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Abstract

Objectives. This study aimed to evaluate the effectiveness of a customized training regimen in enhancing balance

among young volleyball athletes.

Materials and Methods. A total of 48 athletes (aged 14-16) from four volleyball teams participated, divided into
Experimental (EG) and Control Groups (CG). Over six months, the EG adhered to a specialized protocol integrating
balance exercises into warm-ups and post-training sessions, encompassing both static and dynamic exercises, while
the CG followed a standard program. Balance assessments were conducted using the Leonardo Platform, with

tests administered before and after implementing the protocol. Statistical analysis involved paired-samples and
independent-samples T-tests to compare within-group changes and between-group differences.

Results. The results obtained revealed significant improvements in the EG, particularly evident in the TanEC test

(p =.00001), indicating enhanced stability without visual reference. Marked advancements were also noted in single-
limb stability tests (1L_EO, p =.0018; 1L_EC, p =.0258). Conversely, the TanEO test showed no substantial group
differences (p = .107), suggesting minimal impact on stability under visual conditions.

Conclusions. These findings underscore the efficacy of tailored balance training in enhancing postural stability,
motor coordination, and control among young volleyball players, advocating for the integration of targeted exercises
in athletic training programs to optimize performance outcomes.

Keywords: motor control, performance, postural testing.

Introduction

Volleyballisateam sportthatrequiresahigh combination
of technical skill, physical ability and speed. This discipline
is based on fundamentals such as dribbling, hitting, walling,
serving and receiving, which must be performed with
precision and as much coordination as possible (Raiola et
al, 2025; D’Elia et al, 2021). Every technical gesture requires
a high degree of body control, which is also the result of
maximum balance (Altavilla et al., 2022). Volleyball is also a
sport that demands excellent reaction skills due to the sudden
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changes in game situations (Liu, 2022). Therefore, balance is
essential to ensure stability during the dynamic movements
and sudden shifts required in volleyball (Fuchs et al., 2020). It
is divided into static balance, which is necessary to maintain
a stable posture in waiting situations, and dynamic balance,
which is indispensable for handling changes of direction,
landings from take-offs and rapid transitions between
phases of play (Pau et al., 2012). This capacity is regulated by
the integration of the vestibular, proprioceptive and visual
systems, which work in synergy to maintain postural stability
and motor efficiency (Esposito et al., 2021). Volleyball is a
sport that requires a high level of coordination, as players
have to manage ball possession in highly dynamic conditions
and often in positions that are not optimal for balance
(Hammami et al., 2021). A particularly relevant aspect is the
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ability to maintain a stable waiting posture, characterised
by a posture with flexed and spread legs, accompanied by
a forward tilt of the torso, which allows responsiveness
and freedom of movement in any direction (Esposito et al.,
2024). During the phases of the game in which athletes are in
contact with the ground, the control of postural stability and
the management of body oscillations are essential to ensure
precision of movement and speed of reaction. The ability
to constantly adapt posture to different game situations is
a key factor in optimising performance and maintaining
effective motor readiness (Borzucka et al., 2020). Several
studies have shown that good balance control can improve
the quality of technical gestures and reduce the risk of injury,
particularly when landing from a jump or in high-intensity
game situations (Gerberich et al., 1987; Cuniado-Gonzalez
et al,, 2019; D’'Isanto et al; 2024). Therefore, comprehensive
training involving the improvement of these motor qualities
is suggested to raise balance levels. However, while strength,
speed and endurance training are well-established aspects of
athletic preparation programmes, the integration of specific
balance protocols in the preparation of volleyball players is
still a matter of debate. For this reason, there is a need to
measure what effects specific (ad hoc) training protocols for
postural stability, motor co-ordination and motor control
have on balance. Scientific evidence on the connection of
specific training protocols on postural stability, motor co-
ordination and motor control underline the importance of
further investigation of the effects on balance, highlighting
the need for further investigation of a specific protocol.

Purpose of the research — The aim of the study is to
measure the effect of an ad hoc training protocol to improve
balance in young volleyball athletes.

