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The privilege of reading the manuscript of a book by
distinguished authors before its publication is always a
thrilling experience. When the material is as sparkling
as in this book, one feels truly privileged and honored to
be asked to write the foreword. This is a fine book that
will meet the needs of many scientists and clinicians in
a wide range of specialties. Both those who directly em-
ploy surface electromyography for any purpose and
those who have to understand its consequences will be
ever grateful to the authors.

This book is written in an astute style that clearly in-
forms all readers, even such as this grizzled veteran.
Only after a while will the novice reader awaken to the
fact that, mirabile diciu, a profound learning experience
has happened without the use of a computer or TV
screen. Few scientific or clinical books today succeed in
this game of seizing and holding the reader’s interest in
spite of the level of sophistication of either the reader or
the subject matter.

xiii

Foreword to
the First Edition

Not only are the style and organization complete and
well integrated, the choices of words and phrases are
friendly and beckoning without annoying those readers
who are more comfortable with scientific and clinical
jargon. In this book, a spade is called a spade, but it is a
shiny, well-used spade and not an “automated excavating
system” used by over-anointed writers.

To summuarize, it is simple and accurate to say this is
a very fine book and I am happy to have read it before
its birth. Moreover, I expect to refer to it ad [ib after pub-
lication and to recommend it to others.

John V. Basmajian, DC, MD, FRCP, FRCPS
Professor Emeritus

McMaster University

Hamilton, Canada
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Preface

The muscles of the body are critical to almost every form of human behavior.
In fact, without muscle activity there would be no observable behavior
or skilled actions that we come to expect in behavior.! ®- 229

[Surface electromyography] is a very interesting area in which to worR,
because the same end organ (the muscle) is under the command of
three masters: gravity (posture), emotions, and movement.? - i

What is surface electromyography? Surface electromyo-
graphy (SEMQ) is a field specializing in the use of elec-
tronic devices to measure the energy of the muscles, to
analyze the data, and to display the results. Surface elec-
tromyography rests on the practitioner’s understanding
of anatomy, physiology, and the instrumentation. It is
an example of applied psychophysiology: the use of
psychophysiological knowledge and skills in the evalua-
tion and treatment or training of individuals presenting
with psychophysiological complaints or goals. Surface
electromyography is a multidisciplinary field that en-
compasses contributions from electronics, medicine,
anatomy, physiology, psychology, psychophysiology,
physical therapy, occupational therapy, ergonomics, and
so forth.

Surface EMG has many applications, including assess-
ment, treatment planning, evaluation of progress and
outcomes, rehabilitation, worksite ergonomic design,
sports training, and research. This technology helps dif-
ferentiate between beliefs about muscle function and
actual function, and is used in evaluation and rehabilita-
tion. Surface electromyography is used with patients
and clients by physical therapists, occupational thera-
pists, psychologists, dental professionals, biofeedback
trainers, stress management consultants, corporate
safety consultants, sports psychologists, arts medicine
practitioners, ergonomics consultants, and somatics

Xv

educators/practitioners, among others. The feedback
provided by this technique works best when combined
with other therapies. Regardless of how SEMG is being
used, a solid foundation in the principles of SEMG is
necessary to be effective.

There were 14 chapters in the first edition of this
book; there are 17 chapters in this second edition. In
the second edition, 13 of the original chapters, the
SEMG atlas, and the appendices remain. Chapter 14,
“Surface Electromyography Past, Present, and Future,”
has been rewritten to reflect progress in the field. New
chapters by Jeffrey R. Cram, Maya Durie, Eleanor
Criswell, and Marek Jantos have been added as well. An
emphasis on somatics has been included in the second
edition at Jeffrey Cram’s request.

