from the nerve cells. Patients perceive 
excitatory responses as electric sensation, muscle 
contraction, and electric pain. Physiologically, 
the nerves that affect these perceptions fire in that 
order as the stimulus intensity is increased gradu-
ally. Nerves have very little discriminatory ability. 
They can tell only if there is electricity in sufficient 
magnitude to cause a depolarization of the nerve 
membrane. They have very little regard for the 
different shape and polarities of waveforms. To 
the nerve cell, electricity is electricity. As in all 
things dealing with higher-level organisms, the 
range of responses to the same stimulus is wide, 
depending on the environmental and systemic 
factors. 

   All perception is a product of the brain’s activity 
of receiving the signal that a nerve has been stimu-
lated electrically. This further enlarges the broad 
range of systemic effects that occur in response to 
the electric stimulation. 

   Stimulation events will change the body’s per-
ception. As the strength of the current increases and/
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or the duration of the current increases, more nerve 
cells will fire. As the strength of the stimulus increases 
and these events occur, certain quality judgments 
about the electric stimuli are made. Is the current 
pleasant or unpleasant? Is the intensity of the stimu-
lus weak or strong? The broad range of individual 
responses to these quality judgments has a signifi-
cant impact on the beneficial effects of this therapy.   

 Nerve Responses to Electrical 
Currents 

 Nerves and muscles are both excitable tissues. This 
excitability is dependent on the cell membrane’s 
   voltage sensitive permeability   . The nerve or 
muscle cell membrane regulates the exchange of 
electrically charged ions between the inside of the 
cell and the environment outside the cell. This volt-
age sensitive permeability produces an unequal 
distribution of charged ions on each side of the 
membrane, which in turn creates a potential differ-
ence between the charge of the interior of the cell 
and the exterior of the cell. The membrane then is 
considered to be polarized. The potential difference 
between the inside and outside is known as the 
   resting potential   , because the cell tries to main-
tain this electrochemical gradient as its normal ho-
meostatic environment.  24   

   Both electrical and chemical gradients are estab-
lished along the cell membrane, with a greater con-
centration of diffusable positive ions on the outside of 
the membrane than on the inside. Using the continu-
ous activity of the sodium pumps in the nerve cell 
membrane, the nerve cell continually moves Na +  

from inside the cell to outside the cell membrane 
while voltage-activated potassium channels allow 
K +  to move into the cell. This maintains the larger 
concentration of K +  on the inside of the cell mem-
brane. The overall charge difference between the 
inside and the outside of the membrane creates an 
electrical gradient at its resting level of -70 to -90 mV 
( Figure 5–20 ). As Guyton explains, “The potential is 
proportional to the difference in tendency of the ions 
to diffuse in one direction versus the other direc-
tion.”  68   Two conditions are necessary for the mem-
brane potential to develop: (1) the membrane must 
be semipermeable, allowing ions of one charge to dif-
fuse through the pores more readily than ions of the 
opposite charge; and (2) the concentration of the dif-
fusable ions must be greater on one side of the 
membrane than on the other side.  24  ,  68   

     The resting membrane potential is generated 
because the cell is an ionic battery whose concentra-
tion of ions inside and outside the cell are main-
tained by regulatory Na + K +  pumps within the cell 
wall. In addition to the ability of the nerve and mus-
cle cell membranes to develop and maintain the 
resting potential, the membranes are excitable.  24  ,  68   
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Figure 5–20 Nerve cell membrane with active transport mechanisms maintaining the resting membrane potential.

voltage sensitive permeability The quality of some 
cell membranes that makes them permeable to different 
ions based on the electric charge of the ions. Nerve and 
muscle cell membranes allow negatively charged ions 
into the cell while actively transporting some positively 
charged ions outside the cell membrane.

resting potential The potential difference between 
the inside and outside of a membrane.
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action potential A recorded change in electrical 
potential between the inside and outside of a nerve 
cell, resulting in muscular contraction.

depolarization Process or act of neutralizing the 
cell membrane’s resting potential.

absolute refractory period Brief time period 
(0.5 µsec) following membrane depolarization during 
which the membrane is incapable of depolarizing again.

   To create transmission of an impulse in the 
nerve tissue, resting membrane potential must 
be reduced below a threshold level. Changes in the 
membrane’s permeability then may occur. These 
changes create an    action potential    that will prop-
agate the impulse along the nerve in both directions 
from the location of the stimulus. An action poten-
tial created by a stimulus from chemical, electrical, 
thermal, or mechanical means always creates the 
same result, membrane    depolarization   . 

                     Not all stimuli are effective in causing an action 
potential and depolarization. To be an effective 
agent, the stimulus must have an adequate inten-
sity and last long enough to equal or exceed the 
membrane’s basic threshold for excitation. The 
stimulus must alter the membrane so that a number 
of ions are pushed across the membrane, exceeding 
the ability of the active transport pumps to maintain 
the resting potentials. A stimulus of this magnitude 
forces the membrane to depolarize and results in an 
action potential.  68  ,  157   

 Depolarization.   As the charged ions move 
across the nerve fiber membranes beneath the anode 
and cathode, membrane depolarization occurs. The 
 cathode  usually is the site of depolarization ( Figure 5–
21a ). As the concentration of negatively charged ions 
increases, the membrane’s voltage potential becomes 
low and is brought toward its threshold for depolariza-
tion (Figure 5–21b). The anode makes the nerve cell 
membrane potential more positive, increasing the 
threshold necessary for depolarization (Figure 5–21c). 
The cathode in this example becomes the active elec-
trode; the anode becomes the indifferent electrode (dis-
persive). The anode and cathode may switch active 
and indifferent roles under other circumstances.  2  ,  11  ,  157   
The number of ions needed to exceed the membrane 

pump’s ability to maintain the normal membrane 
resting potential is tissue dependent. 

   Depolarization Propagation.   Following 
excitement and propagation of the impulse along 
the nerve fiber, there is a brief period during which 
the nerve fiber is incapable of reacting to a second 
stimulus. This is the    absolute refractory period   , 
which lasts about 0.5 µsec. Excitability is restored 
gradually as the nerve cell membrane repolarizes 
itself. The nerve then is capable of being stimulated 

 Analogy 5–4

The propagation of a nerve fiber depolarization 
impulse is similar to the movement of a wave in the 
ocean. A “wave” of polarity change on the inside of 
the cell membrane relative to the outside of the cell 
membrane moves along through the nerve. The differ-
ence is that the wave travels in both directions along 
the nerve fiber.

Off

+ + + + + +
+ + + + + + + + + + + + + + +
– – – – – – – – – – – – – – –

On

Pulse generator

Nerve fiber

(a)

– – – – – –
+ + + + + + + + + + + + + + +
– – – – – – – – – – – – – – –

Off

+ + + + + +
+ + + + + + – – – + + + + + +
– – – – – – – – – – – – – – –

On

Pulse generator

(b)

––
 + – + –  +  – + – + 
 – – – –  –  – – – – 

Off

+ + + + + +
+ + + + + + + + + + + + + + +
– – – – – – – – – – – – – – –

On

Pulse generator

Depolarization

(c)

– –

 + + + + + + +
– – – – – – –

Figure 5–21 Depolarization of nerve cell membrane.
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again. The maximum number of possible discharges 
of a nerve may reach 1000 per second, depending 
on fiber type.  10  ,  11  ,  68  ,  157       

 The difference in electrical potential between 
the depolarized region and the neighboring inactive 
region causes a small electric current to flow between 
the two regions. This forms a complete local circuit 
and makes the depolarization self-propagating as 
the process is repeated all along the fiber in each 
direction from the depolarization site. Energy 
released by the cell keeps the intensity of the impulse 
uniform as it travels down the cell.  10  ,  11  ,  68  ,  157   This 
process is illustrated in  Figure 5–22 . 

 Depolarization Effects.   As the nerve impulse 
reaches its effector organ, either another nerve cell 
or a muscle, the impulse is transferred between the 
two at a motor endplate or synapse. At this junction, 
a neurotransmitter substance is released from the 
nerve. If the effector organ is a muscle, this neu-
rotransmitter substance causes the adjacent excit-
able muscle to contract, resulting in a single twitch 
muscle contraction ( Figure 5–23 ).  11  ,  157   This con-
traction, initiated by an electrical stimulus, is the 
same as a twitch contraction coming from volun-
tary activity. 

 Strength-Duration Curve.   The  strength-
duration (SD) curve  is a graphic representation of the 
threshold for depolarization of a particular nerve 
fiber ( Figure 5–24 ). A sufficient amount of electrical 
current must be delivered to make a nerve depolar-
ize. As illustrated, there is a nonlinear relationship 
between current duration and current intensity, in 
which shorter-duration stimuli require increasing 
intensities to reach the threshold for depolarization 
of the nerve.    Rheobase    is a term that identifies the 
specific  intensity  of current necessary to cause an 

observable tissue response (i.e., a muscle contrac-
tion) given a long current duration.    Chronaxie    
identifies the specific length of time or  duration  
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Figure 5–23 Change of electrical impulse to 
transmitter substance at the motor endplate. When 
activated, the muscle cell membrane will depolarize and 
contraction will occur.
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Figure 5–24 Strength-duration curve.

rheobase The specific intensity of current neces-
sary to cause an observable tissue response  given a 
long current duration.

chronaxie The duration of time necessary to cause 
observable tissue excitation, given a current intensity 
of two times rheobasic current.
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Figure 5–22 Propagation of a nerve impulse.
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required for a current of twice the intensity of the 
rheobase to produce tissue excitation. 

 Different sizes and types of nerve fibers have dif-
ferent thresholds for depolarization and thus different 
strength-duration curves ( Figure 5–25 ). Aβ fibers 
require the least amount of electrical current to reach 
their threshold for depolarization followed by motor-
nerve fibers, Aδ fibers, and finally C fibers. The curves 
are basically symmetric, but the intensity of current 
necessary to reach the membrane’s threshold for exci-
tation differs for each type of nerve fiber.  68  ,  99  ,  157  ,  162   
By gradually increasing the current intensity and/or 
current duration, the first physical response would be 
a tingling sensation caused by depolarization of Aβ 
fibers, followed by a muscle contraction when motor-
nerve fibers depolarize, and finally a feeling of pain 
from depolarization of Aδ fibers and then C fibers. 

   Equipment manufacturers use the strength-
duration curves in choosing their preset pulse dura-
tions to be effective in depolarizing nerve fibers.  

 Muscular Responses to Electrical 
Current 

 To reemphasize, normally a muscle contracts in re-
sponse to depolarization of its motor nerve. Stimula-
tion of the motor nerve is the method used in most 
clinical applications of electrically stimulated mus-
cle contractions. However, in the absence of muscle 
innervation, it is possible for a muscle to contract by 
using an electrical current that causes the muscle 
membrane, rather than the motor nerve, to depolar-
ize. This will create the same muscle contraction as 
a natural stimulus. 

   The    all-or-none response    is another impor-
tant concept that is relevant when applying electri-
cal current to nerve or muscle tissue. Once a stimu-
lus reaches a depolarizing threshold, the nerve or 
muscle membrane depolarizes, and propagation of 
the impulse or muscle contraction occurs. This reac-
tion remains the same regardless of increases in the 
strength of the stimulus used. Either the stimulus 
causes depolarization—the all—or it does not cause 
depolarization—the none. There is no gradation of 
response; the response of the single nerve or muscle 
fiber is maximal or nonexistent.  11  ,  117  ,  157   This all-or-
none phenomenon does not mean that muscle fiber 
shortening and overall muscle activity cannot be 
influenced by changing the intensity, pulses per sec-
ond (pps), or duration of the stimulating current. 
Adjustments in current parameters can cause 
changes in the shortening of the muscle fiber and 
the overall muscle activity 

 Stimulation of Denervated Muscle.   Elec-
trical currents may be used to produce a muscle 
contraction in    denervated muscle   . A muscle that 
is denervated is one that has lost its peripheral 
nerve supply. The primary purpose for electrically 
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Figure 5–25 Strength duration curves Aβ sensory, 
motor, A∂ sensory, and pain nerve fibers. Durations of 
several electrical stimulators are indicated along the 
lower axis. Corresponding intensities would be necessary 
to create a depolarizing stimulus for any of the nerve 
fibers. Microcurrent intensity is so low that the nerve 
fibers will not depolarize. This current travels through 
other body tissues to create effects.

all-or-none response The depolarization of nerve 
or muscle membrane is the same once a depolarizing 
intensity threshold is reached; further increases in in-
tensity do not increase the response.

denervated muscle A muscle that does not have 
nerve innervation.
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stimulating denervated muscle is to help minimize 
the extent of atrophy during the period while 
the nerve is regenerating. Following denervation, 
the muscle fibers experience a number of progres-
sive anatomic, biochemical, and physiologic 
changes that lead to a decrease in the size of the 
individual muscle fibers and in the diameter and 
weight of the muscle. Consequently, the amount of 
tension that muscle can generate will decrease and 
the time required for the muscle to contract will 
increase.  28  ,  39   These degenerative changes progress 
until the muscle is reinnervated by axons regener-
ating across the site of the lesion. If reinnervation 
does not occur within 2 years, it is generally 
accepted that fibrous connective tissue will have 
replaced the contractile elements of the muscle and 
recovery of muscle function is not possible.  39       

 A review of the literature indicates that the 
majority of studies support the use of electrical stim-
ulation of denervated muscle. These studies gener-
ally indicate that muscle atrophy can be retarded, 
loss of both muscle mass and contractile strength 
can be minimized, and muscle fiber size can be main-
tained by the appropriate use of electrical stimula-
tion.  32  ,  67  ,  70   Electrically stimulated contractions of 
denervated muscle may limit edema and venous sta-
sis, thus delaying muscle fiber fibrosis and degenera-
tion.  39   However, there also seems to be general 
agreement that electrical stimulation has little or no 
effect on the rate of nerve regeneration or muscle 
reinnervation. 

 A few studies have suggested that electrical 
stimulation of denervated muscle actually may 
interfere with reinnervation, thus delaying func-
tional return.  98  ,  134   These studies propose that the 
muscle contraction disrupts the regenerating neu-
romuscular junction retarding reinnervation, and 

that electrical stimulation may traumatize dener-
vated muscle since it is more sensitive to trauma 
than normal muscle.  39  ,  79  ,  98   

Treatment Protocols: Denervated Muscle

1. A current with an asymmetric, biphasic 
waveform with a pulse duration less than 
1 msec may be used during the first 
2 weeks.88

2. After 2 weeks, either an interrupted 
square wave direct current, a progressive 
exponential wave direct current, each with a 
long pulse duration of greater than 10 msec, 
or a sine wave alternating current with a 
frequency lower than 10 Hz will produce 
a twitch contraction.39 The length of the 
pulse should be as short as possible but long 
enough to elicit a contraction.149 

3. The current waveform should have a 
pulse duration equal to or greater than the 
chronaxie of the denervated muscle. 

4. The amplitude of the current along with the 
pulse duration must be sufficient to stimulate 
a denervated muscle with a prolonged 
chronaxie while producing a moderately 
strong contraction of the muscle fibers. 

5. The pause between stimuli should be 1:4 or 
5 (15–40 mA) longer (about 3–6 seconds) 
than the stimulus duration to minimize 
fatigue.149 

6. Either a monopolar or bipolar electrode 
setup can be used with the small-diameter 
active electrode placed over the most 
electrically active point in the muscle. This 
may not be the motor point since the muscle 
is not normally innervated. 

7. Stimulation should begin immediately 
following denervation using three 
stimulation treatments per day involving 
three sets of between 5 and 20 repetitions 
that can be varied according to fatigability 
of the muscle.39 

8. The contraction needs to create muscle 
tension so joints may need to be fixed or 
isotonic contraction for end-range positions 
may be needed. 

  Clinical Decision-Making Exercise 5–7

An athletic trainer is using electrical stimulation 
for muscle strengthening following a hamstring 
muscle strain. What treatment parameters will 
likely be most effective in improving strength?
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 Biostimulative Effects of Electrical 
Current on Nonexcitatory Cells 

 Electrical stimulating currents can have an effect on 
the function of nonexcitatory cells, which will re-
spond to electric current in ways consistent with 
their cell type and tissue function. We have dis-
cussed how electrical currents cause depolarization 
of excitable cells that compose nerve tissue and mus-
cle tissue. Electrical stimulation of the appropriate 
frequency and amplitude may be able to activate the 
receptor site on nonexcitable cells and stimulate the 
same cellular changes as the naturally occurring 
chemical molecular stimulation. The cell functions 
by incorporating a multitude of chemical reactions 
into a living process. It is conceiveable that the ap-
propriate electrical signal could create more specific 
sites for enzymatic activity, thereby changing or 
stimulating cell function.  24   

   Cells seem responsive to steady direct current 
gradients. The cells move or grow toward one pole 
and away from the other. The electric field created 
by the monophasic current may help guide the heal-
ing process and the regenerative capabilities of 
injured or developing tissues.  24  ,  98   

   Cells also may respond to a particular frequency 
of current. The cell may be selectively responsive to 
certain frequencies and unresponsive to other fre-
quencies. Some researchers claim that specific genes 
for protein manufacture can be activated by a cer-
tain shaped electrical impulse. This frequency could 
change in certain ways according to the cellular 
state. This phenomenon has been termed the 
   “frequency window” selectivity    of the cell.  24   

   Overall we see that small-amplitude monopha-
sic currents are intrinsic to the ways the body 
works to grow and repair. Clinically if we can dupli-
cate some of these same signals, we may be suc-
cessful in using electrotherapy in the most efficient 
manner. 

frequency window selectivity Cellular responses 
may be triggered by a certain electrical frequency 
range.

 CLINICAL USES OF ELECTRICAL 
STIMULATING CURRENTS 

 Older electrical stimulating units were generally 
capable of outputting only one type of current and 
were labeled specifically as a high-volt stimulating 
unit, a low-volt stimulating unit, or perhaps a mi-
crocurrent stimulating unit. Over the years, ad-
vances in technology have enabled manufacturers 
of electrical stimulators to offer sophisticated pieces 
of equipment that allow the athletic trainer clini-
cian the flexibility of making choices when it comes 
to selecting the most appropriate type of currents 
and treatment parameters to accomplish a specific 
treatment goal. The newest electrical stimulating 
units are capable of outputting multiple types of 
current including high-volt, biphasic, microcur-
rent, Russian, interferential, premodulated inter-
ferential, and low-volt ( Figure 5–26 ).  Table 5–2  
provides a list of indications and contraindications 
for using the various types of electrical currents. A 
detailed discussion of these various types of current 
follows. 

 High-Volt Currents 

 High-volt currents are widely used for a variety of 
clinical purposes: to elicit muscle contractions, for 
pain control, and for reducing edema. By far the 
most common application is for producing muscle 
contraction. Although high-volt current is most 
commonly used to cause muscle contraction, it 
should be made clear that other types of electrical 
currents—Russian, interferential, premodulated in-
terferential, or biphasic—may also be used. While 
high-volt current can also be used to control pain, it 
is not the current of modulation. Many of the devices 
that generate high-volt current are not portable. 
Thus, TENS would be a better treatment modality 
choice for long-term pain relief. The efficiency and 
effectiveness of treatment can be increased by fol-
lowing the protocols as closely as possible with the 
available equipment. A high-volt current is a twin-
peaked pulsed waveform that has a long interpulse 
interval (see Figure 5–7). 
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 TABLE 5–2  Summary of Indications and 
Contraindications for Electrical 
Stimulating Currents

INDICATIONS

Modulating acute, postacute, and chronic pain muscle 
contraction

Stimulating contraction of denervated muscle 
reeducation

Retarding atrophy
Muscle strengthening
Increasing range of motion
Decreasing edema
Decreasing muscle spasm
Decreasing muscle guarding
Stimulating the healing process
Wound healing
Fracture healing
Tendon healing
Ligament healing
Stimulating nerve regeneration
Stimulating peripheral nervous system function
Changing membrane permeability
Synthesizing protein
Stimulating fibroblasts and osteoblasts
Regenerating tissue
Increasing circulation through muscle pumping 

contractions 

CONTRAINDICATIONS

pacemakers
infection
malignancies
pregnancy
musculoskeletal problems where muscle contraction 

would exacerbate the condition 

Time

High-Volt Low-Volt

RussianMicrocurrent

Premodulated
IFC

Interferential

TENS

ComboUltrasound

Menu

Intensity

Ultrasound

Electrical Stimulating Currents

Figure 5–26 Most electrical stimulating units allow 
the clinician to choose from a variety of current choices. 
Some units offer multiple modality options. (a) A 
combination electrical stimulating unit and ultrasound. 
(b) Control panel for selecting current options. 

(b)

(a)

 Therapeutic Uses of  Electrically Stimulated 
Muscle Contractions.   A variety of therapeutic 
gains can be made by electrically stimulating a mus-
cle contraction:  

   1.   Muscle reeducation  
   2.   Muscle pump contractions  
   3.   Retardation of atrophy  
   4.   Muscle strengthening  
   5.   Increasing range of motion   
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 Muscle fatigue should be considered when 
deciding on treatment parameters. The variables 
that have an influence on muscle fatigue are the 
following:  

   1.   Intensity: combination of the pulse stim-
ulus’s amplitude intensity and the pulse 
duration  

   2.   The number of pulses or bursts per second  
   3.   On time  
   4.   Off time   

 Muscle force is varied by changing the intensity 
to recruit more or less motor units. Muscle force can 
also be varied to a certain degree by increasing the 
summating quality of the contraction with high 
burst or pulse rates. The greater the force, the greater 
the demands on the muscle, the greater the occlu-
sion of muscle blood flow, the greater the fatigue. If 
high muscle forces are not required, the intensity 
and frequency can be adjusted to desired levels but 
fatigue can still be a factor. To minimize fatigue 
associated with forceful contractions, a combina-
tion of the lowest frequency and the higher intensity 
will keep the force constant.  14   

 If high force levels are desired, then higher fre-
quencies and intensities can be used. To keep the 
muscle fatigue as low as possible, the rest time 
between contractions should be at least 60 seconds 
for each 10 seconds of contraction time. A variable 
frequency train, in which a high-frequency then low-
frequency stimulus is used, will also help minimize 
fatigue in repetitive functional electric stimulation.  14   

 Neuromuscular-induced contraction at the 
higher torques is associated with patient perceptions 
of pain, either from the current used or the intensity 
of the contraction. This is often a limiting factor in 
the success of any of the following protocols. Each 
patient needs supervision and satisfactory athletic 

trainer confidence for the most effective compliance 
with the treatment goals.  14  ,  42  ,  75   

 When using electrical stimulation for muscle 
contraction, motor point stimulation can give the 
best individual muscle contraction. To find the motor 
point of a muscle, a probe electrode should be used to 
stimulate the muscle. Stimulation should be started 
in the approximate location of the desired motor 
point. (See Appendix A for motor point chart.) The 
intensity should be increased until contraction is vis-
ible, and the current intensity should be maintained 
at that level. The probe should be moved around 
until the best visible contraction for that current 
intensity is found; this is the motor point.  11  ,  152   By 
choosing this location for stimulation, the current 
density can be increased in an area where numerous 
motor nerve fibers can be affected, maximizing the 
muscular response from the stimulation. 

 Muscle Reeducation.   Muscular inhibition 
after surgery or injury is the primary indication for 
muscle reeducation. If the neuromuscular mecha-
nisms of a muscle have not been damaged, then cen-
tral nervous system inhibition of this muscle usually 
is a factor in loss of control. The atrophy of synaptic 
contacts that remain unused for long periods is theo-
rized as a source of this sensorimotor alienation. The 
addition of electrical stimulation of the motor nerve 
provides an artificial use of the inactive synapses and 
helps restore a more normal balance to the system as 
the ascending sensory information will be reinte-
grated into the patient’s movement control patterns. 
A muscle contraction usually can be forced by elec-
trically stimulating the muscle. Forcing the muscle 
to contract causes an increase in the sensory input 
from that muscle. The patient feels the muscle con-
tract, sees the muscle contract, and can attempt to 

  Clinical Decision-Making Exercise 5–8

How should an athletic trainer go about setting up 
a conventional TENS treatment for a sore biceps 
muscle?

  Clinical Decision-Making Exercise 5–9

The athletic trainer is treating a myofascial 
trigger point in the upper trapezius. He decides 
to use a point stimulator for the purpose of pain 
modulation. What treatment technique will likely 
be most effective?
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duplicate this muscular response.  11  ,  40  ,  54  ,  99   The 
object here is to reestablish control and not to create 
a strengthening contraction. 

 Protocols for muscle reeducation do not list spe-
cific parameters to make this treatment more effi-
cient, but the criteria listed in the treatment protocol 
for muscle reeducation are essential. 

 Muscle Pump Contractions.   Electrically 
induced muscle contraction can be used to duplicate 
the regular muscle contractions that help stimulate 
circulation by pumping fluid and blood through 
venous and lymphatic channels back into the 
heart.  35   A discussion of edema formation is included 
in Chapter 13. Using sensory level stimulation has 
also been found to decrease edema in sprain and 
contusion injuries in animals. 

 Electrical stimulation of muscle contractions in 
the affected extremity can help in reestablishing the 
proper circulatory pattern while keeping the injured 
part protected.  49  ,  50  ,  51  ,  76   

 Retardation of Atrophy.   Prevention or 
retardation of atrophy has traditionally been a 

Treatment Protocols: Muscle Pumping 
Contraction to Reduce Edema

1. Current intensity must be high enough 
to provide a strong, comfortable muscle 
contraction. 

2. Pulse duration is preset on most of the 
therapeutic generators. If adjustable, it should 
be set as close as possible to the duration 
needed for chronaxie (300–600 µsec) of the 
motor nerve to be stimulated. 

3. Pulses per second should be in the 
beginnings of tetany range (35–50 pps). 

4. Interrupted or surged current must be used.
5. On time should be 5–10 seconds.
6. Off time should be 5–10 seconds.
7. The part to be treated should be elevated. 
8. The patient should be instructed to allow 

the electricity to make the muscles contract. 
Active range of motion may be encouraged 
at the same time if it is not contraindicated.

9. Total treatment time should be between 
20 and 30 minutes; treatment should be 
repeated two to five times daily. 

10.  High-voltage pulsatile or medium-
frequency biphasic current may be most 
effective.36,46,111,114,128

11.  Use this protocol in addition to the normal 
ice for best effect.57,111 

Treatment Protocols: Muscle Reeducation

1. Current intensity must be adequate for 
muscle contraction but comfortable for the 
patient. 

2. Pulse per duration should be set as close 
as possible to chronaxie for motor neurons 
(300–600 µsec). 

3. Pulses per second should be high enough to 
produce a tetanic contraction (35–55 pps) but 
adjusted so that muscle fatigue is minimized. 
Higher rates may be more fatigue producing 
than rates in the midrange of tetanic 
contraction. 

4. On/off cycles should be based on the 
equipment parameters available and the 
athletic trainer’s preference in teaching 
the patient to regain control of the muscle. 
Currents that ramp up or down will require 
longer on times so the effective current is 
on for 2–3 seconds. Off times can either be 
a 1:1 contraction to recovery ratio or 1:4 
or 5 depending on the athletic trainer’s 
preference or the patient’s attention span 
and/or level of fatigue. 

5. Interrupted or surged current must be used.
6. The patient should be instructed to 

allow just the electricity to make the 
muscle contract, allowing the patient to 
feel and see the response desired. Next, 
the patient should alternate voluntary 
muscle contractions with current-induced 
contractions. 

7. Total treatment time should be about 
15 minutes, but this can be repeated several 
times daily. 

8. High-voltage pulsed or medium-
frequency biphasic current may be most 
effective.11,40,48 
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Treatment Protocols: Retardation of 
Atrophy

1. Current intensity should be as high as can 
be tolerated by the patient. This can be 
increased during the treatment as some 
sensory accommodation takes place. 
The contraction should be capable of 
moving the limb through the antigravity 
range or of achieving 25% or more of the 
normal maximum voluntary isometric 
contraction (MVIC) torque for the muscle. 
The higher torque readings seem to have the 
best results. 

2. Pulse duration is preset on most of the 
therapeutic generators. If it is adjustable, 
it should be set as close as possible to the 
duration needed for chronaxie (300–600 µsec) 
of the motor nerve to be stimulated. 

3. Pulses per second should be in the tetany 
range (50–85 pps). 

4. Interrupted or surge-type current should be 
used. 

5. On time should be between 6 and 
15 seconds. 

6. Off time should be at least 1 minute. 
7. The muscle should be given some resistance, 

either gravity or external resistance provided 
by the addition of weights or by fixing 
the joint so that the contraction becomes 
isometric. 

8. The patient can be instructed to work with 
the electrically induced contraction, but 
voluntary effort is not necessary for the 
success of this treatment. 

9. Total treatment time should be 
15–20 minutes, or enough time to allow 
a minimum of 10 contractions; some 
protocols have been successful with three 
sets of 10 contractions. The treatment can 
be repeated two times daily. Some protocols 
using battery-powered rather than line-
powered units have advocated longer bouts 
with more repetitions, probably because of 
low-contraction force. 

10.  High-volt or  medium-frequency biphasic 
current should be used.54,99,133,136,138 

reason for treating patients with electrically stimu-
lated muscle contraction. The maintenance of 
muscle tissue, after an injury that prevents normal 
muscular exercise, can be accomplished by substi-
tuting an electrically stimulated muscle contraction. 
The electrical stimulation reproduces the physical 
and chemical events associated with normal volun-
tary muscle contraction and helps to maintain 
normal muscle function. Again, no specific proto-
cols exist. In designing a program, the practitioner 
should try to duplicate muscle contractions associ-
ated with normal exercise routines. 

   Muscle Strengthening.   Muscle strengthen-
ing from electrical muscle stimulation has been used 
with some good results in patients with weakness or 
denervation of a muscle group.  72  ,  73  ,  92  ,  96  ,  154  ,  155  ,  160   
The protocol is better established for this use, but 
more research is needed to clarify the procedures 
and allow us to generalize the results to other patient 
problems. 

 Increasing Range of Motion.   Increasing the 
range of motion in contracted joints is also a possible 
and documented use of electrical muscle stimula-
tion. Electrically stimulating a muscle contraction 
pulls the joint through the limited range. The con-
tinued contraction of this muscle group over an 
extended time appears to make the contracted joint 
and muscle tissue modify and lengthen. Reduction 
of contractures in patients with hemiplegia has been 
reported, although no studies have reported this 
type of use in contracted joints from athletic injuries 
or surgery.            

 The Effect of Noncontractile Stimulation 
on Edema.   Ion movement within biologic tissues 
is a basic theory in the electrotherapy literature. 
This is clearly seen in the action potential model of 
nerve cell depolarization. The effects of sensory-level 
stimulation on edema has been theorized to work on 
this principle. Research has not documented the 
effectiveness of this type of treatment, and athletic 
trainers should continue to use other more proven 
mechanisms to decrease edema. See Chapter 14 for 
a discussion of edema formation. 

 Since 1987, numerous studies using rat and 
frog models have helped to more clearly define the 
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Treatment Protocols: Increasing Range 
of Motion

1. Current intensity must be of sufficient 
intensity and duration to make a muscle 
contract strongly enough to move the body 
part through its antigravity range. Intensity 
should be increased gradually during 
treatment. 

2. Pulse duration is preset on most of the 
therapeutic generators. If it is adjustable, 
it should be set as close as possible to the 
duration needed to stimulate chronaxie 
(300–600 µsec) of the motor nerve. 

3. Pulses per second should be at the beginning 
of the tetany range (40–60 pps). 

4. Interrupted or surged current should 
be used. 

5. On time should be between 15 and 20 
seconds. 

6. Off time should be equal to or greater 
than on time because fatigue is a big 
consideration. 

7. The stimulated muscle group should be 
antagonistic to the joint contracture, and 
the patient should be positioned so the joint 
will be moved to the limits of the available 
range. 

8. The patient is passive in this treatment 
and does not work with the electrical 
contraction. 

9. Total treatment time should be 90 minutes 
daily. This can be broken into three 
30-minute treatments. 

10.  High-volt pulsatile or Russian currents are 
the best choices. 

Treatment Protocols: Muscle 
Strengthening

1. Current intensity should be high enough to 
make the muscle develop 60% of the torque 
developed in an MVIC.

2. Pulse duration is preset on most therapeutic 
generators. If adjustable, it should be set 
as close as possible to the duration needed 
for chronaxie (300–600 µsec) of the motor 
nerve to be stimulated. In general, longer 
pulse durations should include more nerves 
in response. 

3. Pulses per second should be in the tetany 
range (70–85 pps). 

4. Surged or interrupted current with a 
gradual ramp to peak intensity is most 
effective. 

5. On time should be in the 10- to 15-second 
range. 

6. Off time should be in the 50-second to 
2-minute range. 

7. Resistance usually is applied by 
immobilizing the limb. The muscle is then 
given an isometric contraction torque 
equal to or greater than 25% of the MVIC 
torque. The greater the percentage of torque 
produced, the better the results. 

8. The patient can be instructed to work with 
the electrically induced contraction, but 
voluntary effort is not necessary for the 
success of the treatment. 

9. Total treatment time should include a 
minimum of 10 contractions, but mimicking 
normal active resistive training protocols 
of three sets of 10 contractions can also be 
productive. Fatigue is a major factor in this 
setup. Electrical stimulation bouts should 
be scheduled at least three times weekly. 
Generally, strength gains will continue over 
the treatment course, but intensities may 
need to increase to keep pace with the most 
current maximum voluntary contraction 
torques. 

10.  High-volt or a medium-frequency 
Russian current is the current of 
choice.14,40,41,42,54,99,133,136,138 

effects of electrical stimulation on edema formation 
and reduction.  49  ,  50  ,  51  ,  84  ,  146  ,  150   The muscle pump-
ing theory discussed previously has seemed the 
most viable way to affect this problem.  104   Most of 
the recent studies have focused on a sensory-level 
stimulation. Early theory supported the use of sen-
sory-level direct current as a driving force to make 
the charged plasma protein ions in the interstitial 
spaces move in the direction of the oppositely 
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charged electrode. Cook et al. demonstrated an 
increased lymphatic uptake of labeled albumin 
within rats treated with sensory-level high-voltage 
stimulation.  35   However, there was no significant 
reduction in the limb volume. They hypothesized 
that the electric field introduced into the area of 
edema facilitated the movement of the charged pro-
teins into the lymphatic channels. When the lym-
phatic channel volume increased, so too did the 
contraction rate of the smooth muscle in the lym-
phatics. They also hypothesize that stimulation of 
sensory neurons may cause an indirect activation 
of the autonomic nervous system. This might cause 
release of adrenergic substances that would also 
increase the rate of lymph smooth muscle contrac-
tion and lymph circulation. 

 Treatment considerations include:  
   1.   Extended treatment times, 1 hour.  
   2.   Monophasic current stimulation with 

polarity arranged in correct fashion.  
   3.   Electrodes arranged to pull or push plasma 

proteins into the lymphatic system and be 
moved back into the circulatory system via 
the thoracic duct.   

 Another proposed mechanism is that a 
microamp stimulation of the local neurovascular 
components in an injured area may cause a vaso-
constriction and reduce the permeability of the 
capillary walls to limit the migration of plasma pro-
teins into the interstitial spaces. This would retard 
the accumulation of plasma proteins and the asso-
ciated fluid dynamics of the edema exudate. In a 
study on the histamine-stimulated leakage of 
plasma proteins, animals treated with small doses 
of electrical current produced less leakage. The 
underlying mechanisms were a reduced pore size 
in the capillary walls and reduced pooling of blood 
in the capillaries, which could have been initiated 
by hormonal, neural, mechanical, or electrochem-
ical factors. 

 Theory on the exact mechanism of edema con-
trol from these methods remains cloudy and 
contradictory, but we do not have enough research 
findings to support trying an electrical stimulation 
edema control trial clinically.     

 Asymmetric Biphasic Currents (TENS) 

 Asymmetric biphasic currents are found on the ma-
jority of portable TENS units ( Figure 5–27 ). The term 
 transcutaneous electrical nerve stimulation  has become 
closely associated with pain control. Clinically, ef-
forts are made to stimulate the sensory nerves to 
change the patient’s perception of a painful stimulus 
coming from an injured area. A TENS unit consists of 
an electric signal generator, a battery, and a set of 
electrodes. The units are small and programmable, 
and the generators can deliver trains of stimuli with 
variable current strengths, pulse rates, and pulse 

Treatment Protocols: Edema Control

1. Current intensity of 30–50 V or 10% less 
than needed to produce a visible muscle 
contraction is most effective.

2. Preset short-duration currents on the high-
voltage equipment are effective.

3. High-pulse frequencies (120 pps) are most 
effective.

4. Interrupted monophasic currents are most 
effective. Biphasic currents showed increases 
in volume.

5. The animals treated with a negative distal 
electrode had a significant treatment effect. 
The animals with a positive distal electrode 
showed no change.

6. Time of treatment after injury: The best 
results were reported when treatment 
began immediately after injury. Treatment 
started after 24 hours showed an effect on 
the accumulation of new edema volume 
but showed no effect on the existing edema 
volume.

7. A 30-minute treatment showed good 
control of volume for 4–5 hours.

8. The water immersion electrode technique 
was effective, but using surface electrodes 
was not effective.

9. High-volt pulsed generators were effective, 
and low-volt generators were not
effective. 2,13,18,37,56,57,66,85,94,109,110,111,

112,146,147
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Treatment Protocols: Conventional TENS 
Treatment (gate control)

1. Current intensity should be adjusted to 
tolerance but should not cause a muscular 
contraction— the higher the better.

2. Pulse duration (pulse width) should be 75–
150 µsec or maximum possible on the machine.

3. Pulses per second should be 80–125, or as 
high as possible on the machine.

4. A transcutaneous electrical stimulator 
waveform should be used (most commonly 
asymmetric biphasic, but it can be 
symmetric biphasic and less commonly 
monophasic).

5. On time should be continuous mode.
6. Total treatment time should correspond to 

fluctuations in pain; the unit should be left 
on until pain is no longer perceived, turned 
off, then restarted when pain begins again.

7. If this treatment is successful, you will have 
some pain relief within the first 30 minutes 
of treatment.

8. If it is not successful, but you feel this is the 
best theoretical or most clinically applicable 
approach, change the electrode placements 
and try again. If this is not successful, then 
using a different theoretical approach may 
offer more help.

9. Any stimulator that can deliver this current is 
acceptable. Portable units are better for 
24-hour pain control (see Figure 5–21).90,91,103

Figure 5–27 Portable TENS unit

widths.  To understand how to maximally affect the 
perception of pain through electrical stimulation, it 
is necessary to understand pain perception. The gate 
control theory, the descending control theory, and 
the endogenous opiate pain control theory are the 
theoretical basis for pain reduction phenomena. 
These theories were covered in depth in Chapter 3. 

      Therapeutic Uses of Electrical Stimulation 
of Sensory Nerves (TENS).    Gate Control 
Theory.   Providing maximum sensory cutaneous 
stimulation to peripheral sensory Aβ fibers when 
there is pain in a certain area will generally ”close the 
gate” to painful afferent impulses being transmitted 
to the spinal cord on Aδ  and C fibers at the spinal 
cord level. As long as the stimuli are applied, the per-
ception of pain is diminished. Electrical stimulation of 
sensory nerves will evoke the gate control mecha-
nism and diminish awareness of painful stim-
uli.  15  ,  17  ,  25  ,  90  ,  91  ,  93  ,  106  ,  107  ,  108  ,  131  ,  133  ,  138  ,  157   This type of  
treatment is referred to as a  conventional ,  high-fre-
quency , or  sensory-level  TENS treatment and is the 
most commonly used TENS protocol. The intensity 
is set only high enough to elicit a tingling sensation 
but not high enough to cause a muscle contraction. 
Pain relief lasts while the stimulus is turned on, but 
it usually abates when the stimulation stops. Nor-
mally patients apply the electrodes and leave them 
in place all day, turning the stimulus on for approx-
imately 30-minute intervals.  

      Descending Pain Control Theory   Intense 
electrical stimulation of the smaller peripheral Aδ 
and C fibers that transmit pain causes stimulation of  
the midbrain, pons, and medulla. In turn, this causes 
the release of enkephalin through desc ending neu-
rons, which blocks the pain impulses at the spinal 
cord level (see Figure 3–9).  21   Cognitive input from 
the cortex relative to past pain perception and expe-
riences also contributes to this descending mecha-
nism control. This type of treatment is referred to as 
a  low-frequency  or  motor-level  TENS treatment. The 
intensity is set high enough to elicit both a tingling 
sensation and a muscle contraction. Pain relief with 
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motor-level TENS should be expected to take longer 
than with conventional TENS (15–60 minutes), but 
the relief likely will last longer (> 1 hour).  

    Endogenous Opiate Pain Control Theory 
 Electrical stimulation of sensory nerves may stimulate 
the release of β-endorphin and dynorphin from the 
pituitary gland and the hypothalamus into the cere-
bral spinal fluid. The mechanism that causes the re-
lease and then the binding of β-endorphin, dynorphin, 
and ultimately enkephalin to some nerve cells is still 
unclear. It is certain that a diminution or elimination 
of pain perception is caused by applying a noxious 
electrical current to areas close to the site of pain or to 
acupuncture or trigger points, both local and distant 
to the pain area.  21  ,  29  ,  55  ,  100  ,  101  ,  109  ,  121  ,  133  ,  143  ,  164   

   To use the influence of hyperstimulation anal-
gesia and β-endorphin release, a point stimulation 
setup must be used.  101   This approach utilizes a 
large dispersive pad and a small pad or hand-held 
probe point electrode. The point electrode is applied 
to the chosen site, and the intensity is increased 
until the patient perceives it. The probe is then 
moved around the area, and the patient is asked to 

report relative changes in perception of intensity. 
When a location of maximum-intensity percep-
tion is found, the current intensity is increased 
to noxious but tolerable levels.  46   This is much 
the same as finding a motor point, as described 
 earlier.  21  ,  122   

   β-endorphin stimulation may offer better relief 
for the deep aching or chronic pain similar to the 
pain of overuse injury. The intensity of the impulse 
is a function of both pulse duration and amplitude. 
Comfort is a very important determinant of patient 
compliance and, thus, the overall success of treat-
ment. Greater pulse widths tend to be more painful. 
The method of delivering TENS is less tolerable 
because the impulse intensity is higher. 

   A combination of noxious point stimulation 
and transcutaneous electrical nerve stimulation 

Treatment Protocols: Low Frequency or 
Motor-level TENS

1. Current intensity should be enough high to 
elicit a muscle contraction. 

2. Pulse duration should be 100–600 µsec. 
3. Pulses per second should be <20 pps. 
4. On time should be 30 seconds to 1 minute.
5. Stimulation should be applied over points 

where it is not difficult to elicit a motor 
response such as a motor point or even over 
acupuncture and trigger points. 

6. Selection and number of points used varies 
according to the part treated but they do not 
necessarily have to be over the area of pain.

7. If this treatment is successful, pain will be 
relieved in 15–60 minutes but relief may last 
longer than 1 hour. 

8. If this treatment is not successful, try 
different electrode setups by expanding the 
treatment points used.

Treatment Protocols: Noxious-level TENS

1. Current intensity should be high, at a 
noxious level: muscular contraction is 
acceptable. 

2. Pulse duration should be 100 µsec to 
1000 µsec. 

3. Pulses per second should be between 1 and 5.
4. High-volt pulsed current should be used. 
5. On time should be 30–45 seconds. 
6. Stimulation should be applied over trigger or 

acupuncture points. 
7. Selection and number of points used varies 

according to the part and condition being 
treated. 

8. A high-volt pulsatile current or a low-
frequency, high-intensity machine is best for 
this effect.21,106,108 

9. If stimulation is successful, you should know 
at the completion of the treatment. The 
analgesic effect should last for several 
(6–7) hours. 

10.  If not successful, try expanding the 
number of stimulation sites. Add the same 
stimulation points on the opposite side of 
the body, add auricular (ear) acupuncture 
points, add more points on the same limb.
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may be used. The transcutaneous electrical nerve 
stimulation applications should be used as much as 
needed to make the patient comfortable, and the 
intense point stimulation should be used on a peri-
odic basis. Periodic use of intense point stimulation 
gives maximal pain relief for a period of time and 
allows some gains in overall pain suppression. Daily 
intense point stimulation may eventually bias the 
central nervous system and decrease the effective-
ness of this type of stimulation.  77    

      Microcurrent   Generators that produce sub-
sensory level stimulation were originally called 
microcurrent electrical neuromuscular stimula-
tors (MENS). However, the stimulation pathway is 
not the usual neural pathway, and these machines 
are not designed to stimulate a muscle contrac-
tion. Consequently, this type of generator was sub-
sequently referred to as a microcurrent electrical 
stimulator (MES).  Low-intensity stimulation  is an-
other currently used term in an ongoing evolution 
of terminology relative to this type of stimulation. 
A review of the current existing literature shows 
the term  microcurrent  to be the most widely used 
term to refer to this type of current. 

   Perhaps the most important point to emphasize 
is that microcurrents are not substantially different 
from the currents discussed previously. These cur-
rents still have a direction, and both biphasic and 
monophasic waveforms are available. The currents 
also have amplitude (intensity), pulse duration, and 
frequency. The characteristic that distinguishes this 
type of current is that the intensity of the stimulus is 
limited to 1000 µA (1 mA) or less in microcurrent, 
whereas the intensity of the standard low-voltage 
equipment can be increased into the milliamp 
range.  3   

       The generators can generate a variety of wave-
forms from modified monophasic to biphasic square 

waves with frequencies from 0.3 to 50 Hz. The pulse 
durations are also variable and may be prolonged at 
the lower frequencies from 1 to 500 msec. This var-
ies as the frequency changes or is preset when pul-
satile currents are used. Many of these devices are 
made with an impedance-sensitive voltage that 
adapts the current to the impedance to keep the cur-
rent constant as selected.  124   

   If the current generator can be adjusted to 
allow increases of intensity above 1000 µA, the 
current becomes like those previously described in 
this text. If the current provokes an action potential 
in a sensory or motor nerve, the results on that tis-
sue will be the same as previously described for the 
sensations or muscle contractions caused by other 
currents. 

   Most of the literature on microcurrents and 
subsequently on subsensory stimulators has been 
generated by researchers interested in stimulating 
the healing process in fractures and skin wounds. 
Subsequent research aimed at identifying why and 
how microcurrents work. The best researched 
areas of application of microcurrents is in the 
stimulation of bone formation in delayed union or 
nonunion of fractures of the long bones. Most of 
this research was done using implanted rather 
than surface electrodes, and most have used low-
intensity direct current (LIDC) with the negative 
pole placed at the fracture site.  2  ,  8  ,  41   We are in dan-
ger of generalizing treatments for all problems 
based on success in this one area. These applica-
tions were intended to mimic the normal electrical 
field created during the injury and healing pro-
cess.  4  ,  56   At present these electrical changes are 
poorly understood, and the effects of adding addi-
tional electric current to the normal electrical 
activity created by the injury and healing process 
are still being investigated. 

 

• Microcurrent < 1 mA

Microcurrent Effects

• Analgesia
• Fracture healing
• Wound healing
• Ligament and tendon healing
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     Microcurrent stimulation has been used for two 
major effects:  

   1.   Analgesia of the painful area.  
   2.   Biostimulation of the healing process, 

either for enhancing the process or for ac-
celeration of its stages.  47      

 Analgesic Effects of Microcurrent.   The 
mechanism of analgesia created by microcurrent 
does not fit into our present theoretical framework, 
as sensory nerve excitation is a necessary compo-
nent of all three models of electroanalgesia stimula-
tion. At best microcurrent can create or change the 
constant direct current flow of the neural tissues, 
which may have some way of biasing the transmis-
sion of the painful stimulus. Low-intensity stimula-
tion may also make the nerve cell membrane more 
receptive to neurotransmitters that will block trans-
mission. The exact mechanism has not yet been 
established. The research is not supportive of the 
effectiveness of microcurrent for pain reduc-
tion.  16  ,  145   This lack of consensus and disagreement 
in the research give the athletic trainer limited secu-
rity in devising an effective protocol. Most of the 
research uses delayed onset muscle soreness (DOMS) 
or cold-induced pain models, and results show no 
difference between microcurrent and placebo treat-
ments.  1  ,  7  ,  18  ,  47  ,  62  ,  69  ,  71  ,  80  ,  81  ,  89  ,  108  ,  127  ,  131  ,  132  ,  161  ,  166     

 Biostimulative Effects on the Healing 
Process.    Promotion of Wound Healing.   Low-
intensity monophasic current has been used to treat 
skin ulcers that have poor blood flow. The treated 
ulcers show accelerated healing rates when com-
pared with untreated skin ulcers. Other protocols 
have been successful using the anode in the wound 
area for the entire time. High-voltage stimulation 
also has been used in a manner similar to the nega-
tive–positive model presented. The intensity was 
adjusted to give a microamp current. 

 The mechanism by which microcurrent stimu-
lates healing is elusive, but cells are stimulated to 
increase their normal proliferation, migration, 
motility, DNA synthesis, and collagen synthesis. 
Receptor levels for growth factor have also shown a 
significant increase when wound areas are stimu-
lated.  19  ,  25  ,  26  ,  59  ,  60  ,  65  ,  78  ,  95  ,  99  ,  159  ,  165   The naturally 

occurring electrical potential gradients are 
enhanced following electrical stimulation.  62    

    Promotion of Fracture Healing.   The use of 
subsensory direct current may be an adjunctive 
modality in the treatment of fractures, especially 
fractures prone to nonunion. Fracture healing may 
be accelerated by passing a monophasic current 
through the fracture site. Getting the current into 
the bony area without an invasive technique is 
difficult.  9  ,  17  ,  21  ,  24  ,  34  ,  41  ,  79  ,  123  ,  144   

 Using a standard transcutaneous electrical 
nerve stimulation unit, Kahn reported favorable 
results in the electrical stimulation of callus 

Treatment Protocols: Wound Healing

1. Current intensity is 200–400 µA for normal 
skin and 400–800 µA for denervated skin.

2. Long pulse durations or continuous 
uninterrupted currents can be used. 

3. Maximum pulse frequency. 
4. Monophasic direct current is best but 

biphasic direct current is acceptable. 
Microcurrent stimulators can be used but 
other generators with intensities adjusted 
to subsensory levels also can be effective. 
A battery-powered portable unit is most 
convenient. 

5. Treatment time is 2 hours followed by a 
4-hour rest time. 

6. Utilize two to three treatment bouts per day.
7. The negative electrode is positioned in the 

wound area for the first 3 days. The positive 
electrode should be positioned 25 cm 
proximal to the wound. 

8. After 3 days the polarity is reversed and the 
positive electrode is positioned in the 
wound area. 

9. If infection is present, the negative electrode 
should be left in the wound area until 
the signs of infection are not evident. The 
negative electrode remains in the wound for 
3 days after the infection clears. 

10.  If the wound-size decreases plateau, then 
return the negative electrode to the wound 
area for 3 days.
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formation in fractures that had nonunions after 
6 months.  83   This information is based on a case 
study. Results of a more extensive population of 
nonunions have not been documented.  

      Promotion of Healing in Tendon and 
Ligament.   There are only a few research studies 
on the biostimulative effect of electrical stimulation 
on tendon or ligament healing. Both tissues have 
been found to generate strain-generated electric 
potentials naturally in response to stress. These 
potentials help signal the tissue to grow in response 
to the stress according to Wolff’s law. 

 In an experimental study on partial division of 
dog patellar tendons treated with 20 µA cathodal stim-
ulation, the stimulated tendons showed 92% recovery 
of normal breaking strength at 8 weeks.  140   

 Tendon stimulated in vitro in a culture medium 
showed increased fibroblastic cellular activity, ten-
don cellular proliferation, and collagen synthesis. 
The rate at which stimulated tendons demonstrated 
histologic repair at the injury site was also signifi-
cantly accelerated over the control group.  118   Litke 
and Dahners studied rat medial collateral ligament 

(MCL) injuries treated with electrical simulation. 
The treated group showed statistical significance in 
the rupture force, stiffness, energy absorbed, and 
laxity.  98   

 As can be seen by the previous sections, micro-
current can be a valuable addition to the clinical 
armamentarium of the athletic trainer, but it is 
untested clinically. 

 Microcurrent is a case where more may not be 
better. For electricity to produce these effects, 
(1) cells must be current sensitive; (2) correct polar-
ity orientation may be necessary; and (3) correct 
amounts of current will cause the cells to be more 
active in the healing process. 

 If results are not positive, then reduce the cur-
rent and/or change polarity. Weak stimuli may 
increase physiologic activity, whereas very much 
stronger stimuli abolish or inhibit activity. 

 Most generators in use today are capable of 
delivering microcurrent. Simply turn the machine 
on but do not increase the intensity to threshold lev-
els. This can also be a function of current density 
using electrode size and placement as well as inten-
sity to keep current in the µamp range. The athletic 
trainer is certainly entitled to be very skeptical of the 
manufacturers’ claims until more research is 
reported. Existing protocols for use are not well 
established, which leaves the athletic trainer with 
an insecure feeling about this modality.     

 Russian Currents (Medium-Frequency 
Current Generators) 

 This class of current generators was developed in 
Canada and the United States after the Russian 
scientist Yadou M. Kots presented a seminar on the 
use of electrical muscular stimulators to augment 
strength gain.  156   The stimulators developed after 
this presentation were termed    Russian current    
generators. These stimulators have evolved and 

Russian current A medium frequency (2000–
10,000 Hz) pulsatile biphasic wave generated in 
50-bursts-per-second envelopes.

Treatment Protocols: Fracture Healing

1. Current intensity was just perceptible to the 
patient. 

2. Pulse duration was the longest duration 
allowed on the unit (100–200 msec). 

3. Pulses per second were set at the lowest 
frequency allowed on the unit (5–10 pps).

4. Standard monophasic or biphasic current 
in the transcutaneous electrical stimulating 
units were used. 

5. Treatment time was from 30 minutes to 
1 hour, three to four times daily. 

6. A negative electrode was placed close to but 
distal to the fracture site. A positive electrode 
was placed proximal to the immobilizing 
device. 

7. If four pads were used, the interferential 
placement described earlier was used. 

8. Results were reassessed at monthly 
intervals.83
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presently deliver a medium-frequency (2000–
10,000 Hz) pulsatile biphasic waveform. The pulse 
can be varied from 50 to 250 µsec; the phase dura-
tion will be one-half of the pulse duration, or 
25–125 µsec.  45   As the pulse frequency increases, 
the pulse duration decreases.  23  ,  56  ,  63   

   Russian current produces two basic waveforms: 
a sine wave and a square wave cycle with a fixed 
intrapulse interval. The sine wave is produced in a 
burst mode that has a 50% on/off time. According to 
strength-duration curve data, to obtain the same 
stimulation effect as the duration of the stimulus 
decreases, the intensity must be increased. The 
intensity associated with this duration of current 
could be considered painful. 

   To make this intensity of current tolerable, it is 
generated in 50-bursts-per-second envelopes with 
an interburst interval of 10 msec. This slightly 
reduces the total current but allows enough of a 
peak current intensity to stimulate muscle very well 
( Figure 5–28 ). If the current continued without the 
burst effect, the total current delivered would equal 
the lightly shaded area in  Figure 5–29 . When gen-
erated with the burst effect, the total current is 
decreased. In this case, the total current would equal 
the darkly shaded area in  Figure 5–30 . This allows 
the patient to tolerate greater current intensity. The 
other factor affecting patient comfort is the effect 
that frequency will have on the impedance of the 
tissue. Higher-frequency currents reduce the resis-
tance to the current flow, again making this type of 
waveform comfortable enough that the patient may 
tolerate higher intensities. As the intensity increases, 
more motor nerves are stimulated, increasing the 
magnitude of the contraction.  73   Because it is a 

fast-oscillating biphasic current, as soon as the nerve 
repolarizes it is stimulated again, producing a 
current that will maximally summate muscle con-
traction.  33  ,  105   The primary clinical use of Russian 
current is for muscle strengthening. 

     The frequency (pulses per second or, in this 
case, bursts per second) is a variable that can be 
controlled to make the muscle respond with a twitch 
rather than a gradually increasing mechanical con-
traction. Gradually increasing the numbers of bursts 
interrupts the mechanical relaxation cycle of the 
muscle and causes more shortening to take place 
(see Figure 5–13).  117     

 Interferential Currents 

 The research on and use of interferential currents 
(IFC) have taken place primarily in Europe. An 
Austrian scientist, Ho Nemec, introduced the con-
cept and suggested its therapeutic use. The theo-
ries and behavior of electrical waves are part of 
basic physics. This behavior is easiest to under-
stand when continuous sine waves are used as an 
example. 

Peak current
Maximum of 
50 burst/sec

Peak current
+

0

–

No current 
10 ms

Interburst
interval

Figure 5–28 Russian current with polyphasic AC 
waveform and 10 ms interburst interval.

0

Figure 5–29 Russian current without an interburst 
interval. The lightly shaded area is equal to the total 
current.

Burst BurstInterburst
interval

10 ms

0

Figure 5–30 Russian current with an interburst 
interval. Darkly shaded area represents total current, 
and light shading indicates total current without the 
interburst interval.
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142  PART THREE  Electrical Energy Modalities

   With only one circuit, the current behaves as 
described earlier; if put on an oscilloscope, it looks 
like generator 1 in  Figure 5–31.  If a second genera-
tor is brought into the same location, the currents 
may interfere with each other. This interference can 
be summative—that is, the amplitudes of the electric 
wave are combined and increase ( Figure 5–32 ). Both 
waves are exactly the same; if they are produced in 
phase or originate at the same time, they combine. 
This is called    constructive interference   . 

         If these waves are generated out of sync, genera-
tor 1 starts in a positive direction at the same time 
that generator 2 starts in a negative direction; the 
waves then will cancel each other out. This is called 
   destructive interference   ; in the summation the 
waves end up with an amplitude of 0 (Figure 5–31). 

   To make this more complex, assume that one 
generator has a slightly slower or faster frequency 

and that the generators begin producing current 
simultaneously. Initially, the electric waves will be 
constructively summated; however, because the 
frequencies of the two waves differ, they gradually 
will get out of phase and become destructively 
summated. When dealing with sound waves, we 
hear distinct beats as this phenomenon occurs. We 
borrow the term  beat  when describing this behav-
ior. When any waveforms are out of phase but are 
combined in the same location, the waves will 
cause a beat effect. The blending of the waves is 
caused by the constructive and destructive inter-
ference patterns of the waves and is called  hetero-
dyne  ( Figure 5–33 ).  56  ,  58   

   The heterodyne effect is seen on an oscillo-
scope as a cyclic, rising and falling waveform.  142   
The peaks or beat frequency in this heterodyne 
wave behavior occur regularly, according to the 
difference of each current. With interferential cur-
rents, one generator produces current at a fre-
quency of  4080 pps. The second generator ouputs 

Generator 
1

90 CPS

0

+1

–1

Generator 
2

100 CPS

Combined
effects

0

+1

–1

0

+1

+2

–1

–2

Figure 5–33 Sine wave from generator 1 at 90 CPS 
and sine wave from generator 2 at 100 CPS showing the 
heterodyne, or beating pattern, of interference.

constructive interference The combined ampli-
tude of two distinct circuits increases the amplitude.

destructive interference Combined amplitude of 
two distinct circuits decreases the amplitude.

Generator 1
only

Generator 2
only

Generator 1 and 2

0

+1

–1

+2

–2

Figure 5–31 Sine wave from generator 1 and 
sine wave from generator 2 showing a constructive 
interference pattern.

Generator 
1

Generator 
2

Combined
effects

0

+1

–1

0

+1

–1

0

+1

–1

Figure 5–32 Sine wave from generator 1 and 
sine wave from generator 2 showing a destructive 
interference pattern.
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  143

current at a frequency of 4080 pps. Thus the beat 
frequency would be 80 pps. 

   4080 pps - 4000 pps = 80 pps beat frequency 

   In electric currents, this beat frequency is, in 
effect, the stimulation frequency of the waveform 
because the destructive interference negates the 
effects of the other part of the wave. The intensity 
(amplitude) will be set according to sensations cre-
ated by this peak.  56   When using an interference cur-
rent for therapy, the athletic trainer should select the 
frequencies to create a beat frequency corresponding 
to his or her choices of frequency when using other 
stimulators; 20–50 pps for muscle contraction, 
50–120 pps for a conventional TENS treatment, and 
1 pps for endogenous opiate pain modulation.  

    When the electrodes are arranged in a square 
alignment and interferential currents are passed 
through a homogeneous medium, a predictable pat-
tern of interference will occur. In this pattern, an 
electric field is created that resembles a four-petaled 
flower, with the center of the flower located where 
the two currents cross and the petals falling between 
the electric current force lines. The maximum inter-
ference effect takes place near the center, with the 
field gradually decreasing in strength as it moves 
toward the points of the petal ( Figure 5–34 ).  56   

   Because the body is not a homogeneous 
medium, we cannot predict the exact location of this 
interference pattern; we must rely on the patient’s 
perception. If the patient has a localized structure 
that is painful, locating the stimulation in the cor-
rect location is relatively easy. The athletic trainer 
moves the electrode placement until the patient cen-
ters the feeling of the stimulus in the problem 
area.  56  ,  58   When a patient has poorly localized pain, 
the task becomes more difficult. See the discussion 
in the electrode placement section for a general 

discussion on the effect of electrode movement. The 
engineers added features to the generators and cre-
ated a scanning interferential current that moves 
the flower petals of force around while the treatment 
is taking place. This enlarges the effective treatment 
area. Additional technology and another set of elec-
trodes create a three-dimensional flower effect when 
one looks at the electrical field. This is called a 
   stereodynamic interference current   .  56  ,  58                   

   All these alterations and modifications are 
designed to spread the heterodyne effect throughout 
the tissue. Because it is controlled by a cyclic electri-
cal pattern, however, we actually may be decreas-
ing the current passed through the structures we 
are trying to treat. The machines seem complex but 

Generator 2 Generator 2'

Electric field lines
generated by the
interference

Lines of
current flow

Generator 1

Generator 1'

Figure 5–34 Square electrode alignment and 
interference pattern of current in a homogeneous medium.

  Clinical Decision-Making Exercise 5–10

When using interferential current to treat 
muscle guarding in the low back, how should the 
electrodes be placed?

 Analogy 5–5

When using interferential current, an electric field is 
created that resembles a four-petal flower, with the 
center of the flower located where the two currents 
cross and the petals falling between the electric cur-
rent force lines. The maximum interference effect 
takes place near the center, with the field gradually 
decreasing in strength as it moves toward the points of 
the petal.

stereodynamic interference current Three dis-
tinct circuits blending and creating a distinct electrical 
wave pattern.
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144  PART THREE  Electrical Energy Modalities

lack the versatility to do much more than the con-
ventional TENS treatment.  117  ,  139   

   Nikolova  120   has used IFC for a variety of clini-
cal problems and found it effective in dealing with 
pain problems (e.g., joint sprains with swelling, 
restricted mobility and pain, neuritis, retarded cal-
lus formation following fractures, pseudarthro-
sis).  108   These claims are supported by other 
researchers. Each of these researchers used slightly 
different protocols in treating the different clinical 
problems. To be successful in achieving the desired 
results with interferential currents, the athletic 
trainer must thoroughly review existing protocols 
and acquire a good working knowledge of the 
application techniques.   

 Premodulated Interferential Current 

 In recent years, a second method of creating the in-
terference effect has been developed, which is 
referred to as premodulated interferential. Premod-
ulated interferential current is available on most of 
the newer electrical stimulating units. In the pre-
modulated setting, both generators of the unit 
output a  frequency of 4000 Hz. However, each gen-
erator has the ability to premodulate or burst the 
frequency within the unit.  52   The unit has the capa-
bility of perfectly synchronizing these bursts in the 
same polarity, at the same time to create premodu-
lated interferential. 

   Units that are capable of premodulation are not 
necessarily premodulated interferential. They may 
only provide premodulation for the purpose of bipo-
lar (two electrodes) stimulation. While both create 
the interferential effect, there may be some advan-
tages to the premodulated technique. 

   The true interferential provides an uninter-
rupted, constant 4000 Hz frequency to the tissue. 
This will create a numbness beneath the elec-
trodes that the patient will perceive as a reduction 
in the intensity of the current. With premodulated 
interferential, however, since the current is being 
burst inside the unit itself, numbness does not occur 
and a larger treatment area is established with the 
actual therapeutic frequency.   

 Low-Volt Currents  

 Medical Galvanism.   The application of con-
tinuous low-voltage monophasic current causes 
several physiologic changes that can be used thera-
peutically. The therapeutic benefits are related to 
the polar and vasomotor effects and to the acid reac-
tion around the positive pole and the alkaline reac-
tion at the negative pole. The athletic trainer must 
be concerned with the damaging effects of this vari-
ety of current. Acidic or alkaline changes can cause 
severe skin reactions.  157   These reactions occur only 
with low-voltage continuous direct current and are 
not likely with the high-voltage pulsed generators. 
The pulse duration of the high-volt pulsatile genera-
tors is too short to cause these chemical 
changes.  119   

 Low-volt currents also have a vasomotor effect 
on the skin, increasing blood flow between the elec-
trodes. The benefits from this type of direct current 
are usually attributed to the increased blood flow 
through the treatment area.  157    

      Iontophoresis.   Direct current has been used 
for many years to transport ions from the heavy 
metals into and through the skin for treatment of 

Treatment Protocols: Low-Volt Current

1. Current intensity should be to the 
patient’s tolerance; it should be increased 
as accommodation takes place. These 
intensities are in the mA range. 

2. Continuous monophasic current should 
be used. 

3. Pulses per second should be 0. 
4. A low-voltage monophasic current 

stimulator is the machine of choice. 
5. Treatment time should be between a 

15-minute minimum and a 50-minute 
maximum. 

6. Equal-sized electrodes are used over gauze 
that has been soaked in saline solution and 
lightly squeezed. 

7. Skin should be unbroken (see 
Figure 6–20).83,117,122
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CHAPTER 5  Basic Principles of Electricity and Electrical Stimulating Currents  145

skin infections or for a counterirritating effect. Ion-
tophoresis is discussed in detail in Chapter 7.   

 Treatment Precautions with Continuous 
Monophasic Currents.   Skin burns are the great-
est hazard of any continuous monophasic current 
technique. These burns result from excessive electri-
cal density in any area, usually from direct metal 
contact with skin or from setting the intensity too 
high for the size of the active electrode. Both these 
problems cause a very high density of current in the 
area of contact.  117  ,  122     

  BONE GROWTH STIMULATORS  

 Generally, bone fractures heal normally with stan-
dard care. Occasionally, the healing process stops due 
to added risks or complications.  Delayed union  refers to 
a decelerating bone healing process.  Nonunion  is con-
sidered to be established when the fracture site 
shows no visibly progressive signs of healing, with-
out giving any guidance regarding the time frame. 
A reasonable time period for lack of visible signs of 
healing is three months. It has been shown that 
electric current can stimulate bone growth and 
enhance the healing process.  53   

   Several electrical bone growth stimulators are 
available. These stimulators attempt to produce elec-
tromagnetic fields similar to those that normally exist 
in bone. The  noninvasive type  of stimulator is com-
prised of coils or electrodes, placed on the skin near the 
fracture site. Noninvasive bone growth stimulators 
generate a weak biphasic electric current within the 
target site using small electrodes placed on either side 
of the fracture.  116   These are worn for 24 hours per 
day until healing occurs or up to nine months. A sec-
ond type of noninvasive bone growth stimulator uses 
pulsed electromagnetic fields delivered via treatment 
coils placed directly onto the skin and are worn for six 
to eight hours per day for three to six months. There is 
also a noninvasive stimulator that uses ultrasound. 

   The  invasive type  of stimulator includes percuta-
neous and implanted devices. The percutaneous 
type involves electrode wires inserted through the 
skin into the bone while implanted devices include a 
generator placed under the skin or in the muscles 

near the fracture site.  The implanted devices are 
surgically placed and later surgically removed. Inva-
sive devices use direct current.  116   The implantable 
device typically remains functional for six to nine 
months after implantation. Although the current 
generator is removed in a second surgical procedure 
when stimulation is completed, the electrode may or 
may not be removed. Invasive bone growth stimula-
tion is used only in spinal fusion surgery, and is not 
used in the appendicular skeleton.   

  PLACEBO EFFECT OF 
ELECTRICAL STIMULATION  

 There is a major placebo effect in all that we do in 
providing any therapy to our patients. This placebo 
effect is a basic and extremely important tool to help 
us achieve the best results. Our attitude toward the 
patients and our presentation of the therapy to them 
are crucial. When the athletic trainer demonstrates 
a sincere interest in the patient’s problems, the pa-
tient uses that interest to add to his or her own con-
viction and motivation to get well. 

   This perceptual change is influenced by many 
factors at the cognitive and affective levels. When 
these factors are active, real physiologic changes 
occur that assist in the healing process. The ath-
letic trainer should not intentionally deceive the 
patient with a sham treatment but should use the 
treatment to have the best impact on the patient’s 
perception of the problem and the treatment’s 
effectiveness. 

   The treatment will work better if the patient has 
a profound belief in its ability to alleviate the prob-
lem. To gain the most from this effect, the patient 
needs to be intimately involved with the treatment. 
We must educate, encourage, and empower the 
patient to get better. Giving the patient the knowl-
edge and ability to feel some control and to be self-
determined in healing reduces the stress of injury 
and enhances the patient’s recovery powers. In 
stressful situations any measure of control lessens 
the extent of the stress and results in the improve-
ment of disease resistance or injury recovery factors 
that will improve treatment outcomes.  77     
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  SAFETY IN THE USE OF 
ELECTRICAL EQUIPMENT  

 Electrical safety in the clinical setting should be of 
maximal concern to the professional athletic trainer. 
Too often there are reports of patients being electro-
cuted as a result of faulty electrical circuits in whirl-
pools. This type of accident can be avoided by taking 
some basic precautions and acquiring an under-
standing of the power distribution system and elec-
trical grounds.  62   

   The typical electrical circuit consists of a source 
producing electrical power, a conductor that carries 
the power to a resistor or series of driven elements, 
and a conductor that carries the power back to the 
power source. 

   Electrical power is carried from generating 
plants through high-tension power lines carrying 
2200 V. The power is decreased by a transformer 
and is supplied in the wall outlet at 220 or 120 V 
with a frequency of 60 Hz. The voltage at the out-
let is alternating current, which means that one of 
the poles, the “hot” or “live” wire, is either positive 
or negative with respect to other neutral lines. 
Theoretically, the voltage of the neutral pole 
should be zero. Actually, the voltage of the neutral 
line is about 10 V. Thus, both hot and neutral lines 
carry some voltage with respect to the earth, which 
has zero voltage. The voltage from either of these 
two leads may be sufficient to cause physiologic 
damage. 

   The two-pronged plug has only two leads, both 
of which carry some voltage. Consequently, the 
electrical device has no true    ground   . The term  true 
ground  literally means the electrical circuit is con-
nected to the earth or the ground, which has the 
ability to accept large electrical charges without 
becoming charged itself. The ground will continu-
ally accept these charges until the electrical poten-
tial has been neutralized. Therefore, any electrical 
charge that may be potentially hazardous (i.e., any 

electricity escaping from the circuit) is almost imme-
diately neutralized by the ground. If an individual 
were to come in contact with a short-circuited 
instrument that was not grounded, the electrical 
current would flow through that individual to reach 
the ground. 

   Electrical devices that have two-pronged plugs 
generally rely on the chassis or casing of the power 
source to act as a ground, but this is not a true 
ground. Therefore, if an individual were to touch 
the casing of the instrument while in contact with 
some object or instrument that has a true ground, 
an electrical shock may result. With three-pronged 
plugs, the third prong is grounded directly to the 
earth and all excess electrical energy theoretically 
should therefore be neutralized. 

   By far the most common mechanism of injury 
from therapeutic devices results when there is some 
damage, breakdown, or short circuit to the power 
cord. When this happens, the casing of the machine 
becomes electrically charged. In other words, there 
is a voltage leak, and in a device that is not properly 
grounded electrical shock may occur ( Figure 5–35 ). 

       The magnitude of the electrical shock is a critical 
factor in terms of potential health danger ( Table 5–3 ). 
Shock from electrical currents flowing at 1 or less mA 

Figure 5–35 When a therapeutic device is not properly 
grounded, there is danger of electrical shock. This is a 
major problem in a whirlpool.

ground A wire that makes an electrical connection 
with the earth.
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will not be felt and is referred to as    microshock   . 
Shock from a current flow greater than 1 mA is called 
   macroshock   . Currents that range between 1 and 
15 mA produce a tingling sensation or perhaps some 
muscle contraction. Currents flowing at 15–100 mA 
cause a painful electrical shock. Currents between 
100 and 200 mA may result in fibrillation of cardiac 
muscle or respiratory arrest. When current flow is 
above 200 mA, rapid burning and destruction of 
 tissue occur.  113       

   Most electrotherapeutic devices (e.g., muscle 
stimulators, ultrasound, and the diathermies) are 
generally used in dry environments. All new electro-
therapeutic equipment being produced has three-
pronged plugs and is thus grounded to the earth. 
However, in a wet or damp area the three-pronged 
plug may not provide sufficient protection from elec-
trical shock. We know that the body will readily con-
duct electricity because of its high water content. If 
the body is wet or if an individual is standing in 
water, the resistance to electrical flow is reduced 
even more. Thus if a short should occur, the shock 
could be as much as five times greater in this damp 
or wet environment. The potential danger that exists 
with whirlpools or tubs is obvious. The ground on 
the whirlpool will supposedly conduct all current 
leakage from a faulty motor or power cord to the 
earth. However, an individual in a whirlpool is actu-
ally a part of that circuit and is subject to the same 
current levels as any other component of the circuit. 
Small amounts of current therefore can be poten-
tially harmful, no matter how well the apparatus is 

grounded. For this reason in 1981 the National Elec-
trical Code required that all health care facilities 
using whirlpools and tubs install    ground-fault 
interruptors (GFI)    ( Figure 5–36 ). These devices 
constantly compare the amount of electricity flow-
ing from the wall outlet to the whirlpool turbine with 
the amount returning to the outlet. If any leakage in 
current flow is detected, the ground-fault circuit 
breaker will automatically interrupt current flow in 
as little as one-fortieth of a second, thus shutting off 
current flow and reducing the chances of electrical 
shock.  125    These devices may be installed either in 
the electrical outlet or in the circuit-breaker box. 

 TABLE 5–3  Physiologic Effects of Electrical 
Shock at Varying Magnitudes

INTENSITY (MA) PHYSIOLOGIC EFFECTS

0–1 Imperceptible
2–15  Tingling sensation and muscle

 contraction
16–100 Painful electrical shock 

101–200 Cardiac or respiratory arrest
>200  Instant tissue burning and

 destruction

macroshock An electrical shock that can be felt 
and has a leakage of electrical current of greater than 
1 mA.

microshock An electrical shock that is impercep-
tible because of a leakage of current of less than 1 mA.

ground-fault interruptors (GFI) A safety device 
that automatically shuts off current flow and reduces 
the chances of electrical shock.

Figure 5–36 A typical ground-fault interrupter (GFI).
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 Summary 

transcutaneous electrical stimulators, re-
gardless of whether they deliver biphasic, 
monophasic, or pulsatile currents through 
electrodes attached to the skin.  

   6.   The term  pulse  is synonymous with  waveform , 
which indicates a graphic representation of 
the shape, direction, amplitude, duration, and 
pulse frequency of the electrical current the 
electrotherapeutic device produces, as dis-
played by an instrument called an oscilloscope.  

   7.   Modulation refers to any alteration in the 
magnitude or any variation in duration of a 
pulse (or pulses) and may be continuous, in-
terrupted, burst, or ramped.  

   8.   The main difference between a series and a 
parallel circuit is that in a series circuit there 
is a single pathway for current to get from one 
terminal to another, and in a parallel circuit 
two or more routes exist for current to pass.  

    1.   Electrons move along a conducting medium 
as an electrical current.  

   2.   A volt is the electromotive force that produces 
a movement of electrons; an ampere is a unit 
of measurement that indicates the rate at 
which electrical current is flowing.  

   3.   Ohm’s law expresses the relationship between 
current flow voltage and resistance. The cur-
rent flow is directly proportional to the voltage 
and inversely proportional to the resistance.  

   4.   Electrotherapeutic devices generate three dif-
ferent types of current, alternating (AC) or 
biphasic, direct (DC) or monophasic, or pul-
satile (PC) or polyphasic, which are capable of 
producing specific physiologic changes when 
introduced into biologic tissue.  

   5.   Confusion exists relative to the terminology 
used to describe electrotherapeutic currents, 
but all therapeutic electrical generators are 

  Clinical Decision-Making Exercise 5–11

When installing a whirlpool in the hydrotherapy 
area, the athletic trainer must always be concerned 
about the possibility of electrical shock. What 
measures can be taken to reduce the possibility 
of electrical shock?

               Regardless of the type of electrotherapeutic 
device being used and the type of environment, the 
following safety practices should be considered.  

     1.   The entire electrical system of the building 
or training room should be designed or 
evaluated by a qualified electrician. Prob-
lems with the electrical system may exist 
in older buildings or in situations where 
rooms have been modified to accommodate 
therapeutic devices (e.g., putting a whirl-
pool in a locker room where the concrete 
floor is always wet or damp).  

   2.   It should not be assumed that all three-
pronged wall outlets are automatically 
grounded to the earth. The ground must be 
checked.  

   3.   The athletic trainer should become very fa-
miliar with the equipment being used and 
any potential problems that may exist or 
develop. Any defective equipment should 
be removed from the clinic immediately.  

   4.   The plug should not be jerked out of the 
wall by pulling on the cable.  

   5.   Extension cords or multiple adaptors 
should never be used.  

   6.   Equipment should be reevaluated on a 
yearly basis and should conform to Na-
tional Electrical Code guidelines. If a clinic 
or athletic training room is not in compli-
ance with this code, then there is no legal 
protection in a lawsuit.  

   7.   Common sense should always be exercised 
when using electrotherapeutic devices. 
A situation that appears to be potentially 
dangerous may in fact result in injury 
or death.      
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   9.   The electrical circuit that exists when electron 
flow is through human tissue is in reality a com-
bination of both a series and a parallel circuit.  

   10.   The effects of electrical current moving 
through biologic tissue may be chemical, 
thermal, or physiologic.  

   11.   When an electrical system is applied to mus-
cle or nerve tissue, the result will be tissue 
membrane depolarization, provided that the 
current has the appropriate intensity, dura-
tion, and waveform to reach the tissue’s excit-
ability threshold.  

   12.   Muscle and nerve tissue respond in an 
all-or-none fashion; there is no gradation of 
response.  

   13.   Muscle contraction will change according to 
changes in current. As the frequency of the 
electrical stimulus increases, the muscle will 
develop more tension as a result of the sum-
mation of the contraction of the muscle fiber 
through progressive mechanical shorten-
ing. Increases in intensity spread the current 
over a larger area and increase the number 
of motor units activated by the current. In-
creases in the duration of the current also will 
cause more motor units to be activated.  

   14.   Nonexcitatory cells and tissues respond to 
subsensory electrical currents that can alter 
how the cell functions following injury.  

   15.   The newest electrical stimulating units are 
capable of producing multiple types of current 
including high-volt, biphasic, microcurrent, 
Russian, interferential, premodulated inter-
ferential, and low-volt.  

   16.   Electrically stimulating muscle contractions 
using primarily high-volt current is used clini-
cally to help with muscle reeducation, muscle 
contraction for muscle pumping action, re-
duction of swelling, prevention or retarda-
tion of atrophy, muscle strengthening, and 
increasing range of motion in tight joints.  

   17.   TENS applications are generally used for stim-
ulating sensory nerve fibers and modulating 
pain. TENS’ current parameters can be modi-
fied to modulate pain through gate control, 
desending mechanisms, and endogenous opi-
ate mechanisms of pain control.  

   18.   Microcurrent uses subsensory electrical cur-
rents primarily to achieve biostimulative ef-
fects in healing of bone and soft tissues.  

   19.   Russian current delivers a medium-frequency 
biphasic waveform and is used primarily for 
muscle strengthening.  

   20.   Interferential and premodulated interferential 
currents rely on the combined effects of cur-
rents produced from two separate generators 
and are used primarily for pain management.  

   21.   Low-volt currents are continuous monopha-
sic current. Their primary use involves polar 
 effects (acid or alkaline), increased blood flow, 
bacteriostatic effects (through the negative elec-
trode), and migration and alignment of cellular 
building blocks in the healing processes.  

   22.   Electrical safety is critical when using elec-
trotherapeutic devices. It is the responsibility 
of the athletic trainer to make sure that all 
electrical modalities conform to the National 
Electrical Code.    

  Review Questions  

   1.    How are the following electrical terms defined: 
 potential difference ,  ampere ,  volt ,  ohm , and  watt ?  

   2.    What is the mathematical expression of 
Ohm’s law and what does it represent?  

   3.    What are the three different types of electrical 
current?  

   4.    What is a transcutaneous electrical stimula-
tor and how is it related to a TENS unit?  

   5.    What are the different types of waveforms 
that electrical stimulating generators may 
produce?  

   6.    What are the various pulse characteristics of 
the different waveforms?  

   7.   How can electrical currents be modulated?  
   8.    What are the differences between series and 

parallel circuits?  
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   9.    How does electrical current travel through 
various types of biologic tissue?  