Materials and Methods

Study Participants

A total of 48 volleyball athletes (24 females, 24 males;
age range: 14-16 years) were recruited from four youth
teams belonging to local volleyball clubs affiliated with
the Albanian Volleyball Federation. Recruitment occurred
through voluntary participation after coaches received an
official invitation letter describing the aims and procedures
of the study.

Inclusion criteria were continuous participation in
structured volleyball training for at least two years; absence
of musculoskeletal injuries in the previous six months;
regular attendance (>90%) during the training season;
parental consent for underage athletes.

Exclusion criteria included neurological, vestibular, or
postural disorders; participation in additional proprioceptive
or balance training programs; failure to complete the post-
test evaluation. Participants were divided into two groups
using a cluster allocation design based on team membership
to preserve the ecological context of training and minimize
contamination between programs. Two teams (Superior
Female and Partizani 1 Male) formed the Experimental
Group (EG), while two other teams (Dinamo Female and
Partizani 2 Male) served as the Control Group (CG), which
continued their usual training routines.

The a priori primary endpoint was the between-group
difference in the pre-to-post change (A) on the TanEC

test. We therefore based the sample size on a two-tailed
independent-samples t-test (a = .05, power =.80). Assuming
a minimally important between-group effect of Cohen’s d
= 0.80 (large, in line with previous proprioceptive/balance
protocols in youth athletes), the required sample was n = 50
(25 per group). We enrolled n = 48 (24 per group), which
is within 4% of the target and provides adequate power
for effects of this magnitude. In sensitivity terms, with N
= 48 the study is powered at 80% to detect d > 0.81 for the
primary contrast.

Because allocation occurred by team (cluster allocation),
we also report a design-effect sensitivity: assuming an intra-
cluster correlation ICC = 0.05 and cluster size m = 12, the
design effect is DEFF = 1 + (m—-1)-ICC = 1.55, yielding an
effective per-arm size of =15.5. Under this conservative
scenario, the 80% power threshold corresponds to d = 1.03
for the primary A comparison. We acknowledge this as a
limitation and, accordingly, report cluster-robust inferences
in the re-analysis.

Study Protocol

The experimental protocol was implemented over
24 weeks, integrated within the athletes’ regular training
schedule (three sessions per week, each lasting 90 minutes).
Balance and postural exercises were added at the beginning
(warm-up phase, 15 min) and at the end (cool-down
phase, 15 min) of each training session. The control group
continued its standard volleyball training program without
additional exercises.

The protocol was structured into three progressive
phases, each lasting eight weeks, following the principles of
progressive overload and specificity. Each session included a
warm-up with static and dynamic balance drills, and a cool-
down focusing on postural alignment and core stabilization.

Compliance was monitored by the team coaches
and verified weekly by the research team. Athletes who
completed at least 85% of sessions were included in the post-
test analysis.

You can observe the schedule in Table 1.

The intervention was designed as a 24-week stability and
postural training program, implemented within the athletes’
regular volleyball sessions. Training was performed three
times per week, with each session lasting approximately
90 minutes. The experimental group (EG) integrated the
stability protocol into two specific segments of their usual
training:

(a) the warm-up phase (15 minutes) devoted to balance
and proprioceptive exercises, and

(b) the cool-down phase (15 minutes) focused on
postural correction and trunk stabilization.

The control group (CG) continued their conventional
volleyball training without any modification.

The experimental protocol was developed to
progressively improve static balance, dynamic control, and
postural alignment, following the principles of specificity,
progressive overload, and motor variability. Exercises
were selected according to their relevance for volleyball
performance—particularly movements involving landing,
change of direction, and single-leg stability. The program
was divided into three progressive phases of increasing
complexity (Table 2).
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Table 1. Weekly microcycle and progressive structure of the experimental balance training protocol integrated into regular

volleyball practice
Phase Weeks Exercises included Sets R.ep s/ Intensnt).r & . Rest Objective
Duration Progression intervals
Phase 1 - Balance 1-6 « One-legged balance 3x20-30s  Begin on stable 30 s between Develop static
foundation & stability (EO/EC) or 3 x 8-10 reps surface; progress to drills balance and

o Tandem stance (EO/EC)

o Dynamic balance in
motion without ball

o General muscle stability
exercises (plank, bridge,
bird-dog)

