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ABSTRACT

Objective: The main purpose of this study was to investigate the acute effects of
static and dynamic stretching exercises on dynamic balance.

Materials and Methods: Sixty-seven recreational athletes (33 males aged 20.5 + 2.3
yrs) and 34 females aged 21.4 + 3.0 yrs) were tested in three different protocols
including the control condition, static stretching, and dynamic stretching exercises on three
separate days, 48-72 h apart. Before and after each protocol, double limb dynamic
balance was tested on an isokinetic balance system. Each protocol involved warm-up
for 5 min using the bicycle ergometer at 50-60 rpm and 70 W. Stretching exercises
were applied bilaterally on four different lower extremity muscle groups. For the control
condition, after warm-up, subjects rested for 12 min and 45 s. The time period between
the two dynamic balance measurements was equal for each protocol.

Results: All three protocols positively affected dynamic balance performance (p<0.01).
There was no significant difference between effects of protocols on dynamic balance
(p>0.05).

Conclusions: Static stretching after warm-up, dynamic stretching after warm-up, and
warm-up alone have positive effect on dynamic balance. Static or dynamic stretching
after warm-up do not potentiate positive effect of warm-up alone on dynamic balance.

Keywords: Dynamic balance, static stretching, dynamic stretching, warm-up
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Amac: Bu calismanin temel amaci statik ve dinamik germe egzersizlerinin dinamik
denge uzerindeki akut etkilerini arastirmakti.

Gereg ve Yontemler: Altmis yedi rekreasyonel sporcu (20.5 + 2.3 yasinda 33 erkek
ve 21.4 = 3.0 yasinda 34 kadin), 48-72 saat arayla U¢ farkli glinde; kontrol grubu, statik
germe ve dinamik germe egzersizleri olmak Uzere Ug¢ farkli egzersiz protokolu ile test
edildi. Her egzersiz protokolli 6ncesi ve sonrasinda, izokinetik denge sistemi
kullanilarak cift ayak dinamik denge 6lculdi. Her protokole, 1sinma olarak 50-60 rpm ile
70 W'da 5 dk sureyle bisiklet ergometresi kullandirildi. Germe egzersizleri, bilateral olarak
dort farklh alt ekstremite kas grubuna uygulandi. Kontrol grubu igin, i1sinma sonrasinda
deneklere 12 dk 45 s dinlenme siiresi verildi. iki dinamik denge 8lclimii arasindaki sire,
her protokol icin esit olacak sekilde ayarlandi.

Bulgular: Egzersiz protokollerinin ¢t de dinamik denge performansini olumlu yénde
etkiledi (p<0.01). Egzersiz prokollerinin dinamik denge Uzerindeki olumlu etkileri
arasinda fark bulunmadi (p>0.05).
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Sonug: Isinma sonrasi statik germe, 1sinma sonrasi dinamik germe ve sadece Isinma dinamik denge performansini
olumlu etkilemektedir. Isinma sonrasi yapilan statik germe veya dinamik germe, sadece isinmanin dinamik denge

performansina yaptigi olumlu etkiyi arttirmamaktadir.

Anahtar sézciikler: Dinamik denge, statik germe, dinamik germe, 1Isinma
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INTRODUCTION

Although it is generally believed that stretching
exercises improve sports performance, it has
been argued lately that different stretching
exercise protocols prior to sports activity may
have different effects on performance (1).

Recent scientific studies were designed to
investigate the acute effects of stretching exercises,
especially dynamic and static type stretching
exercises, on components of performance. There
are many studies showing that static stretching
has negative impact on sports performance (2-5).
However, studies using static stretching lasting
shorter than 60 s report no negative effect on
athletic performance (4,6-11). Few studies have
argued that static stretching exercises have
positive effect on performance (8,12-14). Unlike
static stretching exercises, the effect of dynamic
stretching exercises on athletic performance is
reported to be positive in many studies (3,5,10-
12,15). Studies reporting negative (6,14) or no
effect (16) are limited. Two recent reviews
(1,17) stated that the duration of stretching can
affect the influence of stretching on athletic
performance parameters.

