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STRETCHING (FLEXIBILITY TRAIN-
ing) has long been part of the
warm-up routine for athletes. The
use of stretching as part of the
warm-up comes from the belief
that stretching will aid in subse-
quent performance and help pre-
vent injury. The type and degree of
stretching used as part of a warm-
up routine varies among sports.
Our observations of many strength/
power athletes (including elite
weightlifters, powerlifters, track
and field throwers, etc.) suggest
that many of these athletes do lit-
tle in the way of general stretching
(especially the agonist muscle
groups) or general warm-up. 

The pre-event and prepractice
routines of these athletes consist
more of sport-specific exercises
done with light resistance and/or
low velocity, slowly building up to
full effort. This contradicts the
suggestions of Arnheim (1), who
states, “general warm-up proce-
dures should consist of jogging or
easy running, gradual stretching,
and general exercises. These pro-
cedures should mobilize the body
for action and make it supple and

free.” Many athletes and coaches
also believe that light aerobic exer-
cise augments the results of
stretching. There is little empirical
evidence that shows that warming
up by light exercise (i.e., jogging)
before stretching will significantly
increase flexibility (20). The pur-
pose of this paper is to examine
the research considering the acute
performance effects of stretching.

Although little stretching typi-
cally takes place in the warm-up
for strength/power sports, most of
these sports (especially weightlift-
ing) require a high degree of flexi-
bility. In fact, many of these ath-
letes do stretch both dynamically
and statically. Most of the static
stretching occurs immediately
after workouts or competitions. 

As stated by Taylor et al. (17),
“the extensive interest in stretch-
ing and the widespread use of
stretching techniques in athletes,
the arts, and general fitness pro-
grams are contrasted by the
paucity of basic science informa-
tion on stretching.” Along with this
lack of general information, few
studies examined performance ef-

fects of stretching during warm-
up for strength/power athletes.
There are, however, some theories
that can be proposed from studies
examining the effects of stretching
on muscular properties. Changes
in muscle contraction following
stretching are likely caused by
changes in the mechanical proper-
ties of the muscle/tendon unit or
by changes in enervation and neu-
romuscular transmission. This ar-
ticle will concentrate on the acute
mechanical effects of stretching.

Muscle stiffness can be de-
creased with warm-up and
stretching (11). The stiffness of a
muscle is defined as the ratio of a
change in force divided by the
change in the length of the muscle
during stretching (7). While a more
compliant muscle-tendon unit
may decrease injury potential (11),
a decreased stiffness in the ago-
nist may reduce power output and
force production by somehow af-
fecting the myototic reflex or the
elastic properties of the muscle.
Decreased stiffness may be associ-
ated with an increase in flexibility,
but no change in muscle stiffness
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was observed after a long-term (4-
week) stretching protocol that re-
sulted in an increased range of
motion (ROM; 6). The researchers
observed no change in the connec-
tive tissue structure after the 4
weeks, which indicates that there
may not be a relationship between
stiffness of the muscle tendon unit
and flexibility. 

Another study showed no
change in muscle resting tension
after a short-term stretching pro-
tocol that increased ROM (18). In
this study, researchers subjected
people to 15 minutes of static
stretching, ballistic stretching, re-
sistance training, or stationary cy-
cling. The authors of both studies
(6,18) attributed the observed in-
creased ROM to an increase in
stretch tolerance but not to actual
changes in muscle-tendon proper-
ties. 

Interesting results were seen
when studying electromyographs
(EMG; the measure of electrical
activity in a muscle) during
stretching of the hamstring mus-
cle. Komi (10) has demonstrated a
linear relationship between the
rate of EMG activity and force pro-
duction. Moore et al. (12) showed
that EMG activity is not related to
the ability to stretch a muscle, be-
cause he found that hamstring re-
laxation (low EMG activity) was
not requisite for reaching maxi-
mum ROM in the hip joint. This
study used proprioceptive neuro-
muscular facilitation–style stretch-
ing in gymnasts and showed an
increase in EMG activity during
stretching, with a concomitant in-
crease in ROM. These studies
show an increase in ROM inde-
pendent of tension, activity, or
stiffness in the muscle being
stretched. Clark et al. (3) observed
EMG activity after stretching in
the adductor magnus. They con-
cluded that stretching did not af-
fect EMG amplitude and therefore

would not affect force production.
One should note that other perfor-
mance parameters, such as rate of
force development or reaction time
could have been altered, but those
were not presented in this ab-
stract.

