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Objective: Ankle sprains are among the most prevalent ligamentous injuries in athletes,
particularly in sports like volleyball involving jumping and landing. A high percentage of
these injuries result in chronic ankle instability (CAl), characterized by diminished
proprioception,
significantly increases re-injury risk and compromises functional performance. Reactive
Neuromuscular Training (RNT) has been introduced as a corrective approach to address
faulty movement patterns and enhance dynamic stability by applying controlled external

impaired neuromuscular control, and recurrent giving way, which

perturbations.

Aim: This study aimed to investigate the effects of an 8-week RNT program on both static
and dynamic balance in female volleyball players suffering from functional ankle instability.
Methods: In this quasi-experimental study, 30 female volleyball players with CAIl were
purposively selected and randomly assigned to either an experimental group (n=15) or a
control group (n=15). The experimental group performed a supervised RNT protocol for 45
minutes, three sessions per week, over eight weeks, while the control group maintained their
regular training routine. Static balance was assessed using the Flamingo test, and dynamic
balance was evaluated through the Y-Balance test (YBT) for both limbs. Measurements were
taken before and after the intervention period.

Results: Statistical analysis revealed a significant improvement in post-test scores for the
experimental group compared to the control group. Specifically, the RNT group
demonstrated significant enhancements in static balance for both the right (P=0.001) and left
(P<0.001) legs. Furthermore, dynamic balance performance showed significant increases for
both the right (P<0.01) and left (P<0.01) limbs following the training intervention. No
significant changes were observed in the control group for any of the balance measures.
Conclusion: An 8-week Reactive Neuromuscular Training program effectively improves
both static and dynamic balance in female volleyball players with chronic ankle instability.
These findings suggest that incorporating RNT protocols into rehabilitation and preventive
training regimens can be a valuable strategy for enhancing functional stability and potentially
reducing the risk of recurrent ankle injuries in this athletic population.
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Extended Abstract

Introduction

Ankle injuries represent a pervasive and
significant challenge in the field of sports
medicine, with lateral ankle sprains standing
as the single most common musculoskeletal
injury across a wide array of athletic
activities. Sports characterized by jumping,
cutting, and rapid directional changes, such
as volleyball, basketball, and soccer, present
a particularly high-risk environment for these
acute traumatic events. The pathophysiology
of a typical lateral ankle sprain involves
excessive supination and inversion of the
rearfoot, leading to damage to the lateral
ligamentous complex, most frequently the
anterior talofibular ligament. While the initial
inflammatory and acute pain phases often
resolve  with  standard  conservative
management, a substantial subset of
individuals—estimated between 40% to
70%—develop a condition known as chronic
ankle instability (CAIl). This condition
transcends mere mechanical laxity, evolving
into a multifaceted sensorimotor deficit that
significantly impairs function and quality of
life.

Chronic ankle instability is conceptualized as
a self-perpetuating cycle of disability, where
the initial injury leads to residual symptoms,
functional limitations, and a heightened fear
of recurrent injury. It is broadly categorized
into two interconnected components:
mechanical instability and functional
instability. Mechanical instability refers to
the objective, measurable increase in ankle
joint laxity and accessory motion beyond the
physiological range, often resulting from
structural damage to ligaments and the joint
capsule. Functional instability, however, is a
more complex and clinically significant
phenomenon. It is defined by the subjective
sensation of the ankle "giving way" during
activity, stemming not solely from structural

deficiency but from profound impairments in
the neuromotor control systems that govern
joint stability. These impairments include
deficits in proprioception (the sense of joint
position and movement), diminished strength
of the peri-articular muscles—particularly
the peroneals—delayed and insufficient
neuromuscular  responses to  postural
perturbations, and altered movement patterns
during gait and sport-specific tasks. The
consequence is a joint that, despite
potentially adequate structural healing,
remains vulnerable to re-injury, leading to a
debilitating cycle of recurrent sprains,
decreased athletic performance, and early-
onset post-traumatic osteoarthritis.

