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SUMMARY: Motor skills, including explosive lower limb and upper body strength, coordination, flexibility, and
endurance, are fundamental for volleyball performance. Evaluating differences between senior and junior players allows
optimization of training programs and targeted development of specific motor abilities. This study aimed to examine
differences in motor skills between senior and junior male volleyball players from the Bosnia and Herzegovina national
team. A total of 29 healthy male volleyball players participated, divided into seniors (n=13; Body Height1BAI7
cm; Body Weight=92.92 7.02 kg) and juniors (n=16; Body Height=19A865 cm; Body Weight = 83.1#8.15 Kkg).

Motor abilities were assessed using standardized tests: block and spike jump height, standing long jump, dominant and
non-dominant handgrip strength, 3 kg medicine ball throw, hand tapping, sit and reach flexibility, and sit-to-stand trunk
endurance. Descriptive statistics (me&D, coefficient of variation, skewness, kurtosis) were calculated, and independent
t-tests with Levene’s test for equality of variances were used to compare groups. Significance was set at p < 0.05; p < 0.01.
Senior players outperformed juniors in explosive lower limb and upper body strength: standing long jump:(26280

cmyvs 253.50+ 15.34 cm; t = 2.406, p = 0.028), dominant handgrip (52.883 kgvs 40.75+ 8.26 kg; t = 3.979, p <

0.001), non-dominant handgrip (42.4%.00 kgvs 31.88+ 6.83 kg; t = 4.524, p < 0.001), and 3 kg medicine ball throw
(10.17+ 0.76 mvs 8.22+ 0.73 m; t = 7.033, p <?0.001). Differences in block jump height, spike jump height, hand
coordination, flexibility, and trunk endurance were not statistically significant, although juniors showed higher variability

in flexibility and handgrip strength. Senior volleyball players demonstrate superior explosive strength and upper body
power, while juniors exhibit greater heterogeneity in motor skills. These findings highlight the necessity for individualized
and targeted training programs for younger athletes to optimize motor development and reduce intra-group variability.
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INTRODUCTION

\olleyball is a popular team sport with clear FIVBand highly specific sport that requires the simultaneous
rules, played indoors or outdoors. Volleyball points involvapplication of a wide range of technical, tactical, and motor
high-intensity activities such as jumps, multidirectionaskills (Kozinaet al, 2023; Bachtiaret al., 2024; Pradana,
movements, spikes, blocks, and steps, while intervadsal, 2024). Its complexity is reflected in the need for rapid
between points include low-intensity activities, such agdecision-making, precise execution of movements, and high
walking and standing (Marquext al, 2009; Holmberg, coordination of team activities with six players on the court
2013; Kerksiclet al, 2018). It is an acyclic, highly dynamic, (Pavlovic” & Zotova, 2024; Sobket al, 2024). The nature
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of the game and the physiological demands it imposes makaorities in the sports development process (Gangey &
achieving a high level of fithess essential, combined witkerketta, 2016; Khanna & Koley, 2020; Nagoetal, 2023;
technical, tactical, and psychological skills (Pradhan, 201HArynchenkoet al, 2025). Comparative studies analyzing
Grecoet al, 2019). differences between juniors and seniors within the same
sports system or national team provide valuable insights into
Research shows that volleyball players require a highe continuity of motor development and the effectiveness
level of motor skills, i.e., speed, agility, explosive powemnf training programs. Such research allows coaches and
strength, aerobic endurance, and flexibility (Oldenburg 2015ports experts to identify specific areas requiring additional
Reyet al, 2016), which define key determinants of sportinglevelopment, as well as to optimize the training process
performance. Explosive power enables efficient executi@atcording to age and individual characteristics of athletes
of jumps and strikes, coordination contributes to technicé\ouadi et al, 2012; Caiaet al., 2016). Especially in
precision and movement stability, while flexibility andvolleyball, where each phase of the game requires specific
endurance ensure continuity of play and injury preventiamotor qualities, analyzing differences between age groups
(Duncaret al,, 2006; Gabbett & Georgieff, 2007). Particulathas practical importance for long-term planning of athlete
emphasis is placed on lower-body muscular strength, dsvelopment and the formation of a sustainable national team
players perform a large number of vertical jumps, which aselection.
crucial for skills such as spikes, blocks, jump-sets, and jump-
serves (Kenny & Gregory, 2006; Newten al, 2006; The aim of this study is to analyze and compare the
Hedrick, 2007; Ziv & Lidor, 2010). Some studies indicatenotor skills of senior and junior male volleyball players of
that dynamic stretching significantly improves kinetidhe Bosnia and Herzegovina national team. Special emphasis
variables of volleyball players’ vertical jumps (Palaniappars placed on explosive lower limb power, upper body
et al, 2013; Kruseet al, 2015; Gulatet al, 2021), while strength, coordination, flexibility, and endurance. By
others report no similar effects (Little & Williams, 2006;analyzing differences between these groups, the study seeks
Walsh, 2017). In addition to strength and flexibility,to identify how age, training experience, and the degree of
volleyball requires a high level of reaction time anghysiological maturity affect the development of volleyball-
acceleration speed, as players must react very quickly teecific motor skills.
fast-moving ball, while the relatively small court limits
reaching maximum speed (Johnsdral, 2010). The research hypotheses are formulated as follows:

The development of motor skills in volleyball playersH1: There are statistically significant differences in the level
depends on multiple factors, including genetic predisposition, of development of motor skills between juniors and
age, training experience, biological maturity, as well as the seniors of the Bosnia and Herzegovina volleyball team.
quality and structure of the training process (Petral, H2: Seniors will show a higher level of explosive power
2024; Pradanat al, 2024; Bachtiaet al, 2024; Pavlovic and coordination compared to juniors, as a result of
& Zotova, 2024; Sobket al, 2024). During early sports longer training experience and physiological maturity.
specialization, juniors undergo a phase of intensivid3: Differences in flexibility and endurance between the
development of basic motor skills, while at the senior level groups will be less pronounced, indicating the
these skills are further refined through specific, high- importance of individual characteristics and training
intensity, and individualized training (Toselli & Campa, structure.

2018). Older players generally have greater muscle mass,

better neuromuscular coordination, and a more stable leWéATERIAL AND METHOD

of motor efficiency, allowing them a higher degree of

movement control and faster execution of technical elememRarticipants

of the game (Singh & Singh, 2021). The transition from

junior to senior competition represents a critical period in The sample of respondents included 29 male
an athlete’s development, as it is when differentiation occuslleyball players from the national team of BIH divided
in physical abilities, motor readiness, andntoa subsample of seniors (n=13; body height = 194.77
psychophysiological stability. Although juniors are expected.01 cm; body mass = 92.427.02 kg) and a subsample of
to have high motivation and potential for improvemenfiuniors (n= 16, body height = 197 8665 cm; body weight
greater intra-group variability in motor test results is oftes 83.1%5.15 kg). All study participants were healthy and
observed, which may result from various factors — fromhysically fit, with no history of injuries in the last six
individual differences in the pace of biological maturatiormonths. Before the commencement of this study, every
through variations in training load, to technical-tacticaparticipant received a comprehensive overview of the study's
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specifics and outcomes assessment methods, and they provilékplosive lower limb strength was evaluated
signed consent forms as evidence of their agreement to participateough:
The Council of the University of East Sarajevo approved this study - Block jump height (cm);

under approval number 01-C-396-XXXVIII/10, dated November - Spike jump height (cm);
25, 2010 and the study was conducted per the Declarations of -Standing long jump (cm) providing a
Helsinki (2010). The study followed the STROBE guideline while quantitative assessment of jumping ability.

conducting the study procedures, as explained in Figure 1.
2. Upper body strength was assessed using

_ - Dominant hand grip strength (kg);
m Assessed for eligibility, (total n=29) . .
From Bosnia and Herzegovina (BIH) country, July 2008 - Non-domlnant hand grlp Strength (kg),
- 3 kg medicine ball throw (m) reflecting
muscle strength and coordination of the

Excluded (n=0) upper limbs.
« Not meeting inclusion criteria (n=0) p p

»| © Declined to participate (n=0)

O Teastis (20} 3. Movement frequency speed:
- Hand tapping test (iterations)

‘ Included: junior (n=16) ; senior, (n=13)