EC; slow controlled
time

proprioceptive
awareness

Phase 2 - Dynamic 7-18

control & coordination jump and landing (EO/
EC)

« Balance exercises in
motion with ball (passes,
catches, dribbles)

o Postural balancing
exercises (front/side
plank, pelvic control)

o Corrective exercises for
postural alignment

One-legged balance with 3 x 10-12 reps
or3x20s

Introduce unstable 45 - 60 s
surfaces (foam,

BOSU); increase

jump height;

progress EC

frequency

Improve dynamic
balance and
neuromuscular
control

Balance with direction
changes and external
perturbation (coach-
induced)

o Corrective balance
exercises combining
motion + single-leg
support

o Chest and scapular
strengthening (push-up,
theraband rows, wall
slides)

o Combined

proprioceptive tasks

with ball

Phase 3 - Postural
integration & chest
strengthening

19-24 »

3 x 6-8 reps
or3 x20-25s

60-90s Integrate balance and
posture control in

functional actions

Increased
instability and

task complexity;
perturbations
added progressively

Cool-down (all phases) 2-24 o Postural stretching
(spine, shoulder, lower
limb)

o Breathing and relaxation

drills

10 min

Low intensity none Promote recovery
and postural

realignment

Note: EO: eyes open; EC: eyes closed.

Exercises were integrated into the regular training sessions three times per week (90 min per session). Balance drills were included
during the warm-up (15 min), while corrective and stability exercises were performed in the final cool-down phase (15 min).
Coaches monitored execution quality and attendance, and only athletes with > 85 % compliance were included in post-test analysis.

During Phase 1 (weeks 1-6), the focus was on developing
fundamental balance and proprioceptive awareness. Athletes
performed one-legged and tandem stance exercises with
eyes open and closed on stable surfaces, along with general
stability drills such as planks, bridges, and bird-dogs. The
aim was to consolidate control of the center of pressure and
initiate proprioceptive adaptation under stable conditions.

In Phase 2 (weeks 7-18), exercises evolved toward dy-
namic balance and neuromuscular coordination. The pro-
gression included single-leg jumps and landings, balance
tasks involving a volleyball (passes and catches while main-
taining stance), and corrective postural exercises targeting the

trunk and pelvis. Unstable surfaces (foam pads, BOSU balls)
and eyes-closed conditions were introduced gradually to in-
crease proprioceptive challenge and vestibular involvement.

Phase 3 (weeks 19-24) emphasized postural integration
and functional stability. Exercises simulated game-like
conditions and external perturbations (e.g., partner pushes,
sudden direction changes), combining dynamic balance
with upper-body strength work such as push-ups, theraband
rows, and wall slides for scapular and chest stabilization. The
inclusion of compound proprioceptive drills with the ball
aimed to enhance coordination between balance control and
volleyball-specific movements.
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Each exercise was executed under direct supervision by
qualified coaches, ensuring correct technique, progressive
difficulty, and safety. Athletes advanced to more complex
variants only after successfully maintaining proper posture
for at least 30 seconds without compensatory movements.
Rest intervals ranged from 30 to 90 seconds depending on
exercise intensity.

All participants’ attendance and compliance were
recorded weekly; only those who completed at least 85 %
of sessions were included in the post-test analysis. Coaches
were instructed to document any deviations, absences, or
injuries throughout the intervention.

This structured, phase-based program allowed for a
gradual yet continuous improvement in postural control,
aligning proprioceptive and neuromuscular adaptations
with the technical and physical demands of volleyball
performance.

The exercises used within the protocol follow a cognitive
approach, based on a structured organisation of the exercises,
with a defined number of repetitions, execution times and a
clear methodical progression (Esposito et al., 2024).

Test Applications

Balance performance was assessed using the Leonardo
Mechanograph® Force Platform (Novotec Medical GmbH,
Germany), aninstrument widelyvalidated for the quantitative
evaluation of postural stability and neuromuscular control in
youth populations. The platform records center of pressure
(COP) displacements at a sampling frequency of 800 Hz,
providing time- and position-based metrics of postural
control.

