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Abstract

Volleyball is a sport that requires movements commonly regarded as dynamic with one of the most impor-
tant factors in this discipline being jump height. The schedule of the league season, with its most important
matches, heavily influences the jump height of the players. Of particular interest was the difference in jump
height before the beginning of the season and at its final stage. The study aimed was knowledge about the
jump height of volleyball players before the season and in the final phase of the league games and possible
changes in the level of motor coordination associated with jumping.

The study involved 12 men aged between 18 and 23 years training in the minor-league volleyball team of the
Sports Club of the Academic Sports Association at the University of Warmia and Mazury in Olsztyn, Poland. Each
time a participant made two standing jumps. The first jump was a counter movement jump (CMJ). The second
one was a counter movement jump with arms swing (CMJ+B). The study was divided into two parts, before and
during the final phase of the season. A motion sensor (WIVA® system) was used to analyse the jump.

No statistically significant differences were found for the CMJ trials. Unlike CMJ+B, where statistically signifi-
cant differences were found for one of the most important indicators for volleyball players, i.e. explosive power
(p=0.0414), and also in a indicator called coordination % (p = 0.002) which is decisive for performance in volleyball.

The juxtaposition of CMJ+B and coordination % indicators, which showed statistically significant differences,
is indicative of a significant improvement in the physical fitness of the examined volleyball players and may
be important for success in volleyball. It confirms the directly proportional relationship between the manifes-
tation of muscle strength and neuromuscular coordination.
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Centre of gravity - noun 1.
the point at which a body can
be balanced. Abbreviation CG
2. the point through which the
force of gravity acts [20].

Training session - noun

a period of time during which
an athlete trains, either alone,
with a trainer or with their
team [20].

Technique - specific
procedures to move
one’s body to perform
the task that needs to be
accomplished [21].

Tactics - decisions and actions
of players in the contest to
gain an advantage over the
opposing players [21]

Motor skills - plural noun
the ability of a person to
make movements to achieve
a goal, with stages including
processing the information in
the brain, transmitting neural
signals and coordinating the
relevant muscles to achieve
the desired effect [20].

Performance - noun the level
at which a player or athlete

is carrying out their activity,
either in relation to others or
in relation to personal goals or
standards [20].

Biomechanical analysis -
noun the assessment of the
proper use of techniques

in sport and exercise
biomechanics [20].
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INTRODUCTION

There are various motor skills, mainly jump
height (JH), velocity, endurance, strength, agil-
ity and coordination that determine the sport-
ing achievements of volleyball players. Some
authors believe that in addition to these, the
longitudinal development of the skeleton (mus-
cle tissue, adipose tissue, ossification of bone
tissue, arm length) may be the most important
feature in volleyball [1, 2].

Volleyball is a sport requiring movements com-
monly regarded as dynamic, such as jumps, ball
strokes and short movements of the whole body.
Attack and blocking are the key actions in the
game needed to achieve victory [3, 4].

The schedule of the league season, with its most
important matches, heavily influences the jump
height of the players. The differences in jump
height were analysed before the beginning of
the season and at its final stage. Such a compari-
son makes it possible to determine the changes
in jump height.

Analyses based on the measurement of motor
skills are a common method used to diagnose the
development of skills and to improve the sporting
level. Therefore, in addition to pre-season train-
ing to improve fitness, it is important to study
changes occurring during the league season.
However, it is difficult to carry out such research
among rivals during the league season [5].

Since talents are usually identified at an age of
dynamic growth and development, many factors
should be studied, including the role of biologi-
cal maturity for jumping results [6].

Good performance in vertical jumps is not only
important for success in sports games but is also
related to other important physical skills such as
sprint running or agility. Common scaling mod-
els based on the assumption of geometric simi-
larity revealed that while the jump height may be
independent of body size, the muscle strength
increases proportionally to body weight. One of

Table 1. Characteristics of the 12 volleyball players

the most frequently examined factors that may
contribute to an increase in jump efficiency is the
muscle strength of the lower limbs [7].

The vertical jump is an important part of prepa-
ratory exercises in most sport disciplines, such as
volleyball and basketball, where JH growth and
ability to increase power are presented as key
success factors [8-10].