Part I provides information on the basics of surface
electromyography, including the history of SEMG; the
advantages and disadvantages of SEMG; anatomy and
physiology; instrumentation; electrodes and site selec-
tion strategies; general assessment considerations;
static assessment and clinical protocol; emotional as-
sessment and clinical protocol; dynamic assessment;
treatment considerations and protocols; and docu-
mentation. Part II features chapters titled “The History
of Muscle Dysfunction and Surface Electromyography”
by Jeffrey R. Cram and Maya Durie, “Somatics and
Surface Electromyography” by Eleanor Criswell,

© Jones and Bartlett Publishers, LLC. NOT FOR SALE OR DISTRIBUTION.



xvi | Preface

“Electromyographic Assessment of Female Pelvic Floor
Disorders” by Marek Jantos, “Surface Electromyography
Past, Present, and Future” by Eleanor Criswell, and the
conclusion. Part III features the Atlas for Electrode
Placement developed by Jeffrey R. Cram and Glenn S.
Kasman with Jonathan Holtz, the electrode atlas
overview, and electrode placements for key muscles.
An expanded glossary of terms appears at the back of
the book; the answers to the chapter questions can
also be found there.

The cornerstone of this book remains the electrode
atlas found in Part III. “Knowing the map of the territory—
where to place the surface electromyography (SEMG)
electrodes and what to expect to see during a given
movement—will greatly assist the practitioner in under-
standing the energy that the muscle gives off.”2®- xii)
The atlas of electrode placement covers 69 electrode
placement sites. Along with illustrations showing elec-
trode placement sites, information is provided about
each muscle in question: its action or purpose, clinical
uses (such as for specific presenting complaints), origin
and insertions of the muscle, innervation of the muscle
(nerve supply to the muscle), as well as information on
joint considerations, location of electrodes, behavioral
tests to determine the type of placement (general or
specific), the accuracy of the electrode placement, com-
ments about the tracings, volume conduction, other
sites of interest, possible artifacts, and benchmark
measures. Surface EMG tracings, photographs, tables,
graphs, and drawings throughout the book demonstrate
the concepts under discussion. The discoveries by
Cram, Kasman, and others are highly useful gems scat-
tered throughout the book.

Since the first edition of this book was published, a
tremendous amount of research has been conducted
using surface EMG. This research has taken place all
over the world (see Chapter 14). In these studies, many
aspects of human behavior have been assessed using
SEMG, including work performance, sports perform-
ance, rehabilitation, and movement analysis. The sec-
ond edition reflects that research.

Who can benefit from Cram’s Introduction to Surface
Electromyography? Designed to introduce the reader to
the principles and practices of SEMG, this book is suited
to both beginners in the field—upper-division university
students, master’s and PhD students, beginning profes-
sionals, and educated laypersons—and advanced pro-
fessionals who want to deepen their SEMG knowledge.
This book will prove useful for physical therapists, occu-
pational therapists, biofeedback trainers, behavioral

medicine practitioners, psychologists, dentists, chiro-
practors, biomedical engineers, exercise physiologists,
and complementary and alternative medicine practi-
tioners. The reader who learns more about SEMG will be
more effective in his or her work.

Physical and occupational therapists will benefit
greatly from SEMG objective measures that can show
chronic muscle contractions, postural difficulties, inade-
quate activation of muscles, and the like. They have a
great need for such data in their assessments, evalua-
tions of patient progress, and discharge planning. In sit-
uations where objective data are highly valued, such as
with third-party payers, SEMG recordings are invaluable.
Nevertheless, the information in this book is useful re-
gardless of whether the reader plans to use SEMG di-
rectly or indirectly in his or her work. This modality is an
important means of gathering data about human func-
tioning: it offers a clear measure of the mind-body con-
nection. The SEMG data are particularly understandable
because people are used to contracting muscles to en-
gage in movements to achieve their goals. For this reason,
SEMG is finding a home in mind-body medicine.

