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THE EFFECTS OF STATIC STRETCHING ON
ANAEROBIC PERFORMANCE IN ATHLETES
WITH DIFFERENT FLEXIBILITY LEVELS*

ABSTRACT

The purpose of this study was to measure the effects of static stretching on anaerobic
performance in male participants with different flexibility levels. Thirty male participants
who performed exercises at least three days a week, volunteered for this study. They
were asked to warm up by riding a bicycle with an ergometer and set at resistant of 50
watts. On the first day hamstring and quadriceps muscle flexibility was measured.
Vertical jump measurement and Wingate Test (WT) were conducted in two minutes
intervals. On the second and third day of the study, participants applied stretching
protocols which included waiting 15 and 60 s at their maximum level. Then, vertical
jump measurement and WT were conducted. Anaerobic power responses were
evaluated with one-way Anova with repeated measures in both the whole group and
the divided flexibility groups. In addition, the responses of the groups were compared
with each other using a t test. The results of both the vertical jumping test and the WT,
performed after different static stretching protocols, showed no statistically significant
difference in all groups. The results comparing the divided groups, also showed no
statistically significant difference. Consequently one set of short-term or long-term static
stretching performed at least 2 minutes before anaerobic performance will not affect
performance.
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FARKLI ESNEKLIK SEVIYELERINE SAHIP
SPORCULARDA STATIK GERME
EGZERSIZLERININ ANAEROBIK

PERFORMANS UZERINE ETKILERI*

o0z

Calismanin amaci, farkli esneklik seviyelerine sahip bireylerde statik germe
egzersizlerinin anaerobik performans Uzerine etkisini Glgmektir. Arastirmanin
orneklemini haftada en az U¢ gun egzersiz yapan 30 erkek olusturmustur.
Katilimcilardan standart 1sinma olarak 50 Watt'lik (W) dirence karsi bisiklet
ergometresinde pedal cevirmeleri istenmistir. ik giin katlimcilarin quadriceps ve
hamstring kas gruplar esneklik seviyeleri dlgiilmistir. iki dakika icinde dikey sigrama
Olgimi yapilmis ve sonraki iki dakika icinde katilimcilara Wingate testi (WT)
uygulanmistir. Arastirmanin ikinci ve Ggunl guniinde katilimcilar ilk gun dlgulen kendi
maksimum esneklik seviyelerinde 15 ve 60 saniye beklemelerini iceren germe
protokolini uygulamigtir. Ardindan dikey sicrama testi ve sonrasinda WT
uygulanmistir. Anaerobik gi¢ yanitlari hem tim grupta hem esneklik seviyelerine gére
ayrilan iki grupta degerlendirilmistir. Bu degerlendirme igin tekrarli dlgimlerde tek yonli
varyans analizi kullaniimigtir. Ayrica iki esneklik grubunun sonuglarinin birbiriyle
karsilastiriimasi bagimsiz gruplarda t testi ile yapilmistir. Farkh statik germe protokolleri
sonrasinda uygulanan dikey sigrama testi ve WT sonuglarinda higbir grupta istatistiksel
olarak anlamli fark belirlenmemistir. iki esneklik grubunun sonuglari birbiriyle
karsilastirildiginda da iki grup arasinda anlamli fark belirlenmemistir. Sonug olarak
anaerobik gl¢ performansinin yaklasik 2 dakika 6ncesine kadar kisa sureli veya uzun
sureli bir set statik germe uygulamak performansi etkilememektedir.

Anahtar Sozciikler: Germe egzersizleri, sportif performans, esneklik
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INTRODUCTION

Warm up routines may vary depending on
the type of exercise?* and play a key role
in increasing muscular performance
during exercise. Stretching has numerous
physical effects on the body!®. Stretching
places related body parts into certain
positions so as to strain the target muscle
groups and the surrounding soft tissues*.
Stretching exercises have been reported
to prevent the risk of injury®, rehabilitate a
muscle after injury?® and increase the
range of motion of a joint*. Stretching as a
part of a pre-exercise warm up routine has
been advocated to reduce injury and
enhance the athletic performance by most
athletes?>. A variety of stretching
techniques exist, such as static, ballistic,
Proprioceptive Neuromuscular Facilitation
(PNF) and dynamic stretching?.

Static stretching is applied by reaching
and maintaining a maximum stretch®’ . In
recent years, it has been suggested that
performed static  stretching before
anaerobic performance may affect
performance negatively. Kyranoudis et al.
(2018) found decrease in  sprint
performance after static stretching
protocol®®. Harmanci and Karavelioglu
(2017) reported that static warm up
method cause a decrease in Running-
based Anaerobic Sprint Test (RAST)
results on male athletes?®. Nevertheless
Oshita et al. (2016) found that 30 s of static
stretching had no effect on peak power
performance during Wingate test, but
mean power performance increased after
static stretching®®.

