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A historical review of treatment strategies used by physical therapists reveals that initially therapists emphasized
corrective exercise'” and reeducation of muscles for the return of function.’ Muscle was equally emphasized in treating
a variety of patients, for example, those with war injuries, polio, posture problems, and CNS lesions. The pioneers in
physical therapy focused primarily on muscle, using their knowledge of gross and functional anatomy and, to a lesser
extent, what was known about muscle physiology. The first physical therapists used palpation and manual muscle testing
to evaluate muscle.>*° As the profession matured, therapists began to examine the action of muscles in terms of axes
and vectors.>”” Combining their knowledge of mechanics with their knowledge of gross anatomy, therapists were then
able to perform basic kinesiological analyses by examining the line of pull of various muscles throughout an arc of
movement.
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Knowledge of muscle physiology in the early days of physical therapy consisted of length-tension diagrams and the
classic works of Duchenne'® and Steindler. ' Despite this paucity of knowledge, therapists empirically described
physiological phenomena, such as stretch-weakness,® fatigue,>'> and exercise hypertrophy. '* All of this empirical
knowledge was used in what were then the primary treatments of dysfunction, namely, muscle reeducation and corrective
exercise. These treatments were developed when little was known about muscle and were based on the observations of
keen observers. Therapists knew, based on color differences, that there were different kinds of muscle and that force
was related to muscle size and to the speed of contraction. '> However, neither the heterogeneity of muscles nor the
force-velocity relationship was understood well enough to make these observations clinically useful.
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Neurophysiological and Arthrokinematic Approaches AN X OB EEIRHT o —F

Two major treatment philosophies have dominated physical therapy during the last two decades: the
neurophysiological approaches for patients with CNS dysfunction' and the arthrokinematic approaches for patients
with orthopedic problems.
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Each of these philosophies focused on nonmuscular elements to explain dysfunction. In one case, the nervous system
was thought to be the element most affected by treatment. In the other case, joint structures were viewed as the site
where pathological problems were located and could be treated. Muscle was rarely considered as being contributory to
pain or disability and was not emphasized in treatment.
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As the physiology of peripheral receptor mechanisms became widely appreciated in the late fifties, treatment
rationales were developed based on interpretations of the neurophysiological literature. With this shift, concepts such as
facilitation and inhibition dominated the theoretical approaches to patient care. Interpretations of Sherringtonian
physiology focused therapists on control mechanisms rather than on the muscle itself. Concurrent with this shift, patients
with neurological problems, especially stroke victims, became one of the main patient groups treated by therapists. This
change in population from patients with polio to patients with CNS dysfunction made a shift in emphasis from the
muscle to the nervous system seem logical.
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The consensus that joint dysfunction was a major cause of disability and pain led to the widespread adoption of
manual therapy techniques in the seventies. Just as neurophysiological approaches seemed logical for patients with
CNS dysfunction, orthopedic techniques seemed logical for patients with arthrokinematic dysfunction. The focus in
orthopedic therapy was on joint structure and its innervation. The arthrokinematic orientation essentially discounted
the role of muscle in disability and pain.
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Growing Knowledge of Muscle Physiology and Plasticity DA% & AT OB K32 ik
At the same time that dysfunction was being explained in nonmuscular terms by these two philosophies, biologists
were demonstrating that muscle was among the most plastic tissues in the body. This newly described plasticity
implicated muscle in every type of movement dysfunction associated with both neurological and orthopedic origins.
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The finding that muscle is mutable would have extremely important implications for physical therapists,
especially because this mutability was demonstrated using the very modalities found in almost every clinic. Muscle
biologists have studied muscle mutability using exercise regimens, electrical stimulation, and cast immobilization.
Paradigms that simulated patient problems (e.g., immobilization, denervation, and CNS lesions) were also shown
to lead to significant cellular and performance changes in muscle.
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Muscle biologists have demonstrated that muscle is mutable and responds to both normal and pathological
stimuli. When muscle responds to normal stimuli ,it can become exquisitely specialized to the functional demands
placed upon it. When muscle responds to pathological stimuli, it may lose some of that functional specialization
and fail to perform adequately. The knowledge that muscle is specialized and mutable has vast practical
significance. We can gain some insight into how muscle biology may be used by examining how it is applied by
others.
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Applied physiologists have been using the knowledge and techniques of muscle biology to describe normal
human performance. These clinical scientists have begun to examine the relationships between muscle changes
and athletic performance, cardiovascular endurance, strength, and aging. Their research has examined the
relationship of muscle composition to genetic factors and gender. Although applied physiology is a relatively new
field, it is widely respected in the scientific community because its practitioners have used the knowledge and
techniques of muscle biologists for the analysis and improvement of human performance.
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In the hands of the physical therapist, who is trained in kinesiology and who works daily with movement
dysfunction, knowledge of muscle biology could also become a potent tool. Understanding the cellular basis for
dysfunction allows the therapists to be more effective in evaluation and treatment. And knowledge of the cellular
effects of treatment allows us to understand the physiological effects of our intervention. Through the knowledge
of what an exercise can and cannot do, we can better respond to the patient's individual needs. Consider the strength
trained patient who reports difficulty after several hours of walking or standing. We know that strength training
(the use of heavy resistance) leads to increased muscle mass and increased tension capacity but has little effect on
fatigue resistance. Therefore, this patient needs low-resistance exercise that will increase the aerobic capacity of
the cell and improve fatigue resistance.
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By identifying the nature of the patients' deficits the type II fiber atrophy of the steroid patient, the type II fiber
atrophy of the cancer patient, and the length-associated changes of the stretch-weakness patient—therapists can
be better prepared to treat specific problems. By understanding that cast immobilization leads to atrophy of the
type I and type II fibers, therapists can be better prepared to treat patients with orthopedic problems. Knowledge
of the specialization and mutability of muscle allows us potentially to cause changes to take place that will have
specific functional benefits or to prevent changes that are deleterious.
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We have apparently come full circle. The first therapists appreciated the role of muscle even though they
practiced at a time when little was understood about muscle physiology or muscle plasticity. In view of the limited
knowledge that these therapists had available to them, it is to their credit that through clinical observation and
dedication they developed a remarkable appreciation of the importance of muscle. Our predecessors looked at
patients by carefully examining muscle function and then developed treatment programs based on the results. The
effectiveness of their treatments provided the justification for the existence of our profession. If our predecessors
with so little formal scientific knowledge could do so very much, let us imagine what we in the years ahead can
do.

