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ABSTRACT

Volleyball is a high-intensity sport that requires rapid directional changes, jumping, and sin-
gle-leg landings, placing significant stress on the lower limbs, particularly the ankles. Impaired
postural stability and ankle proprioception increase the risk of injury and reduce performance.
Neuromuscular training (NMT) has been shown to enhance sensorimotor function, yet evi-
dence in volleyball players is limited. This study aimed to investigate the effects of a 12-week
neuromuscular training program on postural stability and ankle proprioception in male vol-
leyball players. Thirty male volleyball players (age 18-24 years, >5 years playing experience)
from Qatar were randomly assigned to either an experimental group (n = 15) or a control group
(n = 15). The experimental group participated in a 12-week neuromuscular training program,
three sessions per week, 30—-45 minutes per session, in addition to regular volleyball train-
ing. Training included balance board and wobble board exercises, agility ladder drills, hurdle
jumps, step-up/run-down activities, and mini-trampoline jumps. The control group contin-
ued routine volleyball practice without additional intervention. Pre- and post-intervention
assessments included dynamic and static balance (Biodex Balance System), limit of stability,
and ankle joint position sense (goniometer) for inversion and eversion. The experimental group
demonstrated significant improvements in static balance indices (overall, anterior—posterior,
medial-lateral; p < 0.03) and ankle proprioception for inversion and eversion (p = 0.01), where-
as the control group showed no significant changes. Directional components of dynamic bal-
ance, including medial-lateral control at level 6 and anterior—posterior control at level 8, also
improved significantly in the experimental group (p < 0.04), while overall dynamic balance
and limit of stability showed non-significant changes. Twelve weeks of neuromuscular training
effectively enhanced static and directional dynamic balance as well as ankle proprioception in
male volleyball players. These improvements likely result from enhanced proprioceptive input,
neural adaptations, and optimised coordination of lower limb muscles. Integrating neuromus-
cular training into volleyball conditioning programs may enhance postural control and ankle
proprioceptive function in volleyball players. But the direct effects on injury prevention and
sport-specific performance require further investigation.
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INTRODUCTION

Volleyball is a high-intensity intermittent sport that requires players to perform repeated jumping,
landing, cutting, blocking, and rapid directional changes throughout training and competition (Rebelo
etal., 2022). These complex movements place considerable mechanical stress on the lower extremities,
particularly the ankle joint (Hou, 2023). Among the various injuries reported in volleyball, ankle
sprains are the most common and account for a significant proportion of time lost from training and
competition (Flore et al., 2022). Recurrent ankle injuries not only impair athletic performance but
may also lead to chronic ankle instability, reduced proprioceptive ability, and long-term functional
limitations (Alghadir et al., 2020). Therefore, improving postural stability and ankle proprioception
has become an important focus in injury prevention and performance enhancement programs for
volleyball players (Zarei et al.,, 2021). Postural stability refers to the ability to maintain the body’s
center of mass within the base of support during static and dynamic conditions (Andreeva et al., 2021).
In volleyball, athletes must maintain balance during single-leg landings, lateral movements, and
quick transitions between offensive and defensive actions. Poor postural control increases the risk of
improper landing mechanics, delayed neuromuscular responses, and excessive joint loading, which
may predispose athletes to lower limb injuries (Fan et al., 2025). Dynamic balance, in particular, is
crucial for volleyball players because most sport-specific movements occur under unstable and rapidly
changing conditions. Similarly, static balance reflects the athlete’s ability to control body sway during
stationary positions, which is essential for maintaining joint alignment and preparing for subsequent
movements (Nam et al., 2020).

Ankle proprioception plays a critical role in joint stability and movement coordination.
Proprioception is defined as the ability to sense joint position, movement, and force through
mechanoreceptors located in muscles, tendons, ligaments, and joint capsules (Valdes et al,
2024). Accurate proprioceptive input allows the central nervous system to generate appropriate
neuromuscular responses to maintain joint integrity during functional activities (Laskowski et al.,
2000). Following repetitive loading or injury, proprioceptive acuity may decline, leading to delayed
muscle activation, impaired balance, and increased susceptibility to reinjury (Bafrouei et al., 2025).
In volleyball players, frequent jumping and landing actions expose the ankle to inversion and
eversion stresses, underscoring the importance of proprioceptive efficiency for injury prevention.
Traditional strength and conditioning programs often focus on muscular strength, endurance, and
cardiovascular fitness (Association, 2021). While these components are important for overall athletic
performance, they may not adequately address neuromuscular control and sensorimotor function.
In recent years, neuromuscular training (NMT) has gained attention as an effective strategy for
enhancing joint stability, balance, coordination, and proprioception. NMT includes exercises such
as balance training on unstable surfaces, plyometric drills, agility exercises, perturbation training,
and movement control activities (Fan et al., 2025). These exercises aim to improve the interaction
between the sensory and motor systems, leading to more efficient muscle activation patterns and
improved joint control.

