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Abstract

 The purpose of this study was to describe anthropometric characteristics and body composition of junior bas-
ketball and volleyball players from Serbian national league and to make comparison between them. Fifty-nine 
males were enrolled in the study divided into three groups: thirteen basketball players, fourteen volleyball players 
and thirty-two healthy sedentary subjects. All subjects were assessed for the anthropometric measures required 
for the calculation of body composition variables, using standardized procedure recommended by established 
literature. Data was analyzed using SPSS and the descriptive statistics were expressed as mean (SD) for each vari-
able, while ANOVA and LSD Post Hoc tests were carried out to detect the eff ects of each type of sport. The results 
showed there was no signifi cant diff erence in body mass index and bone content of body among the groups, 
while a signifi cant diff erence was found for body height, body weight, muscle and fat contents of body among 
the groups. Basketball and volleyball players were signifi cantly taller and heavier than the subjects of the control 
group, while there was not any signifi cant diff erence between the body height and body weight of basketball 
and volleyball players. Muscle content of basketball players was signifi cantly higher than control subjects, while 
a signifi cant diff erence was not noticed between volleyball players and subjects of control group. Fat content in 
the body of basketball and volleyball players are signifi cantly lower than the percent of fat content in the body of 
control group, while there was not found any other diff erence in this content. These fi ndings may give coaches 
from the region better working knowledge and suggest them to follow recent selection process methods and to 
be more careful during the recruitment.
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Introduction

Morphological characteristics are of particular importance 
for orientation and selection in most sports disciplines, since in 
the equation of the specifi cation of almost every sport and also 
each specifi c function in the team, the morphological dimen-
sions occupy one of the most important positions. Identifying 
talented children, assessing their strength and weaknesses, as-
signing positions to the team and planning the training programs 

in the proper manner are the basis of each work. Th erefore, the 
scientists all over the world are looking for the standard formula 
that can improve the performance of elite players and discover 
talents as precisely as possible (Popovic, Akpinar, Jaksic, Matic, 
& Bjelica, 2013).

Many researchers have hypothesized that practicing athletes 
might be expected to exhibit structural and functional charac-
teristics that are specifi cally favorable for their specifi c sport (S. 
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Singh, K. Singh, & M. Singh, 2010). Since each sport has its own 
specifi c demands, every athlete should have specifi c anthropo-
metrical characteristics and body composition fi gures for his or 
her own sports discipline. Understanding the body composition 
is considered an essential part of the total management process 
(Wilmore, 1982). Body composition can aff ect strength and agil-
ity (Massuça & Fragoso, 2011), whereas body mass can infl u-
ence an athlete’s speed, endurance, and power, It is well known 
that excessive fat mass compromises the physical performance 
(Nikolaidis & Vassilios-Karydis, 2011), acts as a dead body mass 
in activities where the body must be repeatedly lift ed during lo-
comotion and jumping, decreasing performance and increasing 
energy demands (Ramos-Campo et al., 2014). On the contrary, 
muscle-skeletal mass is an indicator of sports performance, be-
cause it contributes to the energy production during high-in-
tensity activities and provides absolute strength to athletes (Vila 
Suárez et al., 2008). From previous mentioned follows that mod-
ern athlete it should be fast, explosive and powerful. It should 
have more muscle mass and less fat tissue. 

