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Abstract - Aim: The study aimed to investigate the effects of the somatotype components on handball. Methods:
The sample consisted of 60 elite junior handball players. Somatotype was evaluated using the Heath & Carter method.
The kinetic performance trials of the handball athletes were running speed performance over 5 m 10 m and 20 m sprints,
sit and reach, standing long jump (SLJ), ball velocity, and maximum aerobic power. For the data analyses, we used
Pearson correlation and multiple linear regression. Results: The endomorphic component correlated positive with all
three sprint times (5 m, 10 m ko 30 m sprints) (r = 0.315, p =0.014; r = 0.367, p = 0.004; r = 0.358, p = 0.005 respec-
tively) while negative with SLJ (r =-0.418, p = 0.001) ko maximum aerobic power (r = -0.322, p = 0.012). The meso-
morphic component had a positive correlation with ball velocity (r = 0.260, p = 0.045) and negative relation with SLJ
(r=-0.261, p = 0.044). The ectomorphic component exhibited a negative correlation only with ball velocity (r = -0.260,
p = 0.045). The ordinary least square regression models found that endomorphy and ectomorphy were prognostic fac-
tors and predicted worse performance in all of the examined motor performance indices except ball velocity and 5 m
sprint, while mesomorphy was a predictor of worse performance in SLJ. Conclusions: In conclusion, according to the
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findings of this study, somatotype components play an important role in performance-related parameters.
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Introduction

Variables related to somatotype are determinants in hand-
ball performance'. Among the indicators that determine
the effectiveness of handball players are sprints, agility,
jumps, and ball-throwing velocities®. It is essential that
handball athletes be able to execute fast and explosive
actions®. The acquisition of flexibility promotes athletes'
performance. Lack of muscle flexibility is one of the most
commonly assumed risk factors for developing muscle
injuries and sit-and-reach and hamstring extensibility
could be the best choice in the handball sport to assess the
flexibility*. Speed throwing is pivotal for top-level
athletes® while Chelly et al.® refer to the explosive power
of the upper limbs that highly correlates with the speed of
the shot. The power of the lower limbs is a fundamental
attribute of handball athletes that dictates their jumping
prowess’.

Varied motor demands are reflected in the athlete's
body morphology®. A study by Silventoinen et al.” showed
that somatotype and physical condition characteristics
reflect, to a great extent, the same genetic basis. Athletes

exhibit a specific proportion of three components, endo-
morphy, mesomorphy, and ectomorphy that are mediated
by both genetic and environmental factors'®. Ryan-Stew-
art et al.'' report that the four somatotype categories
demonstrated a small potential for misclassification (29.4-
38.2%) versus detailed (13 groups) somatotype categor-
ization (39.7-72.1%). Studies support the view that meso-
morphy combined with high muscle percentage and the
low-fat percentage is the ruling factor in handball'*'?.
High-performance athletes who compete in a certain sport
possess somatometric characteristics that can deliver a
standard as far as current performance parameters are con-
cerned'®. Reports support the opinion that favourable
somatotype characteristics offer excellent biomechanical
and metabolic efficiency in the chosen sport'®.

According to Carter and Heath'®, the somatotype
explained 25% to 60% of the variance in physical fitness
tests. Ectomorphy and mesomorphy have been associated
with better performance during aerobic fitness training in
adults'®. In addition, the power of the lower limbs was
found to correlate positively with the components of
mesomorphy and ectomorphy (p < 0.01) and negatively
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with endomorphy'”. In high-performance athletes, Gian-
nopoulos et al.'® found that the variables that determine
ectomorphs and endomorphs were able to explain the var-
iance in performance by almost 25%. In the study of
Ryan-Stewart et al.'®, they found that around one-third of
strength performance is predicted by the somatotype-
assessed physique in physically active males. Body type
assessment can be used to describe changes in physique
because of physical activity*® and to be an indicator of the
chosen sport and training method?'.

