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Abstract

There is an evident lack of studies on the effectiveness of
plyometric- and skill-based-conditioning in volleyball. This
study aimed to evaluate effects of 12-week plyometric- and
volleyball-skill-based training on specific conditioning abilities
in female volleyball players. The sample included 41 high-level
female volleyball players (21.8 + 2.1 years of age; 1.76 + 0.06
cm; 60.8 + 7.0 kg), who participated in plyometric- (n = 21), or
skill-based-conditioning-program (n = 20). Both programs were
performed twice per week. Participants were tested on body-
height, body-mass (BM), countermovement jump (CMJ), stand-
ing broad jump (SBJ), medicine ball throw, (MBT) and 20-m
sprint (S20M). All tests were assessed at the study baseline (pre-
) and at the end of the 12-week programs (post-testing). Two-
way ANOVA for repeated measurements showed significant
(p<0.05) “Group x Time” effects for all variables but body-
height. Plyometric group significantly reduced body-mass (trivi-
al effect size [ES] differences; 1% average pre- to post-
measurement changes), and improved their performance in
S20M (moderate ES; 8%), MBT (very large ES; 25%), CMJ
(large ES; 27%), and SBJ (moderate ES; 8%). Players involved
in skill-based-conditioning significantly improved CMJ (large
ES; 18%), SBJ (small ES; 3%), and MBT (large ES; 9%). The
changes which occurred between pre- and post-testing were
more inter-correlated in plyometric-group. Although both train-
ing-modalities induced positive changes in jumping- and throw-
ing-capacities, plyometric-training is found to be more effective
than skill-based conditioning in improvement of conditioning
capacities of female senior volleyball players. Future studies
should evaluate differential program effects in less experienced
and younger players.

Key words: Volleyball, plyometric exercise, small-sided games,
conditioning.

Introduction

Volleyball places high requirements on a player’s speed,
agility, upper-body and lower-body muscular power, and
maximal aerobic power (Gabbett, 2008; Sattler et al.,
2015). Therefore, coaches and professionals involved in
volleyball are interested in the potential effectiveness of
different training regimes and improvement of those con-
ditioning capacities are known to be important determi-
nants of success (Pereira et al., 2015). One of such train-
ing regimes is plyometric training. Plyometric training
uses the physiological phenomenon of a stretch-
shortening cycle in order to enhance the ability of the
neuromuscular system to produce maximal force in the

shortest possible time (Markovic and Mikulic, 2010). Due
to the characteristics of the game, which involve repeated
jumping, frequent sprinting and changes in directions, this
training regime is a particularly popular method for fit-
ness development in volleyball players (Kim and Park,
2016; Pereira et al., 2015; Trajkovic et al., 2016).
Previous studies have investigated the effects of
plyometric training on conditioning capacities in volley-
ball (Lehnert et al., 2017; Marques et al., 2008; Sheppard
et al., 2008; Voelzke et al., 2012). Voelzke et al. (2012)
evaluated the effectiveness of resistance training with
additional plyometric exercises (n = 8) and electromyost-
imulation plus plyometric exercise (n = 9). In general,
their results showed significant improvement in jumping
performance as a result of both modalities (improvement
of approximately 5%), whereas the latter additionally
promoted speed and agility performance in male volley-
ball players (Voelzke et al., 2012). Sheppard et al. (2008)
investigated the concurrent effects of training using ac-
centuated eccentric load during jumping (n = 8) vs. non-
loaded training (n = 8) in high-performance volleyball
players (mixed gender groups). The results indicated that
more intensive plyometric training (with additional loads)
yielded superior jumping performance (improvement of
11% in displacement capacity) in comparison to regular
jumping training with the player’s own body mass. In a
study on 10 elite female volleyball players, Marques et al,
2008 reported changes in strength and power performance
as a result of a 12-week program performed during the in-
season (10 regular plus 2 additional sessions consisting of
combined resistance- and plyometric-exercises), and
reported improvements in muscular strength (13% and
18% for squat and bench-press, respectively), ball-
throwing- (13%), and countermovement jump (4%). In
two studies done on female junior volleyball players, the
authors reported significant improvements as a result of 5-
week and 6-week plyometric training on generic- and
specific-jumping performances (Kristicevic and Krakan,
2016; Trajkovic et al., 2016). Similarly, Pereira et al.
(2015) confirmed significant improvements in jumping-
and throwing-capacities (between 5.3% and 20.1%)
among 14-year old female volleyball players after 8-week
plyometric training. Very recently, Polish authors report-
ed training-induced changes in different physical perfor-
mances in 12 female junior volleyball players (<18 years)
as a result of 8-week pre-season conditioning programs
(including plyometric training), and they showed trivial to
small changes in jumping performances (improvement of
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3.0% to 4.5%) (Lehnert et al., 2017).