   10.    What physiologic responses can be elicited by 
using electrical stimulating currents?  

   11.    Explain the concept of depolarization of muscle 
and nerve in response to electrical stimulation.  

   12.   What do the strength-duration curves 
represent?  

   13.    How should electrical stimulating currents be 
used with denervated muscle?  

   14.    What are the effects of electrically stimulating 
nonexcitatory cells and tissues?  

   15.    What treatment parameters must be con-
sidered when setting up a treatment using 
electrical stimulating currents?  

   16.    What are the various therapeutic uses of elec-
trically stimulated muscle contractions?  

   17.    How can electrical stimulating currents be 
used to modulate pain?  

   18.    What are the clinical applications for using 
low-voltage direct currents?  

   19.    What are the various physiologic effects of 
using microcurrent?  

   20.    Are there advantages to using interferential 
currents as opposed to other types of electrical 
stimulating currents?  

   21.    What steps can the athletic trainer take to 
ensure safety of the patient when using elec-
trical modalities?    

  Self-Test Questions 

  True or False   
   1.   Electrons tend to flow from areas of low con-

centration to areas of high concentration.  
   2.   Insulators resist current flow.  
   3.   The greater the voltage, the greater the ampli-

tude.  
   4.   The cathode is the negatively charged elec-

trode in a direct current system.  
   5.    Chronaxie  refers to the minimum current in-

tensity needed for tissue excitation if applied 
for a maximum time.  

   6.   The electrode with the greatest current den-
sity is the active electrode. 

  Multiple Choice   
   7.   A particle of matter with very little mass and a 

negative charge is a(n) 
 a.    ion 
 b.    electron 
 c.    neutron 
 d.    proton    
   8.   What is the name of the unit measuring the 

force necessary to produce electron movement? 
 a.    ampere (amp) 
 b.    coulomb (c) 
 c.    volt (V) 
 d.    watt (W)    

   9.   In  current, electron flow 
constantly changes direction. 

 a.    alternating 
   b.  direct 
 c.    pulsatile 
 d.    galvanic    
  10.   When the current increases gradually to a 

maximal amplitude, it is known as   
 a.  burst 
 b.    ramping 
 c.    modulation   
 d.  galvanic    
  11.   In  circuits, electrons 

have only one path to follow. 
 a.    galvanic 
 b.    parallel  
 c.   resistor 
 d.    series    
  12.   Physiologic response(s) to electrical current 

include   
 a.  thermal   
 b.  chemical 
 c.    physiological    
 d.    all of the above    
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  17.   Electrical stimulation may release enkephalin 
and endorphin to cause pain relief. What is 
the name of this pain control method?   

 a.  gate control theory 
 b.    central biasing theory 
 c.    opiate pain control theory   
 d.  placebo effects    
  18.   Two currents combine and the amplitude 

 decreases. This is called  
 a.   destructive interference   
 b.  constructive interference   
 c.  heterodyne current 
 d.    beat current    
  19.   Which of the following currents is a pulsatile 

biphasic wave, generated in bursts, designed 
to create muscle contraction? 

 a.    low-intensity stimulation  
 b.   iontophoresis   
 c.  interferential current   
 d.  Russian    
  20.   Increased blood flow between electrodes is an 

effect of which of the following? 
 a.    interferential current 
 b.    function electrical stimulation 
 c.    low-intensity stimulation   
 d.  medical galvanism      

  13.   All whirlpools and tubs in a health care set-
ting must have   

 a.  ground-fault interruptors   
 b.  a three-prong outlet 
 c.    an insulated cord   
 d.  a waterproof motor    
  14.   During the absolute refractory period the cell 

is not capable of 
 a.    depolarization 
 b.    an action potential  
 c.   twitch muscle contraction   
 d.  all of the above    
  15.   The part of the cell responsible for transmitting 

messages to other cells via ionic, electrical, or 
small molecule signals is the 

 a.    electret 
 b.    gap junction 
 c.    dipole 
 d.    cell membrane pump    
  16.   To  current density in 

deeper tissue, the electrodes must be placed 
. 

 a.    increase, closer  
 b.   increase, further apart  
 c.   decrease, closer 
 d.    decrease, further apart    

 Solutions to Clinical Decision-Making Exercises 

5–1   The terms  TENS  and  NMES  are for all intents 
and purposes interchangeable in their physi-
ologic effects. Both units can be used to stim-
ulate peripheral motor or sensory nerves.  

  5–2   The athletic trainer should make it perfectly 
clear that even though the generator is pro-
ducing a high-voltage current, the amperage 
is very small in the milliamp range and thus 
the total amount of  electrical energy being 
output to the patient is very small. It is impor-
tant to explain exactly what the patient will 
feel, especially if  this is the first time that he 
or she has experienced electrical stimulation.  

  5–3   The size of  the active electrode can be de-
creased, which will increase current density 
under that electrode. The active electrodes 

can be moved further apart. The current 
intensity can be increased, and the current 
duration may also be increased.  

  5–4   The athletic trainer can simply increase 
current intensity sufficiently to produce a 
muscle contraction and then adjust the fre-
quency to approximately 50 pulses per sec-
ond. This will produce a tetanic contraction 
regardless of  whether biphasic, monophasic, 
or pulsatile current is being used.  

  5–5   To accomplish both of  the effects, only a 
long-duration continuous DC current is 
capable of  producing ion movement. Con-
tinuous monophasic current can also elicit 
a muscle contraction when the current is 
turned on and off.  
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  5–6   The current density under the active elec-
trode could be increased by using a smaller 
electrode. The current intensity or the cur-
rent duration or a combination of  the two 
may be increased to cause a depolarization.  

  5–7   A medium-frequency alternating current 
stimulator should be used. Frequency should 
be set at 20 to 30 Hz using an interrupted or 
surge modulation. On time should be set at 
about 20 sec with off  time also set at 20 sec. 
On most generators of  this type, pulse dura-
tion is preset. Intensity should be increased 
to elicit a strong muscle contraction that 
moves the lower leg through its antigravity 
range. The patient should be instructed to 
simultaneously produce a voluntary muscle 
contraction.  

  5–8   In a conventional TENS treatment, the goal 
is to provide as much sensory cutaneous 
input as possible. Thus, both the frequency 
and the pulse duration should be set as high 
as the unit will allow. The intensity should 
be increased until a muscle contraction is 
elicited, then decreased slightly until the pa-
tient feels only a tingling sensation. If  using 
a portable unit, the treatment may continue 

for several hours if  necessary or until the 
pain subsides.  

  5–9   In treating both trigger points and acupunc-
ture points, the athletic trainer should use 
a monophasic current with the frequency 
set between 1 and 5 Hz, and pulse duration 
between 100 µsec and 1000 µsec. Intensity 
should be increased to the point where there 
is a muscle contraction, then increased fur-
ther until it is somewhat painful. The point 
should be stimulated for 45 seconds.  

  5–10   The four electrodes should be set up in a 
square pattern with the target muscle in 
the center of  the square so that the maxi-
mum interference will take place where the 
electric field lines cross at the center of  the 
pattern.  

  5–11   The National Electrical Code requires that all 
whirlpools have ground-fault interruptors 
installed to automatically shut off  current 
flow. In addition the athletic trainer should 
not allow the patient to turn the whirlpool on 
and off. This is especially important when the 
patient is already in contact with the water. 
Extension cords or multiple adaptors should 
never be used in the hydrotherapy area.  
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   Background   A 22-year-old woman sustained an 
isolated rupture of the left anterior cruciate ligament 
(ACL) 2 weeks ago while skiing. Three days ago, she 
underwent an arthroscopically assisted intraarticular 
reconstruction of the ACL using an autologous patel-
lar-ligament graft. She is now weight bearing as toler-
ated with axillary crutches, is using a removable splint, 
and has been cleared for accelerated rehabilitation.   

Impression    Postoperative ACL reconstruction. 

   Treatment Plan   In addition to the standard active 
strengthening and range-of-motion exercise and physi-
cal agent modalities to control postoperative pain and 
swelling, a course of electrical stimulation for strength-
ening was initiated. The splint was removed, and the 
patient was seated on an isokinetic testing and training 
device, with the left knee in 65 degrees of flexion and the 
device set at a speed of 0 degrees per second (isometric). 
A pulsatile polyphasic electrical stimulator was used, 

with electrodes placed over the motor points of the vas-
tus medialis and vastus lateralis muscles. The stimulator 
produced a 2500-Hz carrier wave, with an effective fre-
quency of 50 Hz (10 msec on, 10 msec off). A 2-second 
ramp-up, 2-second ramp-down setting was selected, 
with a total on/off time of 10:50 (14 seconds on, 50 
seconds off), and the current amplitude was adjusted to 
maximal tolerance during every third stimulation. Fif-
teen cycles were administered; then the patient rested 
for 5 minutes; this was repeated twice, for a total of 
45 contractions per treatment session. The patient was 
treated three times per week for a total of 5 weeks.  

 Response  A linear increase in force produced dur-
ing electrical stimulation, as well as maximal isometric 
force production, was recorded over the 5 weeks of 
treatment. The patient’s gait and range of motion 
improved, and she was discharged to a home program 
at the end of treatment.

   Case Study 5–1 

 ELECTRICAL STIMULATING CURRENTS: STRENGTHENING INNERVATED MUSCLE

 Background   A 31-year-old man sustained a 
closed crush injury of the right foot in a construction 
accident 12 weeks ago. Radiographs revealed no 
bone injury, and the physical examination indicated 
that the neurovascular structures were intact. A 
pneumatic immobilization device was applied to the 
right leg in the emergency department, the patient 
was supplied with axillary crutches, and he was 
instructed to avoid weight bearing on the right foot 
until he was cleared by his family physician. The 
immobilization device was removed 6 weeks ago, 
and the patient was instructed to begin progressive 
weight bearing and to exercise the foot on his own. 
He has now been referred to you because of a pro-
gressive increase in burning pain in the foot and leg, 
with swelling and extreme sensitivity to touch. The 
patient refuses to bear weight on the foot and is not 
wearing a sock or shoe on the right foot. 

   Impression   Complex regional pain syndrome 
(CRPS) type I (aka reflex sympathetic dystrophy).   

 Treatment Plan   A pulsatile biphasic current was 
delivered to the right leg, with electrodes over the ante-
rior and posterior compartments. The frequency was 
2 pps, and the amplitude was above the patient’s pain 
threshold but below pain tolerance; a strong muscular 
twitch response was elicited. The current was delivered 
without interruption (on/off time of 1:0) for 60 sec-
onds. When the current was turned off, the patient’s 
foot was brushed lightly with the therapist’s hands. 
The process was repeated a total of 10 times in the ini-
tial treatment session, and the patient was instructed 
to attempt the brushing process at home. 

   Response   After the initial 60 seconds of current at the 
first treatment session, the patient was able to tolerate 
5 seconds of light touch. After the tenth period of stimu-
lation, the patient was able to tolerate 45 seconds of mod-
erate touch. Treatment was repeated 3 days per week for 
2 weeks, at which time the patient was able to tolerate a 
sock and shoe, was partial weight bearing, and contin-
ued the desensitization process on a home program.  

   Case Study 5–2 

 ELECTRICAL STIMULATING CURRENTS: PAIN MODULATION  
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  Background   A 42-year-old woman sustained a 
severe grade II medial collateral ligament sprain of the 
left knee 3 days ago in an auto accident and is being 
treated with plaster immobilization for 3 weeks. She is 
not able to generate a maximal isometric quadriceps 
contraction voluntarily. The cast has been modified to 
accommodate electrodes over the femoral nerve and 
the motor point of the vastus medialis muscle. There 
are no restrictions on the amount of force she is allowed 
to produce during a knee extension effort. 

   Impression   Grade II medial collateral ligament 
(MCL) sprain of the left knee, with inability to generate 
maximal isometric force of the knee extensors. 

   Treatment Plan   A 5-day per week schedule of elec-
trical stimulation was initiated. A pulsatile waveform 
was selected, with a 2500 Hz  wave, with an effective 
frequency of 50 Hz (10 msec on, 10 msec off). The 
stimulator was set to ramp the current up for 6 sec-
onds, then maintain the current at a specific ampli-
tude for 10 seconds, then drop to zero with no ramp; 

  Case Study 5–3

 ELECTRICAL STIMULATING CURRENTS: MUSCLE REEDUCATION 
rest time was 50 seconds, giving an effective on/off 
time of 1:5 (10 seconds on, 50 seconds off). Each treat-
ment session began with 10 repetitions at a comfort-
able stimulus amplitude, followed by three sets of 
10 repetitions each with the maximal amount of cur-
rent tolerable. A 2-minute rest separated the sets. 
During the 10-second on time, the current amplitude 
was adjusted to the maximal amount the patient was 
able to tolerate. The patient was encouraged to con-
tract the quadriceps femoris muscle group as the 
current was delivered.  

  Response   The patient’s tolerance for the electrical 
stimulation gradually increased during the first week, 
then reached a plateau; this plateau was maintained 
for the next 2 weeks. Upon removal of the cast, there 
was no measurable or visible atrophy of the left thigh. 
A rehabilitation program of active range of motion, 
strengthening exercise, and functional activities was 
initiated, and the patient returned to full, pain-free 
activity 3 weeks following cast removal.  

  Case Study 5–4

 ELECTRICAL STIMULATING CURRENTS: MUSCLE REEDUCATION  
 Background   A 23-year-old man injured his left 
radial nerve as a result of an open fracture of the 
humerus sustained in a motorcycle accident. The 
injury occurred 2 years ago. There was an unsuccess-
ful primary repair of the nerve injury; because there 
was no evidence of reinnervation, a sural nerve graft 
was completed 1 year ago. Again, there was no evi-
dence of reinnervation, so the distal attachment of the 
flexor carpi radialis (FCR) was transferred to the poste-
rior aspect of the base of the third metacarpal to provide 
wrist extension. The tendon transfer was completed 
3 weeks ago. The wrist and forearm have been immo-
bilized until yesterday, and the patient has been referred 
for rehabilitation. The surgeon has cleared the patient 
for gentle FCR contraction. 

   Impression   Posttendon transfer with lack of volun-
tary control.  

  Treatment Plan   Using a pulsatile biphasic wave-
form generator, a course of therapeutic electrical 

stimulation was initiated. A bipolar electrode arrange-
ment was used, with one electrode over the motor 
point of the FCR and the other electrode approxi-
mately 4 cm distal, over the FCR. The pulse rate was 
set at 40 pps, and the effective on/off time was set at 
5:5 (5 seconds on, 5 seconds off ), with a 2-second 
ramp-up and a 2-second ramp-down (so the total 
time the current was delivered was 7 seconds, with 
7 seconds between stimulations). The current ampli-
tude was adjusted to achieve a palpable contraction of 
the FCR, but no wrist motion, and the treatment time 
was set to 12 minutes, so as to achieve approximately 
50 contractions.  

  Response   Treatment was conducted daily for 
3 weeks, with gradual increases in the current ampli-
tude and number of repetitions. At this time, the 
patient was able to initiate wrist extension indepen-
dent of the electrical stimulation and was discharged 
to a home program.  
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with a rate of 60 pps, an amplitude between the sen-
sory and motor thresholds, and an on/off time of 1:0 
(uninterrupted). The stimulation was delivered for the 
10-minute heat application and remained in place dur-
ing the therapeutic exercise, as well as for 30 minutes 
following the exercise. 

   Response   The patient experienced a 60% reduction 
in the symptoms during the exercise; this enabled her 
to perform the exercise through a greater range and 
with a greater effect. The effect of the TENS began to 
diminish after 8 weeks, but the pain had diminished 
to manageable levels such that the patient was able to 
continue the rehabilitation program without the 
TENS.  

  Case Study 5–5

 ELECTRICAL STIMULATING CURRENTS: CONVENTIONAL TENS  
 Background   A 24-year-old woman is 9 months 
post–back surgery due to a herniated disc with com-
promise of the S1 nerve root. The surgery resulted in 
relief of the peripheral pain, weakness, and sensory 
loss, but persistent pain in the lumbosacral spine and 
buttock prevents the patient from engaging in reha-
bilitation exercises effectively. 

   Impression   Status postspinal surgery with persis-
tent postoperative pain; no neural deficit.   

 Treatment Plan   The patient was already being 
treated with a hot pack prior to exercise; conventional 
TENS was added to the treatment regimen. Electrodes 
were placed at the L3–4 interspace and over the greater 
trochanter. A pulsatile biphasic waveform was selected, 

  Case Study 5–6

 ELECTRICAL STIMULATING CURRENTS: RUSSIAN CURRENT 
  Background   A 16-year-old male underwent 
arthroscopic partial medial meniscectomy on the right 
knee yesterday. He is to begin ambulation with 
crutches, weight bearing as tolerated, today. Clinic 
policy states that patients must be able to produce an 
active quadriceps femoris contraction prior to crutch-
walking instruction. However, the patient is unable to 
produce an active contraction of the quadriceps femo-
ris muscle. There is minimal pain and swelling, but 
after working with the therapist for 15 minutes, he 
remains unable to contract the quadriceps femoris. 

   Impression   Status postarthroscopic surgery on the 
right knee with inhibition of quadriceps femoris 
control.   

 Treatment Plan   Using a pulsatile biphasic wave-
form generator, a course of electrical stimulation was 
initiated. The cathode (active, negative polarity) was 
placed over the motor point of the vastus medialis, and 
the anode (inactive, positive polarity) was placed on 

the posterior thigh. The frequency was set at 40 pps. 
Using an uninterrupted (1:0) on/off time, the ampli-
tude was set to a level that produced a visible 
contraction, but was below the pain threshold. After 
establishing the stimulus amplitude, the on/off time 
was then adjusted to deliver 15 seconds of stimulus 
followed by 15 seconds of rest; the current was not 
ramped, so the effective on/off time was 1:1. The 
patient was encouraged to contract the quadriceps 
femoris during the stimulation for the first five stimula-
tions, then was asked to contract the quadriceps femo-
ris before the stimulus was delivered. 

   Response   After 20 repetitions of the stimulus, the 
patient was able to initiate a contraction of the quadri-
ceps femoris before the current was delivered. The elec-
trical stimulation was discontinued, and the patient 
was able to continue to contract the quadriceps femoris 
voluntarily. He was then instructed in crutch walking, 
and routine postoperative rehabilitation was initiated.  

 

 

pre45195_ch05_103-165.indd Page 165  4/30/08  6:57:02 PM epgpre45195_ch05_103-165.indd Page 165  4/30/08  6:57:02 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-05/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-05



166

    I
ontophoresis    is a therapeutic technique that 
involves the introduction of ions into the body 
tissues by means of a direct electrical current.  16   

Originally referred to as  ion transfer , it was first 
described by LeDuc in 1903 as a technique of trans-
porting chemicals across a membrane using an 
electrical current as a driving force.  60   Since that 
time the popularity and use of iontophoresis as a 
therapeutic technique have increased and 
decreased. Recently new emphasis has been placed 
on iontophoresis, and it has become a commonly 
used technique in clinical settings. Iontophoresis 
has several advantages as a treatment technique in 
that it is a painless, sterile, noninvasive technique 
for introducing specific ions into the tissue that has 
been demonstrated to have a positive effect on the 
healing process.  22   

 Although specific statutes relative to the use of 
iontophoresis vary from state to state, the athletic 
trainer must be aware that most of the medications 
used in iontophoresis require a physician’s prescrip-
tion for use. 

 IONTOPHORESIS VERSUS 
PHONOPHORESIS 

 It is critical to point out the difference between ion-
tophoresis and phonophoresis since the two tech-
niques are often confused and occasionally the two 

 CHAPTER 6 

 Iontophoresis  
    William   E.   Prentice    

  Following completion of this chapter, the 
athletic training student will be able to: 

  •  Differentiate between iontophoresis and 
phonophoresis. 

  •  Explain the basic mechanisms of ion transfer. 

  •  Establish specific iontophoresis application 
procedures and techniques. 

  •  Identify the different ions most commonly used 
in iontophoresis. 

  •  Choose the appropriate clinical applications for 
using an iontophoresis technique. 

  •  Establish precautions and concerns for using 
iontophoresis treatment.   

iontophoresis A therapeutic technique that in-
volves the introduction of ions into the body tissues by 
means of a direct electrical current.
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terms are erroneously interchanged. It is true that 
both techniques are used to deliver chemicals to 
various biologic tissues. Phonophoresis, which is 
discussed in detail in Chapter 8, involves the use of 
acoustic energy in the form of ultrasound to drive 
whole molecules across the skin into the tissues, 
whereas iontophoresis uses an electrical current to 
transport ions into the tissues. 

  BASIC MECHANISMS OF ION 
TRANSFER   

 Pharmacokinetics of Iontophoresis 

 In an ideal drug delivery system, the goal is to maxi-
mize the therapeutic effects of a drug while minimiz-
ing adverse effects and simultaneously providing a 
high degree of patient compliance and acceptability.  88   
Transdermal iontophoresis delivers medication at a 
constant rate so that the effective plasma concentra-
tion remains within a therapeutic window for an 
extended period of time. The    therapeutic window    
refers to the plasma concentrations of a drug, which 
should fall between a minimum concentration neces-
sary for a therapeutic effect and the maximum effec-
tive concentration above which adverse effects may 
possibly occur.  88   Iontophoresis is able to facilitate the 
delivery of charged and high-molecular-weight com-
pounds that cannot be effectively delivered by simply 
applying them to the skin. Iontophoresis is useful 
since it appears to overcome the resistive properties of 
the stratum corneum to charged ions.  88     

   Iontophoresis decreases the absorption lag time, 
while it increases the delivery rate when compared 
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with passive skin application. A primary advantage of 
iontophoresis is the ability to provide both a spiked 
and sustained release of a drug, thus reducing the pos-
sibility of developing a tolerance to the drug. The rate 
at which an ion may be delivered is determined by a 
number of factors including the concentration of the 
ion, the pH of the solution, molecular size of the solute, 
current density, and the duration of the treatment. 

   It appears that mechanisms of absorption of 
drugs administered by iontophoresis are similar to 
those of drugs administered via other methods.  88   
However, taking medication via transdermal ionto-
phoresis has advantages relative to taking oral med-
ications because the medication is concentrated in a 
specific area and it does not have to be absorbed 
within the gastrointestinal tract. Additionally, 
transdermal administration is safer than adminis-
tering a drug through injection.   

 Movement of Ions in Solution 

 As defined in Chapter 5,    ions    are positively or nega-
tively charged particles. Through the process of 
   ionization    soluble compounds such as acids, alka-
loids, or salts dissociate or dissolve into ions, which 
are suspended in some type of solution.  17   Ionic 
movement occurs in the resulting solutions, called 
   electrolytes   . Ions move or migrate within this so-
lution according to the electrically charged currents 
acting on them. The term    electrophoresis    refers to 
the movement of ions in solution. 

therapeutic window Refers to the plasma con-
centrations of a drug, which should fall between a 
minimum concentration necessary for a therapeutic 
effect and the maximum effective concentration above 
which adverse effects may possibly occur.

ions Positively or negatively charged particles.

ionization A process by which soluble compounds 
such as acids, alkaloids, or salts dissociate or dissolve 
into ions that are suspended in some type of solution.

electrolytes Solutions in which ionic movement 
occurs.

electrophoresis The movement of ions in solution.

  Clinical Decision-Making Exercise 6–1

A physician sends the athletic trainer a 
prescription for using topical hydrocortisone to 
treat plantar fasciitis but does not specify whether 
phonophoresis or iontophoresis should be used. 
What should determine the athletic trainer’s 
decision to use one or the other?
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   At any given instant, the electrode that has the 
greatest concentration of electrons is negatively 
charged and is referred to as the negative electrode 
or cathode. Conversely, the electrode with a lower 
concentration of electrons is called the positive elec-
trode or anode. Negatively charged ions will be 
repelled from the negative electrode, and thus they 
move toward the positive electrode, creating an 
   acidic reaction   . Positively charged ions will tend 
to move toward the negative electrode and away 
from the positive electrode, resulting in an    alkaline 
reaction   . 

   The manner in which ions move in solution 
forms the basis for iontophoresis. Positively charged 
ions are carried into the tissues from the positive 
pole and negatively charged ions are introduced by 
the negative pole. Once they enter the tissues, the 
ions are picked up by the body’s own charged ions, 
and electrolytes pick up the electrons and transport 
them, allowing flow of current between active and 
dispersive electrodes. Thus knowing the correct ion 
polarity and matching it with the appropriate elec-
trode polarity is of critical importance in using 
iontophoresis.   

 Movement of Ions through Tissue 

 The force that acts to move ions through the tissues 
is determined by both the strength of the electrical 
field and the electrical impedance of tissues to cur-
rent flow. The strength of the electrical field is 
determined by the current density. The difference in 
current density between the active and inactive or 
dispersive electrodes establishes a gradient of poten-
tial difference that produces ion migration within 
the electrical field. (In Chapter 5 the active electrode 
was defined as the smaller of the two electrodes that 
has the greater current density. When using ionto-
phoresis, the    active electrode    is defined as the one 
that is being used to carry the ion into the tissues.) 
Current density may be altered either by increasing 
or decreasing current intensity or by changing the 
size of the electrode. Increasing the size of the elec-
trode will decrease current density under that elec-
trode. It has been recommended that the current 

density be reduced at the cathode or negative elec-
trode. The accumulation of positively charged ions 
in a small area creates an alkaline reaction that is 
more likely to produce tissue damage than an ac-
cumulation of negatively charged ions that produces 
an acidic reaction. Thus it has been recommended 
that the negative electrode should be larger, perhaps 
twice the size of the positive electrode to reduce cur-
rent density.  17  ,  58   This size relationship should re-
main the same even when the negative electrode is 
the active electrode. However, it should be added 
that this is not usually the case with current 
electrodes for iontophoresis, which are more likely 
to be the same size ( Figure 6–1 ). 

   Skin and fat are poor conductors of electrical 
current, offering greater resistance to current flow. 
Higher current intensities are necessary to create 
ion movement in areas where the skin and fat layers 
are thick, further increasing the likelihood of burns 
particularly around the negative electrode. How-
ever, the presence of sweat glands decreases imped-
ance, thus facilitating the flow of direct current as 
well as ions. The sweat ducts are the primary paths 
by which ions move through the skin.  37   As the skin 
becomes more saturated with an electrolyte and 
blood flow increases to the area during treatment, 
overall skin impedance will decrease under the 
electrodes.  16   Iontophoresis should be considered a 
relatively superficial treatment, with the medication 
penetrating no more than 1.5 cm over a 12- to 
24- hour period but only 1–3 mm during the dura-
tion of the average treatment. 

   The quantity of ions transferred into the tissues 
through iontophoresis is determined by the inten-
sity of the current or current density at the active 

acidic reaction The accumulation of negative ions 
under the positive pole that produces hydrochloric 
acid.

alkaline reaction The accumulation of positive 
ions under the negative electrode that produces 
sodium hydroxide.

active electrode The electrode that is used to drive 
ions into the tissues.
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electrode, the duration of the current flow, and the 
concentration of ions in solution.  17   The number of 
ions absorbed is directly proportional to the current 
density. In addition, the longer the current flows, 
the greater the number of ions transferred to the tis-
sues. Therefore, ion transfer may be increased by 
increasing the intensity and duration of the treat-
ment. Unfortunately as treatment duration 
increases, the skin impedance decreases, thus 
increasing the likelihood of burns. Even though ion 
concentration affects ion transfer, concentrations 
greater than 1–2% are not more effective than 
medications at lower concentrations.  66  ,  68 

     Once the ions have passed through the skin, 
they recombine with existing ions and free radicals 
floating in the bloodstream, thus forming the 

Displays

Figure 6–1 Portable iontophoresis units. (a) The 
Phoresor PM 850 and its control panel. (b) The Phoresor 
PM 900 is a simpler, more portable unit. 

 Analogy 6–1

The delivery of ions into the tissues occurs when like 
charges repel one another, as would be the case with 
two magnets. One end of each magnet is nega-
tively charged, while the other is positively charged. If 
you try to place the negatively charged ends together, 
the magnets will feel as if they are pushing each other 
away. Similarly, if you place a positively charged ion 
under the positively charged electrode, the ion will be 
driven away and into the skin.

(a)

(b)

necessary new compounds for favorable therapeutic 
interactions.  58      

(a1)
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170  PART THREE  Electrical Energy Modalities

 IONTOPHORESIS EQUIPMENT 
AND TREATMENT TECHNIQUES 

 Type of Current Required 

 Continuous direct current has traditionally been 
used for iontophoresis. Direct current insures the 
unidirectional flow of ions that cannot be accom-
plished using a bidirectional or alternating current. 
However, a recent study has shown that drugs can 
be delivered by AC iontophoresis. Iontophoresis 
using alternating current avoids electrochemical 
burns, and delivery of the drug increases with dura-
tion of application.  44   Neither high-voltage direct 
currents nor interferential currents may be used for 
iontophoresis since the current is interrupted and 
the current duration is too short to produce signifi-
cant ion movement. It should be added, however, 
that modulated pulsed currents have been used 
with some success in in vivo and in vitro studies on 
laboratory animals for transdermal delivery of 
drugs.  3  ,  82  ,  93   

 Iontophoresis Generators 

 A variety of current generators are available on the 
market that produce continuous direct current and 
are specifically used for iontophoresis (Figures 6–1 
and  6–2 ). It should be emphasized that any gener-
ator that has the capability of producing continu-
ous direct current may be used for iontophoresis. 
Some generators are driven by batteries, others by 
alternating current. Many generators produce cur-
rent at a constant voltage that gradually reduces 
skin impedance, consequently increasing current 
density and thus increasing the risk of burns. The 
generator should deliver a constant voltage output 
to the patient by adjusting the output amperage to 
normal variations that occur in tissue impedance, 

thereby reducing the likelihood of burns. For safety 
purposes the generator should automatically shut 
down if the skin impedance decreases to some 
preset limit. 

   The generator should have some type of current 
intensity control that can be adjusted between 1 
and 5 mA. It should also have an adjustable timer 
that can be set up to 25 minutes. Polarity of the ter-
minals should be clearly marked, and a polarity 
reversal switch is desirable. The lead wires connect-
ing the electrodes to the terminals should be well 
insulated and should be checked regularly for dam-
age or breakdown. 

 Current Intensity 

 Low-amperage currents appear to be more effective 
as a driving force than currents with higher intensi-
ties.  46  ,  58  ,  63   Higher-intensity currents tend to reduce 
effective penetration into the tissues. Recommended 
current amplitudes used for iontophoresis range 
between 3 and 5 mA.  8  ,  18  ,  39  ,  58   When initiating the 
treatment, the current intensity should always be in-
creased very slowly until the patient reports feeling a 
tingling or prickly sensation. If pain or a burning sen-
sation is elicited, the intensity is too great and should 
be decreased. Likewise when terminating the treat-
ment, current intensity should be slowly decreased to 
zero before the electrodes are disconnected. 

Iontophoresis generators

• produce continuous DC current

Figure 6–2 The Fischer MD 1a is an example of a less 
portable unit that can be used for iontophoresis.
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   It has been recommended that the maximum 
current intensity be determined by the size of the 
active electrode ( Figure 6–3 a ).  65   Current amplitude 
is usually set so that the current density falls between 
0.1 and 0.5 mA/cm 2  of the active electrode sur-
face  17   (Figure 6–3 b). 

 Treatment Duration 

 Recommended treatment durations range between 
10 and 20 minutes, with 15 minutes being an 
average.  2   During this 15-minute treatment, the pa-
tient should be comfortable with no reported or vis-
ible signs of pain or burning. The athletic trainer 
should check the patient’s skin every 3–5 minutes 
during treatment, looking for signs of skin irritation. 
Since skin impedance usually decreases during the 
treatment, it may be necessary to decrease current 
intensity to avoid pain or burning. 

   It should be added that the medicated electrode 
can be left in place for 12–24 hours to enhance the 
initial treatment.  2    

 Dosage of Medication 

 An iontophoresis dose of medication delivered dur-
ing treatment is expressed in milliampere-minutes 
(mA-min). An mA-min is a function of current and 

time. The total drug dose delivered (mA-min) = 
current × treatment time. For example: 

   40 mA-min dose = 4.0 mA 
   current ë 10 minutes treatment time

OR 
   30 mA-min dose = 2.0 mA 

   current ë 15 minutes treatment time 

   A typical iontophoretic drug delivery dose is 
40 mA-min but can vary from 0 to 80 mA-min 
depending on the medication.  

 Electrodes 

 The continuous direct electrical current must be de-
livered to the patient through some type of electrode. 
Many different electrodes are available to the ath-
letic trainer, ranging from those “borrowed” from 
other electrical stimulators to commercially manu-
factured, ready-to-use, disposable electrodes made 
specifically for iontophoresis.  8  ,  40   

   The more traditional electrodes are made of tin, 
copper, lead, aluminum, or platinum backed by rub-
ber and completely covered by a sponge, towel, or 
gauze that is in contact with the skin. The absorbent 
material is soaked with the ionized solution to be 
driven into the tissues. If the ions are contained in 
an ointment, it should be rubbed into the skin over 

Figure 6–3 (a) The maximum current intensity should be determined by the size of the active electrode. (b) Current 
amplitude is usually set so that the current density falls between 0.1 and 0.5 mA/cm2 of the active electrode surface. 
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the target zone and covered by some absorbent 
material soaked in water or saline before the elec-
trode is applied. 

   The commercially produced electrodes are sold 
with most iontophoresis systems. These electrodes 
have a small chamber, in which the ionized solution 
is housed, that is covered by some type of semiper-
meable membrane. The electrode self-adheres to the 
skin ( Figure 6–4 ). This type of electrode has elimi-
nated the “mess and hassles” that have been associ-
ated with electrode preparation for iontophoresis in 

the past. Some electrodes are available with the ion-
ized solutions already inside. Other electrodes still 
need to have the medication injected into an elec-
trode cavity ( Figure 6–5 ). 

   Regardless of the type of electrode used, to 
ensure maximum contact of the electrodes the skin 
should be shaved and cleaned prior to attachment of 
the electrodes. Care should be taken not to exces-
sively abrade the skin during cleaning because dam-
aged skin has a lower resistance to the current so 
that a burn may more easily occur. Also, caution 
should be used when treating areas that for one rea-
son or another have reduced sensation. 

   Once this electrode has been prepared, it then 
becomes the active electrode, and the lead wire to 
the generator is attached such that the polarity of 
the wire is the same as the polarity of the ion in solu-
tion. A second electrode, the dispersive electrode, is 
prepared with water, gel, or some other conductive 
material as recommended by the manufacturer. 
Both electrodes must be securely attached to the 
skin such that uniform skin contact and pressure is 
maintained under both electrodes to minimize the 
risk of burns. Electrodes via the lead wires should 
not be connected to the generator unless both the 
generator and the amplitude or intensity control are 
turned off. At the end of the treatment, the intensity 
control should be returned to zero and the generator 
turned off before the electrodes are detached from 
the patient. 

Figure 6–5 Electrodes used for iontophoresis.

Figure 6–4 The commercially produced, self-adhering 
electrodes used with most iontophoresis systems 
have a small chamber that is covered by some type of 
semipermeable membrane that contains the ionized 
solution. 

Lead wire
Electrode cavity that holds ion

Semipermeable membrane Skin adhesive
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   The size and shape of the electrodes can cause a 
variation in current density and affect the size of the 
area treated.  28   Smaller electrodes have a higher cur-
rent density and should be used to treat a specific 
lesion. Larger electrodes should be used when the 
target treatment area is not well defined. 

   Recommendations for spacing between the 
active and dispersive electrodes seem to be variable. 
They should be separated by at least the diameter of 
the active electrode. One source has recommended 
spacing them at least 18 inches apart.  16   As spacing 
between the electrodes increases, the current den-
sity in the superficial tissues will decrease, perhaps 
minimizing the potential for burns. 

   The newest type of electrode utilizes an extended 
time-released electronic transdermal drug delivery 
system ( Figure 6–6 ). A self-adhesive patch has a 
self-contained, built-in battery that produces a low-
level electric current to transport ions to underlying 
tissue. Drug delivery is shut off automatically when 
the prescribed dosage has been administered. The 
patch is single use and disposable. 

 Selecting the Appropriate Ion 

 It is critical that the athletic trainer be knowledge-
able in the selection of the most appropriate ions 
for treating specific conditions ( Table 6–1 ). For a 
compound to penetrate a membrane such as the 
skin, it must be soluble in both fat and water. It 
must be water soluble if it is to remain in an ionized 
state in solution. However, human skin is relatively 
impervious to water ions, which are soluble only in 
water and do not diffuse in the tissues.  10   They must 
be fat soluble to permeate the tissues of the body.  40   
Penetration is relatively superficial and is generally 
less than 1 mm.  39   The majority of the ions depos-
ited in the tissues are found primarily at the site of 
the active electrode, where they are stored as either 
a soluble or insoluble compound. They may be 
used locally as a concentrated source or trans-
ported by the circulating blood, producing more 
systemic effects.  58   

   The tendency of some ions to form insoluble 
precipitates as they pass into the tissues inhibits 
their ability to penetrate. This is particularly true 
with heavy metal ions, including iron, copper, silver, 
and zinc.  23   

   An accumulation of negative ions produces an 
acidic reaction through the formation of hydrochlo-
ric acid. This is sclerotic and produces hardening of 
the tissues by increasing protein density. In addi-
tion, some negative ions can also produce an anal-
gesic effect (salicylates). It should be added that this 
response occurs under the positive pole.  

    The majority of the ions used for iontophoresis 
are positively charged.  An accumulation of positive 
ions produces an alkaline reaction with the 

 

• The negative electrode should be 
larger than the positive.

Figure 6–6 The Iontopatch has a self-contained 
battery that uses a low-level current to drive ions into the 
skin. 

 Clinical Decision-Making Exercise 6–2

A field hockey player is getting her first 
iontophoresis treatment for patellar tendonitis. 
Dexamethasone has been prescribed in a dose of 
40 mA-min. What can the athletic trainer do to 
minimize the chances of an adverse sensitivity to 
this medication during this first-time treatment?

Battery

pre45195_ch06_166-184.indd Page 173  4/30/08  6:57:57 PM epgpre45195_ch06_166-184.indd Page 173  4/30/08  6:57:57 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-06/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-06



174  PART THREE  Electrical Energy Modalities

 TABLE 6–1 Recommended Ions for Use by Athletic Trainers47

POSITIVE 

Antibiotics, gentamycin sulfate (+), 8 mg/mL, for suppurative ear chondritis.
Calcium (+), from calcium chloride, 2% aqueous solution, believed to stabilize the irritability threshold in either direction, 

as dictated by the physiologic needs of the tissues. Effective with spasmodic conditions, tics, and “snapping fingers” (joints).
Copper (+), from a 2% aqueous solution of copper sulfate crystals; fungicide, astringent, useful with intranasal 

conditions, e.g., allergic rhinitis or “hay fever,” sinusitis, and also dermatophytosis or “athlete’s foot.” 
Hyaluronidase (+), from Wydase crystals in aqueous solution as directed; for localized edema.
Lidocaine (+), from Xylocaine 5% ointment; anesthetic/analgesic, especially with acute inflammatory conditions (e.g., 

bursitis, tendinitis, tic doloreux, and TMJ pain).
Lithium (+), from lithium chloride or carbonate, 2% aqueous solution; effective as an exchange ion with gouty tophi 

and hyperuricemia.
Magnesium (+), from magnesium sulfate (“Epsom Salts”), 2% aqueous solution; an excellent muscle relaxant, good 

vasodilator, and mild analgesic.
Mecholyl (+), familiar derivative of acetylcholine, 0.25% ointment; a powerful vasodilator, good muscle relaxant, and 

analgesic. Used with discogenic low back radiculopathies and sympathetic reflex dystrophy.
Priscoline (+), from benzazoline hydrochloride, 2% aqueous solution; reported effective with indolent ulcers.
Zinc (+), from zinc oxide ointment, 20%; a trace element necessary for healing, especially effective with open lesions 

and ulcerations.

NEGATIVE

Acetate (−), from acetic acid, 2% aqueous solution; dramatically effective as a sclerolytic exchange ion with calcific deposits.
Chlorine (−), from sodium chloride, 2% aqueous solution; good sclerolytic agent. Useful with scar tissue, keloids, and burns.
Citrate (−), from potassium citrate, 2% aqueous solution; reported effective in rheumatoid arthritis.
Dexamethasone (−), from Decadron; used for treating musculoskeletal inflammatory conditions.
Iodine (−), from Iodex ointment, 4.7%; an excellent sclerolytic agent, as well as bacteriocidal, and a fair vasodilator. 

Used successfully with adhesive capsulitis (“frozen shoulder”), scars, etc.
Salicylate (−), from Iodex with methyl salicylate, 4.8% ointment; a general decongestant, sclerolytic, and anti-

inflammatory agent. If desired without the iodine, may be obtained from Myoflex ointment (trolamine salicylate 10%) 
or a 2% aqueous solution of sodium salicylate powder. Used successfully with frozen shoulder, scar tissue, warts, and 
other adhesive or edematous conditions.

EITHER 

Ringer’s solution (+/−), with alternating polarity for open decubitus lesions.
Tap water (+/−), usually administered with alternating polarity and sometimes with glycopyrronium bromide in 

hyperhidrosis.

 Clinical Decision-Making Exercise 6–3

The athletic trainer gets a prescription from the 
team physician for using dexamethasone, an 
anti-inflammatory, to treat Achilles tendinitis. 
What considerations and treatment parameters 
are important for preparing the patient for this 
iontophoresis treatment?

formation of sodium hydroxide. Positive ions are 
sclerolytic; thus they produce softening of the tis-
sues by decreasing protein density. This is useful in 
treating scars or adhesions. This response occurs 
under the negative pole. Table 6–1, modified from a 
list compiled by Kahn, lists the ions most commonly 
used with iontophoresis.  54     
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 Clinical Applications for Iontophoresis 

 A relatively long list of conditions for which ionto-
phoresis is an appropriate treatment technique 
has been cited in the literature.  5   Clinically, ionto-
phoresis is most often used in the treatment of in-
flammatory musculoskeletal conditions.  22   It may 
also be used for analgesic effects, scar modifica-
tion, wound healing, and in treating edema, cal-
cium deposits, and hyperhidrosis. Many of these 
published studies are case reports that attempt to 
establish the clinical efficacy of iontophoresis in 
treating various conditions.  31  ,  90    Table 6–2  pro-
vides a list of studies that have treated various 
conditions using iontophoresis.    

Treatment Protocols: Iontophoresis

1. Prepare electrodes according to 
manufacturer’s instructions; secure 
electrodes to patient. Electrode location will 
vary depending on the drug being phoresed; 
anionic drugs are repelled from the cathode; 
cations are repelled from the anode.

2. Remind the patient to inform you when he 
or she feels something. Do not tell the patient 
what he or she will feel; for example, do not say, 
“Tell me when you feel a burning or stinging.”

3. Turn on the stimulator, and increase the 
amplitude slowly. Monitor the patient’s 
response, not the stimulator.

4. After the patient reports the onset of the 
stimulus, adjust the amplitude to the 
appropriate intensity.

5. Continue to monitor the patient during the 
duration of the treatment.

 TABLE 6–2 Conditions Treated with Iontophoresis

CONDITION IONS USED IN CONDITION IONS USED IN  
 TREATMENT   TREATMENT

INFLAMMATION   Gangarosa 199326

Bertolucci 19828 Hydrocortisone, salicylate Abell et al. 19741

Kahn 198254 Dexamethasone Shrivastava, Sing 197787  
Chantraine et al. 198613   Grice et al. 197232  
Harris 198239   Hill 197643  
Hasson 199142   Stolman 198792  
Hasson et al. 199241   
Delacerda 198218   FUNGI  
Glass et al. 198030   Kahn 199157 Copper 
Zawislak et al. 1996100   Haggard 193937  
McEntaffer et al. 199664

Gurney et al. 200536   OPEN SKIN LESIONS  
Hamann, 200638   Cornwall 198115 Zinc
Banta 19956   Jenkinson et al. 197447

Petelenz et al. 199274   Balogun et al. 19904

Panus et al. 199970 Ketoprofen   
    HERPES
ANALGESIA   Gangarosa et al. 198942

Evans et al. 200121  
Schaeffer et al. 197184 Lidocaine, magnesium ALLERGIC RHINITIS
Russo et al. 198081   Kahn 199157 Copper

(Continued)
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 TABLE 6–2 (Continued)

CONDITION IONS USED IN CONDITION IONS USED IN  
 TREATMENT   TREATMENT

Garzione 197828   GOUT  
Pellecchia et al. 199472   Kahn 198249 Lithium
Reid et al. 199378    
Schultz 200285   BURNS  
Yarrobinno et al. 200699   Rapperport et al. 196577 Antibiotics 
Pasero et al. 200671    

SPASM   Rigano et al. 199279  
Kahn 197552 Calcium, magnesium Driscoll et al. 199920  
Kahn 198553    
    REFLEX SYMPATHETIC

   DYSTROPHY  
ISCHEMIA   Bonezzi et al. 19949 Guanethidine
Kahn 199157 Magnesium, mecholyl, iodine   
    LATERAL EPICONDYLITIS  
EDEMA   Demirtas et al. 199819 Sodium salicylate
Kahn 199157 Magnesium, mecholyl  Sodium diclofenac
Boone 196911 Hyaluronidase, salicylate Baskurt 20037 Naproxen 
Magistro 196462    
Schwartz 195586   PLANTAR FASCIITIS  
    Gudeman et al. 199733 Dexamethasone
CALCIUM DEPOSITS  Gulick 200035 Acetic acid 
Ciccone 200314  Osborne, 200669  
Weider 199298 Acetic acid
Kahn 197749  PATELLAR TENDINITIS  
Psaki 195576  Huggard et al. 199945 Dexamethasone
Kahn 199650

Perron et al. 199773   
Tygiel 200395  ROTATOR CUFF 
Gard, 200427  Preckshot 199975 Dexamethasone
Bringman  et al. 200312   Lidocaine 
Leduc et al. 200359   
    
SCAR TISSUE  PLANTAR WARTS  
Tannenbaum 198094 Chlorine, iodine, salicylate Soroko et al. 200291 Sodium salicylate
Kahn 198553  
   EPICONDYLITIS  
HYPERHIDROSIS  Nirschl 200367 Dexamethazone
Kahn 197358 Tap water
Levit 196861    
Gillick et al. 200429
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  TREATMENT PRECAUTIONS 
AND CONTRAINDICATIONS 

 Problems that might potentially arise from treating 
a patient using iontophoresis techniques may be 
avoided for the most part if the athletic trainer 
(1) has a good understanding of the existing condi-
tion to be treated; (2) uses the most appropriate ions 
to accomplish the treatment goal; and (3) uses ap-
propriate treatment parameters and equipment 
setup. Poor treatment technique on the part of the 
athletic trainer is most often responsible for adverse 
reactions to iontophoresis.  97   A list of indications 
and contraindications appears in  Table 6–3.    

 Treatment of Burns 

 Perhaps the single most common problem associated 
with iontophoresis is a chemical burn, which usually 
occurs as a result of the direct current itself and not as 
a result of the ion being used in treatment.  65   Passing 
a continuous direct electrical current through the 
tissues creates migration of ions, which alters the 
normal pH of the skin. The normal pH of the skin is 
between 3 and 4. In an  acidic reaction  the pH falls 
below 3, whereas in an  alkaline reaction  the pH is 
greater than 5. Although chemical burns may occur 
under either electrode, they most typically result from 
the accumulation of sodium hydroxide at the cath-
ode. The alkaline reaction causes sclerolysis of local 
tissues. Initially, the burn lesion is pink and raised but 
within hours becomes a grayish, oozing wound.  58   
Decreasing current density by increasing the size of 
the cathode relative to the anode can minimize the 
potential for chemical burn. 

   Heat burns may occur as a result of high resis-
tance to current flow created by poor contact of the 
electrodes with the skin. Poor contact results when 
the electrodes are not moist enough; when there are 
wrinkles in the gauze or paper towels impregnated 
with the ionic solution; or when there is space between 
the skin and electrode around the perimeter of the 
electrode. The patient should not be treated with body 
weight resting on top of the electrode since this is likely 
to create some ischemia (reduced circulation) under 
the electrode. Instead, the electrode should be held 
firmly in place with adhesive tape, elastic bands, or 
lightweight sand bags. It is recommended that both 
chemical burns and heat burns should be treated with 
sterile dressings and antibiotics.  58   

 TABLE 6–3   Indications and 
Contraindications for 
Iontophoresis

INDICATIONS 

Inflammation 
Analgesia 
Muscle spasm 
Ischemia 
Edema 
Calcium deposits 
Scar tissue 
Hyperhidrosis 
Fungi 
Open skin lesions 
Herpes 
Allergic rhinitis 
Gout 
Burns 
Reflex sympathetic dystrophy

CONTRAINDICATIONS 

Skin sensitivity reactions
Sensitivity to aspirin (salicylates)
Gastritis or active stomach ulcer (hydrocortisone)
Asthma (mecholyl)
Sensitivity to metals (zinc, copper, magnesium) 
Sensitivity to seafood (iodine) 

 Clinical Decision-Making Exercise 6–4

After having an iontophoresis treatment, a patient 
comes into the clinic the next day with an area of 
skin that is red and tender. It is apparent that the 
treatment has produced a mild burn. What can the 
athletic trainer do to minimize the likelihood of a 
reoccurrence?
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 Sensitivity Reactions to Ions 

 Sensitivity reactions to ions rarely occur; however, 
they may potentially be very serious. The athletic 
trainer should routinely question the patient about 
known drug allergies prior to initiating iontophore-
sis treatment. During the treatment the athletic 
trainer should closely monitor the patient, looking 
for either abnormal localized reactions of the skin or 
systemic reactions. 

flow of ions that cannot be accomplished using 
a bidirectional or alternating current.  

   6.   Electrodes may be either reusable or commer-
cially produced, self-adhering prepared elec-
trodes that must be securely attached to the 
skin.  

   7.   It is critical that the athletic trainer be knowl-
edgeable in the selection of the most appropri-
ate ions for treating specific conditions.  

   8.   Clinically, iontophoresis is used in the treat-
ment of inflammatory musculoskeletal condi-
tions, for analgesic effects, scar modification, 
and wound healing, and in treating edema, 
calcium deposits, and hyperhidrosis.  

   9.   Perhaps the single most common problem as-
sociated with iontophoresis is a chemical burn, 
which usually occurs as a result of the direct 
current itself and not because of the ion being 
used in treatment.  

 Summary 

   Patients who have sensitivity to aspirin may 
have a reaction when using salicylates. Hydrocorti-
sone may adversely affect individuals with gastritis 
or an active stomach ulcer. In cases of asthma, 
mecholyl should be avoided. Patients who are sensi-
tive to metals should not be treated with copper, 
zinc, or magnesium. Iodine iontophoresis should 
not be used with individuals who have allergies to 
seafood or those who have had a bad reaction to 
intravenous pyelograms.  58   

   1.   Iontophoresis is a therapeutic technique that 
involves the introduction of ions into the body 
tissues by means of a direct electrical current.  

   2.   The manner in which ions move in solution 
forms the basis for iontophoresis. Positively 
charged ions are driven into the tissues from 
the positive pole and negatively charged ions 
are introduced by the negative pole.  

   3.   The force that acts to move ions through the 
tissues is determined by both the strength of 
the electrical field and the electrical impedance 
of tissues to current flow.  

   4.   The quantity of ions transferred into the tissues 
through iontophoresis is determined by the 
intensity of the current or current density at 
the active electrode, the duration of the current 
flow, and the concentration of ions in solution.  

   5.   Continuous direct current must be used for 
iontophoresis, thus ensuring the unidirectional 

  Review Questions  

   1.   What is iontophoresis and how may it be 
used?  

   2.   What is the difference between iontophoresis 
and phonophoresis?  

   3.   How do ions move in solution?  
   4.   What determines the quantity of ions trans-

ferred through the tissues during iontophoresis?  
   5.   Why must continuous direct current be used 

for iontophoresis?  

   6.   What types of electrodes can be used with ion-
tophoresis and how should they be applied?  

   7.   What characteristics should be considered 
when selecting the appropriate ion for an ion-
tophoresis treatment?  

   8.   What are the various clinical uses for iontopho-
resis in athletic training?  

   9.   What treatment precautions must be taken 
when using iontophoresis?    
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  Solutions to Clinical Decision-Making Exercises  

  6–3   The dexamethasone should be placed under 
the negative electrode since it is a nega-
tively charged ion. Current intensity should 
be set between 3 and 5 IDA. Treatment time 
should be 15 minutes. The athletic trainer 
should check the skin every 3 to 5 minutes for 
a reaction.  

  6–4   By increasing the size of  the cathode rela-
tive to the anode, the current density can 
be decreased. Also, increasing the spacing 
between the electrodes will decrease current 
intensity, thus minimizing the chances of  a 
chemical burn.    

  6–1   If  the hydrocortisone comes in a eucerine-
based cream preparation or in solution, the 
athletic trainer should use phonophoresis with 
the cream preparation to deliver whole mole-
cules. Iontophoresis is more appropriate when 
ions are suspended in solution and can be car-
ried into the tissues by an electrical current.  

  6–2   The safest choice is to reduce the intensity of  
the treatment while increasing the duration. 
For example, a normal dosage may be delivered 
at 4 mA for 10 minutes. A setting of  2 mA 
with a treatment time of  20 minutes would 
deliver the same dosage at a safer intensity.  

  Self-Test Questions

  True or False  
   1.   Ionization is the movement of ions in solution.  
   2.   The dispersive electrode contains the ions.  
   3.   pH reactions of greater than 5 are alkaline.

  Multiple Choice  
   4.   Which type of current does iontophoresis 

produce?
 a.     biphasic
 b.     continuous monophasic
 c.     polyphasic   
 d.  pulsatile    
   5.   What is the recommended range for iontopho-

resis current amplitude?
 a.     3–5 mA
 b.     5–10 mA
 c.     50–100 mA
 d.     100–150 mA    
   6.   Chemical burn is often associated with ionto-

phoresis and may be attributed to
 a.     allergic reaction
 b.     poor electrode contact
 c.     the medication
 d.     continuous direct current    

   7.   Which of the following is NOT an ion used to 
treat inflammation?

 a.     hydrocortisone
 b.     salicylate
 c.     lidocaine
 d.     dexamethasone    
   8.   Skin impedance usually decreases during 

treatment.  should be de-
creased to avoid pain and burning.

 a.     current intensity
 b.     electrode size
 c.     treatment time
 d.     ion dosage    
   9.   What problem do areas of thick fat and skin 

present?
 a.     decreased ion absorption
 b.     increased ion absorption
 c.     decreased resistance
 d.     increased resistance    
   10.   Which of the following is a contraindication 

for iontophoresis?
 a.     inflammation
 b.     analgesia
 c.     asthma
 d.     muscle spasm      
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    Impression   Infrapatellar tendinitis.

    Treatment Plan   In addition to rest and local ice 
application, a course of iontophoresis of dexametha-
sone was initiated. The area was prepared appropri-
ately, and the cathode (negative polarity) was used as 
the delivery electrode. A total of 60 mA-min of current 
was delivered on an every-other-day schedule for a 
total of six treatments.

    Response   Symptoms increased slightly following 
the initial treatment, which persisted for approximately 

 CASE STUDY 6–1 

 IONTOPHORESIS  
  Background   A patient develops pain in the region 
inferior to the right patella subsequent to a fall onto the 
knee while playing tennis. Immediate mild, localized 
swelling occurred, which resolved with ice and rest. 
The acute pain subsided after about 7 days, but the 
patient then noted significant stiffness following rest, 
localized tenderness, and pain with climbing stairs, 
squatting, and kneeling. The physical examination 
was benign except for mild swelling and point tender-
ness of the infrapatellar tendon, as well as crepitus to 
palpation of the tendon during active knee extension.

pre45195_ch06_166-184.indd Page 183  4/30/08  6:58:00 PM epgpre45195_ch06_166-184.indd Page 183  4/30/08  6:58:00 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-06/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-06



184  PART THREE  Electrical Energy Modalities

 

 Case Study 6–2 

 IONTOPHORESIS
   Background   A 28-year-old woman has a 3-week 
history of bilateral wrist pain and nocturnal paresthe-
sia in the palmar aspect of the thumb, index, and long 
fingers. The symptoms started 2 weeks after starting a 
new job working on the trim line of an automobile 
manufacturing plant. The job involves repetitive 
motions with both hands, and a great deal of squeezing 
to seat weather-stripping in the doors. The paresthesia 
is provoked with driving and holding objects, such as a 
telephone, blow dryer, or newspaper. She attempts to 
relieve the paresthesia by shaking the hand (flick sign). 
She has pain with passive wrist and finger extension 
and resisted finger flexion, and paresthesia is produced 
with compression over the carpal tunnel for 15 sec-
onds. She has a positive Tinel sign over the median 
nerve at the distal wrist crease, and a positive Phalen 
test at 30 seconds. Crepitus is noted on the anterior 
wrist with finger flexion.

    Impression   Tenosynovitis of the flexor digitorum 
tendons, with acute carpal tunnel syndrome.

    Treatment Plan   The patient was instructed to use 
resting hand splints at night, and a course of iontophore-
sis was initiated for the right wrist only. In addition, work 
restrictions were placed on the patient to avoid repetitive 
motion and gripping activities. Dexamethasone was 
delivered from the cathode (negative polarity), which 
was placed over the carpal tunnel, with the anode placed 
over the dorsum of the wrist. A total of 45 mA-min of 
current were delivered 3 days per week for 2 weeks.

    Response   The patient’s symptoms diminished in 
both hands over the 2-week period; however, she con-
tinued to have a positive carpal compression test, a 
positive Phalen test, and a positive Tinel sign only on 
the left. She returned to the trim line with instructions 
for a 2-week ramp-up period; however, the pain and 
paresthesia returned in the left wrist. She subsequently 
underwent a surgical decompression of the left carpal 
tunnel and was able to return to work without restric-
tions following 6 weeks off work and a second 2-week 
ramp-up period.  

12 hours following the second treatment. The signs 
and symptoms then began to diminish, and the patient 
was symptom-free following the fifth treatment. A 

progressive increase in physical activity was initiated, 
and the patient returned to preinjury function four 
weeks later.  
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    E
lectromyographic biofeedback    is a modality 
that seems to be gaining increased popularity 
in clinical settings. It is a therapeutic procedure 

that uses electronic or electromechanical instru-
ments to accurately measure, process, and feedback 
reinforcing information via auditory or visual 
signals.  26   In clinical practice, it is used to help the 
patient develop greater voluntary control in terms 
of either neuromuscular relaxation or muscle reed-
ucation following injury. 

  ELECTROMYOGRAPHY 
AND BIOFEEDBACK  

 Electromyography (EMG) is a clinical technique that 
involves recording of the electrical activity gener-
ated in a muscle for diagnostic purposes. It involves 
a sophisticated electrodiagnostic study performed in 
an EMG laboratory, which uses either surface or 
needle electrodes for measuring not only electrical 
activity in muscle but also various aspects of nerve 
conduction. An  electromyogram  is a graphic repre-
sentation of those electrical currents associated with 
muscle action. Electromyography is widely used in 
the diagnosis of a variety of neuromuscular disor-
ders. Certainly electromyography would not be con-
sidered a therapeutic modality. 

 CHAPTER 7 

 Biofeedback  
    William   E.   Prentice    

  Following completion of this chapter, the 
athletic training student will be able to: 

  •  Define biofeedback and identify its uses in a 
clinical setting. 

  •  Contrast the various types of biofeedback 
instruments. 

  •  Explain physiologically how the electrical 
activity generated by a muscle contraction can 
be measured using an electromyograph (EMG). 

  •  Break down how the electrical activity picked 
up by the electrodes is amplified, processed, and 
converted to meaningful information by the 
biofeedback unit. 

  •  Differentiate between visual and auditory 
feedback. 

  •  Outline the equipment setup and clinical 
applications for biofeedback.    

electromyographic biofeedback A therapeutic 
procedure that uses electronic or  electromechanical 
instruments to accurately measure, process, and 
 feedback reinforcing information via auditory or 
 visual signals.
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   The small portable biofeedback units that will 
be discussed in this chapter also measure electrical 
activity in the muscle and are in fact small electro-
myographs. The discussion in this chapter will be 
limited to the information on electromyography 
necessary for the athletic trainer to understand to be 
able to effectively incorporate biofeedback tech-
niques into clinical practice.   

  THE ROLE OF BIOFEEDBACK  

 The term biofeedback should be familiar because all 
athletic trainers routinely serve as instruments of 
biofeedback when teaching a therapeutic exercise 
or in coaching a movement pattern. Using feedback 
can help the patient to regain function of a muscle 
that may have been lost or forgotten following in-
jury.  12   Feedback includes information related to the 
sensations associated with movement itself as well 
as information related to the result of the action 
relative to some goal or objective. Feedback refers to 
the intrinsic information inherent to movement, 
including kinesthetic, visual, cutaneous, vestibular, 
and auditory signals collectively termed as response-
produced feedback. However, it also refers to extrin-
sic information or some knowledge of results that 
is presented verbally, mechanically, or electroni-
cally to indicate the outcome of some movement 
performance. Therefore, feedback is ongoing, in a 
temporal sense, occurring before, during, and after 
any motor or movement task. Feedback from some 
measuring instrument that provides moment-
to-moment information about a biologic function is 
referred to as    biofeedback   .  22   

   Perhaps the biggest advantage of biofeedback is 
that it provides the patient with a chance to make 
appropriate small changes in performance that are 
immediately noted and rewarded so that eventually 
larger changes or improvements in performance 
can be accomplished. The goal is to train the patient 
to perceive these changes without the use of the 

measuring instrument so that he or she can practice 
independently. Therefore, the patient learns early in 
the rehabilitation process to do something for him- 
or herself and not to totally rely on the athletic 
trainer. This will help him or her to build confidence 
and increase feelings of self-efficacy. Treatments 
using biofeedback are useful, particularly in a patient 
who has difficulty in perceiving the initial small cor-
rect responses or who may have a faulty perception 
of what he or she is doing. Hopefully, the rehabilitat-
ing patient will be motivated and encouraged by 
seeing early signs of slight progress, thus relieving 
feelings of helplessness and reducing injury-related 
stress to some extent.  22   

   To process feedback information, the patient 
makes use of a complicated series of interrelated 
feedback loops involving very complex anatomic 
and neurophysiologic components.  35   An in-depth 
discussion of these components is well beyond the 
scope of this text. Thus, our focus will be oriented 
toward how biofeedback may best be incorporated 
in a treatment program.   

  BIOFEEDBACK 
INSTRUMENTATION  

 Biofeedback instruments are designed to monitor 
some physiologic event, objectively quantify these 
monitorings, and then interpret the measurements 
as meaningful information.  27   Several different types 
of biofeedback modalities are available for use in re-
habilitation. These biofeedback units cannot directly 
measure a physiologic event. Instead they record 
some aspect that is highly correlated with the 

 Clinical Decision-Making Exercise 7–1

The athletic trainer is beginning rehabilitation 
day 1 post-op following ACL reconstruction. 
The patient is having a difficult time firing the 
VMO. Unfortunately, the one biofeedback unit in 
the athletic training room is broken. What can 
the athletic trainer do to help the patient regain 
voluntary control of the VMO?

biofeedback Information provided from some mea-
suring instrument about a specific biologic function.
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physiologic event. Thus the biofeedback reading 
should be taken as a convenient indication of a 
physiologic process but should not be confused with 
the physiologic process itself.  27   

   The most commonly used instruments include 
those that record  peripheral skin temperatures , 
indicating the extent of vasoconstriction or vasodi-
lation;  finger phototransmission units (photoplethys-
mograph) , which also measure vasoconstriction and 
vasodilation; units that record  skin conductance 
activity , indicating sweat gland activity; and units 
that measure  electromyographic activity , indicating 
amount of electrical activity during muscle 
contraction. 

   Other types of  biofeedback units are also avail-
able, including electroencephalographs (EEGs), pres-
sure transducers, and electrogoniometers.  

 Peripheral Skin Temperature 

 Peripheral skin temperature is an indirect measure 
of the diameter of peripheral blood vessels. As ves-
sels dilate, more warm blood is delivered to a par-
ticular area, thus increasing the temperature in that 
area. This effect is easily seen in the fingers and toes 
where the surrounding tissue warms and cools 
rapidly. Variations in skin temperature seem to be 
correlated with affective states, with a decrease occur-
ring in response to stress or fear. Temperature 
changes are usually measured in degrees 
Fahrenheit.  27     

 Finger Phototransmission 

 The degree of peripheral vasoconstriction can also 
be measured indirectly using a photoplethysmo-
graph. This instrument monitors the amount of 
light that can pass through a finger or toe, reflect off 

a bone, and pass back through the soft tissue to a 
light sensor. As the volume of blood in a given area 
increases, the amount of light detected by the sensor 
decreases, thus giving some indication of blood vol-
ume. Only changes in blood volume can be detected 
because there are no standardized units of measure. 
These instruments are used most often to monitor 
pulse.  17     

 Skin Conductance Activity 

 Sweat gland activity can be indirectly measured by 
determining electrodermal activity, most commonly 
referred to as the “galvanic skin response.” Sweat 
contains salt that increases electrical conductivity. 
Thus sweaty skin is more conductive than dry skin. 
This instrument applies a very small electrical volt-
age to the skin, usually on the palmar surface of the 
hand or the volar surface of the fingers where more 
sweat glands are located, and measures the imped-
ance of the electrical current in micro-ohm units. 
Measuring skin conductance is a technique useful in 
objectively assessing psychophysiologic arousal and 
is most often used in “lie detector” testing.  27      

  ELECTROMYOGRAPHIC 
BIOFEEDBACK  

 Electromyographic biofeedback is certainly the most 
typically used of all the biofeedback modalities in a 
clinical setting. Muscle contraction results from the 
more or less synchronous contraction of individual 
muscle fibers that compose a muscle. Individual mus-
cle fibers are innervated by nerves that collectively 
comprise a motor unit. The axon of that motor unit 
conducts an action potential to the neuromuscular 
junction where a neurotransmitter substance (acetyl-
choline) is released ( Figure 7–1 ). As this neurotrans-
mitter binds to receptor sites on the sarcolemma, 
depolarization of that muscle fiber occurs, moving in 
both directions along the muscle fiber, creating move-
ment of ions and thus an electrochemical gradient 
around the muscle fiber. Changes in potential differ-
ence or voltage associated with depolarization can be 
detected by an electrode placed in close proximity. 

Biofeedback instruments measure

• Peripheral skin temperature
• Finger phototransmission
• Skin conductance activity
• Electromyographic activity
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188  PART THREE  Electrical Energy Modalities

biofeedback Measures electrical activity of muscle, 
not muscle contraction.

 Motor Unit Recruitment 

 The amount of tension developed in a muscle is de-
termined by the number of active motor units. As 
more motor units are recruited and the frequency of 
discharge increases, muscle tension increases. 

   The pattern of motor unit recruitment varies 
depending on the inherent properties of specific 
motor neurons, the force required during the activ-
ity, and the speed of contraction. Smaller motor 
units are recruited first and are somewhat limited in 
their ability to generate tension. Larger motor units 
generate greater tension because more muscle fibers 
are recruited. 

   Motor units are recruited based on the force 
required in an activity and not on the type of contrac-
tion performed. Thus the firing rate and recruitment 
of the motor units are dependent on the external force 
required. The speed of contraction also influences 
motor unit recruitment. Fast contractions tend to 
excite larger and depress smaller motor units. 

 Measuring Electrical Activity 

 Despite the fact that    biofeedback    is used to determine 
muscle activity, it does not measure muscle contrac-
tion directly. Instead it measures electrical activity 
associated with muscle contraction. Movement of 
ions across the membrane creates a depolarization 
of the muscle membranes, resulting in a reversal in 
polarity, followed by repolarization. The various 
stages of membrane activity generate a triphasic 
electrical signal.  4   Electrical activity of the muscle is 
measured in volts, or more precisely, microvolts 
(µV = 1,000,000 µV). 

   Measurement of electrical activity is made in 
standard quantitative units. Monitoring is useful in 
detecting changes in electrical activity, although 
changes cannot be quantified. The advantage of 

Direction of
action potential

Axon

Axon
terminal

Synaptic
cleft

Mitochondrium

Synaptic vesicles

Vesicle releasing
neurotransmitter
chemical

Axon membrane

Neurotransmitter
chemical

Membrane of
postsynaptic
cell

Figure 7–1 The nerve fiber conducts an impulse to the neuromuscular junction where acetylcholine binds to receptor 
sites on the sarcolemma inducing a depolarization of the muscle fiber, which creates movement of ions and thus an 
electrochemical gradient around the muscle fiber.
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CHAPTER 7  Biofeedback  189

 measurement over monitoring is that an objective 
scale is used; therefore, comparisons can be made 
between different individuals, occasions, and instru-
ments. Measurement allows  procedures  to be 
replicated. 

   Unfortunately, biofeedback units have no uni-
versally accepted standardized measurement scale. 
Each brand of biofeedback unit serves as its own ref-
erence standard. Different brands of biofeedback 
equipment may give different readings for the same 
degree of muscle contraction. Consequently, bio-
feedback readings can be compared only when the 
same equipment is used for all readings.  27   

   The biofeedback unit receives small amounts of 
electrical energy generated during muscle contrac-
tion through an electrode. It then separates or filters 
this electrical energy from other extraneous electri-
cal activity on the skin and amplifies the electrical 
energy. The amplified activity is then converted to 
information that has meaning to the user. Most bio-
feedback units use surface electrodes.  Figure 7–2  is 
a diagram of the various components of a biofeed-
back unit. 

 Separation and Amplification 
of Electromyographic Activity 

 Once the electrical activity is detected by the elec-
trodes, the extraneous electrical activity, or “   noise   ,” 
must be eliminated before the electrical activity is 
amplified and subsequently objectified. This is ac-
complished by using two    active electrodes    and a 
single ground or    reference electrode    in a    bipolar 
arrangement    to create three separate pathways 

Figure 7–2 The anatomy of a typical biofeedback unit.

Differential
amplifier

Smoothing
filter

Integrator

TimeActiveReferenceActive
+

Muscle

Raw
EMG
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Strip recorder
output

Rectifier
Band
width
filter

Light
display

Tone
generator

Meter

Tone
output

noise Extraneous electrical activity that may be 
produced by any source other than the contracting 
muscle.

active electrode An electrode attached directly 
to the skin over a muscle that picks up the electrical 
activity produced by a muscle contraction.

reference electrode Also referred to as the ground 
electrode, serves as a point of reference to compare the 
electrical activity recorded by the active electrodes.

bipolar arrangement Two active recording elec-
trodes placed in close proximity to one another.
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190  PART THREE  Electrical Energy Modalities

from the skin to the biofeedback unit ( Figure 7–3 ). 
The active electrodes should be placed in close 
proximity to one another, whereas the reference 
electrode may be placed anywhere on the body. 
Typically in biofeedback, the reference electrode is 
placed between the two active electrodes. 

   The active electrodes pick up electrical activity 
from motor units firing in the muscles beneath the 
electrodes. The magnitude of the small voltages 
detected by each active electrode will differ with 
respect to the reference electrode, creating two 
separate signals. These two signals are then fed to 
a    differential amplifier    that basically subtracts 
the signal of one active electrode from the other. 
This, in effect, cancels out or rejects any compo-
nents that the two signals have in common com-
ing from the active electrodes, thus amplifying the 
difference between the signals. The differential 
amplifier uses the reference electrode to compare 
the signals of the two active or recording electrodes 
(see Figure 7–3). 

   There will always be some degree of extraneous 
electrical activity created by power lines, motors, 
lights, appliances, and so on, that is picked up by the 
body and eventually detected by the surface elec-
trodes on the skin. Assuming that this extraneous 
“noise” is detected equally by both active electrodes, 
the differential amplifier will subtract the noise 
detected by one active electrode from the noise 
detected by the other, leaving only the true differ-

ence between the active electrodes. The ability of the 
differential amplifier to eliminate the common noise 
between the active electrodes is called the    common 
mode rejection ratio (CMRR)   .  

    External noise can be reduced further by using 
   filters    that essentially make the amplifier more 
sensitive to some incoming frequencies and less 
sensitive to others. Therefore, the amplifier will 
pick up signals only at those frequencies produced 
by electrical activity in the muscle within a specific 
frequency range or    bandwidth   . In general, the 
wider the bandwidth, the higher the noise 
 readings. 

   It must be noted that the athletic trainer is 
interested in measuring the electrical activity within 
the muscle. An excessive external noise that is not 
eliminated by the biofeedback instrument will mask 
true electrical activity and will significantly decrease 
the reliability of the information being generated by 
that device. 

Figure 7–3 The differential amplifier monitors the two 
separate signals from the active electrodes and amplifies 
the difference, thus eliminating extraneous noise.

Differential
amplifier

Active Reference Active

Electrical
activity

Electrical
activity

Muscle

Signal 1

+ 0 –

Signal 2

differential amplifier A device that monitors the 
two separate signals from the active electrodes and 
amplifies the difference, thus eliminating extraneous 
noise.

common mode rejection ratio (CMRR) The abil-
ity of the differential amplifier to eliminate the com-
mon noise between the active electrodes.

filters Devices that help to reduce external noise 
that essentially make the amplifier more sensitive 
to some incoming frequencies and less sensitive to 
 others.

bandwidth A specific frequency range in which the 
amplifier will pick up signals produced by electrical 
activity in the muscle.

 Clinical Decision-Making Exercise 7–2

What are the three most important considerations 
for the athletic trainer who is trying to make 
a decision regarding the correct placement of 
electrodes?
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CHAPTER 7  Biofeedback  191

 Converting Electromyographic Activity 
to Meaningful Information 

 After amplification and filtering, the signal is indic-
ative of the true electrical activity within the mus-
cles being monitored. This is referred to as “raw” 
activity.    Raw EMG    is an alternating voltage that 
means that the direction or polarity is constantly 
reversing ( Figure 7–4a ). The amplitude of the oscil-
lations increases to a maximum then diminishes. 

Integrated

Total area

+

0

–

(d)

Smoothed

+

0

–

(c)

Rectified

+

0

–

(b)

Raw EMG

+

0

–

(a)

Figure 7–4 Processing an electrical signal involves 
taking (a) raw activity and then (b) rectifying, 
(c) smoothing, and (d) integrating it so that the 
information can be presented in some meaningful format.

Raw electrical activity may be

• Rectified
• Smoothed
• Integrated

Biofeedback measures the overall increase and de-
crease in electrical activity. To obtain this measure-
ment, the deflection toward the negative pole must 
be flipped upward toward the positive pole; other-
wise the sum total of their deflections would cancel 
out one another (Figure 7–4b). This process, re-
ferred to as    rectification   , essentially creates a 
pulsed direct current. 

 Processing the Electromyographic 
Signal 

 The rectified signal can be smoothed and integrated. 
   Smoothing     the signal means eliminating the peaks 
and valleys or eliminating the high-frequency fluc-
tuations that are produced with a changing electri-
cal signal (Figure 7–4c). Once the signal has been 
smoothed, the signal may be integrated by measur-
ing the area under the curve for a specified period of 
time.    Integration    forms the basis for quantification 
of EMG activity (Figure 7–4d). 

raw EMG A form in which the electrical activity 
produced by muscle contraction may be displayed 
and/or recorded before the signal is processed.

rectification A signal-processing technique that 
changes the deflection of the waveform from the nega-
tive to the positive pole, essentially creating a pulsed 
direct current.

smoothing  An EMG signal-processing technique 
that eliminates the high-frequency fluctuations that 
are produced with a changing electrical signal.

integration  An EMG signal-processing technique 
that measures the area under the curve for a specified 
period of time, thus forming the basis for quantifica-
tion of EMG activity.
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192  PART THREE  Electrical Energy Modalities

   BIOFEEDBACK EQUIPMENT AND 
TREATMENT TECHNIQUES 

 It is imperative that the athletic trainer have some 
understanding of how biofeedback units monitor 
and record the electrical activity being produced in 
a muscle before attempting to set up and use the 
biofeedback unit in the treatment of a patient 
( Figure 7–5 ). Specific treatment protocols involve 
skin preparation, application of electrodes, selection 
of feedback or output modes, and selection of 
sensitivity settings, all of which have been previously 
discussed. Once these are complete, the athletic 
trainer should choose to have the patient sitting, 
lying, or occasionally standing in a comfortable po-
sition, depending on the treatment objectives. Gen-
erally the athletic trainer should begin with easy 
tasks and progressively make the activities more dif-
ficult. Teaching the patient how to appropriately 
use the biofeedback unit and briefly explaining what 
is being measured are essential. In most cases, it is 
recommended that the athletic trainer attach the 

biofeedback unit to him or herself and then demon-
strate to the patient exactly what will be done dur-
ing the treatment.  20   

 Electrodes 

 Skin-surface electrodes are most often used in bio-
feedback. Fine-wire in-dwelling electrodes may also 
be used that permit localized highly accurate mea-
surement of electrical activity. However, these elec-
trodes must be inserted percutaneously and thus are 
relatively impractical in a clinical setting. 

   Various types of surface electrodes are avail-
able for use with biofeedback units ( Figure 7–6 ). 
Electrodes are most often made of stainless steel or 
nickel-plated brass recessed in a plastic holder. 
These less expensive electrodes are effective in 
EMG biofeedback applications. More expensive 

(a)

(b)

(c)

Figure 7–5 Biofeedback units (a) Myotrac (b) Myotrac 
Infinity (c) EMG Retrainer. 

 Analogy 7–1

Coaches routinely use verbal and visual feedback to 
provide information to the patient about a specific per-
formance technique or skill. For example, on occasion 
a video camera may be used so that the athlete can see 
visually for herself how to alter her body mechanics to 
produce a more effective performance. Similarly, the 
athletic trainer may use visual or auditory biofeedback 
to let the patient know when she is contracting a mus-
cle at the correct moment or at an appropriate inten-
sity level.

 Analogy 7–2

Taking raw activity and turning it into meaningful 
information is much like writing a research paper. You 
begin by taking notes on a particular topic from a 
variety of  sources and scribbling them down on a piece 
of  paper. Then you begin to format and integrate all of  
the information into a rough draft. Then you work to 
smooth out the rough spots before turning in the proj-
ect in a form that it makes sense to whoever is reading 
it. The reader then interprets the information within 
the paper to see if  it is useful.
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electrodes made of gold or silver/silver chloride 
also have been used.  34   

   The size of the electrodes may range from 4 mm 
in diameter for recording small muscle activity to 
12.5 mm for use with larger muscle groups. Increas-
ing the size of the electrode will not cause an increase 
in the amplitude of the signal.  20     

   Regardless of  whether or not electrodes are dis-
posable, some type of  conducting gel, paste, or cream 
with high salt content is necessary to establish a 
highly conductive connection with the skin. Dispos-
able electrodes come with the appropriate amount 
of  gel and an adhesive ring already applied so that 
the electrode can be easily connected to the skin. 
Nondisposable electrodes need to have a double-
sided adhesive ring applied. Then enough conduct-
ing gel must be added so that it is level with the 
surface of  the adhesive ring before the electrode is 
applied to the skin.  

 Skin Preparation.   Prior to attachment of  
the surface electrodes, the skin must be appropri-

ately prepared by removing oil and dead skin along 
with excessive hair from the surface to reduce skin 
impedance. Scrubbing with an alcohol-soaked prep 
pad is recommended.  34   However, if  the skin is 
cleaned until it becomes irritated, it may interfere 
with biofeedback recording. 

 Some surface electrodes are permanently 
attached to cable wires, whereas others may snap 
onto the wire. Some biofeedback units include a set 
of three electrodes preplaced on a Velcro band that 
may be easily attached to the skin.   

 Electrode Placement.   The electrodes should 
be placed as near to the muscle being monitored as 
possible to minimize recording extraneous electri-
cal activity. They should be secured with the body 
part in the position in which it will be monitored 
so that movement of the skin will not alter the 
positioning of the electrodes over a particular 
muscle ( Figure 7–7 ).  34   

 The electrodes should be parallel to the direc-
tion of the muscle fibers to ensure that a better 

(a)

(b)

Figure 7–6 Biofeedback electrodes. (a) Both active and reference poles can be housed in a single electrode (Courtesy 
Thought Technology, Ltd. www.thoughttechnology.com. Copyright © 2008 Covidien AG or an affiliate. All rights 
reserved. Reprinted with permission.) or, (b) there can be 3 separate electrodes.
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194  PART THREE  Electrical Energy Modalities

Figure 7–7 The  biofeedback unit is connected via a 
series of electrodes to the skin over the contracting muscle.

sample of muscle activity is monitored while reduc-
ing extraneous electrical activity. 

 Spacing the electrodes is also a critical consid-
eration. Electrodes generally detect measurable 
signals from a distance equal to that of the inter-
electrode spacing. Therefore, as the distance 
between the electrodes increases, the signal will 
include electrical activity not only from muscles 
directly under the electrodes but also from other 
nearby muscles.  4    

 Displaying the Information 

 At this point it is necessary to take this rectified, 
smoothed, and integrated signal and display the in-
formation in a form that has some meaning. 
Biofeedback units generally provide either visual or 

  Clinical Decision-Making Exercise 7–3

Two biofeedback units made by different 
manufacturers are available for use in the training 
room. The athletic trainer has been using the 
same unit to work on muscle strengthening with 
an injured patient throughout his rehabilitation 
process. Unfortunately, that generator has 
broken, and he is forced to use the other one. Can 
comparisons be made from one unit to another?

