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Abstract

Keywords Background and Objective: Ankle sprain is one of the most common sports-related

injuries and is often accompanied by residual symptoms, including pain, impaired

proprioception, deficits in neuromuscular control, and an increased risk of re-injury,
Chorionic ankle potentially leading to chronic ankle instability. Given the critical role of the core region

in providing a stable base for lower limb function and motor control, reduced core
instability; endurance may further contribute to ankle instability. This study aimed to investigate
the effects of neuromuscular training combined with cognitive dual-task interventions
on pain, ankle dorsiflexion range of motion, and core endurance in female athletes with
chronic ankle instability.
Methods: This randomized clinical trial was conducted on 36 female athletes from
Neuromuscular Shiraz, with at least three years of regular participation in basketball or volleyball.
Participants were randomly assigned to either a neuromuscular training group without
cognitive tasks (n=18) or a neuromuscular training group combined with cognitive

Athlete;

I tasks (n =18). Both groups participated in a six-week training program, consisting of
five sessions per week. Pain was assessed using the Visual Analog Scale (VAS), ankle
Cognitive task; dorsiflexion range of motion was measured using an isokinetic dynamometer, and core
endurance was evaluated using the McGill test battery. Paired t-tests were used to
Pain. assess within-group differences, and analysis of covariance (ANCOVA) was used to

compare between-group changes. The significance level was set at P<0.05.

Results: Paired t-test results indicated that both groups showed significant
improvements in pain, ankle dorsiflexion range of motion, and core endurance
compared to pre-test values (P<0.05). ANCOVA results revealed a significant
between-group difference in pain (P<0.05), favoring the cognitive dual-task group.
However, no significant between-group differences were observed for dorsiflexion
range of motion or core endurance (P>0.05).

Conclusion: The addition of cognitive tasks to neuromuscular training appears to be
more effective in reducing pain in athletes with chronic ankle instability. However, this
combined intervention did not demonstrate a significant advantage over neuromuscular
training alone in improving dorsiflexion range of motion or core endurance. Therefore,
incorporating cognitive tasks may be recommended as a complementary strategy for
pain management in rehabilitation programs for this population.
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Extended Abstract

Introduction

Lateral ankle sprain is the most common
lower-limb injury in sports (1). Women are nearly
twice as likely as men to experience an ankle
sprain, with indoor and field sports involving
rotational movements reporting the highest
incidence (1). Most patients experience rapid pain
reduction and functional improvement within two
weeks of injury; however, 5-33% continue to
report pain at one-year follow-up, and 5-25% still
experience pain after three years (2). Reduced
ankle dorsiflexion range of motion can lead to
abnormal gait patterns, including decreased step
time and single-leg support time (3). Weakness in
core muscle strength and endurance increases an
athlete’s susceptibility to injuries, including ankle
sprains (4). Neuromuscular training (NT) is a
comprehensive strength and fitness approach that
integrates resistance, balance, core stabilization,
dynamic stability, agility, and plyometric exercises
to enhance health-related skills and functional
performance (5). In athletes with ankle sprains,
dual-task
proprioception and neuromuscular control, helping

cognitive exercises improve
athletes make better decisions under pressure and

thereby reducing the risk of re-injury (6).

Method

The present study was quasi-experimental research
involving two intervention groups, focusing on
female volleyball and basketball players in Shiraz
with a history of lateral ankle sprains. The total
sample size of 36 participants was determined
using G*Power software (version 1.3), with each
group consisting of 18 individuals. Inclusion
criteria were: normal body mass index (BMI 20—
25), age 15-25 years, at least three years of
continuous participation in a single sport, and a
history of at least one ankle sprain within the past
12 months accompanied by inflammatory
symptoms (pain, swelling) that disrupted at least
one day of physical activity. Exclusion criteria
included experiencing an ankle sprain during the
study, pain during testing or training sessions,
missing more than two training sessions, and the
presence of medical conditions such as diabetes.

Eligible participants were invited to the Sports
Science Laboratory at Shiraz  University.
Participants were then assigned to two groups (n =
18 each) and matched for height, weight, and age
to minimize confounding effects. Pain intensity in
the ankle joint was assessed using the Visual
Analog Scale (VAS), with an intraclass correlation
coefficient (ICC) of 0.99 (7). Ankle dorsiflexion
range of motion was assessed using the Biodex 4
isokinetic device, which has an intraclass
correlation coefficient (ICC) 0f 0.93—0.96 (8). Core
muscle endurance was evaluated using the McGill
test, with reported ICC values ranging from 0.80 to
0.89 (9). Participants completed a six-week
rehabilitation program consisting of five sessions
per week. The NT program included exercises
targeting range of motion, stability, strength,
plyometrics, speed, and agility. The NT plus
cognitive task group performed the same
neuromuscular exercises along with dual-task
cognitive exercises (10), which involved counting
down by sevens from randomly presented three-
digit numbers between 200 and 300 during balance
exercises. Data were analyzed using descriptive
and inferential statistics. Normality was assessed
with the Shapiro-Wilk test. Between-group
comparisons were conducted using analysis of
covariance (ANCOVA), with Levene’s test for
equality of variances and assessment of regression
slope homogeneity based on beta coefficients.
Within-group comparisons were performed using
paired t-tests. All analyses were conducted in SPSS
version 26 at a significance level of P < 0.05.

Results

The results of the paired t-tests demonstrated that
both neuromuscular training protocols, with and
without cognitive dual-task intervention, led to
significant improvements in pain, ankle
dorsiflexion range of motion, and core endurance
compared with baseline values (P < 0.05).
Furthermore, ANCOVA results revealed a
significant between-group difference in pain
reduction in favor of the neuromuscular training
combined with cognitive dual-task group (P <
0.05). However, no significant between-group
differences were observed for ankle dorsiflexion
range of motion or core endurance (P > 0.05).
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Discussion

The primary aim of this study was to investigate
the effects of combining neuromuscular and
cognitive exercises on pain, ankle dorsiflexion
range of motion (ROM), and core muscle
endurance in female athletes with a history of ankle
sprains. The results demonstrated significant
improvements in pain, dorsiflexion ROM, and core
muscle endurance following both neuromuscular
training with and without cognitive intervention. In
the cognitive intervention group, pain intensity
decreased by 92%, compared to a 75% reduction in
the group without cognitive intervention,
indicating an approximately 17%  greater
improvement in pain in the dual-task group.

These findings suggest that adding cognitive tasks
to neuromuscular training provides a significant
additional benefit only in pain reduction, whereas
improvements in dorsiflexion ROM and core
endurance were comparable between the two
groups. Previous research has shown that dual-task
cognitive exercises can reduce chronic pain
associated with ankle sprains by enhancing neural
flexibility, strengthening neural pathways, and
improving joint mobility, potentially through
modulation of sensory—motor integration and
reduced inflammation (6, 11). Additionally, dual-
task cognitive exercises improve stability and
reaction time in individuals with chronic ankle
sprains, which in turn reduces the risk of re-injury
(12). Although no additional benefit of cognitive
intervention was observed for ankle range of

motion and core muscle endurance in this study,

both groups demonstrated significant
improvements in these variables. This highlights
the strong effect of neuromuscular exercises alone
on recovery from chronic ankle sprains.
Considering that most athletes with a history of
ankle sprains continue to experience lingering pain
in the injured ankle over the long term, it is
recommended that post-sprain rehabilitation
include these exercises alongside standard

physiotherapy to help prevent re-injury.
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