Muscle Mechanics and Pathomechanics

Their Clinical Relevance

GARY L. SODERBERG

This article reviews pertinent mechanical characteristics of the human muscu-
lotendinous unit. Contractile and elastic elements of muscle are discussed,
primarily in relationship to their length-tension and force-velocity properties.
Evidence from a variety of recent studies of muscle function and dysfunction is
presented. Clinical implications for physical therapy practice are discussed, and
examples of pathological conditions are cited. A primary conclusion reached is
that the degree and duration of muscle elongation are important factors in
immobilization and important considerations in therapeutic programs.

Key Words: Muscle contraction, Muscles, Physical therapy.

Muscular  dysfunction resulting from acute,
chronic, segmental, or multiple injury or insult is
common among patients referred to physical thera-
pists for treatment. Restoration of normal function is
at least partially dependent on creating and maintain-
ing muscular tension in an appropriately timed se-
quence. Fundamental to patient improvement is the
therapist’s understanding of the characteristics of bi-
ological tissue and the changes that occur with disuse,
immobilization, and recovery. Accordingly, the pur-
pose of this paper is to describe pertinent mechanical
characteristics of the musculotendinous unit, cite ex-
amples of pathological conditions, and discuss clinical
implications for the practice of physical therapy.

MORPHOLOGICAL AND FUNCTIONAL
CONSIDERATIONS

Beyond the basic anatomy and physiology of hu-
man muscle are specific characteristics of importance
to physical therapists. For example, clinicians gener-
ally accept that increasing muscle cross-sectional area
allows greater muscle tension to be generated. The
effect of a muscle contraction, however, is produced
by the interaction of mechanical factors such as fiber
direction, locus of insertion, and joint position. In fusi-
form (longitudinal) muscle fiber orientation, the ten-
sion generated can directly contribute, via contrac-
tion, to the total muscle tension produced. The inser-

Dr. Soderberg is Associate Professor and Associate Director,
Physical Therapy Education, The University of Iowa, lowa City, IA
52242 (USA).

This article was submitted November 16, 1981, and accepted July
12, 1982.

216

tion of pennate muscle fibers into longitudinally ori-
ented connective tissue is typically at an angle. This
angular insertion of fibers, which varies between mus-
cles, causes less tension generation in the direction of
muscle pull. The increased cross-sectional area of
pennate muscles, however, provides for greater avail-
able fiber tension so that adequate longitudinal ten-
sion can be generated.

The location of muscle attachment and joint posi-
tion are also critical in the production of effective
motion because they are the determining factors in
the generation of the torque, or turning moment at
the joint. In general, the most effective moment for
any given plane of motion is produced when the
angle of muscular insertion is at 90 degrees to the
mobile segment. At all other angles of insertion, either
an additional compressive or distractive joint force
will result. The distance of the moment arm of the
muscle, the other factor in torque production, varies
throughout the range of motion. These mechanical
factors, along with length-tension and force-velocity
relationships, produce the ultimate moment or
“competency” for a given angle for any joint.

Properties of the tissues that compose the musculo-
tendinous unit are also fundamental to clinically ap-
plied muscle mechanics. Figure 1 provides three ex-
amples of mechanical muscle analogs. The contractile
component is made up of the myosin and actin fila-
ments. The elastic elements consist of the endomy-
sium, epimysium, and perimysium that enclose the
muscle fibrils, fibers, and bundles, and these elements
terminate by converging to form the tendon. Al-
though the model used makes some difference, the
basic relationship of these elements to each other,
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along with viscosity, is primarily responsible for the
demonstrated mechanical properties described in the
following paragraphs.

An isometric tension-time curve (Fig. 2) shows
characteristics of tension development and mainte-
nance that can be explained based on the models in
Figure 1. The first nonlinear stage of tension devel-
opment is produced as the contractile element
shortens and exerts tension by stretching the elastic
elements. As the contractile element continues to
generate tension, the elastic elements become maxi-
mally stretched, yielding an essentially linear increase
in the rate of tension development. The terminal stage
of tension development is reached when the contrac-
tile component is no longer capable of generating
additional tension. Subsequently, the tension avail-
able gradually achieves a maximum level as the elastic
elements are fully stretched. Therapists should rec-
ognize that viscosity, although present, is of much less
importance in considerations of muscular function as
it relates to clinical practice.

