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ABSTRACT

In movements performed unilaterally by humans, asymmetry is related to differences in biomotor
skills such as strength, flexibility, balance and agility between dominant and non-dominant
extremities. This situation negatively affects humans’ movement efficiency, leading to lower sports
performance and injuries. In line with this information, this research aimed at the relationship
between lower extremity balance asymmetry and acceleration, speed and agility performance in
healthy individuals. The research included 44 male participants with a mean age of 16.27+.788
years, a mean body weight of 61.59+5.59 kg, a mean height of 1.75+.062 cm, and a mean body
mass index (BMI) of 20.40+1.57 kg.m™. “Personal Information Form,” “Y Dynamic Balance Test
(YDBT),” “10 Meter Acceleration Test,” “20 Meter Sprint Test,” and “505 Agility Test” were used as
data collection tools. The research data were analyzed with Pearson Correlation Test and
Independent Samples T-Test among descriptive statistics. As a result, no significant correlation was
found between lower extremity balance asymmetry and balance scores and acceleration, sprint,
and agility performance (p>.05). However, there was a moderately significant (p<.05) positive
correlation between asymmetry index with right composite and inter-limb difference. At the same
time, It was found that in most participants (n: 32), the difference between the right and left
anterior scores was less than 4 centimeters. This suggests that there may be a low risk of injury
due to the difference between extremities.
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INTRODUCTION

Balance skills, which are the basis of sportive performance, are at the center of skills that require conditioning
and play an active role in the successful display of many biomotor skills, including agility, stopping, starting,
acceleration, manipulative movements, and maintaining balance (Erdogan et al., 2017). Balance is crucial to
athletic performance. A well-developed balance skill maintains the body's center of gravity in sudden direction
changes and reduces postural oscillations, allowing the technical skill to be applied fluently (Deniz & Kayatekin,
2023). In addition, many researchers have suggested improving balance to enhance performance (Sporis et al.,

2010; Little & Williams, 2005).

Bilateral movements demonstrating human symmetry and balance form the basis of many simple and complex
human actions. It is essential to have a symmetrical balance between the right and left sides regarding
performance. It is known that bilateral asymmetry is common in humans (Tomkinson et al., 2003; Yoshioka et
al., 2011). Functional asymmetry is the side-by-side difference in kinematics, dynamics, or both during a
performance. Functional asymmetry can arise from many factors, such as anthropometry, neurological, and
strength (Rocheford et al., 2006). Therefore, assuming that multiple mechanisms contribute to the asymmetry is

reasonable.

It has been suggested that functionally symmetrical people have better movement performance (Newton et al.,
2006; Tomkinson et al., 2003; Schiltz et al., 2009) and a lower risk of injury (Newton et al., 2006). It has also been
stated that asymmetry detected with appropriate methods can identify injury or re-injury (Paterno et al., 2010;
Shambaugh et al., 1991) and, in some cases, may help identify unilateral deficiencies (Rocheford et al., 2006;
Schiltz et al., 2009; Paterno et al., 2010). Although functional asymmetry can be expected in individuals with
injury or physical disabilities, measurable functional asymmetry is also observed in healthy people (Overmoyer
& Reiser, 2013). For example, functional asymmetries in the lower extremities have been documented in the
descending strength (Schot et al., 1994) and various jumping tasks (Ball et al., 2010; Newton et al., 2006). While
the evidence to support limb asymmetry in healthy individuals is sufficient in the adult population, studies of
asymmetry in young people are clearly lacking. The contribution of chronological and biological age has received
limited attention in functional performance settings, particularly given the symmetry of human movement
(Atkins et al., 2016). In addition, it is known that the necessity of functional symmetry in some sports-related
performances (Manning & Pickup 1998) and a possible asymmetry are associated with the athlete’s risk of injury

(Plisky et al., 2006; Plisky et al., 2009).

Despite convincing evidence to support the possible risk of injury and poor performance that asymmetry can
cause, literature focusing on asymmetry in the younger population is lacking. It is crucial to determine the effect
of asymmetry between the extremities on sportive performance components such as acceleration, speed, agility,
and strength and to determine the risk of injury that a possible asymmetry may cause. However, studies
examining the correlation between balance asymmetry and speed, acceleration, and agility are limited. Based

on this information, the research aims to investigate the correlation between lower extremity balance
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asymmetry and acceleration, speed, and agility performance in healthy individuals. The research hypothesized

that increased balance asymmetry in young athletes might affect speed, acceleration and agility performance.

METHOD
Research Model

This study employed the correlational survey model from among the quantitative research methods. The
correlational survey model is designed to determine whether or not there is a variation between two or more

variables or its degree, if any (Karasar, 2011).

Research Group

The research group consisted of male volunteers aged 15-17. Exclusion criteria were a) having a lower extremity
musculoskeletal injury, b) having cardiovascular disease, c) having ongoing pain and disability d) having a lower
extremity length difference. According to the G*Power analysis, the sample size was calculated as 38 participants
with 95% confidence, 95% difficulty, and a 5% acceptable margin of error. To increase the power of the research
and to prevent a possible loss of subjects, 44 participants were included in the research. All participants were
briefed on the protocol and experimental risks. Participants under the age of 18 signed an information agreement
for participation in the study after parental consent was obtained. Descriptive information about the participants
is given in Table 1.

Table 1. Findings on the Supplementary Information of the Participants

Variable N X SD Min/ Max
Age (year) 44 16.27 .788 15.00-17.00
Body weight (kg) 44 61.59 5.59 51.00-80.00
Height (cm) 44 1.75 .062 1.64-1.90
Body mass index (kg.m~2) 44 20.40 1.57 17.56-24.44

X: Mean, SD: Standard deviation, BMI: Body mass index, kg: Kilogram, m2: Square meters, Min: Minimum, Max: Maximum,
N: Number of Participants

When Table 1 was examined, it was determined that the participants consisted of 44 male participants with a
mean age of 16.27+.788, mean body weight of 61.5945.59 kg, mean height 1.75+.062 cm, and a mean BMI of
20.40+1.57 kg.m™2.