In handball, some papers report on anthropometric
characteristics and simultaneously provide information on
kinetic performance indicators®*%°. Cavala and Kati¢** in
their study observed that high-quality female handball
athletes differ from the less successful ones in kinetic per-
formance indicators and a more pronounced mesomorphic
component. In another study, Cavala et al.**> concluded
that the selection of players should not only be based on
physical and psychological characteristics but on related
anthropological complexes that determine performance
and sporting success. The study by Ramos-Sanchez and
Camina-Martin®* presented the differences in anthropo-
metric characteristics, body composition, and somatotype
characteristics of handball players according to their com-
petitive position. Similarly, Vila et al.”> observed sig-
nificant differences in anthropometric characteristics,
throwing velocity, arm grip, and lower limb muscle
strength depending on their competitive position in elite
Spanish female handball athletes. The aim of the study by
Vuleta et al.*® was to analyze positional differences in
anthropometric traits where significant differences were
recorded in 11 morphological measures with no significant
differences in longitudinal dimensions. The aforemen-
tioned studies show the relationship between morphologi-
cal characteristics and motor performance depending on
the level of performance and playing position in handball.
Also, it is of greater importance to better understand the
effect of somatotype components on the motor perfor-
mance characteristics of handball players through the pre-
dictability of performance level. Therefore, the purpose of
the study was to investigate the effects of somatotype
components on general physical fitness tests and throwing
velocity in handball.

Methods

Participants

The sample consisted of 60 elite junior handball
players from Greek national team selections (M + SD; age
= 17.61 + 1.53 years; body height = 183.77 + 5.9 cm;
body mass = 82.68 + 9.03 kg). The athletes were indivi-
duals who exercised regularly (seven workouts/training
sessions per week) with a training experience of
6.86 + 2.03 years and were familiar with all testing proce-
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dures as part of their regular performance evaluation pro-
gram. The study was conducted during the in-season
period. The procedure of the study was approved by the
Ethical Committee of the School of Physical Education
and Sports Science of the National and Kapodistrian Uni-
versity of Athens.

Procedures
Testing procedures

Two sessions were held to evaluate the anthropo-
metric characteristics and performance parameters of the
participants. In the first session, anthropometric character-
istics were recorded, and sit and reach, standing long
jump, and ball velocity tests were performed. In the
second session, participants completed the running speed
performance test over 5 m 10 m, and 20 m distances, and
maximum aerobic power was estimated. All tests were
performed in the same closed room and participants wore
appropriate sports equipment to limit possible variability
in test procedures. Each subject completed all tests at the
same time in the day (2:00 pm-5:00 pm), and in similar
ambient conditions (temperature and relative humidity).
To limit the effects of fatigue, players had to avoid stren-
uous training 24 h before each test day. At each visit, par-
ticipants performed a 15 min warm-up that included low-
intensity running and several accelerations, followed by
dynamic stretching of the upper and lower limbs. Prior to
the final measurements, a pilot study was conducted on 15
players (test-retest) after 15 days between the first and
second measurements, in order to examine the reliability
of the tests (intraclass correlation coefficient and technical
error of measurement). Three members of the research
team performed all the tests and an effort was made to
encourage the best possible result, providing positive
feedback and encouragement. The data for each athlete
was recorded in special protocols that included personal
data, medical history, and training age. The participants
completed all the tests in the following order:

Anthropometrics

Body height was measured with a stadiometer (Seca
220, UK) to the nearest 0.1 cm and body mass was recor-
ded using a portable scale (Seca alpha model 770, UK) to
the nearest 0.1 kg. Skinfold measurements were taken
using a skinfold caliper (J. Bull, USA) from five sites:
biceps, triceps, subscapular, suprailiac, and calf, according
to standards set by Norton et al.?’ to the nearest 0.1 mm.
The mid-upper-arm circumferences (cm) were measured
with the arm in both tensed and relaxed positions, while
calf circumference (cm) was measured with the subject
sitting on a chair. Two widths, the femur, and humerus
were measured to the nearest 0.1 mm (reported in cm). All
variables were measured on the right side of the body fol-
lowing standardized procedures®. Two measurements
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were taken from each site and the value recorded was the
mean, provided that there was a difference of no greater
than 5% between the two measurements; if that was the
case, a third measurement was taken and the median value
was used. All skinfold measurements were taken indoors
at approximately the same time of day by the same inves-
tigators. The technical errors of measurement of 1.5% for
the sum of six skinfolds and <1% for all other
measurements>®. Somatotype components (endomorphic -
mesomorphic - ectomorphic) were calculated according to
the equation recommended by Carter and Heath'.