Biofeedback

• information may be visual or auditory 
or both.

auditory feedback relative to the quantity of electri-
cal activity. Some biofeedback units can provide 
both visual and auditory feedback, depending on 
the output mode selected. 

 Visual Feedback.   Raw activity is usually 
displayed visually on an oscilloscope. On most bio-
feedback units, integrated electrical activity is visu-
ally presented, either as a line traveling across a 
monitor, as a light or series of lights that go on and 
off, or as a bar graph that changes dimension in 
response to the incoming integrated signal. Some of 
the newer biofeedback units have incorporated 
video games as part of their visual feedback system. 
An electrode attached directly to the skin over a 
muscle picks up the electrical activity produced by a 
muscle contraction. If the biofeedback unit uses 
some type of meter, it may either be calibrated in 
objective units such as microvolts, or it may simply 
give some relative scale of  measure.  34   

 Meters also may be either analog or digital. Ana-
log meters have a continuous scale and a needle that 
indicates the level of electrical activity within a par-
ticular range. Digital meters display only a number. 
They are very simple and easy to read. However, the 
disadvantage of a digital meter is that it is more dif-
ficult to tell where the signal falls in a given range.  

 Audio Feedback.   On some biofeedback 
units, raw activity can be listened to and is one 
type of audio feedback. The majority of biofeed-
back units have audio feedback that produces 
some tone—buzzing, beeping, or clicking. An 
increase in the pitch of a tone, buzz, or beep, or 
an increase in the frequency of clicking indicates 
an increase in the level of electrical activity. This 
would be most useful for individuals who need to 
strengthen muscle contractions. Conversely, 
decreases in pitch or frequency indicating a 
decrease in electrical activity would be most use-
ful in teaching patients to relax.  
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 Setting Sensitivity.  Signal sensitivity 
or    signal gain    may be set by the athletic trainer on 
many biofeedback units. If a high gain is chosen, the 
biofeedback unit will have a high sensitivity for the 
muscle activity signal. Sensitivity may be set at 1, 
10, or 100 µV. A 1-µV setting is sensitive enough to 
detect the smallest amounts of electrical activity and 
thus has the highest signal gain. High sensitivity lev-
els should be used during relaxation training. Com-
paratively lower sensitivity levels are more useful in 
muscle reeducation, during which the patient may 
produce several hundred microvolts of EMG activity. 
Generally, the sensitivity range should be set at the 
lowest level that does not elicit feedback at rest.

 CLINICAL APPLICATIONS 
FOR BIOFEEDBACK 

 Biofeedback would be useful as a therapeutic modal-
ity for a number of clinical conditions. The primary 
applications for using biofeedback include muscle 
reeducation, which involves regaining neuromus-
cular control and increasing muscle strength, relax-
ation of muscle spasm or muscle guarding, and pain 
reduction.  Table 7–1  lists indications and contrain-
dications for using biofeedback.   

 Muscle Reeducation 

 The goal in muscle reeducation is to provide feed-
back that will reestablish neuromuscular control or 
promote the ability of a muscle or group of muscles 
to contract. It may also be used to regain normal 
agonist/antagonist muscle action and for postural 
control retraining. Biofeedback is used to indicate 
the electrical activity associated with that muscle 
contraction.  16   

   When biofeedback is being used to elicit a mus-
cle contraction, the sensitivity setting should be 
chosen by having the patient perform a maximum 

isometric contraction of the target muscle. Then the 
gain should be adjusted so the patient will be able to 
achieve the maximum on about two-thirds of the 
muscle contractions. If the patient cannot produce a 
muscle contraction, the athletic trainer should 
attempt to facilitate a contraction by stroking or tap-
ping the target muscle. It is also helpful to have the 
patient look at the muscle when trying to contract. 
It may be necessary to move the active electrodes to 
the contralateral limb and have the patient “prac-
tice” the muscle contraction you hope to achieve on 
the opposite side. 

   The patient should maximally contract the tar-
get muscle isometrically for 6–10 seconds. During 
this contraction, the visual or auditory feedback 

signal gain Determines the signal sensitivity. If a 
high gain is chosen, the biofeedback unit will have a 
high sensitivity for the muscle activity signal.

  Clinical Decision-Making Exercise 7–4

The athletic trainer is using a biofeedback unit for 
muscle reeducation of the hamstrings following 
knee surgery. The patient wants to know how the 
biofeedback unit is going to measure his muscle 
contraction. How should the athletic trainer 
respond?

 Table 7–1  Indications and 
Contraindications for 
Biofeedback

INDICATIONS

Muscle reeducation 
Regaining neuromuscular control 
Increasing isometric and isotonic strength of a muscle 
Relaxation of muscle spasm 
Decreasing muscle guarding 
Pain reduction 
Psychologic relaxation 

CONTRAINDICATIONS 

Any musculoskeletal condition that a muscular 
contraction might exacerbate 
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level as many times as possible during a given time 
period (i.e., 10 or 30 seconds). Again, total relax-
ation must occur between contractions. 

   It is essential that the treatment be functionally 
relevant to the patient. Attention to mobility and 
muscle power cannot be neglected in favor of bio-
feedback therapy.  19   The athletic trainer should have 
the patient perform functional movements while 
observing body mechanics and the related electrical 
activity. Then recommendations can be made as to 
how movements can be altered to elicit normal 
responses.  8   Biofeedback is useful in patients who 
perform poorly on manual muscle tests. If the patient 
can only elicit a fair, trace, or zero grade, then bio-
feedback should be incorporated. Stronger muscles 
generally should be given resistive exercises rather 
than biofeedback, although biofeedback has been 
recommended for increasing the strength of healthy 
muscle.  10  ,  19     

 Relaxation of Muscle Guarding 

 Often in a clinical setting, patients demonstrate a 
protective response in muscle that occurs because of 
pain or fear of movement. This response is most ac-
curately described as    muscle guarding   . 

   Muscle guarding must be differentiated from 
those neuromuscular problems arising from central 
nervous system deficits that result in a clinical con-
dition known as muscle spasticity. For the athletic 
trainer treating patients exhibiting muscle guard-
ing, the goal is to induce relaxation of the muscle by 

should be at a maximum and should be closely mon-
itored by both the athletic trainer and patient. 
Between each contraction the patient should be 
instructed to completely relax the muscle such that 
the feedback mode returns to baseline or zero prior 
to initiating another contraction. A period of 5–10 
minutes working with a single muscle or muscle 
group is most desirable because longer periods tend 
to produce fatigue and boredom, neither of which is 
conducive to optimal learning.  19   

   As increases in electrical activity occur, the 
patient should develop the ability to rapidly activate 
motor units. This can be accomplished by setting 
the sensitivity level to 60–80% of maximum isomet-
ric activity and instructing the patient to reach that 

  Clinical Decision-Making Exercise 7–5

The athletic trainer wishes to use a biofeedback 
unit to help an injured patient learn to relax 
muscle guarding in the low back following a 
contusion. Should the athletic trainer use a 
high-sensitivity or low-sensitivity setting and why?

Treatment Protocols: Biofeedback 
(Muscle Reeducation)

1. Adjust unit to lowest threshold (µV) that 
picks up any activity (MUAPs). 

2. Adjust audio and visual feedback. 
3. Have patient contract target muscle to 

produce maximum audio and visual 
feedback. 

4. Facilitate target muscle contraction 
as necessary by tapping, stroking, or 
contracting opposite like muscle. 

5. When maximum feedback is obtained for 
selected threshold, advance threshold and 
attempt again. 

6. Advance muscle or limb to other positions.
7. Continue muscle contractions for 10–15 

minutes per training session or until 
maximal muscle activation is obtained. 

 Analogy 7–3

Recruiting motor units to produce tension in a muscle 
is like playing tug-of-war. If  two people begin pulling 
on a rope from either end and gradually additional 
people begin to grab hold and tug on that rope at each 
end, the rope gets tighter and tighter. As more and 
more motor units are recruited, the tension in a muscle 
will continue to increase.

muscle guarding A protective response in muscle 
that occurs owing to pain or fear of movement.

pre45195_ch07_185-204.indd Page 196  4/30/08  6:58:40 PM epgpre45195_ch07_185-204.indd Page 196  4/30/08  6:58:40 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-07/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-07



CHAPTER 7  Biofeedback  197

reducing electrical activity through the use of 
biofeedback.  19   

   Because muscle guarding most often involves 
fear of  pain that may result when the muscle moves, 
perhaps the most important goal in treatment is to 
modulate pain. This is best accomplished through 
the use of  other modalities such as ice or electrical 
stimulation. 

   Biofeedback treatments should be designed 
so that the patient experiences success from the first 
treatment. The patient is now attempting to reduce 
the visual or auditory feedback to zero. Initially, 
positioning the patient in a comfortable relaxed 
position is critical to reducing muscle guarding. A 
high sensitivity setting should be selected so that 
any electrical activity in the muscle will be easily 
detected. 

   During relaxation training, the patient should 
be given verbal cues that will enhance relaxation of 
either individual muscles, muscle groups, or body 
segments. For example, with individual muscles or 
small muscle groups, the patient may be instructed 
to contract then relax a specific muscle or to imag-
ine a feeling of warmth within the muscle. For larger 

muscle groups, using mental imagery or deep-
breathing exercises may be useful. 

   As relaxation progresses, the spacing between 
the electrodes should be increased. Also, the sensi-
tivity setting should move from low to high. Both of 
these changes will require the patient to relax more 
muscles, thus achieving greater relaxation. The 
patient must then apply this newly learned relax-
ation technique in different positions that are poten-
tially more uncomfortable. Again, the goal is to 
eliminate muscle guarding during functional 
activities.  19   

 Pain Reduction 

 A number of therapeutic modalities discussed in this 
text are used for the purpose of reducing or modulat-
ing pain. As mentioned in the section on muscle 
guarding, biofeedback can be used to relax muscles 
that are tense secondary to fear of pain on move-
ment. If the muscle can be relaxed, then chances are 
that pain will also be reduced by breaking the “pain-
guarding-pain” cycle. It has been experimentally 
demonstrated to reduce pain in headaches and low 
back pain.  2  ,  7  –  9  ,  25  ,  31   Pain modulation is often associ-
ated with techniques of imagery and progressive re-
laxation. 

 Treating Neurologic Conditions 

 Biofeedback has been identified as an effective 
technique for treating a variety of neurologic 
conditions, including hemiplegia following stroke, 
spinal cord injury, spasticity, cerebral palsy, 
fascial paralysis, and urinary and fecal 
incontinence.  1  ,  3  ,  5  ,  6  ,  15  ,  18  ,  23  ,  28  ,  29  ,  32  ,  33    

Treatment Protocols: Biofeedback 
(Muscle Relaxation)

1. Adjust unit to sensitivity threshold (µV) that 
picks up maximal activity (MUAPs). 

2. Adjust audio or visual feedback. 
3. Have patient relax target muscle to produce 

minimum audio or visual feedback. 
4. Facilitate target muscle relaxation 

as necessary by tapping, stroking, or 
contracting opposite like muscle. 

5. When minimum feedback is obtained for 
selected threshold, reduce threshold and 
attempt relaxation again. 

6. Advance muscle or limb to other functional 
positions. 

7. Continue muscle relaxation for 10–15 
minutes per training session or until muscle 
relaxation is obtained. 

  Clinical Decision-Making Exercise 7–6

A patient has a sprain of a vertebral ligament 
in the lumbar region of the low back with 
accompanying muscle guarding. What modalities 
might potentially be used to reduce and/or 
eliminate this muscle guarding?
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  Self-Test Questions      

 Summary 

   5.   The biofeedback unit receives small amounts 
of electrical energy generated during mus-
cle contraction through active electrodes, 
then separates or filters extraneous electrical 
energy via a differential amplifier before it 
is processed and subsequently converted to 
some type of information that has meaning to 
the user.  

   6.   Biofeedback information is displayed either vi-
sually using lights or meters or auditorily using 
tones, beeps, buzzes, or clicks.  

   7.   High sensitivity levels should be used during 
relaxation training, whereas comparatively 
lower sensitivity levels are more useful in 
muscle reeducation.  

   8.   In a clinical setting, biofeedback is most typi-
cally used for muscle reeducation, to decrease 
muscle guarding, or for pain reduction.  

   1.   Biofeedback is a therapeutic procedure that 
uses electronic or electromechanical instru-
ments to accurately measure, process, and feed 
back reinforcing information by using auditory 
or visual signals.  

   2.   Perhaps the biggest advantage of biofeedback 
is that it provides the patient with a chance to 
make correct small changes in performance 
that are immediately noted and rewarded so 
that eventually larger changes or improve-
ments in performance can be accomplished.  

   3.   Several different types of  biofeedback modali-
ties are available for use in rehabilitation, with 
biofeedback being the most widely used in a 
clinical setting.  

   4.   A biofeedback unit measures the electrical 
activity produced by depolarization of a muscle 
fiber as an indicator of the quality of a muscle 
contraction.  

  Review Questions  

   1.   What is biofeedback and how can it be used in 
injury rehabilitation?  

   2.   What are the various types of biofeedback in-
struments that are available to the athletic 
trainer?  

   3.   How can the electrical activity generated 
by a muscle contraction be measured using 
biofeedback?  

   4.   What are the important considerations for 
attaching biofeedback electrodes?  

   5.   How is the electrical activity picked up by the 
electrodes amplified, processed, and converted to 
meaningful information by the biofeedback unit?  

   6.   What are the advantages and disadvantages of 
using visual and auditory feedback?  

   7.   How should sensitivity settings be changed dur-
ing relaxation training versus during muscle 
reeducation?  

   8.   What are the most common uses for biofeed-
back in a rehabilitation setting?    

True or False
   1.   Biofeedback units measure physiologic 

processes.  
   2.   The reference electrode has no charge associ-

ated with it.  
   3.   A high-signal gain means the biofeed-

back unit has a low sensitivity for muscle 
activity.

   Multiple Choice   
   4.   Some biofeedback instruments measure 

peripheral skin temperature. Which of the 
following do they also measure?

 a.     finger phototransmission
 b.     skin conductance activity
 c.     electromyographic activity
 d.     all of the above    
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  7–1    The athletic trainer can act as a substitute 
biofeedback unit. The patient should be in-
structed to watch the VMO as he or she tries to 
contract the muscle. This will serve as visual 
feedback. The athletic trainer can help to facil-
itate a contraction by tapping or stroking the 
muscle. Also by maintaining physical contact 
with the muscle, the athletic trainer, using ver-
bal feedback, can let the patient know when 
the muscle is actually contracted.  

  7–2   They should be placed as close to the muscle 
as possible to minimize “noise.” They should 
be placed parallel to the direction of  the 
muscle fibers. The spacing should be close 
enough to monitor activity from a specific 
muscle. If  spaced too far apart, electrical ac-
tivity from other anatomically close muscles 
may also be detected.  

  7–3   With biofeedback units, there is no univer-
sally accepted or standardized measurement 

scale. Different machines are likely to give dif-
ferent readings for the same degree of  muscle 
contraction. Each manufacturer has its own 
reference standards for its particular unit. 
Thus, information provided from these differ-
ent units cannot be compared.  

  7–4   Biofeedback units do not directly measure 
muscle contraction. Instead, they measure 
only the electrical activity associated with a 
muscle contraction. Thus, the patient should 
understand that the electrical activity in-
fers some information about the quality of  a 
muscle contraction but does not measure the 
strength of  that muscle contraction specifi-
cally.  

  7–5   The athletic trainer should set the signal gain 
on the biofeedback unit at a high-sensitivity 
setting whenever the goal is relaxation, while 
a low-sensitivity setting should be used with 
muscle reeducation.  

   5.   Biofeedback electrodes should be placed as 
near to the muscle of interest as possible. They 
should also be placed ____________  to the 
muscle.

 a.     perpendicular
 b.     parallel
 c.     obliquely
 d.     none of the above    
   6.   What is the principle that allows the biofeed-

back unit to eliminate common noise between 
active electrodes?

 a.     common mode rejection ratio
 b.     filtering
 c.     rectification
 d.     integration    
   7.   Raw EMG must be converted to a visual 

or audio format. What is the order of that 
conversion?

 a.     integrated, rectified, smoothed
 b.     smoothed, rectified, integrated
 c.     rectified, smoothed, integrated
 d.     rectified, integrated, smoothed    

   8.   The goal of using biofeedback in muscle 
reeducation is to elicit a

 a.     twitch response
 b.     muscle contraction
 c.     decrease in pain
 d.     relaxation    
   9.   How long should the average biofeedback 

period for a single muscle be to avoid fatigue 
and boredom?

 a.     1–2 minutes
 b.     2–5 minutes
 c.     5–10 minutes
 d.     10–15 minutes    
   10.   What factor(s) must be addressed when using 

biofeedback to relax muscle guarding?
 a.     pain
 b.     mental imagery
 c.     apprehension
 d.     all of the above      

  Solutions to Clinical Decision-Making Exercises  
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  7–6   Several modalities could potentially help 
reduce muscle guarding including thermo-
therapy, cryotherapy, and electrical stimula-
tion. A recommendation would be to first 
use electrical stimulation to break the pain 

guarding cycle. Once pain has been modu-
lated, a biofeedback unit may be used to 
help the patient learn to relax the low back 
muscles and to keep them relaxed as move-
ment occurs.    
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CASE STUDY 7–1

 BIOFEEDBACK  
 Background   A 12-year-old female subluxed her left 
patella while jumping rope at school. There was imme-
diate pain and a localized effusion which resolved with 
the use of an immobilizer, intermittent ice packs, and 
rest over a 7-day period. Her pediatrician requested the 
initiation of quadriceps rehabilitation 2 weeks later 
after the patient reported no pain and minimal swell-
ing but with a residual stiffness and sensation of weak-
ness in the knee joint. The physical examination was 
unremarkable except for limited ROM of 10–110 
degrees and the inability of the patient to successfully 
initiate and sustain an isometric contraction of her 
quadriceps musculature.

    Impression   Quadriceps inhibition secondary to 
injury and immobilization. 

   Treatment Plan   In addition to the initiation of ther-
apeutic exercise—static stretching and active-assistive 
ROM exercise for the knee joint—biofeedback was ini-
tiated for the quadriceps mechanism. Using the vastus 

medialis muscle as the target muscle, the skin was 
cleansed and electrodes placed in alignment with the 
fibers of the muscle. A microvolt threshold of detection 
slightly above the patient’s ability to maximize audi-
tory and visual feedback was chosen. The patient was 
encouraged to perform isometric quadriceps setting 
exercises of 6–10 seconds duration attempting to “max 
out” feedback for the chosen threshold level. The 
threshold was advanced and the process repeated.

    Response   Over the course of the initial rehabilita-
tion session, the patient advanced several threshold 
levels and “reacquired” the ability to initiate and sus-
tain an isometric quadriceps muscle contraction com-
parable to her uninvolved extremity. She was rapidly 
transitioned to limited-range dynamic exercise and a 
functional closed-chain exercise sequence with 
emphasis on terminal range knee stability. She 
returned to unrestricted playground activities several 
weeks later.  

CASE STUDY 7–2

BIOFEEDBACK  
  Background   A 19-year-old male suffered a twisting 
injury to the right knee during football practice. There 
was immediate pain, effusion, joint line tenderness, and 
hamstring muscle spasm that prevented full extension 
of the knee. Initial treatment involved the use of an 
immobilizer, intermittent application of ice packs, eleva-
tion, and rest over the first 24 hours postinjury. Referral 
for rehabilitation was immediate and the patient 
reported to the clinic with residual pain and minimal 
swelling but with residual hamstring muscle guarding 
that prevented full active or passive knee extension.

    Impression   Hamstring muscle spasm secondary 
to injury.

    Treatment Plan   Therapeutic exercise, PNF contract-
relax, was initiated for the knee joint musculature—
primarily the hamstrings; biofeedback was also initiated 
for the hamstring muscles. Using the semimembrano-
sus/semitendinosus muscles as the targets, the skin was 
cleansed and electrodes placed in alignment with the 

fibers of the muscles. A microvolt threshold of detection 
at the level of the patient’s current muscle spasm activ-
ity was chosen with continuous auditory feedback. The 
patient was encouraged to isometrically contract his 
hamstring muscles, then consciously think of relaxing 
the muscles and reducing the level of auditory feedback. 
When auditory silence was achieved for the chosen 
microvolt level, the threshold was reduced and the 
process repeated. The patient was then encouraged to 
actively and passively extend the knee.

   Response   Over the course of the initial rehabilita-
tion session, the patient was able to reduce the thresh-
old level and “relax” the hamstring muscles to achieve 
full active and passive knee extension comparable to 
his uninvolved extremity. He was rapidly transitioned 
to dynamic exercise and a functional closed-chain 
exercise sequence with emphasis on terminal range 
knee stability. He returned to football activities several 
weeks later.       
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 CHAPTER 8 

 Therapeutic Ultrasound 
    David   O.   Draper   and      William   E.   Prentice    

 I
n the medical community, ultrasound is a 
modality that is used for a number of different 
purposes, including diagnosis, destruction of tis-

sue, and as a therapeutic agent. Diagnostic ultra-
sound has been used for more than 30 years for the 
purpose of imaging internal structures. Most typi-
cally, diagnostic ultrasound is used to image the 
fetus during pregnancy. Ultrasound has also been 
used to produce extreme tissue hyperthermia that 
has been demonstrated to have tumoricidal effects 
in cancer patients. 

 In clinical practice, ultrasound is one of the 
most widely used therapeutic modalities in addition 
to superficial heat and cold and electrical stimulat-
ing currents.  30   It has been used for therapeutic pur-
poses as a valuable tool in the rehabilitation of many 
different injuries primarily for the purpose of stimu-
lating the repair of soft-tissue injuries and for relief 
of pain,  51   although some studies have questioned its 
efficency as a tretment modality.  6   

 As discussed in Chapter 1, ultrasound is a form 
of acoustic rather than electromagnetic energy. 
Ultrasound is defined as inaudible acoustic vibra-
tions of high frequency that may produce either 
thermal or nonthermal physiologic effects.  63   The 
use of ultrasound as a therapeutic agent may be 
extremely effective if the athletic trainer has an ade-
quate understanding of its effects on biologic tissues 

 Following completion of this chapter, 
the student athletic trainer will be able to: 

  •  Analyze the transmission of acoustic energy 
in biologic tissues relative to waveforms, 
frequency, velocity, and attenuation. 

  •  Break down the basic physics involved in the 
production of a beam of therapeutic ultrasound. 

  •  Compare both the thermal and nonthermal 
physiologic effects of therapeutic ultrasound. 

  •  Evaluate specific techniques of application of 
therapeutic ultrasound and how they may be 
modified to achieve treatment goals. 

  •  Choose the most appropriate and clinically 
effective uses for therapeutic ultrasound. 
Explain the technique and clinical application 
of phonophoresis. 

  •  Identify the contraindications and precautions 
that should be observed with therapeutic 
ultrasound. 

 

• Ultrasound is one of the most widely 
used modalities in health care.
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and of the physical mechanisms by which these 
effects are produced.  51   

 ULTRASOUND AS A HEATING 
MODALITY 

 Chapter 4, discusses heat as a treatment modality. 
Warm whirlpools, paraffin baths, and hot packs, to 
name a few, all produce therapeutic heat. However, 
the depth of penetration of these modalities is superfi-
cial and at best only 1–2 cm. 112  Ultrasound, along 
with diathermy, has traditionally been classified as a 
“deep heating modality” and has been used primarily 
for the purpose of elevating tissue temperatures. 

   Suppose a patient is lacking dorsiflexion. It is 
determined through evaluation that a tight soleus 
is the problem, and as a athletic trainer your desire 
is to use thermotherapy followed by stretching. Will 
superficial heat adequately prepare this muscle to be 
stretched? Since the soleus lies deep under the gas-
trocnemius muscle, it is beyond the reach of superfi-
cial heat. 

   One of the advantages of using ultrasound over 
other heating modalities is that it can provide deep 
heating.  117   The heating effects of silicate gel hot 
packs and warm whirlpools have been compared 
with ultrasound. At an intramuscular depth of 
3 cm, a 10-minute hot pack treatment yields an 
increase of 0.8° C, whereas at this same depth, 
1 MHz ultrasound raises muscle temperature nearly 
4° C in 10 minutes.  37  ,  118   At 1 cm below the fat sur-
face, a 4-minute warm whirlpool (40.6° C) raises 
the temperature 1.1° C; however, at this same depth, 

3MHz ultrasound raises the temperature 4° C in 
4 minutes.  37  ,  39  ,  125   

 TRANSMISSION OF ACOUSTIC 
ENERGY IN BIOLOGIC TISSUES 

 Unlike electromagnetic energy, which travels most ef-
fectively through a vacuum, acoustic energy relies on 
molecular collision for transmission. Molecules in a 
conducting medium will cause vibration and minimal 
displacement of other surrounding molecules when set 
into vibration, so that eventually this “wave” of vibra-
tion has propagated through the entire medium. 
Sound waves travel in a manner similar to waves cre-
ated by a stone thrown into a pool of water. Ultrasound 
is a mechanical wave in which energy is transmitted 
by the vibrations of the molecules of the biologic 
 medium through which the wave is traveling.  151     

 Transverse versus Longitudinal Waves 

 Two types of waves can travel through a solid me-
dium,    longitudinal    and    transverse waves   . In a lon-
gitudinal wave, the molecular displacement is along 
the direction in which the wave travels. Within this 
longitudinal wave pathway are regions of high mo-
lecular density referred to as  compressions  (in which 
the molecules are squeezed together) and regions of 

 

• Ultrasound and diathermy = deep 
heating modalities

 

• Ultrasound = acoustic energy

longitudinal wave The primary waveform in 
which ultrasound energy travels in soft tissue with the 
molecular displacement along the direction in which 
the wave travels.

transverse wave Occurring only in bone, the mol-
ecules are displaced in a direction perpendicular to the 
direction in which the ultrasound wave is moving.

CHAPTER 8  Therapeutic Ultrasound  207

 Analogy 8–1

Acoustic energy emitted from a single source travels in 
waves in all directions much like a rock that is thrown 
into a pond. The waves travel outward and away from 
the spot where the rock entered the water. As they 
move outward, they become smaller and smaller until 
they eventually disappear.
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lower molecular density called    rarefactions    (in 
which the molecules spread out) ( Figure 8–1 ). This is 
much like the squeezing and spreading action when 
using a child’s “slinky” toy. In a transverse wave, the 
molecules are displaced in a direction perpendicular to 
the direction in which the wave is moving. Although 

Air-soft tissue interface

Soft
tissue

Longitudinal
wave

propagation

Transverse wave propagation

Bone-soft tissue interface

High density

High density

High density

Low density

Low density

Compression

Rarefaction

Rarefaction

Compression

Compression RarefactionCompression RarefactionCompression Compression

Bone

Compression

Rarefaction

Figure 8–1 Ultrasound travels through soft tissue as a longitudinal wave alternating regions of high molecular density 
(compressions) and areas of low molecular density (rarefactions). Transverse waves are found primarily in bone.

longitudinal waves travel both in solids and liquids, 
transverse waves can travel only in solids. Because 
soft tissues are more like liquids, ultrasound travels 
primarily as a longitudinal wave; however, when it 
contacts bone a transverse wave results.  151   

 Frequency of Wave Transmission 

 The  frequency  of audible sound ranges between 16 
and 20 KHz (kilohertz = 1000 cycles per second). 
Ultrasound has a frequency above 20 kHz. The 

rarefactions Regions of lower molecular density 
(i.e., a small amount of ultrasound energy) within a 
longitudinal wave.
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frequency range for therapeutic ultrasound is 
between 0.75 and 3 MHz (megahertz = 1,000,000 
cycles per second). The higher the frequency of the 
sound waves emitted from a sound source, the less 
the sound will diverge and thus a more focused 
beam of sound will be produced. In biologic tis-
sues, the lower the frequency of the sound waves, 
the greater the depth of penetration. Higher fre-
quency sound waves are absorbed in the more su-
perficial tissues.       

 Velocity 

 The  velocity  at which this vibration or sound wave is 
propagated through the conducting medium is di-
rectly related to the density. Denser and more rigid 
materials will have a higher velocity of transmis-
sion. At a frequency of 1 MHz, sound travels through 
soft tissue at 1540 m/sec and through compact bone 
at 4000 m/sec.  164   

 Attenuation 

 As the ultrasound wave is transmitted through the 
various tissues, there will be    attenuation    or a de-
crease in energy intensity. This decrease is owing to 
either  absorption  of energy by the tissues or  dispersion  
and  scattering  of the sound wave that results from 
reflection or refraction.  151   

 Ultrasound penetrates through tissue high in 
water content and is absorbed in dense tissues 
high in protein where it will have its greatest 
heating potential.  69   The capability of acoustic 
energy to penetrate or be transmitted to deeper 
tissues is determined by the frequency of the ultra-
sound as well as the characteristics of the tissues 
through which ultrasound is traveling. Penetra-
tion and absorption are inversely related. Absorp-
tion increases as the frequency increases; thus 

less energy is transmitted to the deeper tissues.  96   
 Tissues that are high in water content have a low 
rate of absorption, whereas tissues high in protein 
have a high absorption rate.  50   Fat has a relatively 
low absorption rate, and muscle absorbs consider-
ably more. Peripheral nerve absorbs at a rate 
twice that of muscle. Bone, which is relatively 
superficial, absorbs more ultrasonic energy than 
any of the other tissues ( Table 8–1 ).   

 When a sound wave encounters a boundary or 
an interface between different tissues, some of the 
energy will scatter owing to reflection or refraction. 
The amount of energy reflected, and conversely the 
amount of energy that will be transmitted to deeper 
tissues, is determined by the relative magnitude of 
the  acoustic impedances  of the two materials on 
either side of the interface. Acoustic impedance may 
be determined by multiplying the density of the 
material by the speed at which sound travels inside 
it. If the acoustic impedance of the two materials 

 Analogy 8–2

Longitudinal and transverse waves move through 
 tissue in a series of compressions and rarefactions in 
much the same manner as a child’s toy slinky squeezes 
together and spreads apart.

attenuation A decrease in energy intensity as the 
ultrasound wave is transmitted through various tis-
sues owing to scattering and dispersion.

 

• Penetration and absorption are 
inversely related.

 TABLE 8–1  Relationship between 
Penetration and Absorption 
(1 MHz)

MEDIUM ABSORPTION PENETRATION

Water 1 1200 
Blood plasma 23 52 
Whole blood 60 20 
Fat 390 4 
Skeletal muscle 663 2 
Peripheral nerve 1193 1 

From Griffin, JE: J Am Phys Ther 46(1):18–26, 1966. Reprinted 
with permission of the American Physical Therapy Association.
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forming the interface is the same, all of the sound will 
be transmitted and none will be reflected. The larger 
the difference between the two acoustic impedances, 
the more energy is reflected and the less that can 
enter a second medium ( Table 8–2 ).  160     

 Sound passing from the transducer to air will be 
almost completely reflected. Ultrasound is transmit-
ted through fat. It is both reflected and refracted at 

 TABLE 8–2  The Percentage of the 
Incident Energy Reflected at 
Tissue Interfaces156

INTERFACE PERCENT REFLECTION

Soft tissue/air 99.9
Water/soft tissue 0.2
Soft tissue/fat 1.0
Soft tissue/bone 15–40

From Ward, AR: Electricity fields and waves in therapy, Maricks-
ville, NSW, Australia, Science Press, 1986.

(b)

Figure 8–2 (a) The anatomy of a typical ultrasound transducer. (b) Different diameter ultrasound transducers.
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the muscular interface. At the soft tissue–bone inter-
face virtually all of the sound is reflected. As the 
ultrasound energy is reflected at tissue interfaces 
with different acoustic impedances, the intensity of 
the energy is increased as the reflected energy meets 
new energy being transmitted, creating what is 
referred to as a  standing wave  or a  “hot spot.”  
This increased level of energy has the potential to 
produce tissue damage. Moving the sound trans-
ducer or using pulsed wave ultrasound can help 
minimize the development of hot spots.  50   

 BASIC PHYSICS OF 
THERAPEUTIC ULTRASOUND 

 Components of a Therapeutic 
Ultrasound Generator 

 An ultrasound generator consists of a high fre-
quency electrical generator connected through an 
oscillator circuit and a transformer via a coaxial 
cable to a transducer housed in a type of insulated 
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Figure 8–3 Ultrasound Units (a) Intellect Transport 
(b) Intellect Legend (c) Accusonic Plus (d) Sonicator

(c)

(b)(a)

(d)

of different ultrasound units produced by a variety 
of manufacturers in raising tissue temperatures.  78  ,  79   
It is also critical to make certain that ultrasound 
units are routinely tested and recalibrated to make 
certain that selected treatment parameters are actu-
ally being produced by the ultrasound unit.  4   

 Transducer .  The transducer, also referred 
to as an applicator or a soundhead, must be 
matched to particular units and generally not 
interchangeable.  33   The transducer consists of 
some crystal, such as quartz, or synthetic ceramic 
crystals made of lead zirconate or titanate, barium 
titanate, or nickel-cobalt ferrite of approximately 
2–3 mm in thickness. It is the crystal within the 
transducer that converts electrical energy to 
acoustic energy through mechanical deformation 
of the crystal.  

 Piezoelectric Effect .  Crystals which are 
capable of mechanical distortion (expanding and 
contracting) are called  piezoelectric crystals . 
When a biphasic electrical current generated at 
the same frequency as the crystal resonance is 
passed through a piezoelectric crystal, the crystal 

applicator ( Figure 8–2 ). The oscillator circuit produces 
a sound beam at a specific frequency that the man-
ufacturer adjusts to the frequency requirements of the 
transducer. The control panel of an ultrasound unit 
usually has a timer that can be preset, a power meter, 
an intensity control, a duty cycle control switch, a se-
lector for continuous or pulsed modes, and possibly 
output power in response to tissue loading, and au-
tomatic shut-off in case of overheating of the trans-
ducer. Recently dual soundheads and dual 
frequency choices have become standard equip-
ment on ultrasound units ( Figure 8–3 ).  Table 8–3  
provides a list of the most desirable features in an 
ultrasound generator. 

   It must be added that several studies have dem-
onstrated significent differences in the effectiveness 

 TABLE 8–3  Features of the State-of-the-
Art “Ultimate” Ultrasound 
Machine Offer

Low BNR (4:1) 
High ERA (nearly matches the size of the soundhead) 
Multiple frequencies (1 and 3 MHz) 
Multiple sized soundheads 
Sensing device that shuts off the unit when overheating 
Well insulated to be used underwater 
Output jack for combination therapy 
Several pulsed duty cycles 
High quality synthetic crystal 
Transducer handle that maintains the operator’s wrist 

in a natural, relaxed position 
Durable transducer face that will protect the crystal 

if dropped
Computer controlled timer that makes adjustments in 

treatment duration as the intensity is adjusted (much 
like iontophoresis where the treatment time adjusts 
according to the dose applied)
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piezoelectric effect When a biphasic electrical 
current generated at the same frequency as the crystal 
resonance is passed through the piezoelectric crystal, 
the crystal will expand and contract or vibrate, thus 
generating ultrasound at a desired frequency.

effective radiating area The total area of the 
surface of the transducer that actually produces the 
sound-wave.

(b)

Crystal
Deformed Voltage

Generated

+ –0 0

(a)

Polarity
ReversedVoltage

Applied

Ultrasound
produced

+ – + –

Figure 8–4 Piezoelectric effect. (a) In the reverse piezoelectric effect, as the alternating current reverses 
polarity, the crystal expands and contracts, producing ultrasound energy. (b) In a direct piezoelectric effect, a 
mechanical deformation of the crystal generates a voltage.

will expand and contract, creating what is referred 
to as the    piezoelectric effect   . 

 There are two forms of this piezoelectric effect 
( Figure 8–4 ). An  indirect  or  reverse  piezoelectric 
effect is created when a biphasic current is passed 
through the crystal, producing compression or 
expansion of the crystal. It is this expansion and 
contraction that causes the crystal to vibrate at a 
specific frequency, producing a sound wave that is 
transmitted into the tissues. Thus, the reverse piezo-
electric effect is used to generate ultrasound at a 
desired frequency. 

 A  direct  piezoelectric effect, which has noth-
ing to do with ultrasound, is the generation of an 
electrical voltage across the crystal when it is com-
pressed or expanded.            

 Effective Radiating Area (ERA) .  That por-
tion of the surface of the transducer that actually 
produces the sound wave is referred to as the    
effective radiating area (ERA)   . ERA is dependent 
on the surface area of the crystal and ideally nearly 
matches the diameter of the transducer faceplate 

( Figure 8–5 ).  51   The ERA is determined by scanning 
the transducer at a distance of 5 mm from the radi-
ating surface and recording all areas in excess of 5% 
of the maximum power output found at any loca-
tion on the surface of the transducer. The acoustic 
energy is contained with a focused cylindrical beam 
that is roughly the same diameter as the sound-
head.  160   The energy output is greater at the center 
and less at the periphery of the ERA. Likewise the 
temperature at the center is significantly greater 
than at the periphery of the ERA.  120   

pre45195_ch08_205-254.indd Page 212  4/30/08  6:59:35 PM epgpre45195_ch08_205-254.indd Page 212  4/30/08  6:59:35 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08



CHAPTER 8  Therapeutic Ultrasound  213

   Because the effective radiating area is always 
smaller than the transducer surface, the size of the 
transducer is not indicative of the actual radiating 
surface. There is significant variability in the effec-
tive radiating area and output power of ultrasound 
transducers.  83   A very common mistake is to assume 
that because you have a large transducer surface 
the entire surface radiates ultrasound output. This is 
generally not true, particularly with larger 10-cm 2  
transducers. There is really no point in having a 
large transducer with a small radiating surface as it 
only mechanically limits the coupling in smaller 
areas (see Figure 8–5). The transducer ERA should 
match the total size of the transducer as closely as pos-
sible for ease of application to various body surfaces, in 
order to maintain the most effective coupling. 

 The appropriate size of the area to be treated 
using ultrasound is two to three times the size of the 
ERA of the crystal.  21  ,  141   To support this premise, 
peak temperature in human muscle was measured 
during 10 minutes of 1 MHz ultrasound delivered at 
1.5 W/cm 2  ( Figure 8–6 ). The treatment size for 10 
subjects was 2 ERA, and for the other 10 it was 6 
ERA. The 2-ERA group’s temperature increased 
3.6° C (moderate to vigorous heating), whereas 
 subjects’ temperature in the 6-ERA group only 
increased 1.1° C (mild heating). A similar study 
showed that 3 MHz ultrasound at an intensity of 
1 W/cm 2   significantly increased patellar tendon 

temperature at both two times and four times ERA. 
However, the 2-ERA size provided higher and lon-
ger heating than the 4-ERA size.  22   Thus, ultrasound 
is most effectively used for treating small areas.  46   
Hot packs, whirlpools, and  shortwave diathermy 
have an advantage over ultrasound in that they can 
be used to heat much larger areas. 

  Frequency of  Therapeutic Ultrasound .  
 Therapeutic ultrasound produced by a piezoelectric 
transducer has a frequency range between 0.75 and 
3.3 MHz. Frequency is the number of  wave cycles 
completed each second. The majority of  the older 
ultrasound generators are set at a frequency of  1 
MHz (meaning the crystal is deforming 1 million 

Figure 8–5 (left) Photo of a quarter-sized crystal 
mounted to the inside of the transducer faceplate. 
(right) A quarter is placed on the transducer face to 
illustrate that this crystal is smaller than the faceplate. 
Ideally, they should be closer to the same size.

9 10

B
as

el
in

e

39

38

37

36

35

34

33

40

8765

Time (minutes)

Temperature during 1 MHz ultrasound treatment
comparing 2 & 6 ERA at 1.5w/cm2

43

2 ERA
6 ERA

21

Te
m

pe
ra

tu
re

 °
 C

el
si

us

Figure 8–6 This graph illustrates that ultrasound is 
ineffective in heating areas much larger than twice the 
size of the transducer face. Mean temperature increase for 
2 ERA was 3.4° C, and only 1.1° C for an area 6 times the 
effective radiating area (ERA).
(From: Chudliegh, D, Schulthies, SS, Draper, DO, and Myrer, 
JW: Muscle temperature rise with 1 MHz ultrasound in treat-
ment sizes of 2 and 6 times the effective radiating area of 
the transducer, Master’s Thesis, Brigham Young University, 
July 1997)

 

• Depth of tissue penetration is 
determined by ultrasound frequency 
and not by intensity.
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214  PART FOUR  Sound Energy Modalities

times per second), whereas some of  the newer mod-
els also contain the 3 MHz frequency (the crystal is 
deforming 3 million times per second). Certainly, a 
generator that can be set between 1 and 3 MHz 
affords the athletic trainer the greatest treatment 
flexibility.     

 A common misconception is that intensity 
determines the depth of ultrasonic penetration, 
and therefore high intensities (1.5 or 2 W/cm 2 ) 
are used for deep heating and low intensities (1 W/
cm 2 ) are used for superficial heating. However, 
depth of tissue penetration is determined by ultra-
sound frequency and not by intensity.  60   Ultra-
sound energy generated at 1 MHz is transmitted 
through the more superficial tissues and absorbed 
primarily in the deeper tissues at depths of 2–5 cm 
( Figure 8–7 ).  37   A 1 MHz frequency is most useful in 
patients with high percent body fat cutaneously 
and whenever desired effects are in the deeper 
structures, such as the soleus or piriformis mus-
cles.  63   At 3 MHz the energy is absorbed in the 
more superficial tissues with a depth of penetra-
tion between 1 and 2 cm, making it ideal for 

treating superficial conditions such as plantar fas-
ciitis, patellar tendinitis, and epicondylitis.  73  ,  164   

     As previously mentioned, attenuation is the 
decrease in the energy of ultrasound as the distance 
it travels through tissue increases. The rate of 
absorption, and therefore attenuation, increases as 
the frequency of the ultrasound increases.  90   The 
3 MHz frequency is not only absorbed more superfi-
cially, it is also absorbed three times faster than 
1 MHz ultrasound. This faster rate of absorption 
results in faster peak heating in tissues. It has been 
demonstrated that 3 MHz ultrasound heats human 
muscle three times faster than 1 MHz ultrasound.  37 

4 cm

5 cm
1 MHz 3 MHz

High Low

Intensity

3 cm

2 cm

1 cm

Figure 8–7 (a) The ultrasound energy attenuates as it travels through soft tissue. At 1 MHz, the energy can penetrate 
to the deeper tissues although the beam diverges slightly. At 3 MHz, the effects are primarily in the superficial tissues and 
the beam is less divergent. (b) In the near field the distribution of energy is nonuniform. In the far field energy distribution 
is more uniform but the beam is more divergent.
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maximum
acoustic
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Higher energy

Lower energy

Near field
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  Clinical Decision-Making Exercise 8–1

A patient is complaining of pain at the lateral 
epicondyle of the elbow, which has been diagnosed 
as tennis elbow. The athletic trainer is trying to 
decide whether to use 1 MHz or 3 MHz ultrasound. 
Which would likely be most effective?
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CHAPTER 8  Therapeutic Ultrasound  215

the ultrasound beam is at its highest level.  160   The 
length of the near field from the surface of the trans-
ducer and thus the location of the point of maxi-
mum acouostic intensity can be determined by the 
following calculation:  96   

Length of Near Field =
 radius of transducer2

wavelength of ultrasound

 The far field begins just beyond this point of 
maximum acoustic intensity, where the distribution 
of energy is much more uniform but the beam 
becomes more divergent. 

 Beam Nonuniformity Ratio.   The amount 
of variability of intensity within the ultrasound 
beam is indicated by the  beam nonuniformity 
ratio (BNR) . This ratio is determined by measuring 
the peak intensity of the ultrasound output over the 
area of the transducer relative to the average output 
of ultrasound over the area of the transducer. 
(Output is measured in Watts/centimeter  2  .) For 
example, a BNR of 2 to 1 means the peak output 
intensity of the beam is 2 W/cm 2  the average output 
intensity is 1 W/cm 2  .

 The optimal BNR would be 1 to 1; however, 
because this is not possible, on most ultrasound gen-
erators the BNR usually falls between 2:1 and 6:1. 
Some ultrasound units have BNRs as high as 8:1. 
Peak intensities of 8 W/cm 2  have been shown to 
damage tissue; therefore, the patient runs a risk of 
tissue damage if intensities greater than 1 W/cm 2  
are used on a machine with an 8:1 BNR. The lower 
the BNR, the more uniform the output and therefore 
the lower the chance of developing “hot spots” of 
concentrated energy. The Food and Drug Adminis-
tration requires all ultrasound units to list the BNR, 
and the athletic trainer should be aware of the BNR 
for that particular unit.  56    

  The high peak intensities associated with high 
BNRs are responsible for much of the discomfort or 

        The Ultrasound Beam .  If the wavelength of 
the sound is larger than the source that produced it, 
then the sound will spread in all directions.  160   Such 
is the case with audible sound, thus explaining why 
it is possible for a person behind you to hear your 
voice almost as well as a person in front of you. In 
the case of therapeutic ultrasound, the sound is less 
divergent, thus concentrating energy in a limited 
area (1 MHz at a velocity 1540 m/sec in soft tissue 
and a wavelength of 1.5 mm, emitted from a trans-
ducer that is larger than the wavelength at approxi-
mately 25 mm in diameter). 

 The larger the diameter of the transducer, the 
more focused or    collimated    the beam. Smaller 
transducers produce a more divergent beam. Also, 
the beam from ultrasound generated at a frequency 
of 1 MHz is more divergent than ultrasound gener-
ated at 3 MHz (see Figure 8–7). 

 Near Field/Far Field.   Within this cylindri-
cal beam the distribution of sound energy is highly 
nonuniform, particularly in an area close to the trans-
ducer referred to as the  near field  (Figure 8–7b). 
The near field is a zone of fluctuating ultrasound 
intensity. The fluctuation occurs because ultra-
sound is emitted from the transducer in waves. 
Within each wave there is higher sound energy 
and between the waves there is less sound energy. 
Thus within the ultrasound beam close to the 
transducer in the near field there is variation in 
ultrasound intensity. As the beam moves away 
from the transducer, the sound energy becomes 
more consistent. 

 At the end of the near field, the point of maxi-
mum acoustic intensity is where the intensity within 

collimated beam A focused, less divergent beam 
of ultrasound energy produced by a large-diameter 
transducer.

 

• 3 MHz = superficial heat
• 1 MHz = deep heat

 

• Treatment area = 2–3 ERA
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216  PART FOUR  Sound Energy Modalities

periosteal pain often associated with ultrasound 
treatment.  75   Therefore, the higher the BNR the 
more important it is to move the transducer faster 
during treatment to avoid hot spots and areas of tis-
sue damage or cavitation.  Figure 8–8  shows the 
high beam homogeneity of a low BNR transducer 
and the typical beam profile of a high BNR trans-
ducer at 3 MHz output frequency. 

     Some researchers give little credence to BNR as 
a factor in good ultrasound equipment and say that 
it has little effect in treatment quality. Their ratio-

nale is that good treatment technique is much more 
important than the BNR.  64   However, most would 
agree that a continuous thermal ultrasound treat-
ment is effective only if it is tolerated by the patient, 
and if it produces uniform heating through the tis-
sues.  79   Some have speculated that a beam flowing 
from a poor-quality ultrasound crystal might be a 
reason patients experience pain and might cause 
uneven heating of tissue. Patient compliance should 
be better when thermal ultrasound is delivered via 
an ultrasound device with a low beam nonunifor-
mity ratio. This will encourage patients to return 
for needed ultrasound treatments and allow the 
athletic trainer to increase the intensity to the point 
where the patient feels local heat. When a heat 
modality is applied to tissue, it only makes sense 
that the patient should feel heat. If warmth is not 
felt, either the athletic trainer is moving the sound-
head too fast, or the intensity is too low. 

 Amplitude, Power, and Intensity.      Ampli-
tude    is a term that describes the magnitude of the 
vibration in a wave. Amplitude is used to describe the 
variation in pressure found along the path of the wave 
in units of pressure (Newtons/meter2).      33      Power    is the 
total amount of ultrasound energy in the beam and is 
expressed in watts.    Intensity    is a measure of the rate 
at which energy is being delivered per unit area. 
Because power and intensity are unevenly distributed 
in the beam, several varying types of intensities must 
be defined. 

amplitude The variation in pressure found along 
the path of the wave in units of pressure (Newtons/
meter2).

power The total amount of ultrasound energy in 
the beam, expressed in watts.

intensity A measure of the rate at which energy is 
being delivered per unit area.

 

• Ultrasound may be continuous 
or pulsed.

Figure 8–8 (a) Graphic representation of a low BNR of 
2:1. (b) Graphic representation of a high BNR of 6:1.

(a)

(b)
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CHAPTER 8  Therapeutic Ultrasound  217

that will transmit the energy to a specific tissue should 
be used to achieve a desired therapeutic effect.  112   
Some guidance for selecting intensities has come from 
published reports from those who have obtained suc-
cessful, yet subjective, clinical outcomes.  112   

 It is important to remember that everyone’s tol-
erance to heat is different, and thus ultrasound 
intensity should always be adjusted to patient toler-
ance.  75   At the beginning of the treatment, turn the 
intensity to the point where the patient feels deep 
warmth, and then back the intensity down slightly 
until gentle heating is felt.  45  ,  46   During the treatment 
ask the patient for feedback, and make the necessary 
intensity adjustments. This idea only applies to con-
tinuous mode ultrasound because pulsed ultrasound 
generally does not produce heat. Regardless, the 
treatment should never produce reports of pain. If 
the patient reports that the transducer feels hot at 
the skin surface, it is likely that the coupling medium 
is inadequate and possible that the piezoelectric 
crystal has been damaged and the transducer is 
overheating. 

 Ultrasound treatments should be temperature 
dependent, not time dependent. Thermal ultrasound 
is used in order to bring about certain desired effects, 
and tissues respond according to the amount of heat 
they receive.  100  ,  101   Any significant adjustment in 
the intensity must be countered with an adjustment 
in the treatment time. Changing the intensity levels 
during the treatment does not result in optimal 
heating.  17   

 Higher-intensity ultrasound results in greater 
and faster temperature increase.  122   For this reason, 
it is likely that the new generation of ultrasound 
generators will have the capability of automatically 
decreasing treatment time as the intensity is 
increased and increasing treatment time as the 
intensity is decreased (see Figure 8–3). 

 It should also be added that different ultrasound 
devices will in all likelihood produce different inten-
sities and different outputs during treatments despite 
the fact that the selected treatment parameters may 
be identical. Therefore the therapeutic effects may 
be different from one therapeutic ultrasound device 
to the next.  113   

  • Spatial-averaged intensity  is the intensity of the 
ultrasound beam averaged over the entire 
area of the transducer. It may be calculated 
by dividing the power output in watts by 
the total effective radiating area (ERA) of the 
soundhead in cm 2  and is indicated in watts 
per square centimeter (W/cm 2 ). If ultrasound 
is being produced at a power of 6 W and the 
ERA of the transducer is 4 cm 2 , the spatial-
averaged intensity would be 1.5 W/cm 2 . On 
many ultrasound units, both the power in 
watts and the spatial-average intensity in W/
cm 2  may be displayed. If the power output is 
constant, increasing the size of the transducer 
will decrease the spatial-averaged intensity. 

  • Spatial peak intensity  is the highest value oc-
curring within the beam over time. With 
therapeutic ultrasound, maximum intensities 
can range between 0.25 and 3.0 W/cm 2 . 

  • Temporal peak intensity , sometimes also referred 
to as  pulse-averaged intensity , is the maximum 
intensity during the on period with pulsed ul-
trasound, indicated in W/cm 2  (see Figure 8–10). 

  • Temporal-averaged intensity  is important only 
with pulsed ultrasound and is calculated by 
averaging the power during both the on and 
off periods. For a pulsed sound beam with a 
duty cycle of 20% with a temporal peak inten-
sity of 2.0 W/cm 2 , temporal-averaged inten-
sity would be 0.4 W/cm 2 . It should be pointed 
out that on some machines, the intensity set-
ting indicates the temporal peak intensity or 
on time, whereas on others it shows the tem-
poral-averaged intensity or the mean of the 
on-off intensity (see Figure 8–10).  112   

  • Spatial-averaged temporal peak (SATP) intensity  
is the maximum intensity occurring in time 
of  the spatially averaged intensity. The SATP 
intensity is simply the spatial average during 
a single pulse. 

 No definitive rules govern selection of specific 
ultrasound intensities during treatment, yet using too 
much may likely damage tissues and exacerbate the 
condition.  160   One recommendation is that the lowest 
intensity of ultrasound energy at the highest frequency 
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218  PART FOUR  Sound Energy Modalities

 Pulsed versus Continuous Wave Ultra-
sound .  Virtually all therapeutic ultrasound 
 generators can emit either continuous or pulsed ultra-
sound waves. If    continuous wave ultrasound    is 
used, the sound intensity remains constant through-
out the treatment, and the ultrasound energy is being 
produced 100% of the time ( Figure 8–9 ). 

 With    pulsed ultrasound    the intensity is peri-
odically interrupted, with no ultrasound energy being 
produced during the off period ( Figure 8–10 ). When 
using pulsed ultrasound, the average intensity of the 
output over time is reduced. The percentage of time 
that ultrasound is being generated (pulse duration) 
over one pulse period is referred to as the  duty cycle.  

Duty cycle =
 Duration of pulse (on time) × 100

pulse period (on time + off time)

   Thus, if the pulse duration is 1 msec and the 
total pulse period is 5 msec, the duty cycle would be 
20%. Therefore, the total amount of energy being 
delivered to the tissues would be only 20% of the energy 
delivered if a continuous wave was being used. The 
majority of ultrasound generators have duty cycles 
that are preset at either 20 or 50%; however, some 
provide several optional duty cycles. Occasionally the 
duty cycle is also referred to as the  mark:space  ratio. 

 Continuous ultrasound is most commonly used 
when thermal effects are desired. The use of pulsed 
ultrasound results in a reduced average heating of 
the tissues. Pulsed ultrasound or continuous 
ultrasound at a low intensity will produce nonthermal 
or mechanical effects that may be associated with 
soft tissue healing. 
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Figure 8–9 In continuous ultrasound, energy is 
constantly being generated.
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Figure 8–10 In pulsed ultrasound, energy is generated only during the on time. Duty cycle is determined by the ratio 
of on time to pulse period.

continuous wave ultrasound The sound inten-
sity remains constant throughout the treatment and 
the ultrasound energy is being produced 100% of 
the time.

pulsed ultrasound The intensity is periodically 
interrupted with no ultrasound energy being produced 
during the off period. When using pulsed ultrasound, 
the average intensity of the output over time is reduced.
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CHAPTER 8  Therapeutic Ultrasound  219

  PHYSIOLOGIC EFFECTS 
OF ULTRASOUND  

 Therapeutic ultrasound may induce clinically sig-
nificant responses in cells, tissues, and organs 
through both thermal effects and nonthermal bio-
physical effects.  15  ,  50  ,  51  ,  52  ,  60  ,  89  ,  130  ,  151  ,  160  ,  164   Ultra-
sound will affect both normal and damaged biologic 
tissues. It has been suggested that damaged tissue 
may be more responsive to ultrasound than normal 
tissue.  48   When ultrasound is applied for its thermal 
effects, nonthermal biophysical effects will also 
occur that may damage normal tissues.  90   If appro-
priate, treatment parameters are selected; however, 
nonthermal effects can occur with minimal ther-
mal effects.  

 Thermal Effects 

 The ultrasound wave attenuates as it travels through 
the tissue. Attenuation is caused primarily by the 
conversion of ultrasound energy into heat through 
absorption and to some extent by scattering and 
beam deflection. Traditionally, ultrasound has been 
used primarily to produce a tissue temperature 
increase.  12  ,  59  ,  107  ,  109  ,  144  ,  156   The clinical effects of 
using ultrasound to heat tissues are similar to other 
forms of heat that may be applied, including the 
following:  101    

   1.   An increase in the extensibility of collagen 
fibers found in tendons and joint capsules.  

   2.   Decrease in joint stiffness.  
   3.   Reduction of muscle spasm.  
   4.   Modulation of pain.  
   5.   Increased blood flow.  
   6.   Mild inflammatory response that may help 

in the resolution of chronic inflammation.   
   It has been suggested that for the majority of 

these effects to occur the tissues must be raised to a 
level of 40–45° C for a minimum of 5 minutes.  50   
Others are of the opinion that absolute temperatures 
are not the key, but rather how much the tempera-
ture rises above baseline.  99  ,  100  ,  101   They report that 
tissue temperature increases of 1° C increase metab-
olism and healing, increases of 2–3° C decrease pain 
and muscle spasm, and increases of 4° C or greater 

increase extensibility of collagen and decrease joint 
stiffness.  20  ,  21  ,  101   It has been shown that tempera-
tures above 45° C may be potentially damaging to 
tissues, but patients usually experience pain prior to 
these extreme temperatures.  37   

   Ultrasound at 1 MHz with an intensity of 1 W/cm 2  
has been reported to raise soft tissue temperature by 
as much as 0.86° C/min in tissues with a poor vascu-
lar supply.  138   It has been shown that 3 MHz ultra-
sound at 1 W/cm 2  raises human patellar tendon 
temperatures 2° C/minute.  22   In muscle, which is 
quite vascular, 1 and 3 MHz ultrasound at 1 W/cm 2  
increase the temperature 0.2 and 0.6° C/min, res-
pectively.  37   It has also been demonstrated that tissue 
temperature increases were significantly increased 
by preheating the treatment area prior to initiating 
ultrasound treatment.  80   

   The primary advantage of ultrasound over other 
nonacoustic heating modalities is that tissues high in 
collagen, such as tendons, muscles, ligaments, joint 
capsules, joint menisci, intermuscular interfaces, 
nerve roots, periosteum, cortical bone, and other 
deep tissues may be selectively heated to the thera-
peutic range without causing a significant tissue 
temperature increase in skin or fat.  152   Ultrasound 
will penetrate skin and fat with little attenuation.  42   

   The thermal effects of ultrasound are related to 
frequency. As indicated earlier, an inverse rela-
tionship exists between depth of penetration and 
frequency. Most of the energy in a sound wave 
at3 MHz will be absorbed in the superficial tissues. 
At 1 MHz there will be less attenuation, and the 
energy will penetrate to the deeper tissues, selec-
tively heating them. It has been suggested that 
3 MHz ultrasound should be the recommended 
modality in the heating of tissue structures to a 
depth level of 2.5 cm. One MHz treatment will not 
produce the temperatures (>4° C change or 40° C 
absolute temperature) needed to heat the struc-
tures of the body effectively.  74   

   Heating will occur with both continuous and 
pulsed ultrasound, depending on the intensity of 
the total current being delivered to the patient.  62   
Significant thermal effects will be induced when-
ever the upper end of the available intensity range 
is used. Regardless of whether ultrasound is pulsed 
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or continuous, if the spatial-averaged temporal-
averaged intensity is in the 0.1–0.2 W/cm 2  range, 
the intensity is too low to produce a tissue temperature 
increase and only nonthermal effects will occur.  50   

   Unlike the other heating modalities discussed in 
this text, whenever ultrasound is used to produce 
thermal changes, nonthermal changes also simulta-
neously occur.  52   An understanding of these non-
thermal changes, therefore, is essential.   

 Nonthermal Effects 

 The nonthermal effects of therapeutic ultrasound in-
clude    cavitation    and    acoustic microstreaming    
( Figure 8–11 ). Cavitation is the formation of gas-
filled bubbles that expand and compress owing to 
ultrasonically induced pressure changes in tissue flu-
ids.  50  ,  151   Cavitation may be classified as being  either 
 stable  or  unstable . In stable cavitation, the bubbles 
expand and contract in response to regularly re-
peated pressure changes over many acoustic  cycles. 
In unstable or transient cavitation, violent large 

excursions in bubble volume occur before implosion 
and collapse occur after only a few cycles. Therapeu-
tic benefits are derived only from stable cavitation, 
whereas the collapse of bubbles is thought to create 
increased pressure and high temperatures that may 
cause local tissue damage. Unstable cavitation 
clearly should be avoided. It is likely that high inten-
sity, low frequency ultrasound may produce unsta-
ble cavitation, particularly if standing waves develop 
at tissue interfaces.  50   

       Cavitation results in an increased flow in the 
fluid around these vibrating bubbles. Microstream-
ing is the unidirectional movement of fluids along 
the boundaries of cell membranes resulting from 
the mechanical pressure wave in an ultrasonic 
field.  50  ,  151   Microstreaming produces high viscous 
stresses, which can alter cell membrane structure 
and function due to changes in cell membrane per-
meability to sodium and calcium ions important in 
the healing process. As long as the cell membrane is 
not damaged, microstreaming can be of therapeutic 
value in accelerating the healing process.  50    

    It has been well documented that the nonther-
mal effects of therapeutic ultrasound in the treat-
ment of injured tissues may be as important as, if 
not more important than, the thermal effects. Ther-
apeutically significant nonthermal effects have 

  Clinical Decision-Making Exercise 8–2

An athletic trainer is treating an ankle sprain on day 
2 postinjury. To facilitate the healing process, she is 
using ultrasound for its nonthermal effects. What 
treatment parameters are required to ensure that 
there will be no thermal effects during the treatment?

Figure 8–11 Nonthermal effects of ultrasound. 
(a) Cavitation is the formation of gas-filled bubbles, which 
expand and compress due to ultrasonically induced 
pressure changes in tissue fluids. (b) Microstreaming 
is the unidirectional movement of fluids along the 
boundaries of cell membranes resulting from the 
mechanical pressure wave in an ultrasonic field.

Fluid

(a) (b)

Cell
Air bubble
expanded

Air bubble
contracted

cavitation The formation of gas-filled bubbles that 
expand and compress because of ultrasonically in-
duced pressure changes in tissue fluids.

acoustic microstreaming The unidirectional 
movement of  fluids along the boundaries of  cell mem-
branes resulting from the mechanical pressure wave 
in an ultrasonic field.
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been identified in soft tissue repair via stimulation 
of fibroblast activity, which produces an increase in 
protein synthesis, tissue regeneration, blood flow in 
chronically ischemic tissues, bone healing and 
repair of nonunion fractures, and phonophore-
sis.  48  ,  76  ,  135   Treatment with therapeutic levels of 
ultrasound may alter the course of the immune 
response. Ultrasound affects a number of biologic 
processes associated with injury repair. 

   The literature provides a number of examples in 
which exposure of cells to therapeutic ultrasound 
under nonthermal conditions has modified cellular 
functions. Nonthermal levels of ultrasound are 
reported to modulate membrane properties, alter 
cellular proliferation, and produce increases in pro-
teins associated with inflammation and injury 
repair.  85   Combined, these data suggest that non-
thermal effects of therapeutic ultrasound can modify 
the inflammatory response. The concept of the 
absorption of ultrasonic energy by enzymatic pro-
teins leading to changes in the enzymes’ activity is 
not novel.  85   However, recent reports demonstrating 
that ultrasound affects enzyme activity and possibly 
gene regulation provide sufficient data to present a 
probable molecular mechanism of ultrasound’s 
nonthermal therapeutic action. The frequency reso-
nance hypothesis describes two possible biologic 
mechanisms that may alter protein function as a 
result of the absorption of ultrasonic energy. First, 
absorption of mechanical energy by a protein may 
produce a transient conformational shift (modifying 
the three-dimensional structure) and alter the pro-
tein’s functional activity. Second, the resonance or 
shearing properties of the wave (or both) may dis-
sociate a multimolecular complex, thereby disrupt-
ing the complex’s function.  85   

   The nonthermal effects of cavitation and 
microstreaming can be maximized while minimiz-
ing the thermal effects by using a spatial-averaged 
temporal-averaged intensity of 0.1–0.2 W/cm 2  with 
continuous ultrasound. This range may also be 
achieved using a low temporal-averaged intensity 
by pulsing a higher temporal-peak intensity of 
1.0 W/cm 2  at a duty cycle of 20%, to give a tempo-
ral average intensity of 0.2 W/cm 2 .    

 ULTRASOUND TREATMENT 
TECHNIQUES 

 The principles and theories of therapeutic ultra-
sound are well understood and documented. How-
ever, specific practical recommendations as to how 
ultrasound may best be applied to a patient thera-
peutically are quite controversial and are based pri-
marily on the experience of the clinicians who have 
used it. Even though there are numerous laboratory 
and clinically based reports in the literature, 
treatment procedures and parameters are highly 
variable, and many contradictory results and con-
clusions have been presented in the literature.  112    

 Frequency of Treatment 

 It is generally accepted that acute conditions re-
quire more frequent treatments over a shorter pe-
riod of time, whereas more chronic conditions 
require fewer treatments over a longer period of 
time.  112   Ultrasound treatments should begin as 
soon as possible following injury, ideally within 
hours but definitely within 48 hours to maximize 
effects on the healing process.  61  ,  128  ,  131   Acute con-
ditions may be treated using low intensity or pulsed 
ultrasound once or even twice daily for 6–8 days 
until acute symptoms such as pain and swelling 
subside. In chronic conditions, when acute symp-
toms have subsided, treatment may be done on 
 alternating days.  149   Ultrasound treatment should 
continue as long as there is improvement. Assum-
ing that appropriate treatment parameters are 
chosen and the ultrasound generator is function-
ing properly, if no improvement is noted following 
three or four treatments, ultrasound should be dis-
continued, or different parameters (i.e., duty cycle, 
frequency) employed. 

   The question is often asked, How many ultra-
sound treatments can be given? Most of the research 
regarding treatment longevity has been performed 
on animals, and it takes quite a leap of logic to 
assume that the same negative effects would occur 
in humans. If the correct parameters are followed 
using a high-quality, recently calibrated ultrasound 
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machine, treatments could occur daily for several 
weeks. In the past, it has been recommended that 
ultrasound be limited to 14 treatments in the major-
ity of conditions, although this has not been docu-
mented scientifically. More than 14 treatments can 
reduce both red and white blood cell counts. After 
these 14 treatments some authors advise avoiding 
ultrasound use for 2 weeks.  63     

 Duration of Treatment 

 In the past, modality textbooks have been quite 
vague with respect to treatment time, and generally 
the suggested duration has been too short.  75  ,  147   
Typically recommended treatment times have 
ranged between 5 and 10 minutes in length; how-
ever, these times may be insufficient. The length of 
the treatment is dependent on several factors: the 
size of the area to be treated; the intensity in 
W/cm 2 ; the frequency; and the desired temperature 
increase. As stated previously, specific temperature 
increases are required to achieve beneficial effects 
in tissue. The athletic trainer must determine what 
the desired effects of the treatment are before a 
treatment duration is set ( Figure 8–12 ). There is 
little research defining the application duration 
needed to increase tissue temperature to the target 
range during ultrasound at varying application in-
tensities. Likewise, there are few data describing the 
effect of ultrasound intensity on the final tempera-
ture reached.  105   

       An accepted recommendation is that ultra-
sound be administered in an area two times the 
ERA (roughly twice the size of the soundhead). If 
thermal effects are desired in an area larger than 
this, obviously the treatment time needs to be 
increased.  

    The higher the intensity applied in W/cm 2 , the 
shorter the treatment time and vice versa. It just 

does not make clinical sense to treat one patient at 
1 W/cm 2  and another at 2 W/cm 2  at identical 
treatment durations when both patients require 
vigorous heating. Based on this scenario, it could 
be hypothesized that patient two will produce tissue 
temperature increases of twice that of patient one. 
However, it has been shown that an ultrasound 
treatment using a 1 MHz frequency and an intensity 
level of 1.0 W/cm 2  increases intramuscular tissue to 

Figure 8–12 It is important to have a treatment goal, 
and to adjust the ultrasound treatment time accordingly.
(Courtesy of Castel, JC: Sound advice, PTI, Inc., 1995. Used by 
permission.)
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  Clinical Decision-Making Exercise 8–3

A patient is being treated with ultrasound for 
muscle guarding in the upper trapezius. The 
athletic trainer wishes to achieve a mild heating 
effect by increasing the temperature by 30° C. If 
1 MHz ultrasound at an intensity of 1.5 W/cm2 
is being used, how long must the treatment be to 
achieve this temperature increase?

 

• Ideal BNR = 1:1
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higher temperatures than a 2.0 W/cm 2  intensity at 
a depth of 4 cm.  105   

       Ultrasound frequency (MHz) not only deter-
mines the depth of penetration, it also determines 
the rate of heating. The energy produced with 
3 MHz ultrasound is absorbed three times faster 
than that produced from 1 MHz ultrasound, the 
result of which is faster heating. Ultrasound at 3 MHz 
consistently heats tissues three times faster than 
1 MHz, thus reducing the required treatment dura-
tion by one-third.  37  ,  44   It has been questioned 
whether 1 MHz  ultrasound is capable of reaching 
the desired 4-degree increase needed to achieve 
therapeutic effects.  104   

   The desired temperature increase is also a factor 
in determining the duration of an ultrasound 
treatment.  Table 8–4  displays the rate of muscle 
temperature increase per minute, per W/cm 2 , and 
at various intensities and frequencies.  37   Based on 
this information, the athletic trainer can deter-
mine the appropriate duration of an ultrasound 
treatment. For example, a patient has limited 
range of motion because of scar tissue buildup 
from a chronic hamstring strain at the musculo-
tendinous junction. An appropriate goal would be 
to vigorously heat the muscle (an increase of 4° C) 
and immediately perform passive hamstring 
stretching. If 1 MHz ultrasound were used at an 
intensity of 2 W/cm 2 , the 4° C increase would take 
about 10 minutes. At 2 minutes into the treat-
ment, however, the patient complains that the 
treatment is too hot. Most of us would respond by 
decreasing the intensity, but we may forget to 
increase the treatment time. In this case if we 
decreased the intensity to 1.5 W/cm 2 , we would 

need to add 2 minutes to the treatment time in 
order to ensure a 4° C increase in muscle tempera-
ture. It is important to note that this chart requires 
a treatment size of two to three ERA, and these 
temperatures were reported in muscle. It has also 
been suggested that tendon heats over three times 
faster than muscle.  22      

      Coupling Methods 

 The greatest amount of reflection of ultrasonic en-
ergy occurs at the air–tissue interface. To ensure that 
maximal energy will be transmitted to the patient, 
the face of the transducer should be parallel with the 
surface of the skin so that the ultrasound will strike 
the surface at a 90° angle. If the angle between the 
transducer face and the skin is greater than 15 degrees, 
a large percentage of the energy will be reflected and 
the treatment effects will be minimal.  150   

   Reflection at the air–tissue interface can be 
further reduced by applying the ultrasound via the 
use of some coupling agent. The purpose of the 
   coupling medium    is to exclude air from the region 
between the patient and the transducer so that 
ultrasound can get to the area to be treated.  160   The 
acoustical impedance of the coupling medium 
should match the impedance of the transducer and 
should be slightly higher than the skin. Also, the 
medium should have a low coefficient of absorp-
tion to minimize attenuation in the coupling 
medium. It is important that the medium remains 
free of air bubbles during treatment. The coupling 
agent should be viscous enough to act as a lubri-
cant as the transducer is moved over the surface of 
the skin.  112   

   The coupling medium should be applied to the 
skin surface and the ultrasound transducer should 
be in contact with the coupling medium before the 
power is turned on. If the transducer is not in con-
tact with the skin via the coupling medium, or if for 

coupling medium A substance used to decrease 
the acoustical impedance at the air–skin interface and 
thus facilitate the passage of ultrasound energy.

 TABLE 8–4  Ultrasound Rate of Heating per 
Minute37

INTENSITY (W/cm2) 1 MHz (°C) 3 MHz (°C) 

0.5 0.04 0.3
1.0 0.2 0.6
1.5 0.3 0.9
2.0 0.4 1.4
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some reason the transducer is lifted away from the 
treatment area, the piezoelectric crystal may be dam-
aged and the transducer can overheat. 

   A number of studies have looked at the efficacy 
of different coupling media in transmitting ultra-
sound.  7  ,  42  ,  50  ,  141   Water, light oils, topical analge-
sics,  15  ,  134   gel packs,  93  ,  119   gel pads,  114   and various 
brands of ultrasonic gel have been recommended as 
coupling agents. The recommendations of these 
studies have proven to be somewhat contradictory. 
Essentially it appears that all of these agents have 
very similar acoustic properties and are effective as 
coupling agents.  32   

   When using ultrasound in the treatment of 
patients with partial and full-thickness wounds, 
treatments are performed over a hydrogel sheet (i.e., 
Nu-Gel, ClearSite, etc.) or semipermeable film dress-
ing (i.e., J&J Bioclusive, Tegaderm). Transmissivity 
of wound care products used to deliver acoustic 
energy during ultrasound treatment of wounds var-
ies greatly among dressing products.  93   

   Water is an effective coupling medium, but its 
low viscosity reduces its suitability in surface appli-
cation. To reach the temperature increase obtained 
with gel, higher intensities need to be used with 
water.  82   Light oils, such as mineral oil and glycerol, 
have relatively higher absorption coefficients and 
are somewhat difficult to clean up following treat-
ment. Water-soluble gels seem to have the most 
desirable properties necessary for a good coupling 
medium.  32  ,  42   Perhaps the only disadvantage is that 
the salts in the gel may damage the metal face of the 
transducer with improper cleaning. For convenience, 
some athletic trainers have used massage lotion 
instead of ultrasound gel; however, experience has 
revealed that massage lotion is not an adequate ultra-
sound conducting medium.  Table 8–5  describes a 
technique that can be used to check the relative 
transmission capability of a medium.    

       Exposure Techniques  

 Direct Contact .  Direct application of ultra-
sound involves actual contact between the applicator 
and the skin, with a sufficient amount of couplant 

between. A layer of gel should be applied to the 
treatment area in sufficient amounts to maintain 
good contact and lubrication between the trans-
ducer and the skin, but not so much that air pockets 
may form from movement of the transducer. A thin 
film of gel should also be applied directly to the 
transducer face before transmission begins 
( Figure 8–13 ).  112   A direct technique of exposure 
may be used as long as the surface being treated is 
larger than the diameter of the transducer. If a 
smaller surface area is to be treated, a smaller 
transducer should be used so that direct application 
can still be performed. 

 TABLE 8–5  Technique for Checking the 
Relative Transmission 
Capability of a Medium

Encircle the transducer with tape while leaving about 
2 cm of tape exposed (making a tape tube).

Fill the tape tube with 1 cm thickness of ultrasound gel 
medium.

Fill the tube to the top with water.
Adjust the intensity and watch the water bubble.
Repeat the procedure but substitute the gel with the 

medium you are testing.
If the water has little or no bubbles, your desired medium 

is not a good couplant after all.

Figure 8–13 Ultrasound may be applied directly 
through some gel-like coupling medium.
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 Heating the ultrasound gel prior to treatment 
has been recommended to improve the thermal 
effects of ultrasound in deeper tissues; however, this 
is not actually the case. Because ultrasound heats 
only through conversion of mechanical vibration to 
heat and not through conduction, heating the gel 
will have no effect in the deeper tissues.  57   The only 
rationale for heating cold ultrasound gel is strictly 
for patient comfort and compliance. 

 Recently several manufacturers of  analgesic 
creams have been promoting their use as ultra-
sound couplants (i.e., Biofreeze, T-prep).  1  ,  35  ,  124  ,  134   
Patients are treated with ultrasound via a conduct-
ing medium of  gel mixed with their product.  2  ,  124   
One company recommended a mixture of  two parts 
gel to one part analgesic cream (this has recently 
been changed to 80% gel to 20% cream), whereas 
another recommended a 50/50 ratio of  ultrasound 
gel and their analgesic cream. Small mixtures of  
analgesic creams with 80 or 90% gel may produce 
significant heating, but as yet have not been tested. 
Some of  these products have been shown to actu-
ally impede the transmission of  ultrasound. Many 
of  these over-the-counter medications presently 
used are only minimally effective as ultrasound 
couplants.  5   If  a patient wants the added benefits of  
heat and analgesia, first massage the balm into the 
area; then apply 100% ultrasound gel followed by 

ultrasound. Perceptions of  heat by the patient may 
not indicate actual temperature increases within 
the muscle when using analgesic creams.  124   Until 
further research is performed in this area, it is sug-
gested that the practice of  using analgesic creams 
mixed with ultrasound gel be discontinued when 
vigorous heating is desired.  Figure 8–14  displays 
the results of  research involving two such products 
and their effect on muscle temperature increase via 
ultrasound.      

       Immersion .  Although direct application 
with gel has been shown to be the most effective 
application technique, water immersion is war-
ranted in some instances. The immersion technique 
is recommended if the area to be treated is smaller 
than the diameter of the available transducer or if 
the treatment area is irregular with bony promi-
nences ( Figure 8–15 ). A plastic, ceramic, or rubber 
basin should be used because a metal basin or whirl-
pool will reflect some of the ultrasound, increasing 
the intensity near the basin walls. Tap water seems 
to be just as effective as degassed water as a coupling 
medium for the immersion technique and less likely 
to produce surface heating than mineral oil or 
glycerin.  61  ,  141   The transducer should be moved 
parallel to the surface being treated at a distance of 
0.5–1 cm.  164   If air bubbles accumulate on the transducer 
or over the treatment area, they may be wiped away 

  Clinical Decision-Making Exercise 8–4

The athletic trainer is using ultrasound to 
treat an inversion ankle sprain. Unfortunately, 
the ultrasound generator only has a 10 cm2 
transducer, and the athletic trainer is worried 
about maintaining good direct contact over 
the treatment area. What alternative couple 
techniques could potentially be used?

 

• Water soluble gels = best coupling 
medium

Flex-All versus Biofreeze

Muscle temperature increase from continuous
1 MHz ultrasound at 1.5 W/cm2 for 10 minutes.

Depth 50/50 flex-all; gel 50/50 biofreeze; gel 100% gel

3 cm 2.8° C 1.8° C 3.4° C

5 cm 1.8° C 1.3° C 2.5° C

Figure 8–14 Two popular analgesic creams were 
mixed with ultrasound gel and used as coupling media. 
Only the treatments that used 100% ultrasound gel 
as the couplant yielded temperatures consistent with 
vigorous heating. We conclude that these creams, 
although they might decrease pain perception, 
actually impede ultrasound transmission. Note: These 
manufacturers are now recommending mixtures of 80% 
ultrasound gel with 20% of their product. 
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quickly during the treatment. In order to ensure ade-
quate heating, the intensity should be increased, 
possibly as much as 50%.  41   

 Bladder Technique .  If for some reason the 
treatment area cannot be immersed in water, a 
bladder technique can be used in which a balloon, 
surgical glove, or even a condom can be filled with 
water, and the ultrasound energy is transmitted 
from the transducer to the treatment surface 
through this bladder ( Figure 8–16 ). Generally the 
use of the bladder technique is not recommended. 
Nevertheless it is occasionally used. Both sides of 
the balloon should be coated with gel to assure bet-
ter contact. Recently, commercial gel packs have 
gained popularity and several studies have demon-
strated their efficacy as a coupling medium.  11  ,  93  ,  119   
Treatments using a bladder filled with either gel or 
silicone have also been used at higher ultrasound 
intensities.  7   When ultrasound is applied over bony 
prominences, a gel pad should be covered with 
ultrasound gel on both sides to ensure optimal heat-
ing  10   (Figure 8–16b). 

 Moving the Transducer .  In the past, treat-
ment techniques that involve both moving the 
transducer and holding the transducer stationary 
have been recommended. The stationary technique 
was most often used when the treatment area was 
small or when pulsed ultrasound was used at a low 

temporal-averaged intensity. However, because of 
the nonuniformity of the ultrasound beam, the 
energy distribution in the tissue is uneven, thus cre-
ating potential tissue-damaging “hot spots.”  164   If 
the ultrasound beam is stationary, the spatial-peak 
intensity determines the point of maximal tempera-
ture increase. With the moving technique, the spa-
tial-averaged intensity gives the most reasonable 
measure of the average rate of heating within the 
treatment area.  151   This stationary technique has 

Figure 8–16 (a) Although not recommended, the 
bladder technique can be used over uneven surfaces. 
(b) A commercially available Aquaflex gel pad can be 
used for the same purposes as a bladder.

(b)

(a)
Figure 8–15 The immersion technique is recommended 
when using ultrasound over irregular surfaces.
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been demonstrated to produce disruption of blood 
flow, platelet aggregation, and damage to the venous 
system; therefore the stationary technique is no lon-
ger recommended.  163   

 Moving the transducer during treatment leads 
to a more even distribution of energy within the 
treatment area, especially if the unit has a low 
BNR.  20   This can reduce the damaging effects of 
standing waves, particularly those that are most 
likely to occur at bone–tissue interfaces. Overlap-
ping circular motions or a longitudinal stroking 
pattern can be used. Very similar intramuscular 
temperature increases can be observed among 
ultrasound treatments with transducer velocities 
of 2 to 3, 4 to 5, and 7 to 8 cm/s.  157   In general, it 
has been recommended that the transducer should 
be moved slowly at approximately 4 cm/sec, cov-
ering a treatment area that is two to three times 
larger than the ERA of the transducer.  95  ,  117   Move-
ment speed of the transducer is BNR-dependent, and 
the higher the BNR the more important it is to move 
the transducer faster during treatment to avoid 
periosteal irritation and transient cavitation.  75  ,  147   
However, moving the transducer too rapidly 
decreases the total amount of energy absorbed per 
unit area. Rapid movement of the transducer 
causes the athletic trainer to slip into treating a 
larger area; thus, the desired temperatures may 
not be attained. 