Some other studies have shown that
stretching may actually acutely decrease
athletic performance, muscular
strength®162°  muscular endurance!®34
vertical jump performance!'259 and sprint
performance®;  nevertheless, some
studies that have failed to report significant
reductions®®l, The effects of static
stretching on muscles are closely
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associated with the stretching technique,
duration of the exercise, frequency the gap
between periods of intervention and
measurement3?. Contradictions in the
literature can be explained by variations in
the numbers of repetitions, durations of the
stretching, muscle groups activated in
stretching and types of stretching®. It is
also known that there are differences in
flexibility levels in different branches?2.
Otherwise there is a deficiency in the
literature on levels of flexibility’s effect. The
lack of research on the effect of stretching
on the performance of athletes with
different flexibility levels has helped us
determine our method.

The objective of this study is to measure
and evaluate the effects of static stretching
on anaerobic performance in male
athletes with different levels of flexibility.
The prior hypotheses in this study are as
follows:

H1) The effects of short-term (15 s) and
long-term (60 s) static stretching exercises
on anaerobic  performance  differ
depending on the level of flexibility of the
participants.

H2) Short-term and long-term static
stretching exercises affect vertical jump
performance.

H3) Short-term and long-term static
stretching exercises have acute effects on
anaerobic performance as measured by
the Wingate Test (WT).

MATERIALS AND METHODS
Study Population

Thirty male participants (mean age
21.611.8 years, weigth 71+6.8 kg, height
174.9+6.2 cm, BMI 23.2+1.8) completed
this study. They were physically active and
doing exercise at least three days per
week. We used convenience sampling
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method. The participants were divided
into two groups according to their
hamstring flexibility levels. The
participants with a hamstring flexibility of
less than or equal to 10.8 cm were placed
in the low flexibility group, and those with
flexibility greater than 10.8 cm were placed
in the high flexibility group. Their
quadriceps flexibility level is 27.2+5.1°,
hamstring flexibility level is 10.6£8.1 cm.
The study was approved by the Research
Ethics Committee of institution. The
volunteers read and signed an informed
consent form.

Procedures

The participants came to the laboratory for
three days. On the first day, without
stretching beforehand, all of the
participants performed a vertical jump and
a WT. On the second day, one group of
randomly chosen subjects completed a 15
s static stretching protocol, and the other
group completed the 60 s static stretching
protocol before the vertical jump and WT.
On the third day of the testing session, the
participants completed the stretching
protocol that they had not performed on
the second day and after that they
performed a vertical jump and WT. The
stretching  exercises  targeted the
hamstring and quadriceps muscles.
Hamstring flexibility was measured using a
sit-and-reach flexibility testing platform. In
the 15 and 60 s stretching protocols, the
participants maintained their maximum
stretch measured in the sit-and-reach test.
Quadriceps muscles flexibility was also
measured with a goniometer. In the 15 and
60 s stretching protocols, the subjects
maintained their maximum reachable
position attained with the goniometer.
Thus, an individual maximum stretch was
determined for each participant. This
method ensured that the stretching
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exercises were performed objectively and
eliminated the effect of daily variations in
flexibility.

All of the measurements were completed
between (3pm and 6pm with) two or four
days off between the two
measurements*®. Four or five subjects
were measured on one day. Acute
explosive power responses after the
stretching exercises were considered in
both the whole group (all participants) and
the two groups divided according to their
hamstring flexibility levels. The results of
the two flexibility groups were compared.
On the first day, the participant’s height,
weight and body fat percentage were
measured. As a general warm up, the
participants were asked to cycle against
50 Watt (W) resistance*® in a bicycle
ergonometric for five minutes. After that,
the flexibility of the participant’s
quadriceps and hamstrings  were
measured. The vertical jump
measurement was completed within two
minutes?®. In the next two minutes, the
participants performed a WT. On the
second day of the study, after performing
the usual warm up exercises, the
participants were randomly assigned to
performed a stretching protocol (either the
15 s or 60 s stretch). After completing the
static stretching with a 10 s break between
hamstring and quadriceps stretches, they
performed a vertical jump and then
completed a WT in two minutes intervals.
On the last day of the study, after the pre-
exercise warm up routines, the
participants who performed the 15 s
stretching on the second day completed
the 60 s stretching protocol, and those who
performed the 60 s stretching procedure
the previous day completed the 15 s
stretching protocol. After the stretching the
vertical jump and WT were performed.
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Figure 1. Schematic representation of study design.

