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Abstract
Keywords Background: Chronic ankle instability (CAI) is a common sequela of lateral
Chronic ankle instability, balance g, sprains, characterized by recurrent instability, impaired neuromuscular
training,  athletes, randomized  onerol, and reduced functional performance. Although balance training is widely
controlled trial,  newromuscular recommended, variability in intervention protocols and limited athlete-specific
control randomized trials restrict its clinical translation.

Objective: To evaluate the effectiveness of a standardized, progressive balance
training program on dynamic postural control, selfreported instability, and
functional performance in athletes with CAL

Methods: A singleblinded, parallelgroup randomized controlled trial was

Article History conducted in 60 athletes aged 18-35 years with CAI (Cumberland Ankle
Received: 11 March 2026 Instability Tool [CAIT] <24). Participants were randomly allocated to either a
Accepted: 21 April 2026 structured balance training group or a control group receiving strength-based
Published: 04 May 2026 rehabilitation. The intervention was delivered three times weekly for six weeks.

The primary outcome is dynamic postural control assessed using the Star

Excursion Balance Test (SEBT). Secondary outcomes include CAIT and Foot and
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Ankle Ability Measure (FAAM). Data were analyzed using linear mixed-effects

models with intention-to-treat principles.

training group demonstrated significantly greater

improvements in SEBT composite reach distance compared to the control group

6.8%, 95% CI: 4.2-9.4, p < 0.001, Cohen’s d = 0.88).

Significant group * time interactions were observed for CAIT scores (mean
increase: 7.5 points vs 3.2 points; p < 0.001) and FAAM-ADL (mean increase:
12.4% vs 6.1%; p = 0.002). Improvements exceeded minimal clinically important
differences for all primary outcomes. No adverse events were reported.

Conclusion: A structured, progressive balance training program produced

clinically meaningful improvements in dynamic postural control and functional

outcomes in athletes with CAI compared to conventional rehabilitation. These

findings support the integration of standardized balance protocols in sports
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rehabilitation settings.

INTRODUCTION

Chronic ankle instability (CAI) is a prevalent and
persistent condition that develops following
lateral ankle sprains, one of the most common
musculoskeletal injuries in physically active
populations(1). Epidemiological evidence
indicates that up to 70% of individuals who
sustain an initial ankle sprain may progress to
CAl, particularly in athletes engaged in high-
demand sports involving cutting, jumping, and
rapid directional changes (2). This condition is
characterized by recurrent episodes of the ankle
“giving way,” pain, and functional limitations,
which significantly impair athletic performance
and increase the risk of re-injury(3, 4).

The underlying pathology of CAIl is
multifactorial, involving both  mechanical
instability due to ligamentous laxity and
functional instability related to deficits in
proprioception, neuromuscular control, and
postural stability. Recent literature has expanded
this understanding by highlighting central
nervous system involvement, including altered
sensorimotor integration and impaired
feedforward and feedback mechanisms that
compromise dynamic joint stabilization (5).
These deficits are particularly critical in athletes,
where precise neuromuscular coordination is
essential for maintaining performance and
preventing recurrent injury(6).

Rehabilitation strategies for CAI have primarily
focused on restoring sensorimotor function
through exercise-based interventions. Among

these, balance training has emerged as a key
component due to its ability to enhance
proprioceptive  input and  neuromuscular
coordination. Recent systematic reviews and
meta-analyses have demonstrated that balance
training significantly improves dynamic postural
control, ankle stability, and functional outcomes,
with notable improvements observed in measures
such as the Star Excursion Balance Test (SEBT)
and  patientreported  outcomes (7, 8).
Additionally, evidence suggests that optimal
balance training protocols involve interventions
performed three times per week for 20-30
minutes over a period of 4-6 weeks (9).

