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INTRODUCTION
Scientific research confirms that for professional sports selec-
tion it is necessary to take into account the morphofunctional 
peculiarities of athletes’ body [1, 2, 3]. In many cases, the 
limiting factor for the achievement of high sports results is the 
discrepancy between personal anthropo-somatotypological 
parameters and need of a particular sport [4, 5]. The problem 
of the optimal functional state of the cardiovascular system in 
athletes is determined by the short-term tasks of preparation 
for a specific sport event, as well as its long-term status, which 
ensures high achievements of sports for a long period of time. 
The leading limiting chain in the degree of physical fitness of 
an athlete is the state of the cardiovascular system [6, 7, 8]. 
The functional state of the central hemodynamics enables the 
most rapid detection of signs of overwork and overtraining. 
The peculiarities of the human body structure of the athletes 
influence the manning of the team, the choice of the tactical 
drawing of the game in defense and attack, on the definition 
of training techniques [9, 10]. Until recently, the morpholog-
ical and functional parameters of the athletes’ body of sports 

games were evaluated on average values of parameters: football 
players, handball players, basketball players. Recently, there 
has been a tendency to develop an evaluation of these param-
eters among athletes depending on the position of the game 
(goalkeeper, defender, half-back, forward) in the specific sport 
games [11, 12, 13]. The sport position determines the athlete’s 
actions on the sportsground, proposes certain requirements for 
his morphofunctional parameters and the special orientation 
of the training process. Therefore, it is important to establish 
the features of central hemodynamics, total and partial body 
parameters, component composition of the body mass and 
somatotypological characteristics in predicting the possibilities 
of volleyball players in different positions.

THE AIM
The aim was to define the main differences in the external 
structure of the body and in parameters of central hemo-
dynamics in volleyball players of the youth of the high level 
of sports skill with the position of libero, hitters and setters.
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ABSTRACT
The aim was to determine the main differences in the external structure of the body and the of central hemodynamics parameters in of high-level sports skills volleyball players 
of the juvenile age with the role of libero, hitters and setters.
Materials and methods: 116 volleyball players of high level athletic skill of the youth age from 16 to 20 years old. The control group included 140 practically healthy girls 
who were not engaged in sports of the corresponding age. Anthropometric investigation was performed according to Bunak’s V.V. and Martirosov’s E.G. method, rheographic – 
according to the method of Ronkin M.A. and Ivanov L.B. The reliability of the difference between independent quantitative values was determined using Mann–Whitney U-test.
Results: It was established that volleyball players have significantly higher total, longitudinal, circumferential dimensions of the body, width of distal epiphyses, transverse 
diameters of the chest and pelvis in comparison with girls, who are not involved in sport. According to the most parameters of the body external structure the hitters are 
predominate than setters and libero. In hitters and setters, most anthropo-somatotypological parameters are larger than in nonathletes. The stroke and minute volumes, the 
impact index, the volume velocity of the blood and the capacity of the left ventricle in volleyball players are significantly higher. Specific peripheral resistance is significantly 
lower than that of girls who are not involved in sports. Between the volleyball players of different positions in the value of the central hemodynamics parameters, there were 
no significant differences, except for the impact index, which is significantly higher in libero than in the hitters.
Conclusions: The external structure of the body, anthropometric parameters and indicators of central hemodynamics depend of volleyball player’s position and have some 
peculiarities.
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MATERIALS AND METHODS
On the base of the Scientific-Research Center of the E. Pirogov 
Vinnitsa National Medical University a comprehensive survey 
of 116 volleyball players of high level athletic skill (from 16 
to 20 years old) was done. Sports experience in all volleyball 

players is more than 3 years. All athletes at the time of the 
survey were on the preparatory stage of the training cycle and 
had a high level of athletic skill. The age distribution among 
athletes was as follows: 16-year-olds – 24 persons (20.69%); 
17 years old – 21 (18.1%); 18 years old – 28 (24.14%); 19 years 

