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Abstract: Although absolute jump heights should be considered an important factor in judging
the performance requirements of volleyball players, limited data is available on age-appropriate
categories. The purpose of this study is to determine the differences in specific anthropometric
characteristics and jumping performance variables in under−19 female volleyball players in rela-
tion to playing position and performance level. The sample of subjects consisted of 354 players
who prepared for the U19 Women’s Volleyball European Championship 2020 (17.4 ± 0.8 years,
1.81 ± 0.07 m, 67.5 ± 7.1 kg). Playing positions analyzed were setters (n = 55), opposites (n = 37),
middle blockers (n = 82), outside hitters (n = 137), and liberos (n = 43). The results showed player
position differences in every performance level group in variables of body height, spike, and block
jump. Observed differences are a consequence of highly specific tasks of different positions in the
composition of the team. Players of different performance levels are significantly different, with
athletes of higher-ranked teams achieving better results. The acquired data could be useful for the
selection and profiling of young volleyball players.

Keywords: spike jump; block jump; critical threshold; specialization

1. Introduction

Volleyball is a team sport with highly specific tasks and responsibilities for each
player on the court according to player’s position [1–3]. From the beginners’ level and
composition of 6:0, each player goes through a transition period of composition 3:3 and 4:2
to the advanced level of 5:1 team composition, with the highest level of player specialization.
Based on anthropometric characteristics, the skill quality and motor abilities of players
can be talent-identified and assigned to one of the player’s positions [4–12]. The dominant
composition played at the highest level of contemporary volleyball is the 5:1 composition.
The first number denotes the number of the spikers/hitters, while the second number
denotes the number of players who are in charge of the organization of the game in terms
of setting. Accordingly, a contemporary volleyball team is composed of 5 hitters, namely,
an opposite hitter, two outside hitters, two middle blockers, and the one and only player
in charge of the organization of the game—the setter. The “7th” player on the court is a
specialist defensive player—the libero—who replaces the middle blocker in serve reception
and court defense responsibilities. All of them have highly specific and precise tasks.

Through the long-term process of training, talent identification, and selection, players
should distinguish themselves, besides in skill level, in terms of above-average body height,
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upper and lower muscular power, speed, and agility [13]. Vertical jump is a fundamental
part of the spike, block, and serve. At high-level volleyball, jumping is also used while
setting because it reduces the flight time of the ball, speeds up the attack, and makes it
harder for the first line of defense–block to read through the possibilities of the attacking
team. Vertical jump assessment in volleyball is an inevitable part of training and testing
procedures [1,14–21]. In a volleyball 5-set match, players in different positions perform a
range of jumps that go from 65 to 136 jumps. On average, the highest number of jumps is
performed by setters, followed by middle hitters, opposite hitters, and outside hitters [22].
At an elite playing level, a typical match is likely to impose the greatest stress from maximal
jumping on middle players, but the setters also perform a very high number of submaximal
jumps [1].

The purpose of this study is to determine the differences in anthropometric and
jumping performance variables in under-19 women volleyball players in relation to playing
position and performance level. This information could provide significant insight and
reference values for talent identification and evaluation of the training programs applied.

2. Materials and Methods
2.1. Sample

The Confederation European de Volleyball U19 Women’s Volleyball European Cham-
pionship 2020 (CEV U19W ECH 2020) was held in Bosnia & Hercegovina and Croatia from
22–30 August as the first major European competition since the outbreak of the coronavirus
(COVID-19) pandemic. Out of the 12 teams initially planned for the championship, Russia,
Italy, and Germany withdrew from the competition due to COVID-19 travel restrictions
and specific government measures. The subject sample included 354 female volleyball
players from the 12 teams planned for the competition and 3 teams that went through the
1st round of the qualification process for the U19 women’s category.

2.2. Data Collection

All data were retrieved from the CEV U19 Women Volleyball webpage (https://www-
old.cev.eu/Competition-Area/CompetitionView.aspx?ID=1201) (accessed on 11 September
2020).

Displayed data on the official CEV cite for the abovementioned players included
measures of body height, body mass, spike jump, block jump, year of birth, and player
position. Body mass index was calculated based on the values of body height and body
mass. Team level criteria were composed as follows: Level 1, classified 1st–4th, added by
volleyball players from Russia and Italy (CEV U17W ECH 2018 1st and 2nd); Level 2, clas-
sified 5th–8th, added by volleyball players from Germany (CEV U17W ECH 2018 7th); and
Level 3, which consisted of the 9th team of the final standings of the U19 competition (CEV
ranking 17th), added by volleyball players from the 3 teams that played in the 1st round of
qualification (CEV ranking 30th−32nd). Player position criteria were observed through the
role of setter, opposite hitter, middle blocker, outside hitter, and libero (Table 1).