The cornerstone of effective rehabilitation
and prevention for CAI, therefore, must
extend beyond traditional strength and
flexibility training to directly target these
underlying neuromotor dysfunctions. In
recent years, contemporary rehabilitation
paradigms have shifted towards task-specific,
dynamic, and integrated training approaches
designed to re-educate the sensorimotor
system. Among these, Reactive
Neuromuscular Training (RNT) has emerged
as a promising therapeutic strategy.
Originally developed by Voight and Cook,
RNT operates on the principle of applying
controlled, external perturbations during
functional movement  patterns.  The
foundational theory posits that many chronic
musculoskeletal dysfunctions are perpetuated
by learned, compensatory, and inefficient
movement strategies adopted subconsciously
following injury or pain. These faulty
patterns become engrained in the central
nervous system's motor programming.

The innovative methodology of RNT involves
using a light-resistance elastic band to apply
a directional force that subtly exaggerates the
individual's existing movement fault. gFor
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instance, in a patient with CAIl who
demonstrates excessive rearfoot inversion
during a single-leg squat, the band would be
applied to pull the ankle further into
inversion. The critical instruction to the
patient is to actively resist this guided pull,
thereby cognitively engaging the correct
muscular synergies—such as activating the
peroneal muscles to promote eversion and
stability—to maintain a neutral and stable
joint position. This process does not aim to
build maximal strength but rather to enhance
the coordination, timing, and automaticity of
muscular stabilizers. By challenging the
system in a reactive, dynamic manner, RNT
facilitates neuroplastic changes, promoting
the recruitment of stabilizing muscle
synergies and improving the speed and
efficiency of  spinal-reflex  mediated
pathways. It bridges the gap between
conscious,  volitional  correction  and
subconscious, automatic stability. Given that
volleyball demands exceptional levels of
both static postural control (e.g., during
blocking preparation or setting) and dynamic,
reactive balance (e.g., during landing from a
spike or a defensive dive), addressing CAl
with a modality like RNT is highly relevant.
This study, therefore, sought to investigate
the efficacy of a structured, 8-week RNT
program on restoring both static and dynamic
balance parameters in a population of female
volleyball players diagnosed with functional
ankle instability.

Methods

This investigation employed a quasi-
experimental research design with a pre-
test/post-test control group structure. The
target population consisted of competitive
female volleyball players participating in the
free leagues of Qom, Iran. A purposive
sampling method was used to recruit thirty
athletes who met stringent inclusion and
exclusion criteria. The primary inclusion
criteria were: a self-reported history of at

least one significant lateral ankle sprain
requiring cessation of activity in the past 12
months; a current subjective feeling of ankle
instability or "giving way"; and a score of 24
or below on the Persian version of the
Cumberland Ankle Instability Tool (CAIT), a
valid and reliable patient-reported outcome
measure specifically designed to identify
functional ankle instability. Exclusion
criteria included any acute musculoskeletal
injury in the lower extremities or back in the
previous three months, a history of lower
limb fracture or surgery, diagnosed
neurological or vestibular disorders, or any
systemic condition affecting balance.

The thirty eligible participants were then
randomly allocated into two groups: an
experimental group (n=15) and a control
group (n=15). Prior to the commencement of
the intervention, all participants underwent a
comprehensive baseline assessment.
Demographic and anthropometric data (age,
height, weight, BMI) were recorded. The
primary dependent variables were assessed
using two functional performance tests. Static
balance was evaluated using the Flamingo
Balance Test. For this test, the participant
stood barefoot on a flat surface on their test
leg, with the contralateral leg flexed at the
knee and the foot held against the medial side
of the supporting knee. The hands were
placed on the hips. The number of times the
participant lost balance (defined as removing
the hands from the hips, letting the raised foot
touch the ground, or the supporting foot
shifting) during a 60-second trial was
recorded. A lower score indicated superior
static postural control. This test was
performed for both the right and left limbs.
Dynamic balance was assessed using the Y-
Balance Test (YBT), a reliable and validated
derivative of the Star Excursion Balance
Test. The test involves the participant
maintaining a single-leg stance on a central
platform while using the free limb to reach as
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far as possible along three designated lines:
anterior, posteromedial, and posterolateral.
The maximum reach distance in each
direction, measured in centimeters, was
recorded. To normalize for individual limb
length, each reach distance was divided by
the participant’s leg length (measured from
the anterior superior iliac spine to the medial
malleolus). A composite reach score was then
calculated as the sum of the three normalized
reach distances divided by three times the
limb length, multiplied by 100. A higher
composite score signifies better dynamic
postural control and functional stability. The
YBT was also performed for both limbs.
Following the pre-test, the experimental
group commenced an 8-week supervised
RNT program. The protocol was conducted
three times per week on non-consecutive
days, with each session lasting approximately
45 minutes. Every session began with a
standardized 10-minute warm-up consisting
of light jogging on a treadmill and dynamic
stretching. The RNT protocol itself was
progressive in nature, starting with simpler,
double-leg and supported exercises and
advancing to more challenging single-leg,
multi-planar, and sport-simulated
movements. Core RNT exercises included
variations of squats, lunges, step-downs, and
single-leg balances. During each exercise, a
light-to-moderate resistance elastic band was
strategically attached to apply a destabilizing
force that targeted the participant’s observed
movement dysfunction, primarily focusing
on provoking and then correcting excessive
inversion at the ankle. Participants were
continuously cued to "resist the pull of the
band" and maintain a neutral, stable ankle and
knee alignment. The control group was
instructed to maintain their regular volleyball
training and conditioning routines without
engaging in any specific ankle rehabilitation
or novel balance training program.

