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SUMMARY

Anthropometric characteristics and motor abilities are the most influential factors for the achievement of
top sports results. The sample of participants consisted of elite female handball players (n = 19, mean age: 27.67
years = 6 months), the members of the Serbian senior national team. In this research, their body constitution, i.e.
their somatotype was studied. The somatotype was determined according to the methodology of Heath-Carter,
using the computer software Somatotype 1.2. The statistical analysis of the results was performed using Statistics
v.10. The prevailing somatotype among the female handball players in all positions is the mesomorph
somatotype. The obtained results are consistent with the aforementioned characteristics of the mesomorph type
conditioned by the specific requirements of the game of handball. Each handball player developed their own
musculature and strengthened their skeletal-joint system owing to the contact game and the movements that
handball requires.

Key words: female handball players, somatotype, body constitution

Corresponding author:
Emilija Petkovi¢
Email: emilija@fsfv.ni.ac.rs

316 Acta facultatis medicae Naissensis 2019; 36(4):316-325



Original article

INTRODUCTION

Handball is a very dynamic game with fast
throws and
goalkeeper saves. Team handball is an intermittent
sport, characterized by high-intensity explosive
movements such as sprints, jumps, throws and very
good physical preparation. The game of handball is a
contact game with specific types of movement such as

unpredictable situations, handlings,

moving forwards, backwards, side movements, spin
around and feinting, etc. The specific features of
handbeall include ball activities involving arm movement
- holding, catching, passing, leading with a ball, and
activities such as standing, walking and jogging with a
ball (1, 2). All this suggests that the physical conditioning
of handball players is a complex process and a hard task
(3). Success in team handball is determined by a variety
of technical and tactical, anthropometric and physical
performance characteristics (4). To maximize the
potential for success, it is important for such nations to
develop talent identification systems, which requires the
complete evaluation of elite athletes (5). Performance
analyses in sport provide the opportunity to analyze
sports movements, ideas for tactical positions and
technical mastery, which is especially specific to the
positions of the athlete. Although many studies have
shown that specific anthropometric characteristics are
significantly associated with success in sports (6),
various athletic position-related events require different
body types for achieving maximum performance.
Therefore, understanding anthropometric characteristics
and body constitution i.e. the somatotype of top-level
athletes has been the subject of different investigations
(7-10). Many researchers believe that practicing athletes
can develop such functional characteristics that are
specifically conducive for their specific sport (11).

Basic and specific motor abilities and mor-
phological characteristics are the most determining
factors for achieving maximal success in handball.
Playing performance in handball can be determined by
analyzing elementary components (12). One of the
elementary components are parameters.
Differences in anthropometric and physical fitness
performance between playing positions are available for
male team handball players (13-15). Not as much data
have been studied for females (16, 15). Somatotyping is
one of the most frequently used techniques for body
composition analysis. It is usually applied in sport to
determine the specificities of male and female team sport
players of different age groups (17). In order to predict
playing performance and to assign the players to the

somatic

most appropriate playing positions on the basis of this
knowledge, we have to confront this information with
functions that are specific for individual playing
positions. Certain somatotypes bear certain morphol-
ogical predispositions for physical activity, manifested
differently in somatotype categories (12). Significant
correlations between some morphological parameters in
handball players and their playing functions was
established by Sibila and Pori (18). Vila et al. (19)
conducted anthropometric testing of female handball
players in the first Spanish league and calculated their
somatotype constitution in terms of playing positions.
Chiara et al. (20) investigated the anthropometric
characteristics and body constitution on a sample of
Italian handball players who were grouped according to
their success at competitions and the position in the
game. The results showed that better players have a
significantly lower fat percentage and a higher bone
mineral content than the less successful ones. Given the
differences between playing positions, a statistically
significant difference in growth, weight, body mass
index (BMI), several types of skinfold thickness and
length, as well as total body mass, muscle mass and fat
were compared between players at different playing
positions. A post-hoc analysis showed that the wing and
goalkeepers differ the most. Vrbik et al. (4) found
morphological differences between playing positions in
elite male handball players. They analyzed the Croatian
junior national handball team and found statistically
significant differences between male wings and backs
players in longitudinal dimensionality and body
volume. Srhoj (21) analyzed the efficacy of anthro-
pomotor types of young female handball players in
order to establish the significance of the positional
direction and successful plays.