Surface electromyography is valuable for somatics ed-
ucators of all disciplines who seek a deeper understand-
ing of the mind-body connection, for the training of
somatics practitioners/educators, and as a means of en-
hancing the effectiveness of the somatics approaches.
For somatics educators using SEMG, it is valuable to see
what is happening inside the client during somatics
practices; for SEMG biofeedback practitioners, it is valu-
able to use the somatics disciplines to complement the
adjunctive procedures, such as progressive relaxation,
that are typically employed.

Although the use of SEMG equipment can be learned
through manuals and online instructions, the reader is
strongly urged to get thorough training in the use of
SEMG through an established training program with
highly trained, experienced SEMG professionals in the
field. Certification by the Biofeedback Certification
Institute of America in general biofeedback, which in-
cludes SEMG, is important for using this technology in a
clinical setting.

Accuracy in SEMG recordings is essential. The old
computer-related saying, “Garbage in, garbage out,” is
very apt here. In other words, if the recordings are not ac-
curate, the data will not be accurate. Reliability and va-
lidity of the data are always important. Inaccurate data
are always worse than worthless, because the practi-
tioner and the patient may draw conclusions from the
data that are not warranted. Accuracy is particularly
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important in SEMG research. Research design and de-
scription of the procedures, equipment, data gathered,
conclusions, and so forth need to allow for replication.
This book provides detailed step-by-step methods for
ensuring accurate SEMG recordings.

The reader already knowledgeable about SEMG may
want to read those sections that are most relevant to his
or her needs first; those new to the field may wish to
start at the beginning. Another approach is to begin
with the instrumentation chapter, practice using the
equipment, and then go on to acquire more detailed
knowledge from the chapters devoted to anatomy and
physiology, neurophysiology, and the like over time,
reading the rest of the chapters in Part I and referring to
Part 11 as needed. For continued SEMG study, a variety
of professional training programs and university-based
programs include SEMG as part of their general biofeed-
back offerings. (Contact the Association of Applied
Psychophysiology and Biofeedback [AAPB] and the
Biofeedback Certification Institute of America [BCIA] for
information about relevant programs.)

The term patient is used throughout this book, except
in Chapter 12, because SEMG is most commonly used
in rehabilitation and other medical settings. The term
client is used in the “Somatics and Surface Electromyo-
graphy” chapter because in the somatics world the par-
ticipant is called a client and the practitioner is called an
educator or practitioner. Somatics is a client-centered
educational process. Many biofeedback (SEMG) settings
are client centered as well.

The SEMG field continues to have enormous poten-
tial. The professionals and organizations that serve it
continue to expand the knowledge, skills, and applica-
tion areas through professional meetings, journals,
seminars, conferences, and networking. For example,
SEMG research has appeared in more than 42 journals
worldwide in the last 10 years. Key organizations in the
field are the Association for Applied Psychophysiology
and Biofeedback (AAPB) (the Surface EMG Society of
North America is now the Surface EMG division of
AAPB), the Biofeedback Foundation of Europe, and
the International Society of Electrophysiological
Kinesiology (ISEK) (formerly the International Society
of Electromyography and Kinesiology).

Surface electromyography is an exciting and growing
field with huge potential for teaching people how to
grow healthily; age successfully; take care of neuromus-
cular complaints that develop over time due to acci-
dent, injury, illness, repetitive use, and the like; and
actualize more of their somatic potential for optimal