The primary outcome was the time (s) the subject was
able to maintain the prescribed balance position during each
test, as automatically recorded by the Leonardo software.
This metric was selected because it represents a functional
indicator of static and dynamic stability and allows easy
interpretation and comparison between conditions.

Moreover, time maintained is a direct measure of
functional balance endurance, reflecting the athlete’s ability
to stabilize posture over a given period, a relevant skill in
volleyball actions such as landing and directional changes.

Secondary analyses focused on COP-derived parameters
provided by the platform’s software for each trial:

1. Sway Path Length (mm): total displacement of
COP during the test, representing overall postural
oscillation.

2. Sway Velocity (mm/s): mean velocity of COP
movement, reflecting efficiency of postural control.

3. Mean COP Deviation (mm): average distance of
COP from the center, quantifying steadiness.

These indicators were used to complement time-based
results and describe qualitative changes in balance strategy
(static vs. dynamic control).

Four standardized postural tests were administered
before and after the 24-week intervention:

1. Tangent stance, eyes open (TanEO) arms at sides.

In this test, the subject stands with feet in contact with
the Leonardo platform, arms at the sides of the body and
eyes open. The aim is to assess the subject’s static balance
while maintaining a stable position without the additional
visual support of closed vision.

2. Tangent Stand, Eyes Closed (TanEC) arms to the sides.
Similar to the previous test, but in this case the subject keeps
their eyes closed. This test assesses balance without visual
input, which makes the test more challenging as the subject
must rely on other sensors to maintain balance.

3. One-Leg Stand, Eyes Open (1L_EO) arms to the sides.

In this test, the subject is standing on one leg, with the
other leg raised off the ground. The arms are at the sides
of the body and the eyes are open. This test measures the
subject’s ability to maintain balance on a reduced support
base (one leg) with the help of visual input.

4. One-Leg Stand, Eyes Closed (1L_EC) arms to the
sides.

Similar to the previous test, but with eyes closed. This
is the most challenging test of the four, as the subject has to
balance on one leg without visual input. This is done using
the Leonardo Platform. The latter consists of two platforms
with four sensors each. Its software contains a protocol with
17 different tests.

Each test was performed three times, with 30-second
rest between trials, and the best value was used for
analysis. Measurements were performed under identical
environmental conditions (quiet room, no visual
distractions).

Before testing, athletes completed a standardized
familiarization trial to ensure correct posture and
understanding of instructions.

The Leonardo platform demonstrates high test-retest
reliability for static and dynamic balance tasks (ICC =
0.86-0.94). All measurements were conducted by the same
operator to reduce inter-rater variability.

Ethical Committee

The study was conducted in accordance with the
Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects (6 September 2022
revision) and the guidelines of the Ethics Committee for
Scientific Research of Tirana Sports University.

Ethical approval was obtained under protocol number
2385/2, approved on 20 September 2024.

Written informed consent was obtained from all
participants and their legal guardians prior to participation.

Statistical Analysis

Primary analysis was the between-group comparison
of A (pre>post) using independent-samples t-tests with
Hedges’ g and 95% Cls; cluster-robust standard errors
(teams as clusters) are also reported. Within-group changes
were tested with paired t-tests. To analyse the effectiveness
of the experimental protocol, the collected data were
subjected to a statistical analysis. Prior to inferential
testing, the assumptions of normality and homogeneity of
variances were verified using the Shapiro-Wilk and Levene’s
tests, respectively. Descriptive statistics (mean +* standard
deviation, SD) were computed for all variables at pre- and
post-test stages.

Specifically, a paired-samples T-Test was applied
to compare pre- and post-measurements within each
group and an independent-samples T-Test to compare
improvements between EG and CG. This allowed us to test
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whether the experimental protocol resulted in significant
postural improvements compared to the traditional training
programme.

Toassess changes induced by the training protocol within
each group, paired-samples t-tests were performed on pre—
post data for each balance variable (TanEO, TanEC, 1L_EO,
1L_EC). For each comparison, the effect size was calculated
as Cohen’s d for paired samples, with accompanying 95%
confidence intervals (CI). Effect magnitudes were interpreted
according to Cohen’s benchmarks: d = 0.20 (small), 0.50
(medium), 0.80 (large).

