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ABSTRACT

Background: Stretching is often part of the warm-up routine prior to athletic participation; however, controversial
evidence exists on the effects of stretching on countermovement jump (CMJ) and sprint performance. Additionally,
analysis of variability between repeated tasks is useful for monitoring players, to analyze factors that could affect the
performance, and to guide clinical decisions for training strategies.

Purpose: The purpose of this study was to examine whether static stretching (SS) prior to CMJ and 20-meter (20-m) sprint
would affect performance, and to investigate whether SS affects an athlete’s ability to perform these tasks consistently.

Methods: Twenty-two trained healthy athletes (23.2 + 5.0 years) attended, randomly, two testing sessions, separated by
48 hours. At session one, all participants underwent 10 minutes of dynamic running warm-up followed by the experimen-
tal tasks (three CMJ and three 20-m sprint), whereas five minutes of stretching was added after the warm-up routine at
session two. All participants performed the same experimental tasks in both sessions. The stretching protocol consisted
of five stretching exercises for each lower limb.

Results: The paired-samples t-test revealed no significant differences between the stretching protocol condition and no
stretching condition for the 20-m sprint (t(21)=.920; p=.368) and CMJ (t(21)=.709; p=.486). There were no significant
differences in trial-by-trial variability on 20-m sprint (t(21)=1.934; p=.067) and CMJ scores (t(21)=.793; p=.437) as result
of SS.

Conclusion: The SS protocol did not modify jumping and running ability in trained healthy athletes. The SS prior to train-
ing or competition may not cause detrimental effects to athletic performance.

Keywords: Counter movement jump, sports performance, sprint, static stretching, variability.

Level of evidence: Level 111, Nonrandomized controlled trial.
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INTRODUCTION

Planning an appropriate warm-up routine for an
athletic team is a very important aspect of a coach’s
responsibilities' since it prepares the athletes, physi-
ologically and mentally** for training and competi-
tion. Stretching is often part of the warm-up routine;>°
however, few studies has reported beneficial effects
of stretching on performance.”® Existing literature
offers varied conclusions on the influence of stretch-
ing on jumping and speed performance. Both nega-
tive**!5 and no effects®'®** have been reported. In
several cases, existing scientific evidence has not
been taken into consideration with regard to stretch-
ing in the context of preparation for sports practice.
For instance, to convince athletes about the impor-
tance of stretching prior to performing sports activi-
ties, coaches usually use empirical arguments that
stretch improves performance, indirectly, by pre-
venting injury.

Several authors have reported negative effects spe-
cifically with regard to vertical jump®!'*'>?*3 and
sprint performance.*** Some hypotheses have been
offered attempting to explain the negative effects of
stretching on the neuromuscular system. According
to Young & Behm?® stretching possibly induces an
increase in slack on the tendon through a decrease of
musculotendinous stiffness. Church et al* suggested
that the reduction of vertical jump performance may
be related to the myogenic reflex, which causes a
decrease in muscle power. In a review on the ben-
eficial effects of stretching on performance, Shrier®”
concluded that a bout of stretching does not improve
jump height and the results on speed tasks are con-
troversial; however, it does not mean that it is detri-
mental to performance. In fact, the supposition that
stretching is harmful to performance has led to the
removal of SS from the warm-up routines of many
athletes.** It may be that this kind of recommendation
should be considered somewhat premature since the
effects of SS prior to sports activities remain unclear.

The lack of consensus concerning the effect of SS on
countermovement jump (CMJ) and 20-meter (20-m)
sprint led the authors to investigate its influence on
these functional abilities in order to examine whether
SS is harmful to performance. Differing methodolo-
gies have been used to examine stretching effects
on performance, such as varied stretching protocols

(volume and intensity of stretching), numbers of per-
formance trials, varied environmental conditions,
and alterations in the rest period between each task.
All of these factors may be responsible for generating
divergence in the literature,*>91326:29-31,33,34363839 which
hampers comparisons between investigations.

Athletes commonly use jump and sprint tasks as an
assessment of their athletics skills.*® Some authors
argue that the analysis of variability can be useful to
determine whether athletic enhancement occurs.”
Because athletes wish to perform to the best of their
ability or skill, it is also important to investigate
whether stretching is a factor that may affect the ath-
letes ability to perform usual tasks consistently. To
the authors’ knowledge, no study has addressed how
stretching affects the variability in CMJ and sprint
tasks. Expecting to achieve a better understanding
of responsible factors for an irregular performance,
trial-by-trial variability analysis in the 20-m sprint
and CMJ was included in this experiment.