Sit and Reach test

The Sit and Reach test was used to assess flexibility.
The subject assumes a sitting position on the floor with his
hips, while his feet are in contact with a box, especially
constructed and calibrated for the test (sit-and-reach box).
From this position and while having one palm over the
other, the subject performed forward trunk flexion by
stretching his arms as far as possible in order to move the
measurement scale forward, while maintaining full exten-
sion of his knees. Every trial was considered valid when
the subject held the position for a minimum of 2 s. The
best out of two trials was recorded and used as a flexibility
score (in cm).

Standing long jump (SLJ)

We evaluated the horizontal jumping ability using
SLJ. Participants were asked to stand on both legs and leap
forward as far as possible and land on both legs. The dis-
tance between the toe position at the start of the jump and
the heel position during landing was measured. SLJ was
performed three times, and the higher of the three mea-
surements was used for the final analysis.

Ball velocity

Ball velocity was measured using a Radar Gun
(Sports Radar 3300, Sports Electronics Inc) with
+0.1 km/h accuracy within a field of 10° from the gun.
The subject performed a standing throw upon instruction
to throw a regular ball (440 g for maximum velocity. The
Radar Gun was located 6 m from the subject and at the
subject's throwing arm height. Ball velocity was recorded
in km/h and calculated as the best obtained from two trials.

Running speed

The sprint 5 m, 10 m and 30 m tests were used to
evaluate the maximum running speed. The subject, from
an upright position 30 cm behind the first pair of photo-
cells without any command and on his initiative started to
run in order to pass the 5 m, 10 m and 30 m positions
where there were two pairs of wireless timing gates. Two
attempts were made with a rest period of at least ten min
between them and the fastest attempt was recorded for

further analysis. The time count was done with Fitlight
photocells (Fitlight Sports Corp., Ontario, Canada).

Maximum aerobic power

The 20 m multistage shuttle run test is a field test
that is used to assess the maximum aerobic power and to
indirectly evaluate maximum oxygen uptake®. The test
consists of a shuttle running between two lines placed
20 m apart at progressively increasing speeds. The initial
running speed was set at 8.5 km/h and was increased by
0.5 km/h each minute, according to an auditory signal
transmitted by a portable cd player. The test stops either
when the subject voluntarily withdraws or is unable to fol-
low the pace set by the auditory signal, i.e. failing to arrive
within 2 m or more on the 20 m end line before the emis-
sion of the next auditory signal. The stage where the sub-
ject finished the test is considered an evaluation index of
maximum aerobic power and is measured in

mL-kg™"-min~".

Statistical analyses

Statistical analyses were carried out using the SPSS
20 program for Windows (SPSS, Inc., Chicago, IL, United
States). To show the characteristics of the participants,
descriptive statistics were made for all variables
(Mean + SD). The test-retest reliability of the general
physical fitness tests and throwing velocity were evaluated
using intraclass correlation coefficients (ICC) and the
typical error of measurement (TE). To test the normality of
the sample Kolmogorov-Smirnov, Shapiro-Wilk, and Le-
vene's tests were applied. A Pearson correlation analysis
was completed to compare somatotype ratings for endo-
morphy, mesomorphy, and ectomorphy with a 5 m sprint,
10 m sprint, 30 m sprint, sit and reach test, standing long
jump, ball velocity, and maximum aerobic power. Multiple
linear regression was used with independent variables
endomorphy, mesomorphy, and ectomorphy and with per-
formance variables as dependent variables. The ordinary
least square regression (OLS) has been used to identify the
explanatory variables of all performance variables. Start-
ing with the initial OLS model, which includes the three
somatotype variables of interest, we followed the back-
ward stepwise selection to determine the somatotype vari-
ables that could predict performance. In all cases, the level
of statistical significance was set at p < 0.05.