Despite this growing body of evidence, several
critical gaps remain. First, there is substantial
heterogeneity in intervention protocols across
studies, including variations in exercise type,
intensity, progression, and duration, which limits
the ability to establish standardized, clinically
applicable rehabilitation guidelines (7, 9).
Second, most existing research has been
conducted in general or mixed populations, with
relatively few high-quality randomized controlled
trials specifically targeting athletic populations,
who present unique biomechanical and
neuromuscular demands (10, 11). Third, while
short-term  improvements in balance and
function are well documented, evidence
regarding retention of treatment effects and long-
term outcomes remains limited (8, 12).
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Furthermore, many studies rely predominantly
on subjective or functional outcome measures
without integrating standardized progression
models or clearly defined training parameters.
This lack of methodological consistency reduces
the reproducibility and translational value of
existing  findings in  realworld  sports
rehabilitation settings. Additionally, recent meta-
analyses emphasize the need for well-designed
randomized controlled trials with rigorous
methodology, including standardized
interventions, appropriate control conditions,
and advanced statistical analysis, to strengthen
the evidence base (8, 9).

Therefore, there is a clear need for a well-
structured, high-quality randomized controlled
trial that evaluates a standardized, progressive
balance training program specifically in athletes
with CAI. Addressing these gaps will not only
enhance the scientific understanding of
rehabilitation strategies but also provide clinically
applicable protocols that can improve functional
outcomes and reduce the risk of recurrent injury
in athletic populations.

MATERIAL AND METHODS

Study Design

A prospective, single-center, parallel-group,
assessor-blinded randomized controlled trial was
conducted in accordance with the CONSORT
2010 guidelines for randomized trials (13).

Participants

Recruitment

Participants were recruited from university sports
teams and sports rehabilitation clinics through
purposive sampling. All participants will provide
written informed consent prior to enrollment.

Eligibility Criteria

Inclusion Criteria:

o Age 18-35 years

. Physically active athletes (>3
sessions/week)

. History of at least one significant lateral
ankle sprain

o Presence of chronic ankle instability

defined as:

o Cumberland Ankle Instability
Tool (CAIT) score <24
o At least two episodes of “giving

way” in the past 6 months

Exclusion Criteria:

o Acute ankle injury within the past 3
months

. Previous ankle fracture or surgery

. Vestibular  or neurological disorders
affecting balance

o Lower limb injury other than ankle in

past 6 months

These criteria are consistent with the
recommendations of the International Ankle
Consortium (14).

Sample Size Calculation

Sample size was calculated using G*Power
(version 3.1) based on detecting a between-group
difference in SEBT performance. Using an effect
size of 0.80 (based on prior RCTs and meta-
analyses), with alpha = 0.05 and power = 0.80, a
minimum of 52 participants was required. To
account for a 15% dropout rate, 60 participants
(30 per group) were recruited.

Randomization, Allocation Concealment and
Blinding

Participants were randomly allocated in a 1:1
ratio using a computer-generated random
sequence created by an independent researcher
not involved in data collection. Block
randomization (block size = 4) was used to ensure
equal group distribution. Allocation concealment
was ensured using sequentially numbered,
opaque, sealed envelopes (SNOSE) prepared
prior to recruitment (15).

Due to the nature of the intervention, participant
blinding was not feasible. However, outcome
assessors were blinded to group allocation and
Data analysts was blinded during statistical
analysis. This approach minimizes detection and
analysis bias in rehabilitation trials (16).

Interventions

Participants in the Experimental group were
undergoing a progressive balance training
program for 3 sessions/week for total of 6 weeks
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based on neuromuscular and sensorimotor
rehabilitation principles 6,7). Detailed
Intervention protocol is given in Table 1 for
experimental group. Progression in the protocol

was done based on successful completion of
current level without loss of balance and
difficulty increased via surface instability, visual
deprivation, and task complexity.

Table 1. Structured Balance Training Protocol (Experimental Group)