Evidence from previous studies suggests that NMT can significantly improve balance performance

and reduce the incidence of lower limb injuries in athletes (Yuda & Weidong, 2025). Balance training
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using wobble boards, balance discs, or stability platforms has been shown to enhance postural control
by stimulating proprioceptive receptors and improving reflexive muscle responses (Deligiannis et
al., 2024). Plyometric and landing-technique training further enhances neuromuscular efficiency by
teaching athletes to safely absorb ground reaction forces and maintain proper joint alignment during
high-impact activities (Markovic & Mikulic, 2010). In addition, perturbation and agility drills help
athletes adapt to unexpected changes in movement direction, which closely simulate sport-specific
demands (Young et al., 2022). Despite the growing body of research supporting NMT, limited studies
have specifically examined its combined effects on both postural stability and ankle proprioception
in volleyball players. Most existing research has focused on injury prevention outcomes or has been
conducted in sports such as soccer, basketball, or handball. Volleyball presents unique movement
patterns, including frequent vertical jumps, single-leg landings near the net, and player-to-player
contact during blocking and spiking. These sport-specific demands highlight the need for targeted
research examining neuromuscular adaptations in volleyball athletes.

Furthermore, assessing balance and proprioception with objective, reliable measurement
tools is essential for evaluating the effectiveness of intervention programs (Labanca et al., 2021).
Computerised balance systems and stability platforms provide quantitative measures of overall
stability, anterior—posterior and medial-lateral control, and limits of stability under different
difficulty levels. Similarly, joint position-sense testing for inversion and eversion movements
provides valuable information on ankle proprioceptive accuracy (Lin et al., 2016). Such assessments
allow researchers to detect subtle changes in sensorimotor performance that may not be apparent
through functional tests alone. Improving postural stability and proprioception through NMT
may have dual benefits for volleyball players (Yang et al., 2025). From a performance perspective,
enhanced balance and joint control can contribute to more efficient movement execution,
quicker reaction times, and better landing mechanics (Dai et al., 2018). From an injury prevention
standpoint, improved neuromuscular function can reduce excessive joint motion, enhance reflexive
muscle activation, and decrease the likelihood of ankle sprains and chronic instability (Gutierrez
et al., 2009). Given the high prevalence of ankle injuries in volleyball and their potential long-
term consequences, implementing evidence-based NMT programs is of practical importance for
coaches, trainers, and sports medicine professionals.

Adolescence and early adulthood represent critical periods for neuromuscular development
(VanHooren & Croix, 2020). Volleyball players in these age groups often experience rapid increases
in training volume and competitive demands, which may outpace their neuromuscular control
capabilities. Structured NMT interventions can help bridge this gap by enhancing sensorimotor
function and movement quality (Street et al., 2019). Moreover, such programs are relatively
low-cost, easy to implement within regular training sessions, and require minimal equipment,
making them suitable for school and collegiate settings. Although previous studies have reported
positive effects of balance or proprioceptive training alone, there is a need for comprehensive
neuromuscular programs that integrate multiple training components and evaluate their
combined effects using controlled experimental designs (Chen et al., 2025). Randomised or quasi-
experimental studies comparing intervention and control groups can provide stronger evidence