 Equipment with a low BNR usually allows for 
a slower stroking movement of the ultrasound 
transducer. Slow strokes are more controlled and 
can easily be contained to a small area (2 ERA). 
Slow movement of the transducer results in evenly 
distributed sound waves throughout the area, 
whereas a fast moving transducer will not allow 
for adequate absorption of the sound waves, and 
sufficient heating will not occur. If the patient 
complains of pain, decrease the output intensity, 
while making the appropriate adjustments in treat-
ment duration. The transducer should be kept in 
maximum contact with the skin via some coupling 
agent. 

 During the administration of ultrasound, it is 
possible that the amount of pressure at the trans-

ducer may affect the physiologic response to and the 
outcome of the treatment.  92   It has been demon-
strated that applying an excessive amount of pres-
sure could decrease the acoustic transmissivity, 
damage the crystal in the transducer, or make the 
patient uncomfortable. It is recommended that the 
athletic trainer apply firm, consistent pressure dur-
ing treatment.  92   

 An ultrasound unit currently on the market has 
an applicator with multiple piezoelectric crystals 
that are microprocessor controlled to move the 
ultrasound output, mimicking human movement, 
at the prescribed rate of 4 cm/sec automatically 
without having to manually move the transducer 
( Figure 8–17 ) .

 Recording Ultrasound Treatments.   It is 
recommended that the athletic trainer report or 
record the specific parameters used in an ultrasound 
treatment when completing treatment records or 
progress notes so that the treatment may be repro-
duced or altered. The parameters that should be 
recorded include frequency, spatial-averaged tem-
poral peak intensity, whether the beam is pulsed or 
continuous, the duty factor (if pulsed), effective radi-
ating surface area of the transducer, duration of the 
treatment, and the number of treatments per 
week.  112   A typical treatment might be recorded as 
3 MHz, at 1.0 W/cm 2 , pulsed at 20% (0.2) duty 

Figure 8–17 Autosound provides hands-free 
ultrasound treatment and combination ultrasound and 
electrical stimulation.

pre45195_ch08_205-254.indd Page 227  4/30/08  6:59:41 PM epgpre45195_ch08_205-254.indd Page 227  4/30/08  6:59:41 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08



228  PART FOUR  Sound Energy Modalities

factor, 5-cm transducer head, 5 minutes, four times 
per week. 

 CLINICAL APPLICATIONS FOR 
THERAPEUTIC ULTRASOUND 

 Ultrasound is generally recognized clinically as one 
of the most effective and widely used modalities in 
the treatment of many soft-tissue and bony lesions. 
Considering the extensive use of ultrasound in treat-
ing soft-tissue injuries, until the past decade there 
has been relatively little documented evidence from 
the medical community concerning the efficacy of 
this modality (however, research in this area is 
increasing). Many of the decisions as to how ultra-
sound should be used are empirically based on per-
sonal opinion and experience. This section summa-
rizes the various clinical applications of therapeutic 
ultrasound used in a clinical setting. 

 Soft-Tissue Healing and Repair 

 Soft-tissue healing and repair may be accelerated by 
both thermal and nonthermal ultrasound.  49  ,  51  ,  58  ,  87   
Repair of soft tissues involves three phases of healing: 
inflammation, proliferation, and remodeling. Ultra-
sound does not seem to have any anti-inflammatory 
effects; rather, it is thought to accelerate the inflam-
matory phase of healing. 

   It has been shown that a single treatment with 
ultrasound can stimulate the release of histamine 
from mast cells.  72   The mechanism for this may be 
attributed primarily to nonthermal effects involv-
ing cavitation and streaming that increase the 
transport of calcium ions across the cell membrane, 
thus stimulating release of histamine by the mast 
cells.  50   Histamine attracts polymorphonuclear leu-
kocytes that “clean up” debris from the injured 
area, along with monocytes whose primary func-
tion is to release chemotactic agents and growth 
factors that stimulate fibroblasts and endothelial cells 
to form a collagen-rich, well-vascularized tissue used 
for the development of new connective tissue that is 
essential for rapid repair. Thus, ultrasound can be 
effective in facilitating the process of inflammation, 

and therefore healing, if applied after bleeding has 
stopped but still within the first few hours after injury 
during the early stages of inflammation.  50   It has 
been suggested that this response occurs using 
pulsed ultrasound at 0.5 W/cm 2  with a duty cycle of 
20% for 5 minutes or continuous ultrasound at 
0.1 W/cm 2 .  52   

   These treatments have been described as being 
“proinflammatory” and are of value in accelerating 
repair in short-term or acute inflammation.  146   How-
ever, in chronic inflammatory conditions, the proin-
flammatory effects are of questionable value.  72   If an 
inflammatory stimulus such as overuse remains, 
the response to therapeutic ultrasound is of ques-
tionable value.  11   

   Pitting edema is a condition that sometimes 
provides a challenge for athletic trainers. Pitting 
edema may be treated with continuous 3 MHz ultra-
sound at intensities of 1–1.5 W/cm 2 . The heat seems 
to liquefy the “gel-like” cellular debris. The limb is 
then elevated, or massaged, or EMS is used to pump 
the fluid and promote lymphatic drainage. 

   During the proliferative phase of healing, a 
connective tissue matrix is produced into which 
new blood vessels will grow. Fibroblasts are mainly 
responsible for producing this connective tissue. 
Fibroblasts exposed to therapeutic ultrasound are 
stimulated to produce more collagen that gives 
connective tissue most of its strength.  71   Again, cav-
itation and streaming alter cell membrane perme-
ability to calcium ions that facilitate increases in 
collagen synthesis and in tensile strength. The 
intensity levels of therapeutic ultrasound that pro-
duce these changes during the proliferative phase 
are too low to be entirely thermal. It has been 
demonstrated that heating with continuous ultra-
sound may be more effective than stretching alone 
for increasing the extensibility of dense connective 
tissue.  140   

 

• Ultrasound accelerates the 
inflammatory process.
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   Ultrasound does not appear to be effective in 
enhancing postexercise muscle strength recovery or 
in diminishing delayed-onset muscle soreness.  136  ,  153   
Although treatment with pulsed ultrasound can 
promote the satellite cell proliferation phase of the 
myoregeneration, it does not seem to have signifi-
cant effects on the overall morphologic manifesta-
tions of muscle regeneration.  139    

 Scar Tissue and Joint Contracture 

 During remodeling, collagen fibers are realigned 
along lines of tensile stresses and strains, forming 
scar tissue. This process may continue for months 
or even years. In scar tissue, collagen never attains 
the same pattern and remains weaker and less elas-
tic than normal tissue prior to injury. Scar tissue in 
tendons, ligaments, and capsules surrounding 
joints can produce joint contractures that limit 
range of motion. Increased tissue temperatures in-
crease the elasticity and decrease the viscosity of 
collagen fibers. Because the deeper tissues sur-
rounding joints that most often restrict range are 
rich in collagen, ultrasound is the treatment modal-
ity of choice.  103  ,  164   

   A number of studies have investigated the 
effects of ultrasound treatment on scar tissue and 
joint contracture. Ultrasound has been demon-
strated to increase mobility in mature scars.  9   A 
greater residual increase in tissue length with less 
potential damage is produced through preheating 
with ultrasound prior to stretching, or by putting 
the joint on stretch while insonating.  39  ,  102  ,  143   
Tissue extensibility increases when continuous 
ultrasound is applied at higher intensities causing 
vigorous heating of tissues.  65   Thigh, periarticular 
structures, and scar tissues become significantly 
more extensible following treatment with ultra-
sound involving thermal effects at intensities of 
1.2–2.0 W/cm2.    102   Scar tissue can be softened if 
treated with ultrasound at an early stage.  131   
Dupuytren’s contracture shows a beneficial effect 
on long-standing contracted bands of scar and 
a decrease in pain when treated early on with 
ultrasound.  111   

   The majority of the earlier studies attributed the 
effectiveness of ultrasound to thermal effects and 
used continuous moderate intensities between 
0.5 and 2.0 W/cm 2 .  

 Stretching of Connective Tissue 

 Collagenous tissue when stressed is fairly rigid, yet 
when heated it becomes much more yielding.  65  ,  102   
However, the combination of heat and stretching 
theoretically produces a residual lengthening of 
connective tissue, which increases according to the 
force applied.  116   

   Preevent heating and stretching to improve 
range of motion are commonly recommended before 
exercise in an attempt to prevent musculotendinous 
injury. Active exercise appears to be more effective 
than ultrasound for increasing intramuscular tem-
perature; however, the temperature increases do 
not appear to influence range of motion.  27   

   The time period of vigorous heating when tis-
sues will undergo the greatest extensibility and elon-
gation is referred to as the  stretching window.   39  ,  143   
The existence of this stretching window is theoretical 
and has not been conclusively demonstrated to 
exist.  13   An analogy to a plastic spoon helps explain 
this concept.  20   When a plastic spoon is dipped in hot 
water it softens, and by pulling on the ends, we are 
able to stretch it. As the plastic cools, however, it 
hardens and is no longer able to be stretched. Like-
wise, if we vigorously heat tissue it becomes more 
pliable and less resistant to stretch, yet as the tissue 
cools it resists stretching and can actually be dam-
aged if too great a force is applied. 

   The rate of tissue cooling following continuous 
ultrasound at both 1 and 3 MHz frequencies has 
been determined ( Figure 8–18 ).  39  ,  143   Thermistor 
probes were inserted 1.2 cm below the skin’s sur-
face and ultrasound was applied. The treatment 
raised the tissue temperature 5.3° C for the 3-MHz 
frequency. The average time it took for the tem-
perature to drop each degree as expressed in min-
utes and seconds was: 1° C = 1:20; 2° C = 3:22; 3° C = 
5:50; 4° C = 9:13; 5° C = 14:55. In this case, the 
temperature remained in the vigorous heating 
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phase for only 3.3 minutes following an ultrasound 
treatment. 

   The same methods were used to determine the 
stretching window at 1 MHz. The temperature 
was recorded 4 cm deep in the muscle. It took 
2 minutes for the temperature to drop 1° C, and a 
total of 5.5 minutes to drop 2° C. The deeper mus-
cle cools at a slower rate than superficial muscle 
because the added tissue serves as a barrier to 
escaping heat. Regardless, tissue heated by ultra-
sound loses its heat at a fairly rapid rate; therefore, 
stretching, friction massage, or joint mobilization 
should be performed immediately post-ultra-
sound. To increase the duration of the stretching 
window, it is recommended that stretching be 
done during and immediately after ultrasound 
application. 

   It appears that ultrasound and stretching 
increase range of motion more than stretching alone 

immediately following treatment. However, there is 
no significant difference between the two techniques 
over the long term.  36    

 Chronic Inflammation 

 Few clinical or experimental studies discuss the 
effects of therapeutic ultrasound on the chronic 
inflammations (tendinitis, bursitis, epicondylitis). 
Treatment of bicipital tendinitis with ultrasound 
decreases pain and tenderness and increases 
range of motion.  53   Although earlier studies have 
shown ultrasound to be effective in treating pain 
and increasing range of motion in subacromial 
bursitis, a more recent study shows no improve-
ment in the general condition of the shoulder 
when using continuous ultrasound at 1.0–
2.0 W/cm 2 .  34   Ultrasound applied at an intensity 
of 1.0–2.0 W/cm 2  at a 20% duty cycle signifi-
cantly enhanced recovery in patients with epi-
condylitis.  11   

   In these chronic inflammatory conditions, ultra-
sound seems to be effective in increasing blood flow for 
healing and for pain reduction through heating.  164   

   In acute ligament injury, pulsed ultrasound 
therapy may stimulate inflammation.  106    

Figure 8–18 (a) Rate of temperature decay following 3 MHz ultrasound treatments. Solid line = mean temperature 
decay. Hatched line = 1 standard deviation above and below the mean. Oval = time to pre-ultrasound baseline. 
(b) Rate of temperature increase during 1 MHz ultrasound applied at 1.5W/cm2, followed by the rate of temperature 
decay at termination of insonation. The thermistor was 4 cm deep in the triceps surae muscle.34,108
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  Clinical Decision-Making Exercise 8–5

How may the athletic trainer best use ultrasound 
to treat patellar tendinitis?
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 Bone Healing 

 Since bone is a type of connective tissue, damaged 
bone progresses through the same stages of healing 
as other soft tissues, the major difference being the 
deposition of bone salts.  162   Several researchers have 
observed acceleration of fracture repair following 
treatment with ultrasound.  25  ,  135  ,  148  ,  158   It has been 
shown that the application of ultrasound within the 
first 2 weeks postfibular fracture during the inflam-
matory and proliferative stages increases the rate of 
healing. Treatment parameters were 0.5 W/cm 2  at 
a duty cycle of 20% for 5 minutes, four times per 
week.  47   Ultrasound was effectively used to stimulate 
bone repair following osteotomy and fixation of the 
tibia in rabbits.  16   

   Treatment given during the first 2 weeks after 
injury is sufficient to accelerate bony union. How-
ever, ultrasound given to an unstable fracture dur-
ing the phase of cartilage formation may cause 
proliferation of cartilage and consequent delayed 
bony union.  51   It appears that nonthermal mecha-
nisms are most responsible for the accelerated bone 
healing.  112   

   Several researchers have looked at the use of 
ultrasound over growing epiphyses.  30  ,  68  ,  154   
Although results have been somewhat inconsis-
tent, some form of damage was observed in each 
study, including premature closure of the epiphysis, 
epiphyseal displacement, widening of the epiphy-
seal, fractures, condyle erosion, and shortening of 
the bones. The degree of destruction appears to be 
unpredictable; therefore, it is not recommended 
that ultrasound be applied to growing bone.  63       

 Ultrasonic Bone Growth Stimulators . 
 Two types of bone growth stimulators currently 
exist: electrical and ultrasonic. An electrical 
bone growth stimulator (EBS) uses electric cur-
rent to promote bone healing. The current may 
generate a direct, direct pulsating, or pulsating 
electromagnetic field (PEMF). An ultrasonic bone 
growth stimulator uses ultrasound for accelerated 
fracture healing.  25   It is a pulsed, low-intensity, 
ultrasound device that provides nonthermal, spe-
cifically programmed ultrasonic stimulation to 
accelerate bone repair. The device is character-
ized by a main operating unit with an external 
power supply connected to a treatment head mod-
ule affixed to a mounting fixture centered over the 
fracture site ( Figure 8–19 ). This nonthermal 
device is specifically programmed to promote 
accelerated fracture healing, but does not increase 
the temperature of the tissue and therefore can 
be administered by the patient at home in one 
daily 20-minute treatment. Healing times of fresh 
fractures appear to be significantly decreased 
among those receiving low intensity ultrasound 
stimulation.  25   

 Absorption of Calcium Deposits .  No 
documented evidence exists that ultrasound treat-
ment can cause reabsorption of calcium deposits. 
However, it has been suggested that ultrasound 
may help reduce inflammation surrounding a 

 Analogy 8–3

Stretching muscle following vigorous heating is like 
taking a plastic spoon and dipping it in hot water. It 
becomes soft and we are able to stretch it by pulling on 
the ends. As the plastic cools, however, it hardens and 
is no longer able to be stretched. Likewise, if we vigor-
ously heat tissue it becomes more pliable and less 
resistant to stretch, yet as the tissue cools, it resists 
stretching and can actually be damaged if too great a 
force is applied.

Figure 8–19 Ultrasonic Bone Growth Stimulators 
(a) Accusonic Lipus (b) Exogen 2000+ (c) Exogen 4000+ 

(b)

(c)

(a)
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calcium deposit, thus reducing pain and improv-
ing function.  164   

 Myositis ossificans is calcification within the 
muscle following acute or repeated trauma. This 
condition may be exacerbated by applying heat or 
massaging the area. Thus ultrasound is contraindi-
cated in acute hematomas, and it is a large leap of 
logic to assume it capable of reducing the size of the 
mature calcification.  

 Ultrasound in Assessing Stress Fractures.  
 The use of ultrasound as a reliable technique for 
identifying stress fractures has been recom-
mended.  104   Using a continuous beam at 1 MHz with 
a small transducer and a water-based coupling 
medium, the athletic trainer moves the transducer 
slowly over the injured area while gradually increas-
ing the intensity from 0 to 2.0 W/cm 2  until the 
patient indicates that he or she feels uncomfortable 
(periosteal irritation), at which point the ultrasound 
is turned off. If the patient reports a feeling of pres-
sure, bruising, or aching, then a stress fracture may 
be present. Another technique is to first apply 1 MHz 
continuous ultrasound in the stationary mode to 
the contralateral limb. The intensity is slowly 
increased until the individual reports pain. This is 
then repeated on the affected area. Typically with a 
stress fracture, pain will be reported at a lower 
intensity than on the opposite site. Either a radio-
graph or a bone scan is then necessary to confirm 
this diagnosis.   

 Pain Reduction 

 Many of  the studies discussed previously have noted 
that reduction in pain occurs with ultrasound treat-
ment, even though the treatment was given for 
other purposes. Several mechanisms have been pro-
posed that might explain this pain reduction. Ultra-
sound is thought to elevate the threshold for activa-
tion of  free nerve endings through thermal effects.  160   
Heat produced by ultrasound in large-diameter my-
elinated nerve fibers may reduce pain through the 
gating mechanism.  28  ,  112   Ultrasound may also in-
crease nerve conduction velocity in normal nerves, 
creating a counterirritant effect through thermal 

mechanisms.  90   There is no consensus of  opinion in 
the literature as to the exact mechanism of  pain 
reduction. 

   Pain reduction following application of ultra-
sound has been reported in patients with lateral epi-
condylitis,  9   shoulder pain, plantar fasciitis, surgical 
wounds, bursitis, prolapsed intervertebral disks, ankle 
sprains, reflex sympathetic dystrophy, and various 
other soft-tissue injuries.  9  ,  24  ,  58  ,  67  ,  110  ,  118  ,  127  ,  137     

 Plantar Warts 

 Plantar warts are occasionally seen on the weight-
bearing areas of the feet owing to either a virus or 
trauma. These lesions contain thrombosed capil-
laries in a whitish-colored soft core covered by 
 hyperkeratotic epithelial tissue. Among other 
more conventional techniques, several studies 
have recommended ultrasound as being an effec-
tive painless method for eliminating plantar 
warts.  88  ,  138  ,  155   Intensities average 0.6 W/cm 2  for 
7–15 minutes.  43     

 Placebo Effects 

 Whereas the physiologic effects of ultrasound have 
been discussed in detail, it should also be mentioned 
that ultrasound can have significant therapeutic 
psychologic effects.  50   A number of studies have 
demonstrated a placebo effect in patients receiving 
sham ultrasound.  54  ,  72  ,  107    

 PHONOPHORESIS 

 Phonophoresis is a technique in which ultrasound 
is used to enhance delivery of a selected medication 
into the tissues.  13   Perhaps the greatest advantage 
of phonophoresis is that medication can be deliv-
ered via a safe, painless, noninvasive technique as 
is the case with iontophoresis (discussed in Chapter 
6) that uses electrical energy to deliver a medica-
tion. It is thought that active transport occurs as a 
result of both thermal and nonthermal mechanisms 
that together increase permeability of the stratum 
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well as the risks of topical drug application.  19   The 
athletic trainer should remember that most of the 
medications used in phonophoresis must be pre-
scribed by a physician.     

   The most widespread use of the phonophore-
sis technique has been to deliver hydrocortisone, 
which has anti-inflammatory effects. Typically, 
either 1 or 10% hydrocortisone cream is used in 
treatments along with thermal ultrasound.  55   The 
10% hydrocortisone preparation appears to be 
superior to the 1% preparation.  91   Several studies 
have looked at the efficacy of this technique.  81  ,  97   
Using phonophoresis with hydrocortisone was 
shown to be superior to ultrasound alone in 

Treatment Protocols: Ultrasound 
(bladder coupling)

1. Fill a balloon with tepid, degassed water or 
use an Aquaflex Gel Pad. 

2. Apply layer of coupling gel to bladder. 
3. Apply layer of coupling gel to treatment 

surface.
4.  Place bladder over treatment surface. 
5.  Establish treatment duration dependent on 

size of area to be treated (i.e., 5 minutes for 
each 16-square-inch area). 

6. Maintain contact between soundhead and 
treatment surface, moving soundhead in 
circular or linear overlapping strokes at a 
rate of 2–4 in/sec; observe for air bubble 
formation. 

7. Adjust treatment intensity: 0.5–1.0 W/cm2 
for superficial tissues and 1.0–2.0 W/cm2 
for deeper tissues; intensity may need to be 
increased. 

8. Monitor patient response during treatment; 
if patient reports warmth or ache, reduce 
intensity by 10% and continue treatment.

Treatment Protocols: Ultrasound 
(direct coupling)

1. Apply indicated technique: Select 
continuous or pulsed output and verify 
output intensity is at 0 before turning unit 
power on. 

2. Apply layer of coupling gel to treatment 
surface. 

3. Establish treatment duration dependent on 
size of area to be treated (i.e., 5 minutes for 
each 16-square-inch area). 

4.  Maintain contact between soundhead and 
treatment surface, moving soundhead in 
circular or linear overlapping strokes at a 
rate of 2–4 in/sec; observe for air bubble 
formation. 

5. Adjust treatment intensity: 0.5–1.0 W/cm2 
for superficial tissues and 1.0–2.0 W/cm2 for 
deeper tissues. 

phonophoresis A technique in which ultrasound 
is used to enhance delivery of a selected medication 
into the tissues.

corneum, although using thermal parameters 
seems to be most beneficial.  150   This allows a medi-
cation to diffuse across the skin because of differ-
ences in concentration from the outside to the inside. 
Although the medication tends to follow the path of 
the beam, it must be stressed that once the medica-
tion penetrates the stratum corneum, the vascular 
circulation will cause diffusion from the highly 
 concentrated delivery site, spreading it throughout 
the body.  13   

   Unlike iontophoresis, phonophoresis transports 
whole molecules into the tissues as opposed to ions.  1   
Consequently phonophoresis is not as likely to dam-
age or burn skin. Also, the potential depth of pene-
tration with phonophoresis is substantially greater 
than with iontophoresis. 

   Medications commonly applied through phono-
phoresis most often are either anti-inflammatories 
such as hydrocortisone, cortisol, salicylates, or 
dexamethasone or analgesics such as lidocaine. 
When applying phonophoresis, it is important to 
select the appropriate drug for the pathology. 
Because phonophoresis may increase drug penetra-
tion, it may also increase the clinical benefits as 
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 alleviating pain and reducing inflammation in 
patients with arthritic disorders.  68   It has been used 
in treating patients with various inflammatory 
disorders including bursitis, tendinitis, and 
neuritis.  91   It has also been used to treat temporo-
mandibular joint dysfunction.  86  ,  161   Griffin,  68   
Kleinkort,  91   and coworkers have demonstrated 
the effective penetration of corticosteroids into tis-
sue with ultrasound.  However, Benson  8   and col-
leagues have shown that many phonophoresis 
treatments are ineffective. 

   It appears that many clinicians are now using 
dexamethasone sodium phosphate (Decadron) as 
an  alternative to hydrocortisone.  29   Dexamethasone 
is best used with thermal ultrasound for 
2–3 days.  135  ,  144   Ketoprofen has also been used with 
phonophoresis.  18   

   Salicylates are compounds that evoke a number 
of pharmocologic effects including analgesia and 
decreased inflammation due to a reduction in pros-
taglandins. There are few reports that suggest that 
phonophoresis using salicylates enhances analgesic 
or anti-inflammatory effects. However, it has been 
reported that salicylate phonophoresis may be used 
to decrease delayed-onset muscle soreness without 
promoting cellular changes that mimic an inflam-
matory response.  23   

   Lidocaine is a commonly used local anesthetic 
drug. The use of phonophoresis with lidocaine was 
found to be effective in treating a series of trigger 
points.  121   

   The efficacy of various coupling media has 
been discussed previously. The addition of an active 
ingredient into the coupling medium is common 
practice. However, topical pharmacologic products 
are usually not formulated to optimize their effi-
ciency as ultrasound coupling media.  8   For exam-
ple, 1 or 10% hydrocortisone usually comes in a 
thick, white cream base that has been demon-
strated to be a poor conductor of ultrasound. Clini-
cians have tried mixing this preparation with 
ultrasound gel (which is known to be a good trans-
mitter) without improvement in transmission 
capabilities. The use of topical preparations with 
poor transmission capabilities may negate the 

effectiveness of ultrasound therapy. Unfortunately 
few suitable products are available, and there is 
clearly a need for appropriate active ingredients in 
gel form.  Table 8–6  provides a list of transmission 
capabilities of various commercially available 
 phonophoresis media.  19   

     Because research has shown some of these 
medications to impede the ultrasound,  5  ,  144   one 
 suggestion is to apply the medication and gel sepa-
rately. This is accomplished by rubbing the medica-
tion directly onto the surface of the treatment area 
and then applying gel couplant followed by the 
application of ultrasound. With the direct technique 
transmission gel should be applied, and with immer-
sion the treatment area with the preparation applied 
is simply treated underwater. 

   Both pulsed and continuous ultrasound have 
been used in phonophoresis. Continuous ultrasound 

Treatment Protocols: Ultrasound 
(underwater coupling)

1. Fill a plastic or ceramic nonconductive basin 
with tepid degassed water of sufficient depth 
to cover treatment surface.

2. Immerse the body part into the basin.
3. Establish treatment duration dependent on 

size of area to be treated (i.e., 5 minutes for 
each 16-square-inch area).

4. Maintain soundhead parallel to treatment 
surface at a distance of 0.5–3 cm, moving 
soundhead in circular or linear overlapping 
strokes at a rate of 2–4 in/sec; observe for 
air bubble formation on soundhead and 
wipe away.

5. Adjust treatment intensity: 0.5–1.0 W/cm2 
for superficial tissues and 1.0–2.0 W/cm2 
for deeper tissues; intensity may need to be 
increased. 

6. Monitor patient response during 
treatment; if patient reports warmth 
or ache, reduce intensity by 10% and 
continue treatment.

7. Fill a plastic or ceramic nonconductive basin 
with tepid degassed water of sufficient depth 
to cover treatment surface.
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CHAPTER 8  Therapeutic Ultrasound  235

 TABLE 8–6 Ultrasound Transmission by Phonophoresis Media19

PRODUCT TRANSMISSION RELATIVE TO WATER (%) 

Media That Transmit Ultrasound Well  
Lidex gel, fluocinonid 0.05%a 97 
Thera-Gesic cream, methyl salicylate 15%b 97 
Mineral oilc 97 
US geld 96 
US lotione 90 
Betamethasone 0.05% in US geld 88 
Media That Transmit Ultrasound Poorly  
Diprolene ointment, betamethasone 0.05%g 36 
Hydrocortisone (HC) powder 1%b in US geld 29 
HC powder 10%b in US geld 7 
Cortril ointment, HC 1%i 0 
Eucerin creamj 0 
HC cream 1%k 0 
HC cream 10%k 0 
HC cream 10%k mixed with equal weight US geld 0 
Myoflex cream, trolamine salicylate 10%j 0 
Triamcinolone acetonide cream 0.1%k 0 
Velva HC cream 10%b 0 
Velva HC cream 10%b with equal weight US geld 0 
White petrolatumm 0 
Other  
Chempad-Ln 68 
Polyethylene wrapo 98 

aSyntex Laboratories Inc, 3401 Hillview Ave., PO Box 10850, Palo Alto, CA 94303.
bMissions Pharmacal Co, 1325 E. Durango, San Antonio, TX 78210.
cPennex Corp, Eastern Ave. at Pennex Dr., Verona, PA 15147.
dUltraphonic, Pharmaceutical Innovations Inc., 897 Frelinghuysen Dr., Newark, NJ 07114.
ePolysonic, Parker Laboratories Inc, 307 Washington St., Orange, NJ 07050.
fPharmfair Inc., 110 Kennedy Dr., Hauppauge, NY 11788.
gSchering Corp., Galloping Hill Rd., Kenilworth, NJ 07033.
hPurepace Pharmaceutical Co., 200 Elmora Ave., Elizabeth, NJ 07207.
iPfizer Labs Division, Pfizer Inc., 253 E 42nd St., New York, NY 10017.
jBeiersdorf Inc., PO Box 5529, Norwalk, CT 06856-5529.
kE Fougera & Co., 60 Baylis Rd., Melville, NY 11747.
iRorer Consumer Pharmaceuticals, Division of Rhone-Poulenc Rorer Pharmaceuticals Inc., 500 Virginia Dr., Fort Washington, PA 19034.
mUniversal Cooperatives Inc., 7801 Metro Pkwy., Minneapolis, MN 55420.
nHenley International, 104 Industrial Blvd., Sugar Land, TX 77478.
oSaran Wrap, Dow Brands Inc., 9550 Zionsville Rd., Indianapolis, IN 46268.
From Cameron, M, and Monroe, L: Relative transmission of ultrasound by media customarily used for phonophoresis, Phys Ther 
72(2):142–148, 1992. Reprinted with permission from the American Physical Therapy Association.

at an intensity great enough to produce thermal 
effects may induce a proinflammatory response.  52   If 
the goal is to decrease inflammation, pulsed ultra-
sound with low spatial-averaged temporal peak 

intensity may be the best choice.  63   If the treatment 
goal is to reduce pain, it has been demonstrated 
that regardless of whether pulsed phonophoresis 
was used or not, stretching, strengthening, and 
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 cryotherapy were significantly more effective in 
decreasing levels of perceived pain.  132   

 USING ULTRASOUND IN 
COMBINATION WITH OTHER 
MODALITIES 

 In a clinical setting, it is not uncommon to com-
bine modalities to accomplish a specific treatment 
goal. Ultrasound is frequently used with other mo-

dalities including hot packs, cold packs, and elec-
trical stimulating currents. Unfortunately, there is 
very little documented evidence in the literature to 
substantiate the effectiveness of ultrasound and 
electrical  currents; however, recent studies of cool-
ing or heating the area prior to ultrasound applica-
tion have produced interesting results.  33  ,  40  ,  136   In 
fact it is possible that combining treatment modali-
ties may actually interfere with the effectiveness of 
a treatment.  70   

 Ultrasound and Hot Packs 

 Hot packs, like continuous or high intensity ultra-
sound, are used primarily for their thermal effects. 
Heat is effective in reducing muscle spasm and 
muscle guarding and is useful in pain reduction. 
For these reasons heat and ultrasound used in 
combination can be effective for accomplishing 
these treatment goals.  77   A couple of studies have 
shown that a 15-minute hot pack application prior 
to ultrasound had an additive heating effect.  38  ,  80   It 
was suggested that the ultrasound treatment dura-
tion can be decreased 3–5 minutes when tissues 
are preheated with hot packs.  46   However, it should 
be pointed out that because hot packs produce an 
increase in blood flow particularly to the superfi-
cial tissues, creating a less dense medium for 
transmission of ultrasound, attenuation may be in-
creased and the depth of penetration of ultrasound 
reduced. 

 Ultrasound and Cold Packs 

 Some authors have provided a rationale for ultra-
sound use immediately after ice. According to this 
premise, the application of a cold pack to human tis-
sues initiates physiologic responses such as vaso-
constriction and decreased blood flow. Thus cooling 
the area not only results in decreased local tempera-
ture, but it may assist in temporarily increasing the 
density of the tissue to be heated. This occurs by de-
creasing superficial attenuation and facilitating 
transmission to deeper tissues and consequently im-
proving the thermal effects of ultrasound.  40  ,  101  ,  136   

Treatment Protocols: Phonophoresis

1. Cleanse treatment surface with alcohol or 
soap and water.

2. Apply medication in glycerol cream, oil, or 
other vehicle in lieu of coupling gel.

3. Establish treatment duration dependent 
upon size of area to be treated (i.e., 
5 minutes for each 16-square-inch area).

4. Maintain contact between soundhead and 
treatment surface, moving soundhead in 
circular or linear overlapping strokes at a 
rate of 2–4 in/sec; observe for air bubble 
formation.

5. Adjust treatment intensity: 0.5–1.0 W/cm2 
for superficial tissues and 1.0–2.0 W/cm2 
for deeper tissues. Intensity may need to be 
decreased.

6. Monitor patient response during 
treatment; if patient reports warmth 
or ache, reduce intensity by 10% and 
continue treatment.

7. Cleanse treatment surface with alcohol or 
soap and water.

  Clinical Decision-Making Exercise 8–6

An athletic trainer is treating a patient with a 
myofascial trigger point. She has been using 
thermal ultrasound for about 1 week with less 
than desirable results. How might she alter the 
treatment to possibly achieve better results?
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Although this theory sounds good, two recent stud-
ies appear to refute such claims.  40  ,  136   Whether an 
ice pack was applied for 5 minutes or 15 minutes, 
significant cooling took place in the muscle, reduc-
ing the rate and intensity of muscle temperature rise 
via ultrasound ( Figure 8–20 ). It just does not make 
sense to cool something that you immediately want 

to heat. 
   When treating acute and postacute injuries, 

however, the combination of cold to reduce blood 
flow (i.e., swelling) and produce analgesia and 
low-intensity ultrasound for its nonthermal effects 
that promote soft-tissue healing may be the treat-
ment of choice. Cold packs are most often used for 

analgesia and to decrease blood flow acutely 
 following injury. Because cold is such an effective 
analgesic, caution must be exercised when using 
ultrasound at higher intensities that pro-
duce thermal effects since the patient’s perception 
of temperature and pain are diminished. Pulsed 
ultrasound, however, could be used after ice appli-
cation if the goal is pain reduction and healing in 
the acute stage.  20  ,  21   

 Ultrasound and Electrical Stimulation 

 Ultrasound and electrical stimulating currents are 
frequently used in combination ( Figure 8–21 ). 
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Figure 8–20 When an ice pack was applied for 5 minutes, it impeded the heat produced from ultrasound. The 
increase in muscle temperature was greater and faster during the ultrasound treatment (increase of 4° C) than during 
the ice/ultrasound treatment (increase of 1.8° C).
(From: Draper, DO, Schulthies, S, Sorvisto, P, and Hautala A: Temperature changes in deep muscles of humans during ice and ultra-
sound therapies: an in-vivo study, J Orthop & Sports Phys Therapy 21:153–157, 1995)
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Using these two modalities in combination is 
thought to have positive clinical benefits.  129   Electri-
cal stimulating currents are used for analgesia or 
producing muscle contraction. Ultrasound and 
electrical stimulating currents in combination have 
been recommended in the treatment of myofascial 
trigger points.  66  ,  98   Both modalities provide analge-
sic effects, and both have been shown to be effective 
in reducing the pain–spasm–pain cycle, although 
the specific mechanisms responsible are not clearly 
understood. 

   Electrical stimulating currents were discussed 
in Chapter 5. When using ultrasound and electri-
cal stimulating currents together, the ultrasound 
transducer serves as one electrode and thus deliv-
ers both acoustic energy and electrical energy. 

The electrical energy should be sufficient to cause 
a muscle contraction when the transducer passes 
over the trigger point, while the ultrasound should 
cause at least a moderate increase in tissue tem-
perature. Because trigger points are found within 
the muscle, it is likely that 3 MHz ultrasound will 
be more effective in reaching the deeper tissue. 
The transducer should be moved slowly (4 cm/sec) 
in a small circular pattern over the trigger point. 
Stretching the muscle during the application 
of ultrasound and an electrical stimulating cur-
rent can also be helpful in treating a myofascial 
trigger point. 

 TREATMENT PRECAUTIONS 

  Table 8–7  provides a summary of indications 
and contraindications for using therapeutic ultra-
sound. In addition, there are a number of treat-
ment precautions to the use of therapeutic 
 ultrasound.   

   1.   The use of continuous ultrasound with a 
high spatial-averaged temporal peak inten-
sity should be avoided in acute and post-
acute conditions because of the associated 
thermal effects.  

   2.   Caution should be used when treating 
areas of decreased sensation, particularly 
when there is a problem in perceiving pain 
and temperature.  

   3.   In areas of decreased circulation, caution 
must be exercised owing to excessive 
heat buildup that can potentially dam-
age tissues.  

   4.   Individuals with vascular problems 
 involving thrombophlebitis should not 
receive ultrasound because of the possi-
bility of dislodging a clot and creating an 
embolus.  

   5.   Ultrasound should not be applied around 
the eye because heat is not dissipated well, 
and both the lens and the retina may be 
damaged.  

(a)

(b)

(c) (d)

Figure 8–21 Combination Ultrasound and Electrical 
Stimulating Units (a) Vectorsonic Combi (b) Intellect 
Legend XT Combination System (c) MedCon VC 
(d) Theramini 3C
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  Clinical Decision-Making Exercise 8–7

An athletic trainer is treating a patient who has 
painful muscle spasms of the entire low back 
on both sides. How can the athletic trainer use 
ultrasound to treat this problem?

 potential changes in ECG activity. Ultra-
sound can certainly interfere with normal 
function of a pacemaker.  

   9.   Ultrasound should not be used over a ma-
lignant tumor. It appears that using ultra-
sound may increase the size of the tumor 
and perhaps cause metastases. There is 
also danger in using ultrasound even in 
patients who have a history of malignant 
tumors, because it is always possible that 
small tumors may remain without their 
knowledge. Thus it is best for the athletic 
trainer to check with the patient’s physi-
cian or oncologist before using ultrasound 
in cancer patients.  

   10.   As previously mentioned, ultrasound 
should never be used over epiphyseal areas 
in young children.  

   11.   Ultrasound may be used safely over metal 
implants because it has been shown that 
there is no increase in temperature of tissue 

   6.   Ultrasound should not be applied over 
 reproductive organs, especially the testes 
because temporary sterility may result. 
Caution should be used in treating the ab-
dominal region of the female during the re-
productive years or immediately following 
menses.  

   7.   The use of ultrasound is contraindicated 
during pregnancy because of potential 
damage to the fetus.  

   8.   Some precaution should be used when 
treating areas around the heart due to 

 TABLE 8–7  Summary of Indications and Contraindications for Using Ultrasound

INDICATIONS 

Acute and postacute conditions (ultrasound with 
nonthermal effects) 

Soft tissue healing and repair 
Scar tissue 
Joint contracture 
Chronic inflammation 
Increase extensibility of collagen 
Reduction of muscle spasm 
Pain modulation 
Increase blood flow 
Soft tissue repair 
Increase in protein synthesis 
Tissue regeneration 
Bone healing 
Repair of nonunion fractures 
Inflammation associated with myositis ossificans 
Plantar warts 
Myofascial trigger points 

CONTRAINDICATIONS 

Acute and postacute conditions (ultrasound with 
thermal effects) 

Areas of decreased temperature sensation 
Areas of decreased circulation 
Vascular insufficiency 
Thrombophlebitis 
Eyes 
Reproductive organs 
Pelvis immediately following menses 
Pregnancy 
Pacemaker 
Malignancy 
Epiphyseal areas in young children 
Total joint replacements 
Infection 
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adjacent to the implant because metal has 
high thermal conductivity and thus heat is 
removed from the area faster than it can be 
absorbed. However, in cases of total joint 
replacement, the cement used (methyl 
methacrylate) absorbs heat rapidly and 
may be overheated, damaging surround-
ing soft tissues.  

 GUIDELINES FOR THE SAFE 
USE OF ULTRASOUND 
EQUIPMENT 

 Currently, ultrasound units are the only therapeu-
tic modality for which Federal Performance Stan-
dards exist.  133   Ultrasound units produced since 
1979 are required to indicate the magnitudes of 
ultrasound power and intensity with an accuracy 
of ±20% and accurately control treatment time. It 
is recommended that intensity output, pulse 
regime accuracy, and timer accuracy be checked 
at regular intervals by qualified personnel who 
have access to the appropriate testing equipment. 
The effective radiating area and the beam nonuni-
formity ratio of the transducer should be accu-
rately provided by the manufacturer. The following 
treatment guidelines will help to ensure  patient 
safety: 

Treatment Protocol: Ultrasound

1. Question patient (contraindications/
previous treatments). 

2. Position patient (comfort, modesty). 
3. Inspect part to be treated (check for rashes, 

infections, or open wounds). 
4. Obtain appropriate soundhead size. 
5. Determine ultrasound frequency (1 MHz for 

deep, 3 MHz for superficial).
6. Set duty cycle (choose either continuous or 

pulsed setting). 
7. Apply couplant to area. 
8. Set treatment duration (vigorous heat = 

10–12 min at 1 MHz and 3–4 min at 3 MHz).
9. Maintain contact between the skin and the 

applicator (move at a rate of 4 cm/sec, for 2 ERA).
10.  Adjust intensity to perception of heat. (If 

this gets too hot, turn down the intensity or 
move applicator slightly faster.) 

11.  If goal is increased joint ROM, put part on 
stretch (for the last 2–3 min of insonation, 
and maintain stretch or friction massage 
2–5 min after termination of treatment).

12.  Terminate treatment. (Turn all dials to zero; 
clean gel from unit.)

13.  Assess treatment efficacy. (Inspect area, 
feedback from client.) 

14. Record treatment parameters. 

Note: Ultrasound units should be recalibrated every 
6–12 months, depending on the frequency of use.

 Summary 

    1.   Ultrasound is defined as inaudible, acoustic 
vibrations of high frequency that may pro-
duce either thermal or nonthermal physi-
ologic effects.  

   2.   Ultrasound travels through soft tissue as a 
longitudinal wave at a therapeutic frequency 
of either 1 or 3 MHz.  

   3.   As the ultrasound wave is transmitted 
through the various tissues, energy intensity 
attenuates or decreases owing to either ab-
sorption of energy by the tissues or dispersion 
and scattering of the sound wave.  

   4.   Ultrasound is produced by a piezoelectric crystal 
within the transducer that converts electrical 
energy to acoustic energy through mechanical 
deformation via the piezoelectric effect.  

   5.   Ultrasound energy travels within the tissues 
as a highly focused collimated beam with a 
nonuniform intensity distribution.  

   6.   Although continuous ultrasound is most 
commonly used when the desired effect is to 
produce thermal effects, pulsed ultrasound or 
continuous ultrasound at a low intensity will 
produce nonthermal or mechanical effects.  

pre45195_ch08_205-254.indd Page 240  4/30/08  6:59:45 PM epgpre45195_ch08_205-254.indd Page 240  4/30/08  6:59:45 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08



CHAPTER 8  Therapeutic Ultrasound  241

   7.   Therapeutic ultrasound when applied to 
biologic tissue may induce clinically signifi-
cant responses in cells, tissues, and organs 
through both thermal effects, which produce 
a tissue temperature increase, and nonther-
mal effects, which include cavitation and 
microstreaming.  

   8.   Recent research has provided answers to 
many of the contradictory results and conclu-
sions of numerous previous laboratory and 
clinically based reports in the literature.  

   9.   Therapeutic ultrasound is most effective 
when an appropriate coupling medium and 
technique using either direct contact, immer-
sion, or a bladder is combined with a moving 
transducer.  

   10.   Even though there is relatively little docu-
mented evidence from the clinical commu-
nity concerning the efficacy of ultrasound, 
it is most often used for soft-tissue heal-
ing and repair, with scar tissue and joint 

contracture, for chronic inflammation, for 
bone healing, with plantar warts, and for 
placebo effects.  

   11.   Phonophoresis is a technique in which 
ultrasound is used to drive molecules of a 
topically applied medication, usually either 
anti-inflammatories or analgesics, into the 
tissues.  

   12.   In a clinical setting, ultrasound is frequently 
used in combination with other modalities, 
including hot packs, cold packs, and electri-
cal stimulating currents, to produce specific 
treatment effects.  

   13.   Although ultrasound is a relatively safe 
modality if used appropriately, the athletic 
trainer must be aware of the various contra-
indications and precautions.  

   14.   For ultrasound to be effective, the athletic 
trainer must pay particular attention to cor-
rect parameters such as intensity, frequency, 
duration, and treatment size.   

  Review Questions  

   1.   What is therapeutic ultrasound, and what are 
its two primary physiologic effects?  

   2.   How does an ultrasound wave travel through 
biologic tissues, and what happens to the 
acoustic energy within those tissues?  

   3.   How does the transducer convert electrical 
energy into acoustic energy?  

   4.   How does the frequency affect the ultrasound 
beam within the tissues?  

   5.   What are the differences between continuous 
and pulsed ultrasound?  

   6.   What are the potential thermal effects of  
 ultrasound?  

   7.   How can the nonthermal effects of  ultrasound 
facilitate the healing process?  

   8.   What is the relationship between treatment 
intensity and treatment duration in effecting 
a temperature increase in the tissues?  

   9.   What are the various coupling agents and 
exposure techniques that may be used when 
treating a patient with ultrasound?  

   10.   What are the various clinical applications for 
using ultrasound in treating injuries?  

  11.   What is the purpose of  using a phonophoresis 
treatment?  

   12.   How should ultrasound be used in combina-
tion with other therapeutic modalities?    

  Self-Test Questions  

 True or False   
   1.   Penetration and absorption are inversely 

related.  
   2.   Three MHZ frequency ultrasound is absorbed 

deeper and faster than 1 MHz.  

pre45195_ch08_205-254.indd Page 241  4/30/08  6:59:45 PM epgpre45195_ch08_205-254.indd Page 241  4/30/08  6:59:45 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-08



242  PART FOUR  Sound Energy Modalities

   3.   A low beam nonuniformity ratio (BNR) results 
in uneven heating. 

 Multiple Choice  
   4.   The decrease in energy intensity of the ultra-

sound wave as it is scattered and dispersed 
while traveling through various tissues is 
known as which of the following?   

 a.  acoustic impedance   
 b.  attenuation   
 c.  rarefaction  
 d.   compression    
   5.   A(n)  may develop when stand-

ing waves form at tissue interfaces and re-
flected energy meets transmitted energy. 
 increasing the intensity.   

 a.  hot spot   
 b.  impedance   
 c.  rarefaction   
 d.  collimated beam    
   6.   Which of the following is NOT a nonthermal 

effect of ultrasound?   
 a.  acoustic microstreaming   
 b.  cavitation   
 c.  increased collagen extensibility   
 d.  increased fibroblast activity    

   7.   Which of the following is the LEAST effective 
ultrasound coupling method?   

 a.  massage lotion   
 b.  ultrasonic gel   
 c.  water immersion   
 d.  bladder technique    
   8.   Ultrasound may be used to treat which of the 

following?   
 a.  bone fracture   
 b.  pain   
 c.  plantar warts   
 d.  all of the above    
   9.    uses ultrasound to drive mol-

ecules of medication into the skin.   
  a.  ‘‘combo therapy”   
  b.  iontophoresis   
  c.  phonophoresis   
  d.  none of the above    
   10.   In order to increase tissue temperature 2° C, 

how long must the ultrasound treatment time 
be at a setting of 1 MHz and 1.0 W/cm2?   

 a.  5 minutes   
 b.  10 minutes   
 c.  7.5 minutes   
 d.  15 minutes      

  Solutions to Clinical Decision-Making Exercises  

  8–1   The lower the frequency, the less the energy 
is absorbed in the superficial tissues, and thus 
the deeper it penetrates. The majority of  the 
sound waves generated from the 3 MHz treat-
ment would be absorbed in the muscle or 
tendon. Also, when treating subcutaneous 
structure, 3 MHz heats more rapidly and is 
more comfortable than 1 MHz.  

  8–2   The nonthermal effects of  cavitation and 
microstreaming can be maximized while mini-
mizing the thermal effects by using a spatial-
averaged, temporal-averaged intensity of  0.1 to 
0.2 W/cm 2  with continuous ultrasound. This 
range may also be achieved using a low tem-
poral-averaged intensity by pulsing a higher 
temporal peak intensity of  1.0 W/cm 2  at a duty 

cycle of  20% to give a temporal-averaged inten-
sity of  0.2 W/cm 2 .  

  8–3   Since temperature increase is frequency 
dependent, at 1 MHz with an intensity of  
1.5 W/cm 2 , temperature will elevate at a rate 
of  0.30° C per minute. Therefore, a 10-minute 
treatment will be necessary.  

  8–4   When using a large soundhead to treat over 
boney prominences, the immersion technique 
using a plastic or rubber tub can be effective. 
Also the bladder technique could be used to 
make certain that contact between the sound- 
head and the coupling medium is consistent.  

  8–5   Phonophoresis would likely be a reasonable 
choice. The physician could prescribe a topi-
cal anti-inflammatory medication that could 
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be administered to the patient topically. In 
phonophoresis, ultrasound is used to enhance 
delivery of  a medication into the tissues.  

  8–6   Since the patient does not seem to be getting 
better, the athletic trainer might try combining 
ultrasound with an electrical stimulating current. 
Stretching during treatment is also recommended.  

  8–7   In this case, the best treatment choice is not 
to use ultrasound at all. A better decision 
would be to use either hydrocollator packs 
or diathermy, both of  which are more useful 
in treating larger areas. If  depth of  penetra-
tion is a concern, then shortwave diathermy 
would be the treatment modality of  choice.    
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 CASE STUDY 8–1 

 ULTRASOUND  
 Background   An 18-year-old college freshman sus-
tained a fracture of the fifth metacarpal of the left hand 
during a prank in the dormitory. The fracture required 
gauntlet cast immobilization for 6 weeks. At the time 
of cast removal the patient noted significant restriction 
of motion and weakness in the left wrist. A referral was 
initiated. Physical examination revealed flexion 0–45 
degrees, extension 0–30 degrees with radial and ulnar 
deviation unaffected. There was point tenderness at 
the callus site on the shaft of the fifth metacarpal. Fin-
ger motion was grossly within normal limits at all con-
stituent joints.   

 Impression   Wrist capsule motion restriction sec-
ondary to immobilization, muscular weakness second-
ary to immobilization.   

 Treatment Plan   A course of therapeutic ultra-
sound was initiated to decrease joint stiffness through 
increased collagen-connective tissue extensibility. 

Given the small and irregular surface of the wrist joint, 
underwater coupling was chosen as the mode of ultra-
sound delivery. After checking the left wrist and hand 
for any rashes or open wounds and verifying that sen-
sation and circulation were normal in the distal por-
tion of the extremity the left forearm, wrist, and hand 
were immersed in a plastic basin filled with warm 
water. An ultrasound treatment of 1.5 W/cm 2  for 6 
minutes was applied to the dorsal aspect of the left 
wrist. Patient reported a mild sensation of warmth. At 
the conclusion of the treatment the patient was 
instructed in active and active-assistive wrist mobiliza-
tion exercises.   

 Response   Following initial ultrasound treatment 
and exercise patient experienced a 10-degree improve-
ment in both flexion and extension range of motion. At 
the completion of the sixth treatment wrist range of 
motion was within normal limits, and the patient was 
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aggressively pursuing a wrist curl strengthening regi-
men. Ultrasound treatments were discontinued at that 
time with efforts focused on strengthening and func-
tional use of the left upper extremity. 

 The rehabilitation professional employs therapeu-
tic agent modalities to create an optimum environment 
for tissue healing while minimizing the symptoms 
associated with the trauma or condition.  

 CASE STUDY 8–2 

 ULTRASOUND  
 Background   A 12-year-old junior high school stu-
dent sustained a deep bruise of the left quadriceps mus-
cle in a fall from his skateboard. The parents were 
advised by their pediatrician to apply cold initially and 
then moist heat until the problem resolved. At this 
time, 1 month postinjury, significant restriction of left 
knee motion remains. A referral was initiated to physi-
cal therapy at the parents’ request. Physical examina-
tion revealed active knee motion of only 10–65 degrees. 
There was point tenderness and a well-demarcated 
hematoma palpable in the middle third of the vastus 
lateralis.   

 Impression   Knee motion restriction secondary to 
soft-tissue contusion and hematoma formation.   

 Treatment Plan   A course of pulsed therapeutic 
ultrasound was initiated to decrease the hematoma 
formation through increased collagen-connective tis-
sue extensibility and reabsorption of the extracellular 

debris from the original contusion. The patient reported 
a mild sensation of warmth. At the conclusion of the 
treatment, the patient was instructed in active and 
active-assistive knee range-of-motion exercises.   

 Response   Following initial ultrasound treatment 
and exercise, patient experienced a 10-degree improve-
ment in knee flexion and extension range of motion. At 
the completion of the tenth treatment session, knee 
range of motion was within normal limits, and the 
patient was aggressively pursuing a quadriceps-
strengthening regimen. Ultrasound treatments were 
discontinued at that time with efforts focused on 
strengthening and functional use of the left lower 
extremity. 

 The rehabilitation professional employs physical 
agent modalities to create an optimum environment 
for tissue healing while minimizing the symptoms 
associated with the trauma or condition.  
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 CHAPTER 9 

 Low-Level Laser Therapy  
    Ethan   Saliba       and Susan   Foreman-Saliba    

      L
ASER    is an acronym that stands for light ampli-
fication of stimulated emissions of radiation. 
Despite the image presented in science-fiction 

movies, lasers offer valuable applications in the 
industrial, military, scientific, and medical environ-
ments. Einstein in 1916 was the first to postulate 
the theorems that conceptualized the development 
of lasers. The first work with amplified electromag-
netic radiation dealt with MASERs (microwave 
amplification of stimulated emission of radiation). 
In 1955, Townes and Schawlow showed it was pos-
sible to produce stimulated emission of microwaves 
beyond the optical region of the electromagnetic 
spectrum. This work with stimulated emission soon 
extended into the optical region of the electromag-
netic spectrum, resulting in the development of 
devices called optical masers. The first working opti-
cal maser was constructed in 1960 by Theodore 
Maiman when he developed the synthetic ruby 
laser. Other types of lasers were devised shortly 
afterward. It was not until 1965 that the term laser 
was substituted for optical masers.  39  

  Although lasers are relatively new, they have 
gone through extensive advances and refinements 
in a very short time. Lasers have been incorporated 
into numerous everyday applications that range 
from audio discs and supermarket scanning to com-
munication and medical applications. This chapter 

  Following completion of this chapter, the 
athletic training student will be able to: 

  •  Identify the different types of lasers. 

  •   Explain the physical principles used to produce 
laser light. 

  •  Contrast the characteristics of the helium neon 
and gallium arsenide low-power lasers. 

  •  Analyze the therapeutic applications of lasers 
in wound and soft-tissue healing, edema 
reduction, inflammation, and pain. 

  •  Demonstrate the application techniques of low-
power lasers. 

  •  Describe the classifications of lasers. 

  •  Incorporate the safety considerations in the use 
of lasers. 

  •  Be aware of the precautions and 
contraindications for low-power lasers.  

laser A device that concentrates high energies into a 
narrow beam of coherent, monochromatic light; Light 
Amplification of the Stimulated Emission of Radiation.
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deals principally with the application of low-level 
lasers as they are used in conservative management 
of medical conditions.     

      PHYSICS  

 A laser is a form of electromagnetic energy that has 
wavelengths and frequencies that fall within the in-
frared and visible light portions of the electromag-
netic spectrum.  39   Electromagnetic light energy is 
transmitted through space as waves that contain 
tiny “energy packets” called    photons.    Each photon 
contains a definite amount of energy, depending on 
its wavelength (color). 

   A laser consists of a    gain medium,    which is 
a material (gas, liquid, solid) with specific optical 
properties contained inside an optical chamber 
( Figure 9–1 ). When an external power source is 
applied to the gain medium, photons are released 
which are identical in phase, direction, and 
frequency. To contain them, and to generate more 
photons, mirrors are placed at both ends of the 
chamber. One mirror is totally reflective, whereas 
the other is semitransparent. The photons bounce 
back and forth reflecting between the mirrors, 
each time passing through the gain medium thus 

photon The basic unit of light; a packet or quanta 
of light energy.

gain medium A material (gas, liquid, solid) with 
specific optical properties contained inside an optical 
chamber.

stimulated emission This occurs when photons 
are ejected through the semitransparent mirror 
appearing as a beam of light

coherence Property of identical phase and time 
relationship. All photons of laser light are the same 
wavelength. 

monochromaticity The condition that occurs 
when a light source produces a single color or wave-
length.

collimation To make parallel.

amplifing the light and stimulating the emission 
of other photons. Eventually, so many photons 
are stimulated that the chamber cannot contain 
the energy. When a specific level of energy is 
attained, photons of a particular wavelength are 
ejected through the semitransparent  mirror 
appearing as a beam of light.  27,    33   Thus, amplified 
light through    stimulated emissions    (LASER) is 
produced. 

   The laser light is emitted in an organized manner 
rather than in a random pattern as from incandescent 
and fluorescent light sources. Three properties distin-
guish the laser:    coherence,       monochromaticity,    
and    collimation.     39   

Figure 9–1 A laser produces amplified light through stimulated emissions.

 

• LASER = Light Amplification for the 
Stimulated Emission of Radiation
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   Coherence means all photons of light emitted 
from individual gas molecules are the same 
wavelength and that the individual light waves are 
in phase with one another. Normal light, on the 
other hand, is composed of many wavelengths that 
superimpose their phases on one another. 

   Monochromaticity refers to the specificity of 
light in a single, defined wavelength; if the specific-
ity is in the visible light spectrum, it is only one color. 
The laser is one of the few light sources that produces 
a specific wavelength. 

   The laser beam is well collimated, that is, there 
is minimal divergence of the photons.  1   That means 
the photons move in a parallel fashion, thus concen-
trating a beam of light ( Figure 9–2 ). 

    TYPES OF LASERS  

 There are potentially thousands of different types of 
lasers, each with specific wavelengths and unique 
characteristics. Lasers are classified according to the 
nature of the gain medium placed between two re-
flecting surfaces. The gain mediums used to create 
lasers include the following categories: crystal and 
glass (solid-state), gas, semiconductor, liquid dye, 
and chemical. 

   Lasers can be categorized as either high- or low-
power, depending on the intensity of energy they 
deliver. High-power lasers are also known as “hot” 
lasers because of the thermal responses they 
generate. These are used in the medical realms in 
numerous areas, including surgical cutting and 
coagulation, ophthalmologic, dermatologic, onco-
logic, and vascular specialties.    

    The use of low-power lasers for wound healing 
and pain management is a relatively new area of 
application in medicine. These lasers produce a 
maximal output of less than 1 milliwatt (1 mW = 
1/1000 W) in the United States and work by caus-
ing photochemical, rather than thermal, effects. 
No tissue warming occurs. The exact distinction of 
the power output that delineates a low- versus 
high-power laser varies. Low-level devices are con-
sidered any laser that does not generate an appre-
ciable thermal response. This category can include 
lasers capable of producing up to 500 W of 
power.  8    

Figure 9–2 Depth of penetration with a GaAs laser. 
Direct penetration is up to 1 cm with the collimated laser 
beam. Stimulation causes indirect effects up to 5 cm. 

Three Properties of LASER

• Coherence
• Monochromaticity
• Collimation

■ Analogy 9–1

The concept of stimulated emissions is similar to 
investing money in the stock market (emission cham-
ber). An investor takes some money (photons) and 
buys 10 shares of a growth stock. In a strong econ-
omy, the stock price increases and eventually splits so 
that the investor now owns 20 shares. The stock price 
continues to increase and again splits so that the 
investor now has 40 shares. The stock will continue to 
grow as long as there is a sufficient number of excited 
investors (unlimited excited atoms). When the stock 
portfolio has enough shares, the investor pulls the 
excess money out of the account (photons are ejected 
from the chamber).
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     Low-level laser therapy  (LLLT) is the dominant 
term in use today. In the literature  low-power laser 
therapy  (LPLT) is also frequently used.  Therapeutic 
laser,   low-level laser,   low-power laser,  or  low-energy 
laser  is also used for laser therapy. The term  soft laser  
was originally used to differentiate therapeutic lasers 
from  hard lasers,  that is, surgical lasers. Several differ-
ent designations then emerged, such as  MID laser  and 
 medical laser.   Biostimulating laser  is another term, with 
the disadvantage that one can also give inhibiting 
doses. The term  bioregulating laser  has thus been pro-
posed. Other suggested names are  low-reactive-level 
laser,   low-intensity-level laser,   photobiostimulation laser,  
and  photobiomodulation laser.  

   Low-level lasers, which have been studied and 
used in Canada and Europe for the past 30 years, 
have been investigated in the United States for the 
past two decades. The two most commonly used low-
level lasers are the helium-neon (HeNe) ( Figure 9–3a ) 
and the gallium arsenide (GaAs) (Figure 9–3b). HeNe 
lasers deliver a characteristic red beam with a wave-
length of 632.8 nm. The laser is delivered in a con-
tinuous wave and has a direct penetration of 2–5 mm 
and an indirect penetration of 10–15 mm. GaAs 
lasers are invisible and have a wavelength of 904 nm. 
They are delivered in a pulse mode and have an 
 average power output of 0.4 mW. This laser has a 
direct penetration of 1–2 cm and an indirect 

penetration to 5 cm. The potential applications for 
low-level lasers include treatment of tendon and liga-
ment injury, arthritis, edema reduction, soft-tissue 
injury, ulcer and burn care, scar tissue inhibition, 
and  acutherapy.  28    

    The laser units available in the United States 
have the ability to deliver both HeNe and GaAs 
lasers. The same device can both measure electrical 
impedance and deliver electrical point stimulation. 
The impedance detector allows hypersensitive or 
acupuncture points to be located. The point stimula-
tor can be combined with laser application when 
treating pain. The electrical stimulation is believed 
to provide spontaneous pain relief, whereas the laser 
provides more latent tissue responses.  9   

          LASER TREATMENT TECHNIQUES  

 The method of application of laser therapy is rela-
tively simple, but certain principles should be dis-
cussed so the clinician can accurately determine the 
amount of laser energy delivered to the tissues. For 

Figure 9–3 Low-level lasers. (a) Helium neon laser. 
(b) Gallium arsenide laser. 

(a)

(b)

Most commonly used lasers

• Helium neon (HeNe)
• Gallium arsenide (GaAs)

  Clinical Decision-Making Exercise 9–1

After watching a show on the use of lasers in 
surgery, a patient expresses genuine concern to 
the athletic trainer that using a laser to treat a 
myofascial trigger point will cause skin burns. 
What should the athletic trainer explain to the 
patient to allay his or her fears?
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general application, only the treatment time and the 
pulse rate vary. For research purposes, the investi-
gator should measure the exact energy density emit-
ted from the applicator before the treatments. Dosage 
is the most important variable in laser therapy. 

   The laser energy is emitted from a handheld 
remote applicator. The HeNe lasers contain their 
components inside the unit and deliver the laser 
light to the target area via a fiber-optic tube. The 
fiber-optic assembly is fragile and should not be 
crimped or twisted excessively. The GaAs laser 
houses semiconductor elements in the tip of the 
applicator. The fiber-optics used with the HeNe and 
the elliptical shape of the semiconductor in the 
GaAs laser create beam    divergence    with both 
devices. This divergence causes the beam’s energy 
to spread out over a given area so that as the dis-
tance from the source increases, the intensity of the 
beam lessens. 

  Lasing Techniques 

 To administer a laser treatment, the tip should be in 
light contact with the skin and directed perpendicu-
larly to the target tissue while the laser is engaged for 
the designated time. Commonly, a treatment area is 
divided into a grid of square centimeters, with each 
square centimeter stimulated for the specified time. 
This  gridding technique  is the most frequently utilized 
method of application and should be used whenever 
possible. Lines and points should not be drawn on the 
patient’s skin, because this may absorb some of the 
light energy ( Figure 9–4 ). If open areas are to be 
treated, a sterilized clear plastic sheet can be placed 
over the wound to allow surface contact. 

         An alternative is a  scanning technique  in which 
there is no contact between the laser tip and the skin. 
With this technique, the applicator tip should be held 
5–10 mm from the wound. Because beam divergence 
occurs, the amount of energy decreases as the dis-
tance from the target increases. The amount of energy 

lost becomes difficult to quantify accurately if the dis-
tance from the target is variable. Therefore, it is not 
recommended to treat at distances greater than 1 cm. 
When using a laser tip of 1 mm with 30 degrees of 
divergence, the red laser beam of the HeNe should fill 
an area the size of 1 cm 2  ( Figure 9–5 ). Although the 
infrared laser is invisible, the same consideration 
should be given when using the scanning technique. 
If the laser tip comes into contact with an open 
wound, the tip should be cleaned thoroughly with a 
small amount of bleach or other antiseptic agents to 
prevent cross-contamination. 

   The scanning technique should be differenti-
ated from the  wanding  technique, in which a grid 
area is bathed with the laser in an oscillating fashion 
for the designated time. As in the scanning tech-
nique, the dosimetry is difficult to calculate if a dis-
tance of less than 1 cm cannot be maintained. The 
wanding technique is not recommended because of 
irregularities in the dosages.  

Lasing Techniques

• Gridding
• Scanning
• Wanding

divergence The bending of light rays away from 
each other; the spreading of light.

Figure 9–4 Gridding technique. An imaginery grid 
should be drawn over the area to be treated and each 
square centimeter of the injured area should be lasered 
for the specified time. The laser should be in light contact 
with the skin. 

pre45195_ch09_255-275.indd Page 260  4/30/08  7:00:28 PM epgpre45195_ch09_255-275.indd Page 260  4/30/08  7:00:28 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-09/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-09



CHAPTER 9  Low-Level Laser Therapy  261

    Dosage 

 The HeNe laser has a 1.0-mW average power out-
put at the fiber tip and is delivered in the continuous 
wave mode. The GaAs laser has an output of 2 W but 
has only a 0.4-mW average power when pulsed at its 
maximum rate of 1000 Hz. The frequency of the GaAs 
is variable, and the clinician may choose a pulse rate 
of 1–1000 Hz, each with a pulse width of 200 nsec 
(nsec = 10 −9 ) ( Figure 9–6 ).  Table 9–1  describes the 
contrasting specifications of these lasers. 

    The pulsed modes drastically reduce the amount 
of energy emitted from the laser. For example, a 2-W 
laser is pulsed at 100 Hz: 

   Average power =  pulse rate × peak power
× pulse width 

    =  100 Hz × 2 W ×
(2 × 10 −7  sec) 

    = 0.04 mW 

        This contrasts with the power output of 0.4 mW 
at the 1000 Hz rate. Therefore, it can be seen that 
adjustment of the pulse rate alters the average 
power, which significantly affects the treatment 
time if a specified amount of energy is required. In 
the past it was thought that altering the frequency 
of the laser would increase its benefits. Recent evi-
dence indicates that the total number of joules is 
more important; therefore, higher pulse rates are 
recommended to decrease the treatment time 
required for each stimulation point.  7   

  Clinical Decision-Making Exercise 9–2

An athletic trainer is treating a postacute inversion 
ankle sprain with a HeNe laser. How can the 
athletic trainer ensure that the amount of energy 
delivered to the injured area is relatively uniform?

Continuous wave laser

Pulsed laser

Pulse width
200 nsec

Average power
1.0 mW

Average power
0.4 mW

at 1000 Hz

Figure 9–6 Continuous wave versus pulsed energies.

 TABLE 9–1 Parameters of Low-Output Lasers

  HELIUM  GALLIUM 
  NEON (HeNe) ARSENIDE (GaAs)

Laser type Gas Semiconductor
Wavelength 632.8 nm 904 nm
Pulse rate Continuous wave 1–1000 Hz
Pulse width Continuous wave 200 nsec
Peak power 3 mW 2 W
Average power 1.0 mW 0.04–0.4 mW
Beam area 0.01 cm 0.07 cm
FDA class Class II laser Class I laser

Copied with permission from Physio Technology.

Figure 9–5 Scanning technique. When skin contact 
cannot be maintained, the application should be held 
in the center of the square centimeter grid at a distance 
of less than1 cm and should be at an angle of 30° to the 
surface being treated. 
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   The dosage or energy density of laser is reported 
in the literature as joules per square centimeter 
(J/cm 2 ). One joule is equal to 1 W/sec. Therefore, 
dosage is dependent on (1) the output of the laser in 
mW, (2) the time of exposure in seconds, and (3) the 
beam surface area of the laser in cm 2 . 

   Dosage should be accurately calculated to 
 standardize treatments and to establish treatment 
guidelines for specific injuries. The intention is to 
deliver a specific number of J/cm 2  or mJ/cm 2 . After 
setting the pulse rate, which determines the average 
power of the laser, only the treatment time per cm 2  
needs to be calculated.  7   

   T A  = (E/P av ) × A 

    T A  = treatment time for a given area 

    E = mJ of energy per cm 2  

    P av  = Average laser power in mW 

    A = beam area in cm 2  

   For example: To deliver 1 J/cm 2  with a 0.4 mW 
average-power GaAs laser with a 0.07 cm 2  
beam area: 

    T A  = (1 J/cm 2 /0.0004 W) × 0.07 cm 2  

    = 175 sec or 2:55 min  

    To deliver 50 mJ/cm 2  with the same laser, it 
would only take 8.75 seconds of stimulation. Charts 
are available to assist the clinician in calculating the 
treatment times for a variety of pulse rates. The 
GaAs laser can only pulse up to 1000 Hz, resulting 
in an average energy of 0.4 mW. Therefore, the 

treatment times may be exceedingly long to deliver 
the same energy density with a continuous wave 
laser ( Table 9–2 ).      

 Depth of Penetration 

 Any energy applied to the body can be absorbed, 
reflected, transmitted, and refracted. Biologic effects 
result only from the absorption of energy, and as 
more energy is absorbed, less is available for the 
deeper and adjacent tissues. 

   Laser light’s depth of penetration depends on the 
type of laser energy delivered. Absorption of HeNe 
laser energy occurs rapidly in the superficial struc-
tures, especially within the first 2–5 mm of soft tissue. 
The response that occurs from absorption is termed 
the    direct effect.    The    indirect effect    is a lessened 

  Clinical Decision-Making Exercise 9–3

The athletic trainer is trying to calculate the 
dosage in J/cm2 of a HeNe laser treatment. What 
factors will need to be taken into account that 
collectively determine the correct dosage?

 TABLE 9–2  Treatment Times for Low-Output Lasers

 Joules per Centimeter Squared (J/cm2)

LASER TYPE                   AVERAGE POWER (mW) 0.05 0.1 0.5 1 2                3 4

HeNe (632.8 nm)                                       1.0 0.5 1.0 5.0 10.0 20.0           30.0 40.0
continuous wave

GaAs (904 nm)                                           0.4 8.8 17.7 88.4 176.7 353.4        530.1 706.9
pulsed at 1000 Hz

Copied with permission from Physio Technology.

direct effect The tissue response that occurs from 
energy absorption.

indirect effect A decreased response that occurs in 
deeper tissues.
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response that occurs deeper in the tissues. The normal 
metabolic processes in the deeper  tissues are catalyzed 
from the energy absorption in the superficial struc-
tures to produce the indirect effect. HeNe laser has an 
indirect effect on tissues up to 8–10 mm.  7   

   The GaAs, which has a longer wavelength, is 
directly absorbed in tissues at depths of 1–2 cm and 
has an indirect effect up to 5 cm (see Figure 9–2). 
Therefore, this laser has better potential for the 
treatment of deeper soft-tissue injuries, such as 
strains, sprains, and contusions. The radius of the 
energy field expands as the nonabsorbed light is 
reflected, refracted, and transmitted to adjacent cells 
as the energy penetrates. The clinician should stim-
ulate each square centimeter of a “grid,” although 
there will be an overlap of areas receiving indirect 
exposure.   

  CLINICAL APPLICATIONS 
FOR LASERS  

 Because the production of lasers is relatively new, 
the biologic and physiologic effects of this concen-
trated light energy are still being explored. The 
effects of low-level lasers are subtle, primarily occur-
ring at a cellular level. Various in vitro and animal 
studies have attempted to elucidate the interaction 
of photons with the biologic structures. Although 
few controlled clinical studies are found in the litera-
ture, documented case studies and empirical evi-
dence indicate that lasers are effective in reducing 
pain and aiding wound healing. The exact mecha-
nisms for action are still uncertain, although pro-
posed physiologic effects include an acceleration in 
collagen synthesis, a decrease in microorganisms, 
an increase in vascularization, reduction of pain, 
and an anti-inflammatory action.  7   

   Low-level lasers are best recognized for increasing 
the rate of wound and ulcer healing by enhancing 
 cellular metabolism. Results from animal studies have 
varied as to the benefits on wound healing, perhaps 
owing to the fact that the types of lasers, dosages, and 
protocols used have been inconsistent. In humans, 
improvement of nonhealing wounds indicates prom-
ising possibilities for treatment with lasers.  

 Wound Healing 

 Early investigations of the effects of low-power laser 
on biologic tissues were limited to in vitro experi-
mentation. Although it was known that high-power 
lasers could damage and vaporize tissues, little was 
known about the effect of small dosages on the via-
bility and stability of cellular structures. It was found 
that low dosages (<10 J/cm 2 ) of radiation from low-
level lasers had a stimulatory action on metabolic 
processes and cell proliferation compared to incan-
descent or tungsten light.  2   

   Mester conducted numerous in vitro experi-
ments with two lasers in the red portion of the visual 
spectrum: the ruby laser, wavelength of 694.3 nm, 
and the HeNe laser, wavelength 632.8 nm. Human 
tissue cultures showed significant increases in fibro-
blastic proliferation following stimulation by either 
laser tested.  25   Fibroblasts are the precursor cells to 
connective tissue structures such as collagen, epi-
thelial cells, and chondrocytes. When the produc-
tion of fibroblasts is stimulated, one should expect a 
subsequent increase in the production of connective 
tissue. Abergel and associates documented that cer-
tain dosages of HeNe and GaAs laser, wavelength 
904 nm, caused in vitro human skin fibroblasts to 
have a threefold increase in procollagen produc-
tion.  2   This effect was most marked when low-level 
stimulation (1.94 × 10 −7  to 5.84 × 10 −6  J/cm 2  of 
GaAs and dosages of 0.053 to 1.589 J/cm 2  of HeNe) 
was repeated over 3–4 days versus a single expo-
sure. Samples of tissue showed increases in fibro-
blast and collagenous structures as well as increases 
in the intracellular material and swollen mitochon-
dria of cells.  25   Furthermore, cells were undamaged 
in regard to their morphology and structure after 
exposure to low-power lasers.  5   

   Analysis of the cellular metabolism, with 
attention to the activity of DNA and RNA, has 
been made.  2  ,  29  ,  37   Through radioactive markers, it 
was suggested that laser stimulation enhances 
the synthesis of nucleic acids and cell division.  12  ,  29   
Abergel reported that laser-treated cells had sig-
nificantly greater amounts of procollagen mes-
senger RNA, further confirming that increased 
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collagen production occurs because of modifica-
tions at the transcriptional level.  1   

   Low-level lasers were used in animal studies to 
further delineate both the beneficial applications of 
laser light and its potential harm. In an early study 
by Mester and associates, mechanical and burn 
wounds were made on the backs of mice.  30   Similar 
wounds on the same animals served as the controls, 
with the experimental wounds subjected to various 
doses of ruby laser. Although there were no histo-
logic differences among the wounds, the lased 
wounds healed significantly faster, especially at a 
dosage of 1 J/cm 2 . It was also demonstrated that 
repeated laser treatments were more effective than a 
single exposure. 

   Other researchers investigated the rate of heal-
ing and tensile strength of full-thickness wounds 
when exposed to laser irradiation.  2  ,  19  ,  21  ,  24  ,  25  ,  36   
There were conflicting reports regarding rates of 
healing, with some studies showing no change in 
the rate of wound closure and others showing sig-
nificantly faster wound healing.  2  ,  19  ,  21  ,  24  ,  25  ,  27  ,  36   

Although the experimental results were conflicting, 
an explanation for the discrepancy may be an indi-
rect systemic effect of laser energy. Mester showed 
that it was not necessary to irradiate an entire 
wound to achieve beneficial results because stimu-
lation of remote areas had similar results.  29   Kana 
and associates described an increase in the rate of 
healing of both the irradiated and nonirradiated 
wounds on the same animal compared to nonirradi-
ated animals.  21   This systemic effect was most 
marked with the argon laser. Several studies that 
investigated the rate of healing on living animal tis-
sue used a second, nontreated control wound on the 
same animal. The rate of healing may have been 
confounded by this systemic effect. Whether this 
systemic effect involves a humoral component, a 
circulating element, or immunologic effects has yet 
to be determined or identified. Bactericidal and lym-
phocyte stimulation are proposed mechanisms for 
this phenomenon.  

 Tensile Strength.   The increased tensile 
strength of lased wounds was confirmed more 
often.  2  ,  19  ,  21  ,  25  ,  30  ,  36   Wound contraction, collagen 

synthesis, and increases in tensile strength are 
 fibroblast-mediated functions and were demonstrated 
most markedly in the early phase of wound healing. 
Wounds were tested at various stages of healing to 
determine their breaking point and were compared to 
a control or nonlased wound.  Laser-treated wounds 
had significantly greater tensile strengths, most com-
monly in the first 10–14 days after injury, although 
they approached the values of the control after that 
time.  1  ,  25  ,  36   Hypertrophic scars did not result as tissue 
responses normalized after a 14-day period. HeNe 
laser of doses ranging from 1.1 to 2.2 J/cm 2  elicited 
positive results when lased either twice a day or on 
alternate days. The increased tensile strength corre-
sponds to higher  levels of collagen.   

 Immunologic Responses.   These early stud-
ies led to the hypothesis that laser exposure could 
enhance healing of skin and connective tissue 
lesions, but the mechanism was still unclear. Bio-
chemical analysis and radioactive tracers were used 
to delineate the immunologic effects of laser light on 
human tissue cultures. The laser irradiation caused 
increased phagocytosis by leukocytes with dosages 
of 0.05 J/cm 2 .  29   This led to the possibility of a bacte-
ricidal effect, which was further demonstrated with 
laser exposures on cell cultures containing  Esche-
richia coli,  a common intestinal bacteria in humans. 
The ruby laser had an increased effect both on cell 
replication and on the destruction of bacteria via 
the phagocytosis of leukocytes.  29  ,  30   Mester also 
 concluded that there were immunologic effects with 
the ruby, HeNe, and argon lasers. Specifically, a 
direct stimulatory influence on the T- and 
B-lymphocyte activity occurred, a phenomenon 
that is specific to laser output and wavelength. HeNe 
and argon lasers gave the best results, with dosages 
ranging from 0.5 to 1 J/cm 2 .  29   Trelles did similar 
investigations in vitro and in vivo and reported that 
laser did not have bactericidal effects alone, but 
when used in conjunction with antibiotics, it pro-
duced significantly higher bactericidal effects com-
pared to controls.  38   

 With the confidence that they would cause little 
or no harm and that they could serve a therapeutic 
purpose, low-power lasers have been used clinically 
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on human subjects since the 1960s. In Hungary, 
Mester treated nonhealing ulcers that did not 
respond to traditional therapy with HeNe and argon 
lasers with respective wavelengths of 632.8 and 
488 nm.  29   The dosages were varied but had a 
 maximum of 4 J/cm 2 . By the time of Mester’s publi-
cation, 1125 patients had been treated, of which 
875 healed, 160 improved, and 85 did not respond. 
The wounds, which were categorized by etiology, 
took an average of 12–16 weeks to heal. Trelles also 
showed promising results clinically using the infra-
red GaAs and HeNe lasers on the healing of ulcers, 
nonunion fractures, and on herpetic lesions.  38   

 Gogia and associates, in the United States, 
treated nonhealing wounds with GaAs lasers pulsed 
at a frequency of 1000 Hz for 10 sec/cm 2  with a 
sweeping technique held about 5 mm from the 
wound surface.  14   This protocol was used in con-
junction with daily or twice daily sterile whirlpool 
treatments and produced satisfactory results, 
although statistical information was not reported. 
Empirical evidence by these authors suggested faster 
healing and cleaner wounds when subjected to 
GaAs laser treatment three times per week.   

 Inflammation.   Biopsies of experimental 
wounds were examined for prostaglandin activity to 
delineate the effect of laser stimulation on the inflam-
matory process. A decrease in prostaglandin PGE 2  is a 
proposed mechanism for promoting the reduction of 
edema through laser therapy. During inflammation, 
prostaglandins cause vasodilation, which contributes 
to the flow of plasma into the interstitial tissue. By 
reducing prostaglandins, the driving force behind 
edema production is reduced.  7   The prostaglandin 
E and F contents were examined after treatments with 
HeNe laser at 1 J/cm 2 .  29   In 4 days, both types of pros-
taglandins accumulated more than the controls. 
However, at 8 days, the PGE 2  levels decreased, whereas 
PGF 2  alpha increased. Increased capillarization also 
occurred during this phase. Data indicate that prosta-
glandin production is affected by laser stimulation, 
and these changes possibly reflect an accelerated reso-
lution of the acute inflammatory process.  29     

 Scar Tissue.   Macroscopic examination of 
healed wounds was subjectively described after the 

laser experiments in most studies. In general, the 
wounds exposed to laser irradiation had less scar 
tissue and a better cosmetic appearance. Histologic 
examination showed greater epithelialization and 
less exudative material.  24   

 Studies that utilized burn wounds showed 
more regular alignment of collagen and smaller 
scars. Trelles lased third-degree burns on the backs 
of hairless mice with GaAs and HeNe lasers and 
showed significantly faster healing in the lased ani-
mals.  38   The best results were obtained with the 
GaAs laser because of its greater penetration. 
Trelles found increased circulation with the pro-
duction of new blood vessels in the center of the 
wounds compared to the controls. Edges of the 
wounds maintained viability and contributed to 
the epithelialization and closure of the burn. 
Because there was less contracture associated with 
irradiated wounds, laser treatment has been sug-
gested for burns and wounds on the hands and 
neck, where contractures and scarring can severely 
limit function.   