Table I. Differences of total body dimensions in girls, depending on sports activities
Parameters Group М±s р1 р2 р3

Body weight (kg)

Hitters 66.55±8.17 <0.001 <0.05

Setters 59.69±7.04 <0.001 >0.05

Libero 59.54±10.01 <0.05 >0,.05

Control 55.74±7.28 <0.001 <0.05 >0.05

Body length (cm)

Hitters 175.9±5.7 <0.001 <0.01

Setters 169.0±5.0 <0.001 >0.05

Libero 167.7±6.5 <0.01 >0.05

Control 164.1±6.8 <0.001 <0.001 >0.05

Area of the body surface (m2)

Hitters 1.81±0.12 <0.001 <0.05

Setters 1.68±0.10 <0.001 >0.05

Libero 1.67±0.15 <0.05 >0.05

Control 1.59±0.12 <0.001 <0.01 >0.05

Notes: р1 – an indicator of statistical significance of differences in anthropometric parameters by hitters with other groups; р2 – an indicator of statistical 
significance of differences in anthropometric parameters by setters with other groups; р3 – an indicator of statistical significance of differences in 
anthropometric parameters by libero with other groups.

Table II. Differences in the partial dimensions of the body in girls depending on sports activities
Parameters Group М±s р1 р2 р3

Length of the arm

Hitters 78.12±4.31 <0.001 >0.05

Setters 75.79±3.02 <0.001 >0.05

Libero 77.58±6.18 >0.05 >0.05

Control 73.06±0.38 <0.001 <0.01 <0.05

Length of the trunk

Hitters 53.63±4.27 <0.001 <0.05

Setters 50.05±3.00 <0.001 >0.05

Libero 50.41±3.03 <0.05 >0.05

Control 48.75±0.27 <0.001 <0.01 <0.058

Length of the leg

Hitters 91.93±5.43 <0.001 <0.05

Setters 89.02±4.32 <0.001 >0.05

Libero 88.03±4.69 <0.05 >0.05

Control 86.27±0.48 <0.001 <0.05 >0.05

Girth of the shin in lower third

Hitters 23.20±2.84 <0.05 <0.05

Setters 22.46±1.02 <0.05 >0.05

Libero 21.66±1.56 <0.05 >0.05

Control 22.32±1.56 <0.001 >0.05 >0.05

Girth of the chest during expiration

Hitters 94.20±6.18 <0.05 >0.05

Setters 91.88±5.04 <0.05 >0.05

Libero 91.67±5.82 >0.05 >0.05

Control 86.09±6.48 <0.001 <0.001 <0.05

Notes: р1 – an indicator of statistical significance of differences in anthropometric parameters by hitters with other groups; р2 – an indicator of statistical 
significance of differences in anthropometric parameters by setters with other groups; р3 – an indicator of statistical significance of differences in 
anthropometric parameters by libero with other groups.



Larisa A. Sarafinjuk et al. 

922

old – 23 (19.83%); 20 years old – 20 (17.24%). According to 
the sport degree, the distribution among volleyball platers 
was as follows: 79 persons (68.11%) had the first adult rank, 
31 candidates (26.72%), sports masters – 6 (5.17%). For the 
sport’s role volleyball players were divided into 3 groups: 
hitters – 78 (67.24%), setters – 29 (25%), libero – 9 (7.76%). 
The control group included 140 practically healthy girls who 
were not engaged in sports of the corresponding age. In the 
group of young girls who were not engaged in sports, the age 
distribution was as follows: 16-year-olds – 27 (19.69%); 17 
years old – 32 (22.83%); 18 years old – 25 (18.11%); 19 years 
old – 25 (18.11%); 20 years old – 31 (21.26%).