4. Flexibility:
L ¢ - Sit-and-reach test (cm).
E Included in to study according to inclusion criteria (total n=29): .
BIH national men's volleyball team juniors, height = 197.06+4.65¢m; weight = 5 . Tru n k end urance:
83.1945.15kg , aged between 16-18y junior (mean 17,87, . . .
BIH nationgal grv:en'st volleyball y:eam (seniurs, h:i’ght=194.7717,01cm; X - SIt-tO-Stand test (Itel‘a’[IOI’lS)

Determine statistically significant differences in motor skills in volleyball

weight=92.92+7,02kg, aged between 20-27 y senior (mean 23,68y)
plavers.‘

All participants were tested under controlled

| ) ~laboratory conditions during a single testing session.
Prior to testing, participants completed a standardized
Outeomes assessmants; 10-15 minutes warm-up to minimize the risk of injury
Independent variable: nine motor variables of juniors and nine for seniors and ensure maximal performance. All tests were
performed according to established protocols, with
| each test repeated 2—3 times, and the best measured
value recorded as the final result. A rest period of
Qi s e A 30-60 seconds was provided between repetitions to
for to determine the differences in the motor skills of juniors and seniors (T-test) allow full recovery and minimize fatigue, while rest

intervals of 2—3 minutes were applied between

Fig. 1. ASTROBE flow chart shows participants’ assessment, identificatiqfifferent tests depending on the intensity of the

inclusion and data analysis. preceding activity, ensuring measurement validity
and minimizing fatigue effects.

Research Design

Instruments and Measurements Statistical Analysis

The motor abilities of volleyball players were Descriptive statistics, including mean, standard
assessed using standardized and widely accepted instrumestsation (SD), coefficient of variation (CV%), skewness,
and tests in the field of sports science. Standard metend kurtosis, were calculated for all measured variables to
instruments adapted to laboratory conditions were employ&timmarize the motor abilities of both senior and junior
Hand grip strength (HGS) was measured using the isometpiayers. The Kolmogorov—Smirnov (K-S) test was applied
dynamometry method with a digital dynamometer CAMRYo assess the normality of data distribution. Independent
EH101 (USA), while other measurements were conductgamples t-tests were conducted to compare motor skill
using reliable and validated volleyball-specific motor testslifferences between senior and junior players. Levene’s test
Specific motor tests for volleyball players were appliedyas used to assess the homogeneity of variances. Statistical
which have previously demonstrated their validity andignificance was set at p < 0.05, and highly significant
reliability (Stockbruggeet al, 2001; Sattleet al, 2012; differences were considered at p < 0.01. Confidence intervals
Mufioz-Bermejcet al, 2021; Abeet al,, 2024). (95% CI) were reported for mean differences. In addition to
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significance testing, Cohen's d effect sizes were calculaterplosive strength among younger players. Seniors also
to quantify the magnitude of differences between grougiemonstrated significantly greater upper body strength:
(***). The interpretation of effect sizes was based on thdominant handgrip strength was 52462.63 kg for seniors
following thresholds (Cohen, 1988): small effect: d =0.2and 40.75+ 8.26 kg for juniors, while non-dominant
medium effect: d = 0.5; large effect=d.8. Also presented handgrip strength was 42.2%.00 kg for seniors and 31.88
are the differences between means (Meanl - Mean2). =+ 6.83 kg for juniors; variability was much higher among
juniors (CV > 20 %), and skew. and kurt. indicate the
presence of individual extreme values, likely due to
differences in training history and hand dominance. The 3
Descriptive analysis of volleyball players’ motorkg medicine ball throw averaged 104@.76 m for seniors
skills shows clear differences between the senior and juneomd 8.22: 0.73 m for juniors, with relatively low variability
groups, both in mean values and in result variability (Tab{€V < 9 %), while the hand tapping test showed 5%.54
). Seniors achieved an average block jump height df37 iterations for seniors and 48.881.16 for juniors,
309.0& 10.93 cm, while juniors reached 3075®.83 with similar variability (CV= 8.5 %), indicating faster hand
cm; variability among seniors (CV = 3.54 %) was slightloordination among older players. Flexibility, measured
higher than among juniors (CV = 1.90 %), although thky the sit and reach test, was slightly higher in juniors
results in both groups were approximately symmetricé€81.88+ 6.73 cm) than in seniors (30.853.56 cm), but
(skew. —0.94 and —0.16), suggesting that seniors hawéh significantly higher variability (CV = 21.12 %s.
slightly greater strength and technical efficiency, wheredd4.53 %), indicating heterogeneity among younger players,
juniors are more homogeneous. Similarly, spike jumwhereas seniors were more homogeneous. Trunk
height was 328.3& 11.25 cm for seniors and 325.86 endurance, assessed by the sit-to-stand test, was26.23
6.41 cm for juniors; juniors showed positive skew. (0.898.47 iterations for seniors and 24.8®.71 for juniors,
whereas the distribution among seniors was slightlyith greater variability in seniors (13.22%.11.28 %),
negatively skew. (-=0.79), and variability was lower foand the distribution of results was approximately normal.
juniors (CV = 1.97 %) than for seniors (CV = 3.43 %),
indicating greater heterogeneity among seniors in thistest.  Analysis of differences in motor skills between
The standing long jump averaged 269009.38 cm for senior and junior volleyball players shows that seniors
seniors and 253.56 15.34 cm for juniors; the positive generally achieve better results, particularly in tests of
skew. in juniors (1.54) and high kurt. (3.46) suggest thexplosive strength and upper body strength, while
presence of a few exceptionally high scores, while the refifferences in flexibility and coordination were not
were below average, indicating heterogeneity in lower lim&tatistically significant (Table Il, Fig. 2). Block jump height
was 309.0& 10.93 cm for seniors and 307.56.83 cm