 Clinical Considerations.   No ill effects have 
been reported from laser treatments for wound heal-
ing.  6   More controlled clinical data are needed to 
determine efficacy and to establish dosimetry that 
elicits reproducible responses. The impressions of 
low-power lasers are that they have a biostimulative 
effect on impaired tissues unless higher dosages, in 
excess of 8–10 J/cm 2 , are administered.  1   This effect 
does not influence normal tissue. Beyond these 
ranges a bioinhibitive effect may occur. 

 The applications of the low-power laser in a 
clinical environment are potentially unlimited. Its 
applications can include wound healing properties 
on lacerations, abrasions, or infections. Clean proce-
dures should be maintained to prevent cross-
contamination of the laser tip. Because the depth of 
penetration of the infrared laser is about 5 cm, other 
soft-tissue injuries can be treated effectively by laser 
irradiation. Sprains, strains, and contusions have 
been observed by the authors to have faster healing 
rates with less pain.  22   Acupuncture and superficial 
nerve sites also can be lased or combined with elec-
trical stimulation to treat painful conditions.    
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 Pain 

 Lasers have also been effective in reducing pain and 
have been shown to affect peripheral nerve activity. 
Rochkind and others produced crush injuries in rats 
and treated experimental animals with 10 J/cm 2  of 
HeNe laser energy transcutaneously along the  sciatic 
nerve projection.  31   The amplitude of electrically stim-
ulated action potentials was measured along the in-
jured nerve and compared with controls up to 1 year 
later. The amplitude of the action potentials was 43% 
greater after 20 days, which was the duration of laser 
treatment. By 1 year, all lased nerves demonstrated 
equal or higher amplitudes than preinjury. The con-
trols followed an expected course of recovery and did 
not reach normal levels even after 1 year. 

   Snyder-Mackler and Bork have investigated the 
effect of HeNe irradiation on peripheral sensory nerve 
latency in humans.  35   This double-blind study showed 
that exposure of the superficial radial nerve to low dos-
ages of laser resulted in a significantly decreased sensory 
nerve conduction velocity, which may provide informa-
tion about the pain-relieving mechanism of lasers. Other 
explanations for pain relief may be the result of hastened 
healing, anti-inflammatory action, autonomic nerve 
influence, and neurohumoral responses (serotonin, 
norepinephrine) from descending tract inhibition.  7,    9   

   Chronic pain has been treated with GaAs and 
HeNe lasers, and positive results have been observed 
empirically and through clinical research. Walker 
conducted a double-blind study to document analge-
sia after exposure to HeNe irradiation in chronic pain 
patients compared with sham treatments.  40   When the 
superficial sites of the radial, median, and saphenous 
nerves as well as painful areas were exposed to laser 
irradiation, there were significant decreases in pain 
and less reliance on medication for pain control. These 
preliminary studies suggest positive results, although 
pain modulation is difficult to measure objectively.   

 Bone Response 

 Future uses of laser irradiation include the treat-
ment of other connective tissue structures, such as 
bone and articular cartilage. Schultz and colleagues 
studied various intensities of laser on the healing of 
partial-thickness articular cartilage lesions in guinea 

pigs.  34   During the surgical procedure, the lesions 
were irradiated for 5 seconds, with intensities  ranging 
from 25 to 125 J. After 4 weeks, the low-dosage group 
(25 J) had chondral proliferation, and by 6 weeks the 
defect had reconstituted to the level of the surface 
cartilage. Normal basophilia cells were present with 
staining, indicating normal cellular structures. The 
higher dosage groups and controls had little or no 
evidence of restoration of the lesion with cartilage. 
Bone healing and fracture consolidation have been 
investigated by Trelles and Mayayo.  37   An adapter 
was attached to an intramuscular needle so that the 
laser energy could be directed deeper to the perios-
teum. Rabbit tibial fractures showed faster consolida-
tion with HeNe treatment of 2.4 J/cm 2  on alternate 
days. Histologic examination indicated more mature 
Haversian canals with detached osteocytes in the 
laser-treated bone. There was also a  remodeling of 
the articular line, which is impossible with traditional 
therapy.  37  ,  38   The use of lasers for the treatment of 
nonunion fractures has begun in Europe.  

      SUGGESTED TREATMENT 
PROTOCOLS  

 Research suggests some laser densities for treating 
several clinical models. These average from 0.05 to 
0.5 J/cm 2  for acute conditions and range from 0.5 to 
3 J/cm 2  for more chronic conditions.  7   The responses 
of the tissues depend on the dosage delivered, al-
though the type of laser used can also influence the 
effect. The response obtained with different dosages 
and with different lasers varies considerably among 
studies, leaving treatment parameters to be deter-
mined largely empirically. In the literature, there 
seems to be little differentiation when comparing 

  Clinical Decision-Making Exercise 9–4

A patient is complaining of pain in the upper 
back. Following an evaluation, the athletic trainer 
determines that the pain is radiating from an active 
trigger point in the upper trapezius. How should 
this trigger point be treated using a HeNe laser?

pre45195_ch09_255-275.indd Page 266  4/30/08  7:00:30 PM epgpre45195_ch09_255-275.indd Page 266  4/30/08  7:00:30 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-09/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-09



CHAPTER 9  Low-Level Laser Therapy  267

the dosages of HeNe and GaAs lasers, although their 
depths of penetration differ significantly. The laser 
units produced in the United States have relatively 
little average power, so the tendency is to administer 
dosages in millijoules rather than joules. Three to 
six treatments may be required before the effective-
ness of laser therapy can be determined. 

   Although higher laser output is recommended 
to reduce treatment times, overstimulation should 
be avoided. The Arndt-Schultz principle that states 
more is not necessarily better is applicable with laser 
therapy. For this reason, laser should be adminis-
tered at a maximum of once daily per treatment area. 
When using large dosages, treatment is recom-
mended on alternate days. If the effects of laser pla-
teau, the frequency of treatments should be reduced 
or the treatments discontinued for 1 week, at which 
time the treatment can be reinstated if needed.  38    

 Pain 

 The use of low-power lasers in the treatment of acute 
and chronic pain can be implemented in various man-
ners.  23   After proper diagnosis of the pain’s etiology, the 
pathology site can be gridded. The entire area of injury 
should be lased as described previously.  Table 9–3  lists 
some suggested treatment protocols for various clini-
cal conditions. When trigger points are being treated, 
the probe should be held perpendicular to the skin with 
light contact. If a  specific structure, such as a ligament, 
is the target tissue, the laser probe should be held in 
contact with the skin and perpendicular to that struc-
ture. When treating a joint, the patient should be posi-
tioned so that the joint is open to allow penetration of 
the energy to the intra-articular areas.    

    The treatment of acupuncture and trigger points 
with laser can be augmented with electrical stimula-
tion for pain management. Reference to charts should 
be made to determine appropriate acupuncture points. 
The impedance detector in the laser remote enhances 
the ability to locate these sites. Points should be treated 
from distal to proximal for best results. 

   Occasionally patients may experience an increase 
in pain after a laser treatment. This phenomenon is 
believed to be the initiation of the body’s normal 
responses to pain that have become dormant.  8   Laser 

 TABLE 9–3   Suggested Treatment 
Applications

APPLICATION LASER TYPE           ENERGY 
DENSITY

Trigger point                                        
Superficial HeNe                           1–3 J/cm2 
Deep GaAs                           1–2 J/cm2 
Edema reduction                                        
Acute GaAs                           0.1–0.2 J/cm2 
Subacute GaAs                           0.2−0.5 J/cm2 
Wound healing (superficial tissues)    
Acute HeNe                           0.5–1 J/cm2 
Chronic HeNe                           4 J/cm2 
Wound healing (deep tissues)                
Acute GaAs                           0.05–0.1 J/cm2 
Chronic GaAs                           0.5–1 J/cm2 
Scar tissue GaAs 0.5–1 J/cm2 

Copied with permission from Physio Technology.

Treatment Protocols: Low-level Laser

1.  Determine the area to be treated and 
visualize a grid overlying the treatment 
area. The grid should be divided into 1-cm 
squares.

2. If the gridding technique is to be used, place 
the tip of the probe in light contact with the 
skin and administer the light to each square 
centimeter of area for the appropriate time to 
obtain the desired dosage.

3.  If the scanning technique is to be used, hold 
the tip of the probe within 1 cm of the skin 
and make sure the aperture of the probe is 
positioned such that the laser beam will be 
perpendicular to the skin. Administer the 
light to each square centimeter of area for 
the appropriate time to obtain the desired 
dosage.

4.  Ensure that the laser energy will not be 
directed at the patient’s eyes.

5. If the patient reports anything unusual, 
such as discomfort at the treatment site, 
nausea, and so on, discontinue treatment.

6.  Continue to monitor the patient during the 
duration of the treatment.
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has been found to help resolve the condition by 
enhancing normal physiologic processes needed to 
resolve the injury. As stated previously, several treat-
ments should be administered before deeming the 
modality ineffective in pain management.     

 Wound Healing 

 Although ulcerations and open wounds are not 
common in an athletic training environment, con-
tusions, abrasions, and lacerations can be treated 
with laser to hasten healing time and decrease infec-
tion.  18,    19   The wound should be cleaned appropri-
ately and all debris and eschar removed. Heavy exu-
date that covers the wound will diminish the laser’s 
penetration; therefore, lasing around the periphery 
of the wound is recommended. The scanning tech-
nique should be utilized over open wounds unless a 
clear plastic sheet is placed over the wound to allow 
direct contact. Opaque materials can absorb some of 
the laser energy and are not recommended. Facial 
lacerations can be treated with the laser, although 
care should be taken not to direct the beam into the 
patient’s eyes. Risk of retinal damage from the low-
power lasers used in the United States is low.   

 Scar Tissue 

 The laser energy affects only what is metabolically di-
minished and does not change normal tissue. Hyper-
trophic scars can be treated with lasers because of the 
bioinhibitive effects. Bioinhibition requires prolonged 
treatment times and may be clinically impractical be-
cause of the low power output of the  lasers used in the 
United States. Pain and edema  associated with patho-
logic scars have been effectively treated with low-
power lasers. Thick scars have varied vascularity, 
which makes laser transmission irregular; therefore, 
it is often recommended to treat the periphery of the 
scar rather than to use the laser directly over it.   

 Edema and Inflammation 

 The primary action of laser application for control of 
edema and inflammation is through the interruption 

of the formation of intermediate substrates neces-
sary for the production of inflammatory chemical 
mediators: kinins, histamines, and prostaglandins. 
Without these chemical mediators, the disruption of 
the body’s homeostatic state is minimized and the 
extent of pain and edema is diminished. It is also 
believed that laser energy can optimize cell mem-
brane permeability, which regulates interstitial os-
motic hydrostatic pressures.  26   Therefore, during 
tissue trauma, the flux of fluid into the intercellular 
spaces would be reduced. Laser treatment is usually 
applied by gridding over the involved areas or by 
treating related acupuncture points if the area of in-
volvement is generalized.    

  SAFETY  

 Few safety considerations are necessary with the 
low-level laser. However, as the variety of lasers 
evolved and their uses increased in the United States, 
it became necessary to develop national guidelines 
not only for safety but also for therapeutic efficacy. 
The U. S. Food and Drug Administration’s Center for 
Devices and Radiological Health regulates the man-
ufacture and sale of lasers in the United States. 

   Laser equipment commonly is grouped into four 
FDA classes, with simplified and well-differentiated 
safety procedures for each.  24    

  •   Class I, or “exempt,” lasers are considered 
nonhazardous to the body. All invisible lasers 
with average power outputs of 1 mW or less 
are class I devices. These include the GaAs la-
sers with wavelengths from 820 to 910 nm.  27   
The invisible infrared lasers should contain 
an indicator light to identify when the laser is 
engaged.  

  •   Class II, or “low-power,” lasers are hazardous 
only if a viewer stares continuously into the 
source. This class includes visible lasers that 
emit up to 1 mW average power, such as the 
HeNe laser.  

  •   Class III, or moderate-risk, lasers can cause 
retinal injury within the natural reaction 
time. The operator and patient are required 
to wear protective eyewear. However, these 
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lasers cannot cause serious skin injury or 
produce hazardous diffuse reflections from 
metals or other surfaces under normal use.  34    

  •   Class IV, or high-power, lasers present a high 
risk of injury and can cause combustion of 
flammable materials. Other dangers are dif-
fuse reflections that may harm the eyes and 
cause serious skin injury from direct expo-
sure. These high-power lasers seldom are 
used outside research laboratories and re-
stricted industrial environments.  34     

   The low-level lasers used in treating sports 
injuries are categorized as classes I and II laser 
devices and class III medical devices. Class III medi-
cal devices include new or modified devices not 
equivalent to any marketed before May 28, 1976.  12   
The U. S. Food and Drug Administration (FDA) has 
so far had a very strict policy on laser therapy. To 
use laser therapy on humans, it has been necessary 
to obtain approval by an Institutional Review Board 
(IRB), established through a university, a manufac-
turer, or a hospital. In accordance with a new pol-
icy established in 1999, the FDA started to issue 
so-called Premarket Notifications, labeled 510(k). 
The FDA does not regulate athletic trainers in the 
use of any laser product. They regulate the compa-
nies that manufacture and sell the laser products. A 
company must be approved by the FDA to market a 
device, and these companies are allowed to promote 
the medical use of their laser products only for the 
specifically approved applications. The FDA forbids 
statements that a treatment can help or cure dis-
eases if scientific studies have not found it to be true. 
Such an approval means that the specific laser 
approved can be sold, but the only claim the manu-
facturer can make is the indication described in the 
510(k). Since 2002 the FDA granted 510(k) 

approval to several companies to market low-level 
lasers classified as Class II lasers.  Table 9–4  provides 
a list of low-level lasers that the FDA has approved 
for study since 2002. To date the low-level laser is 
indicated for adjunct use in the temporary relief of 
hand and wrist pain associated with carpal tunnel 
syndrome.  20   By requiring documentation of the 
results and side effects of lasers, the FDA regula-
tions serve to generate scientific data to determine 
safety and efficacy of the device in question.      

  Clinical Decision-Making Exercise 9–5

How can the athletic trainer treat a new abrasion 
using a laser to facilitate healing time and lessen 
infection?

 TABLE 9–4   List of Low-Level Lasers 
Approved for Study by the 
FDA since 2002

•  MicroLight 830 (MicroLight Corporation of America, 
Missouri City, TX) received approval in 2002 for the 
indication of “adjunctive use in the temporary relief of 
hand; and wrist pain associated with Carpal Tunnel 
Syndrome.”

•  Axiom BioLaser LLL T Series-3 (Axiom Worldwide, 
Tampa, FL) received approval in 2003 for the 
indication of “adjunctive use in the temporary 
relief of hand and wrist pain associated with Carpal 
Tunnel Syndrome.”

•  Acculaser Pro4 (PhotoThera, Carlsbad, CA) received 
approval in 2004 for the indication of “adjunctive use 
in providing temporary relief of pain associated with 
iliotibial band syndrome.”

•  Thor DDII IR Lamp System (Thor International Ltd, 
Amersham, UK) received approval in 2004 for the in-
dication of “elevating tissue temperature for the tempo-
rary relief of minor muscle and joint pain and stiffness, 
minor arthritis pain, or muscle spasm; the temporary 
increase in local blood circulation; and/or the tempo-
rary relaxation of muscle.”

•  Thor DDII 830 CL3 Laser System (Thor International 
Ltd, Amersham, UK) received approval in 2003 for the 
indication of “adjunctive use in the temporary relief 
of hand and wrist pain associated with Carpal Tunnel 
Syndrome.”

•  Luminex LL Laser System (Medical Laser Systems, 
Inc, Branford, CT) received approval in 2007 for the 
indication of “adjunctive use in the temporary relief 
of hand and wrist pain associated with Carpal Tunnel 
Syndrome.”
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 Precautions and Contraindications 

  Table 9–5  lists indications and contraindications 
for using low-level laser. Lasers deliver nonionizing 
radiation; therefore, no mutagenic effects on DNA and 
no damage to the cells or cell membranes have been 
found.  7   No deleterious effects have been  reported after 
low-power laser exposure, including carcinogenic re-
sponses, unless applied to already cancerous cells. Tu-
morous cells may proliferate when stimulated.  14   The 
following are some suggestions for laser use.     

    It is better to underexpose than to overexpose. If 
clinical results plateau, a reduction in dosage or 

treatment frequency may facilitate results. 
    Avoid direct exposure into the eyes because 
of possible retinal burns. If lasing for extended 
periods, as with wound healing, safety glasses 
are recommended to avoid exposure from 
reflection. 
    Although no adverse reactions have been 
documented, the use of laser during the first 
trimester of pregnancy is not recommended. 
    A small percentage of patients, especially those 
with chronic pain, may experience a syncope 
episode during the laser treatment. Symptoms 
usually subside within minutes. If symptoms 
exceed 5 minutes, no further treatments should 
be given.    

  CONCLUSION  

 The use of low-level lasers appears to have nothing 
but positive effects. This in itself should create a state 
of professional caution in deeming it a panacea mo-
dality. With current power outputs, lasers are rec-
ognized as nonsignificant risk devices. However, the 
Food and Drug Administration has not  recognized 
low-power lasers as a safe or effective modality. Al-
though many empirical and clinical findings show 
promising results, more controlled studies are essen-
tial to determine the types of lasers and dosages that 
are required to attain reproducible results.    

     1.   The first working laser was the ruby laser devel-
oped in 1960, initially called an optical maser.  

   2.   Light is transmitted through space in waves 
and is comprised of photons emitted at  distinct 
energy levels.  

   3.   Stimulated emission occurs when the photon 
is released from an excited atom and pro-
motes the release of an identical photon to be 
released from a similarly excited atom.  

   4.   Characteristics of laser light vary from con-
ventional light sources in three manners: 
laser light is monochromatic (single color or 

wavelength), coherent (in phase), and colli-
mated (minimal divergence).  

   5.   Laser can be thermal (hot) or nonthermal 
(low power, soft, or cold). The categories of 
 lasers include solid-state (crystal or glass), 
gas, semiconductor, dye, or chemical lasers.  

   6.   Helium neon (HeNe; gas) and gallium arse-
nide (GaAs; semiconductor) lasers are two 
low-level lasers being investigated by the 
FDA for application in physical medicine. 
These low-level lasers are currently being 
used in the United States and other countries 

 TABLE 9–5   Indications and 
Contraindications

Indications
Facilitate wound healing
Pain reduction
Increasing the tensile strength of a scar
Decreasing scar tissue
Decreasing inflammation
Bone healing and fracture consolidation
Contraindications
Cancerous tumors
Directly over eyes
Pregnancy
Cancerous growths

Summary
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   Review Questions  

  1.   What does the acronym LASER stand for?  
  2.   How does the laser use the concept of stimu-

lated emission to produce a laser beam?  
  3.   What are the characteristics of the helium neon 

and gallium arsenide low-power lasers?  
  4.   What are the various therapeutic applications of 

lasers in wound and soft-tissue healing, edema 
reduction, inflammation, and pain  reduction?  

  5.   What are the scanning and gridding tech-
niques of application of the laser?  

  6.   What seems to be the most critical treatment 
parameter in eliciting a desired response?  

  7.   What are the treatment precautions and con-
traindications for low-power lasers?  

  8.   Where does the low-power laser stand in terms 
of FDA approval as a therapeutic modality?    

for wound and soft-tissue healing and pain 
relief.  

   7.   HeNe lasers deliver a characteristic red beam 
with a wavelength of 632.8 nm. The laser 
is delivered in a continuous wave and has a 
direct penetration of 2–5 mm and an indirect 
penetration of 10–15 mm.  

   8.   GaAs lasers are invisible and have a wave-
length of 904 nm. They are delivered in 
a pulse mode and have an average power 
 output of 0.4 mW. This laser has a direct pen-
etration of 1–2 cm and an indirect penetra-
tion to 5 cm.  

   9.   The proposed therapeutic applications of 
 lasers in physical medicine include accelera-
tion of collagen synthesis, decrease in micro-
organisms, increase in vascularization, and 
reduction of pain and inflammation.  

   10.   The technique of laser application ideally is 
done with gentle contact with the skin  surface 
and should be perpendicular to the target 
 surface. Dosage appears to be the critical fac-
tor in eliciting the desired response, but exact 
dosimetry has not been determined. Dosage 

fluctuates by varying the pulse frequency and 
the treatment times.  

   11.   The laser is applied by developing an imagi-
nary grid over the target area. The grid is 
comprised of 1-cm squares and the laser is 
 applied to each square for a predetermined 
time. Trigger or acupuncture points are also 
treated for painful conditions.  

   12.   The FDA considers low-level lasers as low-risk 
investigational devices. In the United States, 
they require an IRB approval and informed 
consent prior to use.  

   13.   Although no deleterious effects have been 
 reported, certain precautions and contraindica-
tions exist. Contraindications include lasing 
over cancerous tissue, directly into the eyes, and 
during the first trimester of pregnancy. Occa-
sionally pain may initially increase when laser 
treatments begin but does not indicate cessa-
tion of treatment. A low percentage of patients 
have experienced a syncope episode during laser 
treatment, but this is usually self-resolving. If 
symptoms persist for longer than 5 minutes, 
future laser treatments are not advised.   

  Self-Test Questions  

 True or False   
   1.   An atom containing more energy than nor-

mal is considered to be in an excited state.  
   2.   HeNe and AuAg lasers are the most common.  
   3.   Tissue responses occurring from absorption of 

the laser are direct effects.  

 Multiple Choice   
   4.   Which of the following is NOT a property of lasers?   
  a. monochromaticity  
   b. coherence  
   c. divergence  
   d. collimation    
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   5.    lasers may be used for 
wound healing and pain management.   

  a. High-power  
   b. Low-power  
   c. Hot  
   d. Chemical    
   6.   Wounds treated with low-power lasers were 

shown to have what?  
   a. increased tensile strength  
   b. increased collagen synthesis  
   c. both a and b  
   d. neither a nor b    
   7.   How are lasers thought to influence the in-

flammatory process?  
   a. decrease prostaglandin production  
   b. increase lymphocyte activity  
   c. realign collagen  
   d. increase metabolism    

   8.   What type of laser application technique 
consists of holding the applicator over each 
square cm for the appropriate period of time?  

   a. dosimetry  
   b. wanding  
   c. scanning  
   d. gridding    
  9.  Which of the following is a contraindication 

for low-power lasers?
   a. bone fracture  
   b. cancerous tumors  
   c. inflammation  
   d. wounds  
   10.   What energy density range is used in thera-

peutic applications?  
   a. 0.05–4 mJ/cm2  
   b. 0.05–4 J/cm2  
   c. 5–15 mJ/cm2  
   d. 5–15 J/cm2      

  Solutions to Clinical Decision-Making Exercises  

  9–1   It should be made clear that the type of  laser 
being used in surgery is different from the 
one that is going to be used in treating the pa-
tient’s trigger point. The surgical techniques 
require a “hot” laser, whereas the athletic 
trainer will be using a cold laser. The patient 
will feel nothing during the treatment and 
there will be no burns or any other residual 
indication from the laser treatment.  

  9–2   The athletic trainer should use a gridding tech-
nique in which there is contact between the tip 
of  the laser and the skin. Moving the laser at a 
uniform speed over the predetermined grid area 
can help to ensure reasonably even coverage.  

  9–3   Dosage is dependent on the beam surface area 
of  the laser in cm2, the time of  exposure in 
 seconds, and the output of  the laser in mW.  

  9–4   The athletic trainer should use a gridding 
laser technique with the probe held per-
pendicular to the skin with light contact. 
The energy density should be set at 3 J/cm2. 
The laser treatment can be combined with 
electrical stimulation using low-frequency 
(1 to 5 Hz), high-intensity current to pro-
duce pain modulation via the  release of  
β-endorphin.  

  9–5   First the wound should be cleaned appro-
priately and debrided as necessary. A scan-
ning lasing technique with no direct contact 
should be done around the periphery of  the 
abrasion. It is recommended that a HeNe 
laser be used at an energy density of  0.5 to 
1 J/cm2.     
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    Case Study 9–1 

 LOW-LEVEL LASERS  
 Background   A 44-year-old man who has had Type 
I diabetes mellitus for 30 years presents for treatment 
of a non- or slow-healing lesion on his left foot. He has 
a mild peripheral sensory neuropathy and developed a 
blister after going for a long run with new running 
shoes. The initial injury occurred 3 months ago, and 
there has been no change in the size of the lesion for the 
past month. The lesion is on the plantar surface of the 
foot, under the first metatarsal head. It is a full- thickness 
lesion and is approximately 3 cm in diameter. The 
patient’s medical condition is stable, and he has no 
other complaints.   

 Impression   Chronic dermal lesion on the left foot.

    Treatment Plan   Daily treatment with a helium-
neon laser was initiated. After cleansing the wound 
under aseptic conditions, the entire lesion was exposed 
to the HeNe light at 632.8 nm wavelength. The scan-
ning technique was used to prevent contamination of 
the wound and equipment. The entire lesion was 
treated with an energy density of 4.0 J/cm 2 .   

 Response   Photographs were taken on a weekly 
basis to document the effects of the treatment. After 3 
weeks of daily treatment, the frequency was decreased 
to three sessions per week. After a total of 21 sessions 
(5 weeks), the lesion was healed. The patient was 
taught self-care and techniques to prevent further 
injuries.      
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 D
iathermy is the application of high-frequency 
electromagnetic energy that is primarily used 
to generate heat in body tissues. Heat is pro-

duced by resistance of the tissue to the passage of 
the energy. Diathermy may also be used to produce 
nonthermal effects. 

 Diathermy as a therapeutic agent may be clas-
sified as two distinct modalities, shortwave and mi-
crowave diathermy. Shortwave diathermy may be 
either continuous or pulsed. Continuous shortwave 
diathermy has been used in the treatment of a vari-
ety of conditions for some time. For the past 15–20 
years, clinicians have not widely used diathermy. 
It is likely that many young athletic trainers have 
never even seen a diathermy unit. However, over the 
last 5 years there seems to be renewed interest in this 
treatment modality due in large part to some newly 
published, research-based information that has 
begun to appear in the professional literature.  6  ,  15  ,  25   
In addition, there appears to be renewed effort by 
equipment manufacturers who are once again begin-
ning to market pulsed shortwave diathermy units.  42   
Shortwave diathermy is a relatively safe modality 
that can be very effectively incorporated into clinical 
use. Clinically, shortwave diathermy is much more 
commonly used than is microwave diathermy. 

 The effectiveness of a shortwave or microwave 
diathermy treatment depends on the athletic trainer’s 

 CHAPTER 10 

 Shortwave and Microwave 
Diathermy 
    William   E.   Prentice  and      David   O.   Draper    

  Following completion of this chapter, the 
student athletic trainer will be able to: 

  •  Evaluate how the diathermies may best be used 
in a clinical setting. 

  •  Explain the physiologic effects of diathermy. 

  •  Differentiate between capacitance and 
inductance shortwave diathermy techniques 
and identify the associated electrodes. 

  •  Compare treatment techniques for continuous 
shortwave and pulsed shortwave diathermy. 

  •  Demonstrate the equipment setup and 
treatment technique for microwave diathermy. 

  •  Discuss the various clinical applications and 
indications for using continuous short-wave, 
pulsed shortwave, and microwave diathermy. 

  •  Identify the treatment precautions for using the 
diathermies. 

  •  Analyze the rate of heating and how long 
muscle retains the heat generated from a 
shortwave diathermy treatment. 

  •  Compare and contrast diathermy and 
ultrasound as deep-heating agents.  

diathermy The application of high-frequency elec-
trical energy that is used to generate heat in body 
tissues as a result of the resistance of the tissue to the 
passage of energy.
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ability to tailor the treatment to the patient’s needs. 
This requires that the athletic trainer have an accu-
rate evaluation or diagnosis of the patient’s condition 
and knowledge of the heating patterns produced by 
various diathermy electrodes or applicators. Many 
clinicians mistakenly feel that neither shortwave nor 
microwave diathermy produces heating at the depths 
desired for the treatment of musculoskeletal injuries. 
In fact, the depth of penetration is greater than with 
any of the infrared modalities, and further it has been 
shown that pulsed shortwave diathermy produces 
the same magnitude and depth of muscle heating as 
1 MHz ultrasound.  14  ,  15   

 PHYSIOLOGIC RESPONSES 
TO DIATHERMY 

 Thermal Effects 

 The diathermies are not capable of producing depo-
larization and contraction of skeletal muscle because 
the wavelengths are much too short in duration.  9   
Thus, the physiologic effects of continuous short-
wave and microwave diathermy are primarily ther-
mal, resulting from high-frequency vibration of 
molecules. 

   The primary benefits of diathersmy are those of 
heat in general, such as tissue temperature rise, 
increased blood flow, dilation of the blood vessels, 
increased filtration and diffusion through the differ-
ent membranes, increased tissue metabolic rate, 
changes in some enzyme reactions, alterations in 
the physical properties of fibrous tissues (such as 
those found in tendons, joints, and scars), decreased 
joint stiffness, a certain degree of muscle relaxation, 
a heightened pain threshold, and enhanced recov-
ery from injury.  2  ,  4  ,  17  ,  23  ,  34  ,  35  ,  43  ,  59  ,  60   

   Diathermy treatment doses are not precisely 
controlled, and the amount of heating the patient 
receives cannot be accurately prescribed or directly 
measured. Heating occurs in proportion to the 
square of the current density and in direct propor-
tion to the resistance of the tissue. 

   Heating = current density 2  × resistance 

   Lehmann stated that temperature increases of 
1° C can reduce mild inflammation and increase 
metabolism, and that moderate heating, an increase 
of 2–3° C, will decrease pain and muscle spasm. 
Increasing tissue temperatures more than 3–4° C 
above baseline will increase tissue extensibility, thus 
enabling the clinician to treat chronic connective 
tissue problems.  33   

   Opinions differ regarding the desired tempera-
ture increases needed to enhance extensibility of col-
lagen. Some believe that optimal heating occurs 
when the tissue temperature rises above 38–40° C, 
whereas others believe that a tissue temperature 
increase of 3–4° C above baseline temperature is 
 optimal.  1  ,  2  ,  28  ,  33   Presently, no research can validate 
one opinion over another, but it is clear that the more 
vigorous the heating with diathermy, the greater 
chance there is for collagen elongation to occur. 

   Why certain pathologic conditions respond bet-
ter to diathermy than other forms of deep heat is not 
well understood or documented. It probably is more 
directly related either to the skill of the clinician 
applying the modality or to some placebo effects 
associated with tissue temperature increase than it 
is to the specific effects of diathermy itself. 

   Subcutaneous adipose tissue thickness may 
affect the ability of shortwave diathermy to pene-
trate to deeper tissues.  7   

 Nonthermal Effects 

    Pulsed shortwave diathermy    (PSWD) has also 
been used for its nonthermal effects in the treatment 

 

• Diathermy can have both thermal and 
nonthermal effects.

pulsed shortwave diathermy Created by simply 
interrupting the output of continuous shortwave dia-
thermy at consistent intervals, it is used primarily for 
nonthermal effects.
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of soft-tissue injuries and wounds.  28   The mecha-
nism of its effectiveness has been theorized to occur 
at the cellular level, relating specifically to cell mem-
brane potential.  29   Damaged cells undergo depolar-
ization, resulting in cell dsyfunction that might 
include loss of cell division and proliferation and loss 
of regenerative capabilities. Pulsed shortwave dia-
thermy has been said to repolarize damaged cells, 
thus correcting cell dysfunction.  39   

   It has also been suggested that sodium tends to 
accumulate in the cell because of a decrease in activ-
ity of the sodium pump during the inflammatory 
process, thus creating a negatively charged envi-
ronment. When a magnetic field is induced, the 
sodium pump is reactivated, thus allowing the cell 
to regain normal ionic balance.  50   

 SHORTWAVE DIATHERMY 
EQUIPMENT 

 A shortwave diathermy unit is basically a radio 
transmitter.    The Federal Communications Com-
mission (FCC)    assigns three frequencies to short-
wave diathermy units: 27.12 MHz with a wavelength 
of 11 m, which is the most widely used; 13.56 MHz 
with a wavelength of 22 m; and 40.68 MHz with 
a wavelength of 7.5 m, which is rarely used (see 
Table 1–2). 

   The shortwave diathermy unit consists of a power 
supply that provides power to a radio frequency oscil-
lator ( Figure 10–1 ). This radio frequency oscillator 
provides stable, drift-free oscillations at the required 
frequency. The output resonant tank tunes in the 
patient as part of the circuit and allows maximum 
power to be transferred to the patient. The power 
amplifier generates the power required to drive the 
different types of electrodes. 

   Control panels on shortwave diathermy units 
vary considerably from one unit to another. Most 

modern shortwave diathermy units automatically 
adjust the output circuit for maximum energy trans-
fer from the output resonant tank, which is similar 
to tuning in a station on a radio. Some older units 
have an  output tuning control  that must be manually 
adjusted. The  output intensity control  adjusts the per-
centage of maximum power transferred to the 
patient. This is similar to the volume control on a 
radio. The  output intensity indicator  monitors only 
the current that is drawn from the power supply and 
not the energy being delivered to the patient. Thus, 
it is only an indirect measure of the energy reaching 
the patient. 

   The most critical factor that determines 
whether a shortwave diathermy unit will increase 
tissue temperature is the amount of energy 
absorbed by the tissue. The power output of a 
shortwave diathermy unit should produce suffi-
cient energy to raise the tissue temperature into a 
therapeutic range. The    specific absorption rate 
(SAR)    represents the rate of energy absorbed per 

 

• Pulsed shortwave diathermy = 
nonthermal effects

Federal Communications Commission (FCC) 
Federal agency charged with assigning frequencies for 
all radio transmitters, including diathermies.

specific absorption rate (SAR) Represents the 
rate of energy absorbed per unit area of tissue mass.
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Output
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Figure 10–1 The component parts of a shortwave 
diathermy unit.
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unit area of tissue mass. Most shortwave units 
have a power output of between 80 and 120 W. 
Some units are not capable of this level of output, 
making them safe but ineffective. It is important to 
remember that the tissue temperature rise with 
diathermy units can be offset dramatically by an 
increase in blood flow, which has a cooling effect in 
the tissue being energized. Therefore, units should 
be able to generate enough power to provide for an 
excess of the SAR. 

   Patient sensation provides the basis for recom-
mendations of continuous shortwave diathermy 
dosage and thus varies considerably with different 
patients.  31  ,  50   The following dosage guidelines have 
been recommended:

      Dose I (lowest): No sensation of heat  
     Dose II (low): Mild heating sensation  
     Dose III (medium): Moderate (pleasant) heating 
sensation  
     Dose IV (heavy): Vigorous heating that is 
tolerable below the pain threshold    

   A shortwave diathermy unit that generates a 
high-frequency electrical current will produce both 
an    electrical field    and a    magnetic field    in the tis-
sues ( Figure 10–2 ).  21   The ratio of the electrical field 
to the magnetic field depends on the characteristics 
of the different units as well as on the characteristics 
of electrodes or applicators. Shortwave units with a 
frequency of 13.56 MHz tend to produce a stronger 
magnetic field than do units with the frequency of 
27.12 MHz, which produces a stronger electric field. 
The majority of the new pulsed shortwave diathermy 
units use a drum electrode and produce a stronger 
magnetic field. 

electrical field The lines of force exerted on 
charged ions in the tissues by the electrodes, which 
cause charged particles to move from one pole to the 
other.

magnetic field Created when current is passed 
through a coiled cable affecting surrounding tissues 
by inducing localized secondary currents, called eddy 
currents within the tissues. Figure 10–2 Shortwave diathermy units. 

(a) Autotherm. (b) Radarmed 650. 

(b)

(a)
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 Shortwave Diathermy Electrodes 

 Shortwave diathermy may be delivered to the pa-
tient via either    capacitance    or    induction tech-
niques   . Each of these techniques can affect different 
biologic tissues, and selection of the appropriate 
electrodes is essential for effective treatment. Short-
wave diathermy uses several types of applicators or 
electrodes, including air space plates, pad electrodes, 
cable electrodes, or drum electrodes.  Table 10–1  
summarizes the two shortwave diathermy delivery 
techniques. 

 Capacitor Electrodes.   The  capacitance  tech-
nique, using    capacitor electrodes   , creates a stron-
ger electrical field than a magnetic field. As discussed 
in Chapter 5, within the body there are many free 
ions that are positively or negatively charged. A pos-
itively charged electrode or plate will repel positively 
charged ions and attract negatively charged ions. 

Conversely, the negative electrode will repel nega-
tive ions and attract positive ions ( Figure 10–3 ). 

 An electrical field is essentially the lines of force 
exerted on these charged ions by the electrodes that 
cause charged particles to move from one pole to the 
other ( Figure 10–4 ). The intensity of the electrical 
field is determined by the spacing of the electrodes 
and is greatest when they are close together. The 
center of this electrical field has a higher current 
density than regions at the periphery. When using 
capacitance electrodes, the patient is placed between 
two electrodes or plates and becomes part of the cir-
cuit. Thus, the tissue between the two electrodes is 
in a series circuit arrangement (see Chapter 5). 

 As the electrical field is created in the biologic 
tissues, the tissue that offers the greatest resistance 
to current flow tends to develop the most heat. 

 Table 10–1 Summary of Shortwave Diathermy Techniques

METHOD FIELD ELECTRODES CIRCUIT TISSUES HEATED 

Capacitance Electric Capacitor Parallel- Those high in 
   -Air space plates patient not electrolytes
   -Pads part of circuit (i.e. muscle, blood)
Inductance Magnetic Inductor Series- Subcutaneous 
   -Drum patient part fat
   -Cable of circuit

Positive
pole

Negative 
pole

=  Positive ion

=  Negative ion

–+
Figure 10–3 A positively charged electrode or plate 
will repel positively charged ions and attract negatively 
charged ions. Conversely, the negative electrode will 
repel negative ions and attract positive ions.

Capacitor Electrodes

• Air space plates
• Pad electrodes

capacitance technique Creates a strong electric 
field.

induction technique Creates a strong magnetic 
field.

capacitor electrodes  Air space plates or pad 
electrodes that create a stronger electrical field than 
a magnetic field. 
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 Tissues that have a high fat content tend to insu-
late and resist the passage of an electrical field. 
These tissues, particularly subcutaneous fat, tend 
to overheat when an electrical field is used, which 
is characteristic of a capacitance type of electrode 
application. 

 Air Space Plates.      Air space plates    are an 
example of a capacitance (strong electrical field) 
technique or a capacitor electrode ( Figure 10–5 ). 
This type of electrode consists of two metal plates 
with a diameter of 7.5–17.5 cm surrounded by a 

glass or plastic plate guard. The metal plates may 
be adjusted approximately 3 cm within the plate 
guard, thus changing the distance from the skin.  24   
Air space plates produce high-frequency oscillat-
ing current that is passed through each plate 
millions of times per second. When one plate is 
overloaded, it discharges to the other plate of the 
lower potential, and this is reversed millions of 
times per second.  20   

 When air space plates are used, the area to be 
treated is placed between the electrodes and 
becomes part of the external circuit ( Figure 10–6 ). 
The sensation of heat tends to be in direct propor-
tion to the distance of the plate from the skin. The 
closer the plate is to the skin, the better the energy 
transmission because there is less reflection of the 
energy. However, it should be remembered that 
the closer plate will also generate more surface 
heat in the skin and the subcutaneous fat in that 
area ( Figure 10–7 ). The greatest surface heat will 
be under the electrodes. Parts of the body that are 
low in subcutaneous fat content (e.g., hands, feet, 
wrists, and ankles) are best treated by this method. 
Patients who have a very low subcutaneous fat 

+

–

Figure 10–4 An electrical field is essentially the lines 
of force exerted on these charged ions by the electrodes, 
which causes charged particles to move from one pole to 
the other.
(Modified from Michlovitz, S: Thermal agents in rehabilitation, 
Philadelphia, 1990, FA Davis.)

■ Analogy 10–1

A shortware diathermy generator functions much like 
a radio. The output intensity knob controls the per-
centage of maximum power transferred to the patient 
circuit. This is similar to the volume control on a radio. 
The tuning control adjusts the output circuit for maxi-
mum energy transfer from the radio frequency oscilla-
tor, which is similar to tuning in a station on a radio.

Figure 10–5 Air space plates. 

air space plate A capacitor type electrode in which 
the plates are separated from the skin by the space in a 
glass case. Used with shortwave diathermy.
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content can be effectively treated in other body 
areas.  19   This technique is also very effective for 
treating the spine and the ribs. 

 Pad Electrodes .     Pad electrodes    are seldom 
used in the clinical setting; however, they may be 
available for some units. They are true capacitor 

electrodes, and they must have uniform contact 
pressure on the body part if they are to be effective 
in producing deep heat, as well as in avoiding skin 
burns ( Figure 10–8 ). The patient is part of the 
external circuit. Several layers of toweling are nec-
essary to make sure that there is sufficient space 
between the skin and the pads. The pads should 
be separated so they are at least as far apart as the 
cross-sectional diameter of the pads. In other 
words, if the pads are 15 cm across, then there 
should be at least 15 cm between the pads. The 
closer the spacing of the pads, the higher the cur-
rent density in the superficial tissues. Increasing 
the space between the pads will increase the depth 
of penetration in the tissues ( Figure 10–9 ). The 
part of the body to be treated should be centered 
between the pads.  20  ,  21  ,  24  ,  34   

 Inductor Electrodes.   The inductance tech-
nique, using    inductor electrodes   , creates a  stronger 

Electrode
cable

Adjusting
handle

Electrode Plastic 
guard

3 cm

Figure 10–6 Air space plate electrodes consist of a 
metal plate enclosed in a glass or plastic plate guard. 
The metal plate may be adjusted approximately 3 cm 
within the plate guard, thus changing the distance from 
the skin.

Figure 10–7 As the plate moves closer to the surface 
of the skin, the electrical field shifts, generating more 
surface heat in the skin and in the subcutaneous fat.

Figure 10–8 Pad electrodes showing correct 
placement and spacing.

pad electrodes Capacitor type electrodes used with 
shortwave diathermy to create an electrical field.

inductor electrodes Cable electrodes or drum 
electrodes that create a stronger magnetic field than 
electrical field.

  Clinical Decision-Making Exercise 10–1

An athletic trainer is using pad electrodes to treat a 
patient who has muscle guarding in the low back. 
What can be done with these electrodes to increase 
the depth of penetration without increasing output 
intensity?
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magnetic field than an electrical field. When the 
induction technique is used in shortwave diathermy, 
a cable or coil is either wrapped circumferentially 
around an extremity or it is coiled within an elec-
trode. In either case, when current is passed through 
a coiled cable, a magnetic field is generated that can 
affect surrounding tissues by inducing localized sec-
ondary currents, called    eddy currents   , within the 
tissues ( Figure 10–10 ).  29   Eddy currents are small 

circular electrical fields, and the    intermolecular 
oscillation (vibration)    of tissue contents causes 
heat generation. 

 In the inductance technique, the patient is in 
a magnetic field and is not part of the circuit. The 
tissues are in a parallel circuit; thus the greatest 
current flow is through the tissues with least resis-
tance (see Chapter 5). When a magnetic field is 
used with an induction-type setup, the fat does not 
provide nearly as much resistance to the flow of 
the energy. Therefore, tissues that are high in elec-
trolytic content (i.e., muscle and blood) respond 
best to the magnetic field by producing heat. It is 
important to remember that if the energy is owing 
primarily to generation of a magnetic field, heat-
ing may not be as obvious to the patient because 
the magnetic field will not provide nearly as 
much sensation of warmth in the skin as an elec-
trical field.   

 Drum Electrodes .  The    drum electrode    
also produces a magnetic field. The drum electrode 
is made up of one or more monoplanar coils that 

Magnetic field

Magnetic field

Eddy
current

Figure 10–10 When current is passed through a 
coiled cable, a magnetic field is generated that can affect 
surrounding tissues by inducing localized secondary 
currents, called eddy currents, within the tissues.
(Modified from Michlovitz, S: Thermal agents in rehabilita-
tion, Philadelphia, 1990, FA Davis.)

eddy currents Small circular electrical fields in-
duced when a magnetic field is created that result in 
intramolecular oscillation (vibration) of tissue con-
tents, causing heat generation.

intermolecular oscillation (vibration) Movement 
between molecules that produces friction and thus heat.

drum electrodes Induction electrodes that produce 
a strong magnetic field. Primarily used with pulsed 
shortwave diathermy.

■ Analogy 10–2

Eddy currents that are produced in a magnetic field are 
similar to eddy currents that occur in turbulent water, 
such as in rapids in a river. As the water flows over a 
rock, it produces a swirling effect so that the water 
flows backwards toward the rock. If you become 
trapped in one of these when whitewater rafting, 
it takes considerable effort to free the raft because of 
the power or energy that is being created by the 
 swirling water.

Fat

Muscle

Fat

Muscle

Figure 10–9 Pad electrodes should be separated by at 
least the diameter of the electrodes. (a) Electrodes placed 
close together produce more superficial heating. (b) As 
spacing increases, the current density increases in the 
deeper tissues.

(a)

(b)
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are rigidly fixed inside some kind of housing 
( Figure 10–11a ). If a small area is to be treated, 
particularly a small flat area, then a one-drum 
setup is fine. However, if the area is contoured, 
then two or more drums, which may be on a hinged 
apparatus or hinged arm, may be more suitable 
(Figure 10–11b). 

 Penetration into the tissues tends to be on the 
order of 2–3 cm if the skin is no more than 1–2 cm 
away from the drum.  8   The magnetic field may be 
significant up to 5 cm away from the drum. A light 
towel should be kept in contact with the skin and 
between the drum and the skin. The towel is used to 
absorb moisture because an accumulation of water 
droplets would tend to overheat and cause hot spots 
on the surface. If there is more than 2 cm of fat, 
tissue temperature under the fat will not increase 
greatly with a drum setup. The maximum penetra-
tion of shortwave diathermy with a drum electrode 
is 3 cm, provided there is no more than 2 cm of fat 
beneath the skin. For best absorption of energy, the 
housing of the drum should be in contact with the 
towel covering the skin.  19           

 Cable Electrodes .  The    cable electrode    is 
an induction electrode, which produces a mag-
netic field ( Figure 10–12 ). There are two basic 
types of arrangements: the pancake coil and the 
wraparound coil. If a pancake coil is used, the size 
of the smaller circle should be greater than 6 inches 
in diameter. In either arrangement, there should 
be at least 1 cm of toweling between the cable and 
the skin. Stiff spacers should be used to keep the 

(a)

Figure 10–11 (a) Single drum electrode. (b) Tri-drum 
electrode.

Figure 10–12 Pancake cable electrode.

cable electrodes An inductance type electrode in 
which the electrodes are coiled around a body part, 
creating an electromagnetic field.

(b)
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coils or the turns of the pancake or the wrap-
around coil between 5 and 10 cm between turns 
of the cable, thus  providing spacing consistency. 
Both the pancake coils and the wraparound coils 
often provide more even heating because they are 
better able to follow the contours of the skin than 
are the drum or the air space plates. It is important 
that the cables not touch each other because they 
will short out and cause excessive heat buildup. 
Diathermy units that operate on a frequency of 
13.56 MHz are probably best suited to cable elec-
trode-type applications. This is primarily because 
the lower frequency is  better at producing a mag-
netic field.  19   

 Pulsed Shortwave Diathermy 

 Pulsed shortwave diathermy (PSWD), also referred 
to in the literature as  pulsed electromagnetic energy 
(PEME) ,  pulsed electromagnetic field (PEMF) , or 
 pulsed electromagnetic energy treatment (PEMET) , is 
a relatively new form of diathermy.  23   Pulsed dia-
thermy is created by simply interrupting the output 
of continuous shortwave diathermy at consistent 
intervals ( Figure 10–13 ). Energy is delivered to the 
patient in a series of high-frequency bursts or pulse 

trains. Pulse duration is short, ranging from 20 to 
400 sec with an intensity of up to 1000 W per pulse. 
The interpulse interval or off time depends on the 
pulse repetition rate, which ranges between 1 and 
7000 Hz. The pulse repetition rate may be selected 
using the pulse-frequency control on the generator 
control panel.  29   Generally the off time is consider-
ably longer than the on time. Therefore, even though 
the power output during the on time is sufficient 
to produce tissue heating, the long off-time interval 
allows the heat to dissipate. This reduces the likeli-
hood of any significant tissue temperature increase 
and reduces the patient’s perception of heat. 

   Pulsed diathermy is claimed to have therapeu-
tic value and to produce nonthermal effects with 
minimal thermal physiologic effects, depending on 
the intensity of the application. But pulsed short-
wave diathermy can also have thermal effects.  45   
When pulsed diathermy is used in intensities that 
create an increase in tissue temperature, its effects 
are no different from those of continuous shortwave 
diathermy. Pulsed shortwave diathermy has been 
shown to increase the temperature of the knee joint 
capsule.  10   Successful treatments have largely 
resulted from the application of higher intensities 
and longer treatment times. Studies that use pulsed 
shortwave diathermy do not normally compare it 
with continuous shortwave diathermy but rather 
with a control group that has received no heat 
treatment.  35   

   With pulsed shortwave diathermy, mean power 
provides a measure of heat production. Mean power 
may be calculated by dividing peak pulse power by 

Peak
pulse
power

Mean
power

On
time

Off
time

On
time

Off
time

On
time

Off
time

Pulse period Pulse period Pulse period

W
at

ts

Burst Burst Burst

Figure 10–13 Pulsed diathermy is created by simply 
interrupting the output of continuous shortwave 
diathermy at consistent intervals.

  Clinical Decision-Making Exercise 10–2

A swimmer is complaining of an aching pain and 
tightness in the shoulder. In this case the athletic 
trainer decides that heating the joint with pulsed 
shortwave diathermy rather than ultrasound 
would be the best treatment choice. What are the 
potential advantages of using diathermy in this 
particular situation?
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the pulse repetition frequency to determine the pulse 
period (on time plus off time). 

Pulse Period =
   peak pulse power (W)

pulse repetition frequency (Hz)

   The percentage on time is calculated by divid-
ing the pulse duration by pulse period. 

Percentage on time =  
pulse duration (msec)

pulse period (mec)

   The mean power is then determined by dividing 
the peak pulse power by the percentage on time. 

Mean power =
  peak pulses power (W)

percentage on time

   With pulsed shortwave diathermy, the highest 
mean power output is usually lower than the power 
delivered with continuous shortwave diathermy. 

   Generators that deliver pulsed shortwave 
 diathermy typically use a drum type of electrode 
( Figure 10–14 ). As with continuous shortwave 
 diathermy, the drum electrode is made of a coil 

wrapped in a flat circular spiral pattern and 
housed within a plastic case. The energy is induced 
in the treatment area via the production of a 
magnetic field. 

 Treatment Time 

 Treatments lasting only 15 minutes have produced 
vigorous heating of the triceps surae muscle of 
 humans.  15   A 20- to 30-minute treatment for one 
body area is probably all that is necessary to reach 
maximum physiologic effects.  19   The physiologic 
effects, particularly circulatory, seem to last about 
30 minutes. 

   Treatments in excess of 30 minutes may create a 
circulatory rebound phenomenon in which the digi-
tal temperature may drop after the treatment because 
of reflex vasoconstriction. If an athletic trainer finds 

 

• Pulsed shortwave diathermy uses 
drum electrodes.

Figure 10–14 (a) The Magnatherm and (b) the Megapulse are examples of generators capable of producing pulsed 
shortwave diathermy. Energy is delivered to the athlete through a drum electrode.

(a) (b)
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lecular vibration of molecules that are high in 
 polarity.  27   If subcutaneous fat is greater than 1 cm, 
the fat temperature will rise to a level that is too 
uncomfortable before tissue temperature rises in the 
deeper tissues.  20   This is less of a problem if the micro-
wave diathermy is of the frequency of 915 MHz. 
However, very few commercial units operate on that 
frequency. Almost all the older units have the higher 
frequency of 2456 MHz. If the subcutaneous fat is 
0.5 cm or less, microwave diathermy can penetrate 
and cause a tissue temperature rise up to 5 cm deep 
in the tissue. Bone tends to absorb more shortwave 
and microwave energy than any type of soft tissue. 

   The microwave electrode beams energy toward 
the patient, creating the potential for much of the 
energy to be reflected ( Figure 10–15 ). The electrode 
should be located so that the maximum amount of 

that a diathermy unit has been left on in excess of 
30 minutes, it would be wise to check the tempera-
ture of the toes or fingers, depending on which 
extremity has been treated. It has been observed that 
pulsed shortwave diathermy administered to the tri-
ceps surae resulted in peak heating at only 15 minutes 
into the treatment, and the temperature actually 
dropped 0.3° C from the 15- to 20-minute mark.  15   
Perhaps this can be explained by the increase in blood 
flow created by the thermal effects of diathermy. The 
increase in temperature and blood flow engages the 
body’s natural cooling mechanism. Therefore, it may 
be more difficult to heat muscle tissue than the less 
vascular tendinous tissue. Perhaps tissue tempera-
tures as high as 45° C, as postulated by other research-
ers, are too high for the body to tolerate.  15   

   It is important to remember that as skin tem-
perature goes up, impedance goes down. Therefore, 
the unit may need to be returned after 5–10 min-
utes of treatment. 

 MICROWAVE DIATHERMY 

 Microwave diathermy is seldom used as a clinical 
treatment modality by athletic trainers but will be 
discussed briefly for informational purposes.   

   Microwave diathermy has two FCC-assigned 
frequencies in this country, 2456 and 915 MHz. 
Microwave has a much higher frequency and a 
shorter wavelength than shortwave diathermy. 
Microwave diathermy units generate a strong elec-
trical field and relatively little magnetic field. Micro-
wave diathermy cannot penetrate the fat layer as 
well as shortwave diathermy and thus has less depth 
of penetration. Heating is caused by the intramo-

  Clinical Decision-Making Exercise 10–3

The athletic trainer is treating a low back strain 
in a gymnast. What type of shortwave diathermy 
electrode would be the most appropriate choice 
when treating an area without a great deal of 
subcutaneous fat?

■ Analogy 10–3

Appropriate positioning of an applicator on a micro-
wave diathermy unit is critical to ensure maximum 
absorption of energy in the treatment area. The energy 
should strike the surface at 90°. This is like being in the 
sun at the beach. At noon the sun is straight overhead 
and most of the energy will be absorbed by the skin. At 
6 PM the sun is low, and a large portion of the energy 
will be reflected rather than absorbed.

Figure 10–15 Microwave diathermy unit.

pre45195_ch10_276-302.indd Page 287  4/30/08  7:03:51 PM epgpre45195_ch10_276-302.indd Page 287  4/30/08  7:03:51 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-10/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-10



288  PART FIVE  Electromagnetic Energy Modalities

energy will be penetrating at a right angle or per-
pendicular to the skin. Any angle greater or less 
than perpendicular will create reflection of the 
energy and significant loss of absorption (cosine 
law). With appropriate setup of the microwave dia-
thermy unit, less than 10% of the energy is lost 
from the machine as it is applied to the patient. 

   Microwave diathermy units operating on the 
frequency 2456 MHz require a specified air space 
between the electrode and the skin. The manufac-
turer-suggested distances and power output should 
be followed closely. In units that have a frequency of 
915 MHz, the electrode is placed at a distance of 1 cm 
from the skin, thus minimizing energy reflection.  34   

   Microwave diathermy is best used to treat condi-
tions that exist in areas of the body that are covered 
with low subcutaneous fat content. The tendons of 
the foot, hand, and wrist are well treated, as are the 
acromioclavicular and sternoclavicular joints, the 
patellar tendon, the distal tendons of the hamstrings, 
the Achilles tendon, and the costochondral joints 
and sacroiliac joints in lean individuals. 

  CLINICAL APPLICATIONS 
FOR DIATHERMY  

 For the most part, the clinical applications for the dia-
thermies are similar to those of other physical agents 
that are capable of producing thermal effects resulting 
in a tissue temperature increase.  51   In addition to the 
diathermies, thermotherapy discussed in Chapter 4 and 
ultrasound discussed in Chapter 8 are commonly used 
as heating modalities. The diathermies have been used 
in the treatment of a variety of musculoskeletal condi-
tions, including muscle strains, contusions, ligament 
sprains, tendinitis, tenosynovitis, bursitis, joint contrac-
tures, myofascial trigger points, and osteoarthritis.  41   

   Continuous shortwave diathermy is used most 
often for a variety of thermal effects, including 
inducing local relaxation by decreasing muscle 
guarding and pain, increasing circulation and 
improving blood flow to an injured area to facilitate 
resolution of hemorrhage and edema and removal 
of the by-products of the inflammatory process, and 
reducing both subacute and chronic pain.  29  ,  35  ,  40   

   Diathermy has been used for selectively heating 
joint structures for the purpose of improving joint 
range of motion by decreasing stiffness and increasing 
the extensibility of the collagen fibers and the resil-
ience of contracted soft tissues.  55   The role of diathermy 
in increasing range of motion and flexibility has been 
studied with mixed results.  3  ,  57   One study showed that 
diathermy and short-duration stretching were no 
more effective than short-duration stretching alone at 
increasing hamstring flexibility.  13   A second study 
indicated that pulsed shortwave diathermy used 
before prolonged long-duration static stretching 
appeared to be more effective than stretching alone in 
increasing flexibility over a 3-week period. After 14 
treatments, prolonged long-duration stretching com-
bined with pulsed shortwave diathermy followed by 
ice application caused greater immediate and net 
range-of-motion increases than prolonged long-
duration stretching alone.  46   It has also been shown 
that hamstring flexibility can be greatly improved when 
shortwave diathermy is used in conjunction with pro-
longed stretching.  11   Flexibility gains in normal ankles 
with 3 weeks of training were retained for at least 
3 weeks after training ceased. The application of 
pulsed, shortwave diathermy during stretching did 
not appear to influence the chronic retention of flexi-
bility gains in normal subjects.  5   

   Deep heating using shortwave diathermy in the 
absence of stretching increases tissue extensibility 
more than superficial heating or no heating. Super-
ficial heating is more effective than no heating, but 
the difference was not statistically significant.  48   

   The majority of recent clinical studies relative to 
diathermy have focused primarily on the efficacy of 
pulsed shortwave diathermy in facilitating tissue 
 healing, and to date results have been inconclusive at 
best.  26  ,  39   Various claims have been made as to the 

  Clinical Decision-Making Exercise 10–4

An athletic trainer is treating an abdominal strain. 
Would the better choice be to use shortwave or 
microwave diathermy? Explain your rationale.
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specific mechanisms that facilitate healing, including 
an increase in the number and activity of the cells in 
the area, reduced swelling and inflammation, resorp-
tion of hematoma, increased rate of collagen deposition 
and organization, and increased nerve growth and 
repair. These claims are based on a limited number of 
clinical studies and even fewer experimental studies.  28    

    A number of conditions may potentially occur 
in clinical settings that would make diathermy the 
treatment of choice. 

  •   If for any reason the skin or some underlying 
soft tissue is very tender and will not tolerate 
the loading of a moist heat pack or pressure 
from an ultrasound transducer, then dia-
thermy should be used.  

  •   Shortwave diathermy is more capable of in-
creasing temperatures to a greater tissue depth 
than any of the thermotherapy modalities.  

  •   When the treatment goal is to increase tissue 
temperatures in a large area (i.e., throughout 
the entire shoulder girdle, in the low back 
 region), diathermy should be used.  12    

  •   In areas where subcutaneous fat is thick and 
deep heating is required, the induction tech-

nique using either cable or drum electrodes 
should be used to minimize heating of the 
subcutaneous fat layer. The capacitance tech-
nique with shortwave diathermy and micro-
wave diathermy is more likely to selectively 
heat more superficial subcutaneous fat.  

  •   The athletic trainer should never underestimate 
the placebo effects that a treatment with any 
large machine may be capable of producing.      

  COMPARING SHORTWAVE 
DIATHERMY AND ULTRASOUND 
AS THERMAL MODALITIES  

 The use of therapeutic ultrasound was discussed in 
detail in Chapter 8. Ultrasound and pulsed short-
wave diathermy are both clinically effective modali-
ties for heating superficial and deep tissues; however, 
ultrasound is used much more frequently than 
shortwave diathermy. In surveys of physical athletic 
trainers in Canada and Australia, only 0.6 and 
8% of respondents, respectively, used shortwave 
diathermy daily, yet 94 and 93%, respectively, used 
ultrasound daily.  36  ,  37    

      Recent research has demonstrated that short-
wave diathermy may be more effective as a heating 
modality than ultrasound in treating certain condi-
tions.  14  ,  16   A study was done to determine the rate of 
temperature increase during pulsed shortwave dia-
thermy and the rate of temperature decay postap-
plication. A 23-gauge thermistor was inserted 3 cm 
below the skin surface of the anesthetized left medial 
triceps surae muscle belly of 20 subjects. Diathermy 
was applied to the muscle belly for 20 minutes at 
800 Hz, a pulse duration of 400 sec, and an inten-
sity of 150 W. Temperature changes were recorded 
every 5 minutes during the treatment. The mean 

Treatment Protocols: Shortwave Diathermy

1. Place a single layer of towel on the treatment area.
2. Inductive: Position the drum containing the 

coil parallel to the body part and in contact 
with the towel. Capacitive: Position the 
plates parallel to the body part and about 
2.5–7.5 cm away from the body.

3. Turn on the SWD generator; allow to warm 
up if necessary.

4. Inform the patient that he or she should feel 
only warmth; if it becomes hot, the patient 
should inform you immediately.

5. Adjust intensity of SWD to the appropriate 
level. Set a timer for the appropriate 
treatment time and give the patient a 
signaling device. Make sure the patient 
understands how to use the signaling device.

6. Check the patient’s response after the first 
5 minutes by asking how it feels.

  Clinical Decision-Making Exercise 10–5

In treating a 2-day old rotator cuff strain, what 
type of diathermy is best used and why?
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baseline temperature was 35.8° C, and the tempera-
ture peaked at 39.8° C in 15 minutes, then dropped 
slightly (0.3° C) during the last 5 minutes of treat-
ment. After the treatment terminated, intramuscu-
lar temperature dropped 1° C in 5 minutes and 1.8° C 
by the tenth minute. Based on these findings, it 
appears that shortwave diathermy compares favor-
ably with heating rates of 1 MHz ultrasound (1 W/cm 2  
for 12 min creates a 4° C temperature increase at 
3 cm intramuscularly) ( Figure 10–16 ). 

       Shortwave diathermy, however, may be a bet-
ter modality than ultrasound in some situations, 
and diathermy appears to have several advantages 
over ultrasound.  

   1.   Because the surface of the shortwave appli-
cator drum is 25 times larger than a typical 
ultrasound treatment area, it heats a much 
larger area. (A standard drum heating area 
for a diathermy unit is 200 cm 2 , or approx-
imately 25 times that of ultrasound.)  

   2.   Unlike ultrasound, which causes a fluctu-
ating tissue heating rate as the transducer 

is moved, diathermy’s applicator is station-
ary so the heat applied to the area is more 
constant.  

   3.   The rate of temperature decay is slower 
following diathermy application. Mus-
cle heated with pulsed shortwave dia-
thermy will retain heat over 60% longer 
than identical muscle depths heated with 
1 MHz ultrasound.  14  ,  49   This is important 
because it provides the clinician more time 
for stretching, friction massage, and joint 
mobilization before the temperature drops 
to an ineffective level.  

   4.   Application of diathermy does not require 
constant monitoring by the athletic trainer, 
whereas ultrasound application requires con-
stant monitoring. Thus, an athletic trainer 
can work with another patient while one is 
receiving diathermy treatment. This enables 
the athletic trainer to be more efficient.     

 DIATHERMY TREATMENT 
PRECAUTIONS, INDICATIONS, 
AND CONTRAINDICATIONS 

 The use of shortwave, and especially microwave, 
diathermies probably has more treatment precau-
tions and contraindicationst than any of the other 
physical agents used in a clinical setting  53  ,  54   (see 
 Table 10–2 ).   

   A survey of over 42,000 physical therapists 
found a modest increase in the risk of miscarriage of 
pregnant therapists who were regularly exposed to 
microwave diathermy.  25   Regular exposure to short-
wave diathermy during pregnancy, however, did 
not increase the risk of miscarriage. 

   Diathermy is known to produce a tissue tem-
perature rise and may be contraindicated in any 
condition where this increased temperature may 
produce negative or undesired effects, including 
traumatic musculoskeletal injuries with acute bleed-
ing; acute inflammatory conditions; areas with 
reduced blood supply (ischemia); and areas with 
reduced sensitivity to temperature or pain.  18  ,  29  ,  33   It 
is important to keep in mind that the power meter 

Figure 10–16 Intramuscular temperatures during 
heating and 10 minutes of decay resulting from 20 
minutes of shortwave diathermy (PSWD: triangles) 
and 12 minutes of 1-MHz ultrasound (US: squares) 
application. Ultrasound data are from previous studies 
in our laboratory.9,35 This illustrates that shortwave 
diathermy and 1-MHz ultrasound have similar heating 
rates, yet muscle heated with shortwave diathermy will 
retain its heat 2 to 3 times longer.
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to be treated, a towel should be placed in the cleav-
age between the buttocks. If the shoulder area is to 
be treated, a towel should be placed between the 
skin folds in the axilla. 

   If clothing is permitted in the exposed area, the 
treatment should be closely monitored. In most 
cases, however, pulsed shortwave diathermy can be 
applied over some clothing such as a cotton T-shirt 
( Figure 10–17 ). Be aware that many of the syn-
thetic fabrics worn today allow for no evaporation 
of moisture, serving as a vapor barrier allowing 
moisture to accumulate. Similarly, moisture can 
accumulate in patients taped with adhesive tape or 
wearing compressive wraps or supportive braces. 
This moisture can create extreme hot spots with 
diathermy treatments.  47   Diathermy should not be 
used over moist wound dressings, again because of 
potential for rapid heating of moisture.  29   

   Diathermy should not be applied to the pelvic 
area of the female who is menstruating, since this 
can increase blood flow.  33   

 TABLE 10–2  Indications and Contraindications for Shortwave Diathermy

INDICATIONS 

Postacute musculoskeletal injuries 
Increased blood flow 
Vasodilation 
Increased metabolism 
Changes in some enzyme reactions 
Increased collagen extensibility 
Decreased joint stiffness 
Muscle relaxation 
Muscle guarding 
Increased pain threshold 
Enhanced recovery from injury 
Joint contractures 
Myofascial trigger points 
Improved joint range of motion 
Increased extensibility of collagen 
Increased circulation 
Reduced subacute and chronic pain 
Resorption of hematoma 
Increased nerve growth and repair 

on the diathermy units does not indicate the energy 
entering the tissues. Therefore, the athletic trainer 
must rely on the sensation of pain for a warning that 
the patient’s tolerance levels have been exceeded.  32   

   Because diathermy selectively heats tissues that 
are high in water content, caution must be exercised 
when using diathermy over fluid-filled areas or 
organs. Joint effusion may be exacerbated by heating 
with diathermy. The increase in temperature may 
cause an increase in synovitis.  33   Because of the high 
fluid content, it should not be used around the eyes for 
any prolonged periods of time or for repeated treat-
ments, nor should it be used with contact lenses.  30  ,  52   

   In most cases, toweling should be used to absorb 
perspiration.  19   A single layer of toweling should be 
used with both the drum and air space plates. How-
ever, with other types of applicators, such as pads 
and cables, the toweling should be more dense and 
thicker, up to 1 cm or more.  4   Toweling is not neces-
sary with microwave diathermy. There should be no 
overlapping of skin surfaces. If the buttocks area is 

CONTRAINDICATIONS 

Acute traumatic musculoskeletal injuries 
Acute inflammatory conditions 
Areas with ischemia 
Areas of reduced sensitivity to temperature or pain 
Fluid-filled areas or organs 
Joint effusion 
Synovitis 
Eyes 
Contact lenses 
Moist wound dressings 
Malignancies 
Infection 
Pelvic area during menstruation 
Testes 
Pregnancy 
Epiphyseal plates in adolescents 
Metal implants 
Unshielded cardiac pacemakers 
Intrauterine devices 
Watches or jewelry 
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   Exposure of the gonads to diathermy also 
should be avoided.  51   The testes are more superficial 
and thus are more susceptible to injury from micro-
wave treatment than the ovaries. Minimal evidence 
exists that diathermy may potentially cause dam-
age to the human fetus, and because research in 
this area is impossible, it is recommended that cau-
tion be used in treating the pregnant female.  55   

   Caution should be used when using diathermy 
over bony prominences to avoid burning the overly-
ing soft tissue.  34   The epiphysis in children should 
not be vigorously heated.  33   

   The patient should not come in contact with 
any of the cables connecting the generator with the 
air space plates, pad, cable, or drum electrodes. 
There should be no crossover of the lead cables with 
any electrode setup. At no time should the antenna 
within the microwave applicator ever come in con-
tact with skin, because this would cause a buildup of 
energy sufficient to cause severe burns. 

   It is very important to use diathermy units at 
a safe distance from other types of medical electri-
cal devices or equipment that is transistorized. 
Transcutaneous electrical nerve stimulation units 
and other low-frequency current units often have 
transistor-type circuits, and these can be damaged 
by the reflected or stray radiation that shortwave 
and microwave diathermy units produce.  26   
Unshielded cardiac pacemakers may also be dam-
aged by diathermy.  56   

   Metal chairs or metal tables should not be used 
to support the patient during treatment. The area 
being treated should also be free of metal implants. 
Women wearing intrauterine devices should not be 
treated in the low back or lower abdomen. There 
should be no watches or jewelry in the area because 
the electromagnetic energy will tend to magnetize 
the watch, and the electromagnetic energy may 
heat up the jewelry.  33   

   The patient must remain in a reasonably com-
fortable position for the duration of the treatment so 
that the field does not change because of movement 
during treatment. 

   The skin should be inspected before and after a 
diathermy treatment. It is recommended that the 
part being treated either be horizontal or elevated 
during treatment. 

   Athletic trainers who are knowledgeable in the 
physics and biophysics of diathermy, as well as its 
applications to a variety of cases, tend to achieve 
good results. Athletic trainers who work with short-
wave and microwave diathermy units must spend 
considerable time experimenting with equipment 
setup and the application of different types of elec-
trodes on a variety of uninjured parts of the body if 
they are to develop the skills necessary to use dia-
thermy safely and effectively on injured tissue.  47   

 Summary  

Figure 10–17 In most cases, pulsed shortwave 
diathermy can be applied over some clothing, such as a 
cotton T-shirt.

   1.   Diathermy is the application of high-frequency 
electromagnetic energy that is  primarily used 
to generate heat in body tissues. Diathermy as 
a therapeutic agent may be classified as two 
distinct modalities, shortwave diathermy and 

microwave diathermy. Shortwave diathermy 
may be continuous or pulsed.  

   2.   The physiologic effects of continuous short-
wave and microwave diathermies are primar-
ily thermal, resulting from high-frequency 
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diathermy at consistent intervals. Generators 
that deliver pulsed shortwave diathermy typi-
cally use a drum type of electrode to induce 
energy in the treatment area via the produc-
tion of a magnetic field.  

   7.   Microwave diathermy units generate a strong 
electrical field and relatively little magnetic 
field through either circular- or rectangular-
shaped applicators that beam energy to the 
treatment area.  

   8.   The diathermies have been used in the treat-
ment of a variety of musculoskeletal condi-
tions, including muscle strains, contusions, 
ligament sprains, tendinitis, tenosynovitis, 
bursitis, joint contractures, and myofascial 
trigger points.  

   9.   Microwave diathermy probably has more 
treatment precautions and contraindications 
than any of the other physical agents used in 
a clinical setting.  

   10.   Effective treatments using the diathermies re-
quire practice in application and adjustment 
of techniques to the individual patient.  

   11.   Four advantages for the use of diathermy over 
ultrasound are larger heating area, more uni-
form heating, longer stretching window, and 
more clinician freedom.   

vibration of molecules. Pulsed shortwave 
diathermy has been used for its nonthermal 
 effects in the treatment of soft-tissue injuries 
and wounds.  

   3.   A shortwave diathermy unit that generates a 
high-frequency electrical current will pro-
duce both an electrical field and a magnetic 
field in the tissues. The ratio of the electri-
cal field to the magnetic field depends on 
the characteristics of the different units as 
well as on the characteristics of electrodes or 
 applicators.  

   4.   The capacitance technique, using capacitor 
electrodes (air space plates and pad electrodes), 
creates a strong electrical field that is essen-
tially the lines of force exerted on charged ions 
by the electrodes that cause charged particles 
to move from one pole to the other.  

   5.   The inductance technique, using inductor 
electrodes (cable electrodes and drum elec-
trodes), creates a strong magnetic field when 
current is passed through a coiled cable. It 
may affect surrounding tissues by inducing 
localized secondary currents, called eddy cur-
rents, within the tissues.  

   6.   Pulsed diathermy is created by simply inter-
rupting the output of continuous shortwave 

  Review Questions  

   1.    What is diathermy and what are the different 
types of diathermy?  

   2.    What are the potential physiologic effects of 
using continuous shortwave, pulsed short-
wave, or microwave diathermies?  

   3.    What determines the ratio of the electri-
cal field to the magnetic field in shortwave 
 diathermy?  

   4.    What are the differences between shortwave 
diathermy techniques that use capacitance or 
induction?  

   5.    How is pulsed shortwave diathermy used, and 
what type of electrode is most typically used?  

   6.    How should microwave diathermy be set up 
to achieve the most effective results?  

   7.    What are the various clinical applications 
and indications for using continuous short-
wave, pulsed shortwave, and microwave 
 diathermies?  

   8.    What are the most important treatment pre-
cautions for using the diathermies?  

   9.    What are the major differences between mi-
crowave and shortwave diathermies?  

  10.    What are the advantages and disadvantages 
of using diathermy or ultrasound as deep-
heating modalities?    
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   7.    What type of diathermy should be used to 
heat a large area on a patient with thick sub-
cutaneous fat?   

a.  capacitance technique   
b.  pulsed shortwave diathermy   
c.  pad electrodes   
d.  induction technique    

   8.    Which of the following is a contraindication 
for diathermy?   

a.  watches or jewelry   
b.  improving range of motion   
c.  muscle guarding   
d.  increased blood flow    

   9.    What conditions may be treated with 
 diathermy?   

a.  postacute muscle strain   
b.  tendinitis    
c. joint contractures   
d.  all of the above    

  10.    Toweling must be used with thermal dia-
thermy primarily to   

a.  avoid contact with machine   
b.  avoid moisture accumulation   
c.  maintain patient modesty   
d.  ensure even heating      

  Self-Test Questions  

 True or False   
   1.    Diathermy can create both thermal and non-

thermal effects.  
   2.    Microwave diathermy is more suited for use 

in areas with little subcutaneous fat.  
   3.    Shortwave diathermy penetrates more super-

ficially than microwave diathermy.  

 Multiple Choice   
   4.    Shortwave capacitor electrodes are called 

which of the following?   
a.  air space plates   
b.  pad electrodes   
c.  both a and b   
d.  neither a nor b    

   5.    The drum electrode is an example of a(n) 
___________.   

a.  capacitor electrode   
b.  induction electrode   
c.  cable electrode   
d.  none of the above    

   6.    Microwave diathermy units produce a strong 
________ and a weak __________.   

a.  electrical field, magnetic field   
b.  magnetic field, electrical field   
c.  magnetic field, eddy current   
d.  eddy current, electrical field    

 Solutions to Clinical Decision-Making Exercises 

 10–1  The depth of  penetration can be increased 
by simply moving the pad electrodes further 
apart. As the spacing is increased, the current 
density will be increased in the deeper tissues. 

 10–2  Pulsed shortwave diathermy is capable of  
heating a much larger area than ultra-
sound; the applicator is stationary so the 
heat applied to the area is more constant; 
the rate of  temperature decay is slower fol-
lowing diathermy application, allowing 
more time for stretching; using diathermy 
doesn’t require constant monitoring. 

 10–3  In areas where subcutaneous fat is mini-
mal, the capacitance technique using either 
airspace or pad electrodes should be used. 
The capacitance technique with shortwave 
 diathermy is more likely to selectively heat 
more superficial tissues that are not covered 
by fat. 

 10–4  Since there is likely to be a significant amount 
of  subcutaneous fat in the abdominal area, 
shortwave diathermy, which heats using a 
magnetic field, would likely be more effec-
tive in penetrating the fat layer than would 
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microwave diathermy, which produces elec-
trical field heating. 

10–5  Pulsed shortwave diathermy would likely be 
better then eitner continuous shortwave or 
microwave diathermy since the nonthermal 

effects of  pulsed shortwave would assist 
in the healing process of  the injured cell 
without causing any significant increase in 
temperature. Heating in this phase of  the 
healing process would be contraindicated.
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 SHORTWAVE DIATHERMY  
 Background   A 22-year-old graduate student devel-
oped the gradual onset of lumbar paravertebral muscle 
spasm following a self-made move of his apartment 
contents. The symptoms were noted the day after the 
move upon arising and were described as a tightness 
and restriction of mobility in the low back. He reported 
no radiation of his symptoms into the buttocks or legs 
and no difficulty with bowel or bladder function. Phys-
ical examination revealed restriction in forward flexion 
and side rotation of the trunk with tenderness to palpa-
tion in the lumbar paravertebral musculature 1 week 
after the episode of extensive bending and lifting.   

 Impression   Lumbar paravertebral muscle strain, 
subacute.   

 Treatment Plan   The patient was initiated on a 
course of inductive shortwave diathermy to the lum-

  Case Study 10–1

bar paravertebral musculature, followed by active and 
active-assisted lumbar region range-of-motion exer-
cise. Treatment was provided on an every-other-day 
basis for 2 weeks with increasing emphasis on mobiliz-
ing and strengthening the lumbar paravertebral 
 musculature.   

 Response   The patient experienced immediate, 
but short duration relief of his low back pain 
following the initial treatment and enthusiastically 
pursued his exercise sequence. With each subse-
quent session, the duration of relief and improved 
trunk mobility increased. At the 2-week point in the 
treatment regimen, the patient was independent in 
the performance of his lumbar exercise regimen and 
scheduled to attend a back education class prior to 
discharge.  
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  Case Study 10–2

 SHORTWAVE DIATHERMY  
 Background   A 41-year-old male with a documented 
history of right knee osteoarthritis comes to your clinic 
with a history of increasing pain and swelling over the 
past 2 months. Gait endurance is beginning to decline. 
The referral was to initiate quadriceps strengthening, 
joint protection activities, and gait training as indi-
cated.   

 Impression   Degenerative joint disease with concur-
rent muscle inhibition and atrophy.  

 Treatment Plan   The patient received 15 minutes of 
capacitive shortwave diathermy prior to initiating 
quadriceps exercise. He reported short-term relief, 
which allowed for the performance of his exercise pro-
gram. Treatment was provided on a twice per week 
outpatient basis with the patient given specific instruc-
tions in the performance of home lower extremity 
closed-chain exercises two other times per week. At the 
tenth visit the patient was discharged as he was ade-
quately self-managing his condition.  
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    E
dema accumulation following trauma is one of 
the clinical signs at which considerable atten-
tion is directed in first aid and therapeutic 

rehabilitation programs.    Edema    is defined as the 
presence of abnormal amounts of fluid in the extra-
cellular tissue spaces of the body. Intermittent com-
pression is one of the clinical modalities used to help 
reduce the accumulation of edema. 

 Two distinct kinds of tissue swelling are usually 
associated with injury.    Joint swelling   , marked by the 
presence of blood and joint fluid accumulated within 
the joint capsule, is one kind. This type of swelling 
occurs immediately following injury to a joint. Joint 
swelling is usually contained by the joint capsule and 
has the appearance and feel of a water balloon. If pres-
sure is placed on the swelling, the fluid moves but it 
immediately returns when the pressure is released. 

    Lymphedema    is the other variety of swelling 
encountered in athletic injuries. This type of swelling 
in the subcutaneous tissues results from an excessive 
accumulation of    lymph    and usually occurs over 
several hours following the injury. Intermittent 
compression can be used with both varieties, but it 

  CHAPTER 11 

 Intermittent Compression Devices  
    Daniel   N.   Hooker    

Following completion of this chapter, the 
athletic training student will be able to:
• Appraise the effectiveness of external 

compression on the accumulation and the 
reabsorption of edema following an athletic 
injury.

• Outline the setup procedure for intermittent 
external compression.

• Recognize the effects that changing a parameter 
might have on edema reduction.

• Review the clinical applications for using 
intermittent compression devices.

edema The presence of abnormal amounts of fluid 
in the extracellular tissue spaces of the body.

joint swelling Accumulation of blood and joint 
fluid within the joint capsule.

lymphedema Swelling of  subcutaneous  tissues as a 
result of accumulation of excessive lymph fluid.

lymph A transparent slightly yellow liquid found in 
the lymphatic vessels.
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is usually more successful with    pitting edema   . The 
lymphatic system is the primary body system that 
deals with these injury-induced changes. 

 THE LYMPHATIC SYSTEM  

 Purposes of the Lymphatic System 

 The lymphatic system has four major purposes.  
   1.   The fluid in the interstitial spaces is contin-

uously circulating. As plasma and plasma 
proteins escape from the small blood 
vessels, they are picked up by the lym-
phatic system and returned to the blood 
circulation.  

