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ABSTRACT. Little, T., and A.G. Williams. Effects of differential
stretching protocols during warm-ups on high-speed motor ca-
pacities in professional soccer players. J. Strength Cond. Res.
20(1):203-207. 2006.—The purpose of this study was to examine
the effects of different modes of stretching within a pre-exercise
warm-up on high-speed motor capacities important to soccer per-
formance. Eighteen professional soccer players were tested for
countermovement vertical jump, stationary 10-m sprint, flying
20-m sprint, and agility performance after different warm-ups
consisting of static stretching, dynamic stretching, or no stretch-
ing. There was no significant difference among warm-ups for the
vertical jump: mean = SD data were 40.4 = 4.9 cm (no stretch),
39.4 = 4.5 cm (static), and 40.2 * 4.5 cm (dynamic). The dynam-
ic-stretch protocol produced significantly faster 10-m sprint
times than did the no-stretch protocol: 1.83 = 0.08 seconds (no
stretch), 1.85 + 0.08 seconds (static), and 1.87 = 0.09 seconds
(dynamic). The dynamic- and static-stretch protocols produced
significantly faster flying 20-m sprint times than did the no-
stretch protocol: 2.41 = 0.13 seconds (no stretch), 2.37 + 0.12
seconds (static), and 2.37 = 0.13 seconds (dynamic). The dynam-
ic-stretch protocol produced significantly faster agility perfor-
mance than did both the no-stretch protocol and the static-
stretch protocol: 5.20 = 0.16 seconds (no stretch), 5.22 = 0.18
seconds (static), and 5.14 * 0.17 seconds (dynamic). Static
stretching does not appear to be detrimental to high-speed per-
formance when included in a warm-up for professional soccer
players. However, dynamic stretching during the warm-up was
most effective as preparation for subsequent high-speed perfor-
mance.
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INTRODUCTION

he inclusion of static stretching as part of a pre-

exercise warm-up routine has been common-

place in a multitude of sports, including soccer.

This stemmed from the belief that static
stretching will aid performance and decrease injury risk
(1). However, new research has challenged some long-
held concepts about common stretching practices. In par-
ticular, research suggests that a regimen of stretching
provides an acute inhibition of maximal force production
by the stretched muscle. Bouts of static stretching re-
duced the force capacity during various strength tests (7,
13, 15, 17, 21) and impaired vertical jump performance
in some cases (5, 23) but not in another (20). Changes in
mechanical properties of the musculotendon unit or
changes in neural activation may decrease force. Nelson
et al. (15) suggested that increased muscular compliance
as a result of stretching might mean the muscle will go
through a greater period of unloaded shortening before
taking up slack sufficiently to transfer generated force to

the bone. Consequently, cross-bridges may be at a less
optimal length much sooner in the full range of motion
(ROM).

Findings that stretching is detrimental to force pro-
duction have prompted recommendations that static
stretching be omitted or replaced by dynamic stretching
during warm-ups (2, 14, 18). These recommendations
based on existing research evidence may be premature,
as the effects of static stretching on performance in a
sporting environment and with elite sporting competitors
remain unclear. Furthermore, despite use of dynamic
stretching by some sports participants, scant research ex-
ists on the effects of this mode of stretching on physical
performance parameters closely related to the actual de-
mands of sport.

Soccer is a sport requiring high-intensity, intermit-
tent, noncontinuous exercise (8) that includes many
sprints of different durations, rapid acceleration, jump-
ing, agility, and so on. However, to date, no research has
investigated the effects of different stretching modes on
physical performance in soccer players. Thus, we aimed
to test the hypotheses that static stretching is detrimen-
tal to performance and that dynamic stretching is bene-
ficial to performance compared with static stretching or
no stretching. Therefore, the specific purpose of this study
was to examine the effects of static and dynamic stretch-
ing within a warm-up on acceleration, maximal speed,
vertical jump, and agility of professional soccer players.

METHODS
Experimental Approach to the Problem

In a within-subjects experimental design, professional
soccer players conducted 3 different warm-up protocols on
3 nonconsecutive test days within 1 week. Each test day
occurred more than 48 hours after a match or hard phys-
ical training to minimize the fatiguing effects of previous
exercise. The warm-up protocols differed only in the mode
of stretching used, whereas all other exercises used in the
warm-up were identical. The stretching modes used were
static stretch, no stretch, and dynamic stretch. Perfor-
mance tests of acceleration, maximal running speed, ver-
tical jump, and agility were conducted after each warm-
up protocol.