. . Sets x R P i
Phase | Week | Exercise Type Description /eDSuratioerll)S Ci?tiieizsmn
Single-leg stance (eyes open — Maintain  balance
. . 3 9 x 30|
Static Balance eyes closed) on firm surface without foot touch
. seconds ,
Phase | Weeks progressing to foam surface Or excessive sway
1 1-2 Proprioceptive Single-leg stance with head 3 % 30 Add. . visual
Control movements seconds deprivation or
(horizontal/vertical) unstable surface
Wobbl board terior-
Dynamic oPbIe oar ('an MO 3 % 10-12 | Increase speed and
posterior and medial-lateral ]
Balance . reps range of motion
tilts)
3 x 8|1 h
Phase | Weeks | Functional Star Excursion reach tasks in nerease reac
’ . reaches per | distance and
2 3-4 Reach multiple directions o
direction control
Unstabl Add ternal
nsrable BOSU ball single-leg stance | 3 x 30 | externa
Surface ) ) perturbations  or
. with perturbations seconds
Training dual-task
ist-appli 1
Perturbation Theraplst‘app ied : manual | 55 Increas§ N
. perturbations during single-leg unpredictability
Training seconds
stance and force
Reduce
Plyometric Singleslegs  hop and hold | 3 x 8-10 | stabilization  time
Phase | Weeks Stability (forward, lateral) reps and ' increase
complexity
N 1 d and
ncrease speed an
Sport-Specific Cutting, landing, and 3 % 6-8 reps | sports eciI?Cic
Tasks directional change drills bs | sportspe
complexity
Bal task: bined with
Dual-Task aar‘lc‘e asks combIne Wl 3 x 30| Increase cognitive
. cognitive tasks (e.g., counting,
Training ] seconds load
reaction cues)
Table 2 shows the detailed intervention for contact and reduces performance bias.
control group. Participants in the control group Attendance was recorded for all sessions,

received a standardized strengthening program
targeting ankle stabilizers for 3 sessions/week for
total of 6 weeks. This ensures equal therapist

participants completing >85% sessions were
adherent to the protocol.
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Table 2. Strength-Based Rehabilitation Protocol (Control Group)

Sets x Reps / | Progression

Phase | Weeks | Training

Phase | Week Exercise Type Description ) R
yp p Duration Criteria
) Ankle inversion, eversion Increase
Resistance Band D ’ 713 x 12-15 i
dorsiflexion,  plantarflexion resistance  band

using resistance bands

reps level

1 1-2
i Active mobility | 3 x 10-12 | Increase
Range of Motion .
exercises in all planes reps movement range
I
) Heel raises (doubledeg | 3 = 10-15 ncre.as.e
Strengthening , . repetitions and
Phase | Weeks progressing to single-leg) reps
add load
2 3-4 ;
Functional Step-ups controlled 3 % 10 rens Increase step
Strength lowering exercises P height and load
Advanced Weighted heel raises and | 3 x 8-12 | Increase external
Strength resisted ankle movements reps resistance

Phase | Weeks

Functional Drills

Squats and lunges focusingon | 3 x 10-12 | Add load and

3 5-6 lower limb alignment reps complexity
Endurance Repetitive ankle 3 round Reduce rest
. W . ounds ,
Training strengthening circuits intervals
Outcome Measures Statistical Analysis

The primary outcome measure was dynamic
postural control, assessed using the Star
Excursion Balance Test (SEBT). The SEBT is a
widely used functional test that evaluates balance
and  neuromuscular  control and  has
demonstrated high reliability and validity in
individuals with chronic ankle instability ICC >
0.85) (17).

Secondary outcome measures included the
Cumberland Ankle Instability Tool (CAIT), the
Foot and Ankle Ability Measure (FAAM), and
the Visual Analogue Scale (VAS). The CAIT is a
validated selfreported questionnaire used to
assess the severity of ankle instability (18). The
FAAM evaluates functional limitations in
activities of daily living and sports-related tasks
(19). Pain intensity was measured using the VAS,
a reliable tool for assessing subjective pain levels
(20).

Assessments were conducted at three time points:
baseline (week 0), immediately after the
intervention period (week 6), and at follow-up
(week 10) to evaluate the retention of treatment
effects.

Data were analyzed using SPSS version 27.
Descriptive  statistics were calculated and
presented as mean * standard deviation (SD).
The normality of data distribution was assessed
using the Shapiro-Wilk test. For primary
analysis, a linear mixed-effects model was
employed to examine the interaction between
group (balance training vs control) and time
(baseline, postintervention, and follow-up).
Secondary analyses included post hoc pairwise
comparisons with Bonferroni correction to adjust
for multiple testing. Effect sizes were calculated
using Cohen’s d, and results were reported with
95% confidence intervals (CI) to estimate the
magnitude and precision of effects. An intention-
to-treat (ITT) approach was adopted to include all
randomized participants in the analysis. Missing
data were addressed using multiple imputation
methods.  Additionally, minimal clinically
important differences (MCID) were considered
for patientreported outcomes, including the
Cumberland Ankle Instability Tool (CAIT) and
the Foot and Ankle Ability Measure (FAAM), to
assess clinical relevance. The level of statistical
significance was set at p < 0.05.
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Ethical Considerations

Ethical approval for this study was obtained from
the Institutional Review Board of the affiliated
institute with the Saidu Group of Teaching
Hospitals (SGTH), Saidu Sharif, Swat with the
Ref # IRB/000012/ SIRMSSWAT. All
participants provided written informed consent
prior to participation. Participant confidentiality
was strictly maintained throughout the study.
Individuals were informed of their right to
withdraw from the study at any time without any
consequences.

