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Abstract 
The aim of this research was to determine the constitution and the latent structures on the sample of 124 female 
handball players, age 13.72  (SD = 5.16). The measuring instruments of this transversal research included the set of 
12 anthropometric variables (Mišigoj-Duraković, 1995). The descriptive methods with the statistical significance of p ≤ 
.05, as well as exploratory factor analysis (EFA), along with the Guttman-Kaiser Criterion for reducing the number of 
main components using the oblimin rotation of variables were used in the data processing. The obtained results 
revealed the existence of the relevant four-factor hierarchical model, with 71,44% of the explained variance. The first 
most informative latent dimension was interpreted as the factor of longitudinal dimensionality of the skeleton 
(explained 37.02% of the variability), the second was subcutaneous fat (20.25% of the variability), the third is was 
body mass and volume (7.86% of the variability), and the forth was transversal dimensionality of the skeleton (6.31% 
of the explained variability). The factorial findings confirmed the hypothetical morphological structure of the extracted 
mutual factors of the participants, which is in accordance with the results of other researches. This study revealed 
practical implications and methodological limitations of this empirical research, and thus included recommendations 
for future research. 
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INTRODUCTION 

In the last decade of the XXI century, sports 
results are being based on the hierarchical 
structure of the success factor, meaning on their 
basic anthropological markings, most of all on 
morphological characteristics which describe 
body constitution or somatotopic characteristics 
of an athlete. Anthropometric characteristics and 
body constitution of female handball players are 
the consequence of genetics and the way of 
adapting to training and diet. They have a 
relevant role in selection in junior categories, and 
in senior as well (Иваноивић и Ивановић, 
2017; Masanovic & Vukasevic, 2020; 
Минабутдинов & Игнатьева,  2014, Naisidou 
et al., 2017). Therefore, early identification and 
the process of selecting talented female handball 
players and systematic monitoring of their 
development represent a significant prerequisite 
for athletic success (Corvino et al.,  2014; Dopsaj 
et al., 2017; Fernández-Romero et al., 2017; 
Ивановић и Ивановић, 2015; Michalsik et al., 
2015; Noutsos et al., 2019; Vuleta i sar., 2020). 
The condition for quality anthropological, 
primarily motor functioning in every athletic 
activity is the adequate constitution because 
motor skills are integrated to the morphological 
structure during the process of training. Certain 
characteristics of body constitution are intensely 
generated by the genetic factor (such as body 
height) while others, such as body mass, can be 
influenced by exogenic factors – training process 
and lifestyle (Moss et al., 2015; Grujić, 2016). 
The studies (Bojić-Ćaćić, 2019; Čavala, 2013; 

Grujić, 2016) have shown that female players 
who have bigger hands, which is influenced by 
genetics, are more efficient in working the ball, 
meaning they are more successful in performing 
technical-tactical elements. Hence, in order for 
female adolescents to become top quality 
players, there needs to be a decade of 
professionally organized training and handball 
playing.  
By applying the multivariate factorial concept, it 
can be claimed with great likelihood that the 
core of morphological space is four-dimensional. 
That means that it is structured from four 
factors: longitudinal dimensionality of the 
skeleton – responsible for bone growth in 
height, transversal dimensionality of the skeleton 
– which influences bone growth in width, body
volume and mass – responsible for the total 
body mass and body circumference, and 
subcutaneous fat – responsible for total quantity 
of fat in the body (Ивановић и Ивановић, 
2018). While analyzing the aforementioned 
latent dimensions, it should be taken into 
account that body height is a longitudinal 
component that is 85 to 90% genetically 
conditioned, and that means that it develops 
rapidly among girls age 11 to 13 (Michalsik & 
Aagaard, 2015). That is the reason why 
knowledge of the morphological structure and 
its a influence on specific activity, as well as its 
contribution to the development of 
morphological characteristics, is necessary while 
planning the process of training an athlete. 
Based on the aforementioned research, it can be 
concluded that that the female beginner 
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handball players need to be given direction for 
adequate anthropological markings, meaning 
adequate constitution, because their technical-
tactical training cannot be realized without 
quality body shape that needs to continuously 
improve during the young female cadets’ 
athletic career in order to prepare them for the 
more complex requirements needed in the junior 
category, and maximum efficiency in the senior 
category. 
The aim of this empirical research was to 
examine the constitution and anthropometric 
structure of female handball players, age 13.72 
± 5.16. Based on the defined aim and the results 
of the previous studies, the initial hypothesis is 
formulated and it presupposes identifying the 
factorial hierarchical make-up of body 
composition of young female cadet handball 
players. 

