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SUMMARY: The aim of this research was to determine the differences related to morphological characteristics and body
composition among volleyball players of the three most successful volleyball clubs in Montenegro. The results of the tsligtexy hig
the differences in terms of morphological characteristics and body composition of the players of VC Budva, VC Buduc'nost and VC
Jedinstvo. The sample of 43 subjects was divided into three sub-samples, the sub-sample of the subjects consistingaffMMDlayer
Budva, the champions of Montenegro 2018-19, the other sub-sample of 17 players of VC Buducnost, the participant in the European
CEV Challenge Cup 2018-19, and the one of the examinees including 14 players of VC Jedinstvo, the champions of Montenegro in th
season 2017-18. Morphological characteristics in the body composition were evaluated by a battery of 11 variables: bbdgyheight,
weight, triceps skinfold, biceps skinfold, skinfold of the back, abdominal skinfold, calf skinfold, thigh skinfold, bodydeasdat
percentage and muscle mass. The difference between the players of three the most successful volleyball clubs in the ahorphologic
characteristics and variables for assessing body composition were determined by ANOVA and LSD Post Hoc test. ANOVA test found
statistically significant differences between these three clubs, determined by six variables that estimate the skinfoédsa aarable
of estimated body mass index (BMI). LSD Post Hoc test found that the volleyball players of VC Budva have significantlyueser va
??with regard to triceps skinfold, biceps skinfold, abdominal skinfold, calf skinfold and thigh skinfold, compared to theplage
Buducnost and VC Jedinstvo, while in the case of variables that evaluates body mass index (BMI), volleyball players ofi¢GtBuduc
have less values compared to the players of VC Budva and VC Jedinstvo.
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INTRODUCTION

Contemporary volleyball is a very popular sport, astudies showed that body composition can be closely
a recreational activity, but also as a professional sport whiaksociated with health problems, because it can produce
is played by a large part of both male and female populati@emplications to those athletes having low body weight or
Modern volleyball game requires for all players to have some changes in body composition due to dehydration or
high level of general and specific motor skills that areating disorders. Considering the specificity of volleyball
important for a volleyball game, for the players” positionand an important fact that a large number of points is being
on the field (Bojaniet al, 2016). Achieving top results in won during the game on the net, where actions are ending
sport is closely linked to specific anthropologicain a short time, there is very significant influence of some
characteristics and physical composition of body (Cartanthropological characteristics on the success of the game
& Heath, 1990; Bayio®t al, 2006). The top sport is (Stammet al, 2005; Gabbett & Georgieff, 2007). When it
increasingly being given special attention precisely ocomes to volleyball, morphological anthropometry can
monitoring and studying physical composition angrovide important information regarding basic selection of
morphological characteristics of body (Acklaetdl, 2012; prospective volleyball players, as well as information that
Dopsajet al, 2017). The results of numerous scientifican be used in the secondary selection - specialization ie
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determination of specific playing roles in the game (Gabbett season and the last sub-sample of the examinees consisted
etal, 2007; Gilet al, 2007). Anthropometric characteristicsof 14 players of VC Jedinstvo of the average age 25.59,
and body composition play a crucial role in expressing tliee champions of the Cup and Championship winners of
motor performance of volleyball players during the gaméjontenegro and participants of qualifications for the
and are crucial for achieving top results (Gonzalez-RavéChampions League in season 2017-18. Testing was
al., 2011). A large number of authors researched tlwenducted during half season. All participants signed the
anthropological characteristics in volleyball playersgonsent form approved, formulated in accordance with the
morphological differences between team, various playirgeclaration of Helsinki.
positions, different levels of competition, precisely because
they are of great importance for achieving the excelleBample of measuresAnthropometric characteristics
results (Malousarigt al, 2008; Palaet al, 2008). The measurements were carried out with respect to the basic rules
morphological space is defined by the longitudinahnd principles related to the selection of measuring
dimension of the skeleton, the transversal dimensionalitystruments and measurement techniques standardized in
of the skeleton and the mass and volume of the body. Boalgcordance with the (IBP) guidelines. For the purpose of
composition research and morphological characteristitisis study, eight morphological measures have been taken:
among athletes of different sports indicates that athleteshmfdy heightbady weight, triceps skinfold, biceps skinfold,
different sports possess their own specific characteristickinfold of the back, abdominal skinfold, calf skinfold, thigh
mostly due to the reason that absolute size contributeskinfold, and three body composition assessment variables:
significant percentage of total variance associated wibody mass index, fat percentage and muscle mass.
athletic success (Carvagtlal, 2012). The quality selection Anthropometer, caliper, and measuring tape were used for
and recognition of the actual talent is very demanding angorphological measurements. To evaluate the body
complex process which requires a good knowledge obmposition, Tanita body fat scale — model BC-418MA, was
anthropometry and body composition, strongly linked tased. The Tanita Scale, thanks to its athletics mode, enables
the high performances in sport (Srtegjal, 2006). VC athletes to closely monitor their body weight, health
Budva, as current champion and winner of Cup afondition and form with all relevant parameters. The
Montenegro in the season 2018-19, played the qualificatipninciple of this scale is based on indirect measurement of
for the Champions League, and continued European pdatie body composition; a safe electrical signal is transmitted
to the CEV Cup. VC Jedinstvo finished the 2018-19 seasthmough the body via electrodes located in the standalone
in third place, while in the 2017-18 season, was the winnenit.
of the Championship and Cup and participated in qualifying
for the Champions league. The VC Buducnost was viddethod of data processingThe data obtained through the
champion and participated in the European Challenge Crgsearch were processed by descriptive and comparative
in season 2018-19. The aim of this research was to analgtatistical procedures. For each variable, central and
the differences in some morphological characteristics adgpersion parameters have been processed. The significance
body composition among top volleyball players, members the differences between the players of the three the most
of VC Budva, VC Buducnost and VC Jedinstvo which consuccessful football clubs in the morphological characteristics
pete in the league of Montenegro, as well as in Europeand variables for assessing body composition was determined
competitions of different levels. by ANOVA and LSD Post Hoc tests, with statistical
significance of p<0.05. The data obtained in the research
was processed using the application statistics program SPSS
MATERIAL AND METHOD 20.0, adjusted for use on personal computers.