The purpose of this study was to examine whether
static stretching (SS) prior to CMJ and 20-meter
(20-m) sprint would affect performance and to
investigate whether SS affects an athlete’s ability
to perform these tasks consistently. Based on pre-
vious studies,***** the authors proposed the follow-
ing hypotheses: 1) SS is detrimental to performance,
which would be demonstrated by reducing CMJ
height and 20-m sprint speed performance; 2) SS
provides greater variability for both CMJ and 20-m
sprint performance.

METHODS

All participants attended two testing sessions, com-
pleting three CMJ trials on a jump mat and three
20-m sprints on an indoor track, in each session. The
Ergojump Platform (Globus Inc., Treviso, Italy) was
used to measure the jumping time and indirectly the
height reached in the CMJ by using the formula

h=g* ‘gj / 8", where h is height, g is gravity (g =
9.81 m/s ), and t is the full flight time.** For each
CMJ, participants stood with hands on hips and feet
parallel to landmarks on the mat of the Ergojump.
They performed a squat with the knee in 90° of flex-
ion* and then jumped to achieve maximum height.
Subjects were encouraged to jump as fast as possi-
ble in order to minimize the coupling time between
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the eccentric and concentric phases,” making sure
not to pause between the movements. They were
instructed to keep the hands on their hips because
the literature has shown that the arms contribution
during the vertical jump can add 10% or more to
the outcome.”*** They were also instructed to keep
their hips and knees extended throughout the air-
borne part of the jump until the landing.***

Two pairs of photoelectric cells (Ergo Timer, Glo-
bus Inc., Treviso, Italy) were placed at 90 cm height
and connected to an electronic motion sensor timer,
which measured the time needed to complete 20-m
sprint. For this task, participants remained upright
standing, in a steady and comfortable position, with
feet behind the first line of photoelectric cells, with-
out any rocking movements of the body. Partici-
pants started running on a whistle sound. Of note,
reaction time was not included in the measurement.

Participants

Twenty-two healthy men took part in the study (age:
23.2 + 5.0 years; body mass: 82.8 + 12.6 kg; height:
1.78 + 0.06 m; BMI: 26.1 + 2.8 kg/m?). Participants
were trained amateur athletes of different sports
(e.g. handball, rugby sevens, etc.) and were recruited
randomly through regional sports clubs. All of them
were concurrently competing at the official national
league of their sport. This population was recruited
since their training and sport-specific participation
often requires jump and speed abilities. Thus, it is
expected they were familiar with the designed tasks
(CMJ and 20-m sprint). To be included in the study,
participants had to be: (a) aged 18 years or more; (b)
physically active and registered as athlete at the offi-
cial national league; (c) free of any medical condition
or functional limitation that could compromise the
testing tasks; (d) rested and not have performed any
intensive physical activity for 48 hours prior to test-
ing; (e) free of any injury or physical restriction at the
time of testing. Researchers provided verbal encour-
agement at the same type and level for all players,
to encourage maximal effort throughout testing. All
participants received information about the research
objectives and signed a consent form. The ethics
committee of Faculty of Sports Sciences and Physical
Education of the University of Coimbra approved this
research, which is in agreement with the Helsinki
declaration for experiences with humans.

Procedures

A summary of the experimental procedures is dis-
played in 1. At least three hours before testing, all
participants joined a familiarization session with the
measurement techniques and equipment. All par-
ticipants underwent measurement of body weight
(Body Scale 500, Seca Gmbh & Co. Kg., Hamburg,
Germany) and height (stadiometer Seca Body-meter
206, Seca Gmbh & Co. Kg, Hamburg, Germany).

The data collection took place in two sessions sepa-
rated by 48 hours to minimize fatigue effects on test-
ing performance, in randomized order. Each day,
before the experimental tasks, all participants per-
formed a warm-up routine (dynamic running warm-
up) similar to those performed for a normal training
session. Dynamic warm-up consisted of the following
exercises: a) jogging for one minute; b) skipping arm
run for 30-sec; ¢) high knee run for 30-sec; d) knee
flexion run (gluteal kicks) for 30-sec; e) sideways run
for 30-sec; f) run with alternating squat for one min-
ute; g) jogging forward/backward for two minutes; h)
walking for one minute; i) running forward/backward
for one minute; j) walking for one minute and trunk
twist for one minute. It lasted 10 minutes and ended
two minutes before the experimental tests began.
The variability was calculated through analysis of the
three trials of each condition, in both sessions.

| warm-up routine (10-min.) |
I
| rest interval (2-min.) |

static stretching (5-min.)
5 stretches, 2 reps 30-sec |
hold, 5-sec rest
|

I rest interval (2-min.) |

no stretching

countermovement jump
I
rest interval (2-min.)