RESEARCH METHODOLOGY  

Participants sample 
The pertinent sample of participants included 
124 female handball players from four handball 
clubs: WHC “Valjevo” (Valjevo), WHC 
“Bekament Bukovička Banja” (Aranđelovac), 
WHC “Kolubara” (Lazarevac), and WHC 
“Loznica-Grad” (Loznica). The average age of 
participants was 13.72 (SD = 5.16). 
All participants had minimum two years of 
systematic and organized training, at least three 
times a week. All participants agreed voluntarily, 
and with their parents’ consent, to take part in 
the research. Additional condition was that they 
are clinically healthy and without expressed 
motoric difficulties. Before the process began, 
the importance of the research was presented to 
both children and their parents.  

Morphological variables  
Anthropometric measuring has been conducted 
according to the protocol of Mišigoj-Duraković 
(1995) which is based on The International 
Biological Program (IBP) and World Health 
Organization (WHO). The standard set consisting 
of 12 anthropometric variables was chosen 
because of the hypothesis regarding the 
existence of four fundamental latent dimensions: 
longitudinal dimensionality of the skeleton – 
body height (ALVT), arm length (ALDR), arm 
span (ALRR); transversal dimensionality of the 
skeleton – shoulder width (ATŠR), elbow 
diameter (ATDL), wrist diameter (ATDRZ); body 
volume and mass – body mass (AVTM),
outstretched upper arm circumference (OVONA), 
forearm circumference (AVOPO); and 
subcutaneous fat – back skinfold (AKNL), upper 
arm skinfold (AKNN) and calf skinfold (AKNP). 

Statistical data processing 
Statistical analysis of the morphological profile of 
female handball players included the methods of 
descriptive statistics and multivariate exploratory 
method of factor analysis, where the number of 
relevant latent factors is defined by Guttman-
Kaiser criterion (GK), with oblimin rotation of 
variables. 

RESULTS AND DISCUSSION 

Table 1 shows the descriptive statistics 
parameters of anthropometric variables. The 
obtained values of the measurements of the 
shapes of distribution, skewness and kurtosis 
coefficients, or the ends of distribution of 
variables for the assessment of morphological 
characteristics indicate that there is normal 
Gaussian distribution of data compared to 
arithmetic mean, which enables further 
parametric procedures of data processing 
(Tabachnick & Fidell, 2013). 
With the aim of defining the construct 
(hypothetical) validity of 12 manifest 
morphological variables, meaning identifying 
latent anthropometric structure of the 
participants, exploratory factor analysis was 
conducted (Table 2). 
By applying oblimin rotation and Kaiser 
normalization, four latent dimensions were 
extracted, which according to the authors 
(Schreiber, 2021) meets the Kaiser-Guttman 
criterion because they have the characteristic 
square < 1. In addition, this interpretable four-
factor solution explains 71.44% of the total 
variance of the system of manifest 
anthropometric variables. This cumulative 
percentage of the root mean square deviation of 
the result of the measurements from their 
arithmetic mean shows that the isolated factors 
explain enough variance of the measuring 
variables, considering the chosen criterion. The 
residual part of the variance (28.56) of 
anthropometric measurements is most likely 
explained by the remaining part of the variability 
(specificity and accidental measurement error), 
meaning other specific factors that are in this 
case irrelevant (because their contribution, 
compared to the cumulative percentage of the 
explained variance, is relatively minimal). 
The maximum quantity of the total variance was 
extracted by the first main component (37.78), 
and the second component explains 20.25% of 
the total variability, meaning that together they 
explain 52.27% of the total variation, while the 
third main component explains 7.86%, and the 
fourth explains 6.31% of the total variance.
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Table 1. Descriptive statistics and data on skewness and kurtosis index of morphological variables 

Variables Min Мах AM SD Sк Ku 

ALVT (cm) 155.84 194.90 168.05 6.15 .62 .28 

ALDR (cm) 64.96 85.95 71.97 4.23 .26 .47 

ALRR (cm) 118.92 193.14 166.23 3.36 .37 .15 

ATŠR (cm) 31.05 45.06 37.34 1.48 .60 .76 

ATDL (cm) 5.97 6.90 6.37 .95 .30 .38 

ATDRZ (cm) 4.20 6.09 5.20 .58 .09 .54 

AVTM (0.1 kg) 40.96 90.88 60.13 9.12 .23 .68 

AVONF (cm) 22.87 33.06 26.95 2.86 .44 .70 

AVONE (cm) 21.95 32.97 26.16 2.32 .50 .42 

AVOPO (cm) 20.08 28.03 23.92 7.53 .74 .52 

AKNL (0.2 mm) 4.78 16.99 9.46 6.75 .39 .36 

AKNN (0.2 mm) 6.29 22.59 13.14 6.20 .57 .34 

AKNP (0.2 mm) 6.49 22.98 12.98 9.13 .16 .43 

Legend. AM = arithmetic mean; SD = standard deviation; Sk = standardized skewness;  Ku = standardized kurtosis. The value of 
standard error SE with Sk is 0,15, and with Ku is 0,23. body height (ALVT), arm length (ALDR), arm span (ALRR);  shoulder width 

(ATŠR), elbow diameter (ATDL), wrist diameter (ATDRZ); body mass (AVTM), flexed upper arm circumference (OVNAF) outstretched 
upper arm circumference (OVONE), forearm circumference (AVOPO), back skinfold (AKNL), upper arm skinfold (AKNN) and calf 

skinfold (AKNP). 