EAIHLNC—EHLTRESTE, &AIOET R ME, ABEZECH ORI W TIEE A CH
RSN TP STZRHIZIEE LIS 0063, HioEHEZELSFMIL T\, ZThbDtETEX R
DRHTELEBRONTWDSZ 2B DH L, WRBIELBMIZEL T, HORHOEEMEIZONT
B AREBHBEERD - Z LIS 0IETH D, FAZDORMESR L. HEELZEERS AR THRE 2815
L. ZORRICESWTHEE T 1 7 7 L& BT LIz, 0 DIRROA T, B2 D OFMRO (L4 IE
YibT D077, b LIERRBLRHFENIEE A E WA OFHEENR ZNIEELZL DI ENTE D
LTS, ZHDBATEL BRI BN TEX 0B L TR LD,

Clearly, applying our knowledge of muscle biology could provide us with one of the most significant means of
establishing scientifically based practice. In every patient we treat, changes in muscle are likely to occur. Therefore,
the appreciation of muscle mutability should be incorporated in the approach to all patients whether they have
neurological, orthopedic, or other medical conditions. Therapists have diverse approaches to patient care. Some
approaches are based on arthrokinematic considerations, whereas others focus on neurophysiological
considerations. Practitioners need to consider the effects of stimuli on muscle induced by the pathological
condition or by the treatment. Patient care may be improved when clinicians integrate this knowledge with any
other treatment focus, whether arthrokinematic or neurophysiological.
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Knowledge of muscle biology applied by practitioners in any areas of physical therapy can only serve to increase

the effectiveness of treatment. However, of perhaps greater importance is the possibility that through the use of
information gained from muscle biology entirely new approaches to patient care may be generated. We now can
contemplate the development of new treatment strategies that focus on muscle—the biological element therapists
have worked with since the inception of the profession.
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