Research Procedure

The research consisted of 2 sessions, 24 hours apart. First, an anthropometric evaluation determined the
participants' height, weight, and body mass indexes. Afterward, the participants were given a 15-minute general
warm-up and a 5-minute stretching protocol. After warming up, participants were tested in random order. In the
first session of the research, the Y balance test and 10-meter acceleration test were applied to the participants.
The bilateral asymmetry rates of the participants were determined with the results obtained from the balance
test. In the second session, a 20-meter sprint test and 505 agility tests were applied to the participants to assess
their ability to change direction. In addition, the research y was carried out at the same times of the day (11.00-

13.00) to minimize the participants' effects on the circadian rhythm.
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Calculation of Asymmetry Index (Al)

Y balance dominant and non-dominant foot composite scores of the participants were calculated. Then, the
asymmetry between the preferred dominant (PDL) and non-dominant (ND) leg in dynamic balance (YBT) was
calculated using the following formula (Newton et al., 2006).

Asymmetry %: Dominant (PDL) — Non-dominant (ND) x100
Dominant (PDL)

Data Collection Tools

“Personal Information Form,” “Y Dynamic Balance Test (YDBT),” “10 Meter Acceleration Test,” “20 Meter Sprint

Test,” and “505 Agility Test” were used as data collection tools in the research.

Personal Information Form
The researcher created it to gather descriptive information such as age, height, weight, and BMI.
Y Dynamic Balance Test (YDBT)

This test is reliable, specific, economical, acceptable for the target screening population, easy to apply, and can
detect balance asymmetry (Gribble et al., 2012). The test was used to evaluate the neuromuscular control of the
lower extremity and the asymmetry in the dynamic balance performance of the participants on the right and left
foot in three different directions (anterior, posteromedial, and posterolateral). The test platform is designed to
be 45° between the posterior direction (posteromedial and posterolateral) and 135° in the anterior direction.
The participants performed the test by pushing the block in 3 directions with the toe of the other foot while
maintaining a stable stance on the test platform with their hands on their waists and one foot on the test
platform. After each measurement, both feet were asked to return to the starting position without touching the
ground. The leg length of the participants was determined by measuring the most distal part from the anterior
superior iliac spine to the medial malleolus. After the test was repeated three times in each direction (anterior,
posteromedial, posterolateral), the normalization formula was used (Plisky et al., 2009).

Composite Score: (anterior+ posterolateral+ posteromedial) x 100

3 x Extremity length

Anterior Posteriorlateral Posteriormedial

Figure 1. Y Dynamic Balance Test (saglikisleri.gsb.gov.tr).
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10 Meter Acceleration Test

This test was used to measure the linear speed ability of the participants. Participants were allowed two trial
warm-ups before starting the test. Acceleration values were evaluated with photocells at the start and end points
(Bloomfield et al., 2007). Participants performed three maximal effort sprint trials with 2 minutes of rest between

trials. The best performance of the three trials was recorded for further analysis (Yeadon, 1999).

20 Meter Sprint Test

The 20-meter running test determined the participant's maximum speed (Moir et al., 2004). Participants were
allowed to do two trial warm-ups before starting the test. Participants were asked to start 1 meter behind the
starting line and run the entire distance with maximum effort in the shortest possible time. Participants were
allowed three trials with a 3-minute rest period between trials (Yanci et al., 2017). The best performance was

recorded in seconds.

505 Agility Test

Participants were allowed to practice at a low tempo to learn the test track. Participants were asked to run
towards a marked line 15 m from the start line, put their left or right feet on the line, turn 180°, and run 5 m
backward from the finish line. If the subject changes direction before the turn line, the attempt is ignored, and
the subject completes another trial after the rest period. The best score out of 3 trials was taken into

consideration. Between measurements, two minutes of rest were given (Nimphius et al., 2016).

e Tem

Figure 2. 505 Agility Test

Data Analysis

Kolmogorov Smirnov test was applied for the normality distribution of the data obtained from the study.
Skewness and kurtosis values between +1.5 and -1.5 are accepted as normal distributions (Tabachnick & Fidell,
2007). Since the study values showed a normal distribution Skewness (-.159 and 1.057), Kurtosis (-1.260 and
1.119), the Pearson Correlation Test was used for the correlation between the variables, one of the parametric
tests in the data analysis, and the Independent Samples T-Test was used for the comparison of the variables. The

significance level was accepted as p<.05. In the evaluation of the data obtained from the study, frequency (n),
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mean tstandard deviation, min (minimum), and max (maximum) values from descriptive statistical methods

were used.

FINDINGS

Table 2. A score of Participants' Performance Tests (Balance, Acceleration, Speed, Agility) and Asymmetry

Percentages
X £SD Min/Max
Al (cm) -.6204£5.58 -9.73/14.68
DBE(cm) 727+4.46 -7/10
Dynamic Balance Score (cm)
Anterior 64.61+7.06 50.00/83.00
e Posterior-medial 71.40+9.13 47.00/90.00
f-: Posterior-lateral 69.50+9.90 48.00/91.00
Composite 68.7616.01 57.37/82.65
Anterior 63.6516.36 51.00/80.00
% Posterio-medial 72.09+9.04 49.00/92.00
- Posterio-lateral 70.36+9.44 50.00/92.00
Composite 68.9515.66 55.66/85.71
Performance Tests (sec)
Acceleration 1.73+.095 1.56/1.95
Speed 3.05%.142 2.76/3.46
Agility 2.81+.237 2.42/3.27

Al: Asymmetry Index, Al: Dominant(PDL)-Non-dominant (ND)/ Dominant(PDL)x100, DBE: Difference Between Extremities,
DBE: Difference between the extremities, cm: centimeter

When Table 2 is examined, it was determined that the participants' dynamic balance right foot scores ranged
from 64.61 to 68.78 and that dynamic balance left foot scores ranged from 63.65 to 68.95. In contrast, asymmetry
percentages (-.620 cm), 10-meter acceleration (1.73 sec), 20-meter sprint (3.05 sec) and, agility (2.81 sec), reach

distance (.727 cm) were determined as mean values for the participants.

