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Objective: The present study aimed to investigate the effects of an 8-week RNT exercise
program on core stability in female volleyball players suffering from chronic ankle
instability.

Methods: In this quasi-experimental study, 30 female volleyball players from Qom city
leagues diagnosed with CAIl were randomly assigned to either an experimental group (n=15)
or a control group (n=15). The experimental group performed an RNT protocol for 45
minutes per session, three times a week, over eight weeks. The protocol included exercises
such as squats on a Bosu ball, resisted lunges, planks, and single-leg balance activities using
elastic bands to provide reactive feedback. Core stability was assessed using a timed plank
test in both pre-test and post-test measurements. Data were analyzed using paired t-tests and
analysis of covariance (ANCOVA) with SPSS software version 25.

Results: The statistical analysis revealed a significant improvement in core stability
endurance time for the experimental group following the 8-week intervention (p < 0.001).
While the experimental group showed a significant within-group increase, no significant
change was observed in the control group. The between-group comparison in the post-test
also indicated a statistically significant difference in favor of the RNT group (p < 0.001).
Conclusion: An 8-week program of Reactive Neuromuscular Training significantly
improves core stability in female volleyball players with chronic ankle instability. These
findings suggest that incorporating RNT protocols into rehabilitation and conditioning
programs can be an effective strategy for enhancing central stability, which may contribute
to injury prevention and improved functional performance in athletes with CAl.
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Extended Abstract

Introduction

Lateral ankle sprains represent one of the
most common musculoskeletal injuries in
athletic populations, constituting over 40% of
all sports-related injuries. A significant
portion of individuals who sustain an initial
sprain develop a condition known as chronic
ankle instability (CAI), characterized by
persistent symptoms of giving way, recurrent
sprains, pain, and diminished self-reported
function. When inadequately rehabilitated,
CAIl leads to substantial impairments,
including deficits in range of motion, postural
control, proprioception, strength, and overall
athletic performance. The ankle joint's
stability is a complex interplay of static
stabilizers (ligaments and bony architecture)
and dynamic stabilizers (hneuromuscular
control). Following injury, a disruption in
sensorimotor control often occurs, negatively
affecting the feedforward and feedback
mechanisms essential for dynamic joint
stabilization during functional activities.
Volleyball is a sport with a particularly high
incidence of ankle injuries due to its
demanding biomechanics, which involve
frequent jumping, landing, cutting, and
sudden directional changes. Athletes with
CAl frequently exhibit altered movement
strategies and compromised dynamic
stability, which may extend beyond the local
ankle complex to affect more proximal
segments. Core stability, defined as the
ability to control the position and motion of
the trunk over the pelvis to allow optimal
force production, transfer, and control
throughout the entire Kkinetic chain, is
fundamental for athletic performance and
injury prevention. A robust core facilitates
efficient energy transfer from the lower
extremities to the wupper body during
explosive activities and is crucial for

maintaining  balance  during  unstable
postures. There is a growing theoretical and
clinical rationale suggesting that deficits in
core stability may be both a contributing
factor to and a consequence of distal joint
pathologies like CAI, as the body
compensates for a weak link in the kinetic
chain.

Traditional rehabilitation for CAI has often
focused on local strengthening,
proprioceptive  training, and balance
exercises for the affected ankle. While
beneficial, these approaches may not fully
address potential proximal deficits or the
integrated  neuromuscular  dysfunction
associated with CAIl. In recent decades,
Reactive Neuromuscular Training (RNT) has
emerged as an advanced corrective exercise
methodology. Developed by Voight and
Cook, RNT utilizes externally applied, low-
intensity, and unpredictable perturbations
(often via elastic bands) during functional
movement patterns to stimulate and retrain
the neuromuscular system. The principle is to
challenge  faulty = movement patterns
reactively, forcing the central nervous system
to recruit the appropriate stabilizer muscles in
a coordinated and timely manner to correct
posture and alignment. Unlike traditional
strength training, RNT does not aim to load
the muscle for hypertrophy; instead, it
focuses on enhancing neuromuscular
efficiency, proprioceptive acuity, and
dynamic joint stability under conditions that
mimic the unpredictable demands of sport.
By applying subtle resistance in a
destabilizing  manner, RNT  prompts
automatic, reflexive corrections, thereby
improving the body's ability to maintain
optimal alignment during dynamic tasks.
Given the integrated nature of the Kinetic
chain and the proposed deficits ggin
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sensorimotor control in CAIl, an RNT
protocol that engages the entire core and
lower extremity could be particularly
effective in improving core stability, which
may subsequently influence overall function
and stability in athletes with CAl. Therefore,
the primary aim of this study was to
investigate the effects of a structured, 8-week
RNT intervention on objective measures of
core stability in female volleyball players
diagnosed with chronic ankle instability.
Methods