Skill-based conditioning games (training-games or
small-sided games) are a popular method for improving
the skill and fitness levels of players from different team
sports, including volleyball (Corvino et al., 2014; Gabbett
and Mulvey, 2008; Schelling and Torres, 2016). The basic
idea behind skill-based conditioning is the fact that the
greatest improvements in fitness and performance occur
when the training stimulus simulates the physiological
and technical demands of competition (Gabbett, 2008). In
volleyball, it is reasonable to expect that skill-based con-
ditioning can improve those capacities that are regularly
improved through plyometric training, such as jumping
and throwing. Indeed, volleyball skill-based conditioning
includes different plyometric exercises (jumping, spiking,
etc.), which are also included in plyometric training in
different forms. Therefore, skill-based conditioning
games have already been studied as potentially effective
not only for improving technical skills but also for in-
creasing the conditioning capacities of volleyball players
(Gabbett et al., 2006; Gabbett, 2008). In short, skill-based
conditioning improved sprinting capacities over 5 and 10
meters but did not contribute to better results in vertical
jump, spike jump, or overhead medicine ball throw in
junior volleyball players (Gabbett et al., 2006). In addi-
tional investigation, it has been suggested that a combina-
tion of skill-based-conditioning (i.e. training oriented
toward improvement of conditioning capacities), and
skill-based-instructional training (oriented toward devel-
opment of specific volleyball skills), is likely to confer the
greatest improvements in conditioning parameters and
skill in junior elite volleyball players (Gabbett, 2008). To
the best of our knowledge, no study has simultaneously
examined the effects of plyometric- and skill-based condi-
tioning on possible improvements in volleyball player
physical capacities.

From the previous literature overview, it is evident
that there is a lack of studies on the effectiveness of
plyometric training on fitness indices in high-level female
volleyball players. Additionally, information on the dif-
ferential effects between plyometric- and skill-based-
conditioning in female volleyball players is particularly
lacking. Therefore, the aim of this study was to evaluate
the concurrent effects of plyometric- and volleyball-skill-
based training on changes in sprinting-, jumping- and
throwing-capacities in high-level female volleyball play-
ers. Increased knowledge about these training modalities
will allow a better understanding of the concurrent effects
of these two popular training methods in volleyball. The
initial hypothesis of this study was that the plyometric-
training will induce more positive changes than skill-
based conditioning, in studied conditioning qualities.

Methods

Participants

In this randomized controlled study, the sample of partic-
ipants originally consisted of 50 high-level female volley-
ball players from Kosovo, members of teams participating
at the highest competitive level (i.e., first division players)
(21.9 £ 2.0 years of age; 1.76 + 0.06 m; 61.2 + 7.1 kq).

Total sample was divided into plyometric- (n = 25) and
skill-based group (n = 25). All participants were older
than 18 years, and had played volleyball for at least 8
years prior to the study. Plyometric- and skill-based con-
ditioning were performed as an addition to the regular
technical and tactical volleyball training (see later for
training details). Prior to the study, the participants were
informed about the possible risks and benefits of the
study, and their participation in the study was voluntary.
The study was approved by the corresponding author’s
Institutional Ethical Board, and all participating players
provided written consent for the study participation.
However, in this study we included only those partici-
pants who participated in at least 80% of training ses-
sions. Therefore, a final sample included 41 participants
(21.8 + 2.1 years of age; 1.76 £ 0.06 m; 60.8 + 7.0 kg; 21
and 20 participants in plyometric- and skill-based-group,
respectively).

Training protocols

The plyometric- and skill-based conditioning protocols
were performed twice per week during the 12-week peri-
od at the beginning of the season. A single session for
both programs lasted up to 60 minutes (10-15 min of
standardized warm-up, 25-40 min of skill-based or
plyometric conditioning depending on program, and 10-
15 min of cool-down and stretching).