To evaluate differential improvements between the
experimental (EG) and control (CG) groups, independent-
samples t-tests were conducted on the A values (post-pre).
Each test reported p-values, Hedges’ g (corrected for small
sample bias), and 95% CI.

Given that athletes were nested within four teams, a
sensitivity check was also performed using a cluster-robust
approach (teams as random units) to confirm the stability of
results under potential intra-team correlation.

Because four outcome tests were analyzed, the
Benjamini-Hochberg false discovery rate (FDR) correction
was applied to control the expected proportion of false
positives. Adjusted p-values are reported alongside
uncorrected ones.

For each variable, both within-group (d) and between-
group (g) effect sizes were reported with 95% CI.

The primary outcome (TanEC test) was interpreted as
the main indicator of protocol effectiveness.

Table 2. Control Group Results

Secondary outcomes (1L_EO, 1L_EC, TanEO) were
used to explore transfer effects on static and dynamic balance
under different visual conditions.

All data visualizations (A mean + 95% CI) were produced
using SPSS Chart Builder and verified for consistency with
tabular data.

Effect sizes were computed as Cohen’s d for paired
samples (within-group) and Hedges g for between-group
comparisons of A (post—pre), both with 95% confidence
intervals. As the monitored parameter decreases with
improved stability, negative A and effect size values indicate
enhancement of postural control.

The analysis was conducted using the Statistical Package
for Social Science software (IBM SPSS Statistics for Windows,
version 25.0, IBM, SPSS Inc., Armonk, NY, USA).

Results

Following the use of the Leonardo Platform, pre- and
post-intervention results were collected for the CG in the
four tests applied (Tan EO, Tan EC, 1L EO, 1L EC). The
data, shown in Table 2, describe the subjects’ performance in
terms of balance time maintained on the platform, measured
in seconds (s), in line with what was previously described.

The same was done for the EG, where the test results are
shown in Table 3.

The T-Test for dependent samples was applied to
understand any significant improvements in EG due to the
proposed training protocol.

Table 3. Exeperimental Group Results

Balance Test (BT) Balance Test (BT)

No. Tan EO (s) Tan EC (s) 1L EO (s) 1L EC (s) No. Tan EO (s) Tan EC (s) 1L EO (s) 1L EC (s)
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 305 3.06 11.80 11.82 7.03 7.01 17.78 67.67 1 1.51 1.50 2.78 2.15 497 398 24.02 24.02
2 168 157 1925 19.27 429 428 827 7.89 2 463 463 523 420 659 521 38.05 21.05
3  3.02 304 10.14 1012 340 339 975 9.12 3 1.30  1.20 19.42 10.24 18.98 10.97 49.43 28.32
4 454 452 3250 3252 3.66 390 22.57 20.55 4 092 090 378 276 319 228 8.64 8.12
5 6.79 674 17.83 1781 6.77 6.78 67.11 52.45 5 551 346 457 357 521 478 14.72 14.23
6 043 043 225 229 219 247 1141 1099 6 2.17 220 528 382 504 414 1443 11.49
7 207 211 10.60 1049 6.02 6.05 16.86 18.34 7 0.76 077 3.75 1.77 503 313 10.32 7.56
8 1.19 1.17 1835 1837 329 338 772 721 8 1.88 1.11 9.63 7.34 231 176 12.45 10.45
9 247 245 941 938 241 238 375 370 9 040 040 742 189 269 3.69 832 972
10 423 420 31.40 3040 2.76 2.64 2193 20.65 10 1.06 130 522 438 6.07 418 16.68 14.34
11 254 251 13.10 1210 6.29 5.79 15.65 14.37 11 31.31 10.33 1545 11.54 746 7.13 1336 11.39
12 155 1.53 347 393 3,61 3.17 20.18 28.58 12 243 149 1593 11.24 2.17 1.87 1237 11.78
1 371 370 16,55 16.52 871 7.01 10.68 67.67 1 1.92 0.79 14.52 1055 596 4.78 29.88 15.89
2 338 157 4433 4435 483 356 7.79 7.89 2 1.16 1.01 9.76 7.28 15.88 13.88 19.67 14.76
3 189 267 647 651 354 311 1026 9.12 3 286 124 873 678 545 458 18.75 13.72
4 400 4.07 1445 14.51 12.02 12.04 14.34 20.55 4 1592 10.88 14.50 11.53 7.82 589 9.62 8.32
5 678 622 6.63 665 759 621 588 5245 5 226 178 7.33 568 373 237 6.73 6.11
6 553 043 7.66 359 809 8.07 19.63 10.99 6 399 198 1358 9.74 16.07 11.35 20.00 12.88
7 128 1.31 1437 1449 6.65 6.67 2045 18.34 7 1.71 112 636 454 283 214 10.03 827
8 1.12 1.11 14.69 1470 9.78 9.76 2473 7.21 8 4.00 3.11 1537 7.57 13.02 9.57 14.72 10.73
9 1.03 1.05 899 821 347 345 17.88 3.70 9 535 195 463 254 831 633 480 582
10 3.85 3.78 4540 4542 6.76 6.77 1246 20.65 10 6.64 563 844 7.43 9.08 8.08 20.56 15.55
11 260 2.51 1575 1573 574 5.79 10.16 14.37 11 1.29 1.30 14.02 1396 198 2.19 21.45 19.32
12 1.60 1.53 12.01 12.03 7.67 7.65 1623 28.58 12 588 3.67 1248 9.68 7.88 6.65 22.78 17.87
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Table 4. Change scores (A), effect sizes with 95% CI, and
between-group p on A