20-m sprint
[
rest interval (5-min.)

Figure 1. A summary of the experimental procedures,
adapted and modified from Young & Elliot (2001) and Unick
et al. (2005).
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Stretching protocol

Despite several stretching protocols applied in the
literature, the SS is the most common stretching
variation used in the examination of the stretch-
ing effects on performance.>3%3%39 In this study,
the SS was the only variation of stretching applied
for a total time of five minutes after the warm-up.
The stretching protocol followed the American Col-
lege of Sports Medicine guidelines, and was chosen
because it followed realistic parameters of stretch-
ing usually applied during the warm-up routine of
athletes.* Each participant performed one set of the
stretches for each target muscle (triceps surae, quad-
riceps, hamstrings, gluteus maximus and quadratus
lumborum). Each stretching was held for 30 seconds,
without any bouncing, before changing immediately
to the contralateral side, Prior to each stretch, the
researcher demonstrated how to properly perform
the motion. Participants were instructed to reach
the point of slight discomfort and keep a stationary
position, at maximum possible length, until they
approached the end of the range of motion.

During the entire experimental protocol, a supervi-
sor assured that each stretching technique was being
performed properly. Three trials of both CMJ and
20-m sprint were then performed, in randomized
order, to reduce the possibility of bias. A rest of two
minutes was given between the tasks, as well as five
minutes rest period before performing a new repeti-
tion of CMJ and 20-m sprint. The authors expected
that the recovery time established could be enough
to eliminate the cumulative effect of fatigue suffered
in each trial.

Calf Stretch, Hands against Wall. (Triceps surae).
Stand facing a wall from some feet away. Stagger
your stance, placing one foot forward with the knee
bent, while keeping the back leg straight. . Lean for-
ward and rest your hands on the wall, keeping your
heel, hip and head in a straight line. Keep your heel
on the ground with no bouncing. Switch sides.

Standing Quadriceps Stretch. (Quadriceps). Stand
upright with one hand extended out against another
participant, for balance. Flex your right knee and
raise your heel to your buttocks. Grasp your right
foot with one hand. Pull your heel towards your but-
tocks (no bouncing). Repeat with the left leg.

Standing Lower Back Stretch. (Quadratus lumborum).
Stand upright with feet crossed and extend your arm
overhead. Place the other hand on the contralateral
hip, crossing your abdomen. Bend your trunk later-
ally to the opposite side of the arm that it is extended
over the head. Switch sides.

Sitting Toe Touch One Leg. (Hamstrings). Sitting with
the upper body nearly vertical, right knee extended
and left knee bent. Lean forward and attempt to
grasp the right foot toes or right ankles (depending
on the limits of flexibility). Switch sides.

Ankle on the Knee. (Gluteus maximus). From a lying
position, knees bent and feet kept on the floor, place
an ankle on the opposite knee. Grasp the thigh or
knee of the bottom leg and pull both of your legs
into the chest. Relax the neck and shoulders. Switch
sides.

Statistical Analyses

Descriptive data are expressed as mean + SD. All
data were stored in a database and exported to the
Statistical Package for the Social Sciences version
17.0 (SPSS Inc., Chicago, IL, USA) for detailed sta-
tistical analysis. Initially, the normality was con-
firmed by the Shapiro-Wilk test, which both CMJ
and 20-m sprint presented normal distribution
(p=.399; p=.266, respectively). To examine the
effect of the protocol on CMJ and 20-m sprint per-
formance, with and without stretching, a Paired
Samples t-test was used. Only the best perfor-
mances for both conditions were taken for statisti-
cal analysis. Coefficient of variation quantified the
variability of CMJ and 20-m sprint. Intraclass corre-
lation coetficient (R) and the confidence intervals
(95%) determined the reliability of the CMJ and
20-m sprint trials. Statistical significance was set at
an alpha level (o) of 0.05.