It is known, on body height cannot be much aff ected, be-
cause it is highly genetically conditioned dimension. On the 
other hand, body weight, the percentage of fat and muscle it can 
be changed a lot, and this fact should be used. Sometimes illegal 
substances are used for these purposes. Although there is little 
evidence of athletic performance enhancement following diuret-
ic administration, their abuse is widespread among athletes who 
want to lose weight quickly. For example, diuretics use can al-
low an athlete to transiently reduce body weight, which is a clear 
advantage in wrestling, boxing, judo and weight-lift ing as well 
as in general sports where weight categories are involved and 
among athletes who want to maintain a low body weight, such 
as female gymnasts and ballet dancers (Cadwallader, de la Torre, 
Tieri, & Botrè, 2010). Professional athletes commonly use ana-
bolic-androgenic steroids to enhance performance. Anabolic-
androgenic steroids include testosterone and its numerous syn-
thetic analogs that have been modifi ed to boost their anabolic, 
rather than their androgenic eff ects. Anabolic eff ects consist in 
protein synthesis, muscle growth, and erythropoiesis. Th erefore, 
they allow athletes to increase muscle size and reduce body fat. 
Under the infl uence of anabolic-androgenic steroids muscles 
grow, increases muscle strength and density, recovering is faster 
from workouts and muscle injury, allowing them to train longer 
and harder (Piacentino et al., 2015). Th e results of using these 
unauthorized pharmacology it is augmenting performance but 
they bring the consequences and followed by an assessment of 
the health risks. Th e correct assessment of body composition in 
sport is important, since errors may lead to mistakes in training 
prescription and diet elaboration, and therefore aff ect the athletic 
performance (De Oliveira-Junior et al., 2016). Some sports, such 
as boxing, require much more knowledge regarding this topic 
than others, because of the weight limits. Th e following exam-
ple, the sport of arm-wrestling, requires the selection of athletes 
with longer forearm bones (Popovic et al., 2013). Th e need to 
investigate the anthropometrical characteristics and body com-
position numbers of basketball and volleyball players is equally 
important, as adequate body composition and body mass fi gures, 
among other factors, contribute to optimal exercise routines and 
performance (Massuça & Fragoso, 2011). According to previ-
ous investigations (Hurst et al., 2017; Loureiro et al., 2017; Silva, 
Marcelino, Lacerda, & Vicente João, 2016; Pojskic, Separovic, 
Muratovic, & Uzicanin, 2014), successful participation in both 
basketball and volleyball games, requires not only a high level of 

technical and tactical skills, but also requires from each athlete 
suitable anthropometrical characteristics and body composition. 
Th is study aims to verify if data collected regarding the anthropo-
metrical characteristics and body composition of Serbian athletes 
supports previous studies that have evaluated ideal anthropomet-
ric profi les of successful basketball players (P ojskic et al., 2014; 
Vaquera, Santiago, Gerardo, Rabago, & García-Tormo, 2015) and 
volleyball players (Lidor & Ziv, 2010; Carvajal et al., 2012).

Th e previous investigations confi rm that players in both 
mentioned sports are usually taller than the players from other 
sports (Rahmawati, Budiharjo, & Ashizawa, 2007) as well as the 
subject from general population (Gaurav, M. Singh, & S. Singh, 
2010). Basketball and volleyball require from their players han-
dling a ball above their heads (Gaurav et al., 2010), therefore 
tallness is great advantage in these sports. Even though these 
sports have some similar requirements, basketball and volleyball 
are two sports with diff erent technical skills and diff erent train-
ing and playing procedures. Basketball has been described as an 
intermittent sport, being physically very demanding, requiring 
players to permanently repeat bouts of intense actions (sprinting, 
shuffl  ing, jumping) with jogging, walking, or short periods of 
recovering between (Stojanovic et al., 2016). In this game, move-
ment patterns signifi cantly diff er from volleyball, as it requires 
the fast and explosive application of basketball techniques such 
as rebounding, driving, lay-ups, jump shooting, shot blocking, 
fast breaks and high speed play (Pojskic et al., 2014), the aver-
age work intensity of a basketball game is above 85% of maximal 
heart rate and above 80% of VO2 max (Balciunas, 2006). On the 
other hand, volleyball is a sport in which there is no contact, in 
which two teams of six players are separated by a net. It requires a 
high standard of preparation in order to complete for three sets of 
competitive play and to achieve success. In this game, movement 
patterns are signifi cantly diff erent from the soccer, as it requires 
their attack and defense to be much more eff ective as well as the 
dominance over the net becomes the most decisive factor for vic-
tory. Th e top-level volleyball players do not have VO2 max values 
on the high level as typical endurance trained elite players in oth-
er sports, but they have an optimal level of aerobic capacity that 
is required for playing this game since it may sometimes continue 
for longer (Lidor & Ziv, 2010). Th is game also includes a large 
number of spiking, jumping, power hitting, blocking, and setting 
that is mainly based on a high level of strength and power (Lidor 
& Ziv, 2010). Th e authors believed it would be reasonable to com-
pare the anthropometrical characteristics and body composition 
of these athletes to check if there any diff erences among them 
(Popović, Bjelica, Jakšić, & Hadžić, 2014). Obtained data can en-
able switching junior players from one sports discipline to an-
other one during the growing up period. Th is study also aims to 
check if this is true for on part of Dinaric Alps countries (Serbia), 
the place where live the people with the biggest absolute size 
(Pineau, Delamarche, & Bozinovic, 2005). Many previous studies 
have accurately determined the ideal anthropometric profi le of 
successful basketball and volleyball player (Marques & Marinho, 
2009; Nepocatych, Balilionis, & O’Neal, 2017; Vukasevic, Spaic, 
& Masanovic, 2018). Based on these results we have insights in-
to the requirements for competing at the top level in particular 
sports. But, we do not have many studies to compare perfor-
mance between basketball and volleyball at competition level.