Table 3. Comparative findings between the applied tests (Agility, Speed, Acceleration, Balance) and the
Difference between Extremities
Difference between Extremities (DBE)

Limb Difference <4 cm Limb Difference >4 cm R
(n=32) (n=12) P

Dynamic Balance Score (cm) X +SS X £SS

Composite Right 68.72 £6.12 68.8615.97 -070 945

Composite Left 69.9045.23 66.4116.21 1.86 .069

Asymmetry Index -2.12+4.21 3.3946.92 -2.58 .021*
Performance Tests (sec)

Acceleration 1.74+.094 1.70+£.095 1.23 225

Speed 3.06+.152 3.03+.116 .748  .459

Agility 2.84+.228 2.76%.261 947 .349

*p<.05

When Table 3 was examined, a significant difference was found only between the difference between the
extremities and the asymmetry index (p= 021). However, no significant difference was found between the other

parameters (p>.05).
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Table 4. Findings of the Correlation between Percentages of Asymmetry and Performance Tests (Acceleration,
Speed, Agility) and Composite Values of the Participants

Al Right Com Left Com Acceleration Speed Agility DBE
Al 1
Right Com 3727 1
Left Com -.282 777 1
Acceleration -.125 -.186 -.125 1
Speed -.010 -.102 -.058 672" 1
Agility .025 .063 .036 .394™ 4117 1
DBE A44% .011 =277 -.186 -.115 -.145 1

Al: Asymmetry Index, DBE: Difference between Extremities, Com: Composite
*p <.05, ¥*p <.01

When Table 4 is examined, a significant correlation could not be detected between the asymmetry index and
performance tests acceleration (r: -.125), speed (r: -.010), agility (r: -.025), and left composite (r: -.282). However,
a moderately significant (p<.05) positive correlation was found between the right composite (r: .372) and DBE (r:

.444) values and the asymmetry index.

CONCLUSION and DISCUSSION

Movement skill includes static or dynamic balance skills. Therefore, it can be said that many of the movements
that require motor and coordination skills also include balancing (Keskes & Manolya, 2020). Balance is the basis
for good sportive performance and is defined as a muscle and nervous system transmitter. The ability to balance
can be defined as a determining factor in developing other motoric systems (Aksu, 1994). It can be said that an
asymmetry between the extremities in postural control may affect motor skills. Determining the risk of injury
caused by a possible asymmetry is also essential. In line with this information, the study aims to examine the
correlation between lower extremity balance asymmetry and acceleration, speed and agility performance in
healthy individuals. The research hypothesized that increased balance asymmetry in young athletes might affect

speed, acceleration, and agility performance.

The research found no significant correlation between composite balance scores and acceleration, speed, and
agility performances. There are findings in the literature that support the results of the study. In a research
conducted on gymnastics athletes, it was found that there was no significant difference between balance scores
and sprint, speed, and agility (Bastirk et al., 2019). Erdem et al. (2015) reported in their study on football players
that there was no significant correlation between balance and agility. Another study determined that sprint and
acceleration performance were unrelated to balance ability (Erkmen et al., 2010). Sibenaller et al. (2017)
reported no correlation between healthy high school athletes' static and dynamic balance scores and agility.
Contrary to the current study, results in which a significant correlation was determined were also obtained in the
literature. Sekulic et al. (2013) reported in their research on athletes from different sports branches that there
was a significant correlation between balance and agility in male athletes. Still, there was no significant difference
in female athletes. Okudur and Sanioglu (2012) found a positive correlation between balance scores and agility
performances in their study on tennis players. Miller et al. (2006) reported that improving balance and body
position control will positively affect agility performance during complex movements. It is thought that the

finding that contradicts the study’s results may be because the study was conducted with a healthy individual,
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not an athlete group. The contradictory findings in the literature may be due to the sample groups composed of
athletes from different branches, age differences, and differences in measurement methods. Based on the
available literature, the correlation between balance skill and speed, acceleration, and agility performance has

not been fully clarified.

The study found no significant correlation between balance asymmetry and acceleration, speed, and agility
performances. The results of the study did not support our hypothesis. No study examining the correlation
between balance asymmetry and performance has been found in the literature. In the existing studies conducted
with jump asymmetry and performance tests in the literature, when the correlation between vertical jump
asymmetry and linear and directional running performances was examined, it was reported that there was no
significant difference in the studies (Oztiirk, 2023; Chiang, 2014; Dos Santos et al., 2017; Dos Santos et al., 2018;
Exell et al., 2017; Haugen et al., 2018). However, some studies in the literature have different findings
(Sannicandro et al., 2011). Bishop et al. (2021) reported that a 5% jump asymmetry between the legs might
adversely affect the jumping performance among football players. A different study reported a positive
correlation between power asymmetry and performance (Newton et al., 2006). Another study found that jump
height asymmetries were associated with slower agility performance but not with jump performance (Maloney
etal., 2017). There are contradictory findings in the literature. Differences in sample groups and tests may explain

this discrepancy.

In some of the studies on asymmetry, studies show that individuals with a symmetrical body are taller and more
athletic (Manning & Pickup, 1998, Ozener, 2010; Ozener & Ertugrul, 2011), while symmetrical athletes have
higher athletic performance and sportive success (Longman et al., 2011; Trivers et al., 2013). Although no
significant correlation was found between balance asymmetry and performance tests in the study, it can be said
that different asymmetries may affect performance in line with the results available in the literature. Studies in
the literature have generally focused on strength and jump asymmetries. It is seen that literature should be

created by conducting different studies on balance asymmetry.

In the study, no significant correlation was found between the difference between right and left foot anterior
scores and balance and performance test scores. These results show that in most participants (n:32), the
difference between the right and left foot anterior reach distance between the two extremities is less than 4 cm,
and the risk of injury may be low. It is available in the literature that lower extremity asymmetry is not only
related to performance but also provides information about possible injuries. Especially in studies using the Y
balance test method used in the study, Plisky et al. (2006) reported that the probability of exposure to lower
extremity injuries is 2.5 times higher in players whose difference between the anterior reach distance of the right
and left foot is greater than 4 cm. It has also been reported that women with a combined reach of less than
94.0% of their extremity lengths are 6.5 times more likely to suffer lower extremity injuries (Plisky et al., 2006).
These results suggest that cross-extremity comparisons can be a useful and rapid screening tool for detecting

lower extremity injury risk.
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As a result, no significant correlation was found between balance asymmetry and balance scores and
acceleration, speed, and agility scores. However, a moderately significant positive correlation (p<.05) was found
between the asymmetry index, the difference between the extremities, and the right composite. At the same
time, according to the existing studies' results, the asymmetry between the extremities may affect performance.
In the study, it was determined that the difference between right and left foot anterior scores was less than 4
cm in most of the participants (n: 32). In this case, it is to point out that the risk of possible injury due to the
difference between the limbs may be low. The study's strength is that although there are different studies on
asymmetry in the literature, studies that compare balance asymmetry and performance tests have yet to be
found. As a limitation of the study, the fact that it was conducted with healthy male individuals prevented the

results from being generalized for women and the athlete population.