Visible body constitution has an important role
not only in determining physical development but also
in determining behavior. The somatotype represents a
compromise between morphological genotype and
phenotype. Somatotypology aims at classifying athletes
into several somatotypes (endomorph, ectomorph and
mesomorph) for the purpose of selecting athletes for
certain sports. Some studies indicate that the endomorph
somatotype is not suitable for basketball (22), whereas
other studies confirm that the ectomorph type has
predispositions for those sports. Ectomorphs are tallish
and characterized by relatively longer bones, which
makes them suitable for sports which require tall players
(high jump, basketball, volleyball, etc.). Many sports
games require their athletes to have the mesomorph
type of constitution. Athletes are rarely pure endo-, ecto-
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or mesomorph types. They usually have characteristics
that are mixtures of two, or rarely, all three types. A
mesomorph and endomorph combination of somato-
types is a relatively frequent one among athletes.
Selection criteria for determining an individual be-
longing to constitutional types are very different in
practice. From methodological standpoint, several
schools are based on the biological distribution of
playing positions, among which the most accepted are
the French, Italian, German and American school.

The aim of the study was to determine the
somatotype of female handball players, the members of
the National Team of the Republic of Serbia. The study
was conducted to verify whether a specific somatotype
is required by a certain playing position in a team. The
reason why it is necessary to determine the somatotype
based on playing positions were the cumulative statistics
from the 2009 World Championships, where the results
depended on the tactics of the game. The analyzed
number of points achieved from certain playing po-
sitions was the fast break throw (88.23%), followed by
the break-through position shot (75%). Alexandru et al.
(23) showed that the second most efficient position was
pivot, at a rate of 15.63%.

MATERIALS AND METHODS

Participants and procedure

The sample of participants consisted of elite
female handball players (n = 19, mean age: 27.67 years +
6 months), members of the Serbian senior national team.
Based on their playing position, there were left wings
(three players), right wings (two players), left backs
(three players), right backs (two players), pivots (three
players), center backs (three players) and goalkeepers
(three players). The Ethics Committee of the University
of Nis, Faculty of Sport approved all experimental
procedures according to the revised Declaration of
Helsinki (24). All of the participants were informed
about the purpose and procedures, and potential risks of
the study. All of the participants were over the age of 18
and voluntarily participated in the testing.

Constitution, i.e., the somatotype, was deter-
mined by the Heath-Carter method (25), which requires
anthropometric measurements and included the
following 10 variables: body height (in cm), body mass
(in kg), four skinfolds (over triceps, subscapular,
supraspinal, and calf; in mm), biceps girth (flexed 90°
and tensed; in cm), standing calf girth (in cm), humerus
breadth (in cm) and femur breadth (in cm). Skinfold sites
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were landmarked at the triceps, subscapular, biceps, iliac
crest, supraspinal, abdominal, front thigh and medial
calf on the right side of the participant’s body. All sites
were then measured using calipers (Holtain, London,
UK) with 10 g/mm? constant pressure. All of the
measurements were taken by the same authors in the
optimal climatic conditions, with the participants in their
underwear, and according to the methods proposed by
the International Biological Programme (15). Body mass
was measured with a digital scale, Omron BF511 (Kyoto,
Japan). BMI was determined according to the National
Heart, Lung and Blood Institute (26). Each measure was
taken two or three times (27) by the same Level 1
accredited investigator. Technical error of top-elite
female handball players measurement was < 3% for
skinfolds, and < 1% for breadths and girths, which were
deemed acceptable by ISAK (International Society for
Advancement of the Kinanthropometry) standards (28,
29). Somatotypes were determined using the methods
previously described by Carter and Heath (25).

Statistical analysis

The somatotype was determined according to the
methodology of Heath-Carter (25), using the computer
program Somatotype 1.2. The results were statistically
analyzed using Statistics v.10 (SPSS Inc., Chicago, IL)
and presented descriptively in tables and figure.

RESULTS

The obtained data are presented in tables and
graphs (by somatoplots). The sample of 19 elite female
handball players showed that the mean somatotype
was: 3.31-5.73-2.66 (values for endomorphy, mesomor-
phy and ectomorphy, respectively; (Table 1). Their
average somatotype classifies them as balanced meso-
morphs. The high level of the mesomorph component is
in accordance with the fact that elite female handball
players are required to have muscle strength which is
indicated by a mesomorph or some other component of
a somatotype.