Hence, the purpose of this study was to describe anthropo-
metric characteristics and body composition of junior basketball 
and volleyball players from Serbian national league and to detect 
possible diff erences in relation to competition level.
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Method

Fift y-nine males were enrolled in the study. Th ey have been 
divided into three groups: thirteen basketball players (17.08±0.28 
yrs.) and fourteen volleyball players (17.36±0.74 yrs.) from the 
junior premier league in Serbia as well as thirty-two healthy sed-
entary subjects (17.34±0.60 yrs.).

All subjects were clinically healthy and had no history of 
recent infection disease, asthma or cardiorespiratory disorders. 
Onward, all of them gave their written consent and the local eth-
ics committee approved the study protocol. All subjects were as-
sessed for the anthropometric measures required for the calcula-
tion of body composition variables (Matiegka, 1921), using stan-
dardized procedure recommended by International Biological 
Program (IBP) standards respecting the basic rules and prin-
ciples related to the parameter choice, standard conditions and 
measurement techniques, as well as the standard measuring in-
struments adjusted before measurement was carried out. Height 
and weight were measured in the laboratory with the subjects 
dressed in light clothing. Height was measured to the nearest 
0.1 cm using a fi xed stadiometer and weight was measured to 
the nearest 0.1 kg with a standard scale using a portable balance. 
Body mass index (BMI) was calculated as body mass in kilo-
grams divided by height in meters squared (kg/m2). Skinfolds 

(mm) were measured at six sites using: triceps skinfold thickness, 
forearm skinfold thickness, thigh skinfold thickness, calf skin-
fold thickness, chest skinfold thickness and abdominal skinfold 
thickness, using a skinfold caliper. Each individual measurement 
and the sum of the six measurements were used for analysis. Th e 
circumferences of the upper and lower arm, and upper and lower 
leg were measured (cm), as well as the following diameters to the 
nearest 0.1 cm: elbow diameter, wrist diameter, knee diameter, 
ankle diameter, upper arm diameter, forearm diameter, thigh di-
ameter, and calf diameter. To reduce measurement variation, the 
same investigator examined all subjects.

Th e data obtained in the research were processed using the 
application statistics program SPSS 20.0 adjusted for the use on 
personal computers. Th e descriptive statistics were expressed as 
mean (SD) for each variable. Analysis of variance (ANOVA) and 
LSD Post Hoc test were carried out to detect the eff ects for each 
type of sport (basketball or volleyball) on each variable: body 
height, body weight, body mass index (BMI), and muscle, bone 
and fat content of the body, as well as to control it by sedentary 
subjects. Th e signifi cance was set at an alpha level of 0.05.

Results

Th e anthropometric characteristics of subjects are shown 
Table 1. Descriptive data and ANOVA

 Variables
Basketball (N=13) Volleyball (N=14) Control (n=32)

ANOVA
Mean±Standard Deviation

Height (cm) 193.60±7.70 194.28±5.30 178.26±7.27 0.000*

Weight (kg) 80.00±9.76 82.04±8.85 70.27±14.09 0.050*

BMI (kg/m2) 21.32±1.99 21.71±1.81 22.11±4.27 0.771^

Muscle content of body (%) 49.81±2.57 48.16±2.20 46.95±3.02 0.009*

Bone content of body (%) 16.95±1.15 16.52±1.20 17.34±2.47 0.434^

Fat content of body (%) 12.48±3.67 13.33±1.92 19.09±7.77 0.001*

Legend: N-number of subjects; BMI-body mass index; ^-non-signifi cant; *-signifi cant diff erence between groups

in Table 1. Th ere was no signifi cant diff erence in body mass 
index and bone content of body among the groups, while a sig-
nifi cant diff erence was found for body height (F=37.26), body 

weight (F=5.84) and other two contents of body among the 
groups: muscle (F=5.08) and fat (F=7.57).

