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Aim: Static stretching (SS) is commonly performed by athletes prior to exercise and athletic events for many
years. Its possible benefits are based on increases in joint Range of Motion (ROM) and/or decreases in muscle-
tendon unit stiffness. The purpose of this study was to investigate the effects of static stretching on concentric,
isokinetic leg extension peak torque (PT) at 60 and 300°-s-1 and hip range of motion (ROM) in sedentary people
and professional soccer players.

Methods: This study was performed at Ankara University School of Medicine between June 2013 and October 2014. 30
male subjects; 15 sedentary subjects (aged 21.5 + 3.7 years, body mass 72.6 + 13.3 kg, height 177.8 + 6.6 cm) and

15 soccer players (aged 18.7 + 0.5 years, body mass 73.7 + 4.7 kg, height 181.6 + 4.2 cm) volunteered to
participate in this study. Thigh extensor muscle strength was measured by isokinetic dynamometer at speeds of
60 and 180 degrees and hip ROM was measured with goniometer in both groups with and without stretching.

Results: There were no significant differences pre- and post- stretching PT; both isokinetic velocities on the
soccer players and sedentary subjects. However, ROM increased (p < 0.05) post-stretching compared with pre-
stretching in both groups.

Conclusion: We concluded that 30 seconds SS can not affect muscular performance but improved flexibility.
Thirty second stretching exercises as part of a warm-up to be proposed to the coaches.
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Amag: Statik germe uzun yillardir sporcular tarafindan egzersiz ve sportif faaliyetler ncesinde yaygin bir sekilde
ya-pilmaktadir. Olasi faydalari eklem vyerlerinde hareket agikligindaki artislara ve/veya kas-tendon birim
sertligindeki azal-malara dayandiriimaktadir. Bu ¢alismanin amaci sedanterlerde ve profesyonel futbolcularda
statik germenin 60 ve 300°-s-: hizda konsantrik, izokinetik bacak ekstansiyon pik torku ve kalga hareket agikhg:
Gzerindeki etkilerini incele-mektir.

Yoéntem: Bu calisma Ankara Universitesi Tip Fakiiltesi'nde Haziran 2013 ve Ekim 2014 tarihleri arasinda ydriitilmiistir.
Calismaya15 sedanter (21.5 + 3.7 yaslarinda, viicit kitlesi 72.6 + 13.3 kg, boy 177.8 + 6.6 cm) ve 15 futbolcu (18.7 + 0.5
yaslarinda, vicut kitlesi 73.7 + 4.7 kg, boy 181.6 + 4.2 cm) olmak Uzere 30 erkek denek gonilli olarak
katilmistir. Her iki grubun uyluk ekstansor kas kuvvetleri isokinetik dinamometre ile 60 ve 180 derece hizlarda ve
kalga hereket agik-liklari goniometre ile germe yapilmadan ve germe yapildiktan sonra élgulmustur.

Sonuglar: Germe 6ncesi ve sonrasinda; hem futbolcularda, hem de sedanter deneklerde her iki izokinetik hizda
kayda deger bir farkliik bulunmamistir. Ancak, her iki grupta da germe oncesi ile karsilastirildiginda germe
sonrasi kalga ha-reket agikliginin arttigi (p < 0.05) gorulmustur.

Tartigma: Otuz saniyelik statik germenin kas performansini etkilemedigi ancak esnekligi iyilestirdigi sonucuna
ulagil-mistir. Antrendrlere 1sinmanin bir pargasi olarak 30 saniyelik germe egzersizleri 6nerilebilir.

Anahtar Sozcikler: Statik Germe, Pik Tork, Futbolcu, Eklem Hareket Acikligi

Static stretching (SS) has long been used ~ Possible benefits of static stretching are

based on the increase in the range of
motion (ROM) of the joint or the
decrease in the stiffness of the muscle-

by athletes usually before exercises
and sports activities (1). It is believed
that  stretching before exercises
lowers the risk of injury and increases
flexibility (2-4). An increase in
flexibility (increasing the range of
motion of joints) is expected to muscle being  stretched, thereby
improve performance and lower the
risk of injury during sports activities.

tendon unit. Reduction in muscle-
tendon unit stiffness is considered to
decrease the production of force in the

protecting against injury (5-8).
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However, the potential benefits of stretching

In

prior to exercise have recently been
receiving a great deal of criticism. It has
been concluded that stretching prior to
sports activities does not lower the risk of
all injuries, but it is believed to lower the
risk of some injuties (9).