Previous studies about stretching and balance
primarily investigated the effects of static
stretching on balance and reached arguable
results, while just a few investigated the effects
of dynamic stretching (6,18,19), and only a
single study (6) investigated the role of gender.

In the light of the above, this study was designed
to address whether static or dynamic stretching
exercises should be preferred prior to sports
activity. On this point, we focused on balance.
The importance of balance ability in injury
prevention is well known, and was studied
extensively. However balance ability’s effect on
athletic performance is less clear (20).

Most of the research investigating the effects of
stretching on balance studied dynamic balance
(6,7,9,12,13,18) and few studied static balance
(2,19,21). Dynamic balance in daily activities and
sports activities is necessary for optimum
performance (22). Also, poor dynamic balance is
an important factor that may increase the risk of
injury in athletic participitation (23). Therefore,
the main purpose of this study was to investigate
the acute effects of both static and dynamic
stretching exercises on dynamic balance.

MATERIALS and METHODS
Experimental Approach

A self-controlled randomized prospective study
design was used to evaluate the acute effects of
static and dynamic stretching exercise on dynamic
balance performance. Testing consisted of three
protocols. The sequence of the three different
exercise protocols including static stretching,
dynamic stretching, and warm-up alone as a
control, was randomly aasigned to avoid potential
biasing effects. Before and after each exercise
protocol, dynamic balance was tested by using
an isokinetic balance system.

Subjects

A total of 73 (34 male, 39 female) recreational
athletes volunteered to take part in this study.
Subjects were players of badminton (n=22: 13
male, nine female), basketball (n=23: nine male,
14 female), and tennis (n=28: 12 male, 16 female),
with similar characteristics. Detailed training levels
and medical histories of all the subjects were
established, and physical exams were completed.
Inclusion criteria were: to be 18-30 years of age,
to train once or twice a week with a trainer for
at least two months. Exclusion criteria were: to
have a vestibular, visual, neurological, or musculo-
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skeletal problem that can affect balance; to train
more than twice a week, musculoskeletal injury
in the last six months, using medication that can
impair balance.

Two subjects did not complete all protocols,
three subjects had leg length discrepancy, and
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one subject had a muscle injury while playing
basketball during the study. After exclusion of
six subjects (a male, five females) a total of 67
(33 males, 34 females) subjects were included in
the study. Characteristics of subjects are given
in Table 1.

Table 1. Physical charactersitics of the study population

Female (n:34) Male (n:33)
Age (yrs) 21.4+3.0 20.5+£2.3
Height (cm) 22.7+3.0 23.0+3.0
Body weight (kg) 163.1+7.4 177.6 £7.5
Body mass index (kg/m2) 60.3+8.8 72.7+12.2

The study design was reviewed for ethics and
approved by the Ege University Human
Investigations Ethic Committee. Participants
were informed about potential risks and benefits
of participitation in the study. No injuries occurred
during the testing sessions.

Procedures

Subjects were tested on three different days, 48-
72 hours apart. They were asked not to use
alcohol and to avoid excessive physical activity
for 24 h before testing sessions. Each testing day
started with double limb dynamic balance
measurement on an isokinetic balance system,
which is followed by warm-up, intervention and
double limb dynamic balance measurement,
respectively. Subjects warmed up for 5 min on a
bicycle ergometer at 50-60 rpm and 70 W.
Intervention was static stretching protocole,

dynamic stretching protocole or rest (sitting on
a chair). All interventions lasted 12 min and 45 s.

Stretching protocols

Stretching exercises were applied bilaterally to
four different lower extremity muscle groups: knee
extensors (quadriceps), knee flexors (hamstring),
ankle plantar flexors (gastrocnemius-soleus) and
ankle dorsiflexors (tibialis anterior).

