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Extended Abstract

Background and Purpose

Lateral ankle sprains represent one of the most prevalent musculoskeletal injuries among young
athletic populations, with epidemiological studies consistently demonstrating high incidence rates
across various sports disciplines. Current evidence indicates that approximately 20-30% of active
individuals will experience at least one significant ankle sprain during their athletic careers, with
particularly high occurrence rates in sports involving jumping, cutting, and rapid directional changes.
Of substantial clinical concern is the well-documented progression to chronic ankle instability (CAI),
which develops in approximately 75% of cases following the initial injury event. This chronic
condition manifests through persistent symptoms including recurrent giving-way episodes, prolonged
pain and swelling, functional impairments during athletic activities, and diminished sport
performance capabilities.

The pathomechanics of lateral ankle sprains typically involve excessive inversion and plantarflexion
motions that exceed the structural limits of the lateral ligamentous complex. However, contemporary
understanding recognizes that the etiology extends beyond purely mechanical factors to include
important neuromuscular control deficits. Among these, impaired dynamic postural control has
emerged as one of the most significant and modifiable risk factors for both initial sprains and recurrent
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instability. Biomechanical research demonstrates that athletes with measurable balance deficiencies
exhibit a nearly seven-fold increased risk of sustaining ankle injuries compared to their peers with
normal postural control. More specifically, clinical assessments using the dynamic Y-balance test
have shown that athletes scoring below 94% limb symmetry in reach distance demonstrate a 48%
greater likelihood of suffering ankle sprains during competitive seasons.

The maintenance of optimal dynamic postural control depends fundamentally on two interrelated
physiological systems: adequate strength and endurance of the ankle stabilizing musculature, and
efficient neuromuscular coordination of postural adjustments. The peroneal muscle group (evertors)
plays a particularly crucial role in providing dynamic restraint against excessive inversion motions,
while the plantarflexors (gastrocnemius-soleus complex) contribute to overall joint stability during
weight-bearing activities. When these muscular systems demonstrate weakness or delayed activation
patterns, the risk of uncontrolled inversion and subsequent ligamentous injury increases substantially.
Current evidence-based practice emphasizes neuromuscular and sensorimotor training as cornerstone
interventions for both preventing initial ankle sprains and rehabilitating chronic instability cases.
These therapeutic approaches typically incorporate progressive exercises targeting proprioception,
balance, strength, and plyometric capacity. Systematic reviews confirm that such interventions can
improve dynamic stability measures by 15-30% and reduce ankle sprain recurrence rates by up to
50% in athletic populations. The proposed mechanisms for these positive effects include enhanced
proprioceptive acuity, improved muscle activation timing, and optimized movement strategies during
high-risk activities.

Recent advances in sports medicine research have highlighted the potential value of incorporating
cognitive challenges into traditional neuromuscular training paradigms. This dual-task approach
stems from emerging understanding of the cognitive contributions to motor control, particularly in
sports-related contexts where athletes must simultaneously process environmental information and
execute complex movements. Neurophysiological studies demonstrate that concurrent cognitive
loading during physical tasks can enhance cortical activation patterns and promote more robust motor
learning. Preliminary investigations suggest that such integrated training may offer superior outcomes
compared to conventional single-focus interventions, though high-quality evidence remains limited,
particularly for ankle injury prevention applications.

The current study was designed to address this knowledge gap by systematically investigating the
effects of an 8-week neuromuscular training program, with and without concurrent cognitive
interventions, on ankle muscle strength and postural control parameters in female athletes with
documented dynamic balance deficits. Our primary hypothesis predicted that the combined
neuromuscular-cognitive intervention would produce significantly greater improvements in ankle
strength and postural stability measures compared to neuromuscular training alone. Secondary
objectives included examining potential differential effects across specific muscle groups and
postural control domains.

Methods

This investigation employed a randomized, controlled, parallel-group trial design with pre-test and
post-test assessments. The study protocol received formal approval from the Institutional Review
Board at Bu-Ali Sina University (ethical approval code: IR.BASU.REC.1402.022) and was
prospectively registered in the Iranian Registry of Clinical Trials (registration number:
IRCT20230619058535N1) prior to participant enrollment.

The participant pool consisted of 36 competitive female athletes aged 15-30 years, all actively
engaged in sports involving high ankle sprain risk (basketball, volleyball, soccer, and handball) for a
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minimum of three consecutive years. Inclusion criteria required documented dynamic balance

deficits, operationally defined as: 1) Y-balance test composite scores below 94% using the

standardized Plisky (2006) protocol, and 2) reach distances below 80% of normative values in the

posterior-external direction of the dominant limb according to Noronha (2013) reference data.

Exclusion criteria included acute lower extremity injuries in the preceding three months, diagnosed

neurological disorders, vestibular dysfunction, or any medical contraindications to exercise

participation.