recent systematic reviews and many
original studies, the authors state that
stretching before excercise temporarily
decreases force production in the
muscle (1,3,4,6,10-16). On the other
hand, most studies do not show a
negative effect of static stretching on
strength performance (2,17-26). Some
suggest that
stretching would certainly have an

authors duration of
effect on performance. For example,
Ogura et al. (19), in their study
comparing isometric knee flexion force
production after no stretching, 30
seconds of SS, and 60 seconds of SS,
found that significantly lower force was
produced after 60
stretching, whereas the difference was

seconds  of

not significant after 30 seconds of
stretching. Similarly, Young and Elliot
(17) in their study exploring the effect
of 1, 2, and 4 minute SS on drop jump
performance, showed that 2 and 4
minute SS significantly decreased drop
jump performance, whereas 1 minute
SS did not. There is clearly a need for
further research to fill the knowledge
gap in the effect of static stretching on
peak torque of muscle.

The purpose of this study is to investigate

2.

the effect of stretching on peak torque
(PT) during concentric isokinetic leg
extension at the speeds of 60 and 300
degrees per second and hip ROM in
sedentary people and soccer players.

Methods

2.1. Participants

This study was performed at Ankara

University School of Medicine between
June 2013 and October 2014. A total
of 30 male participants, 15 sedentary

people (age 21.5 * 3.7 years, body mass
72.6 £ 13.3 kg, height 177.8 + 6.6 cm)
and 15 soccer players (age 18.7 £ 0.5
years, body mass 73.7 £ 4.7 kg, height

181.6 £ 4.2 cm), were entolled in our

study. The participants were healthy, and
they had neither current or recent lower
extremity

injuries nor an apparent

restriction in the ROM of their knees.

The study was approved by the ethics
board of Ankara University. Before the
tests, all participants were informed
about the study, and their consents to
participate in the study were obtained.

2.2. Design

A randomized, within-participants, and
balanced experimental design was
used in order to compare the short-
term effects of static stretching on
quadriceps peak torque and hip range
of motion in sedentary participants
and professional soccer players.

The participants served as their own
control groups. The study was done
on three test days. On the first day,
the participants were familiarized
with the testing procedures. On the
second and third days, randomized
measurements  with and without
stretching were done. The duration of
static stretching was approximately 20
minutes for each participant. On the

stretching, the

participants were tested after waiting
for 20 minutes. The participants were
tested after an equal duration of time
both with and

day  without

in measurements
without stretching.

2.3. Peak Torque Measurements

Each patticipant warmed up for 5 minutes
at 30 W on a bicycle ergometer before
the isokinetic test measurements were
done. Prior and subsequent to the
static stretching protocols,
measurement of maximal concentric
isokinetic PT for extension of the
dominant extremity (according to
kicking preference) was done at
speeds of 60 (5 repetitions) and 300
degrees per second (10 repetitions) at
a randomly selected order. Three sub-
maximal warm-up exercises were
done before the test at both speeds.
Between the measurements at these
speeds, a two-minute resting period
was given.

Hip extension

2.4. Range of Motion

Measurements

angle was measured
immediately before and after stretching.
In accordance with the anatomical
landmarks  that
described by

goniometer was placed laterally along
the dominant lower extremity. The

central point of the goniometer was

were  previously

other authors, a

fixed on the lateral femoral condyle,
and the proximal arm was aligned with
the femur using the greater trochanter
as the reference point. The lateral
condyle was used as the reference point
when positioning the distal arm of the
leg. Two
measurements were made, and the
ROM determined by
calculating the average of these two

goniometer along the

sCores were

measurements.

2.5. Stretching Exercises

Each participant did four exercises to

stretch the extensor muscles of the
dominant  lower  extremity  in
with  the  procedures
described in a previous study (14). Each

of the four stretching exercises took 30

accordance

seconds. The stretching applied was
enough to induce discomfort, but it was
below the threshold of pain. The leg
was brought back to a neutral position
for 20 minutes in order to rest the leg
between
participant, the average duration of
20  minutes. The
participants did three assisted and one

stretchings. For each

stretching ~ was
unassisted stretching exercises. Assisted

with  the
standing in an upright

exercises wete done
participant
position. The participants leaned on the
their balance. The

participants held their dominant lower

wall to keep

extremities in a position of 90 degrees
of flexion at the knee and subsequently
pulled  their their
buttocks with the use of their ipsilateral
hands holding the ankle (Figure 1).

heels towards

Following the unassisted exercises, the

remaining stretching exercises were
performed with the assistance of the
with, the
participant lied in the prone position

researcher. To  start
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Forthe

on an examination table with the
lower extremities in full extension
during the unassisted stretching
exercise. The heel of the dominant
extremity was pushed until it touched
the hip, and the knee was then gently
elevated from the examination table,
achieving the desired stretch by
hyperextending the hip (Figure 2).

second  assisted  stretching
exercise, the participants would turn
their backs to the examination table
and flex their knees so that the

dorsum of their dominant feet would
be placed on the table. Once this
position was achieved, the shoulders
of the participants were pushed back
so as to stretch the extensors of the
dominant extremity (Figure 3).