2.3. Statistical Analysis

Descriptive and inferential analyses of the data were done using the software SPSS v.20
(SPSS Inc., Chicago, IL, USA). Multivariate analysis of variance (MANOVA) with an LSD
post hoc test was used to determine the differences in jumping tests and anthropometric
measures (dependent variables) between different playing positions and performance
levels in volleyball (independent variables). Statistical significance was set at p < 0.05.

https://www-old.cev.eu/Competition-Area/CompetitionView.aspx?ID=1201
https://www-old.cev.eu/Competition-Area/CompetitionView.aspx?ID=1201
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Table 1. Number of players in each position and each team, analyzed according to the CEV U19
Volleyball European Championship 2020 data.

Performance Level Setter Opposite Middle Blocker Outside Libero ∑

1. Turkey 5 2 7 15 3 32
2. Serbia 4 2 5 15 3 29

3. Belarus 3 2 5 5 3 18
4. France 4 0 8 8 2 22
* Russia 2 4 6 7 5 24
* Italy 3 5 6 11 4 29

∑ level 1 21 15 37 61 20 154

5. Poland 4 1 6 8 3 22
6. Bulgaria 5 4 6 13 2 30
7. Croatia 3 3 4 8 4 22

8. Slovakia 3 2 6 7 4 22
* Germany 4 2 6 10 3 25

∑ level 2 19 12 28 46 16 121

9. Bosnia and
Herzegovina 5 4 5 8 2 24

§ Sweden 3 1 3 8 2 17
§ Israel 3 1 6 6 2 18

§ Montenegro 4 4 3 8 1 20

∑ level 3 15 10 17 30 7 79

Total 55 37 82 137 43 354

* Teams which did non participate in the competition due to COVID restritions. § Teams which played only the
1st round of qualification.

3. Results

Table 2 presents mean (SD) anthropometric, physical, and age characteristics of junior
female volleyball players regarding position and performance level. The MANOVAs
revealed there are statistically significant differences for player position in 1st (F = 5.69,
p = 0.00, partial eta-squared = 0.19), 2nd (F = 3.62, p = 0.00, partial eta-squared = 0.16), and
3rd performance level groups (F = 3.41, p = 0.00, partial eta-squared = 0.22) for body height
(1st f = 50.12, p = 0.00, partial eta-squared = 0.58, 2nd f = 24.77, p = 0.00, partial eta-squared
= 0.46, and 3rd f = 26.90, p = 0.00, partial eta-squared = 0.59), body mass (1st f = 14.68,
p = 0.00, partial eta-squared = 0.28, and 2nd f = 8.06, p = 0.00, partial eta-squared = 0.22),
body mass index (2nd f = 2.71, p = 0.03, partial eta-squared = 0.09), spike jump (1st f = 23.99,
p = 0.00, partial eta-squared = 0.39, 2nd f = 7.70, p = 0.00, partial eta-squared = 0.21, and
3rd f = 3.70, p = 0.01, partial eta-squared = 0.17), and block jump (1st f = 15.70, p = 0.00,
partial eta-squared = 0.30, 2nd f = 6.78, p = 0.00, partial eta-squared = 0.19, and 3rd f = 3.21,
p = 0.02, partial eta-squared = 0.15).

Significant position-related differences in the best performance group in terms of
body height are evident in all positions except between opposite and middle blocker
players (post hoc LSD p = 0.54), with greater values of both opposites and middles in
comparison with outside hitters, after whom are setters and libero players. For spike
and block jumps, there are no significant differences between players in the positions of
opposite and middle blocker (post hoc LSD for spike p = 0.24 and block 0.06) as well as the
middle blocker and outside hitter (post hoc LSD for spike p = 0.11 and block 0.42), while
there are statistically significant differences between opposites and outside hitters (post hoc
LSD for spike p = 0.02 and block 0.01), with better results for opposite players. In all other
mutual relations, there are statistically significant differences in the following order: from
opposites, middles, outside hitters, setters and libero players, from best to worst results in
spike and block jump. In the 2nd performance group, there are no significant differences
between opposites and outside hitters in body height, spike, and block jump (post hoc
LSD for body height p = 0.72, spike 0.28, and block 0.32). In the lowest performance group
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(3rd) of young volleyball players, differences in the abovementioned variables between
positions are even less pronounced significant differences are not observed, although it was
expected otherwise (for example, between setters and opposites, post hoc LSD for spike
p = 0.97 and block 0.40).