Commission on Bioethics of Vinnitsa National Medical 
University M.I. Pirogov (report № 7 dated June 8, 2015) 
established that the studies did not deny the main bioethical 
norms of the Helsinki Declaration adopted by the General 
Assembly of the World Medical Association, Council of 
Europe Convention on Human Rights and Biomedicine, 
relevant provisions of World Health Organization, Interna-
tional Council of Scientific Medical Societies, International 
Code of Medical Ethics and the laws of Ukraine and may be 
used in scientific work. All volleyball players signed a form of 
informed consent. Participants were provided with anonymity 
and confidentiality of data.

Anthropometric research was performed according to 
the Bunak’s V.V. (1941) method [14]. Were determined total 
(body length and weight) and partial dimensions: 5 longitu-
dinal, 15 circumferential, 10 transverse, 2 anterior-posterior, 
7 craniometric dimensions and thickness of 8 dermato-ex-
tracting creases. According to the Martirosov’s E.G. (1982) 
method [15] were determined: length of the trunk, arm and 
leg. Rheographic parameters were determined by computer 
diagnostic complex according to the method of Ronkin M.A. 
and Ivanov L.B. (1997) [16]. Given the performance EGG, 
the distance between the electrodes, height and weight and 
body surface area, arterial pressure, heart rate and using 
formulas (Vinogradova, 1986) we calculated the parameters 
of central hemodynamics [17]. The statistical analysis of the 
results was carried out using the package «STATISTICA 
5.5» (license number AXXR910A374605FA). We evaluated 
the character of the distributions for each of the obtained 
variation series for Shapiro-Wilc, the mean for each studied 
feature, the errors of the arithmetic mean and the standard 
quadratic deviation. Reliability of difference values between 
independent quantitative variables were determined using 
the U-Mann-Whitney criterion. 

RESULTS
It is established that among volleyball players the largest 
weight of the body has hitters in compare with the libero, 
this parameter in hitters is larger than in libero, setters and 
in girls of the control group.

Weight of the body in setters is larger than in non-athletes 
(Table I). A real difference in body length between hitters 
and nonathletes and volleyball players of two other sports 
positions was revealed. In setters, the value of this param-
eter is significantly higher than that of control group girls. 

The area of the body surface, as well as the two previous 
anthropometric dimensions, has statistically significant 
value in volleyball players, compared with girls, who are 
not involved in sport.

According to the sport position, it has been established 
that the hitters have significantly higher values of length, 
weight and area of the body surface than setters, libero and 
nonathletes. In libero, in comparison with volleyball play-
ers of a different positions, total body parameters are the 
smallest, but the real difference is established only between 
them and the hitters. Attention is drawn to the fact that 
total dimensions do not differ from the libero compared 
to girls, who are not involved in sport.

It was revealed that in highly skilled athletes all longi-
tudinal body dimensions are significantly higher than in 
nonathletes (p<0.001). It is evidenced by the highest an-
thropometric points. anthropometric dimensions In hitters 
are significantly higher than that of girls of other groups of 
comparison. Compared to girls, who are not involved in 
sports, the setters have a higher altitude of all anthropometric 
points, with the exception of the trochanterial point, and the 
libero have only higher altitude of the suprasternal point.

Volleyball players of the general group have a larger length 
of the arm, length of the trunk and length of the legs than 
nonathletes, the volleyball players of a separate sport position 
maintain the established regularity (Table II).

Volleyball players have larger values of the width of the dis-
tal shoulder epiphyses (6.28±0.41) cm, forearm (5.12±0.33) 
cm (in both cases p<0.001), hip (8.54±0.83) cm and shin 
(6.64±0.51) cm (in both cases p<0.01) than nonathletes. 
In hitters, in comparison with girls, who are not involved 
in sport, the transverse dimensions are significantly higher 
(in all cases, p<0.001), in setters only the width of the distal 
epiphysis of the shoulder (p<0.05) is significantly greater 
(p<0.05). In libero in comparison to the control group there 
are no real differences. It should be noted that in setters and 
libero these dimensions practically do not differ, whereas in 
athletes of these groups the width of the distal epiphysis is 
substantially less than that of the hitters.