of NMT’s effectiveness (Lo, 2025). Additionally, examining pre- and post-intervention changes
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across multiple balance levels and directional components can offer a more detailed understanding
of neuromuscular adaptations. Although several studies have investigated balance training or
proprioceptive interventions in athletes, limited research has examined the combined effects of a
structured neuromuscular training program on both postural stability and ankle proprioception
specifically in volleyball players. Also, few studies have simultaneously evaluated static balance,
directional dynamic balance, and ankle joint position sense using objective assessment tools such
as the Biodex Balance System and goniometric proprioception testing. Therefore, the present
study extends previous research by applying a volleyball-specific neuromuscular intervention
integrating balance, agility, landing-control, and coordination exercises within a controlled
experimental design. Therefore, the present study aims to investigate the effects of a structured
NMT program on postural stability and ankle proprioception in volleyball players. Postural
stability will be evaluated under both static and dynamic conditions at different difficulty
levels, including overall stability and anterior—posterior and medial-lateral control (Mandalidis
& Karagiannakis, 2020). Ankle proprioception will be assessed through joint position sense
measurements during inversion and eversion movements (Lin et al., 2016). It is hypothesised that
volleyball players participating in the NMT program will demonstrate significant improvements
in postural stability and proprioceptive accuracy compared with a control group following
regular training alone.

The findings of this study are expected to contribute to the growing body of literature on
NMT and its role in enhancing sensorimotor performance in sport-specific populations. By
providing evidence on the effectiveness of such interventions among volleyball players, the
study may help inform the design of targeted injury-prevention and performance-enhancement
programs. Ultimately, improving postural stability and ankle proprioception through structured
neuromuscular training may support safer participation, reduce injury risk, and promote long-

term athletic development in volleyball athletes.

METHOD

This study was conducted as a randomised controlled trial with a pre-test and post-test two-group
design to examine the effects of NMT on postural stability and ankle proprioception in volleyball
players. A total of 30 male volleyball players aged 18-24 years were recruited from sports clubs and
training centres in Qatar. All participants had at least 5 years of competitive playing experience
and were regularly involved in volleyball training at least 3 times per week. Participants were
selected using purposive convenience sampling based on the inclusion criteria of being healthy,
free from lower limb injuries in the previous six months, and not participating in any structured
balance or neuromuscular training program outside their routine practice. Individuals with
current musculoskeletal pain, neurological disorders, or any condition affecting balance or
movement were excluded from the study. After screening and baseline assessment, the eligible
participants were randomly assigned. Randomisation was performed using a simple random
allocation method. Participants’ names were entered into a computer-generated randomisation

sequence and allocated equally to either the experimental or control group (1:1 ratio). Group
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allocation was performed by an independent assistant not involved in testing procedures. An
experimental group (EG: n = 15) and a control group (CG: n = 15). Prior to participation, all
subjects were informed about the study procedures and provided written informed consent. The
study protocol was conducted in accordance with the Declaration of Helsinki and approved by
the Institutional Research Ethics Committee of University of Alagappa-India under approval
number R20161803/2025. Written informed consent was obtained from all participants prior
to data collection. Demographic information, including age, height, body weight, and playing
experience, was recorded using standardised forms. Postural stability was assessed using the
Biodex Balance System, which provides objective measures of static and dynamic balance
performance (Aydog et al., 2006). The system consists of a movable platform with 12 levels of
stability, ranging from highly stable (level 12) to highly unstable (level 1). For this study, dynamic
balance was evaluated at stability levels 6 and 8, and the following indices were recorded: overall
stability index, anterior—posterior stability index,and medial-lateral stability index. Staticbalance
was assessed using a single-leg stance condition, and similar stability indices were obtained. In
addition, the limit of stability (LOS) test was performed to determine the participants’ ability to
control their center of gravity within their base of support in multiple directions. During testing,
participants stood barefoot on the platform, hands on their hips, focusing on the monitor’s visual
feedback. Each test trial lasted 30 seconds and was performed three times, with a 20-second rest
interval between trials. The mean of the three trials was used for statistical analysis. To minimise
assessment bias, the investigator responsible for recording post-test measurements was blinded
to group allocation during data collection. Ankle proprioception was measured using a universal
goniometer to assess joint position sense during inversion and eversion movements. Participants
were seated comfortably in a chair, with the knee flexed to approximately 70 degrees and the
ankle at about 20 degrees of plantar flexion. The examiner passively moved the participant’s
ankle to a target angle of 15 degrees in either inversion or eversion and maintained the position
for five seconds to allow sensory awareness. The foot was then returned to the neutral position.
Participants were blindfolded to eliminate visual input and were asked to actively reproduce
the target position. Each movement was repeated three times for each ankle, and the absolute
difference between the target angle and the reproduced angle was recorded as the proprioceptive
error. The average of the three trials was considered for analysis. The goniometric method used
in this study demonstrated high reliability for assessing ankle joint position sense (Youdas et al.,
1993). Participants in the EG underwent a progressive NMT program in addition to their regular
volleyball practice for 12 weeks, with training conducted 3 days per week. Each training session
lasted approximately 45 to 60 minutes and was supervised by the researcher to ensure proper
technique and progression. The session began with a 10-15-minute warm-up of light jogging or
stationary cycling, followed by dynamic stretching of the lower extremity muscles. The main
training component focused on improving balance, coordination, agility, and landing control
through a variety of neuromuscular exercises. These included double-leg and single-leg balance
tasks using balance boards and wobble boards, multidirectional control exercises, agility ladder
drills (forward, lateral, and in—out patterns), hurdle jumps and lateral hurdle movements, step