Plyometric training in general included lower-body
plyometric exercises (jumping exercises), and upper body
plyometric exercises (throwing exercises). Lower body
plyometrics included (from low- to high-demanding exer-
cises): leg hops, vertical jumps, tuck jumps, lat-
eral/diagonal jumps, broad jumps, obstacle jumps, differ-
ent types of box jumps (step-ups, box shuffles, etc.), and
drop-jumps. In general, jJumps were performed as (i) two-
leg jumps with two leg landings (low intensity), (ii) two
leg jumps with one leg landings (medium and high inten-
sity, depending on exercise), and (iii) one-leg jumps with
alternate leg landings, or one-leg jumps with same leg
lending (high intensity). High intensity jumps were intro-
duced to training from 6th to 8th week, and regularly
applied from 9th to 12th week. From 9th to 12th week of
training, some players performed loaded (weighted)
jumps, with loads of maximally 5% of player’s body
mass, depending on one’s fitness level and motor profi-
ciency. Upper body plyometric exercises included: explo-
sive push-ups, jumping spider (combination of explosive
push-ups and jump), clapping push-ups, and different
forms of exercises with medicine ball (i.e. throws, pass-
es). Throws were performed in different directions (up-
ward, horizontal, downward, etc.) with 1-kg medicine ball
(one-arm throws for medium intensity, and two-arm
throws for low intensity), and 3-kg medicine ball (two-
arm throws for medium and high intensity depending on
exercises. When it was possible upper-body exercises
were done in pairs, otherwise individually. Plyometric
training is presented in Table 1.

Skill based conditioning is presented in Table 2
and generally consisted of: (i) volleyball drills, (ii) small-
sided games, and (iii) real-game drills. First mode of skill-
based conditioning (volleyball drills) included spiking-,
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Table 1. Plyometric-training program.

Reps Sets Rest between
Week Body part Exercises Intensity (total) (total) sets
1 Lower body Leg hops, tuck jumps, vertical jumps Low 40 12 2-3 min
Upper body  Explosive push-ups, jumping spider Low 40 12 2-3 min
2 Lower body Lateral/diagonal and broad jumps Low 40 12 2-3 min
Upper body Clapping push-ups, medicine ball presses, rotational throws Low 40 12 2-3 min
3 Lower body Vertical and obstacle jumps, box shuffles Low 46 18 2-3 min
Upper body Clapping push ups, medicine ball presses, chest passes Low 50 21 2-3 min
4 Lower body Lateral/diagonal jumps, obstacle jumps, box shuffles Medium 46 18 2-3 min
Upper body Clapping push-ups, rotational throws, chest passes Medium 50 21 2-3 min
5 Lower body Broad jumps, box jumps, box shuffles, drop jumps Low 46 18 2-3 min
Upper body  Medicine ball presses, rotational throws, overarm throws Low 50 21 2-3 min
6 Lower body Vertical jumps, obstacle jumps, box shuffles, drop jumps Medium 48 18 2-3 min
Upper body Jumping spider, chest passes, overarm throws Medium 52 21 2-3 min
Lower body Lateral jumps, drop jumps (+ vertical jumps), box jumps Medium 46 18 2-3 min
7 Explosive push-ups, clapping push-ups, rotational throws,
Upper body overarm throws Medium 52 21 2-3 min
Tuck jumps, box jumps, drop jumps, box shuffles, obstacle
g  Lowerbody jumpsf P, POTITIPS, SO IEP High 46 18  3-4min
Upper body  Jumping spider, chest passes, overarm throw High 52 21 3-4 min
Obstacle jumps, box shuffles, drop jumps, broad jumps,
9 Lower body box jumpjs P PP e Medium 48 18 3-4 min
Upper body  Jumping spider, rotational throws, overarm throws Medium 52 21 3-4 min
Drop jumps, drop jumps + vertical jump, lateral/diagonal
10 Lo 5 jumps, obstacle jumps High 46 18 3-4 min
Upper body Jumping spider, medicine ball throw, chest passes, overarm _ _
throws High 56 24 3-4 min
11 Lower body Tuck jumps, drop jumps, broad jumps, box jumps High 48 20 3-4 min
Upper body  Rotational throws, Chest passes, overarm throws High 58 24 3-4 min
Drop jumps, drop jumps + vertical jumps, lateral/diagonal
12 Lo 5 jumgsj, obgtacle jFl)J=np5p o ’ High 48 20 3-4 min
Upper body  Chest passes, overarm throws High 58 24 3-4 min

blocking- , and digging-drills, performed as a single-
element- (for low-intensity) or combined-element-tasks
(for medium- and high-intensity). In small-sided games
players participated in 3 vs. 3 (for medium- and high-
intensity), and 4 vs. 4 games (for low- and medium-
intensity drills). These conditioning games were per-
formed on smaller court (9 x 4.5m). The third type of
skill-based conditioning consisted of real-game volleyball
drills. Throughout these exercises players were involved
in standard 6 vs. 6 game, but majority of free balls were
thrown by the coach. After each rotation, players took
strict 1-2 min break, depending on necessary level of
intensity (i.e. shorter breaks implied higher intensity of
the training).