A plyometric training program can potentially
improve jumping performance and reduce the
risk of injury [11].

The jump height depends on the maximum
velocity that the centre of gravity reaches
when the feet lose contact with the ground.
Obviously, during the flight itself, nothing can
be done to stay longer in the air. The positive
function of the body, causing acceleration dur-
ing the upright movement of the knee joint,
provides the driving force. This acceleration is
determined by the force of the extensors which,
during this activity, is provided by the kinematic
chain. A uniform take-off angle (e.g. 90°) means
that the muscle tension is the same for all sub-
jects, as knee joints are straight during take-off.
In this case, the jump height is proportional to
muscle tension [12].

The study aimed was knowledge about the jump
height of volleyball players before the season and
in the final phase of the league games and pos-
sible changes in the level of motor coordination
associated with jumping.

MATERIAL AND METHODS

Participants

Twelve men aged 18-23 (Table 1), in the minor-
league volleyball team of the Sports Club of the
Academic Sports Association at the University of
Warmia and Mazury in Olsztyn, Poland took part
in the study. All of them had up-to-date medical
examinations, allowing them to participate in the
measurements.

Statistic indicator Age [years] Body height [cm] Body weight [kg] BMI
Mean 1991 191.29 81.33 2240
SD 1.62 6.97 9.32 8.85
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Consent to this research was granted by the
Commission for Scientific Research Ethics at the
University of Warmia and Mazury in Olsztyn,
Poland (Decision no. 9/2018).

Study design

The research took place in October 2019 and
March 2020 at the Sports Hall in Kortowo in
Olsztyn according to a specified research proce-
dure (Figure 1). Between the first and the second
test rounds, the competitors were subjected to
a training program with five sessions a week for
two hours each. Twice a week there were training

Jaszczur-Nowicki J et al. - Jump height of volleyball...

sessions focused on strength development, and
the remaining three sessions were of techni-
cal and tactical nature with the use of balls. The
calendar of games included 24 league matches
(including 6 matches in friendly tournaments).

The research tools used in this work in the ini-
tial phase included measurement of the body’s
composition with Inbody270 analyser, a device
which allows making measurements using 20,
100 kHz impedance and 200 uA current, using
an 8-point tetrapolar system of touch electrodes
(2 left foot electrodes, 2 right foot electrodes,

Interview with team coaches

Getting competitors’ consent

Presentation of the research
project

Preparation of the test procedure

Establishing a test schedule —>
groups

Division of subjects into

composition Inbody270

Filling information sheets and
Obtaining information on the subjects = examining the body

| Pre-season WIVA® measurement |

h .

CcMJ | | CMJ+B

Participation in league competitions
and training sessions

l

| End-of-season WIVA® |

N .

cMl | | CMJ+B

Figure 1.The test procedure.
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2 left-hand electrodes, 2 right-hand electrodes).
The subject placed his feet and hands according
to the researcher’s instructions. The test took
15 seconds.

During the actual test phase, a motion sensor
(WIVA® system) was used, which, among other
things, can be used to analyse jump height. It
is used to examine different types of jumps.
It includes a wireless sensor with a Bluetooth
connection and a flexible wristband to stabi-
lize the sensor. It is also possible to connect it
to a computer using a Bluetooth connection. By
combining data from an accelerometer, magne-
tometer and gyroscope, the system used in this
study offers the most accurate sensory method
of motion detection. Each of the sensors used
fills in the gaps in signals from other sensors.
In this way, it is possible to perform measure-
ment tasks depending on the sensor’s position.
Before starting the test, the measuring sensor
should be placed in a special fastening strip at
the height of the L5 vertebra. The sensor should
be placed in a maximum vertical position with
the connection facing upwards. To prevent sig-
nal oscillations, the belt should be tightly fitted
to the subject’s body (Figure 2).

Testing procedure

The research started after a short warm-up in the
gym. The room temperature was 22-23°C. Each
time, the test participant made three standing
jumps. Prior to performing the actual three jumps,
the participant made several warm-up attempts.
First, the counter movement jump (CMJ), i.e.
without arm swing was measured. At subject
discretion, the time for one jump, and the cor-
responding measurement was 5 to 60 seconds.