Table 1. Intraclass correlation coefficients (R) for the

Countermovement Jump and 20-m Sprint

R (95% CI)

Countermovement Jump

Static stretching (SS) — No stretching .93 (.84 -.97)
20-m Sprint
Static stretching (SS) — No stretching 75 (.49 - .89)

R= intraclass correlation coefficient, CI= confidence interval
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RESULTS

Performance results are shown in Table 2. For the
CMJ, no significant differences were noted between
both conditions (stretching protocol and without
stretching protocol) in terms of height reached
(t(21)=.709; p=.486). The speed to complete the
20-m sprint performance also did not demonstrate
significant differences between the conditions ana-
lyzed (t(21)=.920; p=.368). Neither the CMJ and
20-m sprint presented significant trial-by-trial vari-
ability (t(21)=.793; p=.437; t(21)=1.934; p=.067
respectively) when the conditions were compared.

DISCUSSION

Results of the current study add evidence to a much-
discussed issue regarding the usage of stretching prior
to training or competition. In the present study, SS
did not reduce the CMJ or 20-m sprint performance
refuting the hypotheses that SS would have a detri-
mental effect on the performance of both tasks and
would provide greater trial-by-trial variability. The
authors believe that the lack of effects seen after the
protocol may be due the duration, volume, and inten-
sity of stretching. This reasoning is in line with previ-
ous studies.®'*® Stretching less than 30 seconds tends
to not have an influence on performance in trained
people.*” Authors have reported that three sets of 15
or 45 total seconds of stretching are not enough to
provide alterations of the viscoelastic properties of
muscle-tendon units (MTU).>* In addition, a study
has been published that supported that 15 seconds
has the same effectiveness than 45 or 60 seconds.*

Counter-Movement Jump
Current findings showed no significant effects of SS
on CMJ performance (p=.709) (Figure 2), corrobo-

rating the observations from Shrier.*” A decreased
eccentric force is expected after SS, due to the posi-
tive correlation between the musculotendinous
stiffness and eccentric muscle performance.*® This
could lead to a reduction in the jump performance.
Based on this, Young & Behm? argued their results
reporting negative effects of SS (2 sets x 30 s) on
CMJ. An important observation is that, in their
study, only two minutes rest was given following
each trial. Differing recovery time between trials
is likely the reason for different results between
our study and Young & Behm,* since it is directly
related to the recovery of motor neuron excitabil-
ity, which has been presented as possible explana-
tion for the unchanged performance following SS.5
Possibly, the recovery time adopted in the current
research allowed the neuromotor excitability return
to its basal level. Following this line of reasoning,
the intensity of stretching is supposed to affect the
CMJ performance; however, it is likely that the vol-
ume and intensity, or even the type of stretching
used in the current protocol, were not enough to
provide any physiological changes. Thus, it seems
that a decrease of eccentric force sufficient to affect
performance on the CMJ was not achieved in this
investigation.

Current findings also corroborate the results from
several studies with regard to vertical jump out-
comes.>'®1#2446 The authors highlight the investi-
gation from Unick et al,® who examined 18 female
basketball players from NCAA Division III in three
conditions (non-stretching, static and ballistic
stretching). The authors did not find a significant
decrease at the vertical jump for the SS condition.
Despite this, the comparison between the current
results and those of Unick et al is not simple since

Table 2. Comparison between the mean scoves for Countermovement Jump

height and 20-m Sprint speed. Values are represented as mean + SD

SS NS Testt  p-value

Performance

Height — CMJ (cm) 36.09 £6.56 35.75+£5.69 709 486

Speed — 20-m Sprint 6.12+0.32 6.08 £0.33 920 368
Trial-by-trial variability

Height — CMJ (cm) 433+3.24 3.43£4.08 793 437

Speed — 20-m Sprint  .03+.06 01 +.01 1.934 067
SS: static stretching protocol. NS: no stretching.
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CMJ performance
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r 7.0
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©
L 6 0 3
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£
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- 5,0
STRETCHING NON STRETCHING

Figure 2. Countermovement jump performance for both
conditions (static stretching: 36.09 + 6.56 cm and without
stretching: 35.75 + 5.69 cm). Data are presented by mean +
SD. No significant difference exists between the conditions for
height reached in the CM]J (p = .486).

methodological differences exist. For instance,
Unick et al®> used a sit and reach test plus five min-
utes warm-up jog, prior to the tests, both at a self-
selected intensity. Moreover, they analyzed women
only and some studies have shown that men tend to
exhibit greater leg stiffness.® Finally, their SS proto-
col consisted of three sets of 15 seconds, followed by
a rest period of 15 minutes.

20-m Sprint

It is important to highlight that the term “reduction”
with regard to sprint performance, varies according
to the outcome analyzed. When the outcome is the
“time” necessary to complete a sprint task, the term
reduction means improved performance, whereas
measuring the “speed” achieved during the sprint
task, reduction means decreased performance. In
the current study, the outcome measure related to
the 20-m sprint performance was the speed, which
recorded how fast the participants ran.