Both trainings were planned in advance. However,
team coaches and main investigator (first author of this
study) were in permanent contact, and single training
sessions were frequently modified according to current
needs (i.e. forthcoming game, health-related problems,
recovery status). Therefore, the increase of the intensity
for both training programs (see Tables 1 and 2 for details)
is determined on a basis of the quality of performance
evidenced throughout each week. Apart from specific
conditioning program, all participants were involved in 7-
8 regular volleyball training sessions per week (i.e. tech-
nical and tactical training), plus one game.

Variables and testing
The variables in this study included anthropometric indi-

ces (body height and body mass), and following condi-
tioning qualities: sprinting performance over 20 meters
(S20M), vertical countermovement jump — CMJ, standing
broad jump — SBJ, and medicine ball toss (MBT).

All participants were assessed for all variables
throughout pre-testing (4-5 days before the start of the
training protocol) and post-testing (5-6 days after finaliza-
tion of training). Pre-testing and post-testing were done
over two days. The first day of testing included evaluation
of anthropometrics, S20M, and MBT. The next day, the
players were tested on CMJ and SBJ in a random order.
All players were familiarized with testing procedures
throughout several non-maximal attempts (not included in
analyses).

The anthropometric variables were measured with
stadiometer and scale (Seca, Birmingham, UK). Body
height was measured to the nearest 0.5 cm, and body mass
to the nearest 0.1 kg.

All conditioning capacities were measured over
three trials with 30 seconds of rest between trials for
MBT, 1-2 minutes of rest between trials for CMJ and
SBJ, and 3-4 minutes of rest between trials for S20M. For
all variables, the best achievement was retained as a final
result after calculation of intra-session reliability for pre-
and post-testing.

The SBJ was performed from a standing position
using a standardized measuring mat (ELAN, Begunje,
Slovenia). Standardized instructions were given to the
participants to begin the jump with bent knees and to
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Table 2. Skill-based conditioning program.

Percentage of total for

Week Drills Exercises Intensity skill-based conditioning
Volleyball drills Performed as a single-element Low 50%
1 Small sided games 4 vs. 4 games Low 25%
Game drills 6 vs. 6 games Low 25%
Volleyball drills Performed as a single-element Low 50%
2 Small sided games 4 vs. 4 games Low 25%
Game drills 6 vs. 6 games Low 25%
Volleyball drills Performed as a single-element Medium 40%
3 Small sided games 4 vs. 4 games Medium 30%
Game drills 6 vs. 6 games Low 30%
Volleyball drills Performed as a combined-element Medium 40%
4 Small sided games 4 vs. 4 games Medium 30%
Game drills 6 vs. 6 games Low 30%
Volleyball drills Performed as a combined-element Medium 40%
5 Small sided games 4 vs. 4 games; 3 vs. 3 games Medium 30%
Game drills 6 vs. 6 games Medium 30%
Volleyball drills Performed as a combined-element Medium 30%
6 Small sided games 3 vs. 3 games Medium 40%
Game drills 6 vs. 6 games Medium 30%
Volleyball drills Performed as a combined-element Medium 30%
7 Small sided games 3 vs. 3 games High 40%
Game drills 6 vs. 6 games Medium 30%
Volleyball drills Performed as a combined-element Medium 30%
8 Small sided games 3 vs. 3 games Medium 40%
Game drills 6 vs. 6 games Medium 30%
Volleyball drills Performed as a combined-element Medium 25%
9 Small sided games 3 vs. 3 games High 50%
Game drills 6 vs. 6 games Medium 25%
Volleyball drills Performed as a combined-element Medium 20%
10 Small sided games 3 vs. 3 games High 40%
Game drills 6 vs. 6 games High 40%
Volleyball drills Performed as a combined-element Low 20%
11 Small sided games 3 vs. 3 games High 40%
Game drills 6 vs. 6 games High 40%
Volleyball drills Performed as a combined-element Medium 20%
12 Small sided games 3 vs. 3 games High 40%
Game drills 6 vs. 6 games High 40%

swing their arms to assist in the jump. The intra-class-
coefficient (ICC) calculated for the three testing trials
indicated high reliability of the test in the pre-test (ICC:
0.91) and post-test (ICC: 0.92)

For the 20-meter-sprint, two electronic timing
gates (Speedtrap I, Brower Timing Systems, Draper, UT,
USA) were positioned 1 m and 21 m from a pre-
determined starting line. The participants were instructed
to begin with their preferred foot forward placed on a line
marked on the floor and to run as quickly as possible
along the test distance. Times were recorded in hun-
dredths of seconds. The reliability was appropriate (ICC:
0.73 and 0.75 for pre- and post-testing).