Table 2. Anthropometric, physical, and age characteristics of junior female volleyball players regarding position and
performance level.

Performance
Level Setter 1 Opposite 2 Middle

Blocker 3 Outside 4 Libero 5 ∑

Body height
(m)

1 1.81 ± 0.06 5 1.88 ± 0.03 1,4,5 1.87 ± 0.04 1,4,5 1.84 ± 0.04 1,5 1.71 ± 0.05 * 1.83 ± 0.07
2 1.78 ± 0.06 5 1.84 ± 0.04 1,5 1.87 ± 0.05 1,3,5 1.83 ± 0.05 1,5 1.73 ± 0.04 * 1.82 ± 0.07
3 1.77 ± 0.03 5 1.81 ± 0.06 1.83 ± 0.04 1,4,5 1.78 ± 0.04 5 1.62 ± 0.05 * 1.78 ± 0.07

∑ 1.79 ± 0.05 ‡ 1.85 ± 0.05 ‡ 1.86 ± 0.05 ‡ 1.82 ± 0.05 ‡ 1.71 ± 0.06 1.81 ± 0.07

Body mass (kg)

1 68.4 ± 7.0 5 72.1 ± 5.5 5 73.3 ± 5.9 4,5 70.3 ± 5.6 5 61.5 ± 5.1 * 69.8 ± 6.8
2 63.8 ± 5.0 66.6 ± 7.1 5 71.3 ± 7.0 1,2,4,5 65.8 ± 5.5 5 62.1 ± 4.3 * 66.3 ± 6.5
3 65.2 ± 6.9 65.9 ± 10.9 67.8 ± 6.3 64.6 ± 6.3 58.3 ± 5.6 65.0 ± 7.3

∑ 66.0 ± 6.5 68.6 ± 8.1 ‡ 71.5 ± 6.6 ‡ 67.5 ± 6.2 61.2 ± 5.1 67.5 ± 7.1

BMI (kg/m−2)

1 21.0 ± 2.0 20.5 ± 1.3 21.0 ± 1.4 20.8 ± 1.6 20.9 ± 1.3 20.8 ± 1.6
2 20.1 ± 1.4 19.7 ± 1.8 20.3 ± 1.6 4 19.5 ± 1.2 20.7 ± 1.5 4 * 20.0 ± 1.5
3 20.7 ± 1.8 20.1 ± 2.3 20.3 ± 1.6 20.4 ± 1.8 22.1 ± 1.8 20.6 ± 1.8

∑ 20.6 ± 1.8 20.1 ± 1.7 20.6 ± 1.6 ‡ 20.3 ± 1.6 21.0 ± 1.5 20.5 ± 1.6

Spike jump (m)

1 2.89 ± 0.09 5 3.04 ± 0.12 1,4,5 3.00 ± 0.09 1,5 2.97 ± 0.10 1,5 2.77 ± 0.11 * 2.95 ± 0.13
2 2.87 ± 0.10 5 2.90 ± 0.10 5 2.95 ± 0.10 1,5 2.94 ± 0.12 1,5 2.78 ± 0.16 * 2.91 ± 0.13
3 2.75 ± 0.16 5 2.75 ± 0.21 5 2.81 ± 0.16 5 2.84 ± 0.16 5 2.59 ± 0.15 * 2.78 ± 0.18

∑ 2.84 ± 0.13 ‡ 2.92 ± 0.19 ‡ 2.95 ± 0.13 ‡ 2.93 ± 0.13 ‡ 2.74 ± 0.15 2.90 ± 0.15

Block jump (m)

1 2.75 ± 0.09 5 2.92 ± 0.11 1,4,5 2.85 ± 0.16 1,5 2.83 ± 0.10 1,5 2.63 ± 0.14 * 2.80 ± 0.15
2 2.76 ± 0.10 5 2.77 ± 0.10 5 2.83 ± 0.10 1,5 2.80 ± 0.11 5 2.65 ± 0.16 * 2.78 ± 0.13
3 2.65 ± 0.18 5 2.58 ± 0.28 2.70 ± 0.20 5 2.71 ± 0.18 5 2.44 ± 0.21 * 2.66 ± 0.21

