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The fact that body composition has a strong rel-
evance to performance in sports has been studied in 
relation to total and regional fat and muscle ratio. It 
is acknowledged that body composition plays an im-

portant role in player’s physiology and performance.1 
Similarly, excess fat tissue negatively affects the ac-
tivities that require players to lift up their body 
against gravity several times during certain activities 
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ABS TRACT Objective: The purpose of this study was to investigate 
the relationship between body composition, agility and vertical jump 
performance in young female volleyball players. Material and Meth-
ods: For this purpose, 23 healthy young female volleyball players (Age: 
14.79±0.58 years, height: 169.70±5.62 cm, body weight: 61.44±7.92 
kg.) voluntarily participated in this study. The volleyball team was as-
sessed for total body and regional estimates of body composition by 
using dual-energy X-ray absorptiometry. Vertical jump performance 
was analyzed by using the Squat Jump (SJ) and Counter Movement 
Jump (CMJ) tests and agility performance was measured using the T-
agility test. The normality of the data was tested with the Shapiro-Wilk 
test. The relationship between body composition, agility and vertical 
jump performance was analyzed with Pearson correlation coefficient. 
Significance level was ≤0.05. Results: According to the statistical 
analyses, there was a significant negative correlation between SJ and 
CMJ percentage of body fat (BF%) leg fat (LF%) arm fat (AF%), trunk 
fat (TF%) and fat mass (kg) (p˂0.05). There was also a significant cor-
relation between agility test percentage of BF, LF and TF. No signifi-
cant correlation was found among agility, SJ and CMJ with 
total/regional body composition. Conclusion: The results indicated that 
increased total/regional BF might be a detriment to the SJ, CMJ and 
agility performance in young female volleyball players. It is recom-
mended that coaches should not allow female volleyball players to in-
crease their BF so that physical performance loss can be avoided.   
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ÖZET Amaç: Bu çalışmanın amacı, genç kadın voleybol oyuncula-
rında vücut kompozisyonu, çeviklik ve dikey sıçrama performansı ara-
sındaki ilişkiyi araştırmaktır. Gereç ve Yöntemler: Bu amaçla, 23 
kadın voleybol oyuncusu (yaş: 14,79±0,58 yıl, boy: 169,70±5,62 cm, 
kilo: 61,44±7,92 kg.) araştırmaya gönüllü olarak katılmıştır. Dual enerji 
X-ışını absorptiometrisi yöntemi ile tüm ve bölgesel vücut kompozis-
yonu belirlenmiştir. Dikey sıçrama performans testleri squat sıçrama 
(SS) ve aktif sıçrama (AS) ve çeviklik performansı T-çeviklik testi kul-
lanılarak ölçülmüştür.  Verilerin normallik sınaması, Shapiro-Wilk testi 
ile test edilmiştir. Tüm vücut ve bölgesel vücut kompozisyonu, çevik-
lik testi yeteneği ve sıçrama parametreleri arasında ilişki olup olmadığı 
Pearson korelasyon analizi ile belirlenmiştir. Anlamlılık düzeyi ≤0,05 
alınmıştır. Bulgular: İstatiksel analizler sonucunda kadın voleybol 
oyuncularında SS ve AS testi ile vücut, bacak, kol ve gövde yağ yüz-
desi ve kütlesi (kg) arasında negatif ilişki bulunmuştur (p˂0,05). Aynı 
zamanda çeviklik test ile vücut, bacak ve gövde yağ yüzdesi arasında 
ilişki bulunmuştur. Çeviklik, SS ve AS ile diğer toplam/bölgesel vücut 
kompozisyonu arasında önemli bir ilişki görülmemiştir. Sonuç: Bu 
araştırma sonuçlarına göre artan tüm/bölgesel vücut yağının genç kadın 
voleybol oyuncularında SS, AS ve çeviklik performansını olumsuz et-
kileyebileceğini göstermiştir. Antrenörlerin yıllık periyot planlamasında 
fiziksel performans kaybını önlemek için bayan voleybolcuların vücut 
yağlanma artışına izin vermemesi önerilir. 
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such as jumping by creating extra weight, which 
leads to a decrease in performance while causing 
higher levels of energy demands depending on the ac-
tivity.2 In addition, lean muscle mass is another im-
portant contributor to power generation during 
activities that require intense performance by in-
creasing levels of strength and power performance.3 

Volleyball is often characterized with a strong 
competition among players during short but high in-
tensity exercises which is generally followed by low 
intensity activities.4 It is necessary for players to take 
part in defensive and offensive jumping activities 
throughout these high-intensity activities, during 
which strength, power, agility and speed are neces-
sary.5 Anthropometric and physical performance vari-
ables have stronger correlations with the successful 
performance of such movement structures.6 