Th  e signifi cant diff erences of anthropometric characteris-

Legend: *=signifi cance≤0.01; **=non-signifi cance
Figure 1. Diff erences among the Subjects
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tics among particular sports are shown in Figure 1. Th e LSD 
Post Hoc test indicates that basketball and volleyball players 
were signifi cantly taller and heavier than the subjects of the 
control group, while there was not any signifi cant diff erence 
between the body height and body weight of basketball and 
volleyball players. Muscle content of basketball players was 
signifi cantly higher than control subjects, while a signifi cant 
diff erence was not between volleyball players and subjects of 
the control group. Lastly, fat content in the body of basketball 
and volleyball players was signifi cantly lower than the percent 
of fat content in the body of control group, while no other dif-
ferences were found in this content.

Discussion

Th e results in this study support previous investigations in-
dicating a strong diff erence regarding the body height among 
the athletes in these two sports and the subjects from the con-
trol group that represents general population (Gaurav et al., 
2010) Based on this we can confi rm the well-known axiom 
that selection is the only reason that can explain the observed 
diff erence. However, much more important fi nding regarding 
the body height is the fact that there was no signifi cant dif-
ference among basketball and volleyball players. Th is fi nding 
leads us to conclusions that there are no specifi c demands re-
garding the body height between these two sports. Th e reason 
for growth tendencies basketball and volleyball players it is 
because their players are handling the ball above their heads 
(Gaurav et al., 2010) and their height helps them reach toward 
the basket or the top of the net as well as in the performance of 
defense elements. Taller basketball players have an advantage 
because the ball has to pass shorter distance from hand to the 
basket. Also, it provides them to start out closer to the rebound 
and their ability to jump higher than their opponents, and give 
them a chance to block their shoots. Taller volleyball players 
have an advantage because they can control both, defensive 
and off ensive actions over the top of the net much easier. Th us, 
there is a tendency for the tallest children to be recruited in 
both sports, consequently selection criteria is very important. 
However, extra talented short players, especially those with a 
high vertical jump, shall also be selected and play a signifi cant 
role in both sports disciplines (Popović et al., 2014). Th is con-
clusion can confi rm the fact that male college and professional 
volleyball players, even the shortest players, are usually above 
average in height compared to the general population (Popović 
et al., 2014). For example, the average height of 2016 FIBA 
U17 World Basketball Championship players who played in 
Zaragoza in Spain, was 195.56 cm, while the average height of 
the national basketball teams who played semifi nals, accord-
ing to available data from offi  cial website, were following: the 
USA (198.17 cm), Turkey (195.75 cm), Lithuania (198.17 cm) 
and Spain (195.92 cm). On the other hand, the average body 
heights of the volleyball teams who played the fi nishing line 
CEV U17 Volleyball European Championship 2017 in Turkey 
were next: Russia (199.1 cm), Belarus (192.44 cm), Greece 
(187.5 cm), Italy (192.33 cm), Bulgaria (195.84 cm) and the 
Netherlands (188 cm). Average height of all participants in the 
championship was 189 centimeters. Th is proves that the play-
ers from our basketball and volleyball junior premier league 
are tall enough and they do not lag behind the top European 
and World players. However, this is not a surprise, as it is well 
known that the number of very tall subjects appears to be high 
in Dinaric Alpes area (Popovic, 2017), since 28% of people 

from general population were measured 190 centimeters or 
more in body height (Pineu et al., 2005; Bjelica et al., 2012).