∑ 2.73 ± 0.13 ‡ 2.78 ± 0.22 ‡ 2.81 ± 0.16 ‡ 2.79 ± 0.13 ‡ 2.61 ± 0.17 2.76 ± 0.17

Age (years)

1 17.7 ± 0.6 17.0 ± 1.0 17.5 ± 0.8 17.3 ± 0.9 17.6 ± 0.7 17.4 ± 0.8
2 17.6 ± 0.5 17.2 ± 0.8 17.4 ± 0.6 17.3 ± 0.9 17.4 ± 0.7 17.4 ± 0.8
3 17.5 ± 0.9 16.9 ± 1.1 17.4 ± 0.7 17.2 ± 0.9 17.4 ± 0.8 17.3 ± 0.9

∑ 17.6 ± 0.7 17.0 ± 1.0 17.5 ± 0.7 17.3 ± 0.9 17.5 ± 0.7 17.4 ± 0.8

Significantly different from: 1—Setter; 2—Opposite; 3—Middle blocker; 4—Outside; 5—Libero; *—significantly different by player position;
‡—significantly different by performance level.

The MANOVAs revealed there are statistically significant differences by performance
level in the player position of opposites (F = 2.23, p = 0.02, partial eta-squared = 0.31), middle
blockers (F = 2.87, p = 0.00, partial eta-squared = 0.19), outside hitters (F = 5.77, p = 0.00,
partial eta-squared = 0.21), and libero players (F = 2.03, p = 0.03, partial eta-squared = 0.25).
Univariate analysis showed that there are statistically significant differences in the observed
variables: for opposites, in body height (f = 7.52, p = 0.00, partial eta-squared = 0.31), spike
jump (f = 12.04, p = 0.00, partial eta-squared = 0.41), and block jump f = 12.22, p = 0.00,
partial eta-squared = 0.42); for middle blockers, in body height (f = 6.13, p = 0.00, partial
eta-squared = 0.13), body mass (f = 4.49, p = 0.01, partial eta-squared = 0.10), spike jump
(f = 17.90, p = 0.00, partial eta-squared = 0.31), and block jump (f = 5.39, p = 0.01, partial
eta-squared = 0.12); for outside hitters, in body height (f = 23.67, p = 0.00, partial eta-
squared = 0.26), body mass (f = 13.19, p = 0.00, partial eta-squared = 0.17), body mass
index (f = 8.93, p = 0.00, partial eta-squared = 0.12), spike jump (f = 10.96, p = 0.00, partial
eta-squared = 0.14), and block jump (f = 7.65, p = 0.00, partial eta-squared = 0.10). Based on
the post hoc LSD test, we can observe that the 1st and 2nd group of opposites, middles,
outsides, and liberos, in comparison to the 3rd group, have greater values of body height
and better results of spike and block jump. In the player position of opposites, there are also
statistically significant differences between 1st and 2nd performance levels. Differences
in the varied performance levels of setters with greater values of body height and better
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results of spike and block jump of the 1st performance level in comparison to 2nd and 2nd
in comparison to 3rd are observed, although they are not statistically significant.

Finally, Table 3 reports position-specific normative centile values for anthropometric
characteristics in terms of body height and sport-specific jumping abilities in absolute
values, i.e., spike jump and block jump.

Table 3. Position-specific normative centile values of body height, spike jump, and block jump for junior female volleyball
players.

Setter Opposite Middle Blocker Outside Libero

Bh SJ BJ Bh SJ BJ Bh SJ BJ Bh SJ BJ Bh SJ BJ

Pe
rc

en
ti

le
cu

t-
of

f 5 1.71 2.53 2.45 1.73 2.49 2.20 1.78 2.71 2.57 1.74 2.73 2.60 1.58 2.45 2.32
10 1.73 2.71 2.58 1.76 2.63 2.47 1.80 2.79 2.68 1.76 2.79 2.67 1.64 2.53 2.40
25 1.75 2.78 2.66 1.82 2.83 2.69 1.82 2.88 2.75 1.80 2.85 2.71 1.66 2.66 2.50
50 1.79 2.85 2.75 1.85 2.94 2.83 1.86 2.97 2.82 1.82 2.95 2.80 1.70 2.74 2.60
75 1.81 2.93 2.80 1.88 3.03 2.90 1.89 3.04 2.91 1.85 3.01 2.89 1.75 2.85 2.76
90 1.86 3.00 2.88 1.91 3.09 3.00 1.92 3.09 2.98 1.88 3.09 2.95 1.78 2.95 2.82
95 1.91 3.01 2.90 1.92 3.19 3.03 1.95 3.11 3.00 1.90 3.15 3.00 1.80 2.98 2.85

Values of body height, spike jump, and block jump are presented in meters.

