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ABSTRACT

Research background. Stretching is believed to enhance performance, reduce injury, and be an effective means of
developing flexibility and alleviating muscular soreness (Shellock, Prentice, 1985; Brandy et al., 1997). A review of the
current literature shows that the results of many studies conflict with others; some report that static stretching diminishes
vertical jum (VJ) performance (Cornwell et al., 2001; McNeal, Sands, 2003; Wallmann et al., 2005), whereas others
report that static stretching has no effect at all on VJ (Church et al., 2001; Power et al., 2004; Unick et al., 2005).

Research aim, was to examine the effects of different durations of stretching on performance and to find the
stretching durations that affect the performance negatively or positively.

Research methods. The subjects of the study were 27 rhythmic gymnasts with the mean age of 10.00 + 1.2
years. The subjects as a whole group participated in two different stretching programs on nonconsecutive days to
eliminate the effect of individual differences on the performance. On the first day, athletes were asked to warm up
by 5 minute jogging after the pretest was administered. The posttest measured the vertical jump performance after
athletes stayed inactive for 20 minutes. They rested for a day and on the third day, their performance was measured
again. After the 5 minute warm-up period, 10 repetitions of 15 seconds static stretching exercises for hip flexor,
hamstring and gastrocnemius muscle groups were followed by the posttest. Moreover, on the fifth day 30-second
exercises were repeated five times on the same type of muscles. The participants in this investigation were tested
in individual vertical jump performances following warm-up only, warm-up plus 15 seconds static stretching, and
warm-up plus 30 seconds.

Research results. Results of a one-way repeated-measures ANOVA indicated a nonsignificant difference for
vertical jump performance (F =2.052; p > 0.05).

Discussion and conclusions. Stretching exercises are referred in rhythmic gymnastics more intensively than
other sports. Relevant literature displays fewer stretching repetitions and durations. These durations and repetitions
may not be realistic and practical for rhythmic gymnasts. Therefore, the durations and repetitions utilized in this
study are considered more appropriate for rhythmic gymnastics trainings.

Rhythmic gymnasts may make use of duration and repetitions determined in this study that will not affect their
performance.

Keywords: anaerobic power, gymnastics, exercise.

INTRODUCTION

tretching is commonly used by athletes
in different sports. Stretching can alter
the range of motion about a joint and
improve flexibility (Stone et al., 2006). However,
stretching as part of a warm-up may reduce
performance. Most available data indicates that
acute performance reduction can occur and it
may be related to decreased tissue stiffness or

alterations in nervous system components of the
stretch-shortening cycle, such as the myototic
reflex (Stone et al., 2006). These alterations in turn
can result in a decreased maximum strength and
explosiveness and inferior performances (Stone
et al., 2006). Several studies were carried out on
vertical jump performance to see the effect of
stretching. A. G. Nelson et al. (1996) investigated
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vertical jump performance after passive stretching
in untrained men. They reported a decrease in
vertical jump height after both countermovement
and squat jumps after stretching the hip extensors
and knee flexors (Nelson et al., 1996). J. B. Church
et al. (2001) identified a decrease in vertical jump
performance after an intervention of proprioceptive
neuromuscular facilitation (PNF) of the hamstrings
and quadriceps muscles on 40 female participants
(Church et al., 2001). A. Cornwell et al. (1999)
investigated the effects of passive stretching of
triceps surae on static jump and countermovement
jump performance. They concluded that there
was a significant decrease in countermovement
jump after stretching of the triceps surae complex
(Cornwell et al., 1999).