Static Stretching Protocol: All static stretches
were active and were held at the point of mild
discomfort without pain (Figure 1). Each static
stretch was repeated three times for 15 s, with a
15 s rest between each stretch repetition and
was repeated on the opposite limb. For the plantar
flexors, the 15 s stretching was split into two,
half for gastrocnemius and half for soleus,
beginning with the gastrocnemius.
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Figure 2. Dynamic stretchings

Quadriceps and hamstring stretching exercises
were performed at standing position as described
by Sekir et al. (15).

Ankle plantar flexor muscles: In standing position,
the subject leans into a solid surface. Foot of the
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side to be stretched is placed posterior to the
other foot while feet are in neutral position, and
the subject facing straight to solid surface. The
subject leans forward till feeling a mild discomfort
in the gastrocnemius muscle while the stretch
side knee is straight, and heel is on the ground.
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After keeping this position for 7.5 s, the subject
moved stretch side foot forward while flexing the
same side knee till feeling discomfort in the soleus
muscle, and kept this position for another 7.5 s.

Ankle dorsiflexor muscles: In sitting position,
subjects lifted the extremity of the side to be
stretched and placed foot of the lifted extremity
on the opposite side’s knee. While the foot is in
neutral position, the subject pulled the anterior
part of the foot till feeling a discomfort in tibialis
anterior muscle without pain. Pull maneuver
was performed carefully to plantar flex the ankle
without eversion and inversion (Figure 1).

Dynamic Stretching Protocol: Subjects voluntarily
contracted the antagonist of the target muscle in
standing upright position and flexed or extended
the joints involved once every 2 s so that the
target muscle is stretched (Figure 2). Dynamic
stretching in each muscle group was repeated
for two sets 15 times (first five times slowly and
then the next 10 times as quickly and powerfully
as possible, without bouncing). Every dynamic
stretching set resumed 30 s, applying 15 s rest
between each stretch repetition.

The order of target muscle and resting periods
was the same as those in static stretching, and
overall stretching time was the same (11'45”)
for both dynamic and static stretching protocols.

Balance protocol

An isokinetic balance system device (PK-252,
Tecnobody, Italy) was used, and the “Equilibrium
Management Test” program which is reported to
be reliable (24) was selected for dynamic balance
measurements (Figure 3). This program gives
the Total Stability Index (TSI), which is the average
index, degree of tilt in all directions horizontally
from the center of the platform, during the
measurement of dynamic balance. According to
Testerman and Vander (25), TSI is the most
important indicator revealing a person's ability
to balance the platform. Low TSI values indicate
better balance.

N. Denerel, M. Ergiin, O. Yiiksel, et al.

Figure 3. Dynamic balance measurement

In the "Equilibrium Management Test" program,
one of the factors that needs to be set in terms of
standardization is the "Force Absorber” system.
This system determines the freedom of the
platform through four pistons placed beneath
the platform. Six different resistance options are
available as 1-5-10-20-30-40, from most free to
most stable. In a similar study investigating
dynamic balance of recreational athletes designed
by Costa et al. (12), where the resistance of the
piston ranged from one to eight, and the third
resistor selected. As this study is carried out on
recreational athletes, the appropriate piston
resistance was selected as 10.

Placing the feet on the center of the platform is
very important for balance measurement, as the
reference points that the feet are placed on can
alter balance score (26). For this reason, prior to
the first dynamic balance measurement, subjects
were asked to identify the spot where their feet
were at equal distances from the center, and
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parallel to each other; and to find the position
that they felt comfortable and well-balanced.
Thus, the best position of the feet was marked.
These positions were marked through reference
points on the disc. Individuals’ feet positions
were thus at the same reference points during
each trial for standardization.

During the test, subjects were asked to try to
keep their position as long as possible by standing
double-footed and barefoot on a 55 cm platform.
Also, they were asked to keep their hands on the
side of their legs, with eyes on the monitor.
During the dynamic balance test, if subjects lost
balance and contacted the device with their
arms, they were immediately asked to try to
resume the test.