Upon completion of the 8-week intervention

period, all participants from both groups
returned for post-testing, where the Flamingo
Test and Y-Balance Test were re-
administered under identical conditions to the
pre-test. All statistical analyses were
performed using SPSS software (Version 25).
The normality of data distribution was
confirmed using the Shapiro-Wilk test, and
homogeneity of variances was verified with
Levene’s test. Descriptive statistics were
reported as mean + standard deviation. To
examine within-group changes from pre-test
to post-test, paired-sample t-tests were used.
To determine the between-group differences
in post-test scores while controlling for pre-
test performance, Analysis of Covariance
(ANCOVA) was employed, with pre-test
scores serving as the covariate. The alpha
level for statistical significance was set at p <
0.05.

Results

The analysis of demographic and
anthropometric data at baseline confirmed
that the experimental and control groups were
homogeneous, with no  statistically
significant differences in age, height, weight,
or body mass index (p > 0.05). This ensured
that any observed changes in balance
outcomes could be more confidently
attributed to the intervention rather than to
pre-existing group disparities.

The  within-group  analysis  for  the
experimental group  revealed  highly
significant improvements in all balance
measures following the 8-week RNT
intervention. For static balance, the number
of balance errors on the Flamingo Test
decreased significantly for both the right leg
(p = 0.001) and the left leg (p < 0.001). For
dynamic balance, the composite score on the
Y-Balance Test increased significantly for
both the right leg (p = 0.002) and the left leg
(p = 0.01). In stark contrast, the control
group, which continued with regular training,
demonstrated no statistically significant
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changes in either static or dynamic balance
for either limb over the same 8-week period
(p > 0.05 for all comparisons).

The between-group analysis, utilizing
ANCOVA with pre-test scores as covariates,
provided compelling evidence for the
superior effect of the RNT intervention. After
adjusting for baseline performance, the
experimental group exhibited significantly
better post-test scores compared to the
control group. The improvement in static
balance was significantly greater for both the
right leg (F = 18.248, p < 0.001) and the left
leg (F = 22.229, p = 0.001). Similarly, the
enhancement in dynamic balance was also
significantly greater for the experimental
group in both the right leg (F = 7.768, p =
0.01) and the left leg (F = 22.229, p = 0.001).
These results clearly indicate that the 8-week
RNT protocol was effective in eliciting
substantial improvements in postural control,
surpassing any changes associated with
normal athletic activity alone.

Discussion

The findings of this study robustly support the
primary hypothesis that an 8-week Reactive
Neuromuscular Training program can induce
significant enhancements in both static and
dynamic balance among female volleyball
players with chronic ankle instability. The
consistency of the results across both limbs
and both types of balance assessments
underscores the comprehensive neuromotor
benefits of the intervention. The mechanistic
rationale for these improvements lies in the
fundamental principles of RNT, which
directly targets the core deficits associated
with functional ankle instability.