The CMJ test was measured by Optojump equip-
ment (Microgate, Bolzano, Italy). Test began with the
athlete standing in an upright position. A fast downward
movement to an approximately 90° knee flexion was
immediately followed by a quick upward vertical move-
ment as high as possible, all in one sequence. The test was
performed with an arm swing to mimic a real-game vol-
leyball performance. The ICC showed good reliability of
testing (ICC: 0.87 and 0.93 for pre- and post-test, respec-
tively).

The MBT was used to assess throwing capacity,
and standardized 2-kg medicine ball (ELAN, Begunje,

Slovenia) was used for the measurement. The players
stood still with the ball held at chest level with the arms
extended horizontally so that the ball was located above
the starting line. The players were asked to move the ball
towards their chest and then to throw the medicine ball in
a horizontal direction as far as possible using a 2-handed
chest pass. During the throw, they were not allowed to
step forward. The reliability of the testing was high (ICC:
0.90 and 0.85 for pre- and post-test, respectively).

Statistical analyses

The normality of the distribution was confirmed by Kol-
mogorov-Smirnov test for all variables. Therefore, de-
scriptive statistics included calculations of means and
standard deviations. The homoscedasticity of all variables
was proven by Levene’s test.

A two-way analysis of variance (ANOVA) with
repeated measures (group [plyometric- and skill-based-
conditioning] x time [Pre- and Post-training]), with
Scheffe post-hoc analysis was used to determine the ef-
fects of training on the studied variables. The differences
between pre- and post-testing for each group were eval-
uated by magnitude-based Cohen’s effect size (ES)
statistics with modified qualitative descriptors. The effect
size was assessed using the following criteria: <0.02 =
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Table 3. Descriptive statistics (Mean + Standard Deviation) for pre- and post-training results in each group; results of two-
way analysis of the variance for main effects (Group and Time) and Interaction (Group x Time), and pre- to post-training

differences in percentages (%0).

Plyometric-group (n = 21)

Skill-based-group (n = 20)

Analysis of variance (F test)

Pre- Post- % Pre- Post- % Group  Time Interaction
BH (cm) 1779+55 177.2+51 <01 1754470 176.0+7.1 <0.1 2.9 0.1 0.1
BM (kg) 61.9+5.2 61.2+54* 1.1 585475 58.5+7.9 <0.1 2.2 4.0 4.3#
S20m (s) 380+032 353+x022* 7.6 4.15+0.27 410030 12 347# 155# 73#
SBJ(cm) 190.7+229 2053+17.3* 7.6 167.3+185 172.4+187* 3.1 218# 96.8# 224 4#
CMJ(cm) 38.0%6.5 485+52* 276 28.9+7.2 34.1+7.1* 180 343# 275.1# 315#
MBT (m) 6.1+0.6 76+07* 245 5.3+08 58+08* 94 345# 166.1# 40.2 #

BH - body height, BM — body mass, S20m — sprint over 20 meters distance, SBJ — standing broad jump, CMJ — countermovement jump, MBT -
medicine ball throw, # denotes F-test significance of p < 0.05, * denotes pre- to post-measurement post-hoc significance of p < 0.05.

[ ) Plyometric

O Skill-based

Effect Size (d £ 95%Cl)

Figure 1. Effect Size (ES) differences between pre- and post-testing results for plyometric- and skill-based-
conditioning group with 95% confidence interval (95%Cl). BH - body height, BM — body mass, S20m — sprint over 20
meters distance, SBJ — standing broad jump, CMJ — countermovement jump, MBT — medicine ball throw, dashed lines present ES
ranges (<0.02 = trivial; 0.2-0.6 = small; >0.6-1.2 = moderate; >1.2-2.0 = large; and >2.0 very large differences).

trivial; 0.2-0.6 = small; >0.6-1.2 = moderate; >1.2-2.0 =
large; and >2.0 very large differences. Also, pre- to post-
testing differences were presented as average percentage
of changes.

To identify possible associations between changes
that occurred as a result of both applied conditioning
programs, we calculated the differences between pre- and
post-testing for each variable. The associations between
variables of differences for all outcome measures were
assessed by Pearson’s product moment correlation coeffi-
cients.

A significance level of p < 0.05 was applied, and
Statistica 13.0 (Dell Inc., Tulsa, OK) was used for all
statistical analyses.

