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ABSTRACT

Given the negative impact of chronic ankle instability (CAl) on the quality of life and
daily motor function, this study aims to compare the active tensile force of the peroneus longus muscle
during the gait initiation between athletes with CAl and healthy controls using musculoskeletal modeling
in OpenSim software, , version 3.2.

[VETEEE In this cross-sectional study, 19 professional male and female athletes with CAl (aged 18-25
years) with a history of at least two ankle sprains in the past 3-12 months, and 19 healthy athletes
(aged 18-25 years) participated. Participants stood on a force plate and began walking upon hearing
an auditory cue. Using the gait2392 model in OpenSim, the force generated by the peroneus longus
muscle during gait initiation was calculated. Additionally, spatiotemporal parameters (stride length,
stride speed, stride time) and the anticipatory postural adjustment (APA) phase duration were extracted
based on center of pressure (COP) data and surface marker positions.

({5 The results showed that the peroneus longus muscle force (P=0.006) and the APA phase duration
(P=0.002) were significantly lower in the CAl group compared to the healthy group. Conversely, stride
length (P=0.001), stride speed (P=0.001), and stride time (P=0.04) were significantly higher in the CAIl
group than in the control group.

[T The athletes with CAl have a lower active tensile force of the peroneus longus muscle and
a shorter APA duration during gait initiation compared to healthy peers. This suggests a potential
association between impaired proprioceptive function, weakness of the peroneus longus muscle,
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Introduction

hronic ankle instability (CAl) is a prevalent
condition that significantly impacts indi-
viduals’ quality of life, particularly among
athletes and physically active individuals. It
often arises from lateral ankle sprains, which
occur when the ankle is excessively inverted, leading to
damage to the lateral ligaments. Research indicates that ap-
proximately 30-40% of individuals who suffer lateral ankle
sprains may develop CALI, resulting in persistent symptoms
such as instability, chronic pain, and functional impairment.
These symptoms can severely limit participation in sports
and everyday activities, ultimately affecting overall well-
being. Individuals with CAI frequently experience deficits
in postural control, proprioception, and delayed muscle
activation, which adversely affect their ability to perform
daily living tasks and increase the risk of recurrent injuries.

Despite the availability of rehabilitation protocols for CAl,
the high prevalence of this condition among those with a
history of ankle sprains underscores the need for a deeper
understanding of the underlying mechanisms, particularly
from a central nervous system perspective. The peroneus
longus muscle plays a vital role in maintaining the dynamic
stability of the ankle joint. This muscle is responsible for
eversion and plantarflexion of the foot muscles, which are
essential for proper gait mechanics. Studies have shown
that individuals with CAI often exhibit delayed activation
of the peroneus longus, contributing to ongoing instabil-
ity and increasing the risk of further injuries. Traditional
methods such as electromyography (EMG) have been used
to assess muscle activation patterns; however, EMG has
limitations in accurately estimating the force produced by
muscles during dynamic movements.

Musculoskeletal modeling offers a novel approach to
estimating muscle forces and understanding their role
in functional movements. By utilizing software such
as OpenSim, researchers can simulate complex human
movements and gain insights into the mechanical de-
mands placed on muscles. Estimating the force of the per-
oneus longus during dynamic activities can provide valu-
able information about the musculoskeletal requirements
and potential risk factors associated with CAI. This study
aims to compare the Peroneus Longus muscle force dur-
ing the initial phase of gait between individuals with CAI
and healthy peers by employing musculoskeletal model-
ing in OpenSim. The hypothesis posits that the peroneus
longus force is lower in individuals with CAI compared
to healthy controls during gait initiation.
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Methods

In this cross-sectional study, 38 professional male and
female athletes aged 18-25 years participated voluntarily.
They were divided into two groups: CAl and healthy con-
trols. The CAI group included 19 athletes with a history
of at least two ankle sprains in the past 3-12 months, while
the control group comprised 19 athletes with no history of
lower limb injuries. Inclusion criteria for the CAI group
included a history of significant ankle sprains requiring
weight-bearing restrictions, absence of severe pain or
swelling, a score <27 in the cumberland ankle instability
tool, a score <90% in the activities of daily living scale,
and a score <80% in the foot and ankle ability measure.

After obtaining informed consent, anthropometric data
were recorded. In a motion analysis laboratory, partici-
pants underwent a series of assessments. Reflective mark-
ers were placed on participants according to the plug-in
gait model. Then, they stood barefoot on a force plate
and began walking upon hearing an auditory signal. Data
were recorded using eight Vicon cameras for kinematic
analysis and a Kistler force plate for kinetic analysis. The
gait initiation phase and anticipatory postural adjustments
(APAs) were identified using MATLAB software, ver-
sion R2016a. Kinematic data were filtered using a but-
terworth low-pass filter, and the peroneus longus muscle
force was estimated using static optimization techniques
in OpenSim.

Results

Statistical analysis revealed no significant differences
in age, height, weight, and body mass index between the
CAI and healthy groups. However, significant differences
were observed in the force produced by the peroneus lon-
gus muscle (P=0.006), which was lower in the CAI group
(0.51+0.11 N) compared to the healthy group (0.64+0.07
N). The reduction in force suggests impaired muscle per-
formance and decreased ability to stabilize the ankle dur-
ing the initiation of gait. Furthermore, individuals with
CALI exhibited significant differences in spatial-temporal
gait parameters, including stride length (0.65+0.04 m in
CAI vs 0.53+0.03 m in controls; O=0.001), stride speed
(1.46+0.12 m/s in CAI vs 1.67+0.10 m/s in controls;
P=0.001), and stride time (0.40+0.077 seconds in CAI vs.
0.50=0.11 seconds in controls; P=0.04). These findings
indicate disturbances in movement patterns and increased
efforts to maintain balance. Additionally, the duration of
the APA phase was significantly shorter in the CAI group
(0.40+0.02 seconds) than in the healthy group (0.36+0.03
seconds) (P=0.04), reflecting deficits in pre-movement
motor planning.
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ic stability. Unlike previous studies that relied on EMG
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offering a more comprehensive understanding of the me-
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5. Scaling
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9. Chronic Ankle Instability (CAl)
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