   2.   The lymphatic system acts as a safety 
valve for fluid overload and helps keep 
edema from forming. As the interstitial 
fluid  increases, the interstitial fluid pres-
sure  increases, which causes an increase in 
the local lymph flow. The local lymphatic 
 system can be overwhelmed by sudden 
local increases in the interstitial fluid and 
pitting edema will be the result.  35    

   3.   The homeostasis of the extracellular envi-
ronment is maintained by the lymphatic sys-
tem. The lymphatic system removes excess 
protein molecules and waste from the inter-
stitial fluid. The large protein molecules and 
fluids that cannot reenter the circulatory 
vessels gain entry back into the blood circu-
lation through the terminal lymphatics.  

   4.   The lymphatic system also cleanses the 
interstitial fluid and provides a blockade to 
the spread of infection or malignant cells in 
the lymph nodes. The lymph nodes’ abil-
ity is not clearly understood and is highly 
variable.  16       

 Structure of the Lymphatic System 

 The lymphatic system is a closed vascular system of 
   endothelial cell-lined    tubes that parallel the arte-
rial and nervous system. The lymphatic capillaries 
are made of single-layered endothelial cells with 

    fibrils    radiating from the junctions of the endothelial 
cells ( Figure 11–1 ). These fibrils support the lym-
phatic capillaries and anchor them to the surround-
ing connective tissue. The capillary is surrounded 
by the interstitial fluid and tissues. These lymphatic 
capillaries are called the terminal lymphatics, and 
they provide the entry way into the lymphatic 
 system for the excess interstitial fluid and plasma  
proteins.   

   These lymphatic capillaries join together in a 
network of lymphatic vessels that eventually lead to 
larger collecting vessels in the extremities. The col-
lecting vessels connect with the thoracic duct or the 
right lymphatic duct, which join the venous system 
in the left and right cervical area. As the lymph flows 
centrally up the system, the lymph moves through 
one or more lymph nodes. These nodes remove the 
foreign substances and are the primary area of lym-
phocyte activity.  16    

Capillary

Lymph vessel

Plasma

Plasma protein

Figure 11–1 Plasma proteins outside the capillaries 
attract fluid to the intercellular space, leading to an 
abnormal “wet state” in the intercellular spaces. Plasma 
is absorbed back into the lymphatic spaces and away 
from the injured area.

pitting edema A type of swelling that leaves a 
 pitlike depression when the skin is compressed.

endothelial cell Cells that line the cavities of 
 vessels.

fibrils Connective tissue fibers supporting the lym-
phatic capillaries.
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 Peripheral Lymphatic Structure 
and Function 

 Deep and superficial lymphatic collecting systems 
are found in the extremities. The terminal lymphat-
ics in the skin and subcutaneous tissue drain into 
the superficial branches. Lymph channels in the fas-
cial and bony layers drain into the deep branches. 

   In the superficial branches, the dermis is packed 
with two types of lymphatic channels. The channels 
closer to the surface have no valves, whereas those 
lying under the dermis and in the subcutaneous tis-
sue do have valves. The valves are located approxi-
mately 1 cm apart and are similar in construction to 
the valves in veins. These structures prevent the 
back flow of lymph when pressure is applied. As 
with the blood vessels, the lymph system is concen-
trated on the medial side of the limbs.  16   

   As the lymphatic system changes from the entry 
channels to the collecting channels, the lymphatic 
vessel changes to look similar to venous tissue. These 
vessels have smooth muscle and appear to have 
innervation from the sympathetic nervous system. 

   As the fluid or tissues move in the interstitial 
spaces, they push or pull on the fibrils supporting 
the terminal lymphatics ( Figure 11–2 ). This activity 
forces the endothelial cells to gap apart at their junc-
tions, creating an opening in the terminal lymphat-
ics for the entry of interstitial fluid, cellular waste, 
large protein molecules, plasma proteins, extracel-
lular particles, and cells into the lymphatic chan-
nels. These junctions are constantly being pushed 
and pulled open and are then allowed to close, 
depending on the local activity. Once the interstitial 
fluid and proteins enter these channels, they become 
lymph. Terminal lymphatics in inflamed areas are 
dilated and an increased number of gaps in the cap-
illary are present (Figure 11–2).  11  ,  16  ,  20  ,  44  ,  45   

   If no tissue activity or interstitial volume increase 
takes place, these endothelial junctions remain closed. 
The interstitial fluid, however, can still enter the 
terminal lymphatics by moving across the endothe-
lial cell, or by being transported across in a vesicle or 
cell organelle. This permeability is similar to the small 
blood vessels or capillaries (see Figure 11–1). 

   Muscle activity, active and passive movements, 
elevated positions, respiration, and blood vessel 
pulsation all aid in the movement of lymph by com-
pressing the lymphatic vessels and allowing gravity 
to pull the lymph down the channels. The valves 
help by maintaining a unidirectional flow of lymph 
in response to pressure. The collecting lymph chan-
nels all have smooth muscle in their walls. These 
muscles can provide contractible activity that pro-
motes lymph flow. These muscles have a natural 
firing frequency that simulates a rhythmic pump-
ing action. Studies also indicate increased lymph 
flow during heating of animal limbs.  1  –  7  ,  9  ,  10  , 

  12  ,  13  ,  19  ,  38  ,  39  ,  42  –  47   

Figure 11–2 Lymphatic capillary with pore open to 
allow movement of plasma protein out of the intercellular 
space. As the intercellular fluid accumulates, the fibrils 
radiating from the seams in the lymphatic capillary pull 
the seam open to create a pore large enough for plasma 
proteins to enter.

 Analogy 11–1

The lymphatic system functions in a manner similar 
to a water drainage system in the mountains. Water 
flows into small mountain streams, and as gravity 
pulls the water down the mountain, it collects in pro-
gressively larger streams and tributaries until it even-
tually flows into a raging river (the venous system) in 
the valley.
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  INJURY EDEMA  

 Following a closed injury, changes in and around 
the site of the injury occur that have an impact on 
the accumulation of extracellular fluid and proteins 
in the local interstitial spaces. The direct effects of 
the injury include cell death, bleeding, the release of 
chemical mediators to initiate and guide the healing 
process, and changes in local tissue electric currents. 
The first stage of the healing process is inflamma-
tion, which is characterized by local redness, heat, 
swelling, and pain. In addition, loss of function fre-
quently occurs.  

 Formation of Pitting Edema 

 These changes are brought about by changes in 
the local circulation. Local edema is formed by the 
plasma, plasma proteins, and cell debris from the 
damaged cells all moving into the interstitial spaces. 
This sudden volume change is compounded by the 
intact local circulatory responses to the chemical 
mediators of the inflammatory process. The hor-
mones released by the injured cells stimulate the 
small arterioles, capillaries, and venules to vasodi-
late, enlarging the size of the vascular pool. This 
causes the local blood flow to slow down and the 
pressure within the blood vessels to increase. The 
endothelial cells in the blood vessel walls then 
separate or become more loosely bound to their 
neighboring cell. The permeability of the vessel in-
creases, allowing more plasma, plasma proteins, 
and leucocytes to escape into the local area. The in-
crease in the plasma proteins in the interstitial 
spaces causes the osmotic pressure to push more 
plasma into the area, forming an inflammatory 
exudate. This exudate forms too quickly for the 

lymphatic system to maintain the local equilibrium 
and pitting edema is formed ( Figure 11–3 ). This small 
increase in the plasma protein in the intercellular 
spaces causes an increase in the intercellular fluid 
volume by several hundred percent.  1  ,  2  ,  3  ,  7  ,  15  ,  21  ,  45  ,  46   

   This fluid in the form of a gel is trapped by both 
collagen fibers and proteoglycan molecules. The gel 
prevents the free flow of fluid, as seen in the joint 
fluid example. Clinically, this state is recognized as 
pitting edema. After finger pressure on the swollen 
part is released, a slight pit is left at the finger’s previ-
ous location. Fluid is squeezed out of the intercellu-
lar space and time is needed for the fluid to move 
slowly back into that space.  

 Formation of Lymphedema 

 As the intercellular fluid becomes greater, the lymph 
begins to flow. If the edema causes an overdistention 
of the lymph capillaries, the entry pores become in-
effective and lymphedema results. Constriction of 
lymph capillaries or larger lymphatic vessels from 
increased pressure also discourages lymph flow and 
causes intercellular fluid to increase.  1  ,  2  ,  3  ,  7  ,  15  ,  21  ,  45  ,  46   

   Using computerized tomography cross-sectional 
images, Airaksinen reported a 23% increase in the 
subcutaneous tissue, thickened skin, and muscular 

Movement of lymph occurs because of:

• Muscle activity
• Active and passive motion
• Elevation
• Respiration
• Contraction of vessels

Figure 11–3 Ankle with pitting edema. Finger 
pressure squeezes fluid out of the intercellular space; an 
indentation is left when the pressure is removed.
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atrophy in patients following lower leg fracture and 
casting. They reported an 8% edema decrease in the 
subcutaneous compartment after intermittent com-
pression. The mean area of the subfascial compart-
ment remained the same, but the density of the 
muscle tissue increased after treatment. This study 
indicates that injury edema follows the path of least 
resistance and that tissues that have the least 
natural pressure exerted on them demonstrate the 
greatest accumulation of extra fluid. The skin and 
subcutaneous tissue appear to be the major site for 
pitting edema; the deep muscle and connective tis-
sue have enough pressure to inhibit major accumu-
lations in the deeper tissues.  3   

   Clinical measurement of edema is reasonably 
accurate and correlates extremely well with both CT 
scan and volumetric measures. The standard clini-
cal circumferential measurement of limb and joint 
is adequate to determine the treatment effects.  3  ,  5    

 The Negative Effects of Edema 
Accumulation 

 Edema compounds the extent of an injury by caus-
ing secondary hypoxic cellular death in the tissues 
surrounding the injured area. The edema increases 
the distance nutrients and oxygen must travel to 
nourish the remaining cells. This in turn adds to the 
injury debris in the damaged area and causes fur-
ther edema to accumulate, thus perpetuating the 
cycle.  9   

   Other negative effects of edema include the 
physical separation of torn tissue ends, pain, and 
restricted joint range of motion. Recovery times 
become more prolonged. If the edema persists, fur-
ther problems with extremity function can occur, 

including infection, muscle atrophy, joint contrac-
tures, interstitial fibrosis, and reflex sympathetic 
dystrophy.  7  ,  11  ,  13      

 TREATMENT OF EDEMA 

 Good first aid can minimize edema ( Figure 11–4 ). 
The use of ice, compression, electricity, elevation, 
and early gentle motion retards the accumulation of 
fluid and keeps the lymphatic system operating at 
an optimum level. Any treatment that encourages 
the lymph flow will decrease plasma protein content 
in the intercellular spaces and therefore decrease 
edema. The standard methods of treatment in most 
clinical settings include elevation, compression, and 
muscular contraction. 

   Edema is best treated with 
  •   Elevation  
  •   Compression  
  •   Weight-bearing exercise  
  •   Cryotherapy    

   The force of gravity can be used to augment 
normal lymph flow. The swollen part can be elevated 
so that gravity does not resist the flow of lymph but 
encourages its movement. Elevation of the injured 
swollen part above heart level is all that is neces-
sary. The higher the elevation, the greater the effect 
on the lymph flow.  32  ,  36   

 Clinical Decision-Making Exercise 11–1

A patient comes into the clinic with an extremely 
swollen knee that she says has been like that for 2 
days. How can the athletic trainer determine whether 
she has joint swelling or pitting lymphedema?

Figure 11–4 Ankle with elastic wrap compression in 
an elevated position.
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   In an uninjured population, placing the legs in 
an elevated position significantly decreased ankle 
volume after 20 minutes, although the dependent 
position significantly increased ankle volume. These 
findings could be expected to be the same in injured 
subjects, but the dependent position may markedly 
increase volume, whereas the elevated position may 
decrease volume less well because of the injury to 
the tissue. In the majority of studies using postacute 
ankle sprain edema, elevation alone provided a sig-
nificant posttreatment reduction in ankle vol-
ume,  3  ,  5  ,  25  ,  32  ,  36   although a more recent study has 
shown no effect.  40  ,  41   

   Rhythmic internal compression provided by 
muscle contraction also squeezes the lymph 
through the lymph vessels, improving its flow back 
to the vascular system. This muscle contraction 
can be accomplished through isometric or active ex-
ercise or through electrically induced muscle con-
traction. Several authors also advocate the use of 
noncontractable electric current for edema control 
and reduction. (See Chapter 5 for a discussion of 
electrical therapy for edema control.) When eleva-
tion is combined with muscle contraction, lymph 
flow benefits.  4  ,  6  ,  12   

   External pressure also can be used to increase 
lymph flow. Massage, elastic compression, and 
intermittent pressure devices are the most often 
used external pressure devices. External compres-
sion can be provided by an elastic wrap or by a cus-
tom fitted elastic garment such as those made by 
Jobst ( Figure 11–5 ) This external compression not 
only moves the lymph along but also may spread 
the intercellular edema over a larger area, enabling 
more lymph capillaries to become involved in remov-
ing the plasma proteins and water. External pres-
sure from horseshoes and other pads used under 
elastic wraps are also helpful in minimizing the 
accumulation or reaccumulation of edema in the 
injured area.  9  ,  44  ,  45  ,  46   

   Gardner has proposed that weight-bearing 
activities activate a powerful venous pump.  15   The 
pump consists of the venae comitantes of the lat-
eral plantar artery. It is emptied immediately on 
weight bearing and flattening of the plantar arch. 

Because this emptying occurs so rapidly, they 
believe that this process is mediated by the release 
of an    endothelial-derived relaxing factor    
(EDRF) and is not related to muscular activity of 
the limb. The EDRF is liberated by sudden pressure 
changes, and it diffuses locally. Its major action is 
to relax the smooth muscle and stimulate blood 
flow rates in the veins.  18   

   This phenomenon may explain the rapid 
decrease in edema that occurs when patients switch 
from a non-weight-bearing gait to a weight-bearing 
gait. Using this venous pump on lower leg edema is 
a reason to include early weight bearing in a variety 
of injury treatment protocols. 

   Using an intermittent compression device to 
decrease postacute injury edema has recently been 
shown to have a good effect. The addition of 
 cryotherapy to the intermittent compression has 
shown the best results in the reduction of postacute 
injury edema.  1  ,  2  ,  3  ,  5  ,  19  ,  20  ,  25  ,  30  ,  37  ,  38  ,  47   

Figure 11–5 Jobst compression garment.

endothelial-derived relaxing factor Relaxes 
smooth muscle and stimulates blood flow rates 
in veins.
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 INTERMITTENT COMPRESSION 
TREATMENT TECHNIQUES 

 Three parameters are available for adjustment when 
using most intermittent pressure devices: (1) infla-
tion pressure; (2) on-off time sequence; and (3) total 
treatment time ( Figure 11–6 ). There are also inter-
mittent pressure devices with multiple compart-
ments that inflate distal to proximal with gradual 
reduced pressure in each compartment. These 
 devices try to mimic the massage strokes used in 
edema removal.  19  ,  20  ,  25  ,  42   Reduction in postacute in-
jury edema does not require this graded sequential 
action, nor is postinjury edema reduction 
 significantly enhanced by these devices.  25  ,  42   All in-
termittent compression devices seem to have similar 
influences on edema. The treatment parameters in-
clude the following: 

  •   Inflation pressure  
  •   On-off times  
  •   Total treatment time    

   Little research has been done comparing adjust-
ments of these parameters with volumetric results. 
Empiricism and clinical trials have been used to 
design the established protocols. 

 Inflation Pressures 

 Pressure settings have been loosely correlated with 
blood pressure and patient comfort to arrive at the 
therapeutic pressure. A pressure approximating the 
patient’s diastolic blood pressure has been used in 
most treatment protocols. The arterial capillary 
pressures are approximately 30 mmHg, and any 
pressure that exceeds this should encourage reab-
sorption of the edema and movement of the lymph. 
Maximum pressure should correspond to the sys-
tolic blood pressure. Higher pressure would shut off 
arterial blood flow and create a potentially uncom-
fortable tissue response as a result of low blood 
flow.  1  ,  2  ,  3  ,  11  ,  13  ,  21  ,  23   

   More may not necessarily be better. Enough 
pressure is needed to squeeze the lymphatic vessels 

Figure 11–6 A digital pressure indicator and a 
pressure control knob on the control panel allow the 
clinician to easily adjust compression pressure.

 Clinical Decision-Making Exercise 11–2

A patient has swelling in the knee joint from 
a sprain of the anterior cruciate ligament. 
What treatment techniques should the athletic 
trainer use on day 2 postinjury to help eliminate 
swelling?

Treatment Protocols: Intermittent 
Compression

1. Attach sleeve to compression pump via 
tubing.

2. Turn pump on and inflate to <60 mm for 
the lower extremity, <50 mm for the upper 
extremity. Warning: Do not exceed 
diastolic bp.

3. Adjust the compression pump to cycle in a 
3:1 ratio of on and off time.

4. Set duration of treatment from 30 minutes 
to 1 hour.

5. Encourage the patient to wiggle his or her 
fingers or toes during the off cycle.

6. Remove the sleeve at least once during the 
course of treatment to inspect skin and allow 
joint motion.
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and force the lymph to move. This should be accom-
plished with relatively low pressures, for example, 
30–40 mmHg. The other mechanism in operation is 
the force of the hydrostatic pressure and pressure in 
the range of 40–50 mmHg should suffice to raise the 
interstitial fluid pressure higher than the blood ves-
sel pressures.  13  ,  21  ,  23   Recommended inflation pres-
sures for intermittent compression are 30–60 mm 
for the upper extremity and 40–80 mm for the lower 
extremity. 

   It has also been suggested that the pressures 
indicated on the control panel may be substantially 
less than actual pressures in the cuff. Thus it is rec-
ommended that cuff target pressures be set at much 
lower levels than indicated above.  35   

 On-Off Sequence 

 On and off time sequences are even more variable, 
with some protocols calling for a sequence of 30 sec-
onds on, 30 seconds off; 1 minute on, 2 minutes off; 
whereas others reverse this to 2 minutes on, 1 min-
ute off. Others use a 4 minutes on to 1 minute off 
ratio. One study has recommended using continu-
ous compression for treating delayed onset muscle 
soreness.  22   If lymphatic massage is the primary ve-
hicle used in this therapy, shorter on-off time se-
quences may have an advantage. The hydrostatic 
pressure vehicles require the longer on times. These 
time periods are not research based, and the athletic 
trainer is left to his or her own empirical judgment 
as to the optimum time sequence for each patient. 
Patient comfort should be the primary deciding fac-
tor here. On-off times can be easily adjusted on the 
control panel of most intermittent compression units 
( Figure 11–7 ). 

 Total Treatment Time 

 Total treatment times have some basis in research, 
but again this is convenience or empirically based 
in many instances. Most of the protocols for 
primary lymphedema call for 3- to 4-hour treat-
ments. This time frame has been effective for many 
patients.  1–3  ,  5  ,  12  ,  13  ,  19  ,  20  ,  22  –  25  ,  29  –  33  ,  36  –  38  ,  42  ,  44  ,  47    

    Researchers have shown a marked increase in 
lymph flow on initiation of massage; this flow decreases 
over a 10-minute period and stops when the massage 
is discontinued.  28   Clinical studies show significant 
gains in limb volume reduction after 30 minutes of 
compression.  1  –  3  ,  5  ,  12  ,  24  ,  25  ,  29  ,  30  ,  36  –  37  ,  38  ,  44  ,  47   In most 
situations, a 10- to 30-minute treatment seems ade-
quate unless the edema is overwhelming in volume or 
is resistant to treatment. More treatment times per day 
may also be an advantage in controlling and reducing 
edema from various musculoskeletal injuries.  

 Clinical Decision-Making Exercise 11–3

A patient comes into the clinic 3 days 
postinversion ankle sprain, which happened at 
an away contest. He now shows signs of pitting 
lymphedema, and the athletic trainer decides to 
use an intermittent compression device to help 
reduce the edema. What would be the appropriate 
treatment parameters?

Figure 11–7 Time setting control knobs for on and 
off cycles of an intermittent compression unit. This 
illustrates the setting at the beginning of the treatment 
when the appliance is uninflated. The off-time knob is 
increased when the proper inflation pressure is reached.
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 Sequential Compression Pumps 

 Many intermittent compression pumps have incor-
porated sequentially inflated multiple compartment 
designs for some time  16  ,  17  ,  30   ( Figure 11–8 ). 
Recently, these designs have also included a pro-
grammable gradient design. This was designed to 
incorporate the massage effect of a distal to proxi-
mal pressure with a gradual decrease in the pres-
sure gradient.  20   

   The highest pressure is in the distal sleeve and, 
according to the manufacturer’s recommendation, 
is determined by the mean value of systolic to 

diastolic pressure at the outset of a specifically 
determined 48-hour protocol whose purpose is to 
determine the effectiveness of the device in individ-
ual cases.  20   The middle cell is set 20 mm lower than 
the distal cell, and the proximal cell pressure is 
reduced an additional 20 mm. There are some 
sequential units that have as many as six sequen-
tial compartments. 

   The length of each pressure cycle is 120 seconds. 
The distal cell is pressurized initially and continues 
pressurization for 90 seconds. Twenty seconds lat-
er the middle cell is inflated, and after another 
20 seconds the proximal cell inflates. A final 

Figure 11–8 Sequential compression pumps. (a) PresSsion gradient sequential pump. (b) CryoPress. (c) BioCryo. 
(d) KCI Sequential Pump.

(a)

(b)

(c) (d)
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30-second period allows pressure in all three cells to 
return to 0, after which the cycle repeats itself. 

   Only a few studies have shown the efficacy of 
using decreasing pressure in a distal to proximal 
direction relative to previously existing compression 
sleeves.  15  ,  16   In a study comparing sequential com-
pression and cold and compression, Lemly found 
both effective in reducing edema but no significant 
difference between the devices.  25   

   Intermittent compression may also be used in 
conjunction with a low-frequency pulsed or surging 
electrical stimulating current setup to produce mus-
cle pumping contractions. The combination of these 
two modalities should facilitate resorption of injury 
by-products by the lymphatic system.  12     

 Patient Setup and Instructions 

 Patient setup using an intermittent compression 
device is relatively simple. The patient should have 
the appropriate-sized compression appliance fitted 
on the extremity in an elevated position 
( Figure 11–9 ). The compression sleeves come as ei-
ther foot and ankle, half-leg, full-leg, full-arm, or 
half-arm. They may be single compartment sleeves 
or sequential compartment sleeves ( Figure 11–10 ). 
The deflated compression sleeve is connected to the 
compression unit via a flexible hose and connecting 
valve. 

   Once the machine has been turned on, three 
parameters may be adjusted: on-off time, inflation 
pressure, and treatment time. The on time should 
be adjusted between 30 and 120 seconds. The off 
time is left at 0 until the sleeve is inflated and the 
treatment pressure is reached and then may be 
adjusted between 0 and 120 seconds. When the 
unit cycles off, the patient should be instructed to 

Figure 11–9 Uninflated compression appliance applied 
to a patient’s leg in an elevated position.

Figure 11–10 Intermittent compression sleeves. 
(a) Single compartment sleeves. (b) Sequential 
compartment sleeves.

(a)

(b)
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move the extremity. A 30-seconds-on, 30-seconds-
off setting seems to be both effective and comfort-
able for the patient. Some compression devices 
slowly reach the target pressure, whereas others 
respond more rapidly. It is important that the on 
and off times take the machine characteristics into 
account. 

   When using electrical stimulation in combina-
tion with compression, always adjust the current 
intensity with the sleeve fully pressurized, as this 
may affect electrode contact and current density 
( Figure 11–11 ). 

   The treatment should last between 20 and 
30 minutes. Patients do not seem to comfortably 
tolerate treatments lasting longer than 30 min-
utes. On completion of the treatment, the extrem-
ity should be measured to see if the desired results 

have been achieved. The part should be wrapped 
with elastic compression wraps to help maintain 
the reduction. If the edema is not reduced, 
another treatment may be needed after a short 
recovery time. If not contraindicated, weight 
bearing should be encouraged to stimulate the 
venous pump.  

 COLD AND COMPRESSION 
COMBINATION 

 Some manufacturers have coupled intermittent 
pressure with a coolant (usually water). These de-
vices have the advantage of cooling the injured part 
as well as compressing it. The Jobst Cryo-Temp is a 
controlled cold-compression unit that has a tem-
perature adjustment ranging between 10 and 
25° C. Cooling is accomplished by circulating cold 
water through the sleeve. 

   The combination of cold and compression has 
been shown to be clinically effective in treating some 
edema conditions.  5  ,  12  ,  21  ,  25  ,  26  ,  30  ,  37  ,  38   A study com-
paring a technique using an intermittent compres-
sion unit, cold, and elevation with one using an 
elastic wrap, cold, and elevation showed that the 
use of the cold-compression device was more effec-
tive in edema reduction.  5   

   The Cryo-Cuff, discussed previously in Chapter 
4, the Game Ready System, the Vital Wrap System 
Polar Care Cub are all portable units that make use of 
both compression and cold ( Figure 11–12 ). These 
units are inexpensive and are also relatively easy to 
use. Currently their most common use is in manage-
ment of postsurgical swelling. The BioCryo unit in 
Figure 11–8 is an example of a stationary cold-
compression unit. 

 INDICATIONS AND 
CONTRAINDICATIONS 
FOR USE 

  Table 11–1  summarizes indications and contrain-
dications for using intermittent compression. In-
termittent compression has been recommended 

 Clinical Decision-Making Exercise 11–4

The athletic trainer is treating a swollen ankle 
with intermittent compression and wants to know 
whether using electrical-stimulating current or 
cold or a combination of the two will be more 
effective in treating lymphedema.

Figure 11–11 Intermittent compression used in 
combination with electrical stimulating currents to 
reduce edema.
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Figure 11–12 Portable cold and compression units. (a) Cryo Cuff. (b) Game Ready System. (c) Vital Wrap. 
(d) Polar Cub. 

(d)(c)

for treating lymphedema; traumatic edema that 
occurs following injury to soft tissue; chronic 
 edema that occurs in patients with certain types 
of neurologic diseases owing to an inability to 
move a limb; stasis ulcers that develop with the 
presence of fluid in the interstitial spaces for long 
periods of time; swelling that occurs with limb 
amputation; patients on dialysis owing to renal 
insufficiency that tend to develop edema in the 
extremities and hypothesion; patients with arte-
rial insufficiency, such as in cases of intermittent 
claudications to increase venous return; edema 
and contractures in the hand that result from 

(a)

(b)

TABLE 11–1  Indications and 
Contraindications for 
Intermittent Compression

INDICATIONS

Lymphedema
Traumatic edema
Chronic edema
Stasis ulcers
Intermittent claudications
Wound healing following 

surgery

CONTRAINDICATIONS

Deep vein thrombosis
Local superficial infection
Congestive heart failure 
Acute pulmonary edema
Displaced fractures
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  6.   What are the three treatment parameters that 
should be considered when using intermittent 
compression?  

  7.   How can intermittent compression be used 
 effectively in combination with other modalities?  

  8.   Are there any clinical advantages to using 
 sequential compression pumps?  

  9.   What are the clinical applications for using 
 intermittent compression devices?    

stroke or surgery; and stimulating proteoglycan 
synthesis in human cartilage.  17  ,  24  ,  28  ,  31  ,  33   It has 
also been used postoperatively to reduce the 
 possibility of developing a deep vein thrombosis 
 resulting from inactivity and coagulation; and to 
facilitate wound healing following surgery by re-
ducing swelling.  8  ,  27  ,  29   

   The athletic trainer should avoid using inter-
mittent compression in patients with known deep 
vein thrombosis, local superficial infection, conges-
tive heart failure, acute pulmonary edema, and dis-
placed fractures.  14   

 Clinical Decision-Making Exercise 11–5

An athletic training student is providing 
initial first aid care to an athlete who has a 
grade 1 ankle sprain. He asks his supervising 
athletic trainer if it is OK to use the intermittent 
compression unit instead of an elastic wrap. 
How should the supervising athletic trainer 
respond?

  Summary  

   1.   Edema following injury or surgery can be ef-
fectively managed using a compression pump 
program.  

   2.   Lymphedema is swelling in the subcutaneous 
tissues that results from an excessive accumu-
lation of lymph and usually occurs over several 
hours following the injury.  

   3.   Muscle activity, active and passive movements, 
elevated positions, respiration, and blood ves-
sel pulsation all aid in the movement of lymph 
by compressing the lymphatic vessels and al-
lowing gravity to pull the lymph down the 
channels.  

   4.   The use of ice, compression, electricity, 
elevation, and early gentle motion retards the 

accumulation of fluid and keeps the lymphatic 
system operating at an optimum level.  

   5.   Three parameters may be adjusted when using 
most intermittent pressure devices: inflation 
pressure, on/off time sequence, and total treat-
ment time. Adjustments in these parameters 
should be made using patient comfort as the 
primary guide.  

   6.   The combination of cold and compression has 
been shown to be clinically effective in treating 
some edema conditions.  

   7.   Sequential compression pumps were designed 
to incorporate the massage effect of a distal-to-
proximal pressure with a gradual decrease in 
the pressure gradient.    

  Review Questions  

  1.   What are the various types of edema that can 
accumulate following trauma?  

  2.   Explain the purpose, structure, and function of 
the lymphatic system.  

  3.   What is lymphedema?  
  4.   What can be done to facilitate the reabsorption 

of lymphedema into the lymphatic  system?  
  5.   What are the effects of external compression 

on the accumulation and the reabsorption of 
edema following an injury?  
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  Self-Test Questions 

  True or False   
   1.   One of the roles of the lymphatic system is to 

remove excess proteins from interstitial fluid.  
   2.   The lymphatic system runs parallel to the ar-

terial system.  
   3.   None of the lymphatic vessels has muscular 

linings. 

  Multiple Choice   
   4.   Excessive accumulation of lymph fluid in sub-

cutaneous tissues is called 
 a.    edema 
 b.    lymphedema 
 c.    joint swelling 
 d.    pitting edema    
   5.   Lymph is composed of  
 a.   endothelial cells and fibrils 
 b.    a transparent, slightly yellow liquid found 

in lymphatic vessels 
 c.    the fluid in extracellular space 
 d.    blood and joint fluid in the joint    
   6.   Which of the following are responsible for 

lymph movement? 
 a.    muscle activities 
 b.    active and passive movements 
 c.    elevated positions 
 d.    all of the above    

   7.   At what minimum setting should the pres-
sure be when using intermittent compression 
 devices? 

 a.    greater than or equal to 30 mmHg 
 b.    greater than or equal to 100 mmHg 
 c.    approximately systolic pressure 
 d.    approximately diastolic pressure    
   8.   How long should most intermittent compres-

sion treatments last, bearing in mind athlete 
comfort? 

 a.    5–10 minutes 
 b.    10–20 minutes 
 c.    20–30 minutes 
 d.    over an hour    
   9.   What may be combined with compression 

treatment? 
 a.    cold, via a cold-compression unit 
 b.    electrical stimulating current 
 c.    neither a nor b 
 d.    both a and b    
   10.   Which of the following is NOT a contraindica-

tion to intermittent compression? 
 a.    intermittent claudication 
 b.    deep vein thrombosis 
 c.    displaced fracture 
 d.    local superficial infection      

  11–1   Joint swelling is usually contained in the 
joint capsule and feels very much like a 
water balloon. The fluid is easily moved 
around by simply applying pressure on one 
side of  the joint. Lymphedema occurs in 
the subcutaneous tissues and has more of  
a gel-like feeling to it and leaves an indenta-
tion after finger pressure is removed.  

  11–2   The athletic trainer should include cold, el-
evation, compression, using an  intermittent 
compression unit, and some weight- bearing 
exercise to facilitate venous and lymphatic 
drainage.  

  11–3   The compression boot should be applied 
with the inflation pressure set at about 
60 mmHg, the on-off  time at 30 secs on 
30 secs off, and a total treatment time of  
20 minutes initially. The on-off  times and 
total treatment time can be increased over 
the next several days as can be tolerated.  

  11–4   Using electrical stimulating currents to in-
duce muscle pumping contractions should 
facilitate removal of  edema. Also, it is well 
documented that using cold in conjunction 
with compression is clinically effective in 
treating cases of  lymphedema.  

  Solutions to Clinical Decision-Making Exercises  
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 Case Study 11–1  

 INTERMITTENT COMPRESSION  
 Background   A 48-year-old male developed pain 
and edema in his right foot and ankle subsequent to 
stepping in a hole in his yard while mowing his lawn. 
He was treated at his local hospital’s emergency room. 
He failed to comply with their instructions to elevate 
and ice the injured extremity and reported to his family 
physician 48 hours later with a moderately swollen 
and ecchymotic right ankle. The patient reported the 
obvious swelling, localized tenderness over the lateral 
aspect of the ankle, and difficulty with weight bearing 
during ambulation. Physical examination revealed 
point tenderness at the ATF (anterior talofibular liga-
ment), 2+effusion—figure 8 girth increased by 
3/4 inch versus uninvolved side, and reduced ROM of 
dorsiflexion to 0 degrees/plantarflexion to 35 degrees. 
The ankle was stable to anterior drawer and talar 
tilt tests.   

 Impression   Subacute grade I inversion sprain right 
ankle.   

 Treatment Plan   In addition to reinstruction in 
home care principles, a course of intermittent compres-
sion was initiated to the right foot/ankle to mobilize the 
residual effusion/edema. The right lower extremity 
was elevated, pretreatment circumferential measure-

ments taken, and stockingnette placed over the extrem-
ity. Treatment consisted of 60 mmHg pressure applied 
intermittently for 30 seconds on/10 seconds off cycles 
for 30 minutes duration. Posttreatment circumferen-
tial measures were taken and the patient was encour-
aged to attempt active and active-assisted ankle pump-
ing exercise. Patient was fitted with a compression 
stocking and thermoplastic ankle stirrup for ambula-
tion weight bearing as tolerated.   

 Response   Postinitial treatment, patient’s circum-
ferential measures were reduced by 1/4 inch. Dorsi-
flexion range of motion increased by 5 degrees. Over 
the course of five treatment sessions, effusion was 
resolved and active range of motion approached nor-
mal limits. Strengthening exercises were imple-
mented and the patient continued to ambulate with 
the aid of the ankle stirrup. At the time of discharge 
the patient was essentially symptom free, indepen-
dent in performing his strengthening regimen, and 
had returned to his yard work. 

The rehabilitation professional employs therapeutic 
agent modalities to create an optimum environment 
for tissue healing while minimizing the symptoms 
associated with the trauma or condition.   

 Case Study 11–2  

 INTERMITTENT COMPRESSION  
 Background   A 57-year-old woman underwent a 
modified radical mastectomy on the right 1 year ago, 
followed by radiation treatment for breast cancer. Over 
the past 6 months, she has developed progressively 
increasing swelling in the right upper arm, from the 
hand to the axilla. The swelling is beginning to interfere 
with her ability to work on the assembly line at an auto-
mobile manufacturing plant and her daily activity. She 
has been referred for assistance in management of the 
edema. Circumferential measurements of her upper arms 
reveal that the right upper arm is 20% larger than the left 
upper arm from the wrist to the deltoid tubercle.   

 Impression   Postmastectomy lymphedema syn-
drome due to lymph node removal and damage.   

 Treatment Plan   Intermittent compression using 
a full-length upper arm sleeve. The inflation pres-
sure was initially set at 40 mmHg, with an on time 
of 45 seconds and off time of 60 seconds, and a total 
treatment time of 30 minutes. The patient was posi-
tioned supine, with the right upper arm elevated on 
pillows, and she was asked to make and release a fist 
during the time the sleeve was deflated. Treatment 
was conducted three days per week for a total of 
15 sessions.   
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 Response   There was a light decrease in right upper 
arm circumference following the initial treatment, but 
the reduction was not maintained. Over the next three 
sessions, the maximum inflation pressure was gradu-
ally increased to 60 mmHg, and the on time was 
increased to 120 seconds, with an off time of 30 seconds. 
There was a steady decrease in limb circumference 

until the 11th session, after which no further gains 
were noted. She was then fitted with a custom elastic 
garment to assist in maintaining the reduced limb 
volume. Upon discharge, her right upper arm had 
a circumference that was 8% greater than the left 
upper arm.   
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    T
raction    has been used since ancient times in 
the treatment of painful spinal conditions. 
Traction can be defined as a drawing tension 

applied to a body segment.  5  ,  38   In the clinical setting, 
traction may be performed  mechanically , using a 
traction machine or ropes and pulleys to apply a 
traction force, or it may be performed  manually  by 
an athletic trainer who understands the appropri-
ate positions and intensities of the force being 
applied to the joints of the spine or the extremities. 
Some of the concepts of traction discussed in this 
chapter are generalizable to the treatment of the 
extremities; however, this discussion has been 
aimed specifically at cervical and lumbar spinal 
traction.         

  THE PHYSICAL EFFECTS 
OF TRACTION   

 Effects on Spinal Movement 

 Traction encourages movement of the spine both 
overall and between each individual spinal segment.  3   
Changes in overall spinal length and the amount of 
separation or space between each  vertebra have 
been shown in studies of both the lumbar and the 
cervical spine ( Figure 12–1 ).  1  ,  9  ,  24  ,  37  ,  39  ,  40  ,  47  ,  48   

   The amount of movement varies according to 
the position of the spine, the amount of force, and 

 CHAPTER 12 

 Spinal Traction  
    Daniel   N.   Hooker     

 Following completion of this chapter, the 
athletic training student will be able to: 

  •  Analyze the physical effects and therapeutic 
value of traction on bone, muscle, ligaments, 
joint structures, nerve, blood vessels, and 
intervertebral disks.

• Evaluate the clinical advantages of using 
positional lumbar traction and inversion 
traction. 

  •  Describe the clinical applications for using 
manual lumbar traction techniques including 
level-specific manual traction and unilateral leg 
pull manual traction. 

  •  Explain the setup procedures and treatment 
parameter considerations for using mechanical 
lumbar traction. 

  •  Articulate the advantages of using a manual 
traction technique of the cervical spine. 

  •  Demonstrate the setup procedure for mechanical 
traction techniques for the cervical spine.    

traction  Drawing tension applied to a body 
 segment.
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the length of time the force is applied. Separations of 
1–2 mm per intervertebral space have been reported. 
This change is very transient, and the spine quickly 
returns to the previous intervertebral space relation-
ships when traction is released and the erect posture 
is assumed.  14  ,  21  ,  22  ,  28  ,  40   Decreases in pain, paresthe-
sia, or tingling while traction is applied may be 
caused by the physical separation of the vertebral 
segments and the resultant decrease in pressure on 
sensitive structures. If these changes occur while 
the patient is being treated with traction, the prog-
nosis for the patient is good and traction should be 
continued as part of the treatment plan.  3  ,  8  ,  39   Any 
lasting therapeutic changes must be assumed to occur 
from adjustments or adaptations of the structures 
around the vertebrae in response to the traction.   

 Effects on Bone 

 Bone changes, according to    Wolff’s law   , usually 
occur in response to compressive or distractive 
loads. Traction places a distractive load on each of 
the vertebrae affected by the traction load. Al-
though bone tissue adapts relatively quickly, bony 
changes do not occur fast enough to cause the 
symptom changes that occur with traction applica-
tion. An intermittent traction with a rhythmic on 

and off load cycle not only provides distraction load 
but also promotes movement. The major effect of 
traction on the bone may come from the increase in 
spinal movement that reverses any immobilization-
related bone weakness by increasing or maintain-
ing bone density. 

   Effects on Ligaments 

 The ligamentous structures of the spinal column are 
stretched by traction. Structural changes of the liga-
ments occur relatively slowly in response to mechan-
ical stresses because ligaments have    viscoelastic 
properties    that allow them to resist shear forces 
and return to their original form following the re-
moval of a deforming load.  3  ,  8  ,  39   

   With rapid loading, the ligaments become stiffer 
or resistant to changes in length and are able to 
absorb a high load or force before failure occurs. 
With this type of loading, overstress could produce a 
significant injury.  8   

   Slow loading rates allow the ligament to 
lengthen as it absorbs the force of the load. Over-
stress can still produce injury, but it is not as severe 
as in the high loading rates. The amount of    liga-
ment deformation    accompanying a low rate of 
loading is higher than in rapid loading situations. 
Loading should be applied slowly and comfortably.  8   
The ligament deformation allows the spinal verte-
brae to move apart. 

   In ligaments shortened or contracted by an 
injury or a long-term postural problem, traction is 
important in restoring normal length. The traction 
force provides the stress that encourages the liga-
ment to make adaptive changes in length and 
strength. The traction force in this instance would 

Wolff’s law Bone remodels itself and provides 
 increased strength along the lines of the mechanical 
forces placed on it.

viscoelastic properties The property of a material 
to show sensitivity to rate of loading.

ligament deformation Lengthening distortion of 
ligament caused by traction loading.

Figure 12–1 (a) Spine in normal resting position. 
(b) Spine under traction load with overall increase in length 
and overall increased separation between each vertebra.

(b)(a)
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have to be heavy enough to stimulate adaptive 
changes but not heavy enough to overwhelm the 
ligament. In acute severely sprained ligaments, a 
traction force may overwhelm the ligament and 
have a negative effect on the healing process. Trac-
tion treatment should be a part of an overall treat-
ment program that includes strengthening and 
flexibility exercises.  3   

   When they are stretched, the ligaments put 
pressure on or move other structures within the 

 ligamentous structure (   proprioceptive nerves   ) 
and external to the ligament structure (   disk 
material   ,    synovial fringes   , vascular structures, 
nerve roots). This pressure or movement can have 
a tremendous impact on painful problems if it 
reduces pressure on a sensitive structure (nerve, 
vascular). Activation of the proprioceptive system 
also relieves pain by providing a gating effect simi-
lar to a transcutaneous electrical nerve stimula-
tion treatment.  3  ,  12   

   Effects on the Disk 

 The mechanical tension created by the traction has 
an excellent effect on    disk protrusions    and disk-
related pain. Normally, the disk helps to dissipate 
compressive forces while the spine is in an erect pos-
ture ( Figure 12–2a ). In the normal disk, internal 
pressure increases but the nucleus pulposus (fluidlike 
center of the fibrocartilaginous vertebral disk) does 
not move with changes in the weight-bearing forces 
as the spine moves from flexion to extension.  40   When 

proprioceptive nervous system System of nerves 
that provide information on joint movement, pres-
sure, and muscle tension.

disk material Cartilaginous material from vertebral 
body surfaces, disk nucleus, or annulus fibrosus.

synovial fringes Folds of synovial tissue that move 
in and out of the joint space.

disk protrusion The abnormal projection of the 
disk nucleus through some or all of the annular rings. 

Figure 12–2 Fluid dynamics of the intervertebral disk. (a) Normal disk in noncompressed position; internal pressure, 
indicated by arrows, is exerted relatively equally in all directions. The internal annular fibers contain the nuclear 
materials. (b) Sitting or standing with compression of an injured disk causes the nucleus to become flatter. Pressure 
in this instance still remains relatively equal in all directions. (c) In an injured disk, movement in the weight-bearing 
position causes a horizontal shift in the nuclear material. If this was forward bending, the bulge to the left would take 
place at the posterior annular fibers while the anterior annular fibers would be slackened and narrow. (d) Weakness 
of the annular wall would allow the nuclear material to create a herniation and possibly put pressure on sensitive 
structures in the area. (e) When placed under traction, the intervertebral space expands, lowering the disk pressure. 
The taut annulus creates a centripetally directed force. Both these factors encourage the nuclear material to move 
and decrease the herniation and its effects.

(a) (b) (c) (d) (e)
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an injury occurs to the disk structures and the disk 
loses its normal fullness, the vertebrae can move 
closer together. The annular fibers bulge just as an 
underinflated car tire bulges when compared with a 
normally inflated one ( Figure 12–2b ).  40   

   If the disk is damaged and movement occurs in a 
weight-bearing position, the disk nucleus will shift 
according to fluid-dynamic principles. Pressure on 
one side squeezes the nucleus in the opposite direction 
( Figure 12–2c ). If tears develop in the annular fibers, 
the nucleus will tend to take the path of least resis-
tance and move in this direction ( Figure 12–2d ).     

 Traction that increases the separation of the 
vertebral bodies decreases the central pressure in 
the disk space and encourages the    disk nucleus    
to return to a central position. The mechanical ten-
sion of the    annulus fibrosus    and ligaments 
 surrounding the disk also tends to force the nuclear 
material and cartilage fragments toward the 
 center.  3  ,  12  ,  22  ,  29  ,  37  ,  40   

   Movement of these materials relieves pain and 
symptoms if they are compressing nervous or vascu-
lar structures. Decreasing the compressive forces also 
allows for better fluid interchange within the disk and 
spinal canal.  3  ,  12   The reduction in    disk herniation    is 
unstable and the herniation tends to return when 
compressive forces return ( Figure 12–2d and e ).  28  ,  29   

   The positive effect of traction in this instance 
may be destroyed by allowing the patient to sit 
after treatment. Minimizing compressive forces 
after treatment may be equally as important to the 
 treatment’s success as the traction.  3   The sitting 
posture increases the disk pressure, causing the 
nucleus to follow the path of least resistance and a 
return of the disk herniation.   

■ Analogy 12–1

The nucleus within the vertebral disk is like a piece of 
candy that has a liquid center. If you squeeze the candy, 
the liquid center is forced to move in the opposite direc-
tion away from the pressure. If you pull on the top and 
bottom of the piece of candy, the liquid center will 
move back toward the center. Traction can effect 
movement of the nucleus away from the nerve root, 
thus decreasing pressure.

disk nucleus The protein polysaccharide gel that is 
contained between the cartilaginous endplates of the 
vertebrae and the annulus fibrosus.

annulus fibrosus The interlacing cross fibers of 
fibroelastic tissue that are attached to adjacent verte-
bral bodies that contain the nucleus pulposus.

disk hernia tion The protrusion of the nucleus 
pulposus through a defect in the annulus fibrosus.

facet joints Articular joints of the spine.

meniscoid structures A cartilage tip found on the 
synovial fringes of some facet joints.

 Effects on Articular Facet Joints 

 The articular joints of the spine (   facet joints   ) can 
be affected by traction, primarily through increased 
separation of the joint surfaces.    Meniscoid struc-
tures   , synovial fringes, or osteochondral fragments 
(calcified bone chips) impinged between joint sur-
faces are released and a dramatic reduction in symp-
toms is noticed when joint surfaces are separated. 
Increased joint separation decompresses the articu-
lar cartilage, allowing the synovial fluid exchange 
to nourish the cartilage. The separation may also 
decrease the rate of degenerative changes from 
 osteoarthritis. Increased proprioceptive discharge 
from the facet joint structures provides some 
 decrease in pain perception.  3  ,  8  ,  14  ,  29   

   Effects on the Muscular System 

 The vertebral muscles can be effectively stretched by 
traction provided that the positions of the spine dur-
ing traction are selected to optimize the stretch of 
particular muscle groups. The initial stretch should 
come from body positioning, and the addition of 
traction then provides some additional stretch. Elec-
tromyographic recordings of the spinal erector mus-
cles during traction showed some decrease in EMG 
activity in most patients, indicating a muscular re-
laxation.  16  ,  36   This effect can be enhanced by palpat-
ing the erector muscles and focusing the patient’s 
attention on relaxing them. The muscular stretch 
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lengthens tight muscle structures or creates 
 relaxation of contraction, allowing better muscular 
blood flow, and also activates muscle  proprioceptors, 
providing even more of a gating influence on the 
pain. All these properties lead to a  decrease in mus-
cular irritation.  3  ,  14  ,  15  ,  18  ,  27  ,  33   

   Ligaments may be progressively stretched with 
traction.   

 Effects on the Nerves 

 The nerve is the structure at which traction’s effects 
are most often directed. Pressure on nerves or roots 
from bulging disk material, irritated facet joints, 
bony spurs, or narrowed foramen size causes the 
neurologic malfunctioning often associated with 
spinal pain. Tingling is usually the first clinical sign 
indicating that there is pressure on a nerve struc-
ture. If the pressure is not relieved or if damage of 
the nerve as a result of trauma or anoxia has  resulted 
in an inflammation, the tingling may not respond to 
traction.  14  ,  16  ,  24  ,  39  ,  40  ,  46  ,  48   

   Unrelieved pressure on a nerve causes slowing 
and eventual loss of impulse conduction. The signs 
of motor weakness, numbness, and loss of reflex 
become progressively more apparent and are indica-
tive of nerve degeneration. Pain, tenderness, and 
muscular spasm are also associated with continued 
pressure on the nerve. 

   Anything that decreases the pressure on the 
nerve increases the blood’s circulation to the nerve, 
decreasing edema and allowing the nerve to return 
to normal functioning. Some degenerative changes 
are reversible, depending on the amount of degen-
eration and the amount of fibrosis that occur during 
the repair process.  3  ,  14  ,  46  ,  48     

 Effects on the Entire Body Part 

 The previous discussion outlined the effect of trac-
tion on the major systems involved in spine-related 
pain and dysfunction. The complexity and interrela-
tionships among these systems make determining 
specific causes of pain and dysfunction very difficult. 
Traction is not specific to one system but has an 

effect on each system, and collectively the effect 
can be very satisfactory. Traction can affect the 
pathologic process in any of the systems, and then 
all the structures involved can begin to normalize. 
Traction should not stand alone as a treatment 
but should be considered as part of an overall 
treatment plan, and each component of any spine-
related dysfunction should be treated with other 
appropriate modalities.  1  ,  3  ,  8  ,  12  ,  27  ,  39  ,  40  ,  42  ,  45      

  TRACTION TREATMENT 
TECHNIQUES  

 The literature on traction and its clinical effective-
ness is somewhat limited.  9  ,  12  ,  15  ,  29  ,  40  ,  47  ,  49  ,  5    5   Most of 
the clinical studies go into great depth about the 
pathology being treated, but unfortunately they 
provide only a cursory description of the traction 
setup, making duplication of the traction method 
difficult.  49   

   The following discussion of specific traction set-
ups is organized according to lumbar and cervical 
traction. Each of these areas will contain discus-
sions of postural, manual, and machine-assisted 
traction. The traction setups mentioned in this 
chapter should be used as starting points in a treat-
ment plan. The parameters of time, position, and 
traction force should be adapted to the patient, 
rather than forcing the patient to adapt to a prede-
termined traction setup. 

   The treatment plan should include the clinical 
criteria for judging the success and continued use 
of traction. Positive changes should occur within 
5–8 treatment days if traction is going to be suc-
cessful, for example, if a patient has a positive 
straight leg raise sign (that is, pain in the back with 
a passive straight leg raise). This is a measurable 
clinical criterion that can be used to judge the treat-
ment’s  success. If the straight leg raise test is posi-
tive at 20 degrees of hip flexion before and after 
traction, and after successive treatments the 
straight leg raise test is positive at increasing degrees 
of hip flexion, then the treatment can be considered 
successful.  31     
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  LUMBAR POSITIONAL 
TRACTION  

 Spinal nerve root impingement, from a variety of 
causes ranging from disk herniation or prolapse to 
spondylolisthesis, is the leading diagnosis for which 
traction is prescribed. Traction has also been used to 
treat joint hypomobility, arthritic conditions of the 
facet joints, mechanically produced muscle spasm, 
and joint pain.  3  ,  15  ,  16  ,  39  ,  40  ,  48  ,  50  ,  5    5   

   Normal spinal mechanics allow movements to 
occur that narrow or enlarge the intervertebral 

foramina. If the patient is placed in the supine 
 position with hips and knees flexed, the lumbar 
spine bends forward and the spinous processes sepa-
rate. This movement increases the size of the inter-
vertebral foramen bilaterally ( Figure 12–3 ). The 
flexed postures used to treat low-back pain are 
examples of this positional traction. 

     The greatest    unilateral foramen opening    
occurs by positioning the patient sidelying with a 
pillow or blanket roll between the iliac crest and 
the lower border of the rib cage. The side on 
which increased foramen opening is desired 
should be superior. The roll should be close to the 
level of the spine where the traction separation is 
desired. The spine side bends around the roll ( Fig-
ure 12–4 ). The patient’s hips and knees are then 
flexed until the lumbar spine is in a forward-bent 

 

• Traction is most often used to treat 
nerve root impingement.

Figure 12–4 Positional traction: patient positioned 
sidelying with a blanket roll between the iliac crest 
and the lower border of the rib cage. This increases 
the intervertebral foramen size of the left side of the 
lumbar spine.

unilateral foramen opening Enlargement of the 
foramen on one side of a vertebral segment.

Figure 12–3 Positional traction: knees to chest 
posture can be used to increase the size of the lumbar 
intervertebral foramen bilaterally. (a) Beginning position. 
(b) Terminal position.

(a)

(b)
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 position ( Figure 12–5a ). This accentuates the 
opening of a foramen. Maximal opening can be 
achieved by adding trunk rotation toward the side 
of the superior shoulder ( Figure 12–5b ).  40  ,  46  –  48   

   Positional traction is normally used when the 
patient is on a very restricted activity program 
because of low-back pain. The positions are used on a 
trial-and-error basis to determine maximum comfort 
and to attempt to relieve pressure on nerve roots. The 
results of the patient evaluation should be used to 
determine whether the painful side should be up or 
down when using the sidelying positional traction 
technique. Protective scoliosis is the most obvious 
sign that will help determine patient position. If the 
patient leans away from the painful side, the painful 

side should be up ( Figure 12–6a ). If the patient leans 
toward the painful side, the painful side should be 
down ( Figure 12–6b ). The patient should be evalu-
ated following the first treatment to determine 
changes in symptoms. Hopefully the patient will 
describe excellent results, but it is not uncommon to 
complain of increased pain. 

   The location of the pressure from the disk her-
niation was previously believed to cause these signs. 
Further research suggests that hand dominance may 
be more of a factor than herniation location in pro-
ducing this scoliosis. However, the patient may be 
more compliant with the treatment regime if simple 
mechanical explanations such as pushing the her-
niation back into place are used.  43   

   Patients with these symptoms may also be good 
candidates for unilateral traction.  3  ,  8  ,  39  ,  40  ,  45  ,  46   Facet 
irritation is capable of causing similar scoliotic 
curves; in most instances the scoliosis is convex 
toward the painful side.  

     INVERSION TRACTION  
 Inversion traction, another positional traction, is 
used for prevention and treatment of back prob-
lems.  6  ,  7  ,  17   Specialized equipment or simply hanging 
upside down from a chinning bar places a person in 
the inverted position.  17   The spinal column is length-
ened because of the stretch provided by the weight of 
the trunk. The force of the trunk in this position is 
usually calculated to be approximately 40% of body 
weight ( Figure 12–7 ).  23   When the person is com-
fortable in the inverted position and able to relax, 
the length of the spinal column increases. These 
length changes coincide with decreases in spinal 
muscle activity.  1  ,  3  ,  9  ,  10  ,  21  ,  25  ,  26  ,  36     

  Clinical Decision-Making Exercise 12–1

A patient is complaining of acute low back pain. 
She is very guarded and is leaning to the right, 
away from her left side, which she says is most 
painful. What can the athletic trainer do to make 
the patient more comfortable immediately?

(a)

(b)

Figure 12–5 Positional traction: maximum opening of 
the intervertebral foramen of the left side of the patient’s 
lumbar spine is achieved by flexing the upper hip and 
knee and rotating the patient’s shoulders so he is looking 
over the left shoulder (left rotation).
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study suggests the electromyographic activity 
decreases after 70 seconds in the inverted posi-
tion. If the patient is comfortable completely 
inverted, 70 seconds may be used as a minimum 
treatment time. The inverted position may be 
repeated two or three times at a treatment session, 
with a 2- to 3-minute rest between bouts. Longer 
treatment times also may enhance results. Maxi-
mum treatment times range from 10–30 minutes. 
Setup procedures are equipment dependent and 
the manufacturer’s protocols should be followed 
and modified as necessary to meet the needs of the 
patient.  1  ,  3  ,  4  ,  6  ,  7  ,  13  ,  36    

    Blood pressure should be monitored while the 
patient is in the inverted position. If a rise of 20 mm 
of mercury above the resting diastolic pressure is 
found, the athletic trainer should stop the treatment 
for that session.  3  ,  4  ,  36   

   Contraindications include hypertensive 
(140/90) individuals and anyone with heart dis-
ease or glaucoma. Patients with sinus problems, 

(a) (b)

Figure 12–6 (a) Patient leaning away from the painful side. The patient’s left side should be placed up while sidelying 
over a blanket roll to open up the upper foramen or the nerve roots away from the lateral herniation or both. (b) Patient 
leaning toward the painful side. The patient’s left side should be placed up while sidelying over a blanket roll to pull the 
nerve roots away from a medial herniation.

Figure 12–7 Back-A-Traction inversion traction. 

   No research-supported protocols exist for this 
method of traction, although a slow progression of 
time in the inverted position seems to be best. One 
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diabetes, thyroid conditions, asthma, migraine 
headaches, detached retinas, or hiatal hernias 
should consult their physicians before treatment is 
initiated. 

   Recent surgery or musculoskeletal problems to 
the lower limb may require modification of the 
inversion apparatus. In addition, meals or snacks 
should not be eaten during the hour before treat-
ment to keep the patient comfortable. 

   One method of testing the patient’s tolerance to 
the inverted position is to have the patient assume 
the hand-knee position and put his or her head on 
the floor, holding that position for 60 seconds. Any 
vertigo, dizziness, or nausea may indicate that this 
patient is a poor candidate for inversion and that 
the treatment progression should be very slow 
( Figure 12–8 ).  1  ,  3  ,  4  ,  9  ,  10  ,  12  ,  21  ,  25  ,  26  ,  36     

  MANUAL LUMBAR TRACTION  

 Manual lumbar traction is used for lumbar spine 
problems to test the patient’s tolerance to traction, 
to arrive at the most comfortable treatment setup, to 
make the traction as specific to one vertebral level as 
possible, and to provide the specificity needed for a 
traction mobilization of the spine. If the patient’s 
back pain is diminished by having the athletic 
trainer flex the patient’s hips and knees to 90 de-
grees each and apply enough pressure under the 
calves to lift the buttocks off the table, then the pa-
tient is a good candidate for spine 90-90-degree 
traction. The disadvantage is that maintaining the 
large forces necessary for separation of the lumbar 
vertebrae for a period of time is difficult and energy 
consuming for the athletic trainer.  3  ,  44  ,  45    

    Having a split table will eliminate most of the 
friction between the patient’s body segments and the 
treatment table and is essential for effective delivery 
of manual lumbar traction ( Figure 12–9 ).  3  ,  8  ,  28  ,  46  ,  48   

  Clinical Decision-Making Exercise 12–2

A patient has been diagnosed with a prolapsed disk 
at L4, which is impinging the nerve root on the left 
side. What specific positional traction technique 
should the athletic trainer recommend to make the 
patient most comfortable at home?

Figure 12–8 Inversion tolerance test position. Any 
vertigo, dizziness, or nausea may indicate that this 
patient is a poor candidate for inversion treatment.

  Clinical Decision-Making Exercise 12–3

A gymnast asks the athletic trainer if it is OK to 
hang upside down by her knees from the uneven 
parallel bars because this seems to help her stretch 
her low back. Should she take any precautions?

Figure 12–9 Split table with movable section to 
decrease frictional forces.
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The clinician’s effort does not cause separation of the 
vertebral segments unless the frictional forces are 
overcome first. 

  Level-Specific Manual Traction 

 To make the traction specific to a vertebral level, 
the patient is positioned sidelying on the split 
table. For traction specific to L3–4, L4–5, and 
L5–S1 levels, the patient’s lumbar spine is flexed, 
using the patient’s upper leg as a lever. The ath-
letic trainer palpates the interspinous area be-
tween two spinous processes. The upper spinous 
process is the one at which maximum effect is de-
sired. When the lumbar spine flexes and the ath-
letic trainer feels the motion of the lower spinous 
process with the palpating hand, the foot is placed 
against the opposite leg so that further flexion is 
not allowed ( Figure 12–10 ). The athletic trainer 
rotates the patient’s trunk until the trainer feels 
motion of the upper spinous process. Trunk rota-
tion should be passively produced by the athletic 
trainer, positioning the patient’s upper arm with 

hand on the rib cage, and pulling on the patient’s 
lower arm, creating trunk rotation toward the 
upper arm. In this case it is rotation to the left (see 
 Figure 12–11 ). 

     If lumbar levels T12, L1, L1–2, and L2–3 are 
to be given specific traction, the patient is again 
positioned sidelying. These levels require position-
ing in reverse order from the lower levels. First 
the trunk is rotated; then the lumbar spine is 
flexed.  3  ,  8   

   In both instances the rotation and flexion 
tighten and lock joint structures in which these 
motions have taken place, leaving the desired seg-
ment with more movement available than the 
upper or lower levels. When traction is applied, 
greater movement of the desired level occurs, 
whereas movement at other levels is minimized 
because of the joint locking created by the prelimi-
nary positioning. 

   The split table is then released and the athletic 
trainer palpates the spinous processes of the selected 
intervertebral level, places his or her chest against 
the anterior superior iliac spine of the patient’s 

Figure 12–10 Positioning the patient for maximum 
effect at a specific level. The lumbar spine is flexed, using the 
patient’s upper leg as a lever. The athletic trainer palpates 
the interspinous area between two spinous processes. The 
upper spinous process is the one at which maximum effect 
is desired. When the lumbar spine flexes and the athletic 
trainer feels the motion of the lower spinous process with 
the palpating hand, the foot is placed against the opposite 
leg so that further flexion is not allowed.

Figure 12–11 Positioning the patient for maximum 
effect at a specific level. The athletic trainer rotates 
the patient’s trunk until she or he feels motion of the 
upper spinous process. The clinician should passively 
produce trunk rotation by positioning the patient’s 
upper arm with hand on the rib cage and pulling 
on the patient’s lower arm, creating trunk rotation 
toward the upper arm. In this case it is rotation to 
the left.
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upper hip, and leans toward the patient’s feet. 
Enough force is used to cause a palpable separation 
of the spinous processes ( Figure 12–12 ). Intermit-
tent movement is most easily accomplished, 
whereas sustained  traction becomes physically 
more difficult.  3  ,  8   

   Unilateral Leg Pull Manual Traction 

 Unilateral leg pull traction has been used in the treat-
ment of hip joint problems or difficult lateral shift cor-
rections. A thoracic countertraction harness is used 
to secure the patient to the table. The athletic trainer 
grabs the patient’s ankle and brings the patient’s hip 
into 30-degree flexion, 30-degree abduction, and full 
external rotation. A steady pull is applied until a no-
ticeable distraction is felt ( Figure 12–13 ).  8     

   In suspected sacroiliac joint problems, a simi-
lar setup can be used. A banana strap is placed 
through the groin on the side to be stretched. This 
strap will secure the patient in position. The athletic 

trainer grabs the patient’s ankle, brings his or her 
hip into 30-degree flexion and 15-degree abduc-
tion, and then applies a sustained or  intermittent 
pull to create a mobilizing effect on the  sacroiliac 
joint ( Figure 12–14 ).  8   

   As a preliminary to mechanical traction, 
manual traction is helpful in determining what 
degree of lumbar flexion, extension, or sidebend-
ing is most comfortable and will also give an indi-
cation of the treatment’s success. The most 
 comfortable position is usually the best therapeu-
tic position.  8  ,  45  ,  47   

   Patient comfort may have a bigger impact on 
the traction’s results than the angle of pull, the force 
used, the mode, or the duration of the treatment. 
The inability of the patient to relax in any traction 
setup affects the traction’s ability to cause a separa-
tion of the vertebrae. The lack of vertebral separa-
tion minimizes some of the traction’s therapeutic 
benefits.  8  ,  45  ,  47      

  MECHANICAL LUMBAR TRACTION  

 When using mechanical traction, the athletic trainer 
will have to select and adjust the following seven 
parameters of the traction equipment and patient 

Figure 12–12 Manual lumbar traction with 
maximum effect at a specific level. The athletic trainer 
has positioned the patient for maximum effect and is 
palpating the interspinous area between the two spinous 
processes where maximum traction effect is desired. The 
athletic trainer then places his or her chest against the 
anterior superior iliac spine and the patient’s upper hip. 
The split table is released and the athletic trainer leans 
toward the patient’s feet, using enough force to cause 
a palpable separation of the spinous processes at the 
desired level.

Figure 12–13 Unilateral leg pull traction. With 
the patient secured to the table with a thoracic 
countertraction harness, the athletic trainer brings 
the patient’s hip into 30-degree flexion, 30-degree 
abduction, and maximum external rotation. A steady 
pull is then applied.
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position. Traction will return disk nucleus to a cen-
tral position.  

   1.   Body position: prone, supine, hip position, 
bilateral, or unilateral direction of pull.  

   2.   Force used.  
   3.   Intermittent traction: traction time and 

rest time.  
   4.   Sustained traction.  
   5.   Duration of treatment.  
   6.   Progressive steps.  
   7.   Regressive steps.   

   The research on mechanical lumbar traction 
gives us a strong protocol for using traction to 
decrease disk protrusion and nerve root symptoms. 
The protocols for use in other pathologies are not 
supported by research, but clinical empiricism and 
inference from some of the research give a good 
working protocol. The athletic trainer will need to 
match the traction treatment to the patient’s 
symptoms and make adjustments based on the 
clinical results.  8  ,  16  ,  37  ,  45  ,  52   

   Traction can relieve pressure on a nerve root.  

 Patient Setup and Equipment 

 A split table or other mechanism to eliminate fric-
tion between body segments and the table surface 

Figure 12–14 Unilateral leg pull traction for sacroiliac 
joint problems. A strap is placed through the groin 
and secured to the table. The athletic trainer brings 
the patient’s hip into 30-degree flexion and 15-degree 
abduction, and then applies a traction force to the leg.

is a prerequisite to effective lumbar traction. 
 Otherwise, most of the force applied would be 
spent overcoming the coefficient of friction (see 
Figure 12–9).  1  ,  3,8  ,  21  ,  28  ,  46  ,  48  ,  52   

   A nonslip traction harness is needed to transfer 
the traction force comfortably to the patient and to 
stabilize the trunk while the lumbar spine is placed 
under traction. A harness lined with a vinyl mate-
rial is best because it adheres to the patient’s skin 
and does not slip like the cotton-lined harness. Cloth-
ing between the harness and the skin will also pro-
mote slipping. The vinyl-sided harness does not have 
to be as constricting as the cotton-backed harness to 
prevent slippage, thus increasing the patient’s com-
fort ( Figure 12–15 ).  8  ,  46  ,  48   

   The harness can be applied when the patient is 
standing next to the traction table prior to treat-
ment. The pelvic harness is applied so the contact 
pads and upper belt are at or just above the level of 
the iliac crest ( Figure 12–16 ). Shirts should never 
be tucked under the pelvic harness because some of 
the tractive force would be dissipated pulling on 
the shirt material. The contact pads should be 
adjusted so that the harness loops provide a poste-
riorly directed pull, encouraging lumbar flexion 
( Figure 12–17 ). The harness firmly adheres to the 
patient’s hips.  8  ,  46  ,  48   The rib belt is then applied in a 
similar manner with the rib pads positioned over 
the lower rib cage in a comfortable manner. The 
rib belt is then snugged up and the patient is posi-
tioned on the table ( Figure 12–18 ).  8  ,  46  ,  48   

Figure 12–15 Vinyl-backed traction harness.
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Figure 12–16 Pelvic harness for mechanical lumbar 
traction. The contact pads are applied so that the upper 
belt is at or just above the level of the iliac crest.

Figure 12–17 The traction straps from the pelvic 
harness should bracket the patient’s buttocks if a lumbar 
flexion pull is desired. If a straight pull is desired, the 
pelvic harness should be adjusted so that the straps 
bracket the patient’s lateral hip area.

The standing application of the traction harness 
is easier and more effective if the patient is to be placed 
in prone position for treatment ( Figure 12–19 ).  8  ,  46  ,  48   
The traction harness can also be applied by laying it 
out on the traction table and having the patient lie 
down on top of it. The pads are then adjusted and the 
belts snugged with the patient lying down. 

   Body Position 

 Body position has been reported to have a substan-
tial impact on traction results, but this has been 
empirically derived rather than research supported. 
The athletic trainer needs a satisfactory under-
standing of the mechanics of the lumbar spine to 
make decisions about a position that will best affect 
a  patient’s symptoms.  3  ,  8  ,  29  ,  40  ,  46  ,  48  ,  52   

   Generally, the neutral spinal position allows for 
the largest intervertebral foramen opening, and it is 
usually the position of choice whether the patient is 
prone or supine. Extension beyond neutral lumbar 
spine causes the bony elements of the foramen to 
create a narrower opening. Lumbar spinal flexion 
beyond neutral causes the ligamentum flavum and 
other soft tissues to constrict the foramen’s opening 
( Figure 12–20 ).  45  ,  47   

Figure 12–18 Thoracic countertraction harness. 
Rib pads are positioned over the lower rib cage.
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Figure 12–19 Applying the pelvic and thoracic 
harnesses may be easier if done while the patient is 
standing.

   Saunders recommends the prone position with 
a normal to slightly flattened lumbar lordosis (an 
abnormal anterior curve) as the position of choice in 
disk protrusions.  46  ,  48   The amount of lordosis may be 
controlled by using pillows under the abdomen. The 
prone position also allows the easy application of 
other modalities to the pain area and an easier 
assessment of the amount of spinous process separa-
tion ( Figure 12–21 ).  8  ,  46  ,  48   

   In traction applied to a patient in the supine posi-
tion, hip position was found to affect vertebral sepa-
ration. As hip flexion increased from 0 to 90 degrees, 
traction produced a greater posterior intervertebral 
space separation ( Figure 12–22 ).  43   

   Unilateral pelvic traction also has been recom-
mended when a stronger force is desired on one 
side of the spine. Patients with protective scoliosis, 
unilateral joint dysfunction, or unilateral lumbar 

Extension

FlexionNeutral

(b)(a)

(c)

Figure 12–20 (a) Neutral lumbar spine position 
allows for the largest intervertebral foramen opening 
before traction is applied. (b) Flexion, while it may tend 
to increase the posterior opening, puts pressure on the 
disk nucleus to move posterior. Other soft tissue may also 
close the foramen opening. (c) Extension beyond neutral 
tends to close the foramen down as the bony arches come 
closer together.

Figure 12–21 Mechanical lumbar traction: patient in 
the prone position with a pillow under the abdomen to 
help control lumbar spine extension.
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muscle spasm with scoliosis may do quite well with 
this approach. Only one side of the pelvic harness is 
hooked to the traction device to accomplish this 
technique ( Figure 12–23 ).  48   

   In patients with protective scoliosis, when the 
patient leans away from the painful side, the traction 
should be applied on the painful side. When the patient 
leans toward the painful side, the traction should be 
applied on the nonpainful side (see Figure 12–6). 

   In patients with scoliosis caused by muscle 
spasm, the traction force should be applied from the 
side with the muscle spasm ( Figure 12–24 ). In uni-
lateral facet joint dysfunction, the traction should be 
applied from the side of most complaint.  47   

   Overall, patient positioning for traction 
should be varied according to a patient’s needs 
and comfort. Experimentation with positioning is 
encouraged so that the traction’s effect on the 
patient will be maximized. Patient comfort is far 
more important than relative position in making 
patient position decisions. If the patient cannot 
relax, the  traction will not be successful in caus-
ing vertebral separation.  8  ,  46  ,  48     

 Traction Force 

 Several researchers have indicated that no lumbar 
vertebral separation will occur with traction forces 

less than one-quarter of the patient’s body weight. 
The traction force necessary to cause effective verte-
bral separation will range between 65 and 
200 pounds.  1  ,  3  ,  28  ,  29  ,  46  ,  48   This force does not have to 

Figure 12–22 Mechanical lumbar traction: patient 
in the supine position with hips flexed to approximately 
90 degrees.

Figure 12–23 Mechanical lumbar traction with a 
unilateral pull: only one of the pelvic straps is hooked to 
the traction device.

Figure 12–24 In a patient with scoliosis caused by 
muscle spasm (left), the unilateral traction force should 
be applied using only the left pelvic strap.
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    The research has been aimed at forces necessary 
to cause vertebral separation. Traction certainly has 
effects that are not associated with vertebral separa-
tion, and if these effects are desired, less force may be 
necessary to get them.   

 Intermittent versus Sustained
Traction 

 Good results have been reported with both intermit-
tent and sustained traction. In most cases of lumbar 
disk problems, sustained traction seems to be the 
treatment of choice. Partial reduction in disk protru-
sions was observed in 4 minutes of sustained trac-
tion.  28  ,  29  ,  39  ,  46  ,  49   Good results also were reported 
using intermittent traction in the treatment of rup-
tured intervertebral disk.  15   

   Separation of the posterior intervertebral space 
was noted with a 10-second-hold intermittent trac-
tion.  34   Posterior intervertebral separations using 
100 pounds of force were similar when intermittent 
and sustained traction modes were compared.  26   The 
electromyographic activity of the sacrospinalis mus-
culature showed similar patterns when sustained 
and intermittent traction were compared.  15   

   Traction can stretch paraspinal muscles. 
   Sustained traction is favored in treating inter-

vertebral disk herniation because sustained traction 
allows more time with the disk uncompressed to 
cause the disk nuclear material to move centripe-
tally and reduce the disk herniation’s pressure on 
nerve structures. When used for this purpose, 
 sustained traction may be superior to intermittent 
traction.  8  ,  46  ,  49   

   In deciding on sustained versus intermittent 
traction, the athletic trainer should follow the 
 guidelines for treating diagnosed disk herniations 
with sustained traction, whereas most other trac-
tion-appropriate diagnoses may be treated with 
intermittent traction. Intermittent traction, in any 
case, is usually more comfortable when using higher 
forces, and increased comfort is one of the primary 
considerations because there is no conclusive evi-
dence supporting the choice of one method over the 
other.  1  ,  3  ,  8  ,  16  ,  28  ,  43  ,  46  ,  49   

be used on the first treatment, and progressive steps 
both during and between treatments are often nec-
essary to comfortably reach these therapeutic loads. 
A force equal to half the patient’s body weight is a 
good guideline to use in selecting a force high 
enough to cause vertebral separation. These 
high weight levels pose no danger, as cadaver re-
search indicates a force of 440 pounds or greater is 
necessary to cause damage to the lumbar spine 
components ( Figure 12–25 ).  28  ,  29   

   Caution must be used when using traction of 
the lumbar spine because of a tendency for the 
nucleus pulposus gel to imbibe fluid from the verte-
bral body, thus increasing pressure within the disk. 
This happens in a very short period of time. When 
pressure is released and weight is applied to the disk, 
this excess fluid increases pressure on the annulus 
and exacerbates the patient’s symptoms. Therefore, 
it is recommended that during an initial treatment 
with lumbar traction, a maximum of 30 pounds be 
used to determine whether traction will have a 
 negative effect on the symptoms.  14    

Figure 12–25 Traction device with enlarged screen 
showing treatment parametor options. 

  Clinical-Decision Making  Exercise 12–4

The athletic trainer has decided to treat a patient 
with signs and symptoms of a disk protrusion 
using mechanical traction. What treatment 
parameters will likely be most effective in treating 
this problem?
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   The timing of the traction and rest phases of inter-
mittent traction has not been researched. Short trac-
tion phases (less than 10 seconds) cause only minimal 
interspace separation but will activate joint and mus-
cle receptors and create facet joint movements.  8  ,  12   
Longer traction phases (more than 10 seconds) tend 
to stretch the ligamentous and muscular tissues long 
enough to overcome their resistance to movement 
and create a longer-lasting mechanical separation. 
When using high traction forces, the comfort of the 
patient may dictate the adjustment of the traction 
time. Also, a longer total treatment time is tolerated 
with intermittent traction.  8  ,  12  ,  14  ,  28  ,  29  ,  46   

   Rest phase times should be relatively short but 
should also be comfort oriented. The rest time should 
be adjusted to allow the patient to recover and feel 
relaxed before the next traction cycle. The athletic 
trainer should monitor the traction patient frequently 
to adjust traction and rest time adjustments to main-
tain the patient in a relaxed comfortable state.   

 Duration of Treatment 

 The total treatment times of sustained traction and 
intermittent traction are only partially research 
based. With sustained traction, Mathews found re-
duction in disk protrusion after 4 minutes with fur-
ther reduction at 20 minutes.  25   Complete reduction 
in protrusions was seen at 38 minutes. Other re-
searchers found no difference in separation of the 
cervical spine when times of 7, 30, and 60 seconds 
were compared.  12  ,  28  ,  29   

   When dealing with suspected disk protrusions, 
the total treatment time should be relatively short. As 
the disk space widens, the pressure inside the disk 
decreases and the disk nucleus moves centripetally. 
The projected time for pressure within a disk to equal-
ize is 8–10 minutes. At this point the nuclear material 
is no longer moving centripetally. With longer time in 
this position, osmotic forces equalize the pressure 
within the disk with that of the surrounding tissue. 
When the pressure equalization occurs, the traction 
effect on the protrusion is lost. The intradisk pressure 
may increase when the traction is released if the trac-
tion stays on too long. This increased pressure results 

in increased symptoms. This situation has not been 
reported when treatment times are kept at 10 min-
utes or less.  46  ,  48   If this reaction does occur, shorter 
treatment times or long-hold intermittent traction 
(60 seconds traction, 10–20 seconds rest) may be 
necessary to control the symptoms. 

   Some sources advocate traction times of up to 
30 minutes.  8  ,  28  ,  29   The contradiction in philosophy 
may be because of pathology or the individual anat-
omy of each patient. However, an adverse reaction 
to traction (i.e., a dramatic increase in symptoms 
when the traction is released) is something the ath-
letic trainer should try to avoid. 

   Total treatment time for sustained traction 
when treating disk-related symptoms should start 
at less than 10 minutes. If the treatment is success-
ful in reducing symptoms, the time should be left at 
10 minutes or less. If the treatment is partially suc-
cessful or unsuccessful in relieving symptoms, the 
athletic trainer may increase the time gradually 
over several treatments to 30 minutes.   

 Progressive and Regressive Steps 

 Some traction equipment is built with progressive 
and regressive modes. The machine progressively in-
creases the traction force in a preselected number of 
steps. A gradual increase in pressure lets the patient 
accommodate slowly to the traction and helps him 
or her to stay relaxed. A gradual progression of force 
also allows the athletic trainer to release the split 
table after the slack in the system has been taken up 
by several progressions ( Figure 12–26 ).  3  ,  8  ,  42   

   Regressive steps do just the opposite and allow 
the patient to come down gradually from the high 
loads. Again, patient comfort is the primary consid-
eration because no research supports any protocol 
( Figure 12–27 ).  3  ,  8  ,  42   

   Some equipment has the capability to be pro-
grammed for progressive and regressive steps and also 
to have minimum traction forces, allowing a sustained 
force with intermittent peaks ( Figure 12–28 ).  3  ,  8  ,  42   To 
achieve such traction setups with a machine that is 
not programmable, manual operation and timing are 
necessary. 
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modalities before and during the traction treatment 
adds to the total effectiveness of the treatment plan. 
Bracing or appropriate exercise after traction may 
also enhance the results and prolong the benefits 
gained. Better technology and more research will 
help refine the traction art and provide better results 
from this type of treatment.    

  MANUAL CERVICAL TRACTION  

 The objectives for using traction in the cervical 
region do not vary much from the objectives for 
using traction in the lumbar region.  41   Reasonable 

Figure 12–26 Progressive steps for lumbar traction of 
X pounds. Four steps are used: the first is 1/4 X pounds, 
the second 2/4 X, and so on. Each lasts for an equal time.

Time

F
or

ce

Time

F
or

ce

Figure 12–27 Regressive steps for lumbar traction of X 
pounds. Six equal regressive steps are used: the first drops 
the traction force from X to 5/6 X, the second to 4/6 X, 
and so on. Each lasts for an equal time.

Time

F
or

ce

Figure 12–28 Progressive and regressive steps with a 
minimum sustained traction force.

   Throughout the discussion on lumbar traction, 
patient comfort comes up again and again in regard 
to the parameters of the treatment setup. One of the 
primary keys to successful traction treatment is 
the relaxation of the patient. The use of appropriate 

Treatment Protocols: Traction

1. Apply and adjust appropriate halters, 
harnesses, and belts for indicated traction 
treatment.

 a.  Cervical: Apply head halter beneath the 
occiput and mandible; attach to spreader bar.

 b.  Lumbar: Attach pelvic harness snugly 
about the waist, beginning just above the 
iliac crests, thoracic rib belt snugly about 
the lower rib cage.

2. Attach traction apparatus to unit: Take up 
and adjust for slack in the line.

3. Position patient for indicated traction 
treatment.

 a.  Cervical: Supine lying with neck flexed 
20–30 degrees.

 b.  Lumbar: Supine hooklying with hips 
flexed and legs supported by pillows or 
stools.

 c. Lumbar: Prone lying in neutral.
4. Apply indicated traction poundage.
 a.  Cervical: Adjust traction poundage 

beginning with 20 pounds or as tolerated 
by the patient (range 20–50 pounds).

 b.  Lumbar: Adjust traction poundage 
beginning with 65 pounds or as tolerated 
by the patient (range 65–200 pounds).