Furthermore, it was expected that basketball and volleyball 
players were heavier than the subjects of the control group, 
mostly due to the reason they are signifi cantly taller than they 
are. However, the reason why basketball and volleyball players 
are signifi cantly heavier than subjects in control group can be 
supported with the fact that the average size of the basketball 
and volleyball players has increased dramatically in the past 
decades. Th erefore, this could a result of better nutrition, es-
pecially in professional basketball leagues, partly due to the 
use of nutritional supplements. Th e body mass index (BMI; 
weight/height2) is a parameter that is widely used in adult 
populations such as an internationally recognized defi nition 
of overweight and obesity (Kovac, Jurak, & Leskosek, 2012). 
Fortunately, the body mass index of all three groups is in the 
area of normal weight according to the established literature 
(Popovic, Masanovic, Molnar, & Smajic, 2009) and it did not 
show any signifi cant diff erences among the groups.

Indeed, the authors found that the basketball players have 
signifi cantly higher muscle content of body than the subjects 
of the control group. While there was not signifi cant diff er-
ence between volleyball players and the subjects of the con-
trol group. However, volleyball players have a slightly higher 
percentage of muscle content than control subjects, which is 
clearly seen in the table overview. Th ese results may be ex-
plained by more demands to grow the muscle contents of the 
body in sportsmen, while a slightly higher percentage of mus-
cle content of basketball players was found as this game re-
quires intermittent activities when high-intensity activities are 
followed by low-intensity type of movements. It is well-known 
that muscle mass is important to improve strength and power 
which are then relevant to sport performance (Nikolaidis & 
Vassilios-Karydis, 2011). Our volleyball players have slightly 
higher values of muscle mass than the participants of the study 
in the control group but we are not to worry about that be-
cause the muscle mass of our volleyball players corresponds to 
the values in the established literature (Jeukendrup & Gleeson 
2009) and higher diff erences in muscle mass are observed only 
in older years (Masanovic, 2008). While bone content of body 
did not show any signifi cant diff erences among the groups and 
it corresponds the values in the established literature.

In sports like basketball and volleyball, a gravitational 
sport (Ackland et al., 2012), it is well known that excessive 
fat mass compromises the physical performance (Nikolaidis 
& Vassilios-Karydis, 2011). Th erefore, the low percentage of 
fat content in the body of our basketball and volleyball play-
ers, and signifi cantly lower than the percentage of fat content 
in the body of control subjects, showed that our players have 
high physical performance. However, it is very important to 
remember that athletes in elite team sports such as basket-
ball and volleyball need a determined body fat percentage to 
perform well enough and achieve their full playing potential. 
Th e National Strength and Conditioning Association indicates 
that body fat percentages may vary from less than 7 percent to 
17 percent among the male athletes, depending on the sports 
discipline. However, we would like to stress that these are just 
guidelines and the athletes would work together with their 
coaches and their personal physician to determine the appro-
priate individual body fat percentage to enhance their physical 
abilities and their health.

Th e importance of body composition in sport perfor-
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mance is a primary concern in creating athletes’ profi les as 
well as conditioning programs throughout a season at all 
levels of competition (Silvestre et al., 2006), in that describ-
ing anthropometric characteristics and body compositions of 
athletes and detecting possible diff erences in relation to com-
petition levels may give coaches a better working knowledge 
of the studied groups of athletes. Moreover, the results of this 
study suggest that basketball and volleyball have a decreased 
percent of fat content if we compare it to the control group. 
Th is study also suggests that basketball and volleyball players 
have signifi cantly increased muscle content, while the diff er-
ences in the bone content are logical consequences. Th e part 
attributed to the body height is the main cause of selection 
process; and lastly, the part attributed to body weight could 
be the main cause of nutritional habits. Considering that the 
measurements were conducted in the middle of the season, 
this study is limited by the fact that changes in body composi-
tion and physical performance may occur from the start to the 
end of an athlete’s training and competitive season (Silvestre et 
al., 2006). Kraemer et al. (2004) reported that players who en-
ter a season with a high catabolic metabolic status could expe-
rience reductions in performance during a competitive season 
accompanied by detrimental changes in body composition. 
Accordingly, further studies should be very careful in project-
ing timelines for measuring anthropometric characteristics 
and body composition, mostly due to the fact that it has to be 
conducted either at the beginning or at the end of a season. It 
also has to be explicitly reported when the measurement was 
conducted.
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