RESULTS

Table I. Descriptive statistic of motor skills volleyball.

Motor skills Age N Mean + SD Range CV%. Skew.  Kurt. K-S
Block jurmp height (m) Seniors 13 309.00£10.93  287.00 - 323.00 354 2094 036 0.196
Juniors 16  307.50+5.83  295.00 -318.00 1.90 016 034  0.090
Soike ump heicht Seniors 13  328.38+11.25  306.00-344.00 3.43 2079 009 0.172
pike jump height (cm) Juniors 16  325.06+6.41  317.00-340.00 1.97 089 047 0.191
. . Seniors 13  269.00+19.38  237.00-297.00 7.20 001 -115 0.140
Standing long jump (cm) Juniors 16  253.504#1534  235.00-297.00 6.05 154  3.46 0211
Dominant HGS (g) Seniors 13  52.62+7.63 44.00-66.00 14,51 041 -089 0.178
Juniors 16  40.75+8.26 32.00-64.00 20.27 143 312 0.144
Non-dominant HGS (kg) Seniors 13 42.15+5.00 36.00-50.00 11.86 031 -097 0.127
Juniors 16  31.88+6.83 22.00-46.00 21.43 073 -002 0.180
. Seniors 13  10.17+0.76 9.00-11.50 7.45 028 -091 0.193
Medicine ball throw 3kg (m) 5 oo 16 8.22+0.73 6.80-9.40 8.83 036 -035 0.173
Hand tapping test (ter) Seniors 13  51.54+4.37 45.00-58.00 8.48 012 -141 0.176
: Juniors 16  48.88+4.16 44.00-56.00 8.51 055 -1.01 0.175
Sit and reach test (cm) Seniors 13  30.85+3.56 23.00-35.00 1153  -110 098  0.209
Juniors 16  31.88+6.73 23.00-45.00 21.12 059 -072 0.176
Sit - to - stand test (ter) Seniors 13 26.23+3.47 21.00-32.00 13.22 035 -059 0.141
: Juniors 16  24.00+2.71 20.00-30.00 11.28 051 036 0.125

Note: Mean:average values; K-S: Kolmogorov-Smirnov test; SD: Standard deviation; CV%: coefficient of variation; Kurt.;; ISkeasiSkewness;

HGS - Hand grip strength.
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Table 1. Differences in motor skills between volleyball players.