RESULTS

Participant Flow and Baseline Characteristics

A total of 78 athletes were screened for eligibility.
Eighteen participants were excluded (12 did not
meet inclusion criteria, 6 declined participation).
Sixty participants were enrolled and randomly
allocated to the balance training group (n = 30)
or control group (n = 30). During the
intervention period, four participants were lost to
follow-up (2 from each group) due to scheduling
conflicts.  Intention-to-treat  analysis  was

performed including all randomized participants
(Figure 1).
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[ Assessed for eligibility (n = 78) ]

Excluded (n = 18)
— | - Not meeting criteria (n = 12)
- Declined participation (n = 6)

v
[ Randomized (n = 60) ]

v

: l
Allocated to Control Group

Allocated to Balance Training Group
(n = 30) (n=30)
- Received allocated intervention (n = 30) - Received allocated intervention (n = 30)
- Did not receive intervention (n = 0) - Did not receive intervention (n = 0)

Baseline

v v

Assessment )
[ - Star Excursion Balance Test (SEBT)

- Star Excursion Balance Test (SEBT)
- Cumberland Ankle Instability Tool (CAIT) - Cumberland Ankle Instability Tool (CAIT)
- Foot and Ankle Ability Measure (FAAM) - Foot and Ankle Ability Measure (FAAM)

A4

Y Intervention
Balance Training Program (ATEE ) Conventional Rehabilitation Program

- 3 sessions per week - 3 sessions per week

- 40 minutes per session - 40 minutes per session

\4 A\

Lost to follow-up (n = 2) Lost to follow-up (n = 2)
- Scheduling conflict (n = 2) - Scheduling conflict (n = 2)

v v
- ) \
Analyzed (n = 30) Analyzed (n = 30)

- Included in analysis (n = 30) - Included in analysis (n = 30)

- Excluded from analysis (n = 0) - Excluded from analysis (n = 0)
8 J - J

ITT = Intention-to-treat
Figure 1. CONSORT Flow Diagram of Participant Progress Through the Study
Baseline characteristics were comparable between SEBT performance, or FAAM scores (p > 0.05),

groups, with no statistically significant differences indicating successful randomization.
observed in age, body mass index, CAIT scores,
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Table 3. Baseline Characteristics of Participants

Variable Balance Training (n=30) Control (n=30) p-value
Age (years) 243 +3.8 25.1+4.2 0.48
BMI (kg/m?) 23.5+2.1 239+2.4 0.56
CAIT Score 18.2+3.1 17.9 + 3.4 0.72
SEBT Composite (%) 78.4 £ 5.6 79.1 £6.0 0.63
FAAM-ADL (%) 71.5+7.8 70.9 £ 8.1 0.77

Primary Outcome: Dynamic Postural Control
(SEBT)

A significant group * time interaction was
observed for SEBT composite reach distance (F =
18.6, p < 0.001). Participants in the balance
training group demonstrated a substantial
improvement from baseline (78.4 + 5.6%) to
post-intervention (86.2 + 5.1%), representing a

Table 4. Changes in Primary and Secondary Outcomes

mean increase of 7.8%. In contrast, the control
group showed a smaller improvement from 79.1
£ 6.0% to 82.3 + 5.8% (mean increase: 3.2%).
The between-group mean difference was 6.8%
(95% CI: 4.2-9.4), with a large effect size
(Cohen’s d 0.88), indicating a clinically
meaningful superiority of balance training (Table

4).