Sit-and-Reach Test and Stretching
Protocols

The sit-and-reach test was used as a
measure of hamstring flexibility!®. The
participants sat with their soles and heels
touched the board, legs extended, and
hands placed over side by side. The
participants were asked to reach as far as
possible along the measuring board and
hold that position. Two trials were

performed, and the best result was
considered the hamstring level of
flexibility. On the second and third days of
measurement, the participants were asked
to hold the stretch for 15 or 60 s at the
testing board at their personal best
hamstring level of flexibility that first day
recorded. This procedure was done with
the support of the researcher.

Figure 2. Hamstring stretching protocol



Goniometric Measurement of
Quadriceps Flexibility and Quadriceps
Stretching Protocol

The goniometer was used as a measure of
guadriceps flexibility*®. The participants
were asked to lie in the prone position on
the stretcher. The dominant knee was
maximally flexed by the researcher, while
the other foot was placed on the stretcher.
The lateral epicondyle of the femur is the
place where the top of the goniometer was
enchased. The fixed arm was enchased to
the major trochanter of the femur. The
active arm was enchased to the lateral

o

)P vy

Figure 3. Quadriceps stretching protocol

Vertical Jump Test

Jumping performance is a important
criterion for power and vertical jump test
was used at many studies in the
literature?64650,  In  the vertical jump
procedure, a Newtest Powertimer 300
contact mat system (Newtest OY., Oulu,
Finland) was used. The participants were
instructed to start in a standing position
with their legs open shoulder width, their
arms freely positioned at their side. The
participants were then encouraged to do
their best jump. Two trials were performed,
and the best result was used for the
statistical analysis.

The Wingate Test

The WT is a common test used to measure
an anaerobic  performance®®  and
performed on a cycle ergometer designed
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malleolus of the tibia*®. This measurement
was always applied by the same
researcher. Two trials were performed,
and the best result was considered the
quadriceps level of flexibility. On the
second and third days of the testing, the
participants were asked to hold the stretch
for 15 or 60 s at their personal best
guadriceps level of flexibility that first day
measured. This protocol was applied on
two legs at the same time. The stretch was
performed in the same position as the first
day and stretching protocol was
completed with the support of the
researcher.

for immediate-load resistance (Monark
Ergomedic 839E, Monark, Sweden). The
participants were asked to perform as fast
as possible against a load corresponding
to 7.5 % of their body mass?. The WT
duration is 30 s and the computer
automatically started the time when the
participants  reached  predetermined
cadence. The participants  were
encouraged until the test finished. The
resulting peak power was used for the
statistical analysis.

Statistical Analyses

All of the statistical analyses were
performed using SPSS 15 software,
(Chicago, IL, USA). The participants were
divided according to their hamstring
flexibility levels into two flexibility groups
by the median split method. The
homogeneity of the data was evaluated by
an analysis of skewness and kurtosis.
Skewness and kurtosis were well within
the accepted limits. “A one-way Anova
with repeated measures” was used to
determine whether there were any
differences in the average vertical jump
height or WT performance after different
stretching periods; the statistical test was
applied to all of the participants and to both
of the flexibility groups separately. The
differences in the mean vertical jump
height and WT performances between the
two flexibility groups were compared using
attest.



RESULTS
Vertical Jump Test

There were no statistically significant
differences between the average vertical
jumps heights performed after different
periods of stretching for all of the
participants (n: 30) the high flexibility group
(n: 15) or the low flexibility group (n: 15)
analyzed separately (Table 1). Also no
statistically significant differences
observed between the high and low
flexibility groups with respect to the mean
vertical jumps height after the same
stretching protocols.
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The Wingate Test

No significant differences were found
between the in average peak powers
recorded after different periods of
stretching for all of the participants (n: 30);
the high flexibility group (n: 15) or the low
flexibility group (n: 15) analyzed
separately (Table 2). Furthermore there
were no statistically significant differences
between the high and low flexibility groups
with respect to the mean peak power
recorded after the same stretching
protocols.