Preface | xvii

performance. Manufacturers of SEMG equipment can
be found throughout the world. Research, clinical appli-
cations, and new technology are all fostering the
growth of this field. Neuroimaging in relationship to
motor performance is a valuable development in the
understanding of SEMG. Telemetry systems and other
technological innovations will continue to expand what
is possible with SEMG and its contribution to enhanced
human functioning.
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The cornerstone of this book is the electrode atlas found
in Part II. Knowing the map of the territory—where to
place the surface electromyography (SEMG) electrodes
and what to expect to see during a given movement—will
greatly assist the practitioner in understanding the en-
ergy that the muscle gives off. Indeed, many times
during the collection of tracings for a particular set of
muscles, I found myself and others asking, “What hap-
pens if we do x?” Then we tried x and were either
pleasantly surprised or confused and disappointed.
Some-times the system worked as we had been told it
would by others. Sometimes it was far too complex to
see what we expected to see, given the simple tools and
procedures we were using. Capturing a valid SEMG trac-
ing is sometimes associated with a subtle event. For
example, | was duly impressed by the changes in re-
cruitment patterns as we instituted small postural or po-
sitional requirements on the limbs or torso. To this day,
I remember my amazement at how a simple sternal lift
could facilitate the recruitment of lower trapezius. There
are literally dozens of gems like this sprinkled throughout
this book. The tracings in this book illustrate what can be
seen using the SEMG technology. We hope that they
stimulate the reader’s curiosity and that readers explore
the movement of their own patients while measuring
muscle energy patterns.

The static and dynamic assessment chapters provide
the background and protocols in detail for almost all of
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the current assessment procedures. This is a very inter-
esting area in which to work, because the same end
organ (the muscle) is under the command of three mas-
ters: gravity (posture), emotions, and movement. Muscle
scanning is a method for assessing the neuromuscular
aspects of posture; stress profiling is the method to quan-
tify the emotional component; dynamic SEMG proce-
dures provide the basis for assessing movement.
Practitioners need to think in this three-dimensional
manner if they want to find successful solutions when
something goes wrong.

Part 1 reviews the basic tenets of the treatment of
musculoskeletal and pain-related disorders and pro-
vides a few examples of these approaches. Additional
information is found in the companion book Clinical
Applications in Surface Electromyography: Chronic Mus-
culoskeletal Pain. 1 highly recommend that readers
study this very scholarly, yet pragmatic review of what
we know about the use of SEMG in treating a variety of
conditions.

History, anatomy, physiology, and instrumentation are
the foundations upon which the clinical practice of
SEMG rests. Every practitioner who uses electromyogra-
phy should have a sound understanding of what is be-
hind the SEMG screen displays. Chapters 1 through 3
provide this information in an easy-to-understand fash-
ion. For those who are new to the area of SEMG and are
just learning the jargon, we have included a glossary
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(Appendix A) to provide definitions of some of the basic
concepts.

Surface EMG is seen as an emerging technology. We
have just begun to scratch the surface of its clinical po-
tential. Chapter 11 provides some glimpses into where
SEMG may be moving as it unfolds.

As is true for all manuscripts, literally hundreds of
people have helped bring this book into print. The great-
est contributors to this book were the many students in
my workshops, whose curiosity and enthusiasm led me
to seek out the “essence” of a given muscle, for a given
movement, while exploring electrode placement strate-
gies. Four of these students became dear friends, col-
leagues, and eventually my teachers. Will Taylor, Stu
Donaldson, Jonathan Holtz, and Glenn Kasman helped to
create the boundaries and channels into which this in-
troductory volume on SEMG flowed, but it was Glenn
Kasman’s commitment to work on this book that set it in
motion. And, once under way, it was the substantive

editing of Steven Wolf that provided the basis for course
corrections, and the buff and polish of Glenn Kasman,
Blair Schular, Diana Huff, and Maya Cram that made it
intelligible.

Many people made the tracings for the electrode atlas
possible. With minds like those of Glenn Kasman and
Jonathan Holtz, the power and beauty of SEMG record-
ings began to emerge as we intensively studied a few in-
dividuals. Some of those individuals, who spent hours
or days with us and allowed us to place electrodes here
and there while we asked them to move this way or
that, deserve special recognition. Specifically, the efforts
of David Rommen, Dennis Harmoo, Mark Woodburn,
Carrie Hall, Paula Holtz, and Maya Cram helped to make
the atlas possible. Finally, this book has hundreds of
graphics contained within its pages. Many of these were
created by Bella and Dave Bingham and Heidi Cram.

Jeffrey R. Cram, PhD
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