Following baseline assessments, participants were randomly allocated to one of two intervention

groups using computer-generated randomization with concealed allocation:

1. Experimental Group (n=18): Received neuromuscular training with integrated cognitive
challenges

2. Control Group (n=18): Completed identical neuromuscular training without cognitive loading

The neuromuscular training protocol for both groups incorporated three essential components:

1. Progressive resistance exercises targeting ankle stabilizers

2. Dynamic balance and proprioceptive challenges

3. Plyometric drills emphasizing proper landing mechanics

Training sessions were conducted three times weekly for eight consecutive weeks, with each session

lasting 45-60 minutes under direct supervision. The experimental group's cognitive intervention

consisted of serial-7 subtractions from random three-digit numbers during all exercises, while the

control group performed the physical tasks without concurrent cognitive loading.

Outcome measures included:

Primary Endpoints:

e Isometric ankle strength assessed via handheld dynamometry (MicroFET2, Hoggan Scientific)
for: Plantarflexors,Dorsiflexors,Invertors,Evertors

Secondary Endpoints:Static postural control evaluated through force plate analysis (Footscan®

pressure mapping system) measuring:Mediolateral sway amplitude,Anteroposterior sway

amplitude,Center of pressure path length,95% confidence ellipse area

All assessments were conducted under both eyes-open and eyes-closed conditions.

Statistical analyses were performed using SPSS version 26. Normality of distribution was confirmed

via Shapiro-Wilk testing. Between-group comparisons utilized repeated-measures ANOVA with

Bonferroni post-hoc adjustments where appropriate. Effect sizes were calculated using partial eta-

squared (n?) for significant findings. The alpha level was set at 0.05 for all statistical tests.

Results

Baseline demographic and anthropometric characteristics showed no significant differences between
groups (p>0.05 for all comparisons), confirming successful randomization. Adherence rates exceeded
90% in both groups, with no adverse events reported during the intervention period.Muscle Strength
Outcomes:

The experimental group demonstrated significantly greater improvements compared to controls
in:Plantarflexor strength (F=7.32, p=0.008, 1>=0.19).Evertor strength (F=9.14, p=0.004, n1*=0.22),No
between-group differences emerged for:.Dorsiflexor strength (F=1.01, p=0.323),Invertor strength
(F=0.01, p=0.932)

Postural Control Outcomes:Both groups exhibited significant time effects (p<0.05) for all postural
sway parameters under eyes-open conditions, with no significant group x time interactions (p>0.05).
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Under eyes-closed conditions, similar improvements were observed except for mediolateral sway and
path length, which showed no significant changes in either group.

Discussion

The current findings provide novel evidence that integrating cognitive challenges into neuromuscular
training can selectively enhance strength gains in key ankle stabilizers among female athletes with
balance deficits. The differential effects across muscle groups may reflect distinct neural control
mechanisms, with the plantarflexors and evertors showing greater responsiveness to dual-task
conditions. This aligns with their recognized roles in dynamic stabilization during functional
activities. The absence of between-group differences in postural control outcomes suggests that static
balance measures may lack sensitivity to detect cognitive-training benefits, or that longer intervention
periods may be required for postural adaptations to manifest. Future research should incorporate more
complex cognitive tasks and sport-specific dynamic balance assessments.

Conclusion

This randomized controlled trial demonstrates that 8 weeks of neuromuscular training significantly
improves ankle strength and postural control in female athletes with balance deficits. The addition of
cognitive interventions provides supplementary benefits for plantarflexor and evertor strength,
supporting the integration of dual-task paradigms into prevention and rehabilitation programs. Further
investigation is warranted to optimize training parameters and examine long-term effects on injury
rates.

Keywords: Neuromuscular training, Cognitive-motor interference, Ankle stabilizers, Postural
control, Injury prevention
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Figure 1- CONSORT flow diagram for selection of study subjects
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Figure 2- Ankle Muscle Strength in the Neuromuscular Group with Cognitive Intervention (Exercise)
and without Cognitive Intervention (Control)

—smas Sl ped) 09,5 g (Adlae 5lam g J3) loy delas 31 as ol las (6 )1,S5 slaojlal b sl ylg Judo ol
Sllwg ogame lid 35 10 olal> pwe Job « alS— olad Sllugs (>3- A3l Sllugs o0l m B (903l st
&ololine jualS 09,5 90 12 ;0 (P<e/+0) auopix cdl> (o Sllug oogasme g als— solad Ollug g 3L <> jo
oS 05,5 33 o 5o iy Sl 3 U8 5 lraly s Jsb 5 2 5 5 Sl ol ol b sl

(Y USE) P>/ 0) ol las |y (s lobies

FY 0ylos AV 0,9 FF L o) y9 o olalllae aolilad



A Bl adslao (y9y 9 b (SMas— mac Ol g0 s 1
1600
1400

1200

=1
=4
S

=
=]
=]

Pl JRS gl as s
o0
3

400

200
3
0 b4
ol el sl aals el clleg gle als s sk pte Slblog eagams =) A=l cllbog als olad ollog ol als e Jsbo ot Sllog cogass
b e 5b et e e b Ao L Ay otz LS 3500 Loy
B ajl i oslt alsloe b Slae — _ac o) B gesl e ol alsloe b (Sl — cac 05,8

B gojl oty s alsloe gy Mas —pae 09,8 B ogaslm b alslas Gy SBlas - ceas 05

(R5) (25 s al5ltn (3900 3 (05 (535 b 4l o b (Bde— suae 09,5 59 il S35 slo L -1 JS
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and without Cognitive Intervention (Control)
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