Although  available research  findings
displayed decrease in the performance due to
acute stretching, stretching seems to be very
important in high stretch-shortening cycles (SSCs)
sports. It is generally accepted that increasing
the flexibility of a muscle-tendon unit promotes
better performances and decreases the number of
injuries (Witvrouw et al., 2004). Muscle-tendon
units can store mechanical work as elastic energy
during eccentric contractions. The storage and
subsequent release of elastic energy during SSCs
have generally been considered as an ‘energy-
saving’ mechanism (van Ingen Schenau et al.,
1997). Therefore, it seems that different types of
sports need different levels of musculo-tendinous
stifness. Sports involving bouncing and jumping
activities with a high intensity of SSCs (e.g. soccer
and football) require a muscle-tendon unit that is
stiff enough to store and release the high amount
of elastic energy that benefits performance in such
sports (Witvrouw et al., 2004).

S. Magnusson et al. (2000) showed that 3 sets
of 45 seconds of stretching had no acute effect on
the viscoelastic properties of the hamstring muscle
(Magnusson et al., 2000). J. Unick et al. (2005)
suggested that the quantity of stretching used in
their study (3 sets of 15 seconds) may not have
been enough to alter the viscoelastic properties of
the muscles (Unick et al., 2005). A. di Cagno et
al. (2010) concluded that more than 30 seconds for
each stretch exercise duration has a detrimental
effect on performances. K. Power et al. (2004)
found plantar flexors, hamstrings, and quadriceps
activation impairment because of SS held for 4.5
minutes (Power et al., 2004).

Gymnasts representa group of athletes for whom
stretching is a major component of training (Sands,

1988; Sands, McNeal, 2000). Gymnasts often
perform a variety of active and passive stretches
as part of their warm-up, as well as during their
sport specific training activities (McNeal, Sands,
2003). The current literature lacks such research on
female rhymtic gymnasts. Hence, this study aims
at filling this gap by examining the acute effects
of streching exercises on performances of females
between the age of 8 and 12. The purpose of this
study was to examine the acute effects of different
stretching durations on vertical jump performance
in female rhythmic gymnasts.

RESEARCH METHODS

Subjects.  Thirty-five female rhythmic
gymnasts initially volunteered to take part in this
study. Five rhythmic gymnasts did not complete
all study procedures, and 3 rhythmic gymnasts
with pre-existing lower extremity injuries were
not permitted to participate. No subject withdrew
due to injury or any other adverse experiences. The
final sample consisted of 27 rhythmic gymnasts.
The mean + SD for age, height, weight and body
mass index of subjects who completed all study
procedures was 10.00 £ 1.20 years, 1.37 = 0.08 m,
3166 = 633 kg and 16.63 + 143 kg/m’
respectively. Families and trainers of the subjects
were verbally informed of the procedures, and
read and signed a consent form before the study.
The study was approved by the Abant Izzet Baysal
University Ethics Committee.

Procedures. Stretching program was practiced
on nonconsecutive days. Two different stretching
programs with two different stretching durations
were applied to all athletes. Performance of athletes
was evaluated both before and as soon as possible
after the stretching. The subjects as a whole group
participated in two different stretching programs
on nonconsecutive days to eliminate the effect
of individual differences on the performance.
On the first day, athletes were asked to warm
up by 5 minute jogging after the pretest was
administered. The posttest measured the vertical
jump performance after athletes stayed inactive for
20 minutes. They rested for a day and on the third
day, their performance was measured again. After
the 5 minute warm-up period, 10 repetitions of 15
seconds static stretching exercises on hip flexor,
hamstring and gastrocnemius for each muscle
groups were followed by the posttest. Moreover,
on the fifth day 30-second exercises were repeated
five times on the same type of muscles. Stretching
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Table 1. Stretching protocols applied to athletes in this study

1% day 2" day 3 day 4™ day 5% day
Measurement of performance Measurement of performance
Measurement of performance (preltest) (preltest)
-test
(pre ! est) Warm-up Warm-up
! ’
Warm- . . .
arm-up 15 sec — 10 repetitions 30 sec — 5 repetitions static
1 Rest P Rest P
: static stretching exercises stretching exercises to
20 min rest & &
| to hip flexor, hamstring and hip flexor, hamstring and
Measurement of performance gastrocnemius gastrocnemius
(post-test) ! l
Measurement of performance Measurement of performance
(post-test) (post-test)

protocols that were applied are summarized in
Table 1.