Table 2. Initial characteristic values and percentage of the explained variance 

Main 
components 

Characteristic 
square (λ) 

% of the 
explained 
variance 

Cumulative %  of 
the explained 

variance 
1 8.92 37.02 37.78
2 4.05 20.25 57.27

3 2.00 7.86 66.13

4 1.45 6.31 71.44

From the aspect of geometry, the resulting 
vector of the first characteristic square is the 
longest (λ = 8.92). It explains the biggest part of 
the proportion of the total squared standard 
deviation of all vectors of the analyzed 
morphological variables, because it is reduced by 
projections that have maximum variance, 
meaning maximum linear correlations with the 
measuring variables, which implies relatively 
valid informativeness of the somatic latent 
dimension “responsible” for its variability. 
However, even though the first main component 
explained the maximum percentage of the 
anthropometric space variance, the second, 
third, and fourth components also significantly 
contributed to explaining the variability of the 
group of manifest morphological variables. 

Table 3 shows factorial load and communality of 
the four isolated latent dimensions. By applying 
oblimin rotation, the hierarchical four-factor 
structure was obtained, with the tendency on 
the one hand, that one factor correlates as much 

as possible with one set of the variables, or with 
the bundle if regarded as vectors, and on the 
other hand to correlate with other variables or 
vector bundles as little as possible 
(Golyandina,Nekrutkin  & Zhigljavsky, 2001). 
Taking an insight into the parallel projections of 
variables, which dominantly saturate certain 
vectors within the matrix of the correlation 
coefficient of the acute factorial axis, one can 
see the range from .84 to .90 for the first factor, 
.62 to .86 for the second, .71 to .75 for the third 
factor, while the range for the fourth isolated 
factor is from .65 to .69. 
In the final column of the Table, the 
communality of each measuring variable was 
calculated, meaning the proportion of the 
mutual variance of the variable which is 
common to all other variables together. The 
values of communality of the significant 
anthropometric measurements are high and they 
range from .65 to .90 which indicates to the 
reliability of the existence of the morphological 
latent dimensions.  
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Table 3. Latent structure of the factors (factorial saturation) and communality 

Variables F F
F4 h2 

ALVT (cm) .81 .29 .24 .90 
ALDR (cm) .75 .26 .18 .87 
ALRR (cm) .83 .21 .27 .84 
ATŠR(cm) .60 -.19 .74 .69 
ATDL (cm) .19 .05 .80 .67 

ATDRZ (cm) .30 .10 .72 .65 
AVTM (0,1 kg) .48 .72 .23 .75 
AVONE (cm) .51 .76 .17 .73 
AVOPO (cm) .19 .83 .09 .71 

AKNL (0,2 mm) -.06 .11 .15 .79 
AKNN (0,2 mm) .08 .24 .04 .76 
AKNP (0,2 mm) .03 .06 .12 .73 

Legend: F , , , 4 = factorial saturation from the matrix; h = communality. 

It also indicates that communalities explain quite 
well the factor model of morphological latent 
dimensions because their manifest variables are 
linearly connected to other variables within the 
analyzed set.Maximum positive parallel 
projections of the very high intensity and 
communality for the first extracted latent 
dimension have manifest variables body height (r 
= .90), arm length        (r = .87), and arm span (r 
= .84). In addition, the vectors of their variables 
form relatively narrow hypercone around the 
first main component and probably indicate that 
they share the identical subject of measuring, 
meaning that they include one relevant and 
mutual latent dimension within the factor model 
(Lorenzo-Seva & Ferrando, 2021). Based on the 
calculated parameters which define the latent 
content of the first main component of the 
unipolar latent mechanism, it can hypothetically 
be interpreted as the mutual factor longitudinal 
dimensionality of the skeleton (responsible for 
skeleton growth in length) and is under the 
maximum influence of genetic factors. 
According to Noutsos et al (2019), this isolated 
factor of body composition depends most on 
genetic factors because its genetic coefficient 
has a high value (H2 = .98), which means that 
kinesiological stimulus affect it only 2%, and 
therefore the transformation of the muscle 
fibers, which are longitudinal characteristics of 
the skeleton, by the means of kinesiological 
stimulus and training processes is negligible. 
The second isolated latent dimension is primarily 
defined by moderately high positive factorial 
saturation of the manifest variables: back 
skinfold (2.79), upper arm skinfold (.76) and calf 
skinfold (.73). Based on the projections of the 
variables and the size of the communalities on 
the second latent mechanism, its total variability 
can theoretically be defined as the factor of 
subcutaneous fat (important for the 
development of soft tissue, which is 