5. Adjust traction duty cycle and treatment 
duration.

 a.  Sustained: Less than 10 minutes.
 b.  Intermittent: 3–10 seconds, on-off for 

20–30 minutes.
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objectives for cervical traction include stretch of 
the muscles and joint structures of the vertebral 
column, enlargement of the intervertebral spaces 
and foramina, centripetally directed forces on the 
disk and soft tissue around the disk, mobilization 
of vertebral joints, increases and changes in joint 
proprioception, relief of compressive effects of 
normal posture, and improvement in arterial 
venous and lymphatic flow.  2  ,  8  ,  14  ,  19  ,  28  ,  41  ,  45  ,  50  ,  53  ,  54   
In the clinical setting, diagnoses and symptoms 
requiring traction are found infrequently.  39   These 
diagnoses are more typically found in older 
populations.   

   In most cases involving sprains and strains, 
simple manual traction used to produce a rhyth-
mic longitudinal movement will be very successful 
in helping decrease pain, muscle spasm, stiffness, 
and inflammation, and also in reducing joint com-
pressive forces. Manual traction is infinitely more 
adaptable than mechanical traction, and changes 
in the direction, force, duration of the traction, and 
patient position can be made instantaneously as 
the athletic trainer senses relaxation or resis-
tance.  1  ,  2  ,  3  ,  8  ,  12  ,  29   

   The athletic trainer supports the patient’s head 
and neck. The hand should cradle the neck and 
provide adequate grip for the effective transfer of 
the traction force to the mastoid processes. One 
hand should be placed under the patient’s neck 
with the thenar eminence (base of the thumb) in 
contact with one mastoid process and the fingers 
cradling the neck reaching across toward the other 
mastoid process ( Figure 12–29a ).  3   

   The athletic trainer then provides a gentle (less 
than 20-pound) pull in a cephalic direction. Inter-
vertebral separation is not desired because of the 
damage to the ligaments or capsule. A head halter 
or similar harness may also be used to deliver the 
force ( Figure 12–29b ). 

   The force should be intermittent, with the 
traction time between 3 and 10 seconds. The rest 
time may be very brief, but the traction force 
should be released almost completely. The total 
treatment time should be between 3 and 10 min-
utes.  1  ,  3  ,  8  ,  12   

Figure 12–29 Manual cervical traction: (a) patient in 
the supine position with the athletic trainer’s fingertips 
and thenar eminence contacting the mastoid process of 
the patient’s skull. (b) Traction is applied with both hands.

(a)

(b)

   When pain is limiting or affecting movement, a 
bout of traction should be followed by a reassess-
ment of the painful motion to determine increases or 
decreases in pain or motion. Successive bouts of 
traction can be used as long as the symptoms are 
improving. When the symptoms stabilize or are 
worse on the reassessment, the traction should be 
discontinued.  8   
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   A variety of head and neck positions can be used 
in cervical traction. Different head and neck posi-
tions will place some vertebral structures under more 
tension than others. Good knowledge of cervical 
kinesiology and biomechanics, and good knowledge 
and skill in joint mobilization, are required before the 
athletic trainer should experiment with extensive 
position changes ( Figure 12–30 ).  3  ,  8  ,  12   

   At the completion of the traction treatment, in 
cases of strain or sprain, protection of the neck 
with a soft collar is often desirable to prevent 
extremes of motion, minimize compressive forces, 
and encourage muscle relaxation. Instructions in 
sleeping positions and regular support postures 
are also important in caring for patients with cer-
vical problems.  3  ,  8     

  MECHANICAL CERVICAL 
TRACTION  

 The literature does provide a relatively clear protocol 
to use in trying to achieve vertebral separation using 
a mechanical traction apparatus.  30   The patient 
should be supine or long-sitting with the neck flexed 
between 20 and 30 degrees ( Figure 12–31 ). A sitting 
posture can be used, but this is clinically more 

cumbersome and is not supported by the research as 
an optimal position of cervical  traction.  8  ,  46  ,  4    8       

   The traction harness must be arranged com-
fortably so that the majority of pull is placed on the 
occiput rather than the chin. Some cervical traction 
harnesses do not have a chinpiece. These harnesses 
may have an advantage, provided that the traction 
force is effectively transferred to the structures of the 
cervical spine.  12  ,  14   

Figure 12–30 Manual cervical traction: patient is 
positioned with neck in flexion and with some neck rotation 
to the right. Laterally flexed positions may also be used.

(a)

(b)

Figure 12–31 Mechanical cervical traction: (a) patient 
in the supine position with traction harness placed so that 
maximum pull is exerted on the occiput and the athlete 
is in a position of approximately 20 to 30 degrees of neck 
flexion. (b) Tru-Trac cervical traction unit.
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   A traction force above 20 pounds, applied inter-
mittently for a minimum of 7 seconds’ traction time 
and with adequate rest time for recovery is recom-
mended. This traction should be continued over 
20–25 minutes. Higher forces up to 50 pounds may 
produce increased separation, but the other 
parameters should remain the same. The average 
separation at the posterior vertebral area is 1–1.5 mm 
per space, while the anterior vertebral area separates 
approximately 0.4 mm per space. Greater separa-
tions are expected in the younger population than in 
the older population. Within 20–25 minutes from 
the time traction is stopped and normal sitting or 
standing postures are resumed, the vertebral separa-
tion returns to its previous heights. The upper 
cervical segments do not separate as easily as lower 
cervical segments.  11  ,  12  ,  14  ,  29   The addition of pain-
reducing and heating modalities will add to the 
benefits gained by the traction.  1  ,  3  ,  8  ,  14  ,  29  ,  32    

     INDICATIONS AND 
CONTRAINDICATIONS  

 As discussed throughout this chapter, spinal trac-
tion may be useful for a number of conditions, in-
cluding cases where there is impingement on a nerve 
root resulting from disk herniation, spondylolisthe-
sis, narrowing within the intervertebral foramen, or 
osteophyte formation; degenerative joint diseases; 
subacute pain; joint hypomobility; discogenic pain; 
and muscle spasm.  Table 12–1  lists indications and 
contraindications. 

   Traction, except as a light mobilization, is 
 contraindicated in acute sprains or strains (first 
3–5 days), acute inflammation, or any conditions 
in which movement is either undesirable or exac-
erbates the existing problem. In cases of vertebral 
joint instability, traction may perpetuate the 
instability or cause further strain. Certainly, 
the serious problems associated with tumors, 
bone diseases, osteoporosis, and infections in 
bones or joints are also contraindications. Patients 
who can potentially experience problems relating 
to the fitting of a harness, such as those with vas-
cular conditions, pregnant females, or those with 
cardiac or pulmonary problems, should also avoid 
traction.    

  Clinical Decision-Making  Exercise 12–5

In treating a patient who is complaining of 
cervical neck pain, the athletic trainer is trying to 
decide whether to use a manual cervical traction 
technique or mechanical traction. Which would 
you recommend?

 TABLE 12–1 Indications and Contraindications for Spinal Traction

INDICATIONS

Impingement on a nerve root
Disk herniation
Spondylolisthesis
Narrowing within the intervertebral foramen 
Osteophyte formation 
Degenerative joint diseases
Subacute pain
Joint hypomobility
Discogenic pain
Muscle spasm or guarding
Muscle strain
Spinal ligament or connective tissues contractures
Improvement in arterial, venous, and lymphatic flow

CONTRAINDICATIONS 

Acute sprains or strains 
Acute inflammation 
Fractures
Vertebral joint instability
Any condition in which movement exacerbates the 

existing problem
Tumors
Bone diseases
Osteoporosis
Infections in bones or joints
Vascular conditions
Pregnancy
Cardiac or pulmonary problems
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      Summary  

mobilization of vertebral joints; a change in 
proprioceptive discharge of the spinal com-
plex; a stretch of connective tissue; a stretch 
of muscle tissue; an improvement in arterial, 
venous, and lymphatic flow; and a lessening 
of the compressive effects of posture. Any of 
these effects can change the symptoms of the 
patient under treatment and help to normal-
ize the patient’s lumbar or cervical spine.  

   6.   Traction techniques in the lumbar region 
include positional traction; inversion trac-
tion; manual traction, which may be done 
using either level specific or unilateral leg 
pull techniques; and mechanical traction.  

   7.   Cervical traction is used less frequently than 
lumbar traction. Cervical traction techniques 
include manual traction and mechanical 
traction.    

   1.   Traction has been used to treat a variety of 
cervical and lumbar spine problems.  

   2.   The effect of traction on each system involved 
in the complex anatomic makeup of the spine 
needs to be considered when selecting trac-
tion as a part of a therapeutic treatment plan.  

   3.   The traction protocol should be set up to man-
age a particular problem rather than applied 
in the same manner regardless of the patient 
or pathology.  

   4.   Traction is a flexible modality with an infinite 
number of variations available. This flexibil-
ity allows the athletic trainer to adjust pro-
tocols to match the patient’s symptoms and 
diagnosis.  

   5.   Traction is capable of producing a separa-
tion of vertebral bodies; a centripetal force on 
the soft tissues surrounding the vertebrae; a 

  Review Questions  

  1.   What is traction and how may it be performed 
by the athletic trainer?  

  2.   What are the physical effects and therapeutic 
value of spinal traction on bone, muscle, liga-
ments, facet joints, nerves, blood vessels, and 
intervertebral disks?  

  3.   What are the clinical advantages of using posi-
tional lumbar traction and inversion traction?  

  4.   What are the clinical applications for using 
manual lumbar traction techniques, including 

level specific manual traction, and unilateral 
leg pull manual traction?  

  5.   What are the setup procedures and treatment 
parameter considerations for using mechanical 
lumbar traction?  

  6.   What are the advantages of using a manual 
traction technique of the cervical spine?  

  7.   What is the setup procedure for mechanical 
and wall-mounted traction techniques for the 
cervical spine?    

  Self-Test Questions 

 True or False 
  1.   The goal of traction is to encourage move-

ment of the spine and decrease the patient’s 
symptoms.  

  2.   Ligament deformation due to traction should 
occur during slow loading.  

  3.   Traction may only be applied with a machine.  

 Multiple Choice 
     4.   Traction may help reduce disk herniation. 

In this condition the  protrudes.  
  annulus fibrosus  
  nucleus pulposus  
  disk material  
  synovial fringe    

a.
b.
c.
d.
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   5.   Traction has effects on  
  articular facet joints  
  paraspinal muscles  
  nerve roots  
  all of the above    

   6.   What is the most common problem traction is 
used to treat?  

  spondylolisthesis  
  fibrosis  
  nerve root impingement  
  none of the above    

   7.   Which of the following is NOT a contraindica-
tion to traction?  

  muscle strain  
  acute inflammation  
  fractures  
  vertebral joint instability    

   8.   How long should intermittent manual cervi-
cal traction be applied? 

   less than 30 seconds  
  1–2 minutes  
  3–10 minutes  
  10–15 minutes    

a.
b.
c.
d.

a.
b.
c.
d.

a.
b.
c.
d.

a.
b.
c.
d.

   9.   If traction treatments are resulting in no 
change in symptoms or a worsening of symp-
toms. the treatments should be  

  done more often  
  continued 1 more week  
  performed in a different position  
  discontinued    

   10.   What is the appropriate range of force to be 
used on an athlete while performing mechani-
cal lumbar traction? 

   0–50 pounds  
  65–200 pounds  
  200–300 pounds  
  as great as the athlete can tolerate     

a.
b.
c.
d.

a.
b.
c.
d.

  Solutions to Clinical Decision-Making Exercises  

  12–1   The athletic trainer should have the patient 
lie on the treatment table on her right side 
with the left side up, supported with a pillow 
under the right hip. This position and trac-
tion technique should help immediately.  

  12–2   The patient should lie on the right side with 
a towel rolled up and placed under the right 
side as near to the appropriate segment as 
possible creating side bending to the right. 
The knees should be flexed until the spine 
is bent forward. Finally, the trunk should 
rotate to the left.  

  12–3   The athletic trainer should check to make 
sure that the gymnast does not have a his-
tory of  hypertension. Then, an inversion tol-
erance test should be used to make certain 
that there is not a significant increase in 
diastolic blood pressure and that there is no 

dizziness or vertigo or nausea from being in 
this position.  

  12–4   It is recommended that the athletic trainer 
begin treatments by using sustained trac-
tion for a short treatment time of  less than 
10 minutes at a traction force that would 
be slightly more than one-quarter of  that 
patient’s body weight. Treatment time and 
traction force may be increased as tolerated. 
If  sustained traction exacerbates symptoms, 
intermittent traction may be used for about 
15 minutes initially.  

  12–5   Manual traction is considerably more adapt-
able than mechanical traction, and changes in 
the direction, force, duration of  the traction, 
and patient position can be made instanta-
neously as the athletic trainer senses relax-
ation or resistance on the part of  the patient.    
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 MECHANICAL TRACTION  
 Background   A 30-year-old man developed lower 
cervical pain 4 days ago after trimming trees in his 
yard for several hours. He has been referred for symp-
tomatic treatment of his mechanical neck pain; there 
are no neural deficits, and no signs of a disk lesion. The 
patient is experiencing pain in the midline of the lower 
cervical area and across the upper trapezius area bilat-
erally. His active range of motion is normal, but painful 
at the end of range in all planes, and overpressure 
increases the symptoms. Extension (back bending) is 
the most painful motion.  

  Impression   Soft-tissue injury of the lower cervical 
spine.   

 Treatment Plan   To assist in pain relief, a 3-day per 
week course of intermittent mechanical cervical trac-
tion was initiated. The patient was positioned supine on 
the traction table, and the traction unit was adjusted to 
produce approximately 20 degrees of cervical flexion 

during traction. For the initial session, 20 pounds of 
traction was applied, with four progressive steps up, and 
four regressive steps down. Each traction cycle consisted 
of 15 seconds of tension, followed by 20 seconds of rest. 
Total treatment time was 20 minutes. The target trac-
tion force was increased by 10% each session, to a max-
imum of 40 pounds. In addition to the traction, active 
exercise was prescribed.  

  Response   The patient reported a transient increase 
in symptoms following the first two sessions, then a 
gradual resolution of the symptoms. There was 
a marked reduction in symptoms immediately follow-
ing the third session; the relief persisted for approxi-
mately 2 hours. Cervical traction was discontinued 
after a total of six sessions, and the patient was 
instructed in a home exercise program. Two weeks 
later, the patient was asymptomatic.  

Case Study 12–1

Case Study 12–2

 

 SPINAL TRACTION: LUMBAR  
 Background   A 25-year-old patient has an 11-year 
history of recurrent low back pain. The onset was insid-
ious, and he has developed episodes of moderately 
severe low back pain three or four times per year since 
the initial episode. This episode started 9 days ago after 
playing 18 holes of golf and is the most severe episode 
ever. He has constant pain in the right lumbosacral 
area, with radiation of the pain into the right buttock, 
and down the posteriolateral aspect of the thigh and leg 
into the foot, with paresthesia in the lateral foot. He 
demonstrates weakness in the S1 myotome, a loss of the 
right ankle jerk, and positive tests for adverse neural 

tension on the right. He was referred to a neurosurgeon, 
who obtained an MRI. The MRI revealed a moderately 
large right posteriolateral bulge of the intervertebral 
disc at L5–S1, with a loss of disc height. The neurosur-
geon recommended surgery, but the patient opted for a 
trial of conservative treatment. The patient was referred 
for lumbar traction and therapeutic exercise. 

   Impression   S1 nerve root compression due to L5–S1 
disc lesion. 

   Treatment Plan   Motorized static lumbar traction 
with the patient prone on the traction table was 
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initiated. For the initial treatment session, the traction 
device was set to apply 14 kg (31 pounds) of distractive 
force, which was equal to one-sixth of the patient’s 
body weight. The force was increased in three steps 
over a 3-minute period; then the force was maintained 
at 14 kg for 4 minutes, then removed in two steps over 
a 2-minute period. Because this initial session did not 
exacerbate the patient’s symptoms, therapeutic trac-
tion was administered on a daily basis starting the next 
day, with a distraction force of 41 kg (90 pounds), or 
one-half of the patient’s body weight. The traction 
increased to the therapeutic dose in three steps over a 

3-minute period; the maximal force was maintained 
for 10 minutes, then decreased to 0 in two steps over a 
2-minute period. The patient then performed thera-
peutic exercise to maintain a lordosis of the lumbar 
spine before getting off the table. 

   Response   Following each treatment session, the 
patient noted diminished peripheral and central 
symptoms for approximately 1 hour. There was no 
sustained improvement after 10 sessions, and the 
patient elected to return to the neurosurgeon for sur-
gical treatment.  

Case Study 12–3

 

 SPINAL TRACTION: CERVICAL 
  Background   A 22-year-old woman noted an ache in 
the right midcervical area upon awakening this morn-
ing. While driving to work, she turned her head to the 
right before changing lanes, and noted an audible click 
with severe pain in the right midcervical area. After 
arriving at work, she continued to experience localized 
pain that gradually worsened over the next hour. She 
presented to the emergency room, where an examina-
tion (including radiographic) revealed no neurologic or 
bony injury. She was referred for treatment of an acute 
neck sprain. She does not have radiating pain, and the 
neurologic examination is negative. She holds her head 
tilted and rotated to the left, and any attempt at side 
bend or rotation to the right produces severe, localized 
right midcervical pain. She is very tender over the right 
articular pillar at C4–5, and passive mobility testing 
reveals a markedly restricted joint play at C4–5. 

   Impression   Acute locking of the cervical spine (C4–5).  

  Treatment Plan   Manual cervical traction was initi-
ated. With the patient supine on a treatment table, the 
athletic trainer placed one hand under the patient’s 

head, with the palm over the occiput, thumb over one 
mastoid process, and fingertips over the opposite mas-
toid process. The athletic trainer’s other hand was 
placed over the patient’s forehead to avoid compressive 
forces on the temporo-mandibular joint. A gentle dis-
traction force was applied (approximately 5 kg), with 
the line of force parallel to the long axis of the spine. 
The force was held for 3 seconds, then released for 
10 seconds. This was repeated 10 times, with the dis-
traction force gradually increased to a maximum of 
approximately 15 kilograms. 

  Response   A reassessment was performed after the 
tenth force application, and the patient was able to 
hold her neck in a neutral position. The cycle was 
repeated four more times, with a gradual improvement 
in cervical range of motion and a reduction in pain 
each time. After the fifth cycle, she was able to attain 
rotation and side bending to the right equal to approx-
imately 80% that of the motion to the left. She was 
treated the following day with the same approach, and 
attained full, pain-free range of motion.  
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  THE EVOLUTION OF MASSAGE 
AS A TREATMENT MODALITY  

 T he earliest available medical records seem to indi-
cate that massage played an important role in the 
treatment of sick and injured people.  39   A natural 
reaction when a part of the body hurts is to rub the 
injured area with a hand. 

   Early writings pertaining to medical treatments 
make little distinction between massage, as we know 
it, and general exercise of the body. In fact, although 
they include detailed descriptions of techniques, it is 
difficult to determine exactly what they mean 
because the terminology is unfamiliar. Language 
changes with time. 

             In Europe during the Middle Ages, the influence 
of the Church of Rome and its religious teachings dis-
couraged the use of massage as a healing practice. Use 
of the art declined until enlightened individuals strove 
to bring medical knowledge into the forefront and 
scholars in the medical fields started once again to 
delve into how and why the body functions as it does. 

   The word  massage  is derived from two sources. 
One is the Arabic verb  mass , to touch, and the other 
is the Greek word  massein , to knead. However, this 
art was not exclusive to the Greeks and Arabs. The 
general knowledge of massage was also known and 
practiced by the Egyptians, Romans, Japanese, Per-
sians, and Chinese.  48   

 CHAPTER 13 

 Therapeutic Sports Massage  
    William   E.   Prentice    

 Following completion of this chapter, the 
athletic training student will be able to: 

  •  Discuss the physiologic effects of massage 
differentiating between reflexive and 
mechanical effects. 

  •  Apply specific treatment guidelines and 
considerations when administering massage. 
Demonstrate the various strokes involved with 
classic Hoffa massage. 

  •  Describe connective tissue massage. 

  •  Explain how trigger point massage is most 
effectively used. 

  •  Explain how myofascial release can be used to 
restore normal functional movement patterns. 

  •  Explain how strain–counterstrain, positional 
release, and active release techniques can be 
used to treat myofascial trigger points. 

  •  Contrast special massage techniques, including 
Rolfing and Trager.  

massage The act of rubbing, kneading, or stroking 
the superficial parts of the body with the hand or with 
an instrument.
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   In Sweden in the early part of the nineteenth 
century, Peter H. Ling (1776–1839), the acknowl-
edged founder of curative gymnastics, used mas-
sage as a branch of gymnastics. He appears to be the 
founder of modern-day massage techniques, and he 
incorporated some elements of French massage into 
his system.  18   

   Massage techniques have changed dramatically 
in the past 50 years. They are based on the research 
and teachings of Albert Hoffa (1859–1907), James 
B. Mennell (1880–1957), and Gertrude Beard 
(1887–1971). Medical practitioners of the twenti-
eth century have added a scientific basis to massage 
along with additional techniques and terms.  10   
In modern-day preventative and rehabilitative ther-
apy, massage is a widely used therapeutic modality 
that seems to be gaining renewed interest.  13  ,  54   

   In the late 1980s, a number of professional 
associations of massage therapists were organized, 
the most notable of these being the American Mas-
sage Therapy Association. In 1992, the National 
Certification Examination for Therapeutic Massage 
and Bodywork was created to set minimal entry-
level standards for practicing massage professionals. 
A number of states currently license massage thera-
pists, part of the profession’s struggle to gain accep-
tance among the health professions. 

   Therapeutic massage is a skill that has flour-
ished in the “alternative health care” community.  7  ,  69   
Athletic trainers at one point in the evolution of the 
profession seemed to feel that massage was beneath 
their level of professional skill requirements and 
should be delegated to those with lesser skills and 
more time to spend in patient treatment. Since then, 
as the understanding of and demand for alternative 
therapy have grown, massage has made a great 
comeback in therapeutic use, and most practicing 
athletic trainers have been outpaced by massage 
therapists or their former aides. The problem today 
in choosing massage as a form of intervention is that 
third-party payers often do not recognize it as the 
standard of care for some musculoskeletal interven-
tions and will not pay for its selection. This means 
patients have to go to massage therapists and pay 
out-of-pocket for this modality.   

  PHYSIOLOGIC EFFECTS OF 
MASSAGE  

    Massage    is a mechanical stimulation of the tissues 
by means of rhythmically applied pressure and 
stretching.  99   Over the years many claims have been 
made relative to the therapeutic benefits of massage 
in the patient population, although few are based 
on well-controlled and well-designed stud-
ies.  2  ,  3  ,  8  ,  11  ,  33  ,  61  ,  84  ,  86  ,  96   Patients have used massage 
to increase flexibility and coordination as well as to 
increase pain threshold; decrease neuromuscular 
excitability in the muscle being massaged; stimu-
late circulation, thus improving energy transport to 
the muscle; facilitate healing and restore joint mo-
bility; and remove lactic acid, thus alleviating mus-
cle cramps.  3  ,  33  ,  47  ,  55  ,  56  ,  74  ,  88   Conclusive evidence of 
the efficacy of massage as an ergogenic aid in the 
physically active population is lacking, however.  36   

   How these effects may be accomplished is deter-
mined by the specific approaches used and how 
massage techniques are applied. Generally, the 
effects of massage may be either reflexive or mechan-
ical.  17   The effect of massage on the nervous system 
differs greatly according to the method employed, 
pressure exerted, and duration of applications. 
Through the reflex mechanism, sedation is induced. 
Slow, gentle, rhythmical, and superficial effleurage 
may relieve tension and soothe, rendering the mus-
cles more relaxed. This indicates an effect on sen-
sory and motor nerves locally and some central 

Physiologic Effects of Massage

• Reflexive
• Mechanical

 Analogy 13–1

Massage is effective in pain reduction, most likely tak-
ing advantage of the gate control mechanism of pain 
relief. If someone walks up to you and punches you in 
the shoulder, the fIrst thing you do to make it feel better 
is to rub it. Creating sensory cutaneous input helps to 
override the pain associated with the punch.
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nervous system response. The mechanical approach 
seeks to make mechanical or histologic changes in 
myofascial structures through direct force applied 
superficially.  17      

     Reflexive Effects 

 The first approach in massage therapy involves a re-
flexive mechanism. The reflexive approach attempts 
to exert effects through the skin and superficial con-
nective tissues. Mobilization of soft tissue stimulates 
sensory receptors in the skin and superficial fascia.  17   
If hands are passed lightly over the skin, a series of 
responses occur as a result of the sensory stimulus of 
cutaneous receptors. This reflex mechanism is be-
lieved to be an autonomic nervous system 
phenomenon.  5   The reflex stimulus can occur alone 
(unaccompanied by the mechanical mechanism). 
Mennell calls this the “reflex effect.”  71   In itself, it is 
not an effect but the cause of an effect (that is, it causes 
sedation, relieves tension, and increases blood flow). 

            Effects on Pain.   The effect of massage on 
pain is probably regulated by both the gate control 
theory and through the release of endogenous opi-
ates (see Chapter 3). In gate control, cutaneous 
stimulation of large-diameter afferent nerve fibers 
effectively blocks transmission of pain information 
carried in small-diameter nerve fibers. Stimulation 
of painful areas in the skin or myofascia can facili-
tate the release of β-endorphins and enkephalin, 
which essentially effect the transmission of pain-
associated information in descending spinal tracts.   

 Effects on Circulation.   The effect of mas-
sage on the circulation of the blood, according to 
Pemberton, takes place through a reflex influence on 
blood vessels from a sympathetic division in the ner-
vous system.  76   He believes that vessels in the muscu-
lar system are emptied during massage, not only by 
being squeezed but also by this reflex action. Very 

light massage (effleurage) produces an almost instan-
taneous reaction through transient dilation of lym-
phatics and small capillaries. Heavier pressure brings 
about a more lasting dilation. If capillary dilation 
occurs, blood volume and blood flow increase, pro-
ducing an increase in temperature in the area being 
massaged.  28   

 Massage increases lymphatic flow.  30   In the lym-
phatic system, movement of fluid depends on forces 
outside of the system. Such factors as gravity, mus-
cle contraction, movement, and massage can affect 
the flow of lymph. Increased lymphatic flow assists 
in the removal of edema.  16   When administering 
massage to an edematous part, elevation also helps 
to increase lymph flow. 

 It has been proposed that massage can promote 
lactate clearance following exercise. However, evi-
dence suggests that increases in blood flow that 
occur from massage have little or no effect on lactate 
metabolism and its subsequent clearance from blood 
and tissues.  41  ,  68     

 Effects on Metabolism.   Massage does not 
alter general metabolism appreciably.  76   There is no 
change in the acid-base equilibrium of blood. Mas-
sage does not appear to have any significant effects 
on the cardiovascular system.  12   Massage metaboli-
cally augments a chemical balance. The increased 
circulation means increased dispersion of waste 
products and an increase of fresh blood and oxygen. 
The mechanical movements assist in the removal 
and hasten the resynthesis of lactic acid.    

 Mechanical Effects 

 The second approach to massage is mechanical 
in nature. Techniques that stretch a muscle, 
elongate fascia, or mobilize soft-tissue adhesions 
or restrictions are all mechanical techniques. 
The mechanical effects are always accompanied 
by some reflex effects. As the mechanical stimulus 
becomes more effective, the reflex stimulus be-
comes less effective. Mechanical techniques should 
be performed after reflexive techniques. This is 
not to imply that mechanical techniques are more 
aggressive forms of massage. However, mechanical 

Reflexive Effects

• Pain
• Circulation
• Metabolism
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techniques are most often directed at deeper tis-
sues, such as adhesions or restrictions in muscle, 
tendons, and fascia.  

 Effects on Muscle.   The basic goal of mas-
sage on muscle tissue is to “maintain the muscle in 
the best possible state of nutrition, flexibility, and 
vitality so that after recovery from trauma or disease 
the muscle can function at its maximum.”  99   Muscle 
massage is done either for mechanical stretching of 
the intramuscular connective tissue or to relieve 
pain and discomfort associated with myofascial trig-
ger points. Massage has been shown to increase 
blood flow to skeletal muscle, and thus to increase 
venous return.  27  ,  100  ,  101   It has also been shown to 
retard muscle atrophy following injury.  88   Massage 
has also been shown to increase the range of motion 
in hamstring muscles owing to the combined 
decrease in neuromuscular excitability and stretch-
ing of muscle and scar tissue.  22   Massage does not 
increase strength or bulk of muscle, nor does it 
increase muscle tone.   

 Effect on Skin.   Effects of massage on the skin 
include an increase in skin temperature, possibly as 
a result of direct mechanical effects, and indirect 
vasomotor action. It has also been found that 
increased sweating and decreased skin resistance to 
galvanic current result from massage. 

 If skin becomes adherent to underlying tissues 
and scar tissue is formed, friction massage usually 
can be used to mechanically loosen the adhesions 
and soften the scar. Massage toughens yet softens 
the skin. It acts directly on the surface of the skin to 
remove dead cells that result from prolonged cast-
ing of 6–8 weeks. The effect of massage on scar tis-
sue is that it stretches and breaks down the fibrous 
tissue. It can break down adhesions between skin 
and subcutaneous tissue and stretch contracted or 
adhered tissue.  75       

  PSYCHOLOGICAL EFFECTS 
OF MASSAGE  

 The psychological effects of massage can be as ben-
eficial to some patients as the physiologic effects. The 
“hands-on” effect helps patients feel as if someone is 

helping them. A general sedative effect can be most 
beneficial for the patient. Massage has been shown 
to lower psycho-emotional and somatic arousal such 
as tension and anxiety.  64   The athletic trainer’s ap-
proach should inspire a feeling of confidence in the 
patient, and the patient should respond with a feel-
ing of well-being—a feeling of being helped.  

 MASSAGE TREATMENT 
CONSIDERATIONS AND 
GUIDELINES 

 The athletic trainer must have a basic essential 
knowledge of anatomy and of the particular area 
being treated. The physiology of the area to be 
treated and the total function of the patient must be 
considered, and the existing pathology and the pro-
cess by which repair occurs must be understood. 
The athletic trainer needs a thorough knowledge of 
massage principles and skillful techniques, as well 
as manual dexterity, coordination, and concentra-
tion in the use of massage techniques. The athletic 
trainer also needs to exhibit such traits as patience, 
a sense of caring for the patient’s welfare, and cour-
teousness both in speech and manner. 

   Perhaps the most important tools in massage 
therapy are the hands of the clinician. They must be 
clean, warm, dry, and soft. The nails must be short 
and smooth. Hands must be washed before and after 
treatment for sanitary reasons. If the athletic train-
er’s hands are cold, they should be placed in warm 
water for a short period. Rubbing them together 
briskly helps to warm them, too. 

   Positioning is also important for the clinician. 
Correct positioning will allow relaxation, prevent 
fatigue, and permit free movement of arms, hands, 
and the body. Good posture will also help prevent 
fatigue and backache. The weight should rest evenly 
on both feet with the body in good postural align-
ment. When massaging a large area, the weight 
should shift from one foot to the other. You must be 
able to fit your hands to the contour of the area 
being treated. A good position is required to allow 
the correct application of pressure and rhythmic 
strokes during the procedure ( Figure 13–1 ). 
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       The following points are important to consider 
when administering massage.  73  ,  91  ,  98    

   1.   Pressure regulation should be determined 
by the type and amount of tissue present. It 
must also be governed by the patient’s con-
dition and which tissues are to be affected. 
The pressure must be delivered from the 
body, through the soft parts of the hands, 
and it must be adjusted to contours of the 
patient’s body parts.  

   2.   Rhythm must be steady and even. The 
time for each stroke and time between suc-
cessive strokes should be equal.  

   3.   Duration depends on the pathology, size of 
the area being treated, speed of motion, age, 
size, and condition of the patient. One also 
should observe the response of the patient 
to determine duration of the procedure. 

Massage of the back or the neck area might 
take 15–30 minutes. Massage of a large 
joint (such as a hip or shoulder) may re-
quire less than 10 minutes.  

   4.   If swelling is present in an extremity, treat-
ment should begin with the proximal part 
to help facilitate the lymphatic flow proxi-
mally. The subsequent effects of distal mas-
sage in removing fluid or edema will be 
more efficient since the proximal resistance 
to lymphatic flow will be reduced. This 
technique has been referred to as the “un-
corking effect.”  

   5.   Massage should never be painful, except 
possibly for friction massage, nor should 
it be given with such force that it causes 
ecchymosis (discoloration of the skin re-
sulting from contusion).  

   6.   In general, the direction of forces should be 
applied in the direction of the muscle fibers 
( Figure 13–2 ).  

   7.   During a session, one should begin with 
effleurage, then use maneuvers that in-
crease progressively to the greatest energy 
possible, follow with maneuvers that de-
crease energy, and end with effleurage.  

Figure 13–1 Position of athletic trainer for stroking.

 Analogy 13–2

When using massage to help reduce swelling in an 
extremity it is suggested that you begin proximally. 
The rationale for this is that you are first “uncorking 
the bottle” so that when you begin to “pour” the swell-
ing from the extremity by using a massage technique, 
the lymphatic channels are clear, and the edema has 
some place to move to.

Figure 13–2 In the application of massage, forces 
should be applied in the direction of muscle fibers.
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   8.   The athletic trainer must consider the posi-
tion in which massage can best be given 
and be sure the patient is warm and in a 
comfortable, relaxed position.  

   9.   The body part may be elevated if this is 
necessary and possible ( Figure 13–3 ).  

   10.   The athletic trainer should be in a position in 
which the whole body, as well as hands and 
arms, can be relaxed and the procedure ac-
complished without strain (see Figure 13–1).  

   11.   Sufficient lubricant should be used so that 
the athletic trainer’s hands will move 
smoothly along the skin surface (except 
in friction). The use of too much lubricant 
should be guarded against.  

   12.   Massage should begin with superficial 
stroking; this stroke is used to spread the 
lubricant over the part being treated.  

   13.   Each stroke should start at the joint or just 
below the joint (unless massage over joints 
is contraindicated) and finish above the 
joint so that strokes will overlap.  

   14.   The pressure should be in line with venous 
flow followed by a return stroke without 
pressure. The pressure should be in the 
centripetal direction ( Figure 13–4 ).  

   15.   Care should be used over body areas. 
Hands should be relaxed and pressure 
adjusted to fit the contour of the area 
being treated.  

   16.   Bony prominences and painful joints 
should be avoided if possible.  

   17.   All strokes should be rhythmic. The pres-
sure strokes should end with a swing off, in 
a small half circle, in order that the rhythm 
will not be broken by an abrupt reversal.   

         Equipment  

 Table.   A firm table, easily accessible from 
both sides, is most desirable. The height of the table 
should be reasonably comfortable for the athletic 
trainer; leaning over or reaching up to perform the 
required movements should not be necessary. An 
adjustable table is almost a must in this situation. To 
facilitate cleaning and disinfecting, a washable plas-
tic surface is much preferred. There should be a stor-
age area close by for linens and lubricant. If the table 
is not padded, a mattress or foam pad should be used 
for the comfort of the patient.   

 Linens and Pillows.   The patient should be 
draped with a sheet, so only that part to be mas-
saged is uncovered ( Figure 13–5 ). Towels should be 
handy for removing the lubricant. A cotton sheet 
between the plastic surface of the table and the 
patient is required to absorb perspiration and for 
patient comfort. The surface of the plastic material is 
generally too cool for comfort. Pillows should be 
available to support the patient. 

Figure 13–4 Massage pressure should be in line of 
venous flow followed by a return stroke without pressure. 
The hands should maintain contact with the body surface.

Figure 13–3 The part being massaged should be 
elevated, especially when it is swollen.
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       Lubricant.   Some type of lubricant should be 
used in almost all massage movements to overcome 
friction and avoid irritations by ensuring smooth 
contact of hands and skin. If the patient’s skin is too 
oily, it may be desirable to wash the skin first. 

 The lubricant should be of a type that is absorbed 
slightly by the skin but does not make it so slippery 
that the clinician finds it difficult to perform the 
required strokes. A light oil is recommended for 
lubrication. One that works well is a combination of 
one part beeswax to three parts coconut oil. These 
ingredients should be melted together and allowed 
to cool ( Figure 13–6 ). It is best to use oil in situations 
in which (1) the clinician’s or patient’s skin is too 
dry, (2) a cast has recently been removed, (3) scar 
tissue is present, or (4) there is excess hair. Some 
types of oil that may be used are olive oil, mineral 
oil, cocoa butter, and hydrolanolin. The “warm 
creams” or analgesic creams are skin irritants and if 
used in conjunction with massage may cause a 
burn, depending on the skin type of the patient. 
They are also thought to cause blood to come to the 
surface of the skin, moving away from the muscles, 
which is exactly the opposite of what the trainer try-
ing to accomplish through the massage techniques. 

     Alcohol may be used to remove the lubricant 
after massage. It is suggested that alcohol be placed 
in the clinician’s hands before application to avoid 
the dramatic temperature drop that occurs when 
alcohol is applied directly to the patient. 

 Sometimes unscented powder should be used if 
the clinician’s hands tend to perspire or to prevent 
skin irritation. 

 Lubricant is not desired, nor should it be used, 
when applying friction movements, since a firm 
contact between the skin and hands of clinician 
must take place.    

 Preparation of the Patient 

 The position of the patient is probably the most im-
portant aspect of ensuring a beneficial relaxation of 
the muscles from massage. The patient should be in 
a relaxed, comfortable position. Lying down, when 
possible, is most beneficial to the patient. This posi-
tion also permits gravity to assist in the venous flow 
of the blood. 

   The part involved in the treatment must be 
adequately supported. It may be elevated, depend-
ing on the pathology. When the patient is being 
treated in the prone position, for massage of the 
neck, shoulders, back, buttocks, or back of the legs, 
a pillow or a roll should be placed under the abdo-
men. Another pillow should be placed under the 
ankles so that the knees are slightly flexed (see Fig-
ure 13–5). If the patient is in the supine position, 

Figure 13–5 Draping of prone patient. Towels are used 
for removal of lubricants, sheets are used for draping, and 
pillows are placed under hips and ankles for patient comfort.

Figure 13–6 Example of lubricant to be used, beeswax 
and coconut oil.
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small pillows should be placed under the head and 
under the knees ( Figure 13–7 ). 

       Sometimes the prone position will be too painful 
for a patient to assume for massaging a shoulder, 
upper back, or neck. A position that may be more 
comfortable is sitting in a  chair, facing the table 
while leaning forward and supported by pillows on 
the table. Forearms and hands are on the table for 

additional support ( Figure 13–8 ). The athletic 
trainer can administer the massage while standing 
behind the patient (Figure 13–8). 

   The body areas not being treated should be cov-
ered to prevent the patient from being chilled (see 
Figure 13–5). Clothing should be removed from the 
part being treated. Towels should cover any clothes 
near the area being treated to protect them from the 
lubricant (see Figure 13–5).    

 MASSAGE TREATMENT 
TECHNIQUES 

 Hoffa Massage 

 Albert Hoffa’s  Technik der Massage , published in 
1900, provides the basis for the various massage 
techniques that have developed over the years.  42   
Hoffa massage is essentially the classical massage 
technique that uses a variety of superficial strokes, 
including    effleurage   ,    petrissage   ,    tapotement   , 
and vibration. Although some clinicians consider 
this technique to be mechanical, the strokes may be 
lighter and more superficial, thus making them 
more reflexive in nature. This technique opens the 
door for more mechanical techniques that are di-
rected toward underlying tissues.  

     Effl eurage.   This massage maneuver glides 
over the skin lightly without attempting to move 
the deep muscle masses. The main physiologic 
effect occurs when stroking is begun at the periph-
eral areas and moves toward the heart. This pro-
cess probably helps the return flow of the venous 

Figure 13–7 Patient supine with pillow under head 
and knees.

Figure 13–8 Patient resting in a chair, facing 
table and leaning forward, is supported by pillows on 
the table. Forearms and hands are on the table for 
additional support. The patient trainer stands behind 
the patient.

effleurage To stroke; any stroke that glides over 
the skin without attempting to move the deep muscle 
masses.

petrissage Massage technique that consists of 
kneading manipulation.

tapotement A percussion massage; any series of 
brisk blows following each other in a rapid alternating 
fashion: hacking, cupping, slapping, beating, tapping, 
and pinching.

pre45195_ch13_349-378.indd Page 356  4/30/08  7:32:52 PM epgpre45195_ch13_349-378.indd Page 356  4/30/08  7:32:52 PM epg /Volumes/108/MHCA071/pre45195Indd%0/PRE45195-13/Volumes/108/MHCA071/pre45195Indd%0/PRE45195-13



CHAPTER 13  Therapeutic Sports Massage  357

and lymphatic systems. Circulation to the skin 
surface also is increased by stroking; the success is 
traced to the increased rate of metabolic exchange 
in the peripheral areas.             

 The primary purpose of effleurage is to accus-
tom the patient to the physical contact of the clini-
cian. Initially effleurage serves to evenly distribute 
the lubricant. It also allows sensitive fingers to 
search for areas of muscle spasm or soreness and to 
locate trigger points and pressure points that can 
help in determining the type of procedures to be 
used during the massage. 

 At the start of the massage, the stroke should 
be performed with a light pressure, coming from 
the flat of the hand with fingers slightly bent and 
thumbs spread ( Figure 13–9 ). Once the unidirec-
tional flow is established, going either centripetally 
or centrifugally, it should be continued throughout 
the treatment. Movement of the stroke should be 
toward the heart, and contact should be main-
tained with the patient at all times to enhance 
relaxation ( Figure 13–10 ). 

     Deep stroking massage is also a form of effleu-
rage, except it is given with more pressure to 
produce a mechanical effect, as well as a reflexing 
effect ( Figure 13–11 ).  38   

Treatment Protocols: Massage (Hoffa 
massage)

1. After applying lubricant, effleurage is 
applied with a stroking motion from distal 
to proximal with light to moderate pressure; 
the deeper tissue is not moved. The initial 
strokes serve to distribute the lubricant over 
the treatment area.

2. Petrissage is a kneading type motion, in 
which the muscles are lifted and rolled.

3. Tapotement is a series of percussion 
movements with the tips of the fingers, the 
ulnar border of the hands, the heel of the 
hands, or cupped hands.

4. Vibration is a rapid oscillation or tremor of 
the hands when they are in firm contact 
with the skin.

Figure 13–9 The stroke is performed with the heel of 
the hand, fingers slightly bent and thumbs spread.

Figure 13–10 The kneading stroke is directed toward 
the heart, and contact should be maintained with the 
patient.

Figure 13–11 Deep stroking massage.
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 Every massage begins and ends with effleurage. 
Stroking should also be used between other tech-
niques. Stroking relaxes, decreases the defensive 
tension against harder massage techniques, and has 
a generally mentally soothing effect.   

 Petrissage.   Petrissage consists of kneading 
manipulations that press and roll the muscles under 
the fingers or hands. There is no gliding over the 
skin except between progressions from one area to 
another. The muscles are gently squeezed, lifted, 
and relaxed. The hands may remain stationary or 
may travel slowly along the length of the muscle or 
limb. The purpose of petrissage is to increase venous 
and lymphatic return and to press metabolic waste 
products out of affected areas through intensive, 
vigorous action. This form of massage can also break 
up adhesions between the skin and underlying tis-
sue, loosen adherent fibrous tissue, and increase 
skin elasticity         .    

 Petrissage can be described as a kneading tech-
nique. It is the repeated grasping, application of 
pressure, releasing in a lifting or rolling motion, 
then moving an adjacent area  (Figure 13–12) . 
Smaller muscles may be kneaded with one hand 
 (Figure 13–13) . Larger muscles, such as the ham-
strings or muscle groups, will require the use of both 
hands  (Figure 13–14) . When kneading, the hands 
should move from the distal to the proximal point of 
the muscle insertion grasping parallel to or at right 
angles to the muscle fibers (see Figure 13–10).    

   Tapotement or Percussion.   Percussion 
movements are a series of brisk blows, administered 
with relaxed hands and following each other in 
rapid alternating movements. This technique has a 
penetrating effect that is used to stimulate subcuta-
neous structures. Percussion is often used to increase 
circulation or to get a more active flow of blood. 
Peripheral nerve endings are stimulated so that they 
convey impulses more strongly with the use of per-
cussion techniques.           

 Types of percussion techniques are hacking, 
the alternate striking of the patient with the ulnar 
border of the hand  (Figure 13–15) ; alternate 

Figure 13–12 Petrissage application on the back. Figure 13–14 Petrissage kneading with both hands.

Figure 13–13 Petrissage kneading with one hand.
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slapping with the fingers  (Figure 13–16) ; beating 
with the half-closed fist using the hypothenar emi-
nence of the hand  (Figure 13–17) ; tapping with 
the tips of the fingers  (Figure 13–18) ; and clap-
ping or cupping using fingers, thumb, and palm 
together to form a concave surface  (Figure 13–19) . 
Clapping or cupping is used primarily in postural 
drainage. 

 Vibration.   Vibration technique is a fine 
tremulous movement, made by the hand or fingers 
placed firmly against a part; this causes the part to 
vibrate.  The hands should remain in contact with 
the patient and a rhythmic trembling movement 

Figure 13–16 Percussion stroke of slapping with fingers.

Figure 13–15 Percussion stroke of striking with the 
ulnar border of the hand.

Figure 13–17 Percussion stroke of half-closed fist 
using hypothenar eminence.

Figure 13–18 Percussion stroke using tips of fingers.

Figure 13–19 Percussion stroke of cupping using 
fingers, thumb, and palm together.
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will come from the whole forearm, through the 
elbow  (Figure 13–20) . The vibration technique is 
commonly used by clinicians working with patients 
who require postural drainage, such as individuals 
who have cystic fibrosis. 

 Routine.   The following is an example of a 
massage progression or routine.  

   1.   Superficial stroking  
   2.   Deep stroking  
   3.   Kneading  
   4.   Optional friction or tapotement  
   5.   Deep stroking  
   6.   Superficial stroking   

 The various individual classic massage tech-
niques alone, however, do not make for a good mas-
sage. A proper program, intensity, tempo, and 
rhythm, as well as the proper starting, climax, and 
closing of the massage, are all important, too. 

  Clinical Decision-Making Exercise 13–1

A patient comes into the clinic complaining about 
a “knot” that is palpable in the gastrocnemius. 
She explains that several months earlier she had 
suffered a muscle strain in that same muscle and 
she now feels that she can’t stretch out the muscle 
and that “it is always tight.” What can the athletic 
trainer do to get rid of the knot?

Figure 13–20 Vibration stroke.

The form of the massage depends on the individual 
requirements of the patient. 

 Friction Massage 

 James Cyriax and Gillean Russell have used a tech-
nique called deep    friction massage    to affect mus-
culoskeletal structures of ligament, tendon, and 
muscle to provide therapeutic movement over a 
small area.  23   The purposes for friction movements 
are to loosen adherent fibrous tissue (scar), aid in 
the absorption of local edema or effusions, and re-
duce local muscular spasm. Inflammation around 
joints is softened and more readily broken down so 
that the formation of adhesions is prevented. An-
other purpose is to provide deep pressure over trig-
ger points to produce reflex effects. This technique is 
performed by the tips of the fingers, the thumb, or 
the heel of the hand, according to the area to be cov-
ered, making small circular movements  (Figure 
13–21) . The superficial tissues are moved over the 
underlying structures by keeping the hand or fin-
gers in firm contact with the skin  (Figure 13–22) . 

Figure 13–21 Thumb movement in a circle on a 
myofascial trigger point.

friction massage A technique performed by small 
circular movements that penetrate into the depth of a 
muscle, not by moving the fingers on the skin, but by 
moving the tissues under the skin.
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 Transverse Friction Massage 

 Transverse friction massage is a technique for 
treating chronic tendon inflammations.  23  ,  63  ,  95   
Inflammation is an important part of the healing 
process. It must occur before the healing process 
can advance to the fibroblastic stage. In chronic 
inflammations, however, the inflammatory pro-
cess “gets stuck” and never really accomplishes 
what it is supposed to. The purpose of transverse 
friction massage is to try to increase the inflamma-
tion to a point where the inflammatory process is 
complete and the injury can progress to the later 
stages of the healing process. This technique is 

used most often in chronic overuse problems such 
as lateral or medial humeral epicondylitis, “jump-
er’s knee,” and rotator cuff tendinitis. 

   The technique involves placing the tendon on a 
slight stretch. Massage is done using the thumb or 
index finger to exert intense pressure in a direction 
perpendicular to the direction of the fibers being mas-
saged  (Figure 13–23) . The massage should last for 
7–10 minutes and should be done every other day. 
Transverse friction massage is a painful technique, 
and this should be explained to the patient before 
beginning the massage. Because transverse friction 
massage is painful, it may help to apply ice to the treat-
ment area prior to massage for analgesic purposes. 

 Connective Tissue Massage 

 Connective tissue massage    (Bindegewebsmas-
sage)    was developed by Elizabeth Dicke, a German 
physical therapist who suffered from decreased 
circulation in her right lower extremity for which 
amputation was advised. In trying to relieve her 
lower back pain, she massaged the area with pulling 
strokes ( Figure 13–24 ). She found that with the 
continued stroking the muscular tension relaxed 
and she felt a prickling warmth in the area. She con-
tinued the technique on herself, and after 3 months, 
she had no low back pain and she had restored 
circulation to her right leg. 

Figure 13–22 Superficial friction applied to the back 
by using the heel of the hand.

Treatment Protocols: Massage 
(transverse friction massage)

1. No lubricant is used.
2. The tendon or ligament is placed on a slight 

stretch.
3. Using deep pressure, such that the skin and 

thumb or finger move together over the 
deeper tissue, apply a back-and-forth motion 
perpendicular to the fibers of the tendon or 
ligament.

4. The duration of the massage should be up to 
10 minutes, or as tolerated by the patient.

Figure 13–23 Transverse tendon friction massage on 
the patellar tendon.
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     Connective tissue massage is a stroking tech-
nique carried out in the layers of connective tissue 
on the body surface.  57   This stimulates the nerve 
endings of the autonomic nervous system.  34   Affer-
ent impulses travel to the spinal cord and the brain, 
which causes a change in reaction susceptibility.  71   

   Connective tissue is an organ of metabolism; 
therefore, abnormal tension in one part of the tissue 
is reflected in other parts.  43   All pathologic changes 
involve an inflammatory reaction in the affected 

Figure 13–24 Connective tissue massage involves 
strokes that pull on layers of connective tissue. (a) Pulling 
technique.  (b) Pinching technique.

(a)

(b)

Treatment Protocols: Massage 
(connective tissue massage)

1. No lubricant is used.
2. Using the tips of the third and fourth digits, 

the skin and subcutaneous tissues are pulled 
away from the fascia.

3. The massage extends from the coccyx to the 
upper lumbar area, and each pulling stroke 
should produce a transient, sharp pain.

4. Duration of treatment should be 
15–25 minutes or as tolerated by the 
patient. 

part. One of the changes caused by inflammatory 
reaction is accumulation of fluid in the affected 
area. The area where these changes can most read-
ily be detected is on the body surface. These changes 
are often seen as flattened areas or depressed bands 
that may be surrounded by elevated areas. The flat 
areas are the areas of main response and the 
connective tissue is tight, resisting pulling in any 
direction with movement. 

   The technique of connective tissue massage is 
not used as much in the United States as it is in Euro-
pean countries, especially Germany. As more results 
are seen, especially in the treatment of diseases asso-
ciated with the pathology of circulation, this tech-
nique should become more widely accepted and 
used in this country.  

 General Principles of Connective Tissue 
Massage.   Position of the Patient.   The patient 
is usually in the sitting position for a connective tis-
sue massage. Occasionally a patient may be treated 
in a sidelying or prone position when he or she can-
not be treated in a sitting position. 

 Position of the Athletic Trainer.   The ath-
letic trainer should be in a position, seated or 
standing, that provides good body mechanics, is 
comfortable, and avoids fatigue.  

 Application Technique.   The basic stroke of 
pulling is performed with the tips, or pads, of the 
middle and ring fingers of either hand. Fingernails 
must be very short. The stroking technique is 
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 Connective tissue massage must be learned and 
performed initially under the direct supervision of 
someone who has been taught these highly special-
ized techniques. More detailed information about 
connective tissue massage can be found listed in the 
references.  29  ,  62  ,  90    

 Trigger Point Massage  

 Myofascial Trigger Points.   A    myofascial 
trigger point    is a hyperirritable locus within a 
taut band of skeletal muscle, in tendons, myofas-
cia, ligaments and capsules surrounding joints, 
periosteum, or the skin.  85   Trigger points may acti-
vate and become painful because of some trauma 
to the muscle occurring either from direct trauma 
or from overuse that results in some inflammatory 
response.  94   Like acupuncture points, pain is usu-
ally referred to areas that follow a specific pattern 
associated with a particular point. Stimulation of 
these points has also been demonstrated to result 
in the relief of pain.  32   Trigger points are classified 
as being latent or active depending on their 

characterized by a tangential pull on the skin and 
subcutaneous tissues away from the fascia with the 
fingers. This technique should cause a sharp pain in 
the tissue. The stroke is a pull, not a push of the tis-
sue. No lubricant is used. All treatments are started 
by the basic strokes from the coccyx to the first lum-
bar vertebra. Treatments last about 15–25 minutes. 
After 15 treatments, which are carried out two to 
three times per week, there should be a rest period of 
at least 4 weeks.   

 Other Considerations.   Before any logical 
plan for treatment can be made, it is important to 
determine where any alterations in the optimum 
function of connective tissue have taken place, 
where the changes started, and, if possible, the cause 
of the alteration. 

 Evaluation is a most important part of an effective 
connective tissue massage program. The technique of 
stroking with two fingers of one hand along each side 
of the vertebral column will give much information 
about the sensory changes that are caused by altera-
tions in the tension of surface tissues.    

 Indications and Contraindications.  
 Numerous arterial and venous disorders may 
respond to connective tissue massage. Specific dis-
abilities include (1) scars on the skin; (2) fractures 
and arthritis in the bones and joints; (3) lower back 
pain and torticollis in the muscles; (4) varicose 
symptoms, thrombophlebitis (subacute), hemor-
rhoids, and edema in the blood and lymph; and 
(5) Raynaud’s disease, intermittent claudication, 
frostbite, and trophic changes in the circulatory sys-
tem. Connective tissue massage can also be used for 
myocardial dysfunctions, respiratory disturbances, 
intestinal disorders, ulcers, hepatitis, infections of 
the ovaries and uterus (subacute), amenorrhea, 
dysmenorrhea, genital infantilism, multiple sclero-
sis, Parkinson’s disease, headaches, migraines, and 
allergies. Connective tissue massage is recom-
mended to help in the process of revascularization 
following orthopedic complications such as frac-
tures, dislocations, and sprains. 

 Contraindications to connective tissue massage 
include tuberculosis, tumors, and mental illnesses 
that result from psychologic dependence. 

Treatment Protocols: Massage 
(myofascial trigger point massage)

1. No lubricant is used.
2. Technique is similar to transverse friction 

massage, but is applied to a trigger or 
acupuncture point (found using a chart or 
by palpation). Trigger points usually are 
nodular-like lumps in a muscle, and often 
feel gritty.

3. Using the tip of any digit, or even the 
olecranon process, the skin is moved on the 
trigger point; no motion should take place 
between the therapist and the patient’s skin. 
The motion is circular, and is confined to the 
point.

4. Pressure will be painful, and as hard as 
the patient can tolerate. The pressure may 
produce pain radiating to distant areas.

5. Duration of the massage is between 1 and 
5 minutes per point.
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clinical characteristics.  80   A latent trigger point 
does not cause spontaneous pain but may restrict 
movement or cause muscle weakness.  80   The 
patient presenting with muscle restrictions or 
weakness may become aware of pain originating 
from a latent trigger point only when pressure is 
applied directly over the point. 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. This referred pain is felt 
not at the site of the trigger-point origin, but 
remote from it. The pain is often described as 
spreading or radiating. Referred pain is an impor-
tant characteristic of a trigger point. It differenti-
ates a trigger point from a tender point, which is 
associated with pain at the site of palpation only. 
Trigger points are palpable within muscles as cord-
like bands within a sharply circumscribed area of 
extreme tenderness. They are found most com-
monly in muscles involved in postural support.  45   
Acute trauma or repetitive microtrauma may lead 
to the development of stress on muscle fibers and 
the formation of trigger points.  79   

 Accurate identification of true,  active  trigger 
points is essential for satisfactory outcomes. Look for 
these clinical characteristics:  

  • Patients may have regional, persistent pain 
resulting in a decreased range of motion in 
the affected muscles. These include muscles 
used to maintain body posture, such as those 
in the neck, shoulders, and pelvic girdle.  

  •   Palpation of a hypersensitive bundle or nod-
ule of muscle fiber of harder than normal 
consistency is the physical finding typically 
associated with a trigger point. Palpation of 
the trigger point will elicit pain directly over 
the affected area and/or cause radiation of 
pain toward a zone of reference and a local 
twitch response.  45    

  •   Contracting the muscle against fixed resis-
tance significantly increases pain.  

  •   Firm pressure applied over the point usually 
elicits a “jump sign,” with the patient cry-
ing out, wincing, or withdrawing from the 
stimulus.  94    

  •   One or several fasciculations, called the local 
twitch response, may be observed when firm 
pressure is applied over the point.   

 Trigger point massage has been related to  accu-
pressure , a technique that is based on massage of 
acupuncture points.  65  ,  66  ,  67   Acupuncture and trig-
ger points are not necessarily one and the same. 
However, a study by Melzack, Fox, and Stillwell 
attempted to develop a correlation coefficient 
between acupuncture and trigger points on the basis 
of two criteria: spatial distribution and associated 
pain patterns.  70   They found a remarkably high cor-
relation coefficient of 0.84, which suggested that 
acupuncture and trigger points used for pain relief, 
although discovered independently, labeled by 
totally different methods, and derived from such his-
torically different concepts of medicine, represent a 
similar phenomenon and may be explained by the 
same underlying neural mechanisms.  70  ,  97   

 Physiologic explanations of the effectiveness of 
trigger point massage may likely be attributed to 
some interaction of the various mechanisms of 
pain modulation discussed in Chapter 3.  2   There is 
considerable evidence that intense, low-frequency 
stimulation of these points triggers the release of 
β-endorphin.  77  ,  81  ,  90    

 Trigger Point Massage Techniques.  
 Perhaps the easiest method to locate a trigger point 
is simply to palpate the area until either a small 
fibrous nodule or a strip of  tense muscle tissue that 
is tender to the touch is felt.  14  ,  18  ,  21   Once the point is 
located, massage is begun using the index or middle 
fingers, the thumb, or perhaps the elbow. Small fric-
tion-like circular motions are used on the point (see 
Figure 13–21). The amount of  pressure applied to 
these acupressure points should be determined by 
patient tolerance; however, it must be intense and 
will likely be painful to the patient. Generally, the 
more pressure the patient can tolerate, the more 
effective the treatment. 

 Effective treatment times range from 1 to 5 min-
utes at a single point per treatment. It may be necessary 
to massage several points during the treatment to 
obtain the greatest effects. If this is the case, it is best to 
work distal points first and to move proximally. 
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 During the massage, the patient will report a 
dulling or numbing effect and will frequently indicate 
that the pain diminishes or subsides totally during 
the massage. The lingering effects of acupressure 
massage vary tremendously from patient to patient. 
The effects may last for only a few minutes in some 
but may persist in others for several hours. 

 Strain–Counterstrain 

  Strain–counterstrain  is an approach to decreasing 
muscle tension and guarding that may be used to 
normalize muscle function. It is a passive technique 
that places the body in a position of greatest com-
fort, thereby relieving pain.  50  ,  98   

   In this technique, the athletic trainer locates a 
trigger point on the patient’s body that corre-
sponds to areas of  dysfunction in specific joints or 
muscles that are in need of  treatment. These ten-
der points are not located in or just beneath the 
skin as are many acupuncture points, but deeper 
in muscle, tendon, ligament, or fascia. They are 
characterized by tense, tender, edematous sports 
on the body; they are 1 cm or less in diameter, with 
the most acute point 3 mm in diameter, although 
they may be a few centimeters long within a mus-
cle; there may be multiple points for one specific 
joint dysfunction; they may be arranged in a chain; 
and points are often found in a painless area oppo-
site the site of  pain and/or weakness.  50  ,  98   

   The athletic trainer monitors the tension and 
level of pain elicited by the tender point as he or she 
moves the patient into a position of ease or com-
fort. This is accomplished by markedly shortening 
the muscle. When this position of ease is found, the 

tender point is no longer tense or tender. When 
this position is maintained for a minimum of 
90 seconds, the tension in the tender point and in 
the corresponding joint or muscle is reduced or 
cleared. By slowly returning to a neutral position, 
the tender point and the corresponding joint or 
muscle remain pain free with normal tension. For 
example, with neck pain and/or tension head-
aches, the tender points may be found on either the 
front or back of the patient’s neck and shoulders.  41   
The athletic trainer will have the patient lay on his 
or her back and will gently and slowly bend the 
patient’s neck until that tender point is no longer 
tender (Figure 13–26). After holding that position 
for 90 seconds, the athletic trainer gently and 
slowly returns the patient’s neck to its resting posi-
tion. Upon pressing that tender point again, the 
patient should notice a significant decrease in pain 
at that tender point.  1  ,  41   

   The physiologic rationale for the effectiveness of 
the strain–counterstrain technique can be explained 
by the stretch reflex. When a muscle is placed in a 
stretched position, impulses from the muscle spin-
dles create a reflex contraction of the muscle in 
response to stretch. With strain–counterstrain, the 
joint or muscle is not placed in a position of stretch 
but rather a slack position. Thus muscle spindle 
input is reduced and the muscle is relaxed, allowing 
for a decrease in tension and pain.  41   

 Positional Release Therapy 

 Positional release therapy (PRT) is based on the 
strain–counterstrain technique. The primary differ-
ence between the two is the use of a facilitating force 

  Clinical Decision-Making Exercise 13–2

A female athlete is complaining of painful menstrual 
cramps during practice. She is in such discomfort 
that she is incapable of continuing with the practice 
session. Is there anything that the athletic trainer 
can do to immediately relieve her cramps?

  Clinical Decision-Making Exercise 13–3

A patient is complaining of pain in the middle of 
the upper back between the “shoulder blades” 
that seems to radiate to the left shoulder. What is 
causing this pain, and what techniques can the 
athletic trainer use to eliminate this problem?
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(compression) to enhance the effect of the position-
ing.  10  ,  19  ,  20  ,  82   Like strain–counterstrain, PRT is an 
osteopathic mobilization technique in which the 
body is brought into a position of greatest relax-
ation.  24   The athletic trainer finds the position of 
greatest comfort and muscle relaxation for each 
joint with the help of movement tests and diagnostic 
tender points. Once located, the tender point is 
maintained with the palpating finger at a subthresh-
old pressure. The patient is then passively placed in 
a position that reduces the tension under the palpat-
ing finger and causes a subjective reduction in ten-
derness as reported by the patient. This specific 
position is adjusted throughout the 90-second treat-
ment period. It has been suggested that maintaining 
contact with the tender point during the treatment 
period exerts a therapeutic effect.  19  ,  20  ,  82   This tech-
nique is one of the most effective and most gentle 
methods for the treatment of acute and chronic 
musculoskeletal dysfunction  (Figure 13–25) . 

 Active Release Technique 

  Active release technique (ART)  is a relatively new type 
of manual therapy that has been developed to correct 
soft-tissue problems in muscle, tendon, and fascia 

caused by formation of fibrotic adhesions as a result 
of acute injury, repetitive or overuse injuries, or con-
stant pressure or tension injuries.  26  ,  34  ,  58  ,  59   When a 
muscle, tendon, fascia, or ligament is torn (strained 
or sprained) or a nerve is damaged, the tissues heal 
with adhesions or scar tissue formation rather than 
the formation of brand new tissue. Scar tissue is 
weaker, less elastic, less pliable, and more pain sensi-
tive than healthy tissue. These fibrotic adhesions 
disrupt the normal muscle function, which in turn 
affects the bio-mechanics of the joint complex, and 
can lead to pain and dysfunction. Active release tech-
nique provides a way to diagnose and treat the un-
derlying causes of cumulative trauma disorders that, 
left uncorrected, can lead to inflammation, adhe-
sions/fibrosis, muscle imbalances resulting in weak 
and tense tissues, decreased circulation, hypoxia, and 
symptoms of peripheral nerve entrapment including 
numbness, tingling, burning, and aching.  58  ,  59   

   Active release technique is a deep tissue tech-
nique used for breaking down scar tissue/adhesions 
and restoring function and movement. In the active 
release technique, the athletic trainer should first, 
through palpation, locate those adhesions in the 
muscle, tendon, or fascia that are causing the prob-
lem. Once located the athletic trainer then traps the 
affected muscle by applying pressure or tension with 
the thumb or finger over these lesions in the direction 
of the fibers  (Figure 13–26) . Then the patient is asked 
to actively move the body part such that the muscu-
lature is elongated from a shortened position while 
the athletic trainer continues to apply tension to the 
lesion. This should be repeated three to five times per 
treatment session. By breaking up the adhesions, the 
patient’s condition will steadily improve by softening 
and stretching the scar tissue, resulting in increased 
range of motion, increased strength, and improved 
circulation, which optimizes healing. Treatments 
tend to be uncomfortable during the movement 
phases as the scar tissue or adhesions tear apart. This 
is temporary and subsides almost immediately after 
the treatment. An important part of active release 
technique is for the patient to heed the athletic train-
er’s recommendations regarding activity modifica-
tion, stretching, and exercise.  15  ,  26  ,  34  ,  58  ,  59   

Figure 13–25 Positional release. The muscle is placed 
in a position of relaxation, and submaximal pressure is 
applied to the trigger point.
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 Myofascial Release 

    Myofascial release    is a term that refers to a group 
of techniques used for the purpose of relieving soft 
tissue from the abnormal grip of tight fascia.  51   It is 
essentially a form of stretching that has been re-
ported to have significant impact in treating a vari-
ety of conditions.  85   Some specialized training is 
necessary for the athletic trainer to understand spe-
cific techniques of myofascial release, in addition to 
an in-depth understanding of the fascial system.  4   

   Fascia is a type of connective tissue that sur-
rounds muscles, tendons, nerves, bones, and organs. 
It is essentially continuous from head to toe and is 
interconnected in various sheaths or planes. Fascia 
is composed primarily of collagen along with some 
elastic fibers. During movement the fascia must 
stretch and move freely. If there is damage to the fas-
cia owing to injury, disease, or inflammation, it will 
not only affect local adjacent structures but may also 
affect areas far removed from the site of the injury.  85   
Thus it may be necessary to release tightness in both 
the area of injury as well as in distant areas.  51  ,  92   It 
will tend to soften and release in response to gentle 
pressure over a relatively long period of time.  51   

   Myofascial release has also been referred to as 
soft-tissue mobilization, although technically all 
forms of massage involve mobilization of soft tissue.  71   
Soft-tissue mobilization should not be confused with 
joint mobilization, although it must be emphasized 
that the two are closely related. Joint mobilization is 
used to restore normal joint arthrokinematics, and 
specific rules exist regarding direction of movement 
and joint position based on the shape of the articulat-
ing surfaces. Myofascial restrictions are considerably 

Figure 13–26 Active release technique. Pressure is applied into the trigger points while the patient actively extends 
the muscle from a shortened to a lengthened position.

  Clinical Decision-Making Exercise 13–4

A basketball player has a chronic case of 
patellar tendinitis. The athletic trainer has taken 
usual anti-inflammatory measures (i.e., rest. 
medications, etc.) in treating the problem but it has 
not improved. Suggest an alternative treatment for 
chronic inflammation.

myofascial release A group of techniques used for 
the purpose of relieving soft tissue from the abnormal 
grip of tight fascia.

(a) (b)
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more unpredictable and may occur in many different 
planes and directions. 

   Myofascial treatment is based on localizing the 
restriction and moving into the direction of the restric-
tion regardless of whether that follows the arthro-
kinematics of a nearby joint.  17   Thus, myofascial 
manipulation is considerably more subjective and 
relies heavily on the experience of the clinician. 

   Myofascial manipulation focuses on large treat-
ment areas, whereas joint mobilization focuses on a 
specific joint. Releasing myofascial restrictions over a 
large treatment area can have significant impact on 
joint mobility.  35   Once a myofascial restriction is 
located, the massage should be directly through the 
restriction. The progression of the technique is from 
superficial to deep. Once more superficial restrictions 
are released, the deep restrictions can be located and 
released without causing any damage to superficial 
tissues. Joint mobilization should follow myofascial 
release and will likely be more effective once soft-
tissue restrictions are eliminated.  53   

   As the extensibility is improved in the myofas-
cia, elongation and stretching of the musculotendi-
nous unit should be incorporated.  72   In addition, 
strengthening exercises are recommended to 
enhance neuromuscular reeducation, which helps 
promote new, more efficient movement patterns. As 
freedom of movement improves, postural reeduca-
tion may help to ensure the maintenance of the less 
restricted movement patterns.  53   

   Generally, acute cases tend to resolve in just a 
few treatments. The longer a condition has been 
present, the longer it will take to resolve. Occasion-
ally dramatic results will occur immediately after 
treatment. It is usually recommended that treatment 
should be performed at least three times per week.  22   

 Treatment Considerations.    Protecting the 
Hands.   The hands are the primary treatment 
modality in all forms of massage. Certainly, in myo-
fascial release they are constantly subjected to stress 
and strain and consideration must be given to protec-
tion of the clinician’s hands. It is essential to avoid 
constant hyperextension or hyperflexion of any 
joints, which may lead to hypermobility. If it is neces-
sary to work in deeper tissues where more force is 

necessary, then the fist or elbow may be substituted 
for the thumb and fingers.  17   It bears repeating that 
hands are the most important tool in massage.   

 Use of Lubricant.   It is necessary to use a 
small amount of lubricant, particularly if large areas 
are to be treated using long stroking movements. 
Enough lubricant should be used to allow for traction 
while reducing painful friction without allowing the 
hands to slip on the skin.  17    

 Positioning of the Patient.   As with the other 
forms of massage, it is critical to appropriately position 
the patient such that the effects of the treatment may 
be maximized. Pillows or towel rolls may be a great 
aid in establishing an effective treatment position even 
before the hands contact the patient  (Figure 13–27) . 
The athletic trainer should make certain that good 
body mechanics and positioning are considered to 
protect the clinician as well as the patient. 

 Graston Technique® 

 The  Graston Technique ® is an instrument-assisted 
soft-tissue mobilization that enables clinicians to 
effectively break down scar tissue and fascial restric-
tions as well as to stretch connective tissue and 
muscle fibers  25  ,  46   ( Figure 13–28 ). The technique 
utilizes six hand-held specially designed stainless 
steel instruments, shaped to fit the contour of the 

Figure 13–27 Myofascial release is a mild combination 
of pressure and stretch used to free soft-tissue restrictions.
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body, to scan an area, locate, and then treat the 
injured tissue that is causing pain and restricting 
motion.  46   A clinician normally will palpate a painful 
area looking for unusual nodules, restrictive barri-
ers, or tissue tensions. The instruments help to mag-
nify existing restrictions, which the clinician can 
feel through the instruments.  25   Then, the clinician 
can utilize the instruments to supply precise pressure 
to break up scar tissue, which relieves the discom-
fort and helps restore normal function. The instru-
ments, with a narrow surface area at the edge, have 
the ability to separate fibers. 

   A specially designed lubricant is applied to the skin 
prior to utilizing the instrument, allowing the instru-
ment to glide over the skin without causing irritation. 
Using a cross-friction massage in multiple directions, 
which involves using the instruments to stroke or rub 
against the grain of the scar tissue, the clinician creates 
small amounts of trauma to the affected area.  36   This 
temporarily causes inflammation in the area, which in 
turn increases the rate and amount of blood flow in 
and around the area. The theory is that this process 
helps initiate and promote the healing process of the 
affected soft tissues. It is common for the patient to 

Figure 13–28 The Graston technique uses handheld stainless steel instruments to locate and then separate existing 
restrictions within the muscle.
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experience some discomfort during the procedure and 
possibly some bruising. Ice application following the 
treatment may ease the discomfort. It is recommended 
that an exercise, stretching, and strengthening pro-
gram be used in conjunction with the technique to 
help the injured tissues heal. 

 Rolfing 

    Rolfing   , also referred to as  structural integration , is a 
system Ida Rolf devised to correct inefficient structure 
or to “integrate structure.”  9  ,  49   The goal of this tech-
nique is to balance the body within a gravitational field 
through a technique involving manual soft-tissue ma-
nipulation.  17   The basic principle of treatment is that if 
balanced movement is essential at a particular joint yet 
nearby tissue is restrained, both the tissue and the joint 
will relocate to a position that accomplishes a more 
appropriate equilibrium ( Figure 13–29 ).  52  ,  78   It works 
on the connective tissue to realign the body structur-
ally, harmonizing its fundamental movement patterns 
in relation to gravity. Rolfing is said to enhance pos-
ture and freedom of movement. 

   Rolfing is a standardized approach that is admin-
istered without regard to symptoms or specific pathol-
ogies. The technique involves 10 hour-long sessions, 
each of which emphasizes some aspect of posture 
with the massage directed toward the myofascia.  49   
The 10 sessions include the following. 

   1.   Respiration.  
   2.   Balance under the body (legs and feet).  
   3.    Sagittal plane balance: lateral line from 

front to back.  
   4.   Balance left to right: base of body to midline.  
   5.   Pelvic balance: rectus abdominis and psoas.  
   6.   Weight transfer from head to feet: sacrum.  
   7.    Relationship of head to rest of body: oc-

ciput and atlas.  
   8.   and     9.    Upper half of the body to lower half of the 

body relationship.  
   10.   Balance throughout the system.  

   Once these 10 treatments are completed, 
advanced sessions may be performed in addition to 
periodic “tune-up” sessions. 

   A major aspect of this treatment approach is 
to integrate the structural with the psychologic. 
An emotional state may be seen as the projection 
of structural imbalances. The easiest and most effi-
cient method for changing the physical body is 

(a)

(b)

Figure 13–29 Rolfing techniques. 

Rolfing A system devised to correct inefficient struc-
ture by balancing the body within a gravitational field 
through a technique involving manual soft-tissue 
manipulation.
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through direct intervention in the body. Changing 
the structural imbalances can alter the psycho-
logic component.  78   

 Trager 

 Developed by Milton Trager,    Trager    combines 
mechanical soft-tissue mobilization and 
neurophysiologic reeducation.  93   Unlike Rolfing, 
Trager has no standardized protocols or procedures. 
The Trager system uses gentle, passive, rocking oscilla-
tions of a body part. This is essentially a mobilization 
technique emphasizing traction and rotation as a re-
laxation technique to encourage the patient to relin-
quish control. This relaxation technique is followed by 
a series of active movements designed to alter the pa-
tient’s neurophysiologic control of movement, thus 
providing a basis for maintaining these changes. This 
technique does not attempt to make mechanical 
changes in the soft tissues but rather to establish neu-
romuscular control, so that more normal movement 
patterns can be routinely performed. Essentially it uses 
the nervous system to make changes rather than mak-
ing mechanical changes in the tissues themselves.  93   

 INDICATIONS AND 
CONTRAINDICATIONS FOR 
MASSAGE 

 The conditions that most often motivate patients to 
get treatment involve muscle, tendon, and joint 
problems. Adhesions, muscle spasm, myositis, 

bursitis, fibrositis, tendinitis or tenosynovitis, and 
postural strain of the back all generally fall into this 
category.  44   

   Areas of concern that indicate a patient 
should not be treated with massage include arte-
riosclerosis, thrombosis or embolism, severe vari-
cose veins, acute phlebitis, cellulitis, synovitis, 
abscesses, skin infections, cancers, and preg-
nancy. Acute inflammatory conditions of the skin, 
soft tissues, or joints are also contraindications.  6    
Table 13–1  summarizes indications and contrain-
dications for massage.   

  Clinical Decision-Making Exercise 13–5

A swimmer wants the athletic trainer to give her 
a full body massage after a particularly difficult 
workout. She says that a massage will help her to 
get rid of the lactic acid in her muscles. How should 
the athletic trainer respond to this request?

Trager A technique that attempts to establish neu-
romuscular control so that more normal movement 
patterns can be routinely performed.

 TABLE 13–1  Indications and 
Contraindications for 
Therapeutic Sports Massage

INDICATIONS

Increase coordination 
Decrease pain 
Decrease neuromuscular 

excitibility 
Stimulate circulation 
Facilitate healing 
Restore joint mobility 
Remove lactic acid 
Alleviate muscle cramps
Increase blood flow 
Increase venous return 
Retard muscle atrophy 
Increase range of motion
Edema 
Myofascial trigger points
Stretching scar tissue 
Adhesions 
Muscle spasm 
Myositis 
Bursitis 
Fibrositis 
Tendinitis 
Revascularization 
Raynaud’s disease 
Intermittent claudication
Dysmenorrhea 
Headaches 
Migraines

CONTRAINDICATIONS

Arteriosclerosis 
Thrombosis 
Embolism 
Severe varicose veins 
Acute phlebitis 
Cellulitis 
Synovitis 
Abscesses 
Skin infections 
Cancers 
Acute inflammatory 

conditions 
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 Summary 

   6.   Massage of  acupuncture and trigger points is 
used to reduce pain and irritation in anatomic 
areas known to be associated with specific 
points.  

   7.   Connective tissue massage is a reflex zone 
massage. It is a relatively new form of treat-
ment in this country and has its best effects 
on circulatory pathologies.  

   8.   Myofascial release is a massage technique 
used for the purpose of relieving soft tissue 
from the abnormal grip of tight fascia.  

   9.   Rolfing is a system devised to correct inef-
ficient structure by balancing the body 
within a gravitational field through a tech-
nique involving manual soft-tissue manipu-
lation.  

   10.   Trager attempts to establish neuromuscular 
control so that more normal movement pat-
terns can be routinely performed.  

   1.   Massage, as we know it today, is an improved 
and more scientific version of the various pro-
cedures that go back thousands of years to the 
Greeks, Egyptians, and others.  

   2.   Massage is the mechanical stimulation of  tis-
sue by means of  rhythmically applied pressure 
and stretching. It allows the athletic trainer, 
as a health care provider, to assist a patient to 
overcome pain and to relax through the appli-
cation of  the therapeutic massage techniques.  

   3.   Massage has effects on the circulation, the lym-
phatic system, the nervous system, the muscles, 
myofascia, the skin, scar tissue, psychologic re-
sponses, relaxation feelings, and pain.  

   4.   Hoffa massage is the classic form of  massage 
and uses strokes that include effleurage, petris-
sage, percussion or tapotement, and vibration.  

   5.   Friction massage is used to increase the in-
flammatory response, particularly in cases of 
chronic tendinitis or tenosynovitis.  

  Review Questions  

   1.   Discuss the evolution of massage as a treat-
ment modality.  

   2.   What are the physiologic effects of massage?  
   3.   What are the reflexive effects of massage on 

pain, circulation, and metabolism?  
   4.   What are the mechanical effects of massage 

on muscle and skin?  
   5.   What psychologic benefits can come with 

massage?  
   6.   What are the various considerations for setting up 

equipment and preparing a patient for massage?  

   7.   What are the various stroking techniques 
used in traditional Hoffa massage?  

   8.   What are the clinical applications for using 
friction massage?  

   9.   What is connective tissue massage most often 
used for?  

  10.   What is the difference between acupuncture 
points and myofascial trigger points?  

  11.   How can myofascial release be used to restore 
normal functional movement patterns?    

  Self-Test Questions 

  True or False   
   1.   Massage will increase blood and lymphatic 

flow.  
   2.   The “uncorking effect” states massage on a 

limb with edema should begin distally.  
   3.   Direction of  stroking usually follows muscle 

fibers. 

  Multiple Choice   
   4.   Which type of massage “kneads” tissue by 

lifting, rolling, or pressing intermittently? 
 a.    effleurage
 b.     petrissage 
 c.    tapotement 
 d.    vibration    
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   5.   Pain relief is one of the reflexive effects of mas-
sage. What are the other two effects?

 a.     increased muscle elasticity and decreased 
adhesions   

 b.  increased muscle elasticity and elongated 
fascia 

 c.    decreased circulation and metabolism 
 d.    increased circulation and metabolism    
   6.   Which type of massage does NOT require 

lubricant? 
 a.    petrissage 
 b.    effleurage 
 c.    Hoffa 
 d.    friction    
   7.   Acupressure massage technique requires the 

therapist to identify trigger points and then 
apply 

 a.    pressure
 b.      Bindegewebsmassage 
 c.     friction 
 d.    lubricant    

   8.   Which of the following massage techniques is 
designed to balance the body by manipulating 
soft tissue? 

 a.    Hoffa 
 b.    Trager 
 c.    Rolfing 
 d.    acupuncture    
   9.   Which of the following is a contraindication 

to massage? 
 a.    acute inflammatory conditions 
 b.    edema 
 c.    Raynaud’s disease 
 d.    tendinitis    
   10.   Superficial stroking may be utilized at the 
 a.    beginning of the massage 
 b.    end of the massage  
 c.   both a and b 
 d.    neither a nor b      

  Solutions to Clinical Decision-Making Exercises  

  13–1    The athletic trainer may choose to use a 
petrissage technique, which involves a deep 
kneading technique. Petrissage is often used 
to break up adhesions in the underlying 
muscle and also to assist the lymphatic sys-
tem in removing waste from the area.  