Results

The results of the intraclass correlation coefficient
for test-retest reliability and typical error of measurement
values for the general physical fitness tests and throwing
velocity are presented in Table 1.

The means and standard deviations of somatotype
results and general physical fitness tests and throwing
velocity of the participants analyzed in the current study



Table 1 - Reliability of the general physical fitness tests and throwing
velocity.

Variables ICC %TE
Sit and Reach Test (cm) 0.97 2.1
5 m Sprint time (s) 0.82 2.4
10 m Sprint time (s) 0.82 1.6
30 m Sprint time (s) 0.91 1.0
Standing long jump (cm) 0.97 1.4
Ball velocity at standing position (km.h™") 0.90 32
Maximal aerobic power (mL-kg™"-min~") 0.87 34

ICC: intraclass correlation coefficient; TE: typical error of measurement.

were summarized in Table 2 and Table 3 shows the corre-
lation between somatotype components and handball gen-
eral physical fitness tests and throwing velocity.

The endomorphic component was found to have
positive correlation with all three sprint times (5 m, 10 m
and 30 m sprint) (r = 0.315, p = 0.014; r = 0.367,
p = 0.004; r = 0.358, p = 0.005 respectively) as well as
negatives with SLJ (r = -0.418, p = 0.001) and maximum
aerobic power (r = -0.322, p = 0.012). Mesomorphy had a
positive correlation with ball velocity (r = 0.260,
p = 0.045) and a negative correlation with SLJ (r =-0.261,
p = 0.044) while the ectomorphy component showed a

Table 2 - Somatotype values and performance measures for elite young
handball players.

Variable Mean + SD Minimum  Maximum
Endomorphy 2.92+0.78 1.6 5.01
Mesomorphy 328 +1.15 1.0 5.8
Ectomorphy 236+ 1.13 0.6 4.7
Sit and Reach Test (cm) 38.70 + 6.64 22.0 60.0
5 m Sprint time (s) 1.05 £ 0.06 0.94 1.23
10 m Sprint time (s) 1.81 £0.06 1.68 1.96
30 m Sprint time (s) 435+0.14 4.05 4.64
Standing long jump (cm)  235.58 + 19.57 184 284
Ball velocity at standing 84.08 + 7.46 62.8 99.8
position (km.h™")

Maximal aerobic power 47.81 +4.32 39.9 58.5

(mL-kg™"-min~")
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negative correlation only with ball velocity (r = -0.260,
p = 0.045). The sit and reach test was not correlated with
somatotype variables. The linear regression models con-
cerning the performance indices as well as the prediction
equations obtained for each kinetic performance test are
presented in Table 4.

The quotient F is statistically significant (p < 0.001)
for all general physical fitness tests and throwing velocity
except for the sit and reach test and it shows that at least
one variable has a significant contribution to performance
prediction. Prediction models for the performance of
motor indices showed that somatotype components could
explain 5% to 23% of cases. Multicollinearity was not
observed in any of the regression models (VIF < 5 for all
regression coefficients).

Discussion

The main findings of the current study found a sig-
nificantly low correlation between somatotype character-
istics and certain general physical fitness tests and
throwing velocity. During the verification process
between somatotype variables and general physical fit-
ness tests and throwing velocity, the findings of the cur-
rent study concur with other published studies in
handball and volleyball, where higher endomorphy corre-
sponds to less power in the lower limbs, reduced cardio-
pulmonary capabilities and hence lower sprint
performance®®>'. Endomorphy is characterized by a
higher percentage of body fat'® and for the optimum per-
formance of a handball player, the percentage of body fat
must be within the recommended figures*. In their study,
Hermassi et al.*® witnessed that fat percentage seemed to
have a negative effect on handball players not only on
their aerobic capacity but also on their anaerobic capa-
cities such as shots, sprints, and jumps. Explaining the
results of our study, higher endomorphy relates to worse
sprint times. Barbieri et al.** ascertained those sprinters
with large muscle mass, lower adiposity, less ectomor-
phy, and more strength had better performances. Accord-
ing to Martinez-Rodriguez et al.**, greater muscle mass
is often an advantageous characteristic in sports, as in
team handball, where speed is so much of the essence.