The second round included counter movement
jump with arms swing (CMJ+B). Each time,
only the best of the three jumps was taken into
account for evaluation. During the measure-
ment, indexes such as maximum height, explo-
sive power, concentric power, concentric work
and coordination were analysed.

In this study, changes in the jumping indicators
were assessed, influenced by six-month volley-
ball training, before the season and in its final
phase. One of the most important performance
indexes in volleyball is a indicator called “% coor-
dination”. It shows the extent to which the player
has developed coordination in movements of the
whole body.

Figure 2. Correct positioning of the WIVA" System on the subject’s spine.
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Statistical analysis

For statistical analysis, the normality of data with
the Shapiro-Wilk Test was first tested. The results
obtained for some parameters showed that since
the data is not normally distributed, non-paramet-
ric tests were used for further statistical analysis
(Wilcoxon signed-rank test). The Mann-Whitney-
Wilcoxon test (also known as the Mann-Whitney
test, or sometimes the Wilcoxon rank-sum test for
two samples, or simply the Wilcoxon test for two
samples). Because measurement results in the test
population were not normally distributed, a non-
parametric test was applied.

M - arithmetic mean for a,, a,, ..., a, as defined
by the following formulas

(a,+a,+..+a)/n

SD ( %) - standard deviation, square root of the
variance of a random variable X:

a(xy =Dy

Table 2. CMJ before and after the season.

Jaszczur-Nowicki J et al. - Jump height of volleyball...

one of the most frequently used measures of dis-
persion of a random variable around its expected
value EX; its empirical equivalent is mean devia-
tion s. from the sample, being the root square of
the sample variance.

min - minimum value occurring in the sample
max - maximum value occurring in the sample

Me - Median (also known as a middle value, aver-
age value, or second quartile) - in statistics it is
the value of a characteristic in ordered series,
with an equal number of observations found
above and below it. The median is a quantile of
the order of 1/2, i.e. the second quartile.

Q, and Q, - Quartile - quantile of order 1/4
(first quartile, lower quartile), 1/2 (second quartile,
median), or 3/4 (third quartile, upper quartile). It is
one of the measures of position. 25% of observa-
tions lie in the first quartile, the second quartile
divides the population into two equal parts, and

Before season After season
Volunteers
& statistic
indicators | Max | Explosive 1 Concentric 1 Concentric 1 Max 1l Explosive Il Concentric 1l Concentric
Height [cm] power [N] power [W] work [J] Height [cm] power [N] power [W] work [J]
1 51.8 854.2 32371 764.9 58.7 879.5 2688.5 5283
2 527 663.2 2357 572 56.4 818.8 2910.2 601.7
3 536 929.2 3411.1 737.2 46.9 956.8 3222.7 695.6
4 53.1 950.6 29413 503.7 547 917.8 28993 535.2
5 52 7715 2070.9 423.7 49.4 778.5 2366.7 448.3
6 489 792.7 1982.5 354.7 517 775.5 1990.9 415
7 51.1 645.7 1770.4 324 49.7 651 2418.4 543.9
8 55.7 838.1 2309 438 55.6 873.7 2894.2 637
9 543 1014.7 3583.5 673.6 54.9 1023.7 37719 724.6
10 529 871.6 1626 3393 51.9 988.7 27243 4349
n 50.6 8443 2340.9 401.7 49.2 8423 2289.1 386.7
12 517 8833 31427 7765 50.7 910.5 3192.4 795.4
M 5237 838.76 2564.37 525.78 52.48 868.07 2780.72 561.93
SD 1.7 103.66 641.34 165.20 3.39 99.11 462.86 126.03
Min 48.90 645.70 1626.00 324.00 46.90 651.00 1990.90 386.70
max 55.70 1014.70 3583.50 776.50 58.70 1023.70 3771.90 795.40
Me 52.35 849.25 2348.95 470.85 51.80 876.60 2809.25 539.55
Q1 51.55 788.90 2048.80 389.95 49.63 808.73 2405.48 444.95
Q3 53.23 894.78 3166.30 689.50 55.08 927.55 2980.75 651.65
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25% of observations lie above the third quartile
(with +/-1 accuracy). The difference between the
third and the first quartile is the so-called inter-
quartile range, whereas half of this value is called
the semi-interquartile range.