Body composition is generally believed to have 
a major impact on athletic performance.4,5 To illus-
trate, Lidor and Ziv reported a relationship between 
game performance and the level of volleyball skills, 
especially for female players, when anthropometric 
data is concerned.7 In addition, Martín-Matillas et al., 
found that elite volleyball players were relatively 
taller, their muscle mass and ectomorphy were more 
immense, and their adiposity marker levels were rel-
atively lower when compared to lower level players.8 
Moreover, Gabbett and Georgiev showed that the 
higher the level of play is, the taller and the leaner 
young volleyball players are, which clearly depicts the 
importance of anthropometric characteristics for young 
volleyball players.4 

There are many studies focusing on female vol-
leyball players’ body composition. However, most of 
these studies deal with the following variables: age, 
morphologic structure, playing position and different 
performance levels of players, how their body compo-
sitions change throughout the season, or comparing fe-
male players from other fields of sports according to 
these parameters.3,9-12 

Indeed, many studies have been conducted to ex-
amine how body composition affects elite female and 
male volleyball players’ performance. However, few 
studies have focused on the relationships between 
ability to jump, body composition and agility per-

formance for young female volleyball players. The 
aim of the current study is to explore how body com-
position is related to agility and vertical jump per-
formance when young female volleyball players are 
concerned. 

 MATERIAL AND METHODS 

SuBJECTS  
Twenty three healthy voluntary young female volley-
ball players (Age: 14.79±0.58 years, height: 
169.70±5.62 cm, body weight: 61.44±7.92 kg,) par-
ticipated in this study. After informing the players 
about the study verbally, their legal guardians were 
asked to sign a written informed consent for their par-
ticipation because all the participants were younger 
than 18 years. This study conformed to the principles 
of Helsinki Declaration. As for the ethical issues, it 
was approved by Anadolu University Health Sciences 
Institute Scientific Research and Publication Ethics 
Committee on 30.05.2018 (protocol number: 56751).  

PROCEDuRE  
All measurements and tests were carried out during 
the pre-season period. Anthropometry and body com-
position measurements were carried out at the Ki-
nanthropometry Laboratory located at Eskişehir 
Technical University, Faculty of Sport Sciences. All 
tests [Squat Jump (SJ), Counter Movement Jump 
(CMJ), and T-agility] were performed indoors on a 
hardwood floors at the multipurpose sport hall of the 
university. The test sessions were completed in one 
day during morning hours between 9:00 and 12:00 
a.m. Similar to the previous studies, all the partici-
pants rested for 1 minute between each try and for 5 
minutes between test sessions so that they could be 
ready well enough for the next attempt.13,14 During 
the test session, each subject first performed the an-
thropometric and body composition measurements, 
followed by the vertical jump test and T-agility test. 
Subjects were allowed to practise all the tests before 
the actual test session.  Prior to the test, subjects com-
pleted a 15-minute warm-up activities, including jog-
ging, lateral displacements, dynamic stretching, and 
jumping. Subjects were told that they should not do 
the followings for at least 24 hours before the test 

Erkan AKDOĞAN et al. Turkiye Klinikleri J Sports Sci. 2021;13(3):352-7

353



day: not taking any drugs; not drinking coffee; and 
not getting involved in physical activities.  

ANTHROPOMETRIC AND BODY COMPOSITION 
ANALYSIS   
A scale (SECA, Hamburg Scale) with a precision of 
01. kg was used to measure participants’ body weight 
(kg). Measured barefoot, the players’ heads were placed 
in the Frankfurt plane, and a stadiometer (SECA, Ham-
burg) with an accuracy of 0.1 cm was used to determine 
how tall they were. As for the evaluation of body com-
position (fat percentage, muscle mass, and fat mass) 
through DXA at total and regional levels, the re-
searchers preferred a total body scanner called the Dual-
energy X-ray absorptiometry (Lunar Prodigy Pro; GE, 
Healthcare, Madison, WI, USA). In addition, they used 
phantoms in order to calibrate the scanner in the morn-
ing before the actual measurements by following the 
manufacturer’s standard guidelines. The consistency 
was realized by performing all the scans and analyses 
with the same operator. Before the measurements, the 
researchers asked the participants not to wear any jew-
elry or have any metal objects in their bodies while 
being screened. A standard supine position was 
achieved during the scans by tying the subjects’ knees 
and ankles with a Velcro strap and their arms were ex-
tended by their sides. Typical duration of the exami-
nations was from 6 to 8 min, depending on the height 
of the subject. 