Analyzing changes in body diameters, it was found 
that volleyball players have transverse middle thoracic 
(26.49±1.83) cm and lower chest (23.65±2.19) cm dimen-
sions significantly higher than nonathletes (p <0.001). 
The thickness of the chest, which is indicated by the 
anterio-posterior middle chest dimension (17.79±2.55) 
cm, is also greater (p<0.01). According to the width of 
the shoulders, group of volleyball players (36,26±2,33) 
cm and group of nonathletes (35,94±2,56) cm are signifi-
cantly not different. Thus, adaptive changes in volleyball 
players are more prominent in the dimension of the chest. 
It was established that in volleyball players in comparison 
with nonathletes, the external conjugate (19.26±1.47) cm 
(p<0.001), interspinal (25.46±1.87) cm (p<0.05), intercr-
estal (29.22±2.54) cm (p<0,001) and intertrochanterial 
(32.82±2.15) cm (p<0.001) dimensions are significantly 
larger. Interspinal dimension does not have a significant 
difference between athletes of different positions, intercr-
estal dimension – significantly higher in the hitters than 
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in the setters and the libero, intertrochanterial dimension 
and external conjugate – in the hitters, compared with the 
setters. All circumferential body dimensions in the general 
group of volleyball players are significantly higher than that 
of girls, who are not involved in sports (mostly p <0.001).

In compare of the parameters of systolic, diastolic and average 
arterial pressure between nonathletes and volleyball players of a 
high level of athletic skill of the same age, between any compar-
ison group no significant difference was found. Parameters of 
blood pressure are almost the same level in all volleyball players 
with different sports positions.

One of the important indicators of central hemodynamics 
is stroke volume, which at nonathletic persons (69.15±20.99) 
ml significantly lower than in the total group of athletes 
(78.76±15.36) ml (p<0.001) and volleyball players of dif-
ferent positions: hitters (78.68±16.08) ml (p<0.001), setters 
(77.04±15.15) ml (p<0.05), libero (84.71±8.282) ml (p<0.01); 
we have not found significant differences in the value of this 
parameter between the different volleyball sports specialization, 
although it should be noted that by libero the average value of 
this indicator is the highest. We found that volleyball players’ 
minute volume of blood (4.93±0.96) l was significantly higher 
(p<0.001) than girls who do not play sports (4.57±1.39) l, this 
regularity was observed in a case of volleyball special positions: 
hitters have this parameter (4.96±0.99) l significantly larger 
(p<0.01), but setters (4.90±1.00) l have a tendency to meaning 
its larger p<0.055) when to compare them with nonathletic 
persons. At volleyball players of different parameters, the 
minute volume is on one level. The size of stroke index (ml/
m2) has no significant differences when comparing the overall 
group, volleyball players and not athletes, but we found out, that 
by libero this parameter (51.22±6.85) has the greatest signifi-
cance in the present sample, significant difference (p<0,05) in 
the value of the hemodynamic parameter is set by comparing 
athletes of the position of hitters (43.32±9.11) and girls who are 
not involved in sports (43.11±12.75). The value of cardiac index 
(l/m2) in the total group of athletes (2.83±0.63) and volleyball 
players of different positions has no significant differences when 
compared with each other and with a group of girls who are 
not involved in sports (2.88±0.83). 

We found out that the value of the specific peripheral resis-
tance has no significant difference between groups of volleyball 
players, a total group of sportsmen and not athletes, it should 
be noted that by libero this parameter is the lowest average 
value, by hitters – the highest, difference by comparing these 
groups are unreliable. Total peripheral resistance (Din/s/cm 5) 
by nonathletes (1620.7±472.4) is significantly greater than in 
the general group of volleyball players (1454.7±299.8) (p<0.01) 
and hitters (1454.5±305.4) (p<0.05). Between volleyball play-
ers with different command specialization the changes in the 
value of this parameter are unreliable, by libero – the lowest 
value of this parameter (1433.4±271.5), the setters – the largest 
(1462.2±304.0). Girls, who are not involved in sports, signifi-
cantly concede in size volume speed of blood(ml/s) than vol-
leyball players’, we found significant differences in the value of 
this parameter between the control group (254.3±74.14) and the 
general group of athletes (288.2±51.14) and a group of hitters 
(289.0±53.46), setters (281.2±49.98) and libero (303.0±33.53) 