Traditional rehabilitation often focuses on
isolated strength training, particularly of the
ankle evertors. While strength is a necessary
component, it is insufficient if the nervous
system cannot rapidly and appropriately
recruit these muscles in response to a sudden
postural challenge. CAl is characterized by

proprioceptive deficits—a diminished ability
to accurately sense joint position—and
consequently, delayed and disorganized
muscle activation patterns, a phenomenon
known as arthrogenic muscle inhibition. The
RNT protocol employed in this study
specifically addressed these issues. By
applying controlled perturbations via the
elastic band, the training constantly
challenged the participants' proprioceptive
system. The brain was forced to process
altered sensory input from the ankle
mechanoreceptors and  respond  with
appropriate, coordinated motor output to
maintain stability. This repetitive practice of
reacting to unexpected, yet controlled,
disturbances is believed to enhance spinal
reflex excitability, improve the sensitivity of
muscle spindles, and foster more efficient
motor programming in the central nervous
system.

Furthermore, the exercises were integrated
and functional, involving movements like
lunges and step-downs that closely mimic the
demands of volleyball. This ensures that the
neuromotor improvements are transferable to
the sporting environment. The emphasis was
not on the magnitude of force production but
on the quality, timing, and coordination of
muscle activation to maintain a stable base of
support. This likely explains the concurrent
improvements in both static (Flamingo Test)
and dynamic (YBT) balance. Static balance
tests primarily challenge the tonic, postural
control system, while dynamic tests like the
YBT assess the ability to maintain stability
while the center of mass is displaced to the
limits of the base of support, requiring
intricate interplay between sensory feedback,
anticipatory  postural adjustments, and
corrective reactions. The RNT protocol, by
its very nature, trains both aspects
simultaneously.

The results align with and extend the findings
of previous research that has highlighted the
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benefits of neuromuscular and perturbation-
based training for CAl. Studies on traditional
balance training (e.g., wobble boards) have
shown efficacy, but RNT offers a distinct
advantage: it is inherently corrective and
targeted. Rather than simply performing an
exercise on an unstable surface, which may
allow compensatory strategies to persist,
RNT actively identifies and directly
challenges the faulty movement pattern,
forcing a conscious and then subconscious
correction. This may lead to more robust and
lasting changes in motor control. The
significant improvements observed in this
study suggest that RNT is a potent tool for
breaking the cycle of functional instability,
potentially reducing the intrinsic risk factors
for ankle sprain recurrence.

It is noteworthy that the control group showed
no significant improvements, highlighting
that regular sport-specific training alone is
inadequate to resolve the underlying
sensorimotor  deficits of CAIl.  This
underscores the necessity for targeted,
evidence-based interventions as part of a
comprehensive  athletic  training  or
rehabilitation program for athletes with a
history of ankle sprains.

Conclusion

In conclusion, this study provides compelling
empirical evidence that an 8-week structured
program of Reactive  Neuromuscular
Training is an effective intervention for
improving static and dynamic balance in
female volleyball players suffering from
chronic ankle instability. The intervention
successfully targeted the proprioceptive and
neuromuscular control deficits central to the
pathophysiology of functional instability,
leading to measurable enhancements in
postural stability. These findings carry
significant practical implications for sports
medicine practitioners, athletic trainers,
physiotherapists, and coaches working with
volleyball athletes and other populations at

high risk for ankle injuries.

Incorporating RNT principles into the late-
stage rehabilitation of acute ankle sprains
and, more importantly, into the ongoing
conditioning and injury prevention programs
for athletes with a history of such injuries, is
strongly recommended. By doing so,
clinicians can move beyond merely treating
symptoms and instead address the root cause
of functional instability, thereby promoting
safer athletic participation, enhancing
performance, and reducing the long-term
burden of recurrent sprains and post-
traumatic joint degeneration. Future research
should aim to investigate the long-term
retention of these benefits, the optimal dosing
and progression of RNT protocols, and its
comparative effectiveness against other
established balance training modalities across
different athletic populations and genders.
Additionally, employing more advanced
biomechanical and  electromyographic
analyses could further elucidate the specific
neuromuscular adaptations induced by RNT
training.

Keywords: Reactive Neuromuscular
Training, Ankle Instability, Volleyball
Players, Static Balance, Dynamic Balance.
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