Subjects

Eighteen professional soccer players from an English
League Premier Division club were tested during the
2001-02 season as part of their athletic training program.
All subjects gave their informed consent, and the Local
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Ethics Committee approved this study. All subjects were
familiar with all testing procedures used in this study
before the experiment began, as the tests were routinely
used in the monitoring of their fitness status.

Procedures

Three warm-up protocols differentiated by their stretch-
ing content were used: static, no stretch, and dynamic.
Subjects conducted these 3 protocols on 3 separate days
in that order. Aside from the stretching, each warm-up
followed the exact same procedure, consisting of the fol-
lowing:

* 4 minutes of jogging and varied movements, including
2 minutes of jogging, 1 minute of sidestepping and back
jogging, and 1 minute of further jogging.

¢ 6.20 minutes of flexibility exercises (except for no-
stretch protocol).

¢ ~4 minutes of incremental intermittent sprint and agil-
ity runs. These initially included three-quarter pace
running: 10 m forward and 5 m sidestepping, repeated
twice; 30 m forward, repeated 3 times; and 45 m for-
ward with 5 X 90° changes of direction, repeated twice.
Intensity was then increased: three-quarter pace for 10
m and full pace for 20 m, repeated twice, and full pace
for 30 m.

* 2 minutes of rest.

The principal locomotive leg muscle groups were
stretched (gastrocnemius, hamstrings, quadriceps and
hip flexors, gluteals, adductors). The static stretches used
were #21 (gastrocnemius), #69 (hamstrings, modified
with subject holding own leg), #101 (hip flexor and quad-
riceps, modified with vertical thigh and trunk alignment)
and # 114 (gluteals) described by Alter (1), and the saddle
(adductors) described by Hoffman (12). A 20-second rest
was allowed between each stretch. For static stretching,
subjects held the stretch for 30 seconds on each leg before
changing immediately to the contralateral side. Subjects
were told to stretch until they approached the end of the
ROM but within the pain threshold. Subjects performed
the dynamic stretches on alternate legs for 60 seconds at
a rate of approximately 1 stretch cycle every 2 seconds or
unilaterally for 30 seconds, then they repeated on the oth-
er leg at a rate of approximately 1 stretch cycle every
second. The dynamic stretches used were the backward-
reach run (quadriceps); lateral lunge (adductors); drop
lunge (gluteals) and straight-leg march (hamstrings) de-
scribed in Fredrick and Szymanski (11); and the heel-to-
toe walk (gastrocnemius), where the subject landed in
maximal dorsiflexion and moved to maximal plantar flex-
ion with each step. Subjects were instructed to try and
attain maximal ROM with each repetition. In the no-
stretch protocol, instead of stretching, subjects rested for
1 minute after the general warm-up and then proceeded
to complete the incremental intermittent sprint and agil-
ity runs.

All performance tests were performed on an indoor
synthetic pitch. Vertical jump, stationary 10-m sprint, fly-
ing 20-m sprint, and a zig-zag course were used to assess
leg power, acceleration, maximal speed, and agility ca-
pacities. Newstart Electronic timing gates and jumping
mat (Brower Timing System, Salt Lake City, UT) were
used to measure run completion times and vertical jump,
respectively. Vertical jump involved a 2-footed counter-
movement jump from a stationary position with the in-

FIGURE 1. Diagram of the course used in the agility test.
Each straight sprint is 5 m and each turn at a flag is 100°.
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FIGURE 2. Timeline during each data-collection session.