Stretching Protocol. The two types of
stretching durations and repetitions used in this
study were 10 repetitions of 15 seconds and 5
repetitions of 30 seconds. All stretching were held
to the onset tension, which was explained to the
subjects as stretchings the muscle to the greatest
voluntary length beyond which the subjects would
feel pain might occur. The stretching protocol
consisted of the following 3 stretches targeting
muscles: hip flexors, hamstring, and gastrocnemius.

To stretch the hip flexors forward lunge was
utilized. First, subjects stepped forward with the
non-stretched leg and flexed this knee until it was
directly over the foot, keeping it flat on the floor
and the back leg straight. Afterwards, the back
foot pointed toward the front foot not necessarily
placed the back heel on the floor. Subjects then
kept their body upright and rested their hands
on the hips or in front of the leg. Finally, they
stretched towards the floor throughout the protocol
duration. One-legged standing stretch was used
to stretch the hamstrings. In the standing position,
subjects placed their stretched leg on a padded
bench. The non-stretched leg pointed ahead with
knee either fully extended or just slightly flexed.
In this position, each subject leaned forward from
the hips towards the elevated foot while ensuring
to maintain a straight back. During the stretching,
the knee of the stretched leg remained in a neutral
position. Subjects leaned forward until a mild
discomfort was felt in the hamstrings. Upon
reaching this position, each subject was asked to
hold this stretch for the duration of the protocol.

In order to stretch the gastrocnemius, the
standing straight knee stretch was used. The
subjects faced a wall and leaned against it with
outstretched arms while bending the front leg at

approximately 90° and keeping the other leg fully
extended behind the body. The heel of the back leg
remained in contact with the floor at all times while
the subjects dorsiflexed the ankle of extended back
leg.

Jump Performance Test. The vertical jump
test was originally used by C. Bosco et al. (1983)
to assess the lower-limb explosive performance
capacity. The test was performed on a contact
platform (Newtest, Oulu, Finland), which gives
the time the subject is on air in milliseconds. Prior
to the test, athletes were asked to wear shorts and
cotton shirt, and to take off their trainers. The
subjects started with the foot of the designated
testing leg on the contact mat and their hands on
their hips, they were then instructed to squatted
(approximately 120° knee angle) as quickly as
possible and then jumped as high as possible in the
ensuring concentric phase (Maulder, Cronin, 2005).
Subjects performed three trials in the protocol and
the best one was used in the analysis. Power output
was calculated by the following equation:

Power (kg-m/sn): weight (kg) x distance (m)/
time (s).

Statistical Analyses. To determine the effect
that the stretching duration had on the vertical
jump test, a one-way repeated-measures analysis of
variance (ANOVA) was used. This method provides
a measure of the actual mean differences between
stretching conditions. Any significant differences
found by the one-way repeated-measures ANOVA
were followed by paired t-test analysis. Statistical
significance in this investigation was set at p <0.05.

RESEARCH RESULTS

The participants in this investigation were tested
in individual vertical jump performances following
warm-up only, warm-up plus 15 seconds static
stretching, and warm-up plus 30 seconds. Results
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Pre-test Post-test Table 2. The vertical jump mean (SD) results
Vertical jump _ _
ke-m/s) n=27) n=27)
(ke X + SD X+ SD
I*t day 16.17 +3.80 16.43 £4.24
34 day 1643 £4.24 16.12 £3.97
5t day 16.77 + 4.04 16.73 +3.97

of a one-way repeated-measures ANOVA indicated
a nonsignificant difference for vertical jump
performance (F = 2.052; p > 0.05) (see Table 2).