SUGGESTIONS

In line with the findings of the study, It is recommended that the risk of injury caused by balance asymmetry
between extremities should be evaluated before the season, unilateral and bilateral exercises should be
combined in training to minimize the differences between extremities, and protocols covering all biomotor skills

should be applied in training.
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SAGLIKLI BIREYLERDE ALT EKSTREMITE DENGE ASIMETRISi iLE iVMELENME, SURAT VE
CEVIKLIK PERFORMANSI ARASINDAKI iLiSKiNiN iINCELENMESi

0z

insanlarin  unilateral olarak gerceklestirdigi hareketlerde, dominant ve non-dominant
ekstremitelerdeki kuvvet, esneklik, denge, geviklik gibi biyomotorsal beceri farkliliklari asimetri ile
ilgilidir. Bu durum, insanlarin ortaya koydugu hareket verimini olumsuz yonde etkileyerek sportif
performansin dismesine ve yaralanmalara zemin hazirlamaktadir. Bu bilgiler dogrultusunda
¢alismanin amaci; saglikh bireylerde alt ekstremite denge asimetrisi ile ivmelenme, siirat ve geviklik
performansi arasindakiiliskinin incelenmesidir. Arastirmaya yas ortalamasi 16.27+.788 viicut agirhk
ortalamasi 61.59+5.59 kg., boy uzunlugu ortalamasi 1.75+.062 cm. ve Beden kitle indeksi (BKi)
ortalamasi 20.40+1.57 kg.m™2 olan 44 erkek katilimci dahil edilmistir. Arastirmada “Kisisel Bilgi
Formu”, “Y Dinamik Denge Testi (YDDT)”,“10 Metre ivmelenme Testi”, “20 Metre Siirat Testi” ve “
505 Ceviklik Testi” veri toplama araci olarak kullanilmigtir. Calisma verileri tanimlayici
istatistiklerden Pearson Korelasyon Testi ve Independent Samples T-Testi ile analiz edilmistir.
Sonug olarak; alt ekstremite denge asimetrisi ve denge skorlari ile ivmelenme, siirat ve geviklik
performansi arasinda anlaml bir iliski tespit edilememistir (p>.05). Ancak asimetri indeksi ile sag
composite ve ekstremiteler arasi fark arasinda pozitif yonde orta diizey anlamli (p<.05) iliski tespit
edilmistir. Katilimcilarin gogunda (n: 32) sag ve sol ayak anterior skor farkinin 4 santimden az oldugu
bulunmustur. Bu durumda ekstremiteler arasi farktan kaynaklanabilecek olasi bir sakatlik riskinin
disik olabilecegine isaret etmektir.

Anahtar kelimeler: Ceviklik, denge asimetrisi, sakatlik riski, stirat
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GiRiS

Sportif performansin temeli olan denge becerileri, kondisyon gerektiren becerilerin merkezinde yer alir ve
ceviklik, durma, baslama, ivmelenme, manipilatif hareketler ve dengeyi koruma dahil olmak tzere birgok
biyomotor becerinin basaril bir sekilde sergilenmesinde aktif bir rol oynar (Erdogan ve ark., 2017). Denge atletik
performans icin cok 6nemlidir. iyi gelismis bir denge becerisi, ani yon degistirmelerde viicudun agirlik merkezini
korur ve postiral salinimlari azaltarak teknik becerin akici bir sekilde uygulanmasini saglar (Deniz & Kayatekin,
2023). Ek olarak, birgcok arastirmaci performansini iyilestirmek icin dengeyi gelistirmenin 6nemli oldugunu ileri

sirmistir (Sporis ve ark., 2010; Little ve Williams 2005).

insan simetrisini ve dengesini gdsteren ikili hareketler, birgok basit ve karmasik insan hareketinin temelini
olusturur. Performans agisindan sag ve sol taraflar arasinda simetrik bir dengenin olmasi dnemlidir. insanlarda
ikili asimetrisinin yaygin oldugu bilinmektedir (Tomkinson ve ark., 2003; Yoshioka ve ark., 2011). Foksiyonel
asimetri, bir performans sirasinda ortaya ¢ikan kinematik, dinamik veya her ikisindeki yan yana farktir. islevsel
asimetri, antropometri, nérolojik ve gii¢ gibi bircok etkenden ortaya cikabilir (Rocheford ve ark., 2006). Bu

nedenle, asimetriye birden fazla mekanizmanin katkida bulundugunu varsaymak mantikhdir.

Fonksiyonel olarak simetrik insanlarin daha iyi hareket performansina (Newton ve ark., 2006; Tomkinson ve ark.,
2003; Schiltz ve ark., 2009) ve daha dislik yaralanma riskine sahip oldugu 6ne stiriilmistir (Newton ve ark.,2006).
Ayrica uygun yontemlerle taranan asimetrinin, yaralanma veya yeniden yaralanmayi tespit edebilecegi (Paterno
ve ark., 2010; Shambaugh ve ark., 1991) ve bazi durumlarda tek tarafli eksikliklerin belirlenmesine yardimci
olabilecegi belirtilmistir (Rocheford ve ark., 2006; Schiltz ve ark., 2009; Paterno ve ark., 2010). Sakathgi olan veya
fiziksel engelli bireylerde fonksiyonel asimetri beklenebilse de saglikh insanlarda da olcilebilir dizeyde
fonksiyonel asimetri goriilmektedir (Overmoyer & Reiser, 2013). Ornegin, asagi inis kuvvetinde (Schot ve ark.,
1994), cesitli atlama ve ziplama gorevlerinde (Ball ve ark., 2010; Newton ve ark., 2006) alt ekstremitelerde
fonksiyonel asimetriler belgelenmistir. Saglikli bireylerde uzuvlar arasi asimetriyi destekleyen kanitlar yetiskin
populasyonda yeterli olsa da, genglerde asimetri arastirmanlari bariz bir sekilde eksiktir. Kronolojik ve biyolojik
yasin katkisi, 6zellikle insan hareketinin simetrisi gz 6niine alindiginda, fonksiyonel performans ortamlarinda
sinirli ilgi gormustir (Atkins ve ark., 2016). Ayrica sporla ilgili bazi performanslarda fonksiyonel simetri gerekliligi
(Manning ve Pickup 1998) ve olasi bir asimetrinin sporcunun yaralanma riskiyle iliskili oldugu bilinmektedir (Plisky

ve ark., 2006; Plisky ve ark., 2009).