Sample of subjects:This research was conducted on th&@ESULTS

sample of 43 respondents, who competed in the First

\olleyball League of Montenegro, and was divided into three

sub-samples. The first sub-sample of the subjects consisted The variables for assessing morphological
of 12 players of VC Budva, of the average age 268128 characteristics and body composition of subjects are shown
current champion and winner of Cup of Montenegro anid Table I. In this study there were significant differences
participant in the qualification for the Champions League inetween these three clubs in several variables. A significant
the 2019-20 season, the other sub-sample consisted ofdifference was found for the triceps skinfold (F=8.06, p=
players of VC Buducnost, of the average age of #8438, .001), back skinfold (F = 9.30, p= .000), biceps skinfold
participants in the European CEV Challenge Cup in the 201@=7.50, p=.002), abdominal skinfold (F=22.73, P=.002),
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calf skinfold (F=17.31, P=.000), thigh skinfold (F=25.60Jower values with regard to triceps skinfold, biceps skinfold,
p=.000), Body mass index (F=3.60, p=.037). Table Il shovabdominal skinfold, calf skinfold and thigh skinfold, while
descriptive data of all 43 volleyball players. in case of skinfold back volleyball players of VC Buducnost
have less values in relation to the players of VC Budva and

The significant differences of six skinfold and bodywC Jedinstvo. In case of variable code which evaluates a
mass index (BMI) among the volleyball players of these thrémdy mass index (BMI) players of the VC Buducnost have
clubs are shown in Figures 1 and 2. LSD Post Hoc test fouadbwer value in relation to the players of VC Budva and VC
that the volleyball players of VC Budva have significantlyledinstvo.

Table |. Descriptive data and ANOVA of 43 volleyball players, members of the three top.

VC Budva V C Buducnost V C Jedinstvo ANOVA
Variables MeanSD. MeanSD. M ean+SD F P
Body height (cm) 192.5+5.96 192.41+555 190.79+9 27 765
Body weight (kg) 84.92+8.51 79.6+6.68 84.18+8.67 2.04 144
Triceps skinfold (mm) 5.7+1.69 8.37+1.83 9.01+2.92 8.06 .001
Badk skinfold (mm) 8.84+1.53 8.78+2.05 11.7+2.43 9.30 .000
Biceps skinfold (mm) 3.25+0.89 4.21+2.01 6.76+3.55 7.50 .002
Abdominal skinfold 8.68+2.47 9.82+2.64 18.5+6.36 22.73 .000
Cadf skinfold (mm) 4.89+2.25 8.29+2.68 11.13+£3.04 17.31 .000
Thigh skinfold (mm) 6.99+1.05 10+258 12.74+1.93 25.60 .000
Body massindex (kg/m2)  22.96+2.59 21.34+2.09 23.23+1.69 3.60 .037
Percentage of fat (%) 10.28+4.04 11.5745.05 13.21+2.39 1.71 194
Musd e mass (kq) 43.03+3.57 39.59+4.72 41.71£5.15 2.08 .138

Table II. Descriptive data of all 43 volleyball players.