DISCUSSION

The purpose of this study was to determine the
acute effects of static stretching on vertical jump
performance and to investigate different durations
of acute stretching on performance in rhythmic
gymnasts. In this study, no significant decrease in
vertical jump performance was found in the 15 and
30 second static stretching duration. These results
differed from several previous studies that found a
decrease in vertical jump as a result of stretching
(Cornwell etal., 2001; Young, Elliot, 2001; Cornwell
et al., 2002; McNeal, Sands, 2003; Faigenbaum et
al., 2005; Wallmann et al., 2005; Glenn et al., 2006;
Behm, Kibele, 2007; Bradley et al., 2007; Vetter et
al., 2007; Robbins, Scheuermann, 2008).

A few reasons can be theorized as to why
vertical jump performance stayed unaltered.
The present study consisted of female athletes.
K. Kubo et al. (2003) investigated sex differences
in the viscoelastic properties of tendon structures
and found that women had decreased tendon
stiffness in their medial gastrocnemius muscle as
compared with the males within their study. An
increase in muscle compliance has been forwarded
as a hypothesis to explain the loss of muscular
performance after static stretching. It is possible
that women are less affected by static stretching
because of their already reduced stiffness of the
musculotendinous units of the targeted muscles
(Kubo et al., 2003).

Time spent between static stretching exercise
and vertical jump test is vital. Because the recovery
of motor neuron excitability is other explanation as
to why vertical jump performance was unaltered
as a result of static stretching. Many previous
researchers have used Hoffman reflex (H-reflex)
measures as an indicator of changes in motorneuron
excitability (Guissard et al., 1988; Avela et al.,
1999; Earles et al., 2002). In a study by J. Avela
et al. (1999), effect of prolonged and repeated

stretching on sensitivity was examined. The results
of their study found a depression of the H-reflex
after stretching but showed that the strength of this
reflex was almost completely recovered 4 minutes
after stretching (Avela et al., 1999). W. Guissard
et al. (1988) also studied the H-reflex and found
it to quickly recover immediately following static
stretching. Therefore, the “resting period” between
the stretching phase and jumping phase could
have allowed a return in neuromotor excitability,
causing any alteration that had occurred to return
the prestretching or near prestretching status
(Unick et al., 2005). In this study, vertical jump
performance measurement was carried out longer
than 4 minutes after static stretching to allow time
for subjects to get prepared.

Several studies found that static stretching
did not result in a performance decrease (Power,
2004; Guissard, Reiles, 2005; Cramer, 2007; Ufuk,
David, 2007; Beedle, 2008; Cé et al., 2008; Samuel,
2008). Additionally, W. Young and S. Elliot (2001)
found a nonsignificant decrease in the squat jump
with 45 seconds of stretching per muscle group (3
sets of 15 seconds). J. B. Church et al. (2001) used
women in their study comparing proprioceptive
neuromuscular facilitation and static stretching
and found that static stretching did not affect
vertical jump. L. Burkett et al. (2001) studied
the effectiveness of two specific and nonspecific
warm-ups on vertical jump performance in women
athletes and observed that a static stretching routine
did not cause any significant changes to vertical
jump when compared with the control condition.
J. Unick et al. (2005) investigated the acute effects
of static and ballistic stretching on vertical jump
and concluded that neither stretching routine
affected performance.

It is known that stretching exercises to
enhance the flexibility are included both in the
training programs and warm-up activities of many
athletes (Gleim, McHugh, 1997). Sports involving
“explosive” type skills (e. g. gymnastics), with
many and maximal SSC movement require a
muscle-tendon unit which is stiff enough to store
and release the high amount of elastic energy.
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Recently, it has been shown that stretching is able
to increase the compliance of human tendons and,
as a result increase the capacity of the tendon to
absorb energy. When an individual’s muscle-
tendon unit is less flexible in these types of sports
activities, there exists a predisposing factor for
exercise-related injuries since the tendon is unable
to absorb enough energy, which may lead to tendon
and/or muscle damage (Witvrouw et al., 2004).
Moreover, whether stretching exercises before
the trainings negatively affect the performance or
not are still confusing. This study examining the
effect of 15 and 30 seconds static stretching on the
performance of gymnasts show no change in the
vertical jump test values after the 15 and 30-second
stretching.