Table 1. Vertical jump heigts performed after static stretching exercise of different

durations.
High flexibility group Mean (cm) Sd N F p
0 sec. 494 7.5
15 sec. 50.5 5.4 15 776 480
60 sec. 48.6 6.1
Low flexibility group
0 sec. 455 7.0
15 sec. 46.3 6.8 15 2.008 174
60 sec. 43.6 7.2
All group
0 sec. 474 7.4
15 sec. 48.4 6.4 30 2.590 .093
60 sec. 46.1 7.0

Table 2. Wingate test results performed after static stretching exercise of different

durations.
High flexibility group Mean (watt) Sd N F p
0 sec. 879.91 96.02
15 sec. 862.21 92.00 15 .988 .399
60 sec. 872.91 106.63
Low flexibility group
0 sec. 870.48 110.56
15 sec. 878.23 109.50 15 1.772 .209
60 sec. 837.46 104.33
All group
0 sec. 875.20 101.86
15 sec. 870.22 99.70 30 1.274 .296
60 sec. 855.18 105.22




DISCUSSION

When one looks at the analyses of the
whole group or the low flexibility group,
performance in the vertical jump test and
WT appear to be reduced when performed
after 60 s of static stretching compared
with no stretching or 15 s of static
stretching; however, these differences
were not statically significant. Dalrymple et
al. (2010) and Young et al. (2006) found
consistent results with us35%,

Some types, durations or intervals of
stretching have been reported to cause a
statistically significant change in strength
and power performance. For example,
Ogura et al. (2007) found that 30 s of static
stretching had no impact on muscular
performance, but 60 s of static stretching
dramatically reduced the athlete’s muscle
power3®, Fortier et al. (2013) found that 20
s of static stretching did not significantly
reduce strength and speed, but vertical
jump performance decreased after
stretching®’. Brusco et al. (2018) found
that 30 s of static stretching after a five
minutes dynamic warm up cause a
decrease in lower limb power measured by
countermovement jump height®. latriodu et
al. (2018) reported that 40 (2x20) and 60
(3x20) s of static stretching reduced the
sprint performance?’.

Some studies in the literature have shown
that isokinetic measurements can be
related to athletic performance*44. Siatras
et al. (2008) studied the effects of different
periods (0, 10, 20, 30 or 60 s) of static
stretching on isometric and isokinetic peak
power in quadriceps muscles in 50
participants.  Dramatic  declines in
isometric and isokinetic peak power were
demonstrated after 30 or 60 s of static
stretching®.

These conflicting findings in the literature
can be explained by a number of different
factors, including, the break allowed
between stretching exercises and test
performance®. Some studies have found
that when power is tested immediately
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after static stretching, stretching has a
negative effect on performance®®. Our
study included a two minute break
between stretching and performance
testing. This may have resulted in a
decrease in the effect of stretching on
performance. The duration of stretching,
the number of repetitions and the type of
stretching may also contribute to the
seemingly contradictory results. For
example Franco et al. (2012) used three
sets of 30 s static stretching exercises and
found a negative effect of static stretching
and PNF on WT performance compared
with dynamic stretching or no stretching?°.
Tsolakis et al. (2012) studied the effects of
three different types of stretching
exercises*®. In contrast our study included
only static stretching, which was
performed only once. This may explain for
our inability to demonstrate impacts of
stretching or find meaningful differences
among our variable stretching protocols.

Some researchers have claimed that
compared with untrained athletes, well
trained athletes might be less sensitive to
the effects of explosive power stretching*’.
This may be the result of too much
flexibility or joint movement3!. Behm and
Chaouachi (2011) have also claimed that
during trainings that includes less than a
total of 90 s of static stretching, it is more
difficult to detect a decrease in
performance’. Our study’s results are
consistent with this viewpoint.

The physiological mechanism of the
decline in the ability to produce power after
stretching is not clear. One theory is that
the decrease is related to mechanical
properties in the muscle tendon unit, or
neuromuscular factors*2. Initially, a
change in performance can be associated
with an increase in the length of the
muscle- tendon system and a decrease in
muscle  stiffness?®®. A change in
intramuscular length and speed might
cause a decline in the amount of power
produced in the wunits of straining
muscles®. Like the decline in muscular
activation and changing reflex sensitivity,
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neuromuscular factors may interact with
other mechanisms®18, Guissard et al.
(2001) strained wrist joints to 10° and 20°
angles and recorded the decrease in reflex
responses?l. The Hoffman reflex (H reflex)
decreases as an acute result of stretching,
and this might lead to a drop in
performance®®. This reflex is acquired from
the triad of triseps surae muscles and the
soleus muscle in normal adults4. A limited
H reflex after stretching might be due to
the sensitivity in the decrease of muscle
spindle3. The H Reflex activity improved in
a very short time®. Apart from
neuromuscular factors, high intensity
stretching can disturb the blood flow in the
muscle®*, and performance can be
affected by the changes in blood flow in
the muscle.

The study has some limitations. The
number of athletes in this study can be
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