This study employed a quasi-experimental
design with a pretest-posttest control group
structure. The target population consisted of
female club volleyball players from Qom,
Iran. Thirty athletes who met the specific
inclusion criteria were purposively selected
and subsequently randomly assigned into
either an experimental group (n=15) or a
control group (n=15). The inclusion criteria
were: a history of at least one significant
lateral ankle sprain more than 12 months
prior, recurrent episodes of the ankle giving
way or feeling unstable, active participation
in league competitions, an age range of 16 to
35 years, and a score of less than 24 on the
Persian version of the Cumberland Ankle
Instability Tool (CAIT), a valid and reliable
questionnaire  for  identifying  CAl.
Participants with acute injuries, fractures, or
other neurological or musculoskeletal
conditions affecting the spine or lower limbs
were excluded.

Prior to and immediately following the 8-
week intervention period, all participants
underwent assessment for core stability. The
primary outcome measure was core muscular
endurance, evaluated using a standardized
prone plank test. Participants assumed a
forearm plank position with the body in a
straight line from head to heels, and the time
(in seconds) they could maintain this correct
posture until failure was recorded with a
digital stopwatch. This isometric hold test is

a widely accepted and practical field measure
for assessing the endurance of the anterior
core stabilizers.

The experimental group underwent a
supervised RNT program for eight weeks,
comprising three sessions per week, each
lasting approximately 45-60 minutes. Each
session began with a 15-minute dynamic
warm-up on a treadmill and with mobility
exercises. The core of each session was
dedicated to RNT exercises designed to
challenge dynamic stability and postural
control through reactive feedback. The
protocol progressed in difficulty over the
weeks and included exercises such as: squats
and single-leg stands on a Bosu ball while
resisting pull from an elastic band attached to
the waist or limbs; lunge variations with
elastic band perturbations; planks with
alternating arm/leg lifts; resisted rowing; and
single-arm exercises like kettlebell presses
while maintaining a stable core against band-
induced rotation. The elastic bands were used
not for maximal resistance but to create
controlled, unexpected deviations that the
athlete had to correct reactively. Emphasis
was consistently placed on maintaining
proper spinal alignment and core bracing
throughout all movements. Each exercise was
performed for 3 sets of 10 repetitions (or 30-
60 second holds for isometric exercises), with
adequate rest between sets. Sessions
concluded with a 10-minute cool-down
period. The control group was instructed to
maintain their regular volleyball training and
daily activities without engaging in any
structured corrective or core-specific exercise
program.

All statistical analyses were performed using
SPSS software version 25. Descriptive
statistics (mean * standard deviation) were
calculated for all variables. The normality of
data distribution was confirmed using the
Shapiro-Wilk test, and homogeneity of
variances was verified with Levene’s test. To
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compare the baseline characteristics between
groups, independent t-tests were used. For the
primary outcome analysis, an Analysis of
Covariance (ANCOVA) was employed to
compare post-test core stability scores
between the experimental and control groups,
while controlling for pre-test scores as a
covariate. This method increases statistical
power by accounting for baseline differences.
Additionally, paired-sample t-tests were used
to evaluate within-group changes from pre-
test to post-test. The significance level was
set at p < 0.05.

Results

The baseline demographic and
anthropometric  characteristics  of  the
participants are presented in Table 1. There
were no statistically significant differences
between the experimental and control groups
in terms of age, height, weight, or body mass
index (BMI) at the outset of the study (p >
0.05), confirming that the groups were
homogenous regarding these variables.

The results of the inferential statistical
analysis for the core stability outcome are
summarized in Table 4. The ANCOVA,
controlling for pre-test scores, revealed a
highly significant between-group difference
in post-test core endurance times (F =738.17,
p < 0.001). This indicates that the change
observed in the experimental group was
substantially greater than any change or lack
thereof in the control group.

The within-group analysis using paired t-tests
provided further detail. The experimental
group demonstrated a statistically significant
improvement in core stability from pre-test to
post-test (p <0.001). The mean plank time for
the experimental group increased from 54.80
+ 2.02 seconds to 70.86 = 4.10 seconds,
reflecting a mean improvement of
approximately 16 seconds. In stark contrast,
the control group showed no significant
change in their core endurance time over the
same 8-week period (p = 0.086). Their mean

score slightly decreased from 86.47 + 3.13
seconds to 86.46 + 2.97 seconds.