e Between-Group
Outcome Group Baseline Week 6 3 Difference (95% | p-value
Difference )
Balance 784 +5.6 86.2 £5.1 +7.8
9 . 2-9. <0.
SEBT (%) Control 79.1 £6.0 82.3+5.8 +3.2 6.8 (4.2-9.4) 0.001
Balance 18.2+3.1 25.7+2.38 +7.5
- <
CAIT Control 17.9 £ 3.4 21.1+£3.2 +3.2 43(2.6-6.0 0.001
FAAM- Balance 71.5+17.38 83.9+6.5 +12.4
ADL (%) Control 70.9 £ 8.1 77.0+7.2 +6.1 6.3 (2.4-10.2) 0.002
SEBT Composite Score (%) as a function of
Time and Group
100 Group
;_\.o: 95 — 3221 : (B:?:tt::le Training
L 90 - ;
3 78.4 = 615
ig 85 + 6.2 '
.g e 82.3 .
® ' 79.1 6.2 : 1—816'.53
© ' +6.0 : )
0 ! :
m ' 1
Sl ! : :
60 - ‘ : .
Baseline Week 6 Follow-up
(Post) (10 weeks)
Time

Figure 2. Change in Star Excursion Balance Test (SEBT) Composite Reach Distance Over Time
Secondary Outcomes
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Cumberland Ankle Instability Tool (CAIT)

There was a significant improvement in CAIT
scores in both groups; however, the balance
training group demonstrated a greater increase

points). The group x time interaction was
statistically ~ significant (p < 0.001), with
improvements exceeding the minimal clinically
important difference.

(7.5 points) compared to the control group (3.2

CAIT Score as a function of
Time and Group

30

25.7 Group
28 +29 —— Balance Training
26 - —@— Control
25.0
& 24+ + 3.0
B
§ 2215 18.2
i 20 - +2.8
< 18 - 21.1 T 20.5
o 327 I
16 ' 17.9 |
L 2.6 '
14 =1 ' '
12 ; I
10 — : : .
Baseline Week 6 Follow-up
(Post) (10 weeks)
Time

Figure 3. Change in Cumberland Ankle Instability Tool (CAIT) Scores Over Time

Foot and Ankle Ability Measure (FAAM-ADL)

Participants in the balance training group showed
a significant improvement in FAAM-ADL scores
(mean increase: 12.4%) compared to the control

group (6.1%). The between-group difference was
statistically significant (p = 0.002), indicating
superior functional recovery.

FAAM-ADL Score (%) as a function of

Time and Group
100 -

Group
95 83.9 - Balance Training
:\; 90 - + 6.8 82—.; Control
® 85 :
s 71. 20
& 80 +7.
a 75 - | ' 762
< 20- ' 70.9 +7.0 b ara
<§t S e : -
E 65 : ' :
60 - ‘ ; I
55 ; : :
50 Baseline Week 6 Follow-up '
(Post) (10 weeks)
Time

Figure 4. Change in Foot and Ankle Ability Measure (FAAM-ADL) Scores Over Time
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Pain (VAS)

A significant reduction in pain intensity was
observed over time in both groups; however, the
decrease was greater in the balance training group
compared to the control group. At baseline,
mean VAS pain scores were comparable between
groups (balance: 5.6 + 1.6 cm; control: 5.4 + 1.7
cm; p > 0.05). Following the 6-week intervention,
the balance training group demonstrated a
marked reduction in pain (2.4 + 1.2 cm), whereas

remained reduced in both groups, with the
balance training group maintaining lower scores
(2.1 £ 1.1 cm) compared to the control group
(3.2 £ 1.3 cm). The between-group difference
remained significant (mean difference = 1.1 cm,
95% CI: 0.3-1.9; p < 0.05), indicating sustained
effects of the intervention. The group * time
interaction effect was statistically significant (p <
0.001) and the observed reduction exceeded
commonly reported minimal clinically important