4. Discussion

The aim of this study is to investigate the anthropometric characteristics and vertical
jumping abilities of junior female volleyball players according to player position and
performance level. The main results of our study are as follows:

(a) there are statistically significant differences by player position in every performance
level group in the variables of body height, spike jump, and block jump.

(b) Significant position-related differences in the best performance group in terms
of body height are evident in all positions except between opposite and middle blocker
players, with greater values of both opposites and middles in comparison to outside hitters,
followed, in order, by setters and libero players. In the variables of spike and block jumps,
there are no significant differences between players in the positions of opposite and middle
blocker, as well as middle blocker and outside hitters, while there are statistically significant
differences between opposites and outside hitters, with better results from opposite players.
In all other mutual relations, there are statistically significant differences in the following
order: from opposites, middles, outside hitters, setters till the libero players, and from
best to worst results in spike and block jumps. In the 2nd performance group, the same
conclusions were derived with the addition that in this group, there were no significant
differences between opposites and outside hitters in body height, spike jump, and block
jump as a consequence of the lower values of opposites of the 2nd performance level group
in comparison with the 1st performance level group, which were leveled to the values of
the outside hitters. In the lowest performance group (3rd) of young volleyball players,
differences in the abovementioned variables between positions were even less pronounced
and non-significant.

(c) There are statistically significant differences by performance level, with greater
values of body height and better results of spike and block jumps of the 1st and 2nd group
of opposites, middles, outsides, and liberos in comparison to the 3rd group. In the player
position of opposites, there are also statistically significant differences between 1st and 2nd
performance levels. Differences in the varied performance levels of setters with greater
values of body height and better results of spike and block jumps of the 1st performance
level in comparison to 2nd and 2nd in comparison to 3rd are observed, although they are
not statistically significant.

Based on the results of the present research, the data showed that there are statistically
significant differences in body height and absolute values of spike and block jumps between
positions in volleyball. These findings are in accordance with research conducted by
different authors [1,3,23], and they are within expectations due to player tasks on the court.



Int. J. Environ. Res. Public Health 2021, 18, 8377 6 of 9

At the same time, numerous studies that had taken into account the relative values of
jumping abilities did not find any differences between player positions except for body
height values [2,24–26]. Consequently, we can see on the basis of the norms of absolute
values (Table 3), which is the critical height that athletes should reach. Elite volleyball
players need to reach the threshold in the absolute values of spike and block jumps for
specific positions. Such can be achieved either on the count of above-average body height
and/or relative values of vertical jump in order to reach that threshold. Those players with
a lower body height can compensate for their lack by an above-average jumping ability
for the particular position that is targeted. In Table 3, we can see to which extent it should
be expected. In such a manner, differences in relative jumping abilities between player
positions are possible [19].

In this respect, relative vertical jumping ability is of great importance in volleyball
regardless of the players’ position, while absolute vertical jump values can differentiate
players not only in terms of player position and performance level but in their career
trajectories. However, maximum jump height performance in each and every jump, either
in the spike or in the block, is neither necessary nor expedient. Due to player adaptation
of their efforts to the game situation and efficacy of their performance throughout the
game, the intensities of attack jumps at maximal capacity varies from 55–90% [27]. A
higher contact height in the attack motion involves a better incidence angle of the opponent
court [28]. Differences between the values of spike and block jumps, with the greater reach
of spike jumps, are due to the type of the approach (frontal vs. lateral) and how the ball
is contacted (one hand vs. both hands simultaneously). The fact that the aim of block
performance is to increase the area by which we limit attacker options, the player needs
to place both hands simultaneously on the ball when performing the block. Additionally,
the reason for such height discrepancies between spike and block jumps is that the first
is executed individually while a block must be performed by two or three players in a
coordinated manner in which players need to adjust and harmonize their temporal and
spatial actions.