RESULTS

For the counter movement jump (CMJ), no sta-
tistically significant differences were found
(Table 2). Counter Movement Jump With Arms
Swing (CMJ+B) showed statistically signifi-
cant differences for one of the most important
parameters for volleyball players, i.e. explosive
power (p = 0.0414). During the league season
the players significantly increased their coor-
dination capacity - indicator “% coordination”

(p = 0.002) (Table 3).

Table 3. CMJ+B before and after the season.

DISCUSSION

Volleyball is a sport in which jumping plays
a major role, which is why these players very
often participate in scientific research on jumping
height. The study of Chu JH et al. [13] conducted
on 20 volleyball players (aged 31 +8.44 years) is
a good example, where the authors showed that
maximum vertical jump height (MVJH) is one of
the key determinants of jump power when play-
ing volleyball. Upper limb counteraction, knee
bend before the jump, and approach distance
are the three main factors influencing MVJH.
What remains unknown, however, is the weight
of each factor. The participants were asked to
perform a series of maximum vertical jumps with
arm swing. The kinematics and kinetic data were
collected using a motion capture system and
the MVJH was recorded by a vertical pretender.
The peak vertical force (PF), maximum shoul-
der extension angle (SAng) and angular velocity

Before season After season
§ = s
% .I Max LJump | Concentric | Concentric ES g !I Max Ll g (oncgntric (onclelntric B3 ‘g
= Height[cm] power[N] power [W] work [J] _‘g_ Height[cm]  power [N] power [W] sl _‘g_
g g
1 58.8 893.4 2388.8 157 13.51 59.1 905.6 2225.7 349.2 0.46
2 66.9 7883 2559.1 503.3 27 63.9 7973 27183 5373 13
3 66.4 9313 3235.9 6743 24 523 912.1 3004.3 622.6 54
4 57.6 877.1 2533.6 4453 8 60.8 916 2507.5 390.5 6.1
5 60.5 718.7 1999.1 358.9 16 61.3 756.1 2050.2 350.4 11.97
6 734 691.5 3734 67.7 50 84.9 779.2 8533 135 332
7 54.4 625.3 1757.1 3145 6 50.8 642.7 2089.4 400.7 1.02
8 64.3 836.9 2601.4 589.5 15 63 884.6 33774 786.8 7.39
9 62.6 993.9 2907 488.6 15 63.4 971.5 3109.5 578.4 8.45
10 63.6 9312 25185 3712 20 62.8 938.5 2381.1 346.7 10.98
1 57.1 829.1 1958.7 295.4 13 524 835.8 1969 296.7 3.2
12 61.5 924.1 1874.6 3523 19 53 965.3 1950.4 362 2.28
M 62.26 836.73 2225.60 406.39 18.88 60.64 858.73" 2353.01 429.69 8.62"
SD 4.95 106.92 697.65 148.59 10.98 8.72 94.54 641.61 165.72 8.43
Min 54.40 625.30 373.40 67.70 6.00 50.80 642.70 853.30 135.00 0.46
Max 73.40 993.90 3235.90 674.30 50.00 84.90 971.50 3377.40 786.80 33.20
Me 62.05 857.00 2453.65 393.45 15.50 61.05 895.10 2303.40 376.25 6.75
Q1 58.50 770.90 1937.68 342.85 1338 52.85 792.78 2029.90 348.58 2.97
Q3 64.83 925.88 2569.68 492.28 21.00 63.10 921.63 2789.80 547.58 11.23

*Significant difference to pre-season (p<0.05).
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(SVel) were calculated from both arms, peak knee
bending angle (KAng) from both limbs, BMI, and
the length of the upper limb (ULL). These eight
indicators were treated as MVJH predicators.
Coefficients for the final MVJH predictive model
were as follows: MVJH = 0.12 (right KAng) +
0.037 (right SAng) - 0.0011 (left SVel) + 0.0069
(right SVel) + 8.2669 (PF) - 0.78 (BMI) + 0.43
(ULL). The regression model has an R squared of
0.609 (p<0.05). It was concluded that the anal-
ysed model provided weights of various factors
for predicting MVJH and the associated predic-
tion accuracy was about 60%.