run up and down on a platform, mini-trampoline jumps with controlled landing, and single-leg
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stabilisation drills. Training intensity and complexity were progressively increased throughout
the intervention by reducing the base of support, increasing movement speed, adding single-
leg tasks, and incorporating sport-specific movement patterns. Participants were encouraged
to maintain proper posture and minimise upper limb assistance during balance tasks. Exercise
duration and rest intervals were monitored using a stopwatch. Training attendance was
monitored throughout the intervention period. Participants in the experimental group attended
more than 90% of the scheduled training sessions, and no adverse events were reported during
the intervention.

The control group continued their regular volleyball training program consisting of technical
drills, tactical practice, team-based scrimmages, and general physical conditioning exercises
performed approximately three times per week. But, they did not participate in any additional
balance, proprioceptive, or neuromuscular-specific exercises during the intervention period.

All outcome measures were assessed 1 week before the intervention (pre-test) and Post-
intervention assessments were conducted 48 hours after the final neuromuscular training session
to minimise the potential influence of acute fatigue on balance and proprioception outcomes.
. Testing was conducted under similar environmental conditions and at the same time of day
to minimise external influences. Data were analysed using appropriate statistical software.
Statistical analyses were performed using SPSS software version 25 (IBM Corp., Armonk, NY,
USA). Descriptive statistics were calculated and presented as mean and standard deviation for all
variables. Within-group differences between pre-test and post-test values were analysed using
paired sample t-tests, while between-group comparisons were performed using independent
sample t-tests. The level of statistical significance was set at p < 0.05. This methodological approach
was used to determine the effectiveness of the NMT program on improving postural stability and
ankle proprioception among volleyball players. In addition to p-values, effect sizes (Cohen’s d)
and 95% confidence intervals were calculated to determine the magnitude and precision of the

observed changes. Effect sizes were interpreted as small (0.2), medium (0.5), and large (0.8).

Table 1. Anthropometrics measurements of participants

Variables E.G C.G P value
Age (Years) 21.07 £ 1.77 214+ 1.62 0.60
Height (cm) 181.47 £4.91 180.8 £ 4.81 0.72
Weight (kg) 72.07 +3.15 71.08 +2.48 0.35
BMI 21.98 £ 1.31 2193 £1.26 0.91

Notes: Values are presented as mean + standard deviation (Mean + SD). EG = Experimental Group; CG = Control

Group; BMI = Body Mass Index. * indicates statistically significant difference at p < 0.05. n = 15 participants per
group.
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RESULTS

Dynamics balance and limit of stability

Table 2 Mean + SD of Pre- and Post-test Values Between Control and Experimental Groups of dynamic

balance
Test Control Group Experimental Group P value
es
Pre-test Post-test Pre-test Post-test Pre Post
Dynamic balance
0.68 +£0.19 0.67 £0.18 0.64+£0.23 0.55+0.23 0.60 0.9
(Overall level 6)
Dynamic balance
. . 0.43+£0.23 0.45 £0.17 0.39£0.18 0.37 £0.22 0.61 0.21
(Anterior posterior level 6)
Dynamic balance
) 0.40+0.15 0.39+£0.19 0.39+0.15 0.27 £0.21 0.87 0.04*
(Medial lateral level 6)
Dynamic balance
0.40+£0.22 0.42 +0.32 0.49 £ 0.07 0.45+0.22 0.14 0.78
(Overall level 8)
Dynamic balance
. . 0.39 £0.19 0.44 £0.25 0.41 £0.08 0.31 £0.03 0.72 0.03*
(Anterior posterior level 8)
Dynamic balance Medial
0.29 £0.15 0.25+0.17 0.23 +0.11 0.23 £0.09 0.30 0.29
lateral level 8)
Limit of stability 5591+ 11.45 55.52+1093 58.40+4.52 50.10 £ 14.37 0.45 0.28

Notes: Values are presented as mean + standard deviation (Mean * SD). EG = Experimental Group; CG = Control Group;

BMI = Body Mass Index. * indicates statistically significant difference at p < 0.05. n = 15 participants per group.