(p<0.01 – 0.001). By libero the average value of this parameter 
is largest in the present sample, but the difference between 
athletes of different positions is insignificant. Sportswomen, 
who are engaged in volleyball, have more power of left ventricle 
(p<0.05 – 0.001) than girls who do not play sports. 

DISCUSSION
The high level of modern sports achievements requires spe-
cific knowledge in the field of morpho-functional features of 
the organism, which serves as a transitional step to a deeper 
study of individual sports. There is no doubt that tallity is im-
portant for team sports, especially for volleyball. The average 
length of the body in volleyball players is 9.4 cm. This figure is 
predominant in non-sportsmen, the difference between these 
comparison groups is statistically significant. According to the 
sport position, it has been established that the hitters have sig-
nificantly higher values of length, weight and area of the body 
surface than setters, libero and non-sports girls. The greatest 
values of all longitudinal sizes, we found in the group of hitters, 
between the setters and the libero, the difference is practically 
absent. Significant genetic conditionality of longitudinal body 
sizes gives reason to consider the differences identified as the 
result of sports selection. The specifics of sport activities in 
volleyball require adaptive changes on the part of the pelvic 
bones, which performs a peculiar function of the bone support 
for the internal organs during landing after the jumps. That 
is why, we consider that the increase in the size of the pelvis 
in volleyball players in comparison with non-sportsmen is a 
positive adaptation in this sport. Considering the bone system 
at the level of the whole organism, we can say that under the 
influence of regular physical loads of optimal level, all adap-
tation changes in it proceed as favorable, progressive and have 
the character of hypertrophy [18, 19, 20]. According to the 
radiological examination working hypertrophy of bones in 
young athletes is marked at 6 – 7 months after the beginning 
of training, and at athletes of middle and senior age – in 1-1,5 
years [21]. General adaptation changes occur in all bones of 
the skeleton, and local – in the most loaded in its parts. So, 
we found that all the circumferential dimensions of the body 
in the general group of volleyball players are significantly 
higher than that of girls who are not involved in sports. The 
most significant differences in body sizes can be the basis for 
creating a morphological picture of the volleyball players. 

CONCLUSIONS 
It was revealed that the volleyball players, in compari-
son with girls who are not involved in sport, have larger 
(p<0,001) total, longitudinal, circumferential body size, 
width of distal epiphysis, transverse diameter of the chest 
and pelvis. The setters prevail over the hitters and libero 
by the value of the most parameters. In hitters and set-
ters most anthropo-somatometric parameters are larger 
(p<0.05–0.001), than in of girls.

Stroke volume and minute volume, a stroke index, vol-
ume speed of blood and the power of the left ventricle in 
volleyball players are significant, but the general peripheral 



Larisa A. Sarafinjuk et al. 

924

resistance has a lower level in compare with girls, who were 
not involved in sports. There are no significant differences 
between the volleyball players of different roles in the level 
of the central hemodynamics parameters, except for the 
shock index, which in the libero is more prominent than 
the hitters ones.

REFERENCES
 1.   Myer G.D., Jayanthi N., Difiori J.P. et al. Does Early Sports Specialization 

Increase Negative Outcomes and Reduce the Opportunity for Success 
in Young Athletes? Sports Health. 2015;7(5): 37-442.

 2.  Barth M., Emrich E., Daumann F. Approaches and methods used for 
measuring organizational performance in national sport governing 
bodies from 1986 to 2014. A systematized review. Current Issues in 
Sport Science. 2018;3:1-22.
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