Results

The results of factorial ANOVA (Group x Time) are pre-
sented in Table 3. Significant main effects for “Group”
were evident for S20M (F = 34.74, p = 0.01), SBJ (F =
21.83,p=0.01), CMJ (F = 34.3, p = 0.01), and MBT (F =
34,5, 0 = 0.01). Significant effects for “Time” were
evidenced for body mass (F = 4.3, p = 0.04), S20M (F =

15.5, p =0.01), SBJ (F =96.8, p = 0.01), CMJ (F = 275.1,
p = 0.01), and MBT (F = 166.1, p = 0.01). Significant
“Group x Time” interactions were found for S20M (F =
7.34, p =0.02), SBJ (F = 22.4, p =0.01), CMJ (F = 31.5,
p =0.01), and MBT (F = 40.2, p = 0.01) (Table 3).

Over the course of the study, the plyometric group
significantly (p < 0.05) reduced body-mass (trivial ES
differences; 1% pre- to post-measurement changes), im-
proved their performance in Sprint-20m (moderate ES
differences; 7.6% changes), MBT (very large ES differ-
ences; 24.5% changes), CMJ (large ES differences; 27.6%
changes), and SBJ (moderate ES differences; 7.6%
changes). Players involved in skill-based-conditioning
improved their capacities in CMJ (large ES differences;
18% changes), SBJ (small ES differences; 3.1% changes),
and MBT (large ES differences; 9.4% changes) (Table 3
and Figure 1)

Table 4 presents the correlations between variables
of difference (i.e. differences between pre- and post-
testing) in each group. In the plyometric group, pre- and
post-differences in S20M values correlated significantly
with the changes evidenced for CMJ (r = 0.62, p < 0.05)
and SBJ (r = 0.53, p < 0.05).
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Table 4. Product moment correlation coefficients for variables of differences (changes) calculated on a basis of
pre- and post-testing for plyometric-conditioning and skill-based-conditioning.

BHuir  BMair  S20mMyir  SBJgir  CMJgisr  MBT girs
BM.. Plyometric-  0.12 >
diff  Skill-based-  0.20 -
Plyometric-  0.02 -0.26 -
S20Mait  Sill-based-  0.09  0.18 .
SBJ. Plyometric- 0.11  -0.32 0.62* =
dff — skill-based- -0.01 -0.33  -0.07 -
CMI. Plyometric-  0.05 0.01 0.53* 0.38 -
4t Skill-based- 013 -0.36  0.18 0.42 -
MBT.. Plyometric- 0.21 -0.03 -0.24 0.00 0.05 -
dff  Skill-based- 024  -021  0.36 0.29 0.43 -
BHairr — variable of difference in body height between pre- and post-testing, BMis — variable of dif-
ference in body mass between pre- and post-testing, S20mg; — variable of difference in sprint over 20
meters distance between pre- and post-testing, SBJgis — variable of difference in standing broad jump
between pre- and post-testing, CMJgi — variable of difference in countermovement jump between
pre- and post-testing, MBT i — variable of difference in medicine ball throw between pre- and post-
testing, * denotes coefficients significant at p < 0.05
Discussion Plyometric training induced significant im-

There are several important findings of this study. First,
the plyometric-conditioning resulted in significant de-
crease in body mass (0.3% changes between pre- and
post-measurement), and improvement in sprinting capaci-
ty (8% changes). Both training programs resulted in im-
provements in jumping and throwing capacities, but the
changes induced by plyometric training were larger than
those achieved by skill-based conditioning (8-22% and 3-
15% changes, respectively). Therefore, initial hypothesis
of the study is confirmed. Finally, the changes in fithess
parameters that occurred as a result of plyometric condi-
tioning were more inter-correlated than those induced by
skill-based conditioning.

Our results showed significant decreases in body
mass for plyometric-group. In one of the rare studies that
reported the effects of plyometric exercise training on
anthropometric indices in female volleyball players of
advanced level, authors noted no significant influence on
participants” body mass (Lehnert et al., 2017). However,
our respected colleagues investigated junior players (<18
years of age) who were still experiencing maturational
changes, irrespective of training (Malina et al., 2004).
Therefore, it is likely that growth and developmental
changes could override the training stimuli and conse-
quently diminish the possible influence of plyometric
exercises on changes in anthropometric indices (Lehnert
etal., 2017).

