Chapter 6E

Stretch—Shortening Cycle

PAAVO V KOMI

The nature of the stretch—shortening
cycle

In Chapter 1 muscle exercises were classified
primarily into static and dynamic types. The
classification used in Table 1.1 (p. 4) cannot,
however, be used to describe the natural form
of muscle function. Muscular exercises seldom
involve pure forms of isolated isometric, con-
centric or eccentric actions. This is because
the body segments are periodically subjected
to impact forces (Fig. 6.51), as in running or
jumping, or because some external force such
as gravity lengthens the muscle. In these
phases the muscles are acting eccentrically,
and concentric action follows. By definition of
eccentric action, the muscles must be active
during the stretching phase. The combination
of eccentric and concentric actions forms a
natural type of muscle function called a stretch—
shortening cycle or SSC (Norman & Komi, 1979;
Komi, 1984).

The purpose of SSC is to make the final
action (concentric phase) more powerful than
that resulting from the concentric action alone.
Since Cavagna et al. (1965) introduced the basic
mechanisms of work enhancement when an
isolated muscle was subjected to active stretch
(eccentric action) prior to its shortening (con-
centric action), considerable scientific work has
been devoted to explain the detailed mech-
anisms of force and power potentiation in SSC.
Most of the work has come from experiments
with isolated muscle preparations or from

mechanical muscle models. These experiments
have increased our wunderstanding of this
phenomenon, which was simply called elastic
potentiation. For details of the current mech-
anisms of performance potentiation the reader
is referred to Chapter 6D.

In vivo demonstration of SSC in
natural human locomotion

Whole body exercise involves many joints and
groups of muscles. In this complex but well
coordinated act each muscle makes its own
contribution, usually in the form of SSC action.
Identification of SSC for an individual muscle in
a particular exercise is often very difficult, and
sometimes even impossible. Direct measure-
ments require knowledge of instantaneous
forces and changes in muscle—tendon lengths.
Methods to calculate length changes separately
in muscular and tendon components are not
very reliable, and therefore the length is usually
expressed for the total segment including both
muscular and tendinosus material.

Direct in vive measurement of force requires
implantation of a force transducer around the
tendon (Fig. 6.52). In vive registration has been
applied primarily in animal experiments and
has produced considerable information on the
mechanical behaviour of the Achilles tendon
(AT), e.g- in cat locomotion (Walmsley et al.,
1978). A method which directly records forces
on human AT using an implanted transducer
has been reported recently (Komi ef al., 1987b;
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Fig. 6.51 Human walking and
running do not resemble the
movement of a rotating wheel,
where the centre of gravity is
always directly above the point of
contact and perpendicular to the

Stretch

Shortening

line of progression. Instead they
resemble the action of a ‘rolling’
cube and have considerable
/] impact loads when contact takes
place with the ground. Before
/ contact the muscles are
preactivated (A) and ready to
resist the impact, during which
they are stretched (B). The
stretch phase is followed by a
shortening (concentric) action
(C). The lower part of the figure
demonstrates the SSC, which is
the natural form of muscle

Fig. 6.52 Schematic diagram showing the position of
the ‘buckle’ transducer around the Achilles tendon.

Komi, 1990). This in vivo technique utilizes
either an E-form or a buckle-type transducer, of
which the latter has proven to be more con-
venient. The transducer is implanted under
local anaesthesia around the AT of adult

function. (From Komi, 1984.)

volunteers.  After appropriate calibration
procedures the subjects can perform normal
unrestricted locomotion including walking,
running at different speeds, hopping, jumping
and bicycling. In some cases even maximal
efforts were performed without any discomfort.
All movements were performed either on a
long force platform or on a bicycle which
had special force transducers on the pedals.
Electromyograph (EMG) activities were regis-
tered from the major leg muscles. AT force
(ATF) and EMGs were telemetred, and all
the signals were stored on magnetic tape. The
entire measurement lasted 2-3 hours, after
which the transducer was removed. Each
performance was also filmed at 100 frames - s~*
so that the percent changes of the lengths of the
gastrocnemius and soleus muscles could be
estimated (Grieve et al., 1978). This estimation
was then used to calculate the force-length and
force-velocity curves for the two muscles.
It must be emphasized that in this analysis
the force values represent the two muscles
simultaneously because AT is a common
tendon for both of them.

Figure 6.53 presents typical results (Komi et
al., unpublished observations) of the occur-
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Fig. 6.53 A representative record of the Achilles tendon force and segmental length changes of the
gastrocnemius (Ga.) and soleus (Sol.) muscles together with Fz and Fy ground reaction forces and selected EMG
activities when the subject was running along a long force platform. The vertical line indicates the beginning of
the ground contact as well as of the stretch—shortening cycle (SSC) of the muscles. The upward and downward
deflections of the segmental length changes signify, respectively, stretching (eccentric) and shortening
(concentric) phases of the cycle. (a) Ball running; (b) heel running.

rence of SSC in gastrocnemius and soleus
muscles separately during running. There are
several important features to be noted. First,
the changes in muscle—tendon length are very
small during the stretching phase. This sug-
gests that the conditions favour the potential
utilization of short-range stiffness in the muscle
(Rack & Westbury, 1974). Second, the seg-
mental length changes in these two muscles
take place in phase in both the lengthening and
shortening parts of the SSC. This is typical for
running and jumping; it has considerable
importance because the transducer measures
forces of the common tendon for the two
muscles. The situation is not so simple in other
activities, such as bicycling (Gregor et al., 1991),
where the length changes are more out of

phase in these two muscles. The third import-
ant feature of the example in Fig. 6.53 is that the
form of the AT force curve, resembles that of a
bouncing ball.

The force-length and force—velocity curves
can then be computed on the basis of the
curves, as presented in Fig. 6.53. It must be
emphasized that in this analysis the force
values represent the two muscles simulta-
neously, because AT is a common tendon for
both of them.

Figure 6.54 presents an analysis for the
force-length and force—velocity curves during
the contact phase in running. The force—length
curve demonstrates a very sharp increase in
force during the stretching phase, which is
characterized by a small change in length. The



