The last assisted stretching exercise was

done in the supine position. The knee
of the dominant lower extremity was
brought into extension, and it was
hyperextended by pushing down gently
(Figure 4). ROM was measured again
as soon as the exercise ended. After the
ROM measurements were done,

maximal concentric-isometric  tests

3. Results

Between the sedentary people and soccer

players, no significant difference was
found in PT values at both speeds
before and after stretching. However,
ROM values before and after stretching
was found to have increased in both
groups (p<<0.05) Table 1. Although
decreases have been found in post-
stretching PT values at the velocities of
60° s-1 and 300° s-1 in soccer players

(237,1£31,0, 234,4£32,1 and 142,1%+ 17,5,
141,5£16,0, respectively) no significant
differences were found. In the sedentary
individuals however, increases in 60° s-1
and decreases in 300° s-1 have been
found in post-stretching PT values at 60°
s-1 and 300° s-1 velocities; this
differences in the sedentary individuals
were not found significant neither (181,8
+ 30,8, 186,6

* 38,8 and 111,3 £ 30,1, 106,4*

22,0, respectively) Table 2.

Table 1: Range of Motion Values

SED SP

ROM ROM
Prestretching 225+5/1 21.74¢5.3
Poststretching 245+ 57" 22.8+5.4*

SED=Sedentary, SP= Soccer player, ROM=Range of motion, *=p<0.05

Table 2: Peak Torque Values

SED SP SED SP

PT at60° s-1 (Nm)| PT 60° s-1 (Nm)| PT 300° s-1 (Nm)| PT 300° s-1 (Nm)
Prestretching | 181,8 £ 30,8 237,1£31,0 111,3 £ 30,1 142,1£17,5
Poststretching | 186,6 + 38,8 234,4+32,1 106,4+ 22,6 141,5+16,0

SED=Sedentary, SP= Soccer player, PT= Peak Torque

were repeated.

- = 7
. LR ‘

2.6. Instruments

Forthe purpose of measuring the
voluntary maximal torque production
during the isokinetic tests, we used a
calibrated Biodex System 4 isokinetic
dynamometer. As stated in the
Biodex Pro Manual 1998, the
participants were stabilized using
belts around their bodies and hips
(27). Dynamometer’s input axis was
aligned with the knee axis. In order
to measure the ROM, we used a
hand held goniometer.

Figure 1: First unassisted stretching exercise

Figure 2: First assisted stretching exercise

2.7. Statistical Analysis

Repeated measures analysis of variance
(ANOVA) was used in order to
compare the changes in peak torque
and ROM. All participants served as
their own controls. All data were
given as mean * standard deviation
(SD). The significance level was set
as 0.05 (p<0.05).

T
Figure 3: Second assisted stretching exercise

Figure 4: Third assisted stretching exercise
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Significant increases have been achieved in

ROM after stretching in both soccer
players and sedentary individuals (21.7
+53,228 £54and 225 £ 51,245+
5,7, respectively)

4. Discussion

The negative effects of SS on muscle

force and muscle force production
has  previously been  reported
(1,3,4,6,10-16,28). Our study showed
that SS at 60 and 300 degtrees per
second did not affect the PT in the
stretched extremity. These findings
were in agreement with
previous studies (2,17,20).

several

Previous studies suggested that the
mechanisms responsible for
deterioration in muscle force after

RE
1.

stretching involved both neurologic
(10,12,17).

Neurologic changes in other words, a

and mechanical changes

decrease in neuromuscular activity were
seen during a static stretching period of

30 seconds, but were restored
immediately after stretching (29).
Furthermore, mechanical  changes

characterized by a decrease in the
the
tendon structures were seen following
a static stretching petiod of 30 seconds

viscoelasticity  of muscle and

(30). However, the viscoelasticity of the
muscle and tendon structures returned
to normal within 30 seconds after 45
seconds of static stretching (30). In
addition, neurologic and mechanical
changes after a static stretching of 30
not continue.
30-second

stretching may not decrease muscle

seconds may

Accordingly, a static
performance. Therefore, it is necessary
to clarify the
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