Table 2 presents the comparison of dynamic balance parameters and limit of stability between
the control and experimental groups before and after the 12-week intervention. At baseline, there
were no significant differences between the groups on any variables (p > 0.05), indicating that both
groups were homogeneous prior to the intervention. For dynamic balance at overall stability level
6, the control group showed minimal change from pre-test (0.68 £ 0.19) to post-test (0.67 + 0.18),
while the experimental group demonstrated a reduction from 0.64 + 0.23 to 0.55 £ 0.23. However,
the between-group comparison at post-test was not statistically significant (p = 0.90). Similarly,
for the anterior—posterior index at level 6, both groups showed small changes (control: 0.43 + 0.23
to 0.45 £ 0.17; experimental: 0.39 + 0.18 to 0.37 + 0.22) with no significant difference between
groups at post-test (p = 0.21). In contrast, a significant improvement was observed in the medial-
lateral index at dynamic level 6. The experimental group showed a notable decrease from 0.39 +
0.15 to 0.27 £ 0.21, indicating improved stability, whereas the control group remained relatively
unchanged (0.40 £ 0.15 to 0.39 £ 0.19). The post-test comparison revealed a statistically significant
difference between the groups (p = 0.04). At dynamic stability level 8, no significant differences
were observed for the overall stability index. The control group showed a slight increase (0.40 +
0.22 to 0.42 + 0.32), while the experimental group showed a small reduction (0.49 + 0.07 to 0.45 +
0.22), but the between-group difference at post-test was not significant (p = 0.78). However, for the
anterior—posterior index at level 8, the experimental group demonstrated a marked improvement
from 0.41 £+ 0.08 to 0.31 + 0.03, whereas the control group showed only a slight increase (0.39 +
0.19 to 0.44 + 0.25). This difference was statistically significant at post-test (p = 0.03).



Studia Sportiva, Vol. 20, No. 2, 2026 31

Figure 1. Comparison of pre- and post-intervention dynamicbalance parametersbetween experimental

and control groups.

For the medial-lateral index atlevel 8, the control group improved slightly (0.29 £ 0.15 t0 0.25 £ 0.17),
while the experimental group showed no change (0.23 £ 0.11 to 0.23 + 0.09). The post-test comparison
between groups was not statistically significant (p = 0.29). Regarding the limit of stability (LOS), the
control group showed minimal change from 55.91 £ 11.45 to 55.52 + 10.93. The experimental group
demonstrated a decrease from 58.40 + 4.52 to 50.10 + 14.37; however, the between-group difference
at post-test was not statistically significant (p = 0.28). Overall, the findings indicate that the 12-week
neuromuscular training program resulted in significant improvements in specific components of
dynamic balance, particularly in the medial-lateral control at level 6 and anterior—posterior control
at level 8, while no significant changes were observed in overall stability indices or limit of stability
compared to the control group. These results suggest that neuromuscular training may enhance

directional stability under challenging dynamic conditions in volleyball players.

Static Balance

Table 3. Mean + SD of Pre- and Post-test Values Between Control and Experimental Groups of Static Balance

Control group Experimental group P value
Test
Pre-test Post-test Pre-test Post-test Pre Post
Static balance
1+£0.47 1.1 £0.45 1.1 £0.51 0.64 +0.18 0.57 0.002*
(Overall level)
Static balance
(Anterior posterior 0.70 £0.22 0.72 £0.26 0.75 £0.14 0.57 £0.16 0.48 0.04*
level)
Static balance
0.67 £0.48 0.66 £0.48 0.74 £0.22 0.45 +0.19 0.59 0.03*

(Medial lateral level)