A (Post-Pre,

H 0,
Test Group mean + SD) Effect size  95% CI

EG -1.80+£2.10 .051 d=-0.42 [-0.84,-0.00]
TanEO

CG -0.29 £ 1.11 107 d=-0.26 [-0.67,0.14]

E -2.75+193 <.001 d=-1.23 [-1.76,-0.70]
TanEC

CG -0.26 £0.88 <.001 d=-0.29 [-0.70,0.12]

E -1.53+1.79 <.001 d=-0.86 [-1.32,-0.39]
1L_EO

CG -0.22+092 .00l d=-043 [-0.84,-0.01]

EG -4.17+3.13 .001 d=-0.74 [-1.20,-0.29]
1L_EC

CG +540+6.92 .026 d=+0.28 [-0.13,0.69]

Results show that for Tan EO there is no significance
difference, as P=.051. For Tan Ec the P-value is P=.00000688;
for 1L EO the P-value is P=.0003; for 1L EC the P-value is
P=.0013; thus, for these three tests, significance was verified.
To compare the CG and EG results, it is necessary to use
the T-test for independent samples. To proceed, the Delta
for each group must be calculated and compared using the
previously mentioned test, establishing significance with a
value of P < 0.05. In The Results shown that for Tan EO there
is no significance in the comparison between CG and EG, as
P=.107. For Tan EC, the P-value is P=.000019; for 1L EO, the
P-value is P=.0018; for 1L EC, the P-value is P=.025; thus,
for these three tests, there is significance in the comparison
between CG and EG.

The comparison of change scores (A = post-pre) revealed
significant advantages for the Experimental Group (EG) in
three of the four balance tests. Large effects were observed in
TanEC (Hedges g = —1.44; 95% CI [-2.08, —0.80]) and 1L_
EO (g=-0.98;95% CI [-1.58,-0.38]), and a moderate effect
in 1L_EC (g = -0.67; 95% CI [-1.25, —0.09]). The TanEO
test showed a small, non-significant effect (g = —0.47; 95%
CI [-1.05, 0.10]). Negative values indicate greater reduction
(improvement) in the EG compared with the CG.

Paired-sample analyses revealed large improvements
in the EG for TanEC (d, = -1.23; 95% CI [-1.76, —0.70]),
and moderate-to-large effects for IL_EO (d, = —0.86; 95%
CI [-1.32, —0.39]) and 1L_EC (d, = —0.74; 95% CI [~1.20,
—0.29]). The TanEO test showed a small effect (d, = —0.42;
95% CI [~0.84, —0.00]).