tention of attaining maximum height. Subjects were in-
structed to maintain hands on the hips and keep the legs
straight once they had left the ground. Test-retest ratio
limits of agreement (16) data were 1.021-/1.096 (bias not
significant), showing good reliability of the vertical jump
test. Stationary 10-m sprint involved sprinting 10 m as
fast as possible from a stationary start position. Test-
retest ratio limits of agreement were 0.999-/1.042 (bias
not significant), showing very good reliability of the 10-m
acceleration sprint. Flying 20-m sprint involved sprinting
20 m as fast as possible from a maximal-speed start. Test-
retest ratio limits of agreement were 0.997./1.040 (bias
not significant), showing very good reliability of the 20-m
maximal sprint. The 20-m zig-zag course included three
100° turns at 5-m intervals (Figure 1). This test was cho-
sen because of its relative simplicity and the fact that the
subjects were all very familiar with the test (having con-
ducted it approximately every 6 weeks during the current
and previous seasons), which meant that the learning ef-
fects would be minimal. Test-retest ratio limits of agree-
ment were 1.003-/1.022 (bias not significant), showing
very good reliability of the agility test. During the test
session, each subject first performed the vertical jump
test, followed by the stationary 10-m sprint test, the fly-
ing 20-m sprint test, and finally the agility test. Subjects
performed 2 maximal attempts at each exercise, and the
best time was retained for analysis. A rest of 2 minutes
between trials and tests was included to minimize the
effects of fatigue. A timeline for the procedure on a test
day is shown in Figure 2.
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FI1GURE 3. Vertical jump measures for the different warm-up
protocols.
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FIGURE 4. Ten-meter acceleration sprint times for the differ-
ent warm-up protocols. * Significantly faster than the no-
stretch condition (p = 0.011).

Statistical Analyses

Repeated-measures analysis of variance (ANOVA) was
used to compare the performances after the 3 different
warm-ups. Newman-Keuls post hoc analysis was used to
identify pairwise differences. Statistical significance was
accepted at p = 0.05.

RESULTS

The mean scores (= SD) for the performance measures
after the different warm-up procedures are presented in
Figures 3-6.

There was no significant difference among the differ-
ent warm-up protocols for vertical jump performance, as
shown in Figure 3 (ANOVA p = 0.074). There were sig-
nificant differences among the different warm-up proto-
cols for acceleration (Figure 4), with dynamic stretching
resulting in significantly superior performance than no
stretching (ANOVA p = 0.025, no stretch vs. static p =
0.079, no stretch vs. dynamic p = 0.011, static vs. dynam-
ic p = 0.350). In tests for maximal speed (Figure 5), static
and dynamic stretching produced significantly better per-
formance than did no stretching (ANOVA p < 0.0005, no
stretch vs. static p < 0.0005, no stretch vs. dynamic p <
0.0005, static vs. dynamic p = 0.921). There were signif-
icant differences among the warm-up protocols for agility
(Figure 6), with dynamic stretching resulting in signifi-
cantly better performance than static stretching and no
stretching (ANOVA p < 0.0005, no stretch vs. static p =
0.232, no stretch vs. dynamic p = 0.001, static vs. dynam-
ic p < 0.0005).
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Fi1GURE 5. Twenty-meter maximal-speed times for the differ-
ent warm-up protocols. * Significantly faster than the no-
stretch condition (no stretch vs. static p < 0.0005, no stretch
vs. dynamic p < 0.0005).
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FIGURE 6. Zig-zag agility times for the different warm-up
protocols. * Significantly faster than the no-stretch and static
conditions (no stretch vs. dynamic p = 0.001, static vs. dynam-
ic p < 0.0005).

DISCUSSION

For 3 of the 4 measures used, there was no difference
between static- and no-stretch warm-up protocols, where-
as in the 20-m maximal-speed test the static-stretch pro-
tocol produced significantly faster runs than did the no-
stretch protocol. Thus, our data do not support the hy-
pothesis that static stretching has a detrimental effect on
high-speed performance in professional soccer players un-
der the experimental conditions used in this study. Dy-
namic stretching also produced better performance than
did no stretching in 3 of the 4 tests used. Consequently,
our data support the hypothesis that dynamic stretching
is beneficial compared with no stretching. Dynamic
stretching produced better performance than did static
stretching in 1 of the 4 tests used (agility), and the per-
formance data on 2 of the other 3 tests also showed a
tendency for a beneficial effect of dynamic stretching
(maximal 20-m sprint performance was identical after the
static- and dynamic-stretch protocols). Therefore, we also
believe that our data tentatively support the hypothesis
that dynamic stretching is beneficial when compared with
static stretching for professional soccer players under the
experimental conditions used in this study.