Asimetrinin neden olabilecegi olasi yaralanma riski ve performans diisikligini destekleyen ikna edici kanitlara
ragmen, geng popilasyonda asimetriye odaklanan literatir eksiktir. Ekstremiteler arasi asimetrinin ivmelenme,
sirat, ceviklik ve kuvvet gibi sportif performans bilesenleri Gizerindeki etkisinin ve muhtemel bir asimetrinin
neden olabilecegi yaralanma riskinin belirlenmesi 6nem arz etmektedir. Bununla birlikte denge asimetrisi ile
slirat, ivmelenme ve ceviklik arasindaki iliskiyi inceleyen calismalarda kisithidir. Bu bilgilerden hareketle

¢alismanin amaci; saglikli bireylerde alt ekstremite denge asimetrisi ile ivmelenme, siirat ve ceviklik performansi
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arasindaki iligkinin incelenmesidir. Calismada, geng sporcularda artan denge asimetrisinin siirat, ivmelenme ve

ceviklik performansini etkileyebilecegi hipotezi ileri strtilmustir.

YONTEM

Arastirma Modeli

Bu calismada nicel arastirma yéntemlerinden iliskisel tarama modeli kullanilmistir. iligkisel tarama modeli, iki ve
daha cok degisken arasinda degisimin olup olmadigini veya derecesini belirlemek icin tasarlanmis bir tarama

modelidir (Karasar, 2011).

Arastirma Grubu

Calisma grubu 15-17 yas arasi gonilla erkek katiimcidan olusturulmustur. Calismadan gikarilama kriteri olarak;
a) Alt ekstremite kas iskelet sistemi yaralanmasi gecirmis olma b) Kardiyovaskiler bir hastaliga sahip olmasi c)
Devam eden agri ve sakathgin olmasi d) Alt ekstremite uzunluk farki olmasiydi. G*Power analizine gére, 6rneklem
blyikligli %95 gliven dizeyinde, % 95 zorluk diizeyinde ve %5 kabul edilebilir hata payi ile 38 katilimci olarak
hesaplandi. Calismamin glicini arttirmak ve olasi bir denek kaybini engellemek icin 44 katilimci ¢calismaya dahil
edilmistir. Tim katilimcilar protokol ve deneysel riskler hakkinda bilgilendirildi. 18 yasin altindaki katihmcilara
ebeveyn onayi alindiktan sonra ¢alismaya katilim igin bir bilgilendirme s6zlesmesi imzalatildi. Katihmcilara ait

betimleyici bilgilere tablo 1’ de verilmistir.

Tablo 1. Katiimcilarin Tamamlayici Bilgilerine iliskin Bulgular

Degiskenler N X Ss Min/ Maks
Yasi (yil) 44 16.27 788 15.00-17.00
Viicut agirhig (kg) 44 61.59 5.59 51.00-80.00
Boy uzunlugu (cm) 44 1.75 .062 1.64-1.90

Beden kitle indeksi (kg.m2) 44 20.40 1.57 17.56-24.44

X: Ortalama, Ss: Standart sapma, BKi: Beden kitle indeksi, kg: Kilogram, m-2: Metrekare, Min: Minimum, Maks: Maksimum,
N: Katihmci Sayisi

Tablo 1 incelendiginde; katilimcilarin yas ortalamasi 16.27+.788 vicut agirlik ortalamasi 61.59+5.59 kg., boy
uzunlugu ortalamasi 1.75+.062 cm. ve BKi ortalamasi 20.40+1.57 kg.m™2 olan 44 erkek katilimcidan olustugu

belirlenmistir.

Arastirma Prosediirii

Calisma 24 saat aralikla 2 seanstan olusturulmustur. ilk olarak katilimcilarin boy, kilo ve viicut kitle indekslerinin
belirlenmesi icin antropometrik bir degerlendirme yapildi. Daha sonra katilimcilara 15 dakika siiren genel isinma
ve 5 dakika esnetme protokolli uygulandi. Isinmadan sonra katiimcilar rastgele sirayla testlere alindi.
Arastirmanin 1. seansinda katilimcilara Y denge testi ve 10 metre ivmelenme testi uygulandi. Denge testinden
elde edilen sonuglarla katilimcilarin bilateral asimetri oranlari belirlendi. 2. Seansta ise katilimcilara 20 metre
slirat testi ve yon degistirme becerilerini belirlemek amaciyla 505 geviklik testi uygulanildi. Ayrica katilimcilarin

sirkadiyen ritminden etkilenmesini en aza indirmek igin ¢alisma gliniin ayni saatlerinde (11.00-13.00) yapildi.
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Asimetri indeksinin (Al) Hesaplanmasi

Katilimcilarim Y denge dominant ve non-dominant ayak compotise skorlari hesaplanmistir. Daha sonra dinamik
dengede (YBT) tercih edilen dominant (PDL) ve non-dominant (ND) bacak arasindaki asimetriyi asagidaki formuil
kullanilarak hesaplanmistir (Newton ve ark., 2006).

Asimetri %: Dominant (PDL) — Non-dominant (ND) x100
Dominant (PDL)

Veri Toplama Araglari
Arastirmada veri toplama araci olarak “Kisisel Bilgi Formu”, “Y Dinamik Denge Testi (YDDT)” , “10 Metre

ivmelenme Testi”, “20 Metre Siirat Testi” ve “ 505 Ceviklik Testi” kullanildi.

Personal Information Form

Yas, boy, kilo, BKi gibi tanimlayici bilgileri toplamak igin arastirmaci tarafindan olusturulmustur.