Variable N Min Max Mean+SD

Age 4 16.3 32.6 22.56 £ 5.08
Body height (cm) 4 178. 210. 191.91 £ 6.83
Body weight (kq) 4 64.7 99.8 82.58 + 8.08
Triceps skinfold (mm) 4 31 144 7.83 +2.56
Skinfold of the back (mm) 4 6.2 16.1 9.75 +243
Biceps skinfold (mm) 4 2.3 18.1 477 +2.79
Abdomina skinfold (mm) 4 6.0 28.1 12.33+5.99
Caf skinfold (mm) 4 24 18.2 8.27 £ 3.59
Thigh skinfold (mm) 4 51 16.2 10.05 + 3.01
Body mass index (ka/m2) 4 17.9 27.9 2241 +2.25
Fat percentage (%) 4 2.7 21.8 11.74 £ 4.14
Musd e mass (kg) 4 30.9 48.7 41.24 + 4.70

DISCUSSION

The significance of body composition is a verythree clubs. ANOVA showed statistically significant
important factor in the creation the profile of athletes whdifferences in 7 variables, 6 variables of skinfolds and 1
will participate at all levels of competition in top-level sportyariable of BMI. LSD post hoc test showed that the
so the access to the anthropometric characteristics of thdleyball players of VC Budva, have significantly lower
player, and their difference will be of great help to the trainemean values at 5 skinfolds than the team VC Buducnost
for better planning and training programming (Silvestre (p<.001) and VC Jedinstvo (p<.001), except for skinfold of
al., 2006). The current study was conducted on top volleyb#fie back where team VC Buducnost and VC Budva are at
players of the highest ranking competition in Montenegrdéower level compared to VC Jedinstvo which is at level
Based on the obtained mean values of results we cgx.001). When it comes to a variable that evaluates BMI,
conclude that there are significant differences between thwe notice that all three teams have approximately the same
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mean values of height, as one very
important factor in top volleyball
between these three clubs, we will
notice that players of VC Budva and
VVC Buducnost have the same values,
while the players of VC Jedinstvo
slightly lower. These results are not
surprising considering fact that the
team of VC Budva has several
international players who come from
strong European Volleyball League,
while the team VC Buducnost and VC
Jedinstvo mainly consists of domestic
players who create squad from their
own base. Having compared the results
of body fat percentage in male
volleyball players in Montenegro, we
realized that the volleyball players VC
Budva have lower values, but not at a
statistically significant level when
compared to the teams VC Buducnost
and VC Jedinstvo. When it comes to
the muscle mass percentage averages
in the Montenegrin male volleyball
players, it can be concluded that the
values significantly differ and that the
results obtained at the players of VC
Budva were the highest. The
aforementioned can be explained by
the fact that the VC Budva team is
selected to play a higher level of
competition than the other teams, and
therefore is composed of a large
number of international players who
are different from the domestic players
not only in terms of agility
performances, but also in terms of
body composition and morphological
characteristics. Research conducted by
Popovicet al. (2014), with elite
volleyball players from the volleyball
premier league in Serbia, shows the
following values: that the middle value
of the height (198.5 cm), BMI (23.52
kg/m?), muscle mass (43.6 kg) and fat
percentage (13.57 %). In Montenegro's
most awarded clubs there are similar
mean values of body mass index,