The Table 1 shows mean values of body height
17542 + 6.94 cm, body mass 70.00 + 9.78 kg and BMI 22.
66 + 2.01%, which are within the normal range of values
and typical for elite female handball players.

Urban et al. (30) at the 19 women's European
Championship calculated the somatotype of the players,
where the moderate mesomorph constitution was the
prevailing type of constitution. Their findings for the
handball teams ranking from the 1+ to 8% place shared
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Table 1. Descriptive statistics for the somatotype of the Serbian Senior Women’s Handball Team

N Mean Min Max St. Dev Skew Kurt
BH 19 175.42 165.00 192.00 6.93 0.46 0.10
BM 19 70.00 55.00 88.00 9.78 0.10 -0.98
BMI 19 22.66 19.88 26.86 2.01 0.45 -0.32
Endo 19 3.31 2.00 5.30 0.87 0.36 -0.09
Meso 19 5.73 3.30 8.20 1.29 -0.19 -0.24
Ecto 19 2.66 1.20 4.20 0.84 -0.11 -0.70

Legend: N-number of participants; Mean- arithmetic mean; Min-minimum and Max-maximum value; St. Dev-
standard deviation; Skew- skewness; Kurt-kurtosis; BH — body height; BM — body mass; BMI — body mass index.

proportionally higher values of endomorphy (2.3-2.5)
and mesomorphy (43 to 4.5), but lower values of
ectomorphy (1.9 -2.0), indicating a relatively low linear
body build with higher values of body mass and
subcutaneous fat, a larger skeleton and well-developed
muscles. On the other hand, teams ranking from 9% to
16t place show a relatively lower value of endomorphy
(2.0-2.2), a lower value of mesomorphy (3.6-4.1), but
increased ectomorphy (from 2.2 to 2.6), indicating the
linear build of these team players with long segments of
some body parts, lower values of body mass and
subcutaneous adipose tissue and relatively lower
volume of muscles.

Figure 1 (somatogram) shows the individual
cases, 13 of which belong to the mesomorph zone, two of
which are close to the ectomorph zone; one was in the
ectomorph zone, one was in the endomorph zone, while
two are from the mesomorph zone. The somatogram
shows a pretty high mesomorph component in all
individual cases.

The results have shown that the female handball
players of the National Team of the Republic of Serbia
are characterized by high values of the mesomorph
component, which is in some cases combined with the
ectomorph and more rarely with the endomorph one. It
can be concluded that the obtained results were the
outcome of the study which included testing a larger
number of back players than line players.

From the aspect of somatic predispositions, the
player's somatotype itself determines the efficiency of
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the fulfillment of position-specific playing functions:
goalkeeper — covering the goal area: arm span and total
length of the frontal body part; pivot — efficiency in
physical contact: body mass, transversal and body
volume dimensions; center back and back — 9 meter
shooting: body height, arm span and palm breadth;
wing — speed and acceleration: low body mass and
percent subcutaneous fat and well-developed muscula-
ture (12).

Table 2 shows the average somatotypes of elite
female handball players of the Republic of Serbia senior
national team (left and right wing, left and right back,
center back, pivot and goalkeeper). Serbian female
handball left wings are ecto-mesomorphs, right wings
are endo- mesomorphs, left, right and center backs are
central somatotypes, pivots are endomorph — meso-
morphs, goalkeepers are of the mesomorph-endomorph
type. The mesomorph component values range from 4.6
in goalkeepers, to 7.5 in pivot, while in other positions
the values range from 5.1 to 5.9; a very high mesomorph
component which features muscular strength is typical
for elite female handball players. In terms of the playing
positions, research from Vila et al. (19) had similar
results as Serbian female handball national team,
concluded that the center backs, backs and wings mostly
belonged to the mesomorph constitution type, while
pivot players and goalkeepers belonged to the endo-
morph type. Srhoj et al. (31) discovered that back
players’ and goalkeepers’ body and skeleton dimensions
are predominantly increased. Wing players and pivot
players are less longitudinally dimensioned, whereas
pivot players have a larger amounts of fat. Moss et al.
(32) examined the somatotype profile of team handball



Total Profiles: 19
Mean Somatotype:  3.3-5.7-2.7
Mean Age: 2767
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Figure 1. Somatogram of the Serbian Senior Women’s Handball Team

players in elite, top-elite and non-elite players.