Notes: Values are presented as mean + standard deviation (Mean + SD). EG = Experimental Group; CG = Control
Group; AP = anterior-posterior; ML = medial-lateral; LOS = limit of stability. * indicates statistically significant

difference at p < 0.05. n = 15 participants per group.
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Table 3 presents the comparison of static balance parameters between the control and
experimental groups before and after the 12-week intervention. At baseline, there were no
significant differences between the two groups in overall, anterior—posterior, or medial-
lateral stability (p > 0.05), indicating that both groups were comparable prior to the training
program. For static balance (overall stability index), the control group showed a slight increase
from 1.00 + 0.47 at pre-test to 1.10 £ 0.45 at post-test, indicating no improvement. In contrast,
the experimental group demonstrated a substantial decrease from 1.10 £ 0.51 to 0.64 £ 0.18,
reflecting improved postural stability. The between-group comparison at post-test revealed a
highly significant difference (p = 0.002). Similarly, for the anterior—posterior stability index, the
control group showed minimal change from 0.70 + 0.22 to 0.72 £ 0.26, whereas the experimental
group improved markedly from 0.75 + 0.14 to 0.57 + 0.16. The post-test difference between the
groups was statistically significant (p = 0.04).

In the medial-lateral stability index, the control group remained essentially unchanged
(0.67 £0.48 t0 0.66 £ 0.48). However, the experimental group demonstrated a considerable reduction
from 0.74 + 0.22 at pre-test to 0.45 £ 0.19 at post-test. The between-group comparison showed a
significant difference following the intervention (p = 0.03). Overall, the results indicate that the 12-
week neuromuscular training program significantly improved static balance performance in the
experimental group across overall, anterior—posterior, and medial-lateral stability indices, while
the control group showed no meaningful changes. These findings suggest that neuromuscular

training effectively enhances static postural control in volleyball players.

Figure 2. Comparison of pre- and post-intervention Values between Control and Experimental
Groups of static balance
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Ankle proprioception

Table 4. Mean + SD of Pre- and Post-test Values Between Control and Experimental Groups of ankle

proprioception
Control Group Experimental Group P value
Test
Pre-test Post-test Pre-test Post-test Pre Post
Proprioception
. 1.25 £1.66 1.28 £1.75 1.51 £1.24 0.50 +£0.88 0.62 0.01*
Inversion
Proprioception
) 1.70 £1.95 1.75 +£1.28 1.50 £1.85 0.40 £0.92 0.78 0.01*
Eversion

Notes: Values are presented as mean + standard deviation (Mean + SD). EG = Experimental Group; CG = Control

Group; * indicates statistically significant difference at p < 0.05. n = 15 participants per group.

Table 4 shows the comparison of ankle proprioception for inversion and eversion between
the control and experimental groups before and after the 12-week intervention. At baseline,
there were no significant differences between the two groups for either inversion or eversion
joint position sense (p > 0.05), indicating that both groups were comparable prior to the training
program. For proprioception in inversion, the control group showed no meaningful change, with
values slightly increasing from 1.25 £ 1.66 at pre-test to 1.28 + 1.75 at post-test. In contrast, the
experimental group demonstrated a marked improvement, with the error value decreasing from
1.51 + 1.24 to 0.50 £ 0.88 following the intervention. The between-group comparison at post-test

revealed a statistically significant difference (p = 0.01).

Figure 3. Graphical representation of Pre- and Post-test Values Between Control and Experimental

Groups of ankle proprioception

Similarly, for proprioception in eversion, the control group showed minimal change from
1.70 + 1.95 at pre-test to 1.75 £ 1.28 at post-test. However, the experimental group showed a
substantial reduction in repositioning error, improving from 1.50 £ 1.85 to 0.40 £ 0.92. The

post-test comparison between groups was statistically significant (p = 0.01). Overall, the findings
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indicate that the 12-week neuromuscular training program significantly enhanced ankle joint
position sense in both inversion and eversion movements in the experimental group, while no
meaningful changes were observed in the control group. These results suggest that neuromuscular
training improves ankle proprioceptive accuracy in volleyball players, which may contribute to

better joint stability and a reduced risk of ankle injuries.