Measurements of dynamic balance were made
before and following the protocols applied.
Subjects were allowed three practices before
each test attempt to minimize learning effects.
Each dynamic balance test lasted 30 s.

The subjects were made to rest for one minute
after the application of each protocol; thus, the
time period between the two dynamic balance
measurements, including the warm-up period,
lasted a total of 17°45” for each exercise protocol.

The same researcher explained all procedures to
all subjects and controlled every stage for correct
timing and stretching movements.

Static or Dynamic Stretching and Dynamic Balance

Statistical analysis

Statistical results were analyzed using the SPSS
program (v15.0). Descriptive statistics, including
means and standard deviations were provided for
the data. The Shapiro-Wilks test was used for
normality analysis. Non-parametric tests were
used due to non-normal distribution of data.
Mann-Whitney U test was used to examine the
differences between genders. The Wilcoxon sum
rank test was used to examine effects of
interventions on dynamic balance. Friedman
test was used to compare effects of different
interventions. Covariance analysis was used to
adjust TSI scores to stature. Statistical significance
was accepted at the level of p<0.05.

RESULTS

The research revealed that all the three warm-
up, static, and dynamic stretching protocols
positively affect dynamic balance performance
(p<0.01) (Table 2), with no significant difference
between either genders (p>0.05) or protocols
(p>0.05) (Table 3). There was a significant
difference in pre-intervention TSI scores between
genders (p<0.001). By adjusting pre-intervention
TSI scores to height, mean TSI of males became
1.70 * 0.12 and that of females 1.61 + 0.12
(p=0.67).

Table 2. The acute effects of each exercise protocol on dynamic balance performance

Warm-up Static stretching Dynamic stretching
Pre WUTSI  PostWUTSI  PreSS TSI Post SS TSI Pre DS TSI Post DS TSI
Females (n=34) 1.58+0.61 1.30 £ 0.41* 1.67 +£0.72 1.34+0.47¢% 1.76 £ 0.77 1.30 £ 0.37%
Males (n=33) 242 +1.41 1.82+0.95¢ 2.40+1.08 1.85+0.78¢% 2.50+£1.32 2.00 = 0.94#
Total (n=67) 2.00+1.15 1.56 +0.77% 2.03+0.98 1.59 + 0.69% 213+1.13 1.64 +0.79%

Data as angular degree, mean + SD. WU: warm-up, SS: static stretching, DS: dynamic stretching, TSI: total stability index.
Significant difference between pre- and post- protocol (*: p<0.005;#: p<0.0001).
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Table 3. Comparison of exercise protocols and genders, concerning the percent improvements in

balance score

Warm-up Static stretching Dynamic stretching
TSI difference (%) TSI difference (%) TSI difference (%)
Females (n=34) 11.8+29.1 12.2 +30.7 20.7 £19.7 0.703
Males (n=33) 21.4+199 17.8+25.9 17.3+219 0.391
p 0.097 0.217 0.618
Total (n=67) 16.5+25.3 15.4 + 284 19.0 £ 20.7 0.901

Data as percent change in balance score after intervention, mean * SD. WU: warm-up, S: static stretching,

DS: dynamic stretching, TSI: total stability index.

DISCUSSION

For dynamic balance performance in the three
exercise protocols; considering women, men, and
all subjects, a positive and statistically significant
effect was present, with no difference between
genders. In addition, the three protocols were
not found to be superior to each other statistically.
Lipshits et al. (27) found that when balance is
perturbed, lower extremity muscles were the first
to respond. This description makes clear the role
and importance of the lower limbs to maintain
balance. Therefore, in the present study, four
different stretching exercises for lower extremity
muscle group were applied to assess the effect of
balance in standing, which plays a role in
stabilizing the knee and the ankle. Thus, distinct
from all related articles, the tibialis anterior
muscle was added to the assessment due to its
impact on ankle stability control.