Skill-based conditioning did not result in signifi-
cant changes in body mass. Probably, the overall training
workload (i.e., energetic demands) of the skill-based
conditioning program was insufficient to result in changes
in this measure. Most likely, this was due to the high level
of the players involved and their familiarity with exercise
programs, which consisted mostly of volleyball-specific
skills. This could potentially cause low metabolic costs
related to skill-based conditioning and low energy ex-
penditure, which altogether resulted in retention of body
mass at pre-training values in skill-based group (Beneke
et al., 2001). However, since this investigation did not
include any measurement of caloric expenditure and/or
energetic demands of the training, for a more profound
interpretation of this issue additional studies are needed.

provement in sprinting capacity (improvement of 7.6 %),
whereas skill-based conditioning did not contribute to
changes in this conditioning ability. Although we were
not able to find any study that directly compared effects
of skill-based and plyometric training in volleyball play-
ers, our results are comparable to the results of studies
from other sports. For example, 20-m sprint improved
significantly in collegiate rugby players following a
plyometric-based (3.34+0.25 and 3.25+0.16 s) versus
standard rugby conditioning-program (3.22+0.24 and
3.26+0.19 s, for pre- and post-test results, respectively).
Additionally, the 8-week plyometric training course re-
sulted in significant improvement of sprint performances
over 5, 10 and 20 meters in young tennis players, whereas
no improvement in sprinting capacities was found for
those participants who were involved in tennis-specific
conditioning (Fernandez-Fernandez et al., 2016a; 2016b).

We must note that not all studies confirmed the
differential effects of plyometric and sport-specific condi-
tioning on sprinting performance. For example, combined
plyometric-plus-soccer conditioning did not result in
improved 40 m sprint performances relative to soccer
conditioning alone (Ronnestad et al., 2008). Such incon-
sistency in findings could be possibly attributed to differ-
ences in sprinting tests (40 m in a soccer study vs. up to
20 m in tennis, rugby and our investigation) (Fernandez-
Fernandez et al., 2016a; 2016b; Pienaar and Coetzee,
2013; Ronnestad et al., 2008). Finally, and contrary to our
results, Australian study reported a positive influence for
skill-based conditioning on 5- and 10-meter sprints in
junior male volleyball players (Gabbett et al., 2006).
However, a differences in gander and subject age (15.5
and 22 years in Australian and our study, respectively)
partially explains the different findings.

Jumping and throwing capacities improved sig-
nificantly in both training-groups. Considering the results
of previous studies that repeatedly confirmed positive
changes in jumping capacities in athletes from different
sports, the positive effects of plyometric training are ex-
pected (Bogdanis et al., 2017; Impellizzeri et al., 2008;
Kim and Park, 2016; Kristicevic and Krakan, 2016;
Trajkovic et al., 2016). What is also important, when
previous studies reported effects of plyometric training in
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females, authors noted ES differences in CMJ between
1.00 (for untrained physically active females), up to 3.36
(for female soccer players) (Makaruk et al., 2011; Ozbar,
2015). Therefore, magnitude of changes in CMJ for
plyometric group in our study (ES: 1.75) is within ex-
pected values.

It seems that even skill-based conditioning pro-
vided a solid base for the development of jumping and
throwing capacities in female volleyball players. Indeed,
the main advantage of skill-based conditioning is the
hypothetical applicability of characteristic volleyball
elements and movements (i.e., blocking, spiking, sprint-
ing, and changes-in-direction) in conditioning of volley-
ball players. However, the effects of skill-based condi-
tioning are rarely investigated in experimental settings.
Specifically, in a previously discussed 8-week study done
on junior volleyball players, the authors reported no sig-
nificant changes in vertical jump (45.7 £ 2.3 and 45.7
2.4 cm), spike jump (50.0 £ 2.5 and 51.2 + 2.9 cm), and
overhead medicine ball throw (6.7 + 0.3 and 6.8 + 0.3 m,
for pre- and post-test respectively) (Gabbett et al., 2006).
However, our skill-based conditioning program lasted
considerably longer (12-weeks vs. 8-weeks), which prob-
ably explains the positive effects observed in jJumping and
throwing capacities of female volleyball players included
in our study.

Irrespective of the positive effects of skill-based
training on jumping and throwing variables, the plyome-
tric-training is evidently more effective conditioning
method than skill-based conditioning. Several physiologi-
cal factors explain these findings. First, plyometric exer-
cises result in: (i) stimulation and activation not of an
increased number of motor unit, and (ii) in higher neural
firing frequency, which both lead to higher generation of
force (McLaughlin, 2001; Pienaar and Coetzee, 2013).
While all conditioning capacities studied herein are di-
rectly dependent on rate of force generation, the im-
provements in sprinting, jumping and throwing capacities
are logical consequence of such adaptation. Next, previ-
ous studies showed increased the maximal Achilles ten-
don elongation, which resulted in an increased amount of
stored elastic energy as a result of plyometric training
(Kubo et al., 2007). This adaptation could also have di-
rectly contributed to better jumping performance, as evi-
denced in our study. Moreover, it has been suggested that
plyometric training increases the sensitivity of the muscle
spindle system and improves joint proprioception
(Swanik et al., 2002; 2016). Although this adaptation may
not seem directly related to jumping and throwing capaci-
ties in our study (i.e. we have evidenced single- and not
repeated-performances), it could positively contribute to
sprinting performance, which was also evidenced as a
differential effect between the plyometric- and skill-based
conditioning programs in our study.