Dynamic stretching resulted in the best scores in all
but the vertical jump test; therefore, used within precom-
petition warm-ups, it is probably optimal for the high-
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speed performances required in sports such as soccer. Dy-
namic stretching is an active contractile process, and the
performance benefits obtained may stem from facilitated
motor control (6) via rehearsal of specific movements, in-
creased muscle blood flow, or elevated core or peripheral
temperature, which may increase the sensitivity of nerve
receptors and increase the speed of nerve impulses, po-
tentially encouraging muscle contractions to be more rap-
id and forceful (19). Thus, the improvements in perfor-
mance may have resulted from either the effects of
stretching per se, improved neural function, or additional
metabolic cost.

Discrepancies between the current study design and
that of previous studies may explain why the static
stretching produced no performance decrements in the
present study. Previous protocols (4, 10, 13, 15, 17) have
usually stretched muscles for greater durations than
those used in common precompetition warm-ups. Such
stretching durations may elicit neural and excessive me-
chanical force inhibitory mechanisms (10, 15, 21) that are
not apparent during common precompetition warm-ups.
By using 30-second stretch durations, we may have avoid-
ed this effect. Also, performance analysis has often been
conducted immediately after stretching (4, 5, 9, 13, 15,
17). In practice in sport, there is often further warm-up
activity after the stretching (as in the current study). Ro-
senbaum and Hennig (18) reported that additional phys-
ical activity after stretching attenuated the decreases in
peak force, rate of force development (RFD), relaxation
rate, and electromyography amplitudes of the Achilles
tendon reflex. Extra muscle activity after stretching may
have reversed any decrease in muscular compliance and
associated decreased neural drive initiated by stretching.
However, it is not yet clear whether these improvements
in performance were attributed to the effects of the extra
activity itself or the increased time delay from stretching
until the measured performance. Furthermore, research
indicating that static stretching is detrimental to perfor-
mance has often involved relatively slow actions such as
1 repetition maximum tests and isokinetic testing (13, 15,
17), yet most important motor actions in soccer, such as
sprinting and shooting, are dependent on high-velocity
movements and RFD. Findings from Nelson et al. (15)
suggest that the deleterious impact of stretching on force
production might be limited to movements performed at
relatively slow velocities. The authors reported that at-
tenuation in poststretch force decreased as movement
speed increased, to the point where at the fastest move-
ment speed (4.71 rad-s~!) poststretch force was greater,
though not significantly. However, vertical jump perfor-
mance is reliant on high RFD; has been shown to be im-
paired by static stretching in some studies (5, 21, 23) but
not in another (20); and was worse, though not signifi-
cantly, after static stretching in the present study. A com-
plicating factor in the present study is that the vertical
jump test was the first to be conducted after the stretch-
ing protocol (refer to the timeline in Figure 2); therefore,
if any detrimental effect of static stretching degrades over
time, the vertical jump is most likely to show a detrimen-
tal effect in our experiment. The differing effects of static
stretching on vertical jump and horizontal speed perfor-
mance observed in the current study warrant further re-
search.

The use of short-duration static stretching in a soccer
precompetition warm-up routine does not appear detri-

mental to subsequent high-speed performance. However,
the benefit of using static stretching in a warm-up re-
mains questionable. Although research by Pope et al. (17)
suggests general static stretching has minimal effect on
injury prevention, evidence suggests that static stretch-
ing has a greater effect on ROM than does dynamic
stretching (3) and that poor ROM is associated with in-
creased risk of injury in soccer players (22). Therefore,
static stretching on specific areas of muscular tightness
during warm-ups may improve ROM without compromis-
ing high-speed performance. However, until research ex-
amines further aspects of performance and injury after
differential stretching on specific areas of muscular tight-
ness or imbalance, static stretching should not be rec-
ommended for warm-ups.

PRACTICAL APPLICATIONS

Dynamic stretching during warm-ups, as opposed to stat-
ic stretching or no stretching, is probably most effective
as preparation for the high-speed performances required
in sports such as soccer. If static stretching is used, evi-
dence suggests that limiting the stretches to short dura-
tions and following the stretching with further activity
will minimize decrements to power-based performance.
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