Elite (3.8-3.3-2.6) players were mesomorphic-
endomorph, which was similarly to the result of the
mean values of Serbian National Team (3.3-5.7-2.7)
mesomorph component. Our results are similar and
show that mesomorph type with the endomorph ap-
pears in wing players (min. value 2.2-4.2-2.4; max. value
3.1-5.3-3.1), whereas the mesomorph type combined
with the ectomorph one appears in back players (min.
value 3.3-5.1-2.8; max. value 3.4-5.8-3.2). Pivot players
and goalkeepers belonged to the endomorph type (min.
value 3.3-4.6-1.4; max. value 4.2-7.5-2.8).

Table 2 shows that the lowest values of BH
(167.00 + 2.00), BM (57.33 + 3.21) and BMI (20.55 + 0.71)
are evident in left wings. The highest BH (184.67 + 6.43)
is found in left backs, the highest BM (81.00 + 8.19) and
BMI (25.81 + 1.28) are found in pivots who are of the
endomorph-mesomorph type. Milanese et al. (33) ex-
amined the anthropometric status of 26 competitive level
female handball players of the Italian League (aged 26.4

+5.77 months), which is similar to the age of our sample
of female handball participants (age: 27.67 +6 months);
with less body mass (67.0 + 7.91 kg) than the Serbian
players (70,00 + 9,78kg); lower stature (169.2 + 6.04cm)
than the Serbian players (17542 + 6.94cm); and higher
percentage BMI (23.4 + 5.33%) than the Serbian players
(22.66 + 2.01 %). Both teams of female handball players
are within the normal range of values and typical for
elite female handball players.

Differences between goalkeepers and wings were
found in the measures of body height, body mass and
abdomen skinfold. Significant differences between wing
attack players and left back players were found in the
variables of body height (+ 17cm), body mass (+ 20kg).
Differences between back court players, pivots and
goalkeepers were not found in the space of morphol-
ogical characteristics. It is assumed that this is due to the
modern concept of handball, where players’ versatility

in the sense of playing different positions is a necessity.
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Table 2. The average somatotype of the Serbian Senior Women’s Handball Team
regarding the playing positions in a team

Pos. N Somatotype Average somatotype BH BM BMI
22-47-34 22.53-31
— (+0.20 - 0.66 - 0.31) 167.00+ 5733+ 2055+
w3 24-6-32 2.00 3.21 0.71
2.50-28 Ectomorph - mesomorph
3.6-67-17 31-41-24
RW 2 (+0.64 - 1.84 - 2.45) 16750+ 62.00+ 2210+
27 _.54-30 0.71 5.66 2.20
o Endomorph - mesomorph
3.6-54-32 33-51-32
o (+0.26 - 1.37 - 0.46) 184.67+ 77.00+ 2245+
B3 31-63-27 6.43 5.29 0.61
33-36-36 Balanced mesomorph
4-58-3 34-58-28
RB 5 (+0.78-0.00 - 0.28 ) 177.00+ 7050+ 2246+
29-.58-26 8.49 7.78 0.33
o Balanced mesomorph
45-7-25 35-59-2.38
20 (+1.11 - 1.71 - 2.80) 176.00+  69.67+ 2259+
CB 3 23-39-38 265 8.39 1.86
36-67-21 Balanced mesomorph
35-74-12 33-75-14
Ty (+1.01-0.70 - 0.26) 177.00+ 81.00+ 25.81+
P 3 42-82-13 4.58 8.19 1.28
20-68-17 Endomorph - mesomorph
3.6-57-24
42-46-28
aa (£0.93-1.22-1.17) 176.67 + 70.00+ 2241+
G 3 38-3.3-42 4.61 8.89 241
53-49-2 Mesomorph - endomorph

Legend: Pos. — position, N — number of participant, LW - left wing; RW - right wing; LB — left back; RB — right back;
CB - center back; P — pivot; G — goalkeeper; BH — body height; BM — body mass; BMI — body mass index.