The stretching protocol did not provide a signifi-
cant reduction in 20-m sprint performance (p =.920)
(Figure 3), corroborating results from two previous
studies.***” Wong et al* evaluated the 30-m sprint

Figure 3. Performance of control and experimental condition
in 20-m Sprint (static stretching: 6.12 + 0.32 m/s and without
stretching: 6.08 + 0.33 m/s). Data are presented by mean +
SD. No significant difference exists between the conditions

(v = .368).

performance of 20 soccer players after an SS proto-
col and found no negative effects caused by the SS.
Little & Williams,** submitted 18 soccer players to
three different protocols (static stretching, dynamic
stretching, and no stretching). Like Wong et al,***
Little & Williams** did not find evidence that SS has
a detrimental effect on sprint performance when
included in a warm-up session.

Variability

Although a number of studies have examined the
stretching effect on 20-m sprint speed and CMJ
height performance, variability in these variables
has not been ascertained. The current data adds
information regarding the influence of SS on the
variability of task performance, which is a missing
issue in the literature. From the motor control per-
spective, it is supposed that extensive practice could
provide better motor skills®® and more consistency
in performing usual tasks. This would mean greater
CMJ height, greater speed in the 20-m sprint and
less variability between all measurements. Tasks
performed often during daily training tend to pres-
ent minimal or no variability in response to training.
In contrast, the expected negative effects of stretch-
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ing should cause inconstancy in the performance,
and hence increase variability. The hypothesis that
the SS group would demonstrate greater trial-by-
trial variability was not confirmed as no statistically
significant differences were found in trial-by-trial
analysis of the either the CMJ or the 20-m sprint
(t(21)=.793; p=.437; t(21)=1.934; p=.067, respec-
tively) (Figures 4 and 5).

One of the possible reasons for these results is the
standardized resting period, established in the cur-
ren investigation. The authors believe that this
period might have allowed the return of the neuro-
motor excitability to its prestretching physiological
status, since it has been suggested that a recovery
interval greater than five but less than 15-20 min-
utes may provide ergogenic effects on short-term
performance.

Understanding the variability may bring interesting
information for guiding a clinical decision making
for training strategies.” Variability of performance
can be used for monitoring players, as well as
designing and analyzing factors that could affect the
athletic performance.”* Knowledge regarding vari-
ability emerges as useful information for the training

CMJ variability (trial-by-trial)
M No Stretching W Stretching

45,0 ~

40,0

©

o

o
L

30,0 4

mean CMJ height (cm)

25,0 4

ChIL ChI2 ChI3

Figure 4. Performance in the three trials for the CM]. Data
are presented by mean + SD. No significant difference exists
between the trials and conditions (p = .437).

Sprint variability (trial-by-trial)

m Stretching  ® No Stretching - 8,00

mean Sprint speed (mis)

SPRINTL SPRINT2 SPRINT3

Figure 5. Performance in the three trials for the 20-m Sprint.
Data are presented by mean + SD. No significant difference
exists between the trials and conditions (p = .067).

of athletes, especially those involved in sports that
require speed and jump skills throughout training
and competition.

Limitations

Despite the rigorous methodological approach sup-
ported by a well-designed stretching protocol, some
limitations were identified. For instance, only lower
limbs were analyzed and, because the muscles fibers
of the upper limbs present different characteristics,
the effects of stretching on performance might be
different. In addition, the performance in differ-
ent sports was not compared and the specificity of
each sport may affect the learning effects of CMJ
and sprint tasks, which may have directly affected
performance.

Future research

The effects of other stretching techniques on
sports performance should be examined using the
described experimental protocol in order to expand
the scope of this analysis. In addition, upper limb
stretches and the physiological mechanisms regu-
lating the effects of stretching on CMJ and 20-m
sprint should be further investigated to expand the
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results. The magnitude of acute effects of SS should
be compared with the effects that may have been
induced by other warm-up components. Compari-
son between different stretching magnitude and
intensity, as well as different duration and volume
of stretching prior to training, should be also further
examined in order to identify potential influence on
performance.

CONCLUSION

The results of the current study provide evidence
that SS does not reduce jumping and sprinting per-
formance when performed after a warm-up routine.
The authors concluded that SS, under the experi-
mental conditions applied in the study, did not
cause any detrimental effects on either the CMJ or
the 20-m sprint. Additionally, SS does not lead to
significant changes in the trial-by-trial variability of
CMJ or 20-m sprint performance.
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