Behm et al. (2) investigated the acute effect of
static stretching exercises on double foot static
balance performance by testing 16 male college
students. Stretching sessions involved a 5 min
cycle ergometer warm-up followed by 3x45 s
bilateral static stretching of the quadriceps,
hamstrings, gastrocnemius and soleus muscles
with a 15 s rest period for each muscle group.

They stated that static balance performance is
positively affected by solely warm-up exercises,
and the effect of static stretching is negative.
Using the same stretching protocol, Costa et al.
(12), with the participation of 28 female
recreational athletes, investigated the acute effects
of different durations of static stretching exercises
on double foot dynamic balance peformance. The

research included warm-up exercises as control,
3x15” and 3x45” static stretching protocols, and
concluded that 15” static stretching had positive
effects, whereas 45” static stretching or solely
warm-up exercises had no effect on dynamic
balance performance.

A study by Handrakis et al. (13) investigated the
effects of static stretching on balance and tested
Soo Bahk Doo (Korean traditional martial arts)
athletes consisting of six men and four women
40-60 years of age. Two protocols were applied
to all subjects, involving single foot dynamic
balance measurement following either 10 min
rest or 3x30” static stretching to the lower
extremity muscle groups for a total of 10 min.
They reported that 30” lasting static stretching
exercises had a statistically greater impact on
dynamic balance performance. In contrast to
this study, Lewis et al. (7) reported that static
stretching of lower extremity muscles (3x45”)
had no effect on dynamic balance. It should be
noted that study designs in these two studies are
different from those of Costa et al. (12), Behm et
al. (2), and Kim et al. (9), as they only compared
static stretching with resting and did not assess
the acute effects of stretching, which can be done
by comparing pre- and post-balance test results.

Above mentioned studies (2,9,12) are similar to
ours in that balance was measured before and
after the stretching protocol; therefore, concerning
the acute effect of static stretching on dynamic
balance, they should be preferred in comparing
results. Thus, the effect of static stretching on
dynamic balance performance was found to be
compatible with the 15” static stretching protocol

154



Turk ] Sports Med

findings of Costa et al. (12). Studies investigating
longer static stretching times reported no benefits
on balance. Kim et al. (9) stated that static
stretching (2x45”) has no effect on dynamic
balance and Behm et al. (2) reported that static
stretching (3x45”) negatively affects static balance.

Ghaffarinejad et al. (28) found that 30" static
stretching has beneficial effects on joint position
sense and emphasized that it resulted from the
increase in proprioceptive feedback. Costa et al.
(12) commented that this improvement in
proprioception could be the mechanism that is
responsible for the positive effects on balance.
Mechanisms underlying the effect of stretching
on balance are not fully understood. More studies
should focus on these mechanisms.

To our knowledge, there are only three studies
in current literature investigating the effects of
dynamic stretching on balance (6,18,19). They
all used a warm-up sesion before stretching.
One of them measured balance before and after
the stretching protocol (6), which is similar to
our methodology, whereas the others measured
only following stretching. Thus, Morrin and
Redding (19) recruited 10 trained female dancers
and compared the acute effects of dynamic
stretching (1x60”), static stretching (2x30”), non-
stretching (8 min rest after warm-up), and
combined (static & dynamic) protocols on static
balance. They used a ballet-spesific warm-up
session before interventions and tested balance
only after the interventions. They reported that
non-stretching, static stretching, and dynamic
stretching did not have significant superiority to
each other, consistent with our findings.