Table 3 - Pearson's correlation between somatotype components and general physical fitness tests and throwing velocity.

Variables Endomorphy Mesomorphy Ectomorphy
Sit and Reach Test (cm) NS NS NS
5 m Sprint time (s) r=0.315,p=0.011 NS NS
10 m Sprint time (s) r=0.367,p=0.004 NS NS
30 m Sprint time (s) r=10.358, p=0.005 NS NS
Standing long jump (cm) r=-0.418,p=10.001 r=-0.261, p=0.044 NS

Ball velocity at standing position (km.h™")

Maximal aerobic power (mL-kg™'-min™")

NS
r=-0.322,p=10.012

r=0.260, p=0.045 r=-0.260, p = 0.045
NS NS
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Table 4 - Regression results for different performance models.

Dependent Variable R? p- Included Independent SC p- Equation
Adj. value variables value
Sit and Reach Test (cm) Endo -0.276  N/A
0.05 0.118 Meso -0.586 N/A N/A
Ecto -0.485 N/A
5 m Sprint time (s) 0.08 0.014 Endo 0.459 0.014 5 m Sprint = 0.985 + 0.024 * Endo
10 m Sprint time (s) Endo 0.367 0.001 10 m Sprint =1.619 + 0.050 * Endo + 0.019 * Ecto
0.17  0.002 Ecto 0.341 0.046
30 m Sprint time (s) 0.19  0.001 Endo 0.657 0.001 30 m Sprint =3.863 + 0.122 * Endo+0.054 * Ecto
Ecto 0.425 0.013
Standing long jump (cm) 0.23  0.001 Endo -0.623  0.001 Standing long jump =355.048 - 15.510 * Endo -
11.667 * Meso - 15.129 * Ecto
Meso -0.694  0.002
Ecto -0.878 0.009
Ball velocity at standing position ~ 0.05  0.044 Ecto -0.119 0.001  Ball velocity at standing position = 88.126 - 1.711*
(km-h™") Ecto
Maximal aerobic power 0.13  0.007 Endo -0.556  0.060 Maximal aerobic power = 59.702 - 3.047 * Endo -
(mL-kg™"min~") 1.253 * Ecto
Ecto -0.361 0.002

R2 Adj.: R2 adjusted; SC: Standardized coefficients; Endo: Endomorphy; Meso: Mesomorphy; Ecto: Ectomorphy.

Consequently, it is probable that higher endomorphy
results in worse results in acceleration and body move-
ment. In our study, endomorphy exhibited a negative cor-
relation in the long jump which concurs with Saha
et al.'” which reported a negative correlation between the
endomorphy component and leg explosive power. Busko
et al.* in volleyball players found that there was a nega-
tive correlation between jump height and endomorphic
component (r = 0.59). It would seem that endomorphy
has a negative effect on the long jump and might act as a
limiting factor in propulsion and lifting body tasks. One
of the reliable parameters in measuring athletic perfor-
mance and the level of training is maximum oxygen
uptake. Endomorphy adversely impacts the heart during
training caused by body muscles not receiving sufficient
quantities of oxygen due to the deposition of high levels
of fatty tissue®®. Our study found a negative correlation
between the endomorphic component and maximum
aerobic power. Our results concur with those of Mar-
angoz et al.>' on high-performance handball players
where a highly negative correlation was found between
maximum aerobic power and endomorph value (r =
-0.702, p < 0.001). The findings of the study Chaouaci
et al.'"® show that ectomorphy contributes positively to
aerobic capability. It seems that endomorphy has an
adverse effect on maximum aerobic power.