Y Dinamik Denge Testi (YDDT)

Bu test, glvenilir, 6zgiil, ekonomik, hedef tarama popilasyonu igin kabul edilebilir, uygulamasi kolay ve denge
asimetrisini belirleyebilmektedir (Gribble ve ark., 2012). Test alt ekstremitenin néromuskiler kontroliniin
degerlendirmesini ve katilimcilarin sag ve sol ayak Uzerinde g farkli yoénde (anterior, posteromedial ve
posterolateral) dinamik denge performanslarindaki asimetriyi degerlendirmek amaciyla kullanilmistir. Test
platformu arka yon (posteromedial ve posterolateral) arasinda 45° ve 6n yonde 135° olacak sekilde
tasarlanmistir. Katihmcilar, elleri belinde ve bir ayagi test platformunda sabit bir durus saglarken, diger ayaginin
parmak ucuyla blogu 3 yonde iterek testi gergeklestirmistir. Her 6lciimden sonra, her iki ayagin da yere degmeden
baslangi¢ pozisyonuna dénmesini istenmistir. Katilimcilarin bacak uzunlugu, anterior superior iliak omurgadan
medial malleolusa kadar olan en distal kisim 6lgllerek belirlendi. Test her yonde (anterior, posteromedial,
posterolateral) 3 kez tekrar edildikten sonra normallestirme formuli kullaniimistir (Plisky ve ark., 2009).

Composite skoru: (anterior+ posterolateral+ posteromedial) x 100

3 x Ekstremite uzunlugu

Sekil 1. Y Dinamik Denge Testi (saglikisleri.gsb.gov.tr).
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10 Metre ivmelenme Testi

Bu test, katilimcilarin dogrusal hiz yetenegini 6lgmek icin kullaniimistir. Katiimcilar teste baglamadan énce 2
deneme I1sinmasi icin izin verilmistir. ivme degerleri baslangic ve bitis noktalarina yerlestirilen fotoseller ile
degerlendirilmistir (Bloomfield ve ark., 2007). Katilimcilar denemeler arasinda 2 dakikalik dinlenme ile 3
maksimum eforlu sprint denemesi gergeklestirdiler. 3 denemenin en iyi performansi daha fazla analiz igin

kaydedilmistir (Yeadon, 1999).
20 Metre Siirat Testi

Katiimcinin maksimum hizini belirlemek icin 20 metre kosu testi kullanilmistir (Moir ve ark., 2004). Katihmcilar
teste baslamadan 6nce 2 deneme Isinmasi yapmasi igin izin verilmistir. Katilimcilardan baslangi¢ ¢izgisinin 1
metre gerisinden baglamalari ve tim mesafeyi mimkin olan en kisa siirede maksimum eforla kogsmalari
istenmistir. Katihmcilara denemeler arasinda 3 dakikalik dinlenme siiresi ile 3 deneme yapmasina izin verilmistir

(Yanci ve ark., 2017). En iyi performans saniye cinsinden kaydedilmistir.

505 Ceviklik Testi

Katilimcilar diisiik tempoda test parkurunu tanimalari igin deneme yapmalari saglandi. Katilimcilardan baslangig
cizgisinden 15 m uzaklikta isaretlenmis bir gizgiye dogru kosmalari, sol veya sag ayaklarini gizgiye koymalari 180°
donmeleri ve bitis ¢izgisinden 5 m geriye dogru kosmalari istenmistir. Eger denek dénds ¢izgisine varmadan 6nce
yon degistirirse deneme dikkate alinmamis ve denek dinlenme siresinin ardindan baska bir denemeyi
tamamlamistir. Olciim 3 denemeden en iyi olan derece degerlendirmeye alinmistir. Olglimler arasi 2 dakika

dinlenme verilmistir (Nimphius ve ark., 2016).

“). Jiwin m DR L ."'

- Ton

Sekil 2. 505 Ceviklik Testi

Verilerin Analizi

Calismadan elde edilen verilerin normallik dagihmi icin Kolmogorov Simirnov testi uygulanmistir. +1.5 ile -1.5
arasindaki carpikhk ve basiklik degerleri normal dagilim olarak kabul edilmektedir (Tabachnick & Fidell, 2007).
Calisma degerleri normal dagilim (Skewness -.159 ve Kurtosis 1.119) gosterdiginden veri analizinde parametrik
testlerden degiskenler arasi iliski Pearson Korelasyon Testi ile degiskenlerin karsilastirilmasinda ise Independent

Samples T-Testi kullaniimigtir. Anlamlilik diizeyi p<.05 olarak kabul edilmistir. Calismadan elde edilen verilerin
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degerlendirilmesinde; tanimlayici istatistiksel yontemlerden, frekans (n), ortalama zstandart sapma, min

(minimum), maks (maksimum) degerleri kullaniimistir.

BULGULAR
Tablo 2. Katilimcilarin Performans Testlerine (Denge, ivmelenme, Siirat, Ceviklik) ve Asimetri Yiizdelerine Ait
Skor
X +SS Min/Maks
Al (cm) -.62045.58 -9.73/14.68
EAF(cm) 727+4.46 -7/10
Dinamik Denge Skoru(cm)
Anterior 64.61+7.06 50.00/83.00
00 Posterior-medial 71.40+9.13 47.00/90.00
] Posterior-lateral 69.50+9.90 48.00/91.00
Composite 68.76+6.01 57.37/82.65
Anterior 63.65+6.36 51.00/80.00
5 Posterio-medial 72.09+9.04 49.00/92.00
v Posterio-lateral 70.36+9.44 50.00/92.00
Composite 68.9515.66 55.66/85.71
Performans Testleri (sn)
ivmelenme 1.73+.095 1.56/1.95
Surat 3.05+.142 2.76/3.46
Ceviklik 2.81+.237 2.42/3.27

Al: Asimetri indeksi, Al: Dominant(PDL)-Non-dominant (ND)/ Dominant(PDL)x100, EAF: Ekstremitler arasi fark, EAF:
Ekstremiteler arasi fark, cm: santimetre

Tablo 2 incelendiginde; katiimcilarin dinamik denge sag ayak skorlarinin 64.61 ila 68.78 degerleri arasinda;
dinamik denge sol ayak skorlarinin 63.65 ila 68.95 oldugu; katimcilarin asimetri ylizdeleri (-.620 cm ), 10 metre
ivmelenme (1.73 sn ), 20 metre slrat (3.05 sn ) ve geviklik (2.81 sn ), Erisim mesafesi (.727 cm) ortalama degerler
olarak tespit edilmistir.