p-— Mean 95% CI

p 1,
(2-sided)  Levene 1-2  Lower Upper Cohen's d

Variables Age Mean £SD  t -value

. . Senior  309.00+10.93
Block jump height (cm) Juniors  307.5045.83 0.473 0.661 0.069 1.50 -5.001  8.001 0.17
Senior  328.38+11.25
Juniors  325.06+6.41
. . Senior  269.00+19.38 " -
Standing long jump (cm) Juniors  253.50415.34 2.406 0.028 0.154 15.50 2.283  28.717 0.86
Senior 52.62+7.63
Juniors 40.7518.26
Senior 42.15+5.00
Juniors 31.88+6.83
- Senior 10.17+0.76 o -
Medicine ball throw 3 kg (m) Juniors 8.2940 73 7.033 0.000 0.600 1.94 1.377 2.511 2.59
Senior 51.54+4.37
Juniors 48.88+4.16
. Senior  30.85+3.56
Sit and reach test (cm) Juniors 318846 73 -0.496 0.603 0.019 -1.02 -5280 3.223 -0.19
Senior 26.23+£3.47

Sit - to - stand test (iter.) Junior 24.00+2.71 1.946 0.071 0.290 2.23 -0.121 4582 0.71

Note: *- Significant value, if p<0.05; **-Highly significant value if p<0.01; SD: Standard deviation; Mean 1-2:differencetniestatistics; 95%CI:
Confidence interval; HGS - Hand grip strength; ***Cohen’s d (small effect: d = 0.2; medium effect: d = 0.5; large effeét: d

Spike jump height (cm) 1.000 0.356 0.045 3.32  -3.492 10.137 0.35

Dominant HGS (kg) 3.979 0.000** 0.955 11.86 5747  17.984 1.50%**

Non-dominant HGS (kg) 4.524 0.000** 0.377 10.27 5.618  14.940 1.69%**

Hand tapping test (iter.) 1.676 0.108 0.653 2.66 -0.597 5.924 0.63

for juniors (t = 0.473, p = 0.661, Levene p = 0.069, 95 %ignificance. The standing long jump was significantly
Cl: -5.001 to 8.001), indicating negligible differences antigher in seniors (269.3019.38 cm) compared to juniors
similar variability between groups. Similarly, spike jump(253.50+ 15.34 cm; t =2.406, p = 0.028, Levene p =0.154,
height was 328.3& 11.25 cm for seniors and 325.86 95 % CI: 2.283 to 28.717), clearly demonstrating greater
6.41 cm for juniors (t = 1.000, p = 0.356, Levene p = 0.04lmwer limb explosive strength in older players. Handgrip
95 % ClI: —3.492 to 10.137), also without statisticattrength was significantly higher in seniors for both the
dominant hand (52.62 7.63 kgvs.

350 ¢ 160 _ 40.75+ 8.26 kg; t = 3.979, p < 0.001,
§-3c-o _ g Levene p = 0.955, 95 % CI: 5.747 to
g by + i g 17.984) and the non-dominant hand
E: 250 : i {40 = (42.15+ 5.00 kgvs.31.88+ 6.83 kg; t =
T 200 §§ 4.524, p < 0.001, Levene p = 0.377, 95
S W+« 1 30 sf % Cl: 5.618 to 14.940), confirming
2 { 20 55 £ significantly greater upper body strength
=100 * 4 g 5= inseniors. The 3 kg medicine ball throw
§ 50 110~ g; also revealed highly significant
5 . I]_ 5 g% differences  between  groups:
2 y 5 3 " 5 & 2 3 g »=  seniors10.1& 0.76 mvs. juniors 8.22
B = +0.73 m (t=7.033, p <?0.001, Levene
= llndi..:atorsofj.Jmpihg andSi.t and reach test, cm, Senilors § p — 0600, 95 05 CI: 1.377 to 2511),

;Jg";c(i;’f;’;i‘;‘;:”'”g AR T RN 0 2 further supporting superior explosive
BHGS (ka), Junors strength of the trunk and shoulder
OHand tapping test (iter.) and Sit - to - stand test (iter.), Seniors muscles in older players. The hand
MHand tapping test (iter.) and Sit - to - stand test (iter.) Juniors tapping test showed 51.54 4.37