VERTICAL JuMP MEASuREMENTS 
The participants were asked to perform jump tests 
Squat Jump (SJ) and Counter Movement Jump 
(CMJ) in order to measure the explosive power of the 
lower limbs by using a Smartspeed, (Fusion Sport Pty 
Queensland, Australia). Also, the participants were 
instructed to keep their hands on their hips while 
jumping so that the effects of arm swing could be 
avoided. According to instructions provided for the 
SJ, the subjects began to jump as high as possible 
when their knee has approximately 90° angle. When 
it comes to CMJ from the standing position, the re-
searchers asked the participants to do a maximal ver-
tical thrust (stretch-shortening cycle) by bending their 
knees to a 90° angle. Finally, the participants were 
told to keep their bodies straight and descend with 
their knees fully extended during the jump. Any jump 

that was incorrectly performed was repeated. The 
measurements from the best performance of two tri-
als were recorded and expressed in “cm”.  

T-AGILITY TEST  
The aim of using the Agility-T-test was to determine 
forward sprinting, left and right shuffling, and 
backpedaling as “speed” involving directional 
changes (Figure 1). The procedure for T-agility test 
was defined by Sassi et al. as follows: First, the par-
ticipants stand on their both feet behind the start line 
A. Then, they move ahead towards cone B and use 
their right hand to touch the base when they want. 
Later, they drag their feet to the left towards cone C 
and touch the base with their left hand by facing for-
ward and without crossing feet and drag their feet to 
the right to cone D and touch its base with the right 
hand. This action is followed by returning to the left 
towards cone B and touch its base. Finally, they 
quickly run backward and take their position on line 
A. If a participant crosses his feet, fails to touch the 
cone base, and/or does not face forward, he must do 
the test again. The score is calculated for their better 
performance out of two trials.13  

STATISTICAL ANALYSIS 
The researchers used SPSS 18 software (SPSS Inc., 
Chicago, IL, USA) to analyze the data statistically. 
The obtained data were presented as means and stan-
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FIGURE 1: Agility t-test.
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dard deviations, and degree of confidence was cho-
sen as 0.05. Since the sample of the research was 
smaller than 50, the assumption of normal distribu-
tion was checked with the Shapiro Wilk test.15 The 
data that has the normal distribution (p>0.05) were 
analyzed with Pearson correlation, which is a para-
metric test.16 

 RESuLTS 
Table 1 below displays the descriptive statistics of 
physical and total/regional body composition. The re-
sults of agility and vertical jump performance tests 
are presented in Table 2. In addition, the correlation 
coefficients between body composition, agility and 
vertical jump are shown in Table 3. According to the 
results of the study, SJ significantly and negatively 
correlates with the CMJ percentage of body fat, body 
fat mass, percentage of leg fat, leg fat mass, arm fat 
percentage, arm fat mass, trunk fat percentage and 
trunk fat mass. There was also a significant correla-
tion between t-agility test percentage of body fat, leg 
fat (LF) and trunk fat (TF). No significant correlation 
was found between agility, SJ and CMJ with other 
total/regional body compositions. 

 DISCuSSION 
This study aims to determine to what extent body 
composition is related to agility and vertical jump 
performance in young female volleyball players. Ac-

cording to the results, SJ significantly and negatively 
correlates with CMJ percentage of body fat (BF%), 
LF%, arm fat (AF%), TF% and fat mass (kg). Simi-

Variables Mean±SD (n=23) 
Age (years) 14.79±0.58 
Height (cm) 169.70±5.62 
Weight (kg) 61.44±7.92 
Body fat percentages (%) 31.68±4.94 
Body fat mass (kg) 19.02±5.03 
Lean body mass (kg) 40.19±3.82 
Arm fat percentages (%) 34.45±5.13 
Arm fat mass (kg) 2.17±0.56 
Lean arm mass (kg) 4.04±0.50 
Leg fat percentages (%) 36.22±4.09 
Leg fat mass (kg) 7.99±1.69 
Lean leg mass (kg) 13.90±1.47 
Trunk fat percentages (%) 28.75±6.57 
Trunk fat mass (kg) 8.06±2.89 
Trunk lean mass (kg) 19.28±2.06

TABLE 1:  The descriptive statistics of physical and  
total/regional body composition.

SD: Standard deviation.

Performance tests Mean±SD (n=23) 
Squat jump (cm) 26.55±4.57 
Countermovement jump (cm) 27.22±4.87 
T-agility test (sec) 11.30±0.59

TABLE 2:  The results of agility and vertical jump  
performance tests.

SD: Standard deviation.