Tablo 3. Ekstremiteler Arasi Fark ile Uygulanan Testler (Ceviklik, Siirat, ivmelenme, Denge) Arasindaki

Karsilagtirmali Bulgulari
Ekstremiteler Arasi Fark (EAF)

Uzuv Farki >4 cm

Uzuv Farki <4 cm (n=32) (n=12) t p

Dinamik Denge Skoru(cm) X £SS X £SS

Composite Sag 68.72 £6.12 68.8615.97 -070 945

Composite Sol 69.9015.23 66.4116.21 1.86 .069

Asimetri indeksi -2.12+4.21 3.39146.92 -2.58 .021*
Performans Testleri (sn)

ivmelenme 1.74+.094 1.70+.095 1.23 225

Sirat 3.06+.152 3.03+.116 .748 .459

Ceviklik 2.84+.228 2.76%.261 947 .349

*p<.05

Tablo 3 incelendiginde ekstremiteler arasi fark ile sadece asimetri indeksi arasinda anlamli fark tespit edilirken

(p=021), diger parametreler arasinda anlamli fark tespit edilememistir (p>.05).

1347



I.l E TSAR (International Journal of Education Technology and Scientific Researches) Vol: 8, Issue: 23, 2023

Tablo 4. Katilimcilarin Asimetri Yiizdeleri ile Performans Testleri (ivmelenme, Siirat, Ceviklik) ve Composite
Degerleri Arasindaki iliskiye Ait Bulgular

Al Sag Com Sol Com ivmelenme Surat Ceviklik EAF
Al 1
Sag Com .372%* 1
Sol Com -.282 T77** 1
ivmelenme -.125 -.186 -.125 1
Sirat -.010 -.102 -.058 .672%* 1
Ceviklik .025 .063 .036 .394%* A11%* 1
EAF A44%* .011 =277 -.186 -.115 -.145 1

Al: Asimetri indeksi, EAF: Ekstremitler Arasi Fark, Com: Composite, M:Metre
*p<.05, **p<.01

Tablo 4 incelendiginde; asimetri indeksi ile performans testleri ivmelenme, (r=-.125), siirat (r=-.010), ceviklik (r=
-.025) ve sol composite (r=-.282) arasinda anlamli bir iliski tespit edilememistir. Ancak sag composite (r=.372)
ve EAF(r= .444) degerleri ile asimetri indeksi arasinda pozitif yonde orta diizey anlaml (p<0.05) iliski tespit

edilmistir.

TARTISMA ve SONUC

Hareket becerisi statik veya dinamik denge becerilerini icerir. Dolayisiyla motor ve koordinasyon becerisi
gerektiren hareketlerin birgogu ayni zamanda dengelemeyi de igerdigi soylenebilir (Kesilmis & Manolya, 2020).
Denge, iyi bir sportif performans icin temel olusturmakta ve kas, sinir sistemi icin de iletici olarak
tanimlanmaktadir. Denge saglamadaki beceri, diger motorik sistemlerin gelismesinde belirleyici bir faktor olarak
tanimlanabilmektedir (Aksu, 1994). Postiral kontrolde ekstremiteler arasinda meydana gelecek bir asimetrinin
motor becerileri etkileyebileceginden séz edilebilir. Muhtemel bir asimetrinin neden olabilecegi yaralanma
riskinin belirlenmesi de 6nem arz etmektedir. Bu bilgiler dogrultusunda ¢alismanin amaci saglikh bireylerde alt
ekstremite denge asimetrisi ile ivmelenme, siirat ve ceviklik performansi arasindaki iliskinin incelenmesidir.
Calismada, geng sporcularda artan denge asimetrisinin siirat, ivmelenme ve geviklik performansini

etkileyebilecegi hipotezi ileri strilmustir.

Calismanin bulgularina gére denge composite skorlari ile ivmelenme, siirat ve ceviklik performanslari arasinda
anlamli iliski tespit edilememistir. Alan yazinda g¢alismanin sonuglarini destekler bulgular bulunmaktadir.
Jimnastik sporculari ile yapilan ¢alismada denge skorlari ile siirat, hiz ve geviklik arasinda anlamh fark olmadigi
bulunmustur (Bastilrk ve ark., 2019). Erdem ve ark. (2015), futbolcular ile yapiklari ¢calismada denge ve geviklik
arasinda anlamh bir iliski olmadigini bildirilmislerdir. Farkl bir ¢alismada sprint ve ivmelenme performansinin
denge becerisi ile iliskili olmadigi tespit edilmistir (Erkmen ve ark., 2010). Sibenaller ve ark. (2017), saglikh lise
sporcularinin statik ve dinamik denge skorlari ile ¢eviklik arasinda iliski olmadigi rapor etmislerdir. Alan yazinda
¢alismanin aksine anlamli iliskinin tespit edildigi sonuglarda elde edilmistir. Sekulic ve ark. (2013) farkh spor
branslarindan sporcular tizerine yapitlari ¢alismada erkek sporcularda denge ve ceviklik arasinda anlamli iligki
oldugunu ancak kandin sporcularda anlamli fark olmadigini bildirmisilerdir. Okudur ve Sanioglu (2012) tenis
sporcularina yaptigi ¢calismada denge skorlari ile ceviklik performanslari arasinda pozitif iliski oldugunu

bulmuglardir. Miller ve ark., (2006) denge ve viicut pozisyon kontroliiniin gelistirilmesinin karmasik hareketler
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esnasinda ceviklik performansina pozitif yonde etkileyecegini rapor etmislerdir. Calisma sonuglari ile gelisen
bulgularin bulunmasi ¢alismanin sporcu grubu ile degil de saglikh bireyle yapilmis olmasindan kaynaklanabilecegi
disinilmektedir. Literatiirde celiskili bulgularin elde edilmesinin nedeni farkli branslara sahip sporculardan
olusturulmus 6rneklem gruplarinin olmasi, yas farkliliklarin olmasi ve 6lgim ydntemlerindeki farklliklardan
kaynaklanabilmektedir. Alan yazinda bulunan mevcut bilgilere dayanarak denge becerisi ile siirat, ivmelenme ve

ceviklik performansi arasindaki iliski tam anlamiyla agikhiga kavusturulamamistir.