B Medicine ball throw 3kg (m), Seniors

B Medicine ball throw 3kg (m), Juniors
Fig. 2. Indicators of motor skills of senigs.junior volleyball players: 1. Block jump _ .
height (cm), Seniorss. Juniors; 2. Spike jump height (cm), SenigssJuniors; 3. p= 0'653’ 95 % CI. _0‘597_ to _5'924)’
Standing long jump (cm), Seniovs. Juniors; 4. Sit and reach test (cm), Seniars suggestlr_lg _that han_d coordination was
Juniors; 5. Dominant HGS (Hand grip strength) (kg), Senisrsuniors; 6.Non- NoOt statistically different between
dominant HGS (Hand grip strength) (kg), SeniessJuniors; 7. Hand tapping test groups. Flexibility measured by the sit
(iter.), Seniorws. Juniors; 8. Sit - to - stand test (iter.), Seni@sluniors and reach test was slightly higher in
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Cohen's d Values - Differences Between Senior and Junior Volleyball Players
Sit-to-stand endurance
Sit and reach flexibility

Hand tapping test
3 kg medicine ball throw

| 2.59

Non-deminant handgrip strength

Dominant handgrip strength

Standing long jump

Spike jump height ; —j 0.35
Block jump height 0.17
0.0 0.5 1.0 1.5 2.0 2.5 2.6

Cohen's d (effect size)

Fig. 3. Cohen’s d Effect Sizes: Seniors vs Juniors

juniors (31.88: 6.73 cm) than in seniors (30.88.56 cm; flexibility and hand strength. P-values and confidence
t =-0.496, p = 0.603, Levene p = 0.019, 95 % CI: -5.280tervals clearly indicate that statistically significant
to 3.223), while trunk endurance measured by the sit-tddferences are primarily present in lower limb explosive
stand test was 26.233.47 iterations for seniors and 24.00strength, handgrip strength, and the medicine ball throw,
+ 2.71 for juniors (t = 1.946, p = 0.071, Levene p = 0.29@vhile other tests showed negligible differences. These
95 % CI: —0.121 to 4.582), showing a trend toward betténdings emphasize the need for individualized and targeted
endurance in seniors, but without statistical significancetraining programs for younger volleyball players to develop
specific motor abilities and reduce variability within the
Figure 3 shows the differences in motor abilitiegroup.
between senior and junior volleyball players expressed by
Cohen's d values, which represent the size of the effect@SCUSSION
differences between groups. The biggest difference was
observed in throwing a 3 kg medical kit (d = 2.59), which This study aimed to analyze and compare the motor
indicates an extremely large effect and significantly bettabilities of senior and junior male volleyball players of the
explosive power of the upper body in seniors. SignificafBosnia and Herzegovina national team, focusing on
differences also exist in hand grip strength, both of the noexplosive lower limb strength, upper body strength,
dominant hand (d = 1.69) and the dominant hand (d = 1.56pordination, flexibility, and endurance. The results show
which also shows a high level of strength in mora clear advantage of seniors in the development of explosive
experienced players. Moderate differences were recordaad upper body strength, while juniors exhibit greater intra-
in the sitting-standing endurance test (d = 0.71) and tlgeoup variability, particularly in flexibility and handgrip
long jump from a place (d = 0.86), while smaller differencestrength.
were present in the hand tapping test (d = 0.63) and the
height of the jump in the trash (d = 0.35). A minimal Senior players achieved better results in the standing
difference, almost negligible, was recorded in block (d ng jump, medicine ball throw, and handgrip strength tests,
0.17), while the only negative value was observed indicating the effects of prolonged and continuous training,
flexibility test (d = -0.19), which suggests that juniors weras well as the physiological maturity of the musculoskeletal
slightly more flexible than seniors. Overall, the results shogystem (Duncaet al 2006; Gabbett & Georgieff, 2007;
that seniors have significantly better results in strength aBihgh & Singh, 2021). This is due to natural causes of
explosiveness tests, while the differences in flexibility andiological development and is typical not only for
jump height are less pronounced. volleyball, but also for other sports (Jagie#ibal, 2015;
Ihsanet al, 2024; Qadiet al, 2024). Explosive lower limb
Overall, these results confirm that seniors possessength is essential for successful execution of vertical
higher levels of explosive strength, upper body strengtiumps, spikes, and blocks, while upper body strength
and general motor fithess, whereas juniors are characteriegthbles effective strikes and stability during contact
by greater heterogeneity and variability, especially isituations (Kenny & Gregory, 2006; Newtat,al, 2006;

531



PAVLOVIC, R.; KOZINA, Z.; SAVIC, V.; BADAU, D.; RADULOVIC, N. & NIKOLIC, S.  Motor development in volleyball players: A comparative study of senior and junior Bosnian and
Herzegovinian national volleyball team membéns.J. Morphol., 44(2526-535, 2026.