Player specialization, i.e., determining the player’s position, is a complex and long-
term process. Based on the player’s characteristics and abilities, coaches should assign
the player a role on the court that would maximize the player’s contribution to the team.
Coaches may sometimes encounter resistance from players due to their affinities, but
the specialization process should be approached thoroughly. Talent identification and
development is a process based on an understanding of the tasks and responsibilities of the
player regarding their position (Table 4) as well as a consideration of the body measures
and abilities associated with sports performance. In pursuit of elite performance, it is of
great importance to differentiate between the trainable and non-trainable qualities of a
player [29–31].

Table 4. Player’s role and subsequent tasks in volleyball according to their position.

Setter Opposite Middle Outside Libero

Serve 3 3 3 3 -
Serve reception - - - 3 3

Setting 3 (II–III) - - (4) - - (4)
Spike (1 IV, III, II) II, I (2 R1 IV) III IV, VI (2 R1 II) -
Block II II (3 IV) (IV, III, II) IV (3 II) -

Backcourt
defense I I V VI V

3: Performed task by role, roman letters indicate the field zone in which such task can be performed. 1 Setters do
not perform spikes, but are allowed in certain situations: setter positioned in Zone IV, Zone III, and Zone II. 2 R1,
setter in Zone I: opposite player performs spike from Zone IV, while outside hitter performs spike from Zone II. 3

R1, setter in Zone I: as a response to an opponent’s counterattack, the opposite player performs a block from Zone
IV while the outside hitter performs a block from Zone II. 4 if setter is not able to perform setting due to previous
contact with the ball, middle blocker or libero could help.
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A spike is the most attractive and efficient way of scoring a point. The success of
this action depends on height of contact, ball direction, and ball speed. The main factors
that determine the height of contact are standing height reached, which consists of body
height and arm length, and ability to jump and reach, which consists of the ability of a
player to perform technical elements in the most efficient way in terms of the utilization of
motor abilities, namely, explosive muscular power. For the height of contact, the ability to
jump and reach is usually monitored in volleyball [15]. With the exception of liberos, every
player may spike.

Throughout the years, as demonstrated in the European and World Championships,
there has been an increase in the use of the power jump serve in both men’s and women’s
volleyball [32]. With the change in rules and the introduction of the Rally Point System,
the serve as a skill has become a mighty tool for scoring a point and not just for entering
the rally in the competition of two teams. Even when a team does not score a direct or
ace point, through a powerful power jump serve, it can reduce the possibilities of attack
from the opponent team and facilitate the organization of a counterattack. Therefore, while
performing spikes, power serves (which is very similar to the spike technique), and blocks,
volleyball players should possess above average body height in combination with the
power and force of lower extremities in executing simple vertical jumps.

Because of the similar requirements in spike and block jumps for opposite (main hitter)
and middle blockers (main blocker), the shorter outside hitters, in order to reach the critical
threshold, must make up for their lack of height and standing reach by exhibiting superior
relative jump heights. In this respect, absolute jump heights of spike and block are of great
importance when judging the performance requirements of outsides. Those players who
did not reach these thresholds cannot play at the elite level of volleyball on the position
of outsides. Hence, these players were left out during the transition from junior to senior
levels of competition, which resulted in their playing career coming to an end. Because of
their exquisite skillfulness in serve reception and court defense, in order to keep them in
the team and improve the game, in 1998, there was a change in rules and the introduction
of the libero player.

Our study was able to identify differences between various playing positions in terms
of body height and absolute vertical jump for both spike and block in elite junior female
volleyball players. However, the main limitation of this study is that all data were retrieved
from the data displayed by the official CEV site from the competition of the U19 Women’s
Volleyball European Championship 2020.

5. Conclusions

Player specialization, i.e., determining the player’s position, is a complex and long-
term process. Based on the player’s characteristics and abilities, coaches should assign the
player a role on the court that would maximize the player’s contribution to the overall
quality of the team. During that process, it is important to differentiate between the
trainable and non-trainable qualities of a player.

Based on the results of this research, the data shows that there are statistically signif-
icant differences in body height and absolute values of spike and block jumps between
positions in volleyball. Relative vertical jumping ability is of great importance in volleyball
regardless of the players’ position, while absolute vertical jump values have the power
to differentiate players not only in terms of player position but also in performance level.
The higher the performance level of the team, the lower the intra-positional differences
in terms of height, spike jump, and block jump, and some other factors become decisive
(e.g., technical–tactical skill and knowledge, decision-making quality, performance under
pressure).