These findings clearly demonstrate that the 8-
week Reactive Neuromuscular Training
program was effective in significantly
enhancing core stability endurance in female
volleyball players with chronic ankle
instability, whereas the regular athletic
activity of the control group did not produce
such an effect.

Discussion

The principal finding of this study is that an
8-week intervention utilizing Reactive
Neuromuscular Training led to a significant
improvement in objective core stability, as
measured by the plank test, in volleyball
players with CAI. This result supports the
study's hypothesis and aligns with the
growing body of literature emphasizing the
importance of integrated, neuromuscular
approaches to rehabilitation that look beyond
the isolated injured joint.

The observed improvement can be attributed
to the specific mechanisms targeted by the
RNT protocol. The exercises were designed
to constantly challenge the body's ability to
maintain a stable core in the presence of
external, unpredictable perturbations. This
type of training is believed to enhance
proprioceptive feedback and the central
nervous system's processing speed, leading to
more efficient co-contraction of global and
local core stabilizers. Exercises performed on
unstable surfaces like the Bosu ball,
combined with directional pulls from elastic
bands, required the athletes to continuously
make subtle, reflexive adjustments to
maintain neutral spinal alignment. This
process likely improved the intramuscular
and intermuscular coordination of the core
musculature, training them to function as a
cohesive unit to resist unwanted movement
(anti-rotation, anti-flexion, anti-extension).
The significant increase in plank endurance
time specifically indicates an enhancement in
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the fatigue resistance of the anterior core
muscles, which is critical for maintaining
proper posture and technique during
prolonged periods of play or repetitive
jumping and landing sequences in volleyball.
From a Kinetic chain perspective, these
findings are particularly relevant for CAI. A
stable core acts as a solid foundation for distal
segment movement. If the core is unstable,
the body may adopt compensatory strategies,
such as increased trunk sway or altered lower
limb alignment, to maintain overall balance,
potentially placing abnormal stresses on
already vulnerable joints like the ankle. By
improving proximal stability, RNT may help
to optimize lower extremity biomechanics,
leading to more controlled and stable landing
patterns. This could theoretically reduce the
excessive inversion moments at the ankle that
often lead to sprains. Furthermore, enhanced
core stability contributes to better dynamic
postural control, which is frequently impaired
in individuals with CAIl. The ability to
quickly recruit core muscles in response to a
loss of balance (e.g., upon landing on an
opponent's foot) is a crucial protective
mechanism.

The present study adds a novel dimension to
CAI rehabilitation research by applying a
comprehensive RNT protocol with a focus on
core outcomes. While previous studies have
examined the effects of core training or
balance training on ankle stability, the use of
RNT principles—specifically the application
of reactive perturbations during functional,
multi-joint exercises—to target core stability
in this population is less common. The results
suggest that RNT is an effective method for
addressing potential core deficits associated
with CAI. It is important to note that the
control group, which continued their regular
sport participation, did not improve,
highlighting that sport-specific training alone
may not be sufficient to correct underlying
neuromuscular deficiencies in core stability

for athletes with CAI. This underscores the
need for targeted, off-court intervention
programs.

Conclusion

In conclusion, the findings of this study
demonstrate that an 8-week program of
Reactive Neuromuscular Training is an
effective intervention for significantly
improving core stability endurance in female
volleyball players suffering from chronic
ankle instability. The RNT protocol, through
its use of controlled perturbations and
unstable environments, successfully
enhanced the neuromuscular control and
endurance of the core musculature. These
results have important practical implications
for sports medicine and athletic training.
Rehabilitation  professionals, including
physiotherapists, athletic trainers, and
strength and conditioning coaches, should
consider incorporating principles of RNT
into the management and prevention
programs for athletes with CAIl. By
integrating such exercises, which focus on
reactive stability and whole kinetic chain
integration, clinicians can address not only
the local ankle deficits but also potential
proximal impairments in core control. This
holistic approach may lead to more robust
functional outcomes, facilitate safer return to
sport, and potentially reduce the risk of
recurrent ankle injuries. Future research
should investigate the longitudinal effects of
RNT on the rate of ankle re-injury and its
impact on specific sport performance metrics
in volleyball and other high-risk sports.

Keywords: Sarcopenia, Resistance Training,
Anabolic  Steroids, Body Composition,
Muscle Function
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