Vaverka F et al. [14] also analysed the jump-
ing height of volleyball players and like us, they
found a positive influence of the arm swing (AS)
on the efficiency of the countermovement ver-
tical jump (CMV)). These studies unequivocally
demonstrated a 38% increase in jump height (JH)
compared to jumping without AS. The results
obtained confirmed that AS does not affect the
duration of the preparatory phase or the total
duration of the jump, but significantly short-
ens the braking phase and extends the accel-
eration phase. Increased jumping performance
related to AS is due to a significant increase in
impulse during the acceleration phase, which
depends on a combination of extended duration
and increased average force during this phase.
AS does not affect the initial body position at the
beginning of the acceleration phase. A key factor
due to which AS effectively contributes to jump-
ing performance is the start of the upward hand
swing shortly after the beginning of the jump
acceleration phase. The very small variation in
the time at which AS starts (CV = 4%) is indica-
tive of a high and consistent level of AS use by
professional volleyball players. The authors con-
firmed that proper integration of AS in the start
phase can be considered an optimal model of AS
use to improve CMVJ performance. Moreover,
the current results also show that research on the
jumping techniques employed by male volleyball
players can help improve their performance and
increase maximum JH.

Hughes G et al. [15], arrived at similar conclu-
sions. Their research aimed at assessing the
effect of post-activation potentiation (PAP) of
the upper limb on vertical jumps. Participants
performed three jumps with arm swing (CMJAS),
and three jumps with their hands on hips (CMJ).
Next, the participants performed 10 arm swings

Jaszczur-Nowicki J et al. - Jump height of volleyball...

with dumbbells of 15% of the participant’s body
weight and then again performed jumps with
arm swing after 3 (PAP3min), 6 (PAP6mins), and
9 (PAP9mins) minutes of rest. When comparing
CMJ to CMJAS they observed a significant dif-
ference (p<0.05) in jump height, the peak vertical
ground reaction force (GRF), and the peak concen-
tric power. However, no significant difference was
found when comparing CMJAS with any of the
conditions caused by PAP to the upper limbs. This
shows that the application of PAP to the upper
limbs has no significant impact on the jump height.

The influence of arm swing on the jump height
was also analysed by Williams S.J. et al. [16].
Their study assessed the contribution of strong
arm swing (AS) during the eccentric and concen-
tric phase of a countermovement jump (CMJ)
to determine the effect of (AS) on CMJ perfor-
mance. Fourteen women performed three test
exercises, including CMJ without stretching
the arm during the eccentric phase, CMJ with-
out bending arms during the concentric phase
and regular CMJ with maximum arm bending
and extension. Jump height (JH), power (P) and
ground response force (GRF) were evaluated
using a force platform. The analysis showed sig-
nificant differences between test conditions for
JH (p<0.001) and P (p<0.001), but not for GRF
(p>0.05). This study showed significant differ-
ences between the jump conditions. The con-
ditions excluding upward and downward arm
swing resulted in jump height being respectively
12.1% and 3.51% lower than regular CMJ. The
arm sweep is thus important for both the eccen-
tric and concentric phases of the jump.

Nunes A et al. [17] were also interested in jump
height in young people training volleyball. The
study aimed to analyse the effect of integrative
neuromuscular training (INT) on the counter-
movement vertical jump height (CVJH) in young
volleyball players before and after the eliminatory
period. The study involved 32 beginner volleyball
players randomly divided into two groups: inter-
vention group - INT (age: 13.1 +0.4 years; body
weight: 55.3 +12.1 kg; body height: 161.1 +6.4
cm) and control group - CON (age: 12.8 +0.7
years; body weight: 51.8 £13.6 kg; body height:
160.1 £10.7 cm). Participants were evaluated for
somatic puberty (age from peak speed peak) and
CVJH performance at four points in time within
20 weeks: baseline, 6 weeks INT, 12 weeks INT,
and 8 weeks after INT (withdrawal). To identify

© ARCHIVES OF BUDO SCIENCE OF MARTIAL ARTS AND EXTREME SPORTS
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