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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