One can argue that most of previously specified
adaptations to plyometric training could occur as a result
of skill-based conditioning or simply by the fact that vol-
leyball movement templates that are consisting part of
skill based conditioning involve similar muscular actions.
However, it is beyond a doubt that plyometric exercise
has higher intensity and therefore challenges mentioned

capacities to a greater extent than skill-based training.
Additionally, the overall training-volume and training-
intensity are more controllable in plyometric- (i.e., num-
ber of sets, periods of rest, depth of the jump, etc.), than
in skill-based settings. While adjustment of training loads
is important parameter of training efficacy, it probably
resulted in superior training-induced changes for plyome-
tric-group (Makaruk et al., 2011; Ozbar, 2015; Stojanovic
etal., 2017)

Although not being the primary aim of this
study, the correlations between the changes that occurred
as a result of plyometric- and skill-based-training are
important findings of this research. The correlations be-
tween variables of pre-to-post differences in jumping
were significant only in plyometric-group (i.e. significant
correlation between changes which occurred in sprinting-,
and changes which occurred in jumping-capacities). This
leads us to conclude that the plyometric training-induced
changes in sprint and jumping performance were caused
by a general underlying mechanism. Therefore, and con-
sidering the proposed adaptations for plyometric training,
(i) increased maximal Achilles tendon elongation (and
increased amount of stored elastic energy) together with
(ii) better joint proprioception because of the increased
sensitivity of the muscle spindle are probably the most
important mechanisms for the improvement of jumping
and sprinting capacities of players involved in plyometric
training (Kubo et al., 2007; Swanik et al., 2002; Swanik et
al., 2016). Meanwhile, based on low correlations between
MBTgirs With other variables of differences, improvement
in MBT is probably related to some other adaptation, such
as an increased number of activated motor units, higher
neural firing frequency, or simply by cognitive — motor
learning effects (McLaughlin, 2001; Pienaar and Coetzee,
2013).

Limitations and strengths of the study

In this study we observed female senior athletes, and
therefore generalization of results is limited to similar
samples of athletes. Next, we did not collect data on phys-
iological and psychological responses to each of the ap-
plied training programs, which would almost certainly
allowed insight into overall training volume and the per-
sonal motivations to train of the players included in the
study. Finally, this study lacked information on the even-
tual influence of studied training modalities on players’
technical skills (i.e., accuracy, technique assessment),
which are probably the most important determinants of
success in volleyball. Previous studies which investigated
effects of plyometric- and skill-based conditioning in
volleyball observed systematically smaller number of
participants (Stojanovic et al., 2017). Therefore, relatively
large sample, together with high-competitive level of
studied players are probably most important strengths of
this study.

Conclusions
Although results obtained should be partially attributed to

the fact that training programs were applied at the begin-
ning of the season, and therefore pre- to post- differences
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for both groups are relatively large in magnitude, follow-
ing conclusions can be made.

The observed 12-week plyometric training per-
formed twice a week induced stronger positive changes in
the studied conditioning capacities than did the corre-
sponding skill-based conditioning program. The higher
intensity together with possibility of more accurate ad-
justment of training load in plyometric training are proba-
bly the most important determinant of such differential
influence. Therefore, we may suggest application of the
similar plyometric-training program in order to improve
sprinting-, jumping- and throwing-performances in ad-
vanced level senior (+18 years of age) female volleyball
players.

It is likely that the skill-based conditioning pro-
gram did not result in changes of higher magnitude be-
cause of the players’ familiarity with volleyball-related
skills. Namely, in this study we included experienced
senior players (+18 years of age), which could have re-
sulted in a low impact of this skill-based conditioning and
consequently did not result in adequate training stress.
Therefore, in future studies, the influence of plyometric-
and skill-based conditioning should be evaluated in
younger and less experienced volleyball players.
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Key points

e Plyometric- and skill-based-conditioning resulted in
improvements in jumping and throwing capacities,
but plyometric training additionally induced positive
changes in anthropometrics and sprint-capacity

e The changes induced by plyometric training were
larger in magnitude than those achieved by skill-
based conditioning.

o The higher intensity together with possibility of more
accurate adjustment of training load in plyometric
training are probably the most important determinant
of such differential influence.

o It is likely that the skill-based conditioning program
did not result in changes of higher magnitude be-
cause of the players’ familiarity with volleyball-
related skills.
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