DISCUSSION

The purpose of the present study was to examine the effects of a 12-week neuromuscular training
program on dynamic balance, static balance, limit of stability, and ankle proprioception in male
volleyball players. The findings demonstrated that neuromuscular training produced significant
improvements in several components of postural control, particularly static balance, specific
directional aspects of dynamic balance, and ankle proprioception. One of the key findings of the
study was the significant improvement in static balance parameters (overall, anterior—posterior, and
medial-lateral stability) in the experimental group compared with the control group. Static balance
depends on integrating sensory input from the visual, vestibular, and somatosensory systems, along
with appropriate neuromuscular responses, to maintain the centre of mass within the base of support
(Peterka, 2018). Neuromuscular training, particularly exercises performed on unstable surfaces such
as wobble boards and balance boards, increases mechanoreceptor stimulation in muscles, tendons,
joint capsules, and ligaments (Anjum et al., 2025). This enhanced afferent input improves the sensitivity
of the somatosensory system and facilitates faster and more accurate motor responses (Lohse et al.,
2022). From a physiological perspective, repeated exposure to instability enhances neural adaptations
such as improved motor unit recruitment, increased firing frequency, and better intermuscular
coordination (Cui et al., 2025). These neural changes enable the lower limb muscles, especially the
ankle stabilisers (tibialis anterior, gastrocnemius, soleus, and peroneals), to respond more efficiently
to small perturbations, thereby reducing postural sway (Hof & Duysens, 2018).

The significant improvement observed in ankle proprioception for both inversion and
eversion further supports the role of neuromuscular adaptations. Proprioception is mediated by
mechanoreceptors such as muscle spindles, Golgi tendon organs, and joint receptors, which provide
information about joint position and movement (Valdes et al., 2024). Volleyball players frequently
experience repetitive loading and rapid directional changes that may compromise proprioceptive
accuracy over time (Marotta et al., 2023). The neuromuscular training program included balance
tasks, landing drills, and dynamic stabilisation exercises, which repeatedly challenged joint position
control (P. Wang et al., 2024). This repetitive stimulation enhances proprioceptor sensitivity and
improves the central nervous system’s processing of joint position information (Valdes et al., 2024).
From a physiological standpoint, improved proprioception reduces joint position error and enhances
reflexive ankle muscle activation, which are critical for preventing excessive inversion or eversion
during landing and cutting tasks (Ergen & Ulkar, 2008). Although significant improvements were
observed in static balance measures, volleyball performance primarily involves highly dynamic
and reactive movement patterns performed under rapidly changing environmental conditions.

Therefore, the transferability of static postural control improvements to real-game performance
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should be interpreted cautiously. Future studies should include sport-specific movement assessments
and reactive balance tasks to improve ecological validity.

In terms of dynamic balance, the results showed significant improvements in medial-lateral
control at level 6 and anterior—posterior control at level 8, although changes in overall stability
indices were not statistically significant. Dynamic balance reflects the ability to control the
body during movement or under unstable conditions and is highly dependent on neuromuscular
coordination and joint stiffness regulation (J. Wang et al., 2024). The selective improvement in
directional stability may be explained biomechanically by the nature of the training exercises.
Activities such as agility ladder drills, hurdle jumps, step-up movements, and single-leg landings
require precise control of movement in specific planes (Altug et al., 2022). Volleyball movements,
particularly lateral shuffling, blocking, and landing from jumps, place high demands on medial-
lateral stability (Hassan & Abdulkareem, 2026). The significant reduction in medial-lateral sway
at level 6 suggests improved activation and coordination of the hip abductors/adductors and the
ankle evertor/invertor muscles, which play a major role in frontal-plane stability. Similarly, the
improvement in anterior—posterior stability at level 8 may be attributed to enhanced control of
sagittal plane movements during landing and deceleration tasks. Exercises such as mini-trampoline
jumps and step run up and down require eccentric control of the quadriceps, hamstrings, and calf
muscles to absorb ground reaction forces and stabilise the body (Clement et al., 2021). From a
biomechanical perspective, improved eccentric muscle control increases joint stiffness and reduces
excessive forward or backward sway during dynamic tasks (Kay et al., 2020).