Mesomorphy reflects muscle development which
positively relates to power’. In handball, muscle power is
a very important aspect of performance’®, and more mus-
cular and powerful handball players tend to have an
advantage®®. Our results exhibited a positive correlation

between the mesomorphic component and ball velocity.
The study by Havolli et al.** on elite handball players
concluded that more muscle mass in the lower and upper
limbs manifests in better shooting performance and mus-
cle power. Several studies in handball show a correlation
of (r > 0.60) between muscle power and shot speed’’.
Consequently, increased muscle mass, a mesomorphic
component, can have a beneficial effect on shot perfor-
mance. Our results also showed a negative correlation
between the mesomorphic component and horizontal jump
capability. The optimum body composition of athletes is
characterized by high levels of muscle mass*'. However,
our findings showed that mesomorphy related negatively
to SLJ which means that more muscle mass negatively
impacts the jump and forward body movement of handball
players. These findings may probably be explained
through the mesomorphic component, and refer to the
development of the skeletal muscle that exhibits hyper-
trophy and can negatively impact jump capability.

The current study showed a negative correlation
between ectomorphy and ball velocity. Ectomorphy nega-
tively correlates with force and reflects muscular
hypotonia®”*2. Shot speed is the result of the power in the
muscular groups in the upper and lower limbs*’. On the
other hand, the linearity of the body structure correspond-
ing to ectomorphy translates to less muscle mass and in
turn lower levels of attained muscular strength®’. The pre-
dominantly ectomorphic person, having a tall and slim
somatotype, can negatively influence shot performance.

There was no significant difference between flexibi-
lity performance and somatotype components (p = 0.670)



in our study. In the bibliography, some studies show there
is no correlation between flexibility and somatotype
components'*. Flexibility is a physical capacity that could
be more influenced by the adaptations produced by train-
ing, as it seems to be sensitive to the changes produced by
training, improving it and producing morphological and
neurological adaptations**.

The ordinary least square regression models for
elite junior handball players were set to determine the
effects of somatotype on general physical fitness tests
and throwing velocity. It was found that endomorphy is
a prognostic factor and forecasts negative effects for the
forecast models of all the examined motor indices
except for ball velocity. In their study, Hermassi et al.*’
found that in adolescent handball players, the % BF
predicted a significant 8 -15% portion in running per-
formances and aerobic capacity. This might be because,
for motor abilities that are characterized by muscle
power and maximum oxygen uptake, the extra weight
in the form of fatty tissue may affect performance thus
requiring greater effort for movements®. In addition,
ectomorphy is a prognostic factor and foresaw negative
effects in the forecast models in all the examined indi-
ces except for the Sm sprint while mesomorphy is a
prognostic index and foresaw a negative effect in the
forecast model only for SLJ. In his study, Ryan-Stewart
et al.'” in physically active males presented a negative
correlation between ectomorphy and power performance
of the upper and lower parts of the body. In the multi-
variate analysis, the addition of mesomorphy seems to
bypass the negative correlation of ectomorphy with
power so that being slimmer and muscular combine to
create better power performances for the lower limbs.
The findings of the study of Chaouach et al.'® showed
that athletes exhibited better performances in aerobic
abilities when the components of mesomorphy and
ectomorphy were balanced rather than when mesomor-
phy was dominant. A possible explanation that can be
given through multivariate analyses, is when the soma-
totype components are examined separately. When
dominant, they had a negative effect on performance on
the forecast models of the examined general physical
fitness tests and throwing velocity.

The main limitation of this study is the small sample
size and it is important when looking at the results
although it is difficult to have a large number of subjects at
the national team level. Consequently, with such a small
sample size, the results reflect only this group and not the
whole population. Second, the playing positions of the
handball players were not taken into account in this study.
Each playing position requires unique physical and motor
characteristics to maximize performance and they receive
different training for their playing position. Therefore,
these data should be interpreted with caution when com-
pared to similar studies.
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Conclusions

In conclusion, the findings show that somatotype
influences various indices of body performance. In parti-
cular, endomorphy, in all our analyses was found to have a
negative effect on most of the performance indices. The
evaluation of somatotype components is a fundamental
aspect that should aim at determining the optimal body
composition of athletes by presenting a unique combina-
tion of somatotype components related to the improve-
ment of general physical fitness tests and throwing
velocity. These results could help to improve coaches'
knowledge of high-performance athletes, especially in the
country where the study was conducted. In addition, this
information on the effect between somatotype data and
general physical fitness tests and throwing velocity can
serve as a tool to guide and develop improved training
programs that lead to higher levels of performance.
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