Variables SJ _cm CMJ _cm T-agility (sec) 
 r value p value r value p value r value p value 
Body fat (%) -0.857** 000 -0.807** 0 0.451* 0.027 
Body fat (kg) -0.801** 000 -0.763** 0 0.339 0.105 
Lean body mass (kg) -0.185 0.386 -0.197 0.356 -0.233 0.272 
Arm fat percentages (%) -0.714** 000 -0.636** 0.001 0.382 0.066 
Arm fat mass (kg) -0.746** 0 -0.698** 0 0.348 0.096 
Lean arm mass (kg) -0.335 0.109 -0.372 0.073 -0.011 0.958 
Leg fat percentages (%) -0.829** 0 -0.779** 0 0.481* 0.017 
Leg fat (kg) -0.739** 0 -0.697** 0 0.279 0.186 
Lean leg mass (kg) -0.129 0.549 -0.125 0.559 -0.289 0.171 
Trunk fat percentages (%) -0.854** 0 -0.813** 0 0.428* 0.037 
Trunk fat mass (kg) -0.799** 0 -0.767** 0 0.35 0.094 
Trunk lean mass (kg) -0.095 0.659 -0.111 0.604 -0.271 0.2

TABLE 3:  Relationship between total/regional body composition, agility and vertical jump performance on female volleyball players.

SJ; Squat jump; CMJ: Counter movement jump; *p<0.05; **p<0.01.



larly, the study found a significant correlation be-
tween t-agility test percentage of BF, LF and TF. No 
significant correlation was found between agility, SJ 
and CMJ with other total/regional body composition.     

It is believed that successful volleyball players 
have lean body mass as a significant  anthropometric 
characteristics.4 In other words, being less heavier 
due to lower BF is more advantageous when com-
pared to players with similar skills but heavier due to 
more body fat.15 The body mass and height of the 
volleyball players in the current study were consis-
tent with those reported in the previous studies.6,9,18 
In addition, the percentage BF 31.6% was similar to 
that reported in other studies but higher when com-
pared to other studies.11,18,19 The reason of this dis-
parity might be different methods used to obtain data 
about percent body fat, different data collection times 
(pre or during season), and differences in training 
programs. 

The study found that SJ significantly and nega-
tive correlates with CMJ percentage of %BF, LF%, 
AF%, TF% and fat mass (kg). These findings are sim-
ilar to those of several studies. For example, Niko-
laidis found a negative correlation between BF and 
CMJ (r=-0.24) for young volleyball players.19 Simi-
larly, Acar and Eler found negative correlations be-
tween vertical jump and percentage of %BF and %TF 
(r=-0,27, r=-0,19) in Turkish young female volleyball 
players.22 In addition, Özkan et al., reported that rela-
tive CMJ significantly and negatively correlates with 
percentage of BF (r=0.-533) in Turkish young female 
volleyball players.23 Similar to this study, Kushkestani 
et al., showed a significant negative correlation be-
tween explosive power (vertical jump) and fat per-
centage in female volleyball players.24 Also, Copic et 
al. reported significant relationships between the 
jumping performance and body composition in elite 
female players.14 Contrary to our study, Boldt et al. 
found that there was no significant relationship be-
tween BF(%) and vertical jump (r=-0,35) in female 
volleyball players.25 The current results show that in-
crease in total/regional BF percentage and weight neg-
atively affects SJ and CMJ performances.  

Agility and speed are important components of 
defensive and offensive actions by volleyball play-

ers. There are many agility and speed testing proto-
cols in the literature. Since it might be difficult to 
choose the best one for academic studies, considering 
specificity is suggested one way to decide on the best 
test protocol.26 Few studies have been conducted to 
find correlations among anthropometric variables and 
change in direction speed performance. In theory, fac-
tors such as BF and body segment lengths can affect 
agility performance. When two athletes with almost 
equal total body mass are compared, the fatter athlete 
will have less lean mass to affect the speed require-
ments of agility performance.27 

In this study, there was a significant correlation 
between t-agility test percentage of BF, LF, and TF. 
However, to our knowledge, there are very few stud-
ies to correlate body composition variables and, t-
agility performance. The author accessed only one 
study that involved correlations of BF and t-agility 
performance in female volleyball players. The results 
of this study by Boldt et al., showed a significant re-
lationship between BF(%) and t-test (r=0,54) in fe-
male volleyball players.25 The current study’ results 
showed that increase in total/regional BF percentage 
and weight negatively affect t-agility performances. 
Based on these results, we conclude that the body 
composition variables could be valid predictors of 
vertical jumping and agility performance.  

 CONCLuSION 
In conclusion, high levels of total/regional BF might 
be a factor that negatively affects SJ, CMJ and agility 
performance. It is recommended that coaches should 
not allow female volleyball players to increase in BF 
to avoid physical performance loss in the annual pe-
riodization.  Additionally, since the body composi-
tion and the performance variables were only 
measured before the season, the study might be re-
peated collecting the data during the season in future 
research to describe trends in body composition and 
performance variables among young volleyball play-
ers. 
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