the control group showed a more moderate differences (MCID) for VAS pain in
decrease (3.6 £ 1.4 cm). This resulted in a musculoskeletal ~conditions, suggesting that
statistically significant between-group difference balance training produced a greater and more
(mean difference = 1.2 cm, 95% CI: 0.4-2.0; p < sustained reduction in pain compared to
0.01). At followup (10 weeks), pain levels conventional rehabilitation.
VAS Pain Score (cm) as a function of
Time and Group
10 Group
9 -~ i~ Balance Training
- -@- Control
£
L T4
5 6
(&
» 5 -
=
g 44
(72] -
< 3
> o
1 =
0 - - |
Baseline Week 6 Follow-up
(Post) (10 weeks)
Time
Figure 4. Change in Visual Analog Scale (VAS) Pain Scores Over Time
Follow-Up Outcomes and Adherence DISCUSSION
At 4-week follow-up, improvements in the The present randomized controlled trial
balance training group were largely maintained. demonstrated that a structured, progressive
SEBT scores remained significantly higher than balance training program produced significantly
baseline (85.4 + 5.3%), while slight regression was greater improvements in dynamic postural

observed in the control group (81.5 * 6.1%).
Between-group differences remained statistically
significant (p < 0.01), suggesting retention of
training effects. Adherence rates were high in
both  groups, with 90% of participants
completing at least 85% of sessions. No adverse
events or injuries related to the intervention were
reported.

control, self-reported ankle instability, functional
performance, and pain reduction compared to
strength-based rehabilitation in athletes with
chronic ankle instability (CAI). The magnitude of
improvement observed in SEBT, CAIT, FAAM,
and VAS outcomes exceeded commonly reported
minimal  clinically  important  differences,
indicating both statistical and clinical relevance.

https://fmhr.net

| Khan et al., 2026 |

Page 9



Volume 4, Issue 5, 2026

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

These findings support the superiority of
neuromuscular-focused interventions in
addressing the multifactorial impairments
associated with CAI.

The results of this study are consistent with
recent systematic reviews and meta-analyses
demonstrating that balance training significantly
improves postural control and functional
outcomes in individuals with CAI (7, 8). Guo et
al. (2024) reported moderate to large effect sizes
for dynamic balance following balance training
interventions,  particularly when  programs
incorporated  progressive and  task-specific
exercises (7). Similarly, Tang et al. (2024)
highlighted that interventions performed three
times per week for 4-6 weeks yield optimal
improvements in postural stability and functional
performance (8). The current study aligns with
these findings while extending the evidence
specifically to athletic populations. Notably, the
magnitude of improvement observed in the
present study appears greater than that reported
in several previous trials involving general
populations. This may be attributed to the higher
baseline neuromuscular demand in athletes,
allowing for greater responsiveness to targeted
interventions. Previous research has suggested
that athletes exhibit distinct neuromuscular
adaptations and motor control strategies, which
may influence both injury mechanisms and
rehabilitation outcomes (21, 22). Furthermore,
unlike many prior studies characterized by
heterogeneous or poorly described protocols, the
present study employed a standardized and
progressive  intervention  framework.  This
addresses a key limitation identified in recent
umbrella reviews, which emphasize the lack of
protocol consistency as a major barrier to
translating research findings into clinical practice
(23). By providing a structured progression
model, this study enhances reproducibility and
clinical applicability.

The improvements observed in this study can be
explained through both peripheral and central
adaptations within the sensorimotor system.
Balance training enhances proprioceptive acuity
by stimulating mechanoreceptors in the ankle
joint and surrounding tissues, leading to

improved joint position sense and postural
control (24). At the central level, repeated
exposure to unstable and dynamic conditions
promotes  neuroplastic changes, including
improved integration of sensory input and motor
output. Emerging evidence suggests that CAI is
associated with altered cortical excitability and
impaired motor planning, reflecting central
nervous system involvement (25). Balance
training may facilitate reorganization of motor
pathways and enhance feedforward control
mechanisms, allowing for more efficient
anticipatory responses during dynamic activities.
Additionally, reflexive
stabilization ~ through  enhanced  feedback
mechanisms may contribute to reduced episodes
of instability. The incorporation of perturbation-
based and sportspecific tasks in the later phases
of the intervention likely further enhanced these
adaptations. Previous studies have demonstrated
that rehabilitation programs incorporating
unpredictable perturbations and functional tasks
produce superior
neuromuscular control compared to static or
isolated exercises (26).

improvements in

improvements in

The significant reduction in VAS pain scores
observed in the balance training group highlights
the potential of neuromuscular interventions to
address not only functional deficits but also pain
symptoms associated with CAIl. Pain reduction
may be mediated through improved joint
stability, reduced aberrant movement patterns,
and enhanced neuromuscular control, which
collectively decrease mechanical stress on the
ankle joint (27). Importantly, the magnitude of
pain reduction exceeded commonly reported
minimal clinically important differences for
musculoskeletal conditions, indicating
meaningful improvement from the patient’s
perspective. This reinforces the clinical value of
balance  training as a  comprehensive
rehabilitation strategy.