Conversely, the CG showed only small or trivial changes,
with most confidence intervals crossing zero.

These findings confirm that the experimental stability
training protocol effectively enhanced postural control,
particularly under more demanding conditions (eyes closed
or single-leg stance).

Discussion

The results of the study showed significant improve-
ments in balance for the EG, compared to the CG. Specifi-
cally, the Tan EC, 1L EO and 1L EC tests showed statistically
significant improvements with P=.0019; P=.0018 and P=.02,
respectively, suggesting that the specific balance training
protocol had a significant impact on the balance of the vol-
leyball athletes considered for the study. Previous studies
have shown that better postural control correlates with bet-

ter sports performance and a reduced risk of injury (Hrys-
omallis, 2011). In particular, the ability to maintain stability
in high-intensity game situations is crucial for optimising
movement efficiency and motor co-ordination (Andreeva et
al,, 2021). Reduced reliance on the visual system suggests an
improvement in proprioceptive and vestibular integration,
which are crucial for volleyball athletes. Another study by
Gioftsidou et al. (2012) showed that proprioceptive training,
integrated into warm-up programmes, can improve postural
stability in team sports players, confirming the effectiveness
of the method used in our study. The improvement observed
in EG compared to CG can be attributed to the specific nature
of the protocol, which included single-leg balance exercises,
dynamic exercises with and without a ball, and a postural
stabilisation programme. Increasing the difficulty of the ex-
ercises over time may have contributed to better neuromus-
cular adaptation, as suggested by Gribble et al. (2012), who
demonstrated that progressive protocols were more effective
in improving postural stability than isolated static exercises.
The result of the Tan EO test, which did not show significant
improvements, suggests that static stability with visual input
already present was not a limiting factor for athletes, while
more challenging conditions (visual occlusion or balancing
on one limb) showed more room for improvement.

Practical Implications

The results of the study suggest that integrating specific
balance exercises into volleyball training programmes can
improve athletes’ postural stability and reaction ability.
Coaches and athletic trainers can implement similar
protocols in the warm-up and cool-down phase to improve
postural stability, motor co-ordination and motor control.
Furthermore, training focused on postural stability could
contribute to injury prevention, especially in the landing
phases after ajump, where balance control is essential to avoid
lower limb injuries. The application of such protocols can
also be extended to other sports that require high dynamic
stability, such as basketball and gymnastics, suggesting their
potential cross-disciplinary utility.

Limitations of the Study

Despite the significant results, the study has some
limitations. The sample is relatively small and limited to
a specific age group (14-16 years), which might influence
the generalisability of the results to other categories of
athletes. Furthermore, the six-month intervention period,
although sufficient to observe significant changes, may
not have captured any long-term effects of the training
protocol. Another limitation is the absence of a detailed
biomechanical analysis that could have provided more in-
depth data on training-induced neuromuscular adaptations.
Finally, the experimental protocol focused exclusively on
balance exercises, without integrating other components of
athletic training such as explosive strength and quickness,
which could further influence the athletes’ performance.

Conclusion

The results confirm the effectiveness of the proposed
ad hoc balance protocol in improving postural stability,
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motor coordination and motor control in volleyball
athletes. Comparison with the literature suggests that
such protocols may have significant implications for both
sports performance and injury prevention, supporting the
integration of balance exercises into training programmes.
These findings emphasise the importance of incorporating
balance-specific training protocols into the training of
volleyball athletes. The inclusion of stability exercises in the
warm-up and defatigue phase may be an effective strategy to
improve proprioceptive skills and reduce the risk of injury.
Future research could examine the effect of different types of
proprioceptive exercises (e.g., training on unstable surfaces
or exercises under conditions of external perturbation) and
evaluate the transfer of these improvements to volleyball-
specific performance, such as jumping, landing and reactivity
in changes of direction.
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Bnane cnewianbHOro NnpoToKony TpeHyBaHHA CTabinbHOCTI
Ha NoninweHHA piBHOBarv LHNX Bonenbonicrie

IOHa IToroHi'®", Po3zapio Yepy3o0>*A“P, Ap6en Kauyppi'**PE, ®pandyecko
ITenyso Kaccese*“P, [[>xoBanHi Ecio3ito*”

"VuiBepcurer ciopry Tupann
*YuiBepcurer ITeraco
*YuiBepcurer Beponu
*“ITeraco YuiBepcurer Heanons

ABTOpPCHKMIT BKTAJ: A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pe¢epar. Crarrs: 8 c., 4 Tabi., 18 mxeper.