predominantly subcutaneous fat in the 
organism). The reduction of this latent 
dimension is under the influence of exogenic 
factors (optimal training volume) because the 
genetic coefficient for the subcutaneous fat is 
.50% (Fernández-Romero et al., 2017). 
The third latent dimension is determined by the 
correlation of moderate intensity between 
manifest variables body mass (.75), outstretched 
upper arm circumference (.73) and forearm 
circumference (.71). Based on the obtained 
statistically significant correlations between the 
original variables with the latent content of 
reduced latent homogenous structure, it is 
possible to hypothetically speaking name it the 
factor of circular dimensionality of the body – 
volume and body mass (responsible for active 
body mass, circular dimensions of a body and 
the increase of body cross-section). Body mass is 
not genetically highly determined (H2 = .50), and 
training can influence its reduction, while the 
genetic coefficient for volume is .90% (Weber & 
Wegner, 2016). 
The fourth extracted latent dimension is 
determined by the minimal percentage of the 
explained total result square deviation from their 
arithmetic mean, minimal intensity of the 
rotated factorial saturation and communality of 
the manifest variables shoulder width (.69), 
elbow diameter (.67) and wrist diameter (.65). 
Based on the contribution of the manifest 
variables which determine latent content of this 
main component, it can theoretically be mutually 
called the factor of transversal dimensionality of 
the skeleton (responsible for bone growth in 
width). 
The obtained total variability, factorial 
saturations on the hierarchical extracted latent 
dimensions, as well as the communality on the 
manifest anthropometric variables presented in 
this research are in accordance with other 
researches (Bojić-Ćaćić, 2018;  Bojić-Ćaćić et al 
2018; Čavala, 2012; Massuça & Fragoso, 2015; 
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Šibila i Pori, 2009). Exploratory factor analysis of 
the collected data confirmed the initial 
hypothesis of this empirical research, which was 
the expectation that factorial morphological 
hierarchical body structure of young female 
cadet handball players would be identified. By 
identifying the morphological latent dimensions 
of the participants, the number of scientific 
information on the laws of forming an optimal 
anthropometric model of young cadet handball 
players of the female sex was increased and the 
more rational selection of handball players was 
enabled. 
This research has a few methodological 
limitations. First, the chosen sample and the 
number of applied variables were relatively small 
and the sample included only female 
participants. In addition, reaching cause-and-
effect conclusions in this research was 
impossible because the research is cross-
sectional, meaning correlational because data 
were collected at one moment in time. 
Therefore, future studies should be longitudinal 
and should be conducted on various categories 
of handball players, using both male and female 
representative samples, and with the greater 
number of anthropometric variables and 
participants. 

CONCLUSION 

The aim of this empirical research was to 
examine the morphological factorial structures 
of young female cadet handball players. The 
exploratory factor model reduced 12 manifest 
anthropometric variables, with 71.44% of 

statistically significant contribution of the total 
variability explained, to four latent dimensions. 
By predicting 37.02% of the variance of 
morphological variables, the first extracted main 
component was hypothetically determined as 
the factor of longitudinal dimensionality. It is 
maximally generated by genetic factors, and 
therefore kinesiological operators have minimum 
influence on their longitudinal dimensions of the 
skeletal structure. The second latent dimension 
explains 20.25% of the total variance, and it is 
determined by the factorial saturations of 
moderate intensity of the skinfold variables, and 
it is therefore interpreted as the subcutaneous 
fat factor. The transformation of this second 
main component can be significantly influenced 
by the training process because the genetic 
coefficient for subcutaneous fat is .50%. The 
second to last extracted latent dimension 
(volume and body mass) extracted 7.86% of the 
variability, while the last isolated main 
component transversal dimensionality of the 
skeleton explained 6.31% of the total variance 
of anthropometric variables. The obtained 
factorial findings confirmed the suggested 
hypothesis on the existence of mutual factors 
within the body composition of the participants. 
The anthropometric variables that were used 
proved themselves to be valid instruments to be 
used on the sample of female cadet handball 
players. The results obtained in this cross-
sectional study have possible theoretical and 
practical implications and show that there is a 
need for future research in order for us to fully 
understand anthropometric factorial structures 
among handball players. 
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