  13–2   Acupressure massage to several acupunc-
ture points may help eliminate her cramps 
in a few minutes by massaging one or sev-
eral points. The tender points are located 2 
inches to the right of  T12, 2 inches bilateral 
to T10, and bilaterally over the first sacral 
openings. Using a circular massage of  these 
points can potentially eliminate the cramps 
for several hours.  

  13–3   It is likely that the patient has a myofas-
cial trigger point in the rhomboids. The 
athletic trainer could try several different 
techniques that have proven to be effec-
tive, including circular pressure massage, a 

spray-and-stretch technique (Chapter 4), or 
a combination of  ultrasound and electrical 
stimulation (Chapter 5).  

  13–4   A transverse friction massage may help to 
“jump start” the inflammatory process, thus 
allowing the healing process to progress to 
the latter stages. It should be explained that 
the treatment will be somewhat painful and 
that the problem should actually get worse 
before it gets better.  

  13–5   The athletic trainer should point out that 
massage postexercise has not been demon-
strated to effectively remove lactic acid. The 
athletic trainer should also inform the pa-
tient that if  she has a specific problem that 
can be helped by incorporating massage, 
then he or she will be glad to use the tech-
nique. However, the policy is generally not 
to provide full body massage for relaxation 
purposes.    
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   Case Study 13–1 

 MASSAGE 
  Background   A 30-year-old stockbroker complains 
of chronic cervical myalgia (“My neck hurts”). There 
was no prior history of trauma and his family physi-
cian reported that his x-rays were within normal limits 
without evidence of degenerative changes or loss of 

disk space height. The patient reports no radiation of 
pain into the shoulders or upper extremities, but does 
complain of restriction in rotating his head to the left. 
The patient states that he spends many hours each day 
at work cradling a telephone with his right side.   
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 Impression   “Occupational neck”: Right upper tra-
pezius and sternocleidomastoid (SCM) muscle spasm.

    Treatment Plan   The patient was placed in a for-
ward seated position with the head and neck sup-
ported by pillows on the treatment plinth. The arms 
were likewise supported by a pillow in the lap. A 
small amount of prewarmed massage lotion was 
applied to the right upper quarter region and a Hoffa 
massage commenced with light effleurage stroking 
begun to the SCM and upper trapezius muscles. The 
light effleurage stroking was followed by several 
minutes of deep effleurage strokes, which identified 
several “trigger point” areas in each muscle. Petris-
sage was directed at each trigger point area for 
approximately 30 seconds; then the massage con-
cluded with several more minutes of deep, then 

superficial, effleurage strokes. At the completion of 
the massage, excess lotion was removed; then the 
patient was instructed in cervical and upper quarter 
active range-of-motion exercise. The patient was 
encouraged to perform his home range-of-motion 
exercises each morning and evening. 

   Response   The patient reported immediate relief of 
his symptoms following the initial session of mas-
sage. He reported the ability to fully turn and bend 
his head and neck. The patient returned for two addi-
tional sessions of massage treatment and was 
educated as to postural habits that triggered his con-
dition. He continued his range-of-motion exercises 
twice a day, added isometric strengthening exercises 
to his daily regimen, and monitored his postural hab-
its at work.   
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   Append ix   A 

 Locations of the Motor Points 

      The illustrations in this appendix show the locations of the motor points located on the extremities and 
the torso. (Courtesy Mettler Electronics Corporation, 1333 S. Claudina Street, Anaheim, Calif. 92805.)      
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A-2  APPENDIX A  Locations of the Motor Points

★★

★★

★★

★★★★ ★★
★★

M.  Adductor Pollicis

M. Opponens Pollicis

M. Flexor Brevis Pollicis

M. Abductor Pollicis

M. Flexor Sublimus Digitorum

M. Flexor Longus Pollicis

M. Biceps

N. Musculocutaneous

M. Coraco Brachialis

M. Brachialis Anticus

N.N. Median and Ulnar

MM. Lumbricales

M. Opponens Minimi Digiti

M. Flexor Brevis Minimi Digiti

M. Abductor Minimi Digiti
N. Median

N. Ulnar
M. Palmaris Longus

M. Pronator Radii Teres

N. Ulnar

M. Flexor Carpi Ulnaris

N. Median

M. Flexor Carpi Radialis

M. Flexor Profundus Digitorum

★★

M. Deltoid Post. Part

MM. Lumbricales and Interossei

M. Extensor Secundi Internodii Pollicis

M. Extensor Primi Internodii Pollicis

M. Extensor Ossis Metacarpi Pollicis

M. Extensor Indicis

M. Extensor Minimi Digiti

M. Extensor Carpi Ulnaris

M. Extensor Carpi Radialis Longior

M. Supinator Longus

M. Triceps

N. Musculocutaneous

M. Infraspinatus

M. Latissimus Dorsi

M. Triceps

M. Supinator Brevis

M. Extensor Carpi Radialis Erevior

M. Extensor Communis Digitorum
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APPENDIX A  Locations of the Motor Points  A-3

M. Pectoralis Major

M. Deltoid Ant. Part

M. Deltoid Middle Part

M. Serratus Magnus

M. Obliquus Externus Abdominis

M. Rectus Abdominis

M. Trapezius
(Upper Part)

M. Trapezius
(Middle Part)

M. Infraspinatus

Deltoid

M. Trapezius
(Lower Part)

M. Teres Major

M. Erector Spinae

M. Latissimus Dorsi

M. Rhomboideus
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A-4  APPENDIX A  Locations of the Motor Points

★★

★★

★★
★★

★★

N. Anterior Crural

M. Sartorius

M. Quadriceps 
Extensor Femoris

M. Rectus Femoris

M. Vastus Externus

N. Obturator

MM. Interossei

M. Extensor
Brevis Digitorum

M. Abductor
Minimi Digiti

M. Peroneus Brevis

M. Extensor Longus
Digitorum

M. Extensor
Proprius Pollicis

M. Peroneus LongusM. Tibialis Anticus

MM. Adductores

M. Vastus Internus

M. Soleus

M. Flexor Longus Hallucis

N. Internal Popliteal (Tibial)

M. Flexor 
Longus Digitorum

M. Gastrocnemius

M. Tensor 
Vaginae Femoris

M. Biceps
MM. Semitendinosus
and Semimembranosus

N. Great Sciatic

N. External
Popliteal (Peroneal)

N. Internal
Popliteal (Tibial)

M. Gluteus Medius

M. Gluteus 
Maximus

★★

★★
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  Append ix  B 

  Units of Measure 

        Milliseconds (msec) =    1⁄1000  of a second   
 Microseconds (µsec) =    1 ⁄ 1,000,000   of a second   
 Nanosecond (nsec) =     1 ⁄ 1,000,000,000     of a second   
 Milliamp (mamp) =    1 ⁄ 1,000  of an amp   
 Microamp (µamp) =    1  ⁄1,000,000  of an amp   
 Angstrom (Å) =    1 ⁄ 10,000,000,000  of a meter   
 Nanometer (nm) =    1  ⁄1,000,000,000  of a meter   
 Hertz (Hz) = 1 cycle per second   
 Kilohertz (KHz) = 1,000 cycles per second   
 Megahertz (MHz) = 1,000,000 cycles per second       

A-5
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   Append ix  C 

  Answers to Self-Quizzes 

   CHAPTER 1 

     1.   F  
   2.   T  
   3.   T  
   4.   B  
   5.   D  

   6.   A  
   7.   B  
   8.   D  
   9.   C  
   10.   A      

 CHAPTER 2   

   1.   T  
   2.   F  
   3.   T  
   4.   B  
   5.   C  

   6.   D  
   7.   C  
   8.   A  
   9.   D  
   10.   A      

 CHAPTER 3   

   1.   T  
   2.   F  
   3.   T  
   4.   B  
   5.   D  

   6.   A  
   7.   D  
   8.   C  
   9.   D  
   10.   C      

 CHAPTER 4   

   1.   F  
   2.   T  
   3.   T  
   4.   C  
   5.   A  

   6.   D  
   7.   B  
   8.   C  
   9.   B  
   10.   A      

 CHAPTER 5   

   1.   F  
   2.   T  
   3.   T  
   4.   T  
   5.   F  
   6.   T  
   7.   B  
   8.   C  
   9.   A  
   10.   B  

   11.   D  
   12.   D  
   13.   A  
   14.   D  
   15.   B  
   16.   B  
   17.   C  
   18.   A  
   19.   D  
   20.   D    

A-6
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APPENDIX C  Answers to Self-Quizzes  A-7

   CHAPTER 8 

     1.   T  
   2.   F  
   3.   F  
   4.   B  
   5.   A  

   6.   C  
   7.   A  
   8.   D  
   9.   C  
   10.   B    

   CHAPTER 9 

     1.   T  
   2.   F  
   3.   T  
   4.   C  
   5.   B  

   6.   C  
   7.   A  
   8.   D  
   9.   B  
   10.   B    

   CHAPTER 10 

     1.   T  
   2.   T  
   3.   F  
   4.   C  
   5.   B  

   6.   A  
   7.   D  
   8.   A  
   9.   D  
   10.   B    

   CHAPTER 11 

     1.   T  
   2.   T  
   3.   F  
   4.   B  
   5.   B  

   6.   D  
   7.   A  
   8.   C  
   9.   D  
   10.   A    

   CHAPTER 12 

     1.   T  
   2.   T  
   3.   F  
   4.   B  
   5.   D  

   6.   C  
   7.   A  
   8.   C  
   9.   D  
   10.   B    

   CHAPTER 13 

     1.   T  
   2.   F  
   3.   T  
   4.   B  
   5.   D  

   6.   D  
   7.   A  
   8.   C  
   9.   A  
   10.   C        

   CHAPTER 6 

     1.   F  
   2.   F  
   3.   T  
   4.   B  
   5.   A  

   6.   D  
   7.   C  
   8.   A  
   9.   D  
   10.   C    

   CHAPTER 7 

     1.   F  
   2.   T  
   3.   F  
   4.   D  
   5.   B  

   6.   A  
   7.   C  
   8.   B  
   9.   C  
   10.   D    
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   air space plate      A capacitor type electrode in which the 
plates are separated from the skin by the space in a glass 
case; used with shortwave diathermy.  
   alkaline reaction      The accumulation of positive ions 
under the negative electrode, which produces sodium 
hydroxide.  
   all-or-none response      The depolarization of nerve 
or muscle membrane is the same once a depolarizing 
intensity threshold is reached; further increases in 
intensity do not increase the response. Stimuli at 
intensities less than threshold do not create a depolarizing 
effect.  
   alternating current      Current that periodically changes its 
polarity or direction of flow.  
   ampere      Unit of measure that indicates the rate at which 
electrical current is flowing.  
   amplifier      A device using electrical components to 
increase electrical power.  
   amplitude      Describes the magnitude of the vibration in a 
wave. It is the maximum distance from equilibrium that 
any particle reaches. It is also referred to as the intensity 
of current flow as indicated by the height of the waveform 
from baseline.  
   analgesia      Loss of sensibility to pain.  
   anesthesia      Loss of sensation.  
   annulus fibrosus      The interlacing cross-fibers of 
fibroelastic tissue that are attached to adjacent vertebral 
bodies that contain the nucleus pulposus.  
   anode      Positively charged electrode in a direct current 
system.  
   anoxia      Reduction of oxygen in body tissues below 
physiologic levels.  
   applicator      The electrode used to transfer energy in 
microwave diathermy.  
   Arndt-Schultz principle      No reactions or changes can 
occur in the body if the amount of energy absorbed is not 
sufficient to stimulate the absorbing tissues.  

  A 

   absolute refractory period      Brief time period (.5 µsec) 
after membrane depolarization during which the 
membrane is incapable of depolarizing again.  
   absorption      Energy that stimulates a particular tissue to 
perform its normal function.  
   accommodation      Adaptation by the sensory receptors to 
various stimuli over an extended period of time.  
   acidic reaction      The accumulation of negative ions under 
the positive pole, which produces hydrochloric acid.  
   acoustic impedance      Determines the amount of 
ultrasound energy reflected at tissue interfaces.  
   acoust ic  microstreaming      The unidirectional 
movement of fluids along the boundaries of cell 
membranes, resulting from the mechanical pressure 
wave in an ultrasonic field.  
   acoustic spectrum      The range of frequencies and 
wavelengths of sound waves.  
   ACTH      Adrenocorticotropic hormone. This hormone 
stimulates the release of glucocorticoids (cortisol) from 
the adrenal glands.  
   action potential      A recorded change in electrical potential 
between the inside and outside of a nerve cell, resulting in 
muscular contraction.  
   active electrode      Electrode at which greatest current 
density occurs or the electrode that is used to drive ions 
into the tissues.  
   acupressure      The technique of using finger pressure over 
acupuncture points to decrease pain.  
   acute      Pain of sudden onset often associated with physical 
trauma.  
   acute injury      An injury in which active inflammation is 
present that includes the classic symptoms of tenderness, 
swelling, redness, and warmth.  
   afferent      Conduction of a nerve impulse toward an 
organ.  

   Glossary 

G-1
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G-2  Glossary

   attenuation      A decrease in energy intensity while the 
ultrasound wave is transmitted through various tissues 
caused by scattering and dispersion.  
   average current      The amount of current flowing per unit 
of time.  
   avulsion fracture      A fracture in which a small piece of 
bone is torn away by an attached tendon or ligament.  

   B 

   bacteriostatic      A chemical environment in which 
bacteria is destroyed.  
   bandwidth      A specific frequency range in which the 
amplifier will pick up signals produced by electrical 
activity in the muscle.  
   beam nonuniformity ratio (BNR)      Indicates the amount 
of variability of intensity within the ultrasound beam and 
is determined by the miximal point intensity of transducer 
to the average intensity across the transducer surface.  
   beat      Distinct wave pattern created by combining two 
distinct circuit electrical waves that blend into a gradual 
rising and falling wave.  
   b - e n do r p h i n       A  neurohormone der ived  f rom 
proopiomelanocortin (POMC). It is similar in structure 
and properties to morphine.  
   Bindegewebsmassage      Reflex zone massage; uses a 
pulling stroke across connective tissue to effect change.  
   bioelectromagnetics      The study of biologic tissues’ 
electrical and magnetic properties.  
   biofeedback      Information provided from some measuring 
instrument about a specific biologic function.  
   biphasic current      Another name for alternating current, 
in which the direction of current flow reverses direction.  
   bipolar arrangement      Two active recording electrodes 
placed in close proximity to one another.  
   bursts      A combined set of three or more pulses; also 
referred to as packets or envelopes.  

   C 

   cable electrodes      An inductance type electrode in which 
the electrodes are coiled around a body part, creating an 
electromagnetic field.  
   capacitor electrodes      Air space plates or pad electrodes 
that create a stronger electrical field than a magnetic 
field.  
   cathode      Negatively charged electrode in a direct current 
system.  

   cavitation      The formation of gas-filled bubbles that 
expand and compress because of ultrasonically induced 
pressure changes in tissue fluids.  
   central biasing      A theory of pain modulation where 
higher centers, such as the cerebral cortex, influence 
the perception of and response to pain. Also the use of 
hyperstimulation—analgesia to bias the central nervous 
system against transmitting painful stimuli to the 
sensory recognition area. This occurs through hormonal 
influences created by brain stem stimulation.  
   chronaxie      The duration of time necessary to cause 
observable tissue excitation, given a current intensity of 
two times rheobasic current.  
   chronic injury      An injury in which the normal cellular 
response in the inflammatory process is altered, replacing 
leukocytes with macrophages and plasma cells.  
   chronic pain      Pain lasting more than 6 months.  
   circuit      The path of current from a generating source 
through the various components back to the generating 
source.  
   coherence      Property of identical phase and time 
relationship. All photons of laser light are the same 
wavelength.  
   collimate      To make parallel.  
   collimated beam      A focused, less divergent beam of 
ultrasound energy produced by a large diameter 
transducer.  
   common mode rejection ratio (CMRR)      The ability of 
the differential amplifier to eliminate the common noise 
between the active electrodes.  
   compressions      Regions of high molecular density 
(i.e., a great amount of ultrasound energy) within the 
longitudinal wave.  
   conductance      The ease with which a current flows along 
a conducting medium.  
   conduction      Heat loss or gain through direct contact.  
   conductors      Materials that permit the free movement of 
electrons.  
   congestion      Presence of an abnormal amount of blood 
in the vessels resulting from an increase in blood flow or 
obstructed venous return.  
   consensual heat vasodilation      Vasodilation and 
increased blood flow will spread to remote areas, causing 
increased metabolism in the unheated area.  
   constructive interference      The combined amplitude of 
two distinct circuits increases the amplitude.  
   continuous wave      An uninterrupted beam of laser light, 
as opposed to pulsed.  
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Glossary  G-3

   continuous wave ultrasound      The sound intensity 
remains constant throughout the treatment, and the 
ultrasound energy is being produced 100% of the time.  
   contrast bath      Hot (106°F) and cold (50°F) treatments 
in a combined sequence to stimulate superficial capillary 
vasodilation or vasoconstriction.  
   convection      Heat loss or gain through the movement of 
water molecules across the skin.  
   conversion      Changing from one energy form into 
another.  
   cosine law      Optimal radiation occurs when the source of 
radiation is at right angles to the center of the area being 
radiated.  
   coulomb      Indicates the number of electrons flowing in a 
current.  
   coupling medium      A substance used to decrease the 
acoustic impedance at the air-skin interface and thus 
facilitate the passage of ultrasound energy.  
   cryokinetics      The use of cold and exercise in the 
treatment of pathology or disease.  
   cryotherapy      The use of cold in the treatment of 
pathology or diseases.  
   current      The flow of electrons.  
   current density      Amount of current flow per cubic area.  
   current of injury      A bioelectric current produced by any 
type of cellular trauma that plays a key role in stimulating 
healing.  

   D 

   decay time      The time required for a waveform to go from 
peak amplitude to 0 V.  
   denervated muscle      Muscle that has lost its peripheral 
nerve supply.  
   depolarization      Process or act of neutralizing the cell 
membrane’s resting potential.  
   destructive interference      Combined amplitude of two 
distinct circuits decreases the amplitude.  
   diathermy      The application of high-frequency electrical 
energy that is used to generate heat in body tissue as a 
result of the tissue to the passage of energy. It may also be 
used to produce nonthermal effects.  
   differential amplifier      Monitors the two separate signals 
from the active electrodes and amplifies the difference, 
thus eliminating extraneous noise.  
   diode laser      A solid-state/semiconductor used as a lasing 
medium.  
   dipoles      Molecules whose ends carry opposite charges.  

   direct current      Galvanic current that always flows in 
the same direction and may flow in either a positive or a 
negative direction.  
   direct effect      The tissue response that occurs from 
energy absorption.  
   disk herniation      The protrusion of the nucleus pulposus 
through a defect in the annulus fibrosus.  
   disk material      Cartilaginous material from vertebral body 
surfaces, disk nucleus, or annulus fibrosus.  
   disk nucleus      The protein polysaccharide gel that is 
contained between the cartilaginous end plates of the 
vertebrae and the annulus fibrosus.  
   disk protrusion      The abnormal projection of the disk 
nucleus through some or all of the annular rings.  
   divergence      The bending of light rays away from each 
other; the spreading of light.  
   DNA      Deoxyribonucleic acid—the substance found in the 
chromosomes of the cell nucleus that carries the genetic 
code of the cell.  
   drum electrodes      Induction electrodes that produce 
a strong magnetic field. Primarily used with pulsed 
shortwave diathermy.  
   duration      Sometimes referred to as pulse width. Indicates 
the length of time the current is flowing.  
   duty cycle      The percentage of time that ultrasound is 
being generated (pulse duration) over one pulse period, 
which is also referred to as the mark: space ratio.  
   dynorphin      An endogenous opioid derived from the 
prohormone prodynorphin.   

  E 

   eddy currents      Small circular electrical fields induced 
when a magnetic field is created that result in 
intramolecular oscillation (vibration) of tissue contents, 
causing heat generation.  
   edema      Excessive fluid in cells.  
   effective radiating area      The total area of the surface of 
the transducer that actually produces the sound wave.  
   efferent      Conduction of a nerve impulse away from an 
organ.  
   effleurage      To stroke; any stroke that glides over the skin 
without attempting to move the deep muscle masses. 
The hand is molded to the part, stroking with more or 
less constant pressure, usually upward. Any degree 
of pressure may be applied, varying from the lightest 
possible touch to very deep pressure.  
   electrets      Insulators carrying a permanent charge 
similar to a permanent magnet.  
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G-4  Glossary

   electrical current      The net movement of electrons along 
a conducting medium.  
   electrical field      The lines of force exerted on charged 
ions in the tissues by the electrodes that cause charged 
particles to move from one pole to the other.  
   electrical impedance      The opposition to electron flow in 
a conducting material.  
   electrical potential      The difference between charged 
particles at a higher and lower potential.  
   electrolytes      Solutions in which ionic movement occurs.  
   electromagnetic spectrum      The range of frequencies 
and wavelengths associated with radiant energy.  
   electromyographic biofeedback      A therapeutic 
procedure that uses electronic or electromechanical 
instruments to accurately measure, process, and feed back 
reinforcing information via auditory or visual signals.  
   electron      Fundamental particle of matter possessing a 
negative electrical charge and very small mass.  
   electrophoresis      The movement of ions in solution.  
   electropiezo activity      Changing electric surface charges 
of a structure forces the structure to change shape.  
   endogenous opioids      Opiate-like neuroactive peptide 
substances made by the body.  
   endorphins      Endogenous opioids whose actions have 
analgesic properties (i.e., b-endorphin).  
   endothelial cell      Cells that line the cavities of vessels.  
   endothelial-derived relaxing factor      Relaxes smooth 
muscle and stimulates blood flow rates in veins.  
   enkephalinergic interneurons      Neurons with short 
axons that release enkephalin. They are widespread in the 
central nervous system and are found in the substantia 
gelatinosa, nucleus raphe magnus, and periaqueductual 
grey matter.  
   erythema      A redness of the skin caused by capillary 
dilation.  
   excited state      State of an atom that occurs when outside 
energy causes the atom to contain more energy than 
normal.   

  F 

   facet joints      Articular joints of the spine.  
   faradic current      An asymmetric biphasic waveform 
seldom used on modern electrical generators.  
   Federal Communications Commission (FCC)      Federal 
agency charged with assigning frequencies for all radio 
transmitters, including diathermies.  
   fiber optic      A solid glass or plastic tube that conducts 
light along its length.  

   fibrils      Connective tissue fibers supporting the lymphatic 
capillaries.  
   fibroplasia      The period of scar formation that occurs 
during the fibroblastic repair phase.  
   fibrosis      The formation of fibrous tissue in the injury 
repair process.  
   filter      Changes pulsating DC current to smooth DC.  
   filters      Devices that help to reduce external noise that 
essentially makes the amplifier more sensitive to some 
incoming frequencies and less sensitive to others.  
   fluidotherapy      A modality of dry heat using a finely divided 
solid suspended in a stream with the properties of liquid.  
   fluorescence      The capacity of certain substances to radiate 
when illuminated by a source of a given wavelength; a light 
of a different wavelength (color) than that of the irradiating 
source when illuminated by a given wavelength.  
   focusing      Narrowing attention to the appropriate stimuli 
in the environment.  
   free nerve endings      Receptors that are sensitive to 
extreme mechanical, chemical, or thermal energy.  
   frequency      The number of cycles or pulses per second.  
   frequency window selectivity      Cellular responses may 
be triggered by a certain electrical frequency range.  
   friction massage      A technique that affects fibrositic 
adhesions in tendon, muscle, or ligament. It is performed 
by small circular movements that penetrate into the 
depth of a muscle, not by moving the finger on the skin, 
but by moving the tissues under the skin.  
   functional electrical stimulation      Utilizes multiple 
channel electrical stimulators to recruit muscles in a 
programmed sequence that produces a functional 
movement pattern.   

  G 

   gap junctions      Specialized junction areas connecting cells 
of like structure that contain channels for ionic, electrical, 
and small molecule signaling that passes messages from 
cell to cell.  
   glutamate enkephalin      Neurotransmitter proteins that 
block the passage of noxious stimuli from first order to 
second order afferents. They inhibit the release of substance 
P and are produced by enkephalinergic neurons.  
   ground      A wire that makes an electrical connection with 
the earth.  
   ground-fault interrupters (GFI)      A safety device that 
automatically shuts off current flow and reduces the 
chances of electrical shock.  
   ground state      The normal, unexcited state of an atom.   
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Glossary  G-5

  H 

   heterodyne      Cyclic rising and falling wave form of 
interferential current.  
   high-voltage current      Current in which the waveform 
has an amplitude of greater than 150 V with a relatively 
short pulse duration.  
   hot spots      Areas at tissue interfaces that may become 
overheated.  
   Hubbard tank      An immersion tank for the whole body, it 
may have vertical depth for walking or supine treatment.  
   hunting response      A reflex vasodilation that occurs 
in response to cold approximately 15 minutes into the 
treatment. This has been demonstrated to be only an 
increase in temperature and not necessarily a change in 
blood flow.  
   hybrid currents      Currents that have waveforms 
containing parameters that are not classically alternating 
or direct.  
   hydrocollator      A synthetic hot (170°F) or cold (0°F) gel 
used as an adjunctive modality to stimulate a rise or fall 
in tissue temperature.  
   hydrotherapy      Cryotherapy and thermotherapy 
techniques that use water as the medium for heat 
transfer.  
   hyperemia      Presence of an increased amount of blood in 
part of the body.  
   hyperplasia      An increase in the size of a tissue; in the 
skin, an increased thickness of the epidermis.   

  I 

   impedance      The resistance of the tissue to the passage of 
electrical current.  
   indication      The reason to prescribe a remedy or 
procedure.  
   indifferent or dispersive electrode      Large electrode 
used to spread out electrical charge and decrease current 
density at that electrode site.  
   indirect effect      A decreased response that occurs in 
deeper tissues.  
   induction electrodes      Cable or drum electrodes that 
create a stronger magnetic field than electrical field.  
   inflammation      A redness of the skin caused by capillary 
dilations.  
   infrared      The portion of the electromagnetic spectrum 
associated with thermal changes located adjacent to the 
red portion of the visible light spectrum.  
   insulators      Materials that resist current flow.  

   integration      A signal processing technique that measures 
the area under the curve for a specified period of time, 
thus forming the basis for quantification of electrical 
activity.  
   intensity      A measure of the rate at which energy is being 
delivered per unit area.  
   intermolecular oscillation (vibration)      Movement 
between molecules that produces friction and thus heat.  
   interneurons      Neurons contained entirely in the central 
nervous system. They have no projections outside the 
spinal cord. Their function is to serve as relay stations 
within the central nervous system.  
   interpulse interval      The interruptions between individual 
pulses or groups of pulses.  
   intrapulse interval      The period of time between individual 
pulses.  
   inverse square law      The intensity of radiation striking a 
particular surface varies inversely with the square of the 
distance from the radiating source.  
   ion      A positively or negatively charged particle.  
   ion transfer      A technique of transporting chemicals across 
a membrane using an electrical current as a driving force.  
   ionization      A process by which soluble compounds, such 
as acids, alkaloids, or salts, dissociate or dissolve into ions 
that are suspended in some type of solution.  
   iontophoresis      Uses continuous direct current to drive 
ions into the tissues.   

  J 

   joint capsule      Ligamentous structure that surrounds and 
encapsulates a joint.  
   joint swelling      Accumulation of blood and joint fluid 
within the joint capsule.   

  K 

   Kehr’s sign      Referred pain pattern involving pain in the 
left jaw, shoulder, and arm.  
   keratin      The fibrous protein that forms the chemical basis 
of the epidermis.  
   keratinocytes      A cell that produces keratin.   

  L 

   laser      A device that concentrates high energies into a 
narrow beam of coherent, monochromatic light (Light 
Amplification by the Stimulated Emission of Radiation).  
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G-6  Glossary

   Law of Grotthus-Draper      Energy not absorbed by the 
tissues must be transmitted.  
   leukocytes      A white blood cell that is the primary effector 
cell against infection and tissue damage that functions to 
clean up damaged cells.  
   ligament deformation      Lengthening distortion of 
ligament caused by traction loading.  
   longitudinal wave      The primary waveform in which 
ultrasound energy travels in soft tissue, with the molecular 
displacement along the direction in which the wave travels.  
   low-voltage current      Current in which the waveform has 
an amplitude of less than 150 V.  
   lymph      A transparent slightly yellow liquid found in the 
lymphatic vessels.  
   lymphedema      Swelling of subcutaneous tissues as a result 
of accumulation of excessive lymph fluid.   

  M 

   macroshock      An electrical shock that can be felt and has 
a leakage of electrical current of greater than 1 mA.  
   macrotears      Significant damage to soft tissues caused 
by acute trauma that results in clinical symptoms and 
functional alterations.  
   magnetic field      Field created when current is passed 
through a coiled cable that affects surrounding tissues by 
inducing localized eddy currents, within the tissues.  
   massage      The act of rubbing, kneading, or stroking 
the superficial parts of the body with the hand or with 
an instrument for the purpose of modifying nutrition, 
restoring power of movement, or breaking up adhesions.  
   maximum voluntary isometric contraction      Peak torque 
produced by a muscular contraction.  
   medical galvanism      Creates either an acidic or alkaline 
environment that may be of therapeutic value.  
   melanin      A group of dark brown or black pigments that 
occur naturally in the eye, skin, hair, and other animal 
tissues.  
   meniscoid structures      A cartilage tip found on the 
synovial fringes of some facet joints.  
   metabo l i tes       Waste products of metabolism or 
catabolism.  
   microcurrent electrical nerve stimulator (MENS)      Used 
primarily in tissue healing, the current intensities are too 
small to excite peripheral nerves.  
   microshock      An electrical shock that is imperceptible 
because of a leakage of current of less than 1 mA.  
   microtears      Minor damage to soft tissue most often 
associated with overuse.  

   minimal erythemal dose      The amount of time of 
exposure to UVR necessary to cause a faint erythema 
24 hours after exposure.  
   modulation      Refers to any alteration in the magnitude or 
any variation in the duration of an electrical current.  
   monochromaticity      When a light source produces a 
single color or wavelength.  
   monophasic current      Another name for direct current, 
in which the direction of current flow remains the same.  
   mottling      A reddening of the skin in a blotchy pattern.  
   muscle guarding      A protective response in muscle that 
results from pain or fear of movement.  
   myofascial pain      A type of referred pain associated with 
trigger points.  
   myofascial release      A group of techniques used to relieve 
soft tissue from the abnormal grip of tight fascia.   

  N 

   nerve root impingement      Abnormal encroachment of 
some body tissue into the space occupied by the nerve 
root.  
   neuromuscular electrical stimulator (NMES)      Also 
called an electrical muscle stimulator (EMS), it is used 
to stimulate muscle directly as would be the case with 
denervated muscle where peripheral nerves are not 
functioning.  
   neurotransmitter      Substance that passes information 
between neurons. It is released from one neuron terminal 
(presynaptic membrane), enters the synaptic cleft, 
and attaches (binds) to a receptor on the next neuron 
(postsynaptic membrane). Substance P, enkephalins, 
serotonin, methionine, acetylcholine, and leucine 
enkephalin are neurotransmitters.  
   nociceptive      Pain information or signals of pain stimuli.  
   noise      Extraneous electrical activity that may be produced 
by any source other than the contracting muscle.  
   norepinephrine      A neurotransmitter.  
   nutrients      Essential or nonessential food substance.   

  O 

   ohm      A unit of measure that indicates resistance to 
current flow.  
   Ohm’s law      The current in an electrical circuit is directly 
proportional to the voltage and inversely proportional to 
the resistance.  
   opiate receptors      Neurons that have receptors that bind 
to opiate substances.  
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Glossary  G-7

   oscil lator      Used to produce and output a specific 
waveform, which may be different from that used to 
power or drive the stimulating unit.  
   output amplifier      Used to magnify or increase the 
amplitude of the voltage output of the generator and 
control it at a specific level.   

  P 

   pad electrodes      Capacitor-type electrode used with 
shortwave diathermy to create an electrical field.  
   pain      An unpleasant sensory and emotional experience 
associated with actual or potential tissue damage.  
   paraffin bath      A combined paraffin and mineral oil 
immersion technique in which the paraffin substance is 
heated to 126°F for conductive heat gains; commonly 
used on the hands and feet for distal temperature gains in 
blood flow and temperature.  
   parallel circuit      A circuit in which two or more routes 
exist for current to pass between the two terminals.  
   periaqueductal grey      A midbrain structure that plays an 
important role in descending tracts that inhibit synaptic 
transmission of noxious input in the dorsal horn.  
   periosteum      A highly vascularized and innervated 
membrane lining the surface of bone.  
   petrissage      Massage technique that is a kneading 
manipulation. Consists of repeatedly grasping and 
releasing the tissue with one or both hands or parts 
thereof in a lifting, rolling, or pressing movement. The 
outside characteristic of this movement as contrasted 
to stroking movements is that the pressure is applied 
intermittently.  
   phagocytic cells      A cell that has the ability to destroy and 
ingest cellular debris.  
   phases      That portion of the pulse that rises above or 
below the baseline for some period of time.  
   phonophoresis      A technique in which ultrasound is used 
to drive a topical application of a selected medication into 
the tissues.  
   photokeratitis      An inflammation of the eyes caused by 
exposure to UVR.  
   photon      The basic unit of light; a packet or quanta of light 
energy.  
   photosensitization      A process in which a person becomes 
overly sensitive to UVR.  
   piezoelectric activity      Changing electric surface charges 
of a structure forces the structure to change shape.  
   piezoelectric effect      When an alternating electrical 
current generated at the same frequency as the crystal 

resonance is passed through the piezoelectric crystal, 
the crystal will expand and contract or vibrate at the 
frequency of the electrical oscillation, thus generating 
ultrasound at a desired frequency.  
   pigmentation      Tanning of the skin from sun exposure.  
   pitting edema      A type of swelling that leaves a pitlike 
depression when the skin is compressed.  
   population inversion      A condition where more atoms 
exist in a high energy, excited state than those atoms that 
are in a normal ground state; this is required for lasing to 
occur.  
   power      The total amount of ultrasound energy in the 
beam; is expressed in watts.  
   proprioceptive nervous system      System of nerves that 
provides information on joint movement, pressure, and 
muscle tension.  
   prostaglandins      Irritants that are synthesized locally during 
injury in tissue from a fatty acid precursor (arachidonic 
acid). They act with bradykinin to amplify pain by 
sensitizing afferent neurons to chemical and mechanical 
simulation. Aspirin is thought to be capable of interrupting 
the process. Prostaglandins are powerful vasodilators. They 
induce erythema, increase leakage of plasma from vessels, 
and attract leukocytes to an injured area.  
   pulse      An individual waveform.  
   pulse charge      The total amount of electricity being 
delivered to the athlete during each pulse.  
   pulse period      The combined time of the pulse duration 
and the interpulse interval.  
   pulsed-polyphasic current      Current that contains three 
or more grouped phases in a single pulse and that is used 
in interferential and “Russian” currents.  
   pulsed shortwave diathermy      Created by simply 
interrupting the output of continuous shortwave 
diathermy at consistent intervals; it is used primarily for 
nonthermal effects.  
   pulsed ultrasound      The intensity is periodically 
interrupted with no ultrasound energy being produced 
during the off period. When using pulsed ultrasound, the 
average intensity of the output over time is reduced.   

  R 

   radiating pain      Pain that moves away from the site of a 
lesion, usually associated with some pressure in the area 
of injury.  
   radiation      The process of emitting energy from some 
source in the form of waves. A method of heat transfer 
through which heat can be either gained or lost.  
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G-8  Glossary

   ramping      Another name for surging modulation, in which 
the current builds gradually to some maximum amplitude.  
   raphe nucleus      Part of the brain that is known to inhibit 
pain impulses being transmitted through the ascending 
system.  
   rarefactions      Regions of lower molecular density (i.e., a 
small amount of ultrasound energy) within a longitudinal 
wave.  
   rate of rise      How quickly a waveform reaches its 
maximum amplitude.  
   raw      A form in which the electrical activity produced by 
muscle contraction may be displayed or recorded before 
the signal is processed.  
   rectification      A signal processing technique that changes 
the deflection of the waveform from the negative pole 
to the positive pole, essentially creating a pulsed direct 
current.  
   rectifier      Converts AC current to pulsating DC current.  
   reference electrode      Also referred to as the ground 
electrode, it serves as a point of reference to compare the 
electrical activity recorded by the active electrodes.  
   referred pain (referred myofascial pain)      When 
nociceptive impulses reach the dorsal grey matter, 
they converge, and their summation can depolarize 
internuncial neurons over several spinal segments, 
causing the individual to feel pain in distal areas 
innervated by these segments.  
   reflection      The bending back of light or sound waves 
from a surface that they strike.  
   refraction      The change in direction of a sound wave or 
radiation wave when it passes from one medium or type 
of tissue to another.  
   regulator      Produces a specific controlled voltage output.  
   resistance      The opposition to electron flow in a 
conducting material.  
   resting potential      The potential difference between the 
inside and outside of a membrane.  
   rheobase      The intensity of current necessary to cause 
observable tissue excitation given a long current 
duration.  
   RNA      Ribonucleic acid—an acid found in the cell 
cytoplasm and nucleolus; it is intimately involved in 
protein synthesis.  
   Rolfing      A system devised to correct inefficient structure 
by balancing the body within a gravitational field through 
a technique involving manual soft-tissue manipulation.  
   Russian current      A medium frequency (2000 to 10,000 
H2) polyphasic AC wave generaged in 50 burst-per-
second envelopes.   

  S 

   sclerotome      A segment of bone innervated by a spinal 
segment.  
   series circuit      A circuit in which there is only one path 
for current to get from one terminal to another.  
   sensitization      Prolonged depolarization of nociceptive 
neurons that results in continuous stimulation. Most 
sensory receptors are rendered less sensitive after 
prolonged stimulations. This is not the case with 
nociceptive neurons.  
   serotonin      A neurotransmitter found in neurons 
descending in the dorsolateral tract. The dorsolateral 
tract is thought to play a significant role in pain control. 
Serotonin is found in the vesicles in nerve endings that 
bind when released to postsynaptic membranes. Its action 
is terminated by re-uptake into presynaptic membranes. 
It is probably involved in both endogenous pain control 
and opiate analgesia. Increased levels of serotonin in the 
central nervous system are generally associated with 
increased analgesia.  
   signal gain      Determines the signal sensitivity. If a high 
gain is chosen, the biofeedback unit will have a high 
sensitivity for the muscle activity signal.  
   smoothing      A signal processing technique that eliminates 
the high-frequency fluctuations that are produced with a 
changing electrical signal.  
   specific absorption rate (SAR)      Represents the rate of 
energy absorbed per unit area of tissue mass.  
   spondylolisthesis      Forward displacement of one vertebra 
over another.  
   spontaneous emission      When an atom in a high-energy 
state emits a photon and drops to a more stable ground 
state.  
   standing wave      As the ultrasound energy is reflected at 
tissue interfaces with different acoustic impedances, the 
intensity of the energy is increased as the reflected energy 
meets new energy being transmitted, forming waves of 
high energy, that can potentially damage surrounding 
tissues.  
   stereodynamic interference current      Three distinct 
circuits blending and creating a distinct electrical wave 
pattern.  
   stimulated emission      When a photon interacts with 
an atom already in a high-energy state and decay of the 
atomic system occurs, releasing two photons.  
   strain-related potentials      Tissue-based electric potentials 
generated in response to strain of the tissue.  
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Glossary  G-9

   transformer      Reduces the amount of voltage from the 
power supply.  
   transmission      The propagation of energy through a 
particular biologic tissue into deeper tissues.  
   transverse wave      Occurring only in bone, the molecules 
are displaced perpendicular to the direction in which the 
ultrasound wave is moving.  
   trigger point      Localized deep tenderness in a palpable 
firm band of muscle. When stretched, a palpating finger 
can snap the band like a taut string, which produces local 
pain, a local twitch of that portion of the muscle, and a 
jump by the athlete. Sustained pressure on a trigger point 
reproduces the pattern of referred pain for that site.  
   twitch muscle contraction      A single muscle contraction 
caused by one depolarization phenomenon.   

  U 

   ultrasound      A portion of the acoustic spectrum located 
above audible sound.  
   ultraviolet      The portion of the electromagnetic spectrum 
associated with chemical changes located adjacent to the 
violet portion of the visible light spectrum.  
   unilateral foramen opening      Enlargement of the foramen 
on one side of a vertebral segment.   

  V 

   vasconstriction      Narrowing of the blood vessels.  
   vasodilation      Dilation of the blood vessels.  
   vibration      A shaking massage technique; a fine tremulous 
movement made by the hand or fingers placed firmly 
against a part that will cause the part to vibrate. Often 
used for a soothing effect; may be stimulating when more 
energy is applied.  
   viscoelastic properties      The property of a material to 
show sensitivity to rate of loading.  
   volt      The electromotive force that must be applied to 
produce a movement of electrons.  
   voltage      The force resulting from an accumulation of 
electrons at one point in an electrical circuit, usually 
corresponding to a deficit of electrons at another point in 
the circuit.  
   voltage sensitive permeability      The quality of some cell 
membranes that makes them permeable to different ions 
based on the electric charge of the ions. Nerve and muscle 
cell membranes allow negatively charged ions into the 
cell while actively transporting some positively charged 
ions outside the cell membrane.   

   strength-duration curve      A graphic illustration of the 
relationship between current intensity and current 
duration in causing depolarization of a nerve or muscle 
membrane.  
   stretching window      The time period of vigorous heating 
when tissues will undergo their greatest extensibility and 
elongation.  
   substance P      A peptide believed to be the neurotransmitter 
of small-diameter primary afferent. It is released from both 
ends of the neuron.  
   substantia gelatinosa (SG)      Lamina II of the dorsal 
horn of the grey matter. Melzack and Wall proposed 
that the SG is responsible for closing the gate to painful 
stimuli.  
   summation of contractions      Shortening of muscle 
myofilaments caused by increasing the frequency of 
muscle membrane depolarization.  
   sun protection factor (SPF)      A sunscreen’s effectiveness 
in absorbing the sunburn-inducing radiation.  
   synovial fringes      Folds of synovial tissue that move in 
and out of the joint space.   

  T 

   tapotment      A percussion massage; any series of brisk 
blows following each other in a rapid alternating fashion: 
hacking, cupping, slapping, beating, tapping, and 
pinchment. It is used when stimulation is the objective.  
   tetanization      When individual muscle-twitch responses 
can no longer be distinguished and the responses force 
maximum shortening of the stimulated muscle fiber.  
   tetany      Muscle condition that is caused by hyperexcitation 
and results in cramps and spasms.  
   thermal      Pertaining to heat.  
   thermopane      An insulating layer of water next to the 
skin.  
   thermotherapy      The use of heat in the treatment of 
pathology or disease.  
   traction      Drawing tension applied to a body segment.  
   Trager      A technique that attempts to establish 
neuromuscular control so that more normal movement 
patterns can be routinely performed.  
   transcutaneous electrical nerve stimulator (TENS)      A 
transcutaneous electrical stimulator used to stimulate 
peripheral nerves.  
   transcutaneous electrical stimulator      All therapeutic 
electrical generators regardless of whether they deliver 
AC, DC, or pulsed currents through electrodes attached 
to the skin.  
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G-10  Glossary

  W 

   watt      A measure of electrical power. Mathematically, 
watts = volts ¥ amperes.  
   waveform      The shape of an electrical current as displayed 
on an oscilloscope.  

   wavelength      The distance from one point in a propagating 
wave to the same point in the next wave.  
   Wolff’s law      Bone remodels itself and provides increased 
strength along the lines of the mechanical forces placed 
on it.     
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Index

Anesthesia, 75
Annulus fibrosus, 325
Anode, 118
Anti-inflammatory medication, phonophoretic 

administration of, 233–234
Arndt-Schultz principle, 8, 267
Articular facet joints, spinal traction and, 325
Asymmetrical waveforms, 109, 111f
Atrophy, 25, 133–134
Attenuation, 209
Average current, 111, 112f

Back-a-traction, 329f
Bandwidth, 190
Baths; see Paraffin baths; Whirlpool baths
Beam nonuniformity ratio (BNR), 215–216, 216f
Beard, Gertrude, 350
Beat modulation, 114
Beats, 142
β-endorphin, 41, 43, 46–48, 47f, 137
Benson, H. A. E., 234
BioCryo, 314
Biofeedback, 185–198

audio, 194
case studies, 204
clinical applications, 195–197
contraindications, 195t
defined, 186
electrodes, 192–194, 193f, 194f
electromyographic, 187–191
electromyography and, 185–186
equipment, 189f, 192–194, 192f
finger phototransmission, 187
indications, 195t
information from, 190–191, 191f, 194–195
instruments, 186–187
as measure, 188–189

Note: Page numbers followed by f or t indicate figures 
or tables, respectively.

Aα fibers, 41
Abergel, R., 263
Aβ fibers, 41, 44, 45
Absolute refractory period, 125
Absorption, 7, 209t
Accommodation, 39, 112
Acidic reaction, 168, 177
Acoustic energy, 12–13, 207–210, 208–210f, 214f
Acoustic impedances, 209
Acoustic microstreaming, 220
ACTH (adrenocorticotropic hormone), 47
Action potential, 125
Active electrode, 168, 189
Active release technique (ART), 366, 367f
Activity Pattern Indicators Pain Profile, 35
Acupressure, 364
Acupuncture, 364
Acute injuries, 18, 62
Acute pain, 34, 43, 52–53
Aδ fibers, 41, 43, 44, 45, 46
Afferent neurons, 42t
Afferent transmission, 40–41, 41f
Age, healing and, 25
Airaksinen, O., 307
Air space plates, 281–282, 281f, 282f
Alkaline reaction, 168, 177
All-or-none response, 127
Alternating current, 107, 107f, 108–109, see also 

Biphasic current
American Massage Therapy Association, 350
Amperes (A), 105
Amplitude, 109, 110–111, 216
Analgesia, 78, 139; see also Pain control
Analgesic creams, 225, 225f, 355
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measuring electrical activity, 188–189
muscle guarding, relaxation of, 196–197
muscle reeducation, 195–196
neurologic conditions, 197
pain reduction, 197
peripheral skin temperature, 187
role of, 186
sensitivity settings, 195
skin conductance activity, 187
uses, 185
visual, 194

Biologic tissue; see Tissue
Biphasic current, 107, 107f, 109, 111f; see also 

Alternating current
Bipolar arrangement, 189
Bladder technique, 226, 226f
Blood, conductivity of, 117
Bone

conductivity, 117
electrical stimulation, 145
laser treatments, 266
spinal traction, 323
ultrasound treatments, 231–232
Wolff’s Law, 28, 323

Bone growth stimulators, 231, 231f
Bork, C., 266
Burns

diathermy, 291–292
electrical stimulation, 145
infrared lamps, 86–87
iontophoresis, 177
laser treatment, 265, 268
paraffin baths, 83–84

Burst modulation, 114

Cable electrodes, 284–285, 284f
Calcium deposits, 231–232
Camphor, 88
Capacitance technique, 280
Capacitor electrodes, 280–281
Capsaicin, 88
Cartilage

laser treatment, 266
spinal traction, 325
ultrasound, 231

Case studies
acute pain, 52–53
biofeedback, 204

chronic pain, 53
cold whirlpool, 100–101
contrast bath, 101
diathermy, 300–301
electrical stimulation, 163–165
hydrocollator warm pack, 100
ice massage, 100
intermittent compression, 320–321
iontophoresis, 183–184
laser, 275
massage, 377–378
spinal traction, 347–348
ultrasound, 252–253

Castel, J., 44, 45
Cathode, 118
Cavitation, 220
Cell membrane

depolarization, 125–127, 125f
resting potential, 124–125, 124f

Cells
frequency window selectivity of, 129
nonexcitatory, 129

Center for Devices and Radiological Health, FDA, 268
Cervical traction

manual, 339–341, 340f, 341f, 348
mechanical, 341–342, 341f, 347

C fibers, 41, 43, 44, 45, 46
Children, ultrasound treatment for, 239
Chronaxie, 126
Chronic inflammation, 22, 230, 361
Chronic injuries, 18
Chronic pain, 34, 40, 43, 53
Circuit, 115; see also Electrical circuits
Circulation

cold effects on, 59
functions, 59
heat effects on, 58–59, 78
massage, 351

Climate, and healing process, 25
Clotting process, 21, 21f
Cognitive factors in pain perception, 40
Coherence, 257–258
Cold-compression units, 76–77, 77f
Cold packs, 68–69, 68f, 236–237
Cold receptors, 60
Cold sprays, 73–75, 74f
Cold whirlpool, 71–73, 71f, 100–101
Collagen, 22–24
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Collimated beam, 215
Collimation, 257–258
Common mode rejection ratio (CMRR), 190
Compression; see also Intermittent compression

fibroblastic-repair phase, 28
first aid management, 25–27
inflammatory-response phase, 27

Compression garment, 309f
Compression pumps, 312–313, 312f
Compressions (waves), 207
Conductance, 106
Conduction, 57
Conductive thermal energy modalities, 56, 58–62
Conductors, 106
Congestion, 72
Connective tissue massage, 361–363, 362f

general principles, 362–363
indications and contraindications, 363

Connective tissue stretching, 229–230
Consensual heat vasodilation, 78
Constructive interference, 142
Continuous current, 113–114
Continuous wave ultrasound, 218
Contrast baths, 75–76, 75f, 101
Convection, 57
Conversion, 57
Corticosteroids, 25, 233–234
Cosine law, 8–9, 9f
Coulombs (C), 105
Counterirritants, 88–89
Coupling medium, 223–224, 225f, 234, 235t
Cryo-Cuff, 76–77, 77f, 314, 315f
Cryokinetics, 77
Cryotherapy, 62–77

analgesic effects, 59, 63
appropriate uses, 57–58
circulation, 59–60
cold packs, 68–69, 68f
cold sprays, 73–75, 74f
contraindications, 62t
contrast baths, 75–76, 75f, 101
Cryo-Cuff, 76–77, 77f
cryokinetics, 77
defined, 11, 57
depth of penetration, 66
first aid management, 25
frostbite, 65

ice immersion, 77
ice massage, 66–68, 66f, 67f, 100
ice packs, 69–71, 70f
indications, 62–63, 62t
inflammatory-response phase, 27
intermittent compression and, 314, 315f
muscle spasm, 60–61
overview, 11
performance effects, 61–62
physiologic effects, 62–65, 65t
sensations experienced during, 65
techniques, 65–77
ultrasound and, 236–237, 237f
whirlpool, 71–72, 71f

Current, 105; see also Electrical currents
Current density, 119–121, 120f, 121f
Current intensity, 111
Cycle, of biphasic current, 109
Cyriax, James, 360
Cytokines, 21

Dahners, L., 140
Decay time, 112
Delayed union, 145
Denervated muscle, 127–128
Depolarization, 125–126, 125f
Depth of penetration, 12–13

cryotherapy, 66
diathermy, 277
laser, 258f, 259
ultrasound, 214, 214f

Descending pain control theory, 45–46, 46f, 136–137
Destructive interference, 142
Dexamethasone sodium phosphate (Decadron), 234
Diathermy, 276–293; see also Microwave diathermy; 

Shortwave diathermy
clinical applications, 288–289
contraindications, 290, 291t
defined, 7, 276
depth of penetration, 277
indications, 289, 291t
overview, 9
physiologic responses, 277–278
precautions, 290–292
shortwave, 276
ultrasound compared to, 290f

Dicke, Elizabeth, 361
Differential amplifier, 190
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Direct contact (ultrasound), 224–225, 224f
Direct current, 107, 107f, 109, 118f; see also 

Monophasic current
Direct current generators, 112f
Direct effect, 262
Disks

herniation, 325
material, 324
nucleus, 325
protrusion, 324
spinal traction and, 324–325

Divergence, 257, 260
Documentation

pain assessments, 36
ultrasound treatments, 227–228

Drum electrodes, 283–284, 284f
Duration, 109, 112, 113, 118
Duty cycle, 123, 218
Dynorphin, 41, 43, 46, 48, 137

Eddy currents, 283
Edema

defined, 79, 304
electrical stimulation, 133–135
injury-related, 307–308
laser treatment, 268
lymphedema, 307–308
negative effects, 308
obstacle to healing, 24
pitting, 307
treatment, 308–309

Effective radiating area (ERA), 212–213, 213t
Efferent transmission, 40
Effleurage, 351, 353, 356–358, 357f
Einstein, A., 256
Elastic wrap compression, 309
Electrical circuits, 115–117, 115f, 116f
Electrical currents; see also Electrical stimulating 

currents
alternating, 107, 108–109
biologic tissues, 117
biphasic, 107, 109,110, 110f, 111f
components, 104–107
defined, 105
direct, 107, 109 
electrotherapeutic, 107–109
flow, 106–107

of injury, 138
modulation, 113–115, 114f
monophasic, 107, 109, 110, 110f, 111f, 113
pulsatile, 107–108, 110f
safety, 146–148
waveforms, 109–114

Electrical energy, 11–12
Electrical field, 279, 281f
Electrical impedance, 106
Electrical potentials, 104, 105f
Electrical shock, 146–147
Electrical stimulating currents, 129–148

bone growth stimulation, 145
contraindications, 130t
edema control, 133–135
equipment, 129, 130f, 146–148, 238f
first aid management, 27
fracture healing, 139–140
high-volt currents, 129–135
indications, 130t
interferential, 141–143f, 141–144
intermittent compression and, 314, 314f
iontophoresis, 144–145, 166–178
ligament healing, 140
low-intensity (microcurrent), 138–140
low-volt, 144–145
maturation-remodeling phase, 28
medical galvanism, 144
medium-frequency, 140–141, 141f
muscle contractions, 130–133, 164
overview, 12
pain control, 135–139, 163
physiologic responses, 123–129
placebo effect, 145
precautions, 145, 146–148
premodulated interferential, 144
Russian, 140–141, 141f, 165
tendon healing, 140
treatment parameters, 117–123
ultrasound and, 237–238, 238f
wound healing, 139

Electricity; see Electrical currents
Electrodes

air space plates, 281–282, 281f, 282f
biofeedback, 192–194, 193f, 194f
cable, 284–285, 284f
capacitor, 280–281
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drum, 283–284, 284f
electrical stimulation, 118–119, 121–123, 121f, 

122f
inductor, 282–283
iontophoresis, 171–173, 172f, 173f
pad, 282, 282f, 283f
shortwave diathermy, 280–284f, 280–285

Electrolytes, 167
Electromagnetic energy, 3–10

effects of, 7
frequency, 4, 4f
laws governing, 7–9, 8f
modalities, 9–10
production of, 6–7
spectrum, 4–5, 5f, 6t
wavelength, 4, 4f

Electromagnetic energy modalities; see Diathermy; 
Laser

Electromyogram, 185
Electromyographic biofeedback, 187–192, 188f; see 

also Biofeedback
defined, 185
information from, 190–191, 191f
measurement, 188–189
motor unit recruitment, 188
overview, 12
separation and amplification of activity, 

189–190, 190f
signal processing, 191

Electromyography, biofeedback and, 185–186
Electrons, 105
Electrophoresis, 167
Electrotherapeutic currents, 107–109; see also 

Electrical stimulating currents
Elevation, of injured part, 25, 309, 313
Endogenous opiate pain control theory, 46–48, 47f, 

137–138, 351
Endogenous opioids, 42
Endorphins, 46
Endothelial cells, 305
Endothelial-derived relaxing factor, 309
Energy, 2, 2t
Energy equation, 4
Enkephalin, 41, 42
Enkephalin interneurons, 45, 47f
Envelopes, 114
Equipment

biofeedback, 186–187, 189f, 192–194, 192f
diathermy, 278–285, 278f, 279f, 286f, 287f
electrical stimulation, 129, 130f, 146–148, 238f
iontophoresis, 169f, 170–173, 170f
laser, 260
massage, 354–355, 355f
safety, 146–148, 240, 268–269
spinal traction, 333–334, 333f, 337f
ultrasound, 210–213, 210f, 211f, 211t, 227f, 

231f, 238f, 240
Erythema, 67
Extracellular matrix, 22, 23
Extracorporeal shock wave therapy (ESWT), 13
Eye protection, laser treatments and, 268–270

Facet joints, 325
Far field, 215
Fat, conductivity of, 117
Federal Communications Commission (FCC), 278
Fibrils, 305
Fibroblastic-repair phase of injury, 22–23, 23f

modality use, 27–28
Fibroplasia, 22
Filters, 190
Finger phototransmission, 187
510(k) notifications, 269
Fluidotherapy, 84–86, 85f
Fluori-Methane, 73–75
Focusing, 40
Fox, E., 364
Fractures

electrical stimulation treatments, 139–140
laser treatments, 266
stress, 232
ultrasound treatments, 231

Free nerve endings, 38, 39
Frequency, 4f

defined, 4, 108
electrical stimulation, 117–118
ultrasound, 208–209, 213–215

Frequency window selectivity, 129
Friction massage, 352, 353, 355, 360–361, 360f, 

361f
Frostbite, 65

Gain medium, 257
Game Ready System, 314, 315f
Gardner, A., 309
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Gate control theory of pain, 45, 45f, 136, 351
Generators, 108–109, 170
Gogia, P., 265
Granulation tissue, 22, 23
Graston Technique, 368–370, 369f
Gridding technique, 260, 260f
Griffin, J. E., 234
Ground, 146
Ground-fault interrupter (GFI), 147f
Guyton, A., 124

Healing
impeding factors, 24–25, 24t
process of, 19–24

Healing process, 19–24, 19f
fibroblastic-repair phase, 22–23
inflammatory-response phase, 19–22
maturation-remodeling phase, 23–24

Heat, defined, 57
Heat transfer mechanisms, 57, 58t
Hemorrhage, 24
Heterodyne wave behavior, 142–143
High voltage, 105
Histamine, 20, 228
Hoffa, Albert, 350, 356
Hoffa massage, 356–360, 357–360f

effleurage, 356–358, 357f
petrissage, 358, 358f
routine, 360
tapotement, 358–359, 359f
vibration, 359–360, 360f

Hot spots, in ultrasound treatment, 210, 226
Humidity, and healing process, 25
Hunting response, 63
Hydrocollator packs

cold, 68–69, 68f
warm, 81–83, 81f, 82f, 100

Hydrocortisone, 233–234
Hydrotherapy, 58
Hyperalgesia, 43
Hyperemia, 78
Hypertophic scars, 25

Ice immersion, 77
Ice massage, 66–68, 66f, 67f, 100
Ice packs, 69–71, 70f
Immersion technique, 225–226, 226f
Indication, 79

Indirect effect, 262–263
Induction technique, 280
Inductor electrodes, 282–283
Infection, 25
Inflammation, 78, 268; see also Chronic inflammation
Inflammatory-response phase of injury, 19–22, 20f

cellular response, 20
chemical mediators, 20–21
chronic inflammation, 22
laser treatment and, 265
modality use, 27
sequence, 21f
signs and symptoms, 20
ultrasound and, 228
vascular reaction, 21

Infrared lamps, 57, 86–88, 87f
Infrared radiation, 5, 56
Injury; see Sport-related injury
Insulators, 106
Integration, 191
Intensity

defined, 216
electrical stimulation, 118
spatial-averaged, 217
spatial-averaged temporal peak, 217
spatial peak, 217
temporal-averaged, 217
temporal peak (pulse-averaged), 217
ultrasound, 216–217

Interburst intervals, 114
Interferential currents, 114, 141–143f, 141–144
Intermittent compression, 304–316

case studies, 320–321
cold and, 314, 315f
contraindications, 315–316, 315t
electrical stimulation and, 314, 314f
equipment, 310f, 311f
indications, 314–316, 315t
inflation pressures, 310–311
injury edema and, 307–309
lymphatic system and, 305–307
on-off sequence, 311
patient setup and instructions, 313–314
sequential compression pumps, 312–313, 312f
sleeves, 313f
techniques, 310–314
treatment time, 311
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Intermolecular oscillation (vibration), 283
International Association for the Study of Pain, 33
Interneurons, 42
Interphase interval, 110
Interpulse interval, 110
Inverse square law, 9, 10f
Inversion traction, 328–330, 329f, 330f
Ionization, 167
Ions

defined, 104, 167
movement in solution, 167–168
movement through tissue, 168–169

Iontophoresis, 144–145, 166–178
advantages, 166, 167
burns, 177
case studies, 183–184
clinical applications, 175, 175–176t
contraindications, 177t
current intensity, 170–171, 171f
current required, 170
defined, 114
duration, 171
electrodes, 171–173, 172f, 173f
equipment, 169f, 170–173, 170f
generators, 170
indications, 177t
ion selection, 173–174, 174t
mechanisms, 167–169
medication dosage, 171
pharmacokinetics, 167
phonophoresis versus, 166–167
precautions, 177–178
sensitivity reactions, 178

Ion transfer, 166

Jobst compression garment, 309f
Joint contracture, 133, 229
Joint mobilization, 367–368
Joints, traction for facet, 325
Joint swelling, 304

Kahn, J., 174
Kana, J., 264
Keloids, 25
Kinetic energy, 13
Kleinkort, I. A., 234
Krause’s end bulbs, 38, 39

Lamps, infrared, 57
Laser; see also Low-level laser

defined, 256
depth of penetration, 258f
development of, 256
physics of, 257–258, 257f
types, 258–259

Lateral spinothalamic tract, 44f
Law of Grotthus-Draper, 8
LeDuc, S., 166
Leukocytes, 20
Leukotrienes, 20–21
Leukotrines, 43
Lidocaine, 234
Ligament deformation, 323
Ligament healing, 140
Ligaments, spinal traction and, 323–324
Linens, for massage, 354, 355f
Ling, Peter H., 350
LIS; see Low-intensity stimulator (LIS)
Litke, D., 140
Longitudinal wave, 207
Low-intensity stimulator (LIS), 108, 138–140
Low-level laser; see also Laser

bone/cartilage healing, 266
case study, 275
clinical applications, 263–266
continuous wave, 261f
contraindications, 270t
depth of penetration, 259, 262–263
dosage, 261–262, 261t
edema and inflammation, 268
equipment, 260
first aid management, 27
gridding, 260, 260f
indications, 270t
inflammation, 265
overview, 9–10
pain reduction, 266, 267–268
photochemical effects, 258
precautions, 270
pulsed, 261f
safety, 268–269
scanning, 260, 261f
scar tissue, 265, 268
synonyms for, 259
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treatment protocols, 266–268, 267t
treatment techniques, 259–263
treatment times, 262t
types, 259, 259f
wanding, 260
wound healing, 263–266, 268

Low voltage, 105
Low-volt currents, 144–145
Lubricant, 355, 355f
Lumbar traction

manual, 330–332f, 330–332
mechanical, 332–339, 334–336f, 347–348
positional, 327–328, 327f, 328f

Lymph, 304
Lymphatic system

capillary, 306f
massage, 351
peripheral structure and function, 306–307
purposes, 305
structure, 305, 305f

Lymphedema, 304, 307–308

Macroshock, 147
Macrotears, 24
Macrotraumatic injuries, 18–19
Magnetic field, 279, 283f
Maiman, T., 256
Manual cervical traction, 339–341, 340f, 341f, 348
Manual lumber traction, 330–332, 330–332f
Margination, 20
Massage, 349–372

active release technique, 366, 367f
case study, 377–378
circulatory effects, 351
connective tissue massage, 361–363, 362f
contraindications, 371, 371t
defined, 349
equipment, 354–355, 355f
Graston Technique, 368–370
hands, clinician’s, 352, 368
history, 349–350
Hoffa massage, 356–360, 357–360f
indications, 371, 371t
mechanical effects, 351–352, 351–352
metabolic effects, 351
muscular effects, 352
myofascial release, 367–368

pain reduction, 351
patient preparation, 355–356, 356f
physiologic effects, 350–352
positional release therapy, 365–366, 366f
positioning, clinician’s, 352, 353f
psychological effects, 352
reflexive effects, 351
Rolfing, 370–371, 370f
routine, 360
skin, effect on, 352
strain-counterstrain, 365
techniques, 356–371
Trager technique, 371
transverse friction massage, 361, 361f
treatment considerations and guidelines, 

352–354, 353f, 354f
trigger point massage, 364–365

Mathews, J., 338
Maturation-remodeling phase of injury, 23–24, 23f

modality use, 28–29
Maximum voluntary isometric contraction (MVIC), 

133
Mayayo, E., 266
McGill Pain questionnaire (MPQ), 35, 37f
McMaster, W., 64
Mechanical cervical traction, 341–342, 341f, 347
Mechanical energy, 13

modalities, 13
Mechanical lumbar traction, 332–339, 347–348
Medical galvanism, 114, 144
Medication

iontophoresis, 171
phonophoresis, 232–236

Medium-frequency current generators, 140–141, 
141f

Meissner’s corpuscles, 38, 39
Melzack, R., 44, 364
Meniscoid structures, 325
Mennell, James B., 350, 351
MENS; see Microcurrent electrical nerve stimulator 

(MENS)
Menthol, 88
Merkel’s corpuscles, 38
Mester, E., 263–265
Metabolism, 351
Metabolites, 78
Methyl salicylate, 88
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Microcurrent, 108, 138–140
Microcurrent electrical nerve stimulator (MENS), 108
Microshock, 147
Microtears, 24
Microtraumatic injuries, 19
Microwave diathermy, 276, 287–288; see also 

Diathermy
Miglietta, O., 61
Modalities; see Therapeutic modalities
Modulation, 113
Monochromaticity, 257–258
Monophasic current, 107, 107f, 109, 110, 110f, 

111f; see also Direct current
Muscle

conductivity, 117
denervated, 127–128
innervated, 163
massage, 352
spinal traction, 325–326

Muscle contractions, 127–128, 130–133
Muscle fatigue, 131
Muscle force, 131
Muscle guarding, 196–197
Muscle pumping contraction, 132–133
Muscle reeducation

biofeedback, 195–197
electrical stimulation, 131–132, 164

Muscle spasm, 24
cold effects on, 60–61
heat effects on, 60–61, 79

Muscle spindles, 38, 39
Muscle strengthening, 133, 134
Myofascial pain, 63
Myofascial release, 367–368, 368f
Myofascial trigger points, 360f, 363

National Certification Examination for Therapeutic 
Massage and Bodywork, 350

Near field, 215
Nemec, Ho, 141
Nerve fibers, 40–41
Nerve responses to electrical currents, 124–127, 

124–127f
Nerves, spinal traction and, 326
Neural transmission, 40–44
Neurologic conditions, biofeedback for treatment 

of, 197

Neuromuscular electrical stimulator (NMES), 108
Neurons, 40–41, 42t
Neurotransmitters, 41
Nikolova, L., 144
NMES; see Neuromuscular electrical stimulator 

(NMES)
Nociceptors, 38, 43–44
Noise, 189
Nonunion, 145
Norepinephrine, 41, 42–43
Numeric pain scale, 35–36
Nutrients, 78
Nutrition, and healing process, 25

Ohm, 106
Ohm’s law, 106
Overuse injuries, 18
Oxygen tension, 25

Pacinian corpuscles, 38, 39
Packets, 114
Pad electrodes, 282, 282f, 283f
Pain, 33–50

acute, 34, 40, 52–53
assessment, 34–36, 35f, 36f, 37f
chronic, 34, 40, 43, 53
cognitive influences, 40
deep somatic, 34
defined, 33
description of, 38
perception of, 33, 38–40
persistent, 34
purpose of, 33
radiating, 34
referred, 34, 364
transmission, 40–44
types, 34

Pain charts, 36f
Pain control

β-endorphin, 46–48
biofeedback, 197
descending mechanisms, 45–46, 46f, 136–137
dynorphin, 46, 48
electrical stimulation, 135–139, 163
endogenous opiate, 46–48, 47f
gate control theory, 45, 45f, 136
laser, 266, 267–268
massage, 351
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mechanisms, 40
neurophysiological mechanisms, 44–48
ultrasound, 232

Pain management
goals, 38
guidelines, 48–49

Pain memory, 40
Paraffin baths, 83–84, 83f
Parallel circuit, 115–116, 116f
Pelvic traction harness, 333, 334f
Pemberton, R., 351
Penetration

absorption versus, 209t
depth, 12–13, 66, 214, 214f, 258f, 259, 277

Percussion; see Tapotement (percussion)
Performance, temperature effects on, 61–62
Periaqueductal grey (PAG), 46
Peripheral skin temperature, 187
Persistent pain, 34
Petrissage, 356, 358, 358f
Phagocytic cells, 20
Phase duration, 110
Phases, of waveforms, 109, 110
Phonophoresis, 166–167, 232–236, 233
Photons, 3–4, 257
Physiologic effects

all-or-none, 127
cryotherapy, 62–65, 65t
diathermy, 277–278
direct and indirect effects, 123–124
electrical shock, 147
electrical stimulation, 123–129
excitatory, 123–128
massage, 350–352
mechanical, 351–352
muscles, 127–128
nerves, 124–127
nonexcitatory, 129
nonthermal, 220–221, 220f, 277–278
reflexive, 351
thermal, 219–220, 277
thermotherapy, 65t, 78–79
ultrasound, 219–221

Piezoelectric crystals, 211
Piezoelectric effect, 211–212, 212f
Pillows, for massage, 354, 356f
Pitting edema, 228, 305, 307, 307f

Placebo effect, 145, 232
Planck’s constant, 4
Plantar warts, 232
Platelets, 21
Polar Care Cub, 314, 315f
Polarity, 118–123

chemical effects, 119
current density, 119–121
direction of current flow, 119
ease of excitation, 119
electrode placement, 121–123, 121f, 122f
on/off time, 123

Positional release therapy (PRT), 365–366, 366f
Positional traction, 328
Potential difference, in electricity, 105f
Potential energy, 13
Power, 216
Precautions; see also Safety

diathermy, 290–292
electrical stimulation, 145, 146–148
iontophoresis, 177–178
laser, 270
ultrasound, 238–240

Premarket Notifications, 269
Premodulated interferential current, 144
Primary hyperalgesia, 43
Primary injury, 18–19
Propagation of nerve impulse, 126f
Proprioceptive nervous system, 324
Proprioceptors, 38–39
Prostaglandin, 43
Psychological effects of massage, 352
Pulsatile currents, 107–108, 107f, 110–111, 110f
Pulse-averaged intensity, 217
Pulse charge, 111
Pulsed shortwave diathermy, 277–278, 285–286, 

285f
Pulsed ultrasound, 218
Pulse period, 113
Pulses, of waveforms

amplitude, 110–111
charge, 112
decay time, 112
defined, 109
duration, 113
frequency, 113
rise time, 112
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Pulse trains, 114
Pulse width, 113

Radiating pain, 34
Radiation, 57

defined, 3
infrared, 5
ultraviolet, 5

Ragan, Brian G., 88n
Ramping modulation, 114–115
Range of motion, 133, 134
Raphe nucleus, 46
Rarefactions, 208
Rate of rise, 112
Raw EMG, 191
Recordkeeping; see Documentation
Rectification, 191
Reference electrode, 189
Referred pain, 34, 364
Reflection, 7
Refraction, 5
Rehabilitation process, 25–29
Resistance, 106
Resting potential, 124, 124f
Rheobase, 126
RICE (rest, ice, compression, elevation), 25
Rochkind, S., 266
Rolf, Ida, 370–371
Rolfing, 370–371, 370f
Ruffini corpuscles, 38
Russell, Gillean, 360
Russian currents, 140–141, 141f, 165

Safety; see also Precautions
electrical equipment, 146–148
laser equipment, 268–269
ultrasound equipment, 240

Salicylates, 234
Saunders, D., 335
Scanning technique, 260, 261f
Scar formation, 22–23
Scar tissue

active release technique, 366
laser, 265, 268
massage, 352, 360
ultrasound, 229

Schultz, R., 266
Sclerotome, 34

Secondary hyperalgesia, 43
Secondary injury, 19
Sensitivity reactions, 178
Sensory receptors, 38–39, 39t, 60
Sequential compression pumps, 312–313, 312f
Series circuit, 115–116, 115f
Serotonin, 41
Shock, electrical, 146–147
Shortwave diathermy, 278–287; see also Diathermy

case studies, 300–301
dosage, 279
electrodes, 280–284f, 280–285
equipment, 278–285, 278f, 279f, 286f
pulsed, 277–278, 285–286, 285f
techniques, 280t
treatment protocols, 289
treatment times, 286–287
ultrasound compared to, 289–290
use of, 276

Signal gain, 195
Skin

conductivity, 116–117
massage, 352

Skin conductance activity, 187
Smoothing, 191
Snyder-Mackler, L., 266
Soft-tissue healing, 228–229
Soft-tissue mobilization, 367–368
Sound energy, 12–13; see also Acoustic energy
Spatial-averaged intensity, 217
Spatial-averaged temporal peak (SATP) intensity, 217
Spatial peak intensity, 217
Specific absorption rate (SAR), 278–279
Spectrum, 5
Speed of light, 4
Spinal traction, 322–343, 334f

articular facet joints, effect on, 325
body position, 334–336
bone, effect on, 323
case studies, 347–348
contraindications, 329–330, 342, 342t
disks, effect on, 324–325, 324f
duration, 338
equipment, 333–334, 333f, 337f
force applied, 336–337
harness, 333–334, 333–335f
indications, 342, 342t
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intermittent, 337–338
inversion, 328–330, 329f, 330f
ligaments, effect on, 323–324
lumbar positional, 327–328, 327f, 328f
manual cervical, 339–341, 340f, 341f, 348
manual lumbar, 330–332, 330–332f
mechanical cervical, 341–342, 341f, 347
mechanical lumbar, 332–339, 334–336f, 

347–348
mechanical versus manual, 322
muscular system, effect on, 325–326
nerves, effect on, 326
pain, leaning toward/away from, 328, 329f, 

336, 336f
patient setup, 333–334
physical effects, 322–326
progressive and regressive, 338, 339f
spinal movement, 322–323, 323f
straight leg raise test, 326
sustained, 337–338
techniques, 326–342
unilateral leg pull manual, 332, 332f, 333f

Split table, 330, 330f, 333
Sport-related injury

cycle of, 18f
edema from, 307–308
electrical currents of, 138
primary, 18–19
secondary, 19
traumatic versus overuse, 18

Sports massage; see Massage
Spray-and-stretch technique, 74–75, 74f
Standing wave, 210
Stereodynamic interference current, 143
Stillwell, D., 364
Stimulated emission, 257
Straight leg raise test, 326
Strain-counterstrain, 365
Strength-duration curves, 126–127, 126f, 127f
Stress fractures, 232
Streteching

cryotherapy, 74f, 75
myofascial release, 367–368
ultrasound, 229–230

Stretching window, 229–230, 230f
Structural integration, 370–371
Substance abuse, pain perception and, 40

Substance P, 41, 43
Substantia gelatinosa (SG), 42
Summation of contractions, 118, 118f
Surging modulation, 114
Synaptic transmission, 41–43, 43f
Synovial fringes, 324

Table, massage, 354
Tapotement (percussion), 356, 358–359, 359f
Temperature change; see Tissue temperature change
Temporal-averaged intensity, 217
Temporal peak intensity, 217
Tender points, 363, 365
Tendon healing, 140
TENS; see Transcutaneous electrical nerve stimulator 

(TENS)
Tetanization, 118, 118f
Tetany, 118
Therapeutic modalities; see also specific modalities

fibroblastic-repair phase, 27–28
first aid management, 25–27
inflammatory-response phase, 27
maturation-remodeling phase, 28–29
rehabilitation process, 25–29, 26t
uses, 17–19

Therapeutic sports massage; see Massage
Therapeutic window, 167
ThermaCare wraps, 86, 86f
Thermal energy, 10–11

modalities, 11
Thermopane, 72
Thermotherapy, 78–88

analgesic effects, 78–79
appropriate uses, 57–58
circulation, 59–60
contraindications, 79t
contrast baths, 75–76, 75f, 101
defined, 11, 57
fibroblastic-repair phase, 27–28
fluidotherapy, 84–86, 85f
indications, 79, 79t
inflammatory-response phase, 27
infrared lamps, 86–88, 87f
maturation-remodeling phase, 28
muscle spasm, 60–61
overview, 11
paraffin baths, 83–84, 83f
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performance effects, 61–62
physiologic effects, 65t, 78–79
techniques, 79–88
ThermaCare wraps, 86, 86f
ultrasound, 207, 236
warm packs, 81–83, 81f, 82f, 100
whirlpool, 80–81, 80f

Thoracic traction harness, 334f, 335f
Tissue

connective, 229–230
current flow through, 116–117
ions’ movement through, 168–169
soft, 228–229
ultrasound transmission, 207–210, 208f, 209t, 

210t, 214f
Tissue separation, 24
Tissue temperature change

analgesic effects, 58–59
circulatory effects, 59–60
muscular effects, 60–61
performance effects, 61–62
physiologic effects of cooling, 62–65
physiologic effects of heating, 78–79
tissue types, 64f

Tonic receptors, 39
Total current, 111, 112f
Traction, 322; see also Spinal traction
Traction harness, 333–334, 333–335f
Trager, Milton, 371
Trager technique, 371
Transcutaneous electrical nerve stimulator (TENS), 

108, 135–137, 136f, 165
Transcutaneous electrical stimulators, 108
Transducers, 210–213, 210f, 213f, 226–227
Transmission, 7
Transverse friction massage, 361, 361f
Transverse wave, 207
Traumatic injuries, 18
Treatment parameters, 117–123

duration, 118
frequency, 117–118
intensity, 118
polarity, 118–123

Trelles, M., 264–266
Trigger point massage, 364–365
Trigger points, 34, 360f, 363–364
Twin-peak spiked pulse, 112, 112f

Ultrasound, 206–241
amplitude, 216
area treated by, 212–213
beam, 215–216, 216f
bladder technique, 226, 226f, 233
bone healing, 231–232
case studies, 252–253
chronic inflammation, 230
clinical applications, 222f, 228–236
cold packs and, 236–237, 237f
connective tissue, 229–230
continuous wave, 218, 218f
contraindications, 239t
coupling methods, 223–224, 224t
depth of penetration, 12–13, 214, 214f
diathermy compared to, 289–290, 290f
direct contact, 224–225, 224f, 233
duration, 222–223
electrical stimulation and, 237–238, 238f
equipment, 210–213, 210f, 211f, 211t, 227f, 

231f, 238f, 240
exposure techniques, 224–227
first aid management, 27
frequency, 213–215
frequency of treatment, 221–222
gels, 224–225
as heating modality, 207
heating rate per minute, 223t
hot packs and, 236
immersion technique, 225–226, 226f
indications, 239t
intensity, 216–217
joint contracture, 229
maturation-remodeling phase, 28
overview, 12–13
pain reduction, 232
phonophoresis, 232–236
physics of, 210–218
physiologic effects, 219–221
placebo effect, 232
plantar warts, 232
power, 216
precautions, 238–240
pulsed, 218, 218f
recording treatments, 227–228
safety, 240
scar tissue, 229
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soft-tissue healing, 228–229
stress fractures, 232
tissue, transmission of acoustic energy in, 

207–210, 208–210f, 214f
transducers, 210–213, 210f, 213f, 226–227
treatment techniques, 221–228

Ultrasound beam, 215–216
Ultraviolet radiation, 5
Ultraviolet therapy, 10
Uncorking effect, 353
Unilateral foramen opening, 327
Unilateral leg pull manual traction, 332, 332f, 

333f
U.S. Food and Drug Administration, 268–269

Vasoconstriction, 63
Vasodilation, 78
Velocity, 209
Vibration, 360f
Vibration (massage), 359–360
Viscoelastic properties, 323
Visual analogue scales for pain assessment, 35, 35f
Vital Wrap System, 314, 315f
Voltage, 105, 111
Voltage sensitive permeability, 124
Volts (V), 105

Walker, J., 266
Wall, P., 44
Wanding technique, 260
Warm packs, 81–83, 81f, 82f
Warm receptors, 60
Warm whirlpool, 80–81, 80f
Watt, 106
Waveforms, 109–114

defined, 109
pulses versus phases, 109–113
shape, 109–110, 109f
symmetrical versus asymmetrical, 109, 111f

Wavelength, 4, 4f
Whirlpool baths

cold, 71–72, 71f, 100–101
contrast baths, 75–76, 75f
maintenance, 73
warm, 80–81, 80f

Wolff’s Law, 28, 323
Wound healing

electrical stimulation, 139
immunologic responses, 264–265
inflammation, 265
laser treatment, 263–266, 268
tensile strength, 264
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Stressing the important role therapeutic modalities play in injury rehabilitation, Thera-

peutic Modalities for Sports Medicine and Athletic Training continues to be the only 

comprehensive text written specifically for athletic trainers. With chapters contrib-

uted by well-known athletic trainers and educators under the direction of William E. 

Prentice, the text provides information on the scientific basis and physiologic effects 

of a wide range of therapeutic modalities, including thermal energy modalities, 

electrical energy modalities, sound energy modalities, electromagnetic modalities, 

and mechanical energy modalities. By focusing on clinical applications and spe-

cific techniques of application, the text offers students the knowledge they need to 

greatly enhance their patients’ recovery.

Features of the Sixth Edition:

Therapeutic Modalities Specifically for Athletic Trainers

Content is fully reorganized to reflect the classification of modalities by the type of 
energy used to produce a specific therapeutic effect.

Chapter 1, The Basic Science of Therapeutic Modalities, is completely revised to 
increase student understanding of the concepts used throughout the text.

Case studies are now integrated into the chapters to facilitate application of key 
concepts.

Treatment Protocol boxes have been added to chapters, detailing how modali-
ties are applied and executed.
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