Deficit of body height for a particular position can be compensated by jumping ability
only to some extent. The relatively large sample of subjects in our study is composed of
elite (1st group), good (2nd group), and lower levels of performance (3rd group) of U19
women volleyball players. In pursuit of excellence and competition on the elite senior level,
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they need to reach the threshold for their age and particular position in terms of absolute
spike and block jumps based on the normative values presented.
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11. Milić, M.; Grgantov, Z.; Chamari, K.; Ardigò, L.P.; Bianco, A.; Padulo, J. Anthropometric and physical characteristics allow

differentiation of young female volleyball players according to playing position and level of expertise. Biol. Sport 2016, 34, 19–26.
[CrossRef] [PubMed]

12. Grgantov, Z.; Padulo, J.; Milic, M.; Ardigò, L.P.; Erceg, M.; Cular, D. Intra-positional and inter-positional differences in somatotype
components and proportions of particular somatotype categories in youth volleyball players. Ann. Appl. Sport. Sci. 2017, 5, 37–49.
[CrossRef]

13. Lidor, R.; Ziv, G. Physical and physiological attributes of female volleyball players-a review. J. Strength Cond. Res. 2010, 24,
1963–1973. [CrossRef]

14. Sheppard, J.M.; Cronin, J.B.; Gabbett, T.J.; McGuigan, M.R.; Etxebarria, N.; Newton, R.U. Relative importance of strength, power,
and anthropometric measures to jump performance of elite volleyball players. J. Strength Cond. Res. 2008, 22, 758–765. [CrossRef]
[PubMed]

15. Ziv, G.; Lidor, R. Vertical jump in female and male volleyball players: A review of observational and experimental studies. Scand.
J. Med. Sci. Sports 2010, 20, 556–567. [CrossRef] [PubMed]

16. Borràs, X.; Balius, X.; Drobnic, F.; Galilea, P. Vertical jump assessment on volleyball: A follow-up of three seasons of a high-level
volleyball team. J. Strength Cond. Res. 2011, 25, 1686–1694. [CrossRef] [PubMed]

17. González-Ravé, J.M.; Arija, A.; Clemente-Suarez, V. Seasonal changes in jump performance and body composition in women
volleyball players. J. Strength Cond. Res. 2011, 25, 1492–1501. [CrossRef]

http://doi.org/10.1519/JSC.0b013e3181b45c6a
http://www.ncbi.nlm.nih.gov/pubmed/19675472
http://doi.org/10.1519/JSC.0b013e31827361c4
http://www.ncbi.nlm.nih.gov/pubmed/22990572
http://doi.org/10.2478/hukin-2014-0128
http://www.ncbi.nlm.nih.gov/pubmed/25713683
http://www.ncbi.nlm.nih.gov/pubmed/16503688
http://www.ncbi.nlm.nih.gov/pubmed/17685708
http://doi.org/10.1080/02640410601188777
http://www.ncbi.nlm.nih.gov/pubmed/17786686
http://doi.org/10.1519/JSC.0b013e3181634550
http://www.ncbi.nlm.nih.gov/pubmed/18550968
http://www.ncbi.nlm.nih.gov/pubmed/16617581
http://doi.org/10.1519/JSC.0b013e3182606e05
http://www.ncbi.nlm.nih.gov/pubmed/22692122
http://doi.org/10.5114/biolsport.2017.63382
http://www.ncbi.nlm.nih.gov/pubmed/28416892
http://doi.org/10.18869/acadpub.aassjournal.5.2.37
http://doi.org/10.1519/JSC.0b013e3181ddf835
http://doi.org/10.1519/JSC.0b013e31816a8440
http://www.ncbi.nlm.nih.gov/pubmed/18438243
http://doi.org/10.1111/j.1600-0838.2009.01083.x
http://www.ncbi.nlm.nih.gov/pubmed/20459471
http://doi.org/10.1519/JSC.0b013e3181db9f2e
http://www.ncbi.nlm.nih.gov/pubmed/21386730
http://doi.org/10.1519/JSC.0b013e3181da77f6


Int. J. Environ. Res. Public Health 2021, 18, 8377 9 of 9

18. Busko, K.; Michalski, R.; Mazur, J.; Gajewski, J. Jumping abilities in elite female volleyball players: Comparative analysis among
age categories. Biol. Sport. 2012, 29, 317–319. [CrossRef]