Mera gocmimkeHHA. MeTa I[bOTO TOCTi/[)KeHHA MONIATaNa B OliHIli eeKTBHOCTI iHAMBifyamisoBaHOl MporpaMu TpeHyBaHb
y IOKpallleHHI piBHOBATH cepef IOHUX CIIOPTCMEHiB-BOIeO0IiCTiB.

Marepianyu ta MeToau. Y JOCTI/KeHHI B35 y4acTb 48 criopTcMeHiB (BikoM 14-16 pokiB) 3 4OTHMPHOX BOJIENOONBHMX
KOMaHJ|, po3finennx Ha ekcrnepuMmentanpHy (EI) tTa xoutponbny (KI') rpymm. IIporsrom urectn micsauis EI' gorpumysanacs
crieliay1i3s0BaHOro IPOTOKOIY, 1110 IepefdadaB iHTerpalito BIIpaB Ha PiBHOBATY O MPOTpaMy PO3MMHOK Ta MOCTTPEHYBaIbHUX
ceciit, AKi OXOITIOBa/IN K CTAaTMYHI, TaK i AMHaMiyHi Bopasy, Toi Ak KI' saiimanacs sa cTaHfapTHOI Iporpamor. OLiHIOBaHHSA
piBHOBaryu IMPOBOAMIOCA 3a fornoMorolo miaTdopmu Leonardo i3 BUKOPUCTaHHAM TeCTiB Iepef Ta IiC/IA BIPOBAJPKEHH:A MPO-
tokomy. CTaTMCTUYHMIT aHAJII3 BKII0YaB BUKOPMCTAHHS T-KpuTepiiB A/Is1 IApHMX Ta He3a/IeKHMX BIOIPOK 3 METO MOPIBHAHHS
BHYTPIIIHBOIPYTIOBMX 3MiH Ta MDKTPYIIOBUX BifMiHHOCTEI.

Pesynbratu. OTpyMaHi pesy/IbTaTy BUABIIM 3HAYHE TIOMIIIIeHH TOKasHMKiB B EI, 1110 0c06/11BO TOMITHO y BUKOHAHHI Tec-
Ty TanEC (p =.00001), BKasyrouy Ha IifiB1IeHH:A cTabiIbHOCTI O6e3 BisyanbHOro opieHTHpa. BupaskeHi mokpaleHHsA Takox 6y
BiZj3Ha4YeHi y BMKOHAHHI TeCTiB crabinpHocTi Ha opuin kinnisui (1L_EO, P = .0018; 1L_EC, P = .0258). Haromictp Tect TanEQO
He TI0Ka3aB iCTOTHMX IPyHoBUX BigmiHHOCTeI (p = .107), 1110 CBifYUTD PO MiHIMaTbHUIT BIUIMB Ha CTAabLIBHICTD 3a Bi3ya/lbHMX
YMOB.

BucnoBku. IIpefcraBieHi pesyabraTt MiAKPeCTO0Th e(eKTUBHICTD 3aCTOCYBAHHS a/JalITOBAHNX TPEHYBAHDb PIBHOBArH y
HOKpAllleHH] TOCTYpaIbHOI CTabiIbHOCTI, KOOPAMHALIIT PyXiB Ta KOHTPOJIIO Ceperi IOHNX BOJIEOOICTIB, 1[0 CBIXYMNTb Ha KOPUCTD
inTerpanii HiTbOBMX BIIPAB [0 MPOTPaM CIOPTMBHOIO TPEHYBAHHA 3 METOIO ONTMMIi3allii pe3y/IbTaTiB.

Knro4oBi cmoBa: KOHTPO/b PyXiB, pe3y/l1bTaTUBHICTb, IOCTypa/bHe TeCTYBaHHA.
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