DISCUSSION

The results obtained by the analysis of the
selected sample of participants showed that the
mesomorph type is the prevailing one, which was
expected, given the characteristics of a handball game, as
well as the characteristics featuring the mesomorph type.
However, there are cases of a mesomorph type com-

bined with an ectomorph and less with endomorph one,
since the conditions of the game of handball, especially
with tall defensive players, require tall offensive back
players who are physically predisposed to respond
better to the situational stimuli. Since this study
encompassed a larger number of offensive back players
than line players, such results were acceptable.
The aim of this study was to determine the so-
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matotype of elite Serbian female handball players
individually and in relation to their playing position on
the team, in order to verify whether the position requires
a specific somatotype, which has been achieved. It can
be concluded that the mesomorph type with the
endomorph one is present in wing players, whereas the
mesomorph type combined with the ectomorph appears
in back players. The average somatotype classifies
Serbian senior female handball players in all positions as
balanced mesomorphs, like the analyzed mean
somatotype of the Ul7 female handball players,
classified as balanced mesomorph: 2.36 - 4.17 - 2.22,
according to Urban (34). The mean somatotypes of nine
national teams: Russia, Denmark, Hungary, France,
Romania, Croatia, Czech Republic, Portugal and Austria
were categorized as balanced mesomorphs. The mean
somatotypes of four national teams of the Netherlands,
Spain, Poland and Slovakia (U17) were categorized as
endomorphic-mesomorphs. The average somatotypes of
players on the Sweden and German national teams were
categorized as ectomorphic-mesomorphs (35). The
obtained results are consistent with the mentioned
characteristics of a mesomorph type conditioned by
specific requirements of the game of handball. Each
handbeall player developed their own musculature and
strengthened the skeletal joint system, thanks to the
contact game and the movements that handball requires.

Previous studies (12, 30, 34, 35) have shown that
anthropometry has an important role as diagnostic
procedure in the selection of handball players according
to playing positions.

CONCLUSION

Morphological characteristics are good predictors
of players’ success, which is evident in longitudinal
dimensionality, the range and size of a hand and
reduced role of the subcutaneous adipose tissue. A
significant difference is noted between playing positions
of back players, goalkeepers and pivots, featuring the
prominence of longitudinality and voluminosity, and
positions featuring low levels of longitudinal dimen-
sionality as the fact that the wing players have being the
shortest ones.

Limitations and strengths of the study

This study does not take into consideration other
abilities that influence performance in sports (such as
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motor abilities, psychological state, functional abilities,
etc.). Therefore, we recommended the multidisciplinary
approach and analysis of body constitution and
somatotype of the national team female handball players
participating in the continental and world champion-
ships in all categories. The general somatotype model of
top female Serbian handball players should be
determined. To the best of our knowledge, this is the
first study that has reported the somatotype of elite
Serbian female handball players individually and in
relation to their playing position in a team. These
findings are not the final results and we are aware that
the somatotype and body constitution of elite female
handball players must follow the modern trend of
development in the world of the game of handball.
Within the National project No 179019, we were
provided with the opportunity for the first time in Serbia
to determine the somatotype of top female handball
athletes, and we believe that these findings contributed
to the knowledge of the field. Further study might
improve our understanding of the characteristics needed
to achieve excellence so that the selection processes can
be modelled accordingly, and highlight that youth elite
players differ only in a few characteristics.

Practical applications

Apart from helping coaches in the selection of
handbeall players, such information would facilitate their
further work in the training process and thus enable top
results. Selecting a player in a position in the game can
greatly assist the coach to use their somatotypes to reach
the desired position in the team. Therefore, professionals
working in handball should be informed of these
findings.
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Somatotip u odnosu na igracku poziciju vrhunskih rukometasica
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SAZETAK

Antropometrijske karakteristike i motoricke sposobnosti su faktori koji najviSe uticu na ostvarenje
vrthunskih sportskih rezultata. Uzorak ispitanika sacinjavale su vrhunske rukometasice (n = 19, prosecne starosti:
27,67 godina + 6 meseci), pripadnice nacionalnog tima Srbije. U ovom istrazivanju proucavali smo njihovu telesnu
konstituciju, tj. njihov somatotip. Somatotip je odreden prema metodologiji Heath-Carter, upotrebom softvera
Somatotipe 1.2. Statisticka analiza rezultata sprovedena je uz pomo¢ softvera Statistics v.10. Preovladavajudi
somatotip medu rukometasicama na svim pozicijama je mezomorfni somatotip. Dobijeni rezultati u skladu su sa
navedenim karakteristikama mezomorfnog tipa uslovljenim specificnim zahtevima rukometa. Svaka
rukometasica razvila je sopstvenu muskulaturu i ojacala svoj skeletni sistem zahvaljujuci kontaktnoj igri i

pokretima koje rukometna igra zahteva.

Kljucne reci: rukometasice, somatotip, telesna konstitucija
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