Hedrick, 2007; Ziv & Lidor, 2010). These results are Furthermore, the results indicate that the development
consistent with previous research indicating that older andl explosive lower limb and upper body strength directly
more experienced volleyball players possess higher levaitgpacts tactical execution, as greater strength enables more
of explosive and functional strength, contributing to moreffective spikes, blocks, and faster serves, which are critical
efficient execution of technical elements of the gamfar international-level competitiveness (Kenny & Gregory,
(Aouadiet al, 2012; Caia, 2016). 2006; Newtoret al 2006). Integrating these abilities into
continuous training can enhance long-term team efficiency
The absence of statistically significant differenceand reduce the risk of injury, highlighting the importance of
in block and spike jump heights between seniors and junidreomechanically and functionally based conditioning
suggests that the technical and coordinative aspects of thesmgrams (Pradhan, 2017; Grestaal, 2019).
skills may compensate for differences in raw strength.
Timing, precision of movement execution, and In conclusion, the study confirms that explosive
neuromuscular coordination are factors that allow juniotewer limb strength and upper body strength are the key
to approach senior performance levels, as supported differences between seniors and juniors, while flexibility,
studies from Hussaiat al (2011) and Goranovi@t al. hand coordination, and trunk strength show smaller
(2022). These observations highlight the complexity afifferences but greater variability among juniors. These
volleyball as an acyclic, dynamic, and highly specific sporfindings emphasize the importance of individualized,
where success depends not only on strength but alsotargeted training programs for juniors to enhance motor
coordination, rapid decision-making, and team synergpilities, reduce intra-group heterogeneity, and facilitate the
(Marqueset al, 2009; Holmberg, 2013; Kerksiat al, transition to the senior level (Marques$ al, 2009;
2018). Holmberg 2013; Kerksiclet al, 2018). This study provides
practical guidance for coaches: continuous monitoring of
The greater variability among juniors in flexibility individual progress, adjusting training according to
and handgrip strength may result from individuabiological maturity and motor abilities, and focusing on
differences in the pace of biological maturationintegrating explosive strength with technical precision in
somatotype, training history, and motor adaptation abilitietaily training sessions can significantly contribute to athlete
(Pradhan, 2017; Khanna & Koley, 2020; Gutatl, 2021). success at the senior level.
These findings emphasize the need for individualized
training in the junior category to reduce intra-groupimitations and Future Recommendations
heterogeneity and optimize the development of specific
motor abilities (Toselli & Campa, 2018; Kozietal, 2023; This study has several limitations that should be
Pavlovic” & Zotova, 2024). considered when interpreting the results. First, the relatively
small sample size (29 players) may limit the generalizability
Flexibility, although important for injury prevention of the findings to a broader population of volleyball players.
(Kozin et al, 2021) and range of motion as well as for th&econd, the focus on male national team players means the
recovery of athletes (Kozirgt al, 2016), appears to haveresults may not be applicable to junior or senior players in
been maintained in both groups through standard trainifaver leagues, nor to female volleyball players. Third, the
processes, without significant differential development. Aross-sectional design provides only a snapshot at a single
similar conclusion applies to hand coordination, whichtjme point, preventing the assessment of longitudinal
although not showing statistically significant differencesgevelopment of motor abilities. Fourth, the standardized
directly impacts the technical precision and efficiency dests used do not cover all aspects of volleyball performance,
strikes and blocks (Oldenburg, 2015; Rewl., 2016). such as tactical or cognitive skills. Finally, individual
differences in training history, experience, and previous
These findings confirm that the development of motdnjuries may have influenced the results. Considering these
abilities in volleyball must be integrated with technical antimitations, future studies should aim to develop
tactical elements of training to achieve optimal gamimdividualized training programs for junior players to
performance. Individualized and targeted training for juniomnhance specific motor abilities and reduce intra-group
can accelerate the development of explosive lower limb amdriability, conduct longitudinal research to track
upper body strength, which is crucial for the transition tprogression from juniors to seniors, include larger and more
the senior level. Monitoring intra-group variability indiverse samples (including female players) to increase
handgrip strength and flexibility can help identify playergeneralizability, and integrate motor tests with functional,
requiring additional intervention, thereby optimizing mototechnical, and tactical assessments to provide a more
development (Toselli & Campa, 2018). comprehensive evaluation of players’ capabilities.
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Practical Implications CONCLUSION