mean values and they are in the area of normal weighgrcentage of body fat was significantly lower than in
Volleyball players of VC Buducnost whose playing squad igolleyball clubs from the premier league of Serbia, when it
the youngest had a lower values than players of VC Budeames to muscle mass Montenegrin volleyball players have
(P<.037) and VC Jedinstvo (P<.037). If we compare thHagher values, while the Montenegrin volleyball players are
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slightly lower compared to volleyball clubs from Serbia. Ige height (198.3cm), BMI (23.3kg/m2), fat percentage (9.76
we compare the individual results of the most trophie®), muscle mass (43.09 kg), so if we compare these values
volleyball club in Montenegro VC Budva, current championwith the average values of Montenegrin players (Table 1),
and team VC Vojvodina from Serbia -champions ofve can see that the players from the Montenegro Super
Superleague in season 2018-19, we notice that the playeeague have a lower average height, a greater value of body
of VC Vojvodina are taller (194.24 cm), and have a smalléat, BMI is similar to the values of Turkish players, and less
level of body fat (8.56 %), as well as lower values of skinfoldalues of muscle mass. If we compare the values of the
of the back (4.68 mm), but players of VC Budva have muscular mass of volleyball players in Montenegro with
lower value with regard to biceps skinfolds, triceps skinfoldtudies focused on this problem (Aytek; Popetial ; Muniz
and thigh skinfold. et al), we notice that the average values of the muscle mass
are very similar, so statistics show that the Montenegrin
In the research conducted by Muetzal (2017), on volleyball players in this variable do not deviate from the
the top volleyball players in the Brazilian first division, therevolleyball players in the world. To what extent is muscle
is a mean value when it comes to height (193.8 cm) and timass an important factor for the development of strength
mean value of the weight (84.9 kg) while the mean value ahd performance in sports shows studies that have been
the height and weight is slightly lower in Montenegrirconducted by Nikolaidis & Vassilios Karydis (2011).
volleyball players (Table Il). When it comes to the meaRegarding the average height of the best volleyball players
values of percentage of fat, it is interesting that the Brazilian Montenegro and when we compare them with the avera-
volleyball players have a higher fat percentage (16.4 94§ results of the world's best volleyball teams such as Brasil
compared to volleyball players of the first Montenegrirf194.4cm), Italy (195.81cm), Russia (201.81 cm), Argenti-
league that is mainly composed of local players, with thea (194.75 cm), USA (196.2 cm), Spain (195.9 cm),
exception of VC Budva which has several internationd@letherland (198.7 cm), Cuba (197.3 cm), Poland (200.0 cm),
players. If we compare the mean values od skinfolds éfustralia (197.8 cm) we notice that players of our three best
Brazilian and Montenegrin Super League players in theubs are still lagging behind the best world's players, which
following variables: biceps (5.2 %), triceps (10.9 %), bacls not surprising considering that these are the world's best
(11.8 %), abdominal (15.3 %), thigh (12.9 %) and calf (9.delection which have a much larger player base than
%), we can conclude that the players of the three mentiongldntenegro, where diagnostics and selection process of
team in Montenegro have lower values (Table II) which isplayers in the younger age works on much better way.
very good result considering the fact that Montenegro h&siropean anthropologists have proven that the highest people
625,000 inhabitants only, and less data base for selectiorigé in the Dinarides of the mountainous part of which
the volleyball players. Montenegro (Pineaet al, 2005), so, in Montenegro, special
attention should be paid to sports (basketball, volleyball,
Results of the research conducted by the Medetroshandball) in which the longitudinal domain of athletes is
al. (2010), with Brazilian players, when comparing the averery an essential factor in achieving superior results. These
rage height of the Brazilian players it amounts (194 cm) it iesults could be helpful to the other clubs and coaches in
slightly higher than the average height of MontenegriNontenegro, dealing with the selection and planning of the
players, the difference is evident at body fat percentage &@ining process, in order to have an insight on the levels of
* 4.2 for Brazilian volleyball players, while the values otheir athletes, and also to have some model characteristics
skinfolds are very similar, the value of abdominal skinfoléind good guidance for creating top young volleyball players.
is 12.5+ 3.4, back skinfold is 11.# 2.3, thigh skinfold is One of the next researches will be focused on analyzing
10.8+ 3.3. differences between these clubs in body composition and
morphological characteristics in relation to the position they
Excess body fat is a burden that negatively affecoverinthe team, as they have a different constitution, which
sports performance, which can lead to an increased needdan be used for better selection and targeting of players for
energy and therefore to the creation of faster tiredness ahd appropriate role in a team.
reduced efficiency of athletes (Noutssal, 2018). High-
guality estimation of body composition in the sport is a very
important aspect, considering that the errors in bodyCKNOWLEDGEMENTS
composition can lead to poor conception of the training
process and bad meal plan which affects the achievement of
superior results (de Oliveira-Junier al, 2016). Based on We thank the players and the staff of the three
studies carried out by the authors the body composition wdlleyball clubs in Montenegro for their cooperation during
Turkish volleyball players (Aytek, 2007), we have an averdhis research.
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