Calismada denge asimetrisi ile ivmelenme, siirat ve ceviklik performanslari arasinda anlamh iliski tespit
edilememistir. Calisma sonuglari hipotezimizi desteklememistir. Dogrudan denge asimetrisi ile performans
arasindaki iliskiyi inceleyen g¢alismaya alan yazinda rastlanmamistir. Literatlirde sigrama asimetrisi ve performans
testleri ile yapilan mevcut calismalarda; dikey sicrama asimetrisi ile dogrusal ve yon degistirmeli kosu
performanslari arasindaki iliskinin incelendiginde calismalarda anlamli diizeyde fark olmadigi bildirilmistir
(Oztiirk, 2023; Chiang, 2014; Dos Santos ve ark., 2017; Dos Santos ve ark., 2018; Exell ve ark., 2017; Haugen ve
ark., 2018). Fakat alan yazinda farkli bulgularin elde edildigi arastirmalarda bulunmaktadir (Sannicandro ve ark.,
2011). Bishop ve ark. (2021), bacaklar arasindaki %5'lik bir sigrama asimetrinin futbolcular arasinda sigrama
performansini olumsuz etkileyebilecegini bildirmistir. Farkl bir calismada gii¢ asimetrisi ile performans arasinda
pozitif bir korelasyon buldugunu bildirilmistir (Newton ve ark., 2006). Diger bir calismada ise sigrama yuksekligi
asimetrilerinin daha yavas ceviklik performansi ile iliskili oldugunu ancak sicrama performansi ile iliskili olmadigini
bulmustur (Maloney ve ark., 2017). Literatiirde celiski bulgularin oldugu gériilmektedir. Orneklem gruplari ve

yapilan testlerdeki farkhlklar bu geliskiyi agiklayabilir.

Asimetri ile ilgili yapilan ¢alismalarin bazilarinda ise simetrik bir viicuda sahip bireylerin, daha uzun boylu ve
atletik oldugu (Manning & Pickup, 1998, Ozener, 2010; Ozener & Ertugrul, 2011), simetrik sporcularin ise atletik
performans ve sportif basarilarinin daha yiksek oldugu yoniinde galismalar mevcuttur (Longman ve ark., 2011;
Trivers ve ark., 2013). Calismada her ne kadar denge asimetrisi ve performans testleri arasinda anlamli iliski tespit
edilemese de literatiirde var olan sonuglar dogrultusunda farkh asimetrilerin performansi etkileyebileceginden
soz edilebilir. Alan yazindaki calismalar genellikle kuvvet ve sigra asimetrileri Gzerine yogunlastigi tespit edilmistir.

Denge asimetrisi ile ilgili farkli calismalarin yapilarak bir alan yazinin olusturulmasi gerektigi gérilmektedir.

Calismada sag ve sol ayak anterior skorlari arasindaki fark ile denge ve performans test skorlari arasinda anlaml
bir iliski tespit edilememistir. Bu sonuglarda katimcilarin gogunda (n:32) iki esktremite arasindaki sag ve sol ayak
anterior erisme mesafesi arasindaki farkin 4 santimden az oldugunu ve sakatlanma riskininde diistik olabilecegini
gostermektedir. Alt ekstremite asimetrisinin sadece performans ile iliskili olmadigi, olasi sakatliklar hakkinda bilgi
verdigi alan yazinda mevcuttur. Ozelliklede calismada kullanilan Y denge testi ydntemi kullanilarak yapilan
¢alismalarda; Plisky ve ark. (2006), sag ve sol ayak anterior erisme mesafesi arasindaki farkin 4 cm'den biyik olan
oyuncularda alt ekstremite yaralanmalarina maruz kalma olasiliginin 2,5 kat daha fazla oldugunu bildirmistir. Ayni
zamanda ekstremite uzunluklarinin %94.0'indan daha az bilesik erisim mesafesine sahip olan kadinlarin alt

ekstremite yaralanmalarina maruz kalma olasiliklarinin 6.5 kat daha fazla oldugunu rapor edilmistir (Plisky ve
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ark., 2006). Bu sonuglar, ekstremiteler arasi karsilastirmalarin alt ekstremite yaralanma riskinin tespiti i¢in yararli

ve hizli bir tarama araci olabilecegini distindtirmektedir

Sonug olarak; denge asimetrisi ve denge skorlari ile ivmelenme, siirat ve ceviklik skorlari arasinda anlaml bir iliski
bulunamamistir. Ancak asimetri indeksi ile sag composite ve ekstremiteler arasi fark arasinda pozitif yénde orta
dizey anlamh (p<0.05) iliski tespit edilmistir. Ayni zamanda literatiirdeki mevcut ¢alismalarin sonuglari
dogrultusunda ekstremiteler arasi asimetrinin performansi etkileyebilecegi sonucu da goriilmektedir. Calismada
katilimcilarin gogunda (n: 32) sag ve sol ayak anteri6r skorlari arasindaki farkin 4 santimden az oldugu tespit
edilmistir. Bu durumda uzuvlar arasi farktan kaynaklanabilecek olasi bir sakatlik riskinin diisiik olabilecegine isaret
etmektir. Calismanin glicl yonii literatlirde asimetri ile yapilan farkl ¢alismalar olmasina karsin denge asimetrisi
ile performans testlerinin karsilastirildigi calismaya rastlanmamistir. Calismanin sinirhligi olarak; saglikli erkek
bireylerle yapilmis olmasi sonuglarin kadinlar ve sporcu popiilasyon igin bir genelme yapilmasinin 6niine

gecmistir.

ONERILER

Calismanin bulgulari dogrultusunda; ekstremiteler arasi denge asimetrisinin neden olabilecegi sakatlik riskinin
sezon Oncesi degerlendirilmesi, ekstremiteler arasi farkliliklari en aza indirilmesi i¢in antrenmanlarda tek tarafli
ve ¢ift tarafli galismalarin kombine sekilde yapilmasi, antrenmanlar da tiim biyomotorsal becerileri kapsayan

protokollerinin uygulanmasini 6nerilmektedir.
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