CONCLUSIONS AND
PERSPECTIVES

Stretching exercises are referred in rhythmic
gymnastics more intensively than other sports.
Relevant literature displays fewer stretching
repetitions and durations. These durations and
repetitions may not be realistic and practical for
rhythmic gymnasts. Therefore, the durations and
repetitions utilized in this study are considered
more appropriate for rhythmic gymnastics training.
We concluded that rhythmic gymnasts may make
use of duration and repetitions determined in this
study that will not affect their performance.
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GREITOJI ADAPTACIJA PRIE MENINES GIMNASTIKOS
VERTIKALIU SUOLIU ATLIEKANT SKIRTINGOS TRUKMES
TEMPIMO PRATIMUS

Nuriye Ozengin', Necmiye Un Yildirim', Giil Baltaci?, Nerijus Masiulis®
Abant Izzet Baysal universitetas’, Bolu, Turkija
Hacettepe universitetas?®, Ankara, Turkija
Lietuvos kiino kultiiros akademija®, Kaunas, Lietuva

SANTRAUKA

TByrimo pagrindimas ir hipotezé. Manoma, kad tempimo pratimai pagerina raumeny darba, mazina traumy
tikimybeg ir yra veiksminga lankstumo lavinimo priemoné, padedanti mazinti raumeny skausma (Shellock, Prentice,
1985; Brandy et al., 1997). Daugelio tyrimy rezultatai prieStarauja vieni kitiems — kai kuriuose teigiama, kad statinis
tempimas sumazina raumeny veikla vertikaliy Suoliy metu (Cornwell et al., 2001; McNeal, Sands, 2003; Wallmann
et al., 2005), kiti teigia, kad statinis tempimas neturi jokio poveikio vertikaliems Suoliams (Church et al., 2001;
Power et al., 2004; Unick et al., 2005).

Tikslas: istirti, kaip {vairios trukmés tempimo pratimai veikia raumeny darba ir nustatyti optimalia tempimo
pratimy trukmg.

Metodai. Buvo tiriami 27 meninés gimnastikos sportininkai, kuriy amziaus vidurkis — 10,00 = 1,2 mety. Ne
tomis paciomis dienomis visai grupei buvo taikomos dvi skirtingos raumeny tempimo pratimy programos. Pirma
diena sportininky buvo prasoma atlikti 5 minuciy trukmeés pramanksta bégant. Po 20 minuciy pertraukos iSmatuotas
vertikalaus Suolio aukstis, tada viena diena ilsimasi, o trecig — vél vertinami Suoliai. Po pramankstos buvo taikomi
statiniai dubens, $launies ir blauzdos raumeny tempimo pratimai atliekant 10 kartojimy po 15 sekundziy. Be to, penkta
diena toms pacioms raumeny grupéms buvo taikyti 30 sekundziy trukmés tempimo pratimai, kartojami po penkis
kartus. Testuotas tik individualus tiriamyjy vertikaliy Suoliy atlikimas po pramankstos pratimuy, po pramankstos ir po
15 sekundziy statinio tempimo, po pramankstos ir 30 sekundziy tempimo.

Rezultatai. Pakartotiniy matavimy dispersinés analizés rezultatai parodé neesminius vertikaliy Suoliy atlikimo
skirtumus (F = 2,052; p > 0,05).

Aptarimas ir isvados. Sis tyrimas neatskleidé poky¢iy vertinant vertikaly $uoli. Meninés gimnastikos pratybose
tempimo pratimai yra daugiau taikomi nei kity sporto Saky. Literatiiros Saltiniuose pateikiamos skirtingos tempimo
pratimy kartojimo ir trukmés rekomendacijos. Siuo tyrimu nurodoma pratimy atlikimo trukmé ir kartojimy skai¢ius
labiau tinka per meninés gimnastikos pratybas, bet sportininkams didesnio poveikio neturi.

RaktaZodZiai: anaerobinis galingumas, gimnastika, pratimas.
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