An important finding of this study is the
maintenance of improvements at follow-up,
suggesting that the benefits of balance training
extend beyond the immediate intervention
period. This is consistent with previous studies
reporting sustained improvements in postural
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control and functional outcomes following
neuromuscular training (24). The retention of
these effects may be attributed to motor learning
processes and longterm  adaptations in
neuromuscular control. However, the relatively
short follow-up period limits conclusions
regarding longterm outcomes such as injury
recurrence. Future studies should incorporate
longer follow-up durations to evaluate the
persistence of benefits and their impact on injury
prevention.

Clinical Implications

The findings of this study have direct
implications for clinical practice in sports
rehabilitation. The results support the
prioritization of balance training as a core
component of rehabilitation programs for
athletes with CAI. While strengthening exercises
remain important, they may not adequately
address the sensorimotor deficits underlying
functional instability. The standardized and
progressive protocol used in this study provides a
practical framework for clinicians, allowing for
structured  progression and  individualized
adaptation based on patient performance.
Incorporating sport-specific and perturbation-
based exercises may further enhance functional
transfer and return-to-sport readiness.

Strengths of the Study

This study has several methodological strengths
that enhance its internal validity and clinical
relevance. A randomized controlled design with
allocation concealment was employed, which
minimizes selection bias. Blinding of outcome
assessors and data analysts further reduced the
risk of detection and analysis bias. An active
control group with matched intervention dosage
was included, ensuring a fair comparison between
interventions and reducing performance bias.
The intervention protocol was standardized and
progressively  structured, which  improves
reproducibility and facilitates clinical
implementation. Additionally, the use of
validated and reliable outcome measures
strengthens the accuracy and consistency of the
findings. The application of an intention-to-treat

analysis ensured that all randomized participants
were included in the final analysis, preserving the
benefits of randomization.

Limitations

Despite its strengths, this study has some
limitations. First, the study was conducted at a
single center, which may limit generalizability.
Second, the follow-up period was relatively short,
restricting the ability to assess longterm
outcomes such as injury recurrence. Third,
objective biomechanical measures such as force
plate analysis were not included, which could
have provided additional insight into underlying
neuromuscular adaptations. Finally, participant
blinding was not feasible due to the nature of the
intervention, which may introduce performance
bias. However, efforts were made to minimize
this through assessor blinding and standardized
protocols.

Future Research

Future studies should explore the longterm
effects of balance training on injury recurrence
and return-to-sport outcomes. Incorporating
objective  biomechanical  assessments  and
neurophysiological measures would further
enhance understanding of the mechanisms
underlying rehabilitation in CAI. Additionally,
multi-center trials with larger sample sizes are
needed to improve generalizability —and
strengthen the evidence base. Therefore, a
structured, progressive balance training program
resulted in significant and clinically meaningful
improvements in dynamic postural control,
functional performance, and selfreported ankle
stability in athletes with CAI. These findings
support the integration of standardized balance
training protocols into sports rehabilitation
programs and highlight the importance of
targeting neuromuscular control in  this
population.

CONCLUSION

This randomized controlled trial demonstrated
that a structured, progressive balance training
program  produced  significantly  greater
improvements in dynamic postural control, self-
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reported ankle instability, pain and functional
performance  compared to  strength-based
rehabilitation in athletes with chronic ankle
instability. The magnitude of improvement
exceeded established thresholds for clinical

relevance, indicating meaningful functional
recovery.  These  findings support  the
prioritization of neuromuscular and

sensorimotor-focused  interventions in  the
rehabilitation of athletes with CAIL  The
standardized protocol used in this study provides
a practical and reproducible framework for
clinical implementation. Incorporating
progressive balance training into rehabilitation
programs may enhance functional stability and
contribute to improved athletic performance.
Further research is required to investigate long-
term outcomes, including injury recurrence and
return-to-sport metrics, as well as to explore
underlying neuromechanical adaptations using
objective biomechanical assessments.
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