1. Individualized Training for Juniors- the results show The results of this study indicate that senior male
greater intra-group variability among juniors, particularlyolleyball players from the BiH national team exhibit
in flexibility and handgrip strength. This highlights thesignificantly greater explosive lower limb strength, upper
need for personalized training programs, where eablody strength, and hand coordination compared to juniors,
junior player is approached according to their specifiwhereas juniors show higher variability in flexibility and
motor abilities, reducing heterogeneity and Focus dmandgrip strength. Statistically significant differences were
Stability and Injury Prevention accelerating therimarily observed in the standing long jump, handgrip
development of key skills. strength, and medicine ball throw, while other tests did not

reveal significant differences. These findings emphasize

2. Emphasis on Explosive Strength and Upper Body Powéine importance of individualized training programs for
senior players significantly outperform juniors in lowelunior players to improve motor abilities, reduce group
limb explosive strength (standing long jump) and uppdreterogeneity, and facilitate a more effective transition from
body strength (handgrip, medicine ball throw). Junigunior to senior levels. Future research should involve larger
training should include targeted exercises for explosiveamples, longitudinal assessments, and the integration of
and functional upper body strength, such as plyometrignctional, technical, and tactical evaluations to support a
jumps, medicine ball throws, and specific shouldecomprehensive understanding of volleyball players’
stability exercises. capabilities and long-term athletic development within the

national system.

3. Integration of Motor and Technical Elements- although
differences in block and spike jump heights are naontribution to Sport Science
significant, seniors show superior strength. This
underlines the importance of integrating motor This study is the first in Bosnia and Herzegovina to
development with game technique, so juniors learn malyze and compare the motor abilities of senior and junior
optimally transfer strength into specific technicamale volleyball players from the national team, providing
movements. empirical evidence of differences in explosive lower limb

strength, upper body strength, coordination, flexibility, and

4. Monitoring and Performance Evaluation-regular testingunk endurance. The results confirm that senior players
of key motor abilities (strength, explosiveness, flexibilityexhibit significantly higher explosive and upper body
coordination) allows coaches to identify weaknesses #trength, while junior players show greater intra-group
a timely manner and adjust training. Monitoringvariability in motor skills. The research advances the
flexibility and handgrip strength, in particular, can heljunderstanding of athletic motor development during the
prevent injuries and optimize performance. transition from junior to senior levels, highlighting the

influence of physiological maturity, training experience,

5. Gradual Transition from Junior to Senior Level and individual characteristics. The findings support the
considering differences in strength and explosivenestesign of targeted and individualized training programs to
junior programs should be structured to progressivebptimize the development of key motor abilities and reduce
increase load and intensity, facilitating a safe transitianmtra-group variability among younger athletes.
to the senior level while maximizing motor development-urthermore, this study contributes to sport science by

demonstrating the reliability of standardized, sport-specific

6. Focus on stability and injury prevention- heterogeneitgsts in assessing motor abilities, providing a foundation
in trunk strength and flexibility among juniors indicatedor future research linking physical capacities to volleyball
the need for programs emphasizing core stabilizatioperformance and the long-term development of competitive
flexibility, and proprioception, reducing injury risk andnational teams in Bosnia and Herzegovina.
improving movement efficiency during play.

PAVLOVIC, R.; KOZINA, Z.; SAVIC, V.; BADAU, D.;
7. Long-Term Planning for National Team DevelopmenfRADULOVIC, N. &NIKOLIC, S.  Desarrollo motor en jugadores
motor abilities in junior players directly impacts thela seleccidn nacional de voleibol de Bosnia y Herzegotmal.
quality of the senior national team. Implementing targeté\éorphc’l" 44(2)526-535, 2026

training programs can contribute to the long-term RESUMEN: Las habilidades motoras, incluyendo la fuerza
competitiveness of the national team. explosiva de los miembros inferiores y superiores, la coordinacion,
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