19. Sattler, T.; Sekulic, D.; Hadzic, V.; Uljevic, O.; Dervisevic, E. Vertical jumping tests in volleyball: Reliability, validity, and
playing-position specifics. J. Strength Cond. Res. 2012, 26, 1532–1538. [CrossRef]

20. Sheppard, J.M.; Nolan, E.; Newton, R.U. Changes in strength and power qualities over two years in volleyball players transitioning
from junior to senior national team. J. Strength Cond. Res. 2012, 26, 152–157. [CrossRef] [PubMed]

21. Copic, N.; Dopsaj, M.; Ivanovic, J.; Nesic, G.; Jaric, S. Body composition and muscle strength predictors of jumping performance:
Differences between elite female volleyball competitors and nontrained individuals. J. Strength Cond. Res. 2014, 28, 2709–2716.
[CrossRef]

22. Fontani, G.; Ciccarone, G.; Giulianini, R. Nuove regole di gioco ed impegno fisico nella pallavolo. SDS 2000, 19, 14–20.
23. Ciccarone, G.; Croisier, J.L.; Fontani, G.; Martelli, G.; Albert, A.; Zhang, L.; Cloes, M. Comparison between player specialization,

anthropometric characteristics and jumping ability in top-level volleybal players. Med. Dello Sport Riv. Fisiopatol. Dello Sport 2008,
61, 29–43.

24. Marques, M.C.; Van Den Tillaar, R.; Vescovi, J.D.; González-Badillo, J.J. Changes in strength and power performance in elite senior
female professional volleyball players during the in-season: A case study. J. Strength Cond. Res. 2008, 22, 1147–1155. [CrossRef]
[PubMed]

25. Sattler, T.; Hadžic, V.; Derviševic, E.; Markovic, G. Vertical jump performance of professional male and female volleyball players:
Effects of playing position and competition level. J. Strength Cond. Res. 2015, 29, 1486–1493. [CrossRef] [PubMed]

26. Pocek, S.; Vukovic, J.; Jaksic, D.; Lakicevic, N.; Messina, G.; Bianco, A.; Drid, P. Fitness profile of young female volleyball players.
Med. Dello Sport 2020, 73, 197–209.

27. Lima, R.F.; Palao, J.M.; Clemente, F.M. Jump performance during official matches in elite volleyball players: A pilot study. J. Hum.
Kinet. 2018, 67, 259–269. [CrossRef] [PubMed]

28. Vint, P.F.; Vint, P.F. Hitting biomechanics: The foundation of skill application. Coach. Volleyb. 1998, 4, 10–15.
29. Baker, J.; Horton, S. A review of primary and secondary influences on sport expertise. High Abil. Stud. 2004, 15, 211–228.

[CrossRef]
30. Lloyd, R.S.; Oliver, J.L. The youth physical development model: A new approach to long-term athletic development. Strength

Cond. J. 2012, 34, 61–72. [CrossRef]
31. Smith, D.J. A framework for understanding the training process leading to elite performance. Sports Med. 2003, 33, 1103–1126.

[CrossRef] [PubMed]
32. Agelonidis, Y. The jump serve in volleyball: From oblivion to dominance. J. Hum. Mov. Stud. 2004, 47, 205–214.

http://doi.org/10.5604/20831862.1022654
http://doi.org/10.1519/JSC.0b013e318234e838
http://doi.org/10.1519/JSC.0b013e31821e4d5b
http://www.ncbi.nlm.nih.gov/pubmed/22193341
http://doi.org/10.1519/JSC.0000000000000468
http://doi.org/10.1519/JSC.0b013e31816a42d0
http://www.ncbi.nlm.nih.gov/pubmed/18545195
http://doi.org/10.1519/JSC.0000000000000781
http://www.ncbi.nlm.nih.gov/pubmed/25436623
http://doi.org/10.2478/hukin-2018-0080
http://www.ncbi.nlm.nih.gov/pubmed/31523323
http://doi.org/10.1080/1359813042000314781
http://doi.org/10.1519/SSC.0b013e31825760ea
http://doi.org/10.2165/00007256-200333150-00003
http://www.ncbi.nlm.nih.gov/pubmed/14719980

	Introduction 
	Materials and Methods 
	Sample 
	Data Collection 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