Chatzopoulos et al. (18), with the participation
of 31 female high school athletes, compared the
acute effects of dynamic stretching, static
stretching (1x30”), and non-stretching (7 min
rest after warm-up) on dynamic balance. They
stated that dynamic stretching and no stretching
protocols have superiority to static stretching.
No explanation of this inconsistancy with our
findings can be done, as they used a shorter time
static stretching then ours. Belkhiria et al. (6)
compared the acute effects of three different
volumes (4x15”, 8x15” and 12x15”) of dynamic

Static or Dynamic Stretching and Dynamic Balance

stretching and static stretching on single foot
dynamic balance on 28 healthy trained athletes.
They found small improvements in star excursion
balance test (SEBT) performance with warm-up
alone, and stated that there was no substatial
effect of adding dynamic or static stretching.
Although they remarked that SEBT, which is
used to evaluate dynamic balance, may not be
the most predictive or appropriate balance test,
their findings are compatible with our results.

Two relatively recent reviews discussed the
appropriate static stretching duration for optimum
performance (1,17). Kay et al. (1) concluded that
static stretches totaling shorter than 45” do not
decrease power, strength and speed performance.
A total of 45” of static stretch for each muscle in
the present study affected dynamic balance
performance of recreational athletes positively.
Behm and Chaouachi’s (17) conclusion was
different, as they indicated that static stretching
for each individual muscle should be less than
30” in duration, especially for highly trained
athletes.

The present study has revealed that there is no
difference between genders, concerning the effect
of different stretching exercises on dynamic
balance performance, which diverges from the
gender difference speculations of Costa et al.
(12), who examined only females. Although in
the unique study investigating the effect of gender
on balance (7) it was hypothesized that stretching
may have different effects on balance among
genders, as there are gender-based viscoelastic
property differences in tendon structures (29)
and muscle architecture (30), they found no
significant effect of gender on balance, consistent
with our findings.

Another important result of this study is that
statistically significant improvements of dynamic
balance scores in the control group (solely
warm-up) were determined. There were no
significant changes in Costa et al. (12) study’s
control group, whereas Behm et al. (2)’s results
were similar to ours in this instance. This can be
explained with warm-up exercises that increase
nerve conduction speed (31,32), and thus the
speed of response, which is considered to be
perturbed balance (2). McHugh and Cosgrave
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(33) point out that it is important to reach a
sufficient range of motion for good athletic
performance, and that the warm-up period often
provides these, whether it is done with or without
stretching exercises. In the study by Wilkins et
al. (34), no warm-up exercise was done after the
first balance measurement in the controls; they
were then tested again after resting for 20 min,
and a statistically significant improvement was
obtained. They associated it with the effect of
learning and pretest practices. Young and Elliott
(35) stated that the positive effects of warming
up can result in a decrease of negative effects
that may occur with stretching exercises. They
also stated that warm-up exercises can cause
fatigue, which can reduce performance, and
reported that warm-up exercises should be
avoided in future studies looking at the effects of
stretching on performance.

All three exercise protocols in this study included
warm-up exercises, and the results revealed that
each protocol influenced dynamic balance
performance positively. On this point, although
Beckenkamp and Lin (36) stated that the effects
of warm-up on physical performance are not
clear, it can be said that the positive effects of
warm-up exercises may in fact be masking the
real effects of the different types of stretching.
Therefore, future studies are needed to clarify
the effect of different stretching exercises on
balance by omitting warm-up from the stretching
exercise protocols. Studies should also be designed
solely with warm-up exercises and a control
group that would just rest for the time between
pre- and post-test to yield more reliable results.

A limitation of the study is worth considering.
Although the order of the procedures was
randomized and each subject had three trials
before testing, we can not rule out a potential
learning effect. Planning an information and
trial session about stretching and the balance
test system a few days before testing could
reduce the potential learning effect by giving the
subjects the chance to get used to stretching and
balance protocols.

N. Denerel, M. Ergiin, O. Yiiksel, et al.

CONCLUSIONS

Dynamic or static stretching after warm-up and
solely warm-up positively affect dynamic balance
performance, with no significant superiority to
each other in this respect. Consideration of
stretching protocols without warm-up seems to
be a better strategy in future research focusing
on the acute effects of stretching exercises on
dynamic balance performance.
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