Not all researchers agree on
changes that occur as a result of
stretching. After repeated stretch-
es, an increase in the length of the
muscle-tendon unit and a de-
crease in peak tension during
stretching in an isolated muscle
was observed (17). Magnusson et
al. (17) speculated that the in-
creases in length would not be
rapidly reversible because of the
viscous properties of the muscle-
tendon unit, which may result in
increased flexibility. This increase
in muscle-tendon length or tendon
elasticity may be why some stud-
ies show a delay in intrinsic mus-
cle contraction following external
stimulation after static stretching
(4, 13, 15). Another possibility is
that the muscle and tendon are
not acting the same, i.e., the mus-
cle is shortening while the tendon
is lengthening (4). Rosenbaum
and Hennig (15) described tendon
slack to explain why they observed
a decrease in peak force, rate of
force development (RFD), relax-
ation rate, and EMG amplitudes of
the Achilles tendon reflex activities
following stretching. After an addi-
tional warm-up run, the re-
searchers showed an increase in
these values. This increase may be
due to the warm-up run or to the
time delay between retesting (15).
An additional study by the same
authors (16) showed no changes
in EMG activity after stretching,
but when stretching was followed
by a warm-up run, decreases in
reaction time and mechanical
delay were observed. Concurrent-
ly, increases in peak force, RFD,
and half-relaxation rate were ob-
served. Nelson (14) theorized that

an increase in muscle-tendon
length caused the significant de-
crease in maximal isokinetic leg
extension torque that was ob-
served following stretching of the
quadriceps and that an increase
in initial sarcomere length caused
a decrease in isometric torque at
162° but did not change at other
angles.

In a study that examined
strength training and stretching,
an increase in stiffness in the sub-
jects was found after 13 weeks of
isometric training (8). This in-
crease in stiffness was not aug-
mented by stretching. Subjects
trained and were tested isometri-
cally, which brings into question
its practical application. In a more
practical study (19), the effect of
stretching, warm-up, and mas-
sage on strength in the lower ex-
tremity was examined. Although
ROM increased with 15 minutes of
stretching, there was no observed
effect on muscle strength. Again, 1
shortcoming of this study was that
strength was measured on an iso-
kinetic dynamometer at 180°/s
and 30°/s. These isokinetic angu-
lar velocities can be markedly less
than typical velocities of many
sporting activities, especially those
of strength/power athletes. The
shortcomings of isokinetic dy-
namometry have been demon-
strated by Chow et al. (2).

Two very applicable studies
have been carried out on stretch-
ing and performance. One study
(13) examined the effects of acute
stretching on vertical jump perfor-
mance. After 3 different stretches
of the knee and hip extensors,
both countermovement and static
jump heights were significantly
decreased. They also showed a de-
crease in vertical force and kinetic
energy at takeoff following stretch-
ing (13). The other study (9) looked
at the effects of stretching on knee
extension and flexion. Subjects
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stretched ballistically, statically,
or not at all; they then rested 10
minutes before performing 1RM
leg curls and extensions. Both sta-
tic and ballistic stretching signifi-
cantly reduced mean 1RM
strength in both men and women
(9). This result prompted the au-
thors to recommend at least 20
minutes between stretching and
performance (9). Other studies
have shown impaired isometric
contractile force up to 1 hour after
stretching (5).

These studies present evi-
dence that acute stretching may
have a detrimental effect on sub-
sequent strength/power perfor-
mance. There appears to be a
trend in these studies indicating a
more compliant muscle after
stretching, which may in fact re-
duce injury potential but may be
accompanied by reduced perfor-
mance. An increase in muscle-
tendon length may be the likely
cause of the detrimental effect on
performance that has been shown
to result from stretching. However,
if stretching does indeed reduce
injury potential, it should be in-
cluded as part of the warm-up. If
stretching does reduce strength/
power performance, a major issue
would be addressing the timing
and specificity of stretching in the
warm-up. One must note that the
changes in mechanical properties
may not have the same effect as
changes in neuromuscular trans-
mission following stretch. In con-
clusion, the information presented
still leaves many unanswered
questions concerning the effects of
acute stretching on muscular per-
formance, especially from the
standpoint of strength/power
sports.  ▲
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