Thelack of significant changes in some overall dynamic balance measures and the limit of stability
may be due to several factors. First, overall stability indices are composite measures and may be
less sensitive to specific directional improvements. Second, volleyball players with several years of
training may already possess a relatively high level of balance, resulting in a ceiling effect. Third,
the neuromuscular training program may have produced more localised sensorimotor adaptations
rather than large global changes in stability performance. From an anatomical perspective, the
ankle joint plays a central role in maintaining postural control through the “ankle strategy,” which
is the primary mechanism for controlling small perturbations during standing and low-intensity
movements (Van Criekinge et al., 2024). Neuromuscular training enhances the functional capacity
of the muscles surrounding the ankle joint, including the peroneal muscles, which are particularly
important for resisting inversion stresses commonly associated with ankle sprains in volleyball
(Sung, 2025). Strengthening these muscles improves reaction time, increasing joint stability and
reducing the risk of excessive joint displacement (Stariczak et al., 2025).

Balance and proprioception reflect enhanced coordination between proximal and distal segments
of the lower limb. Effective postural control requires coordinated activation of the ankle, knee,
and hip joints (ankle—knee-hip strategy) (Gauchard et al., 2010). The inclusion of multi-joint and
functional exercises such as agility drills and jumping tasks likely improved movement efficiency
and neuromuscular timing across the kinetic chain (Chen et al., 2025). Better coordination within
the kinetic chain allows for smoother force transmission and improved control of the centre of
mass during both static and dynamic activities (Almansoof et al., 2023). The practical significance

of these findings is particularly relevant for volleyball players. The sport involves repeated jumping
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and landing, rapid lateral movements, and frequent single-leg stabilisation near the net. Improved
proprioception and directional stability enhance landing mechanics, reduce joint loading, and
decrease the likelihood of non-contact ankle injuries (Steele & Sheppard, 2015). Furthermore,
improved postural control may contribute to better performance by enhancing movement efficiency,
reaction time, and body control during complex game situations (Zemkovéa & Zapletalova, 2022).
Overall, this study’s results indicate that a 12-week neuromuscular training program performed
three times per week can effectively enhance static balance, specific components of dynamic balance,
and ankle proprioception in volleyball players. These improvements are primarily mediated through
neural adaptations, enhanced proprioceptor sensitivity, improved muscle activation patterns, and
better biomechanical control of the lower extremity. The findings support integrating structured
neuromuscular training into regular volleyball conditioning programs to improve sensorimotor

performance and reduce injury risk.

LIMITATIONS

Several limitations of this study should be acknowledged. First, the sample size was relatively
small, which may limit the generalisability of the findings. Second, only male volleyball players
were included; therefore, the results may not be applicable to female athletes or other sporting
populations. Third, although improvements in balance and proprioception were observed, actual
injury incidence and sport-specific performance outcomes were not directly measured. Also,
the intervention duration was limited to 12 weeks, and long-term retention of neuromuscular
adaptations remains unclear. Future studies should incorporate larger samples, female athletes,

long-term follow-up, and direct measures of injury occurrence and volleyball performance.

CONCLUSION

The present study demonstrates that a 12-week neuromuscular training program significantly
enhances postural stability and ankle proprioception in male volleyball players. Participants who
completed the training program showed marked improvements in static balance across overall,
anterior—posterior, and medial-lateral stability indices, as well as significant gains in ankle joint
position sense for both inversion and eversion movements. Specific directional components
of dynamic balance, including medial-lateral control at stability level 6 and anterior—posterior
control at level 8, also improved significantly, indicating enhanced neuromuscular coordination and
plane-specific stability. These improvements can be attributed to a combination of physiological,
anatomical, biomechanical, and kinesiological adaptations. Neuromuscular training enhanced
proprioceptive input, improved reflexive muscle activation, increased joint stiffness, and promoted
coordinated activation across the ankle-knee-hip kinetic chain. Exercises involving balance
boards, wobble boards, agility ladders, hurdle jumps, step-ups, and mini-trampoline activities
challenged both static and dynamic postural control, resulting in more efficient movement patterns

and improved joint stabilisation under sport-specific conditions.
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The present study demonstrated that a 12-week neuromuscular training program improved
several measures of postural stability and ankle proprioception in male volleyball players.
Significant improvements were observed primarily in static balance, selected directional dynamic
balance components, and ankle joint position sense. These findings suggest that neuromuscular
training may enhance sensorimotor control and joint stability in volleyball athletes. However,
because injury incidence and sport-specific performance outcomes were not directly assessed, the
practical implications for injury prevention and competitive performance should be interpreted
cautiously. Further longitudinal studies incorporating functional and sport-specific assessments

are warranted.
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