The amount of muscular tension generated also
depends on muscle length (Fig. 3). When shortened,
the muscle must produce tension by use of the con-
tractile components, and the net voluntary tension
curve is thereby synonymous with the total tension
available. In lengthened positions, however, the pas-
sive tension created by tension arising from elonga-
tion of the elastic components can contribute to the
total tension generated by the intact musculotendi-
nous unit. Yamada has shown how elastic elements
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Fig. 1. Two-element and three-element mechanical mus-
cle analogs: (a) The Hill model, in which the series elastic
(SE) component is in series with the contractile element
(CE). (b) The Voight model, in which the parallel elastic
(PE) element is parallel to the CE, and resting tension is
borne by both the PE and SE. (c) The Maxwell model, in
which the PE is in parallel with both the CE and SE; the
PE alone supports the resting tension. (Reprinted with
permission from Journal of Biomechanics, vol 14, 399~
404, Phillips CA, Petrofsky JS: The passive elastic force-
velocity relationship of cat skeletal muscle: Influence
upon the maximal contractile element velocity, Copyright
1981, Pergamon Press, Ltd.)
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Fig. 2. Isometric tension-time curve.
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Fig. 3. Length-tension diagram for striated muscle. Mus-
cle is at shortest length at the intersection of the axes.
Net voluntary tension is produced by contractile compo-
nent, and passive tension results from elongation of elas-
tic elements. (From Textbook of Work Physiology, ed 2,
p 102, by Astrand P, Rodahl K. Copyright 1977. Used
with permission of McGraw-Hill Book Company.)

for various muscles differ (Fig. 4)." In his studies,
elongation, or stretching, tensions were applied for
purposes of demonstrating similarities in the passive
elements of muscles. Only in cases of patients with
cineplastic amputations and in studies of invasive
procedures in animals has the net tension of the
length-tension relationship been established.”

These morphological characteristics determine the
characteristics and limitations of the temporal course
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Fig. 4. Stress-strain curves in tension of skeletal muscle
tissue of persons 29 years of age. (Reprinted from Ya-
mada' with permission of The Williams and Wilkins Co.)

of developing and maintaining tension. Therapists are
cognizant of concentric (shortening), isometric, and
eccentric (lengthening) contractions. In essence, the
concentric contraction performs acceleratory motions,
or positive work; whereas the eccentric contraction
performs decelerated, or negative, work. The impor-
tance of the contraction form lies in the application
of the morphological features to tension production
at various shortening and lengthening velocities. This
relationship is depicted in Figure 5.° Zero velocity
represents the isometric contraction. As concentric
shortening velocity progressively increases, the avail-
able tension decreases until virtually no tension is
available. In other words, the contractile element
cannot exert tension through the elastic elements
because the muscle attachments are brought together
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Fig. 5. Force-velocity relationship for elbow flexor mus-
cles for concentric and eccentric contractions. (Reprinted

from Komi®® 227 with permission of S Karger AG, Basel.)
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at too high a velocity. This force-velocity relationship,
first described by Hill in his classic work on the
physiology of muscle shortening,* has been identified
in vivo.>? Conversely, if eccentric contractions are
used, the available tension increases as velocity in-
creases. This tension increase results because, in the
case of the eccentric contraction, muscle lengthening
stretches the elastic elements (Fig. 1) while the con-
tractile component concurrently shortens. Thus, ec-
centric contractions allow humans to effectively use
the total tension available within the musculotendi-
nous unit.

CLINICAL RELEVANCE

Alterations in these morphological and physiolog-
ical features produce clinical entities common in pa-
tients of physical therapists. All therapists realize that
excessive elongation, particularly at high velocities,
can produce injuries that range from a minor strain
to complete disruption of the musculotendinous unit.
The latter essentially is produced when the rupture
point of the tissue has been reached. The clinical
finding that muscle tissue rupture is far more common
than tendon rupture is substantiated by work reveal-
ing the maximum stress to failure for tendon to be
twice that for muscle.” Also of interest is that most
strains and most ruptures occur in muscles that affect
more than one joint. In these muscles, tension is being
generated to create movement or stabilization at one
joint while stretch is applied to the other joint or
joints at which the muscle also has a functional
capability.

Elongation by stretching is important in the treat-
ment of many pathological conditions of muscle that
are associated with paresis. Specifically, precontrac-
tion stretch effectively lengthens the elastic compo-
nents and allows tension to be produced either pas-
sively or with less contraction of active elements than
required for a shortening contraction (Fig. 1). Fur-
ther, eccentric contractions can be used effectively to
elicit muscle tension that may not be perceivable by
patients performing a shortening contraction. Supine
patients, for example, can usually lower the straight
leg much sooner than they can raise the leg from the
supporting surface. That hemiplegic patients can
lower their arms much more easily than they can
overcome the requirements to raise them provides
another example. Other frequently encountered ex-
amples seem to indicate that eccentric contractions
should be used more widely in physical therapy. Thys
et al® and Asmussen and Bonde-Petersen’ have shown
that elastic energy can be transformed into kinetic
energy; that is, muscle stretched preceding contraction
will use the elastic element to generate tension. Al-
though higher velocities influence the viscosity effect
and create even more “elastic recoil,” clinical use of
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