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ABSTRACT

An artificial neural network (ANN) is an information-processing concept

Article Info: inspired by the biological nervous system, capable of handling data in a manner

similar to the human brain. The key feature of this approach is its architecture, which
Received: 27 September 2025 consists of numerous interconnected processing elements that operate collectively to
Accepted: 30 October 2025 solve complex problems. Chronic ankle instability (CAI) is one of the most common
Available Online: 1 November 2025 and troublesome sequelae of acute ankle sprains. It is typically attributed to

mechanical and functional instability, yet these categories do not fully capture the
range of pathological conditions contributing to CAl. Therefore, the present study
aimed to estimate and classify chronic ankle instability in athletes using artificial
neural networks.
Forty athletes participated in this study and were divided into two groups:
20 athletes with chronic ankle instability and 20 without a history of ankle injury. The
analyzed variables included height, weight, forefoot width, foot pronation, active and
passive dorsiflexion, plantarflexion, inversion, and eversion ranges of motion (ROM),
static postural control, and performance in the Illinois agility test. Independent t-tests
and discriminant analyses were used for statistical comparisons. Subsequently, ANN
Keywords: modeling was applied to identify the most influential predictors of CA.
Data modeling with the optimal neural network achieved an R value of
0.9997, with a minimal error between the experimental and predicted data, indicating
Athletes, Artificial neural very high predictive accuracy. The ANN results identified forefoot width and passive
network inversion ROM as the most critical factors influencing ankle instability.
The artificial neural network demonstrated exceptional accuracy in
predicting ankle instability. The findings suggest that increased forefoot width and
excessive inversion range of motion are major contributors to chronic ankle
instability. Preventive strategies such as the use of ankle braces or taping are
recommended for athletes exhibiting these characteristics.
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1. Introduction

In the past decade, scientific progress has been profoundly driven by advances in computational hardware
and algorithmic development. High-speed information processing has accelerated data-driven discoveries
across a wide range of disciplines. Despite these technological breakthroughs, the human brain remains the
most efficient and adaptable model for information processing. Consequently, much of artificial
intelligence research has focused on developing computational systems that emulate brain-inspired
mechanisms for problem-solving (1, 2). An artificial neural network (ANN) is an information-processing
architecture modeled after the biological nervous system. These networks consist of interconnected
processing units capable of learning complex nonlinear relationships from data, enabling them to perform
classification, prediction, and pattern recognition tasks (2).

Chronic ankle instability (CAI) is a common and debilitating consequence of acute lateral ankle sprains,
often associated with recurrent “giving-way” episodes, restricted range of motion, reduced performance,
and pain (3). Epidemiological evidence indicates that a considerable proportion of individuals experience
persistent instability and functional limitations following an initial sprain (4, 5). Clinically, CAI is
traditionally categorized into two domains: mechanical instability, resulting from ligamentous laxity, and
functional instability, arising from deficits in proprioception and neuromuscular control. However, recent
perspectives emphasize that CAIl represents a multifactorial condition encompassing anatomical,
biomechanical, and sensorimotor impairments (5, 6). Emerging studies have demonstrated that machine
learning and neural network models can effectively predict athletic performance based on physiological
and biomechanical parameters. These models often outperform traditional statistical approaches in talent
identification, injury prediction, and performance profiling across various sports disciplines (7). Moreover,
recent literature highlights the combined influence of joint geometry (mortise and syndesmaosis), ligament
integrity, talar positioning, and sensorimotor feedback on ankle stability. Consequently, modern
rehabilitation strategies advocate a comprehensive approach that simultaneously addresses ligamentous
laxity, joint mechanics, and neuromuscular deficits (5, 8). Dynamic balance deficits, delayed peroneal
muscle activation, and mechanical indices—such as increased inversion laxity or anterior talar
translation—have been identified as major predictors of CAl. Multivariate approaches integrating these
parameters demonstrate superior classification accuracy compared with single functional tests (4, 9).
Recently, neural network and machine learning algorithms have been increasingly applied to predict sports
injuries and monitor performance. Accumulating evidence suggests that these tools can identify athletes at
elevated risk by modeling the complex, nonlinear interactions among multiple risk factors (7, 10).
However, limited research has explored the use of artificial neural networks specifically for predicting
chronic ankle instability in athletes, underscoring the need for further investigation.

2. Methods

This study included forty male athletes from various sports disciplines, all of whom had at least two years
of national league experience. Twenty athletes with chronic ankle instability (CAI) were selected based on
a history of severe lateral ankle sprains, recurrent episodes of instability, and absence of prior rehabilitation.
The control group consisted of twenty athletes with no previous history of ankle injury. Exclusion criteria
for the CAI group included bilateral instability, ankle fractures, and prior ankle surgery. Participants’
anthropometric characteristics were first measured following standardized procedures. Height was
recorded in a barefoot, upright standing position with the heels, hips, and shoulders touching a vertical
surface (11). Body weight was measured using a calibrated digital scale while participants stood barefoot
and in light clothing; weight was recorded to the nearest 0.1 kg (12). Forefoot width was determined using
a footprint method on graph paper. While standing barefoot and bearing full weight, the widest medial and
lateral points of the forefoot were marked, and the distance between them was measured in millimeters
(13). Foot pronation was evaluated using the navicular drop test, which quantifies the difference in
navicular bone height between non—weight-bearing (seated) and weight-bearing (standing) positions (14).
Active and passive ranges of motion (ROM) for dorsiflexion and plantarflexion were assessed using a
standard goniometer while participants sat with their legs hanging freely.
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Table 1. Participant Characteristics in the Two Groups

Chronic Ankle Instability Control

Mean Standard Mean Standard
Variable Deviation Deviation
Age (years) 23.2 3 22.6 2.4
Weight (kg) 79.5 7.9 85.6 116
Height (cm) 184.7 7.56 185.8 7.5
Years of Sports Experience (years) 6.1 24 75 2.6

Table 2. Distribution of Participant Abundance by Sport

Basketball Volleyball Football Wrestling
Abundance % Abundance % Abundance % Abundance %
Chronic Ankle 8 %40 5 %25 4 %20 3 %15
Instability
Control 6 %30 7 %35 2 %10 5 %25
Total 14 %35 12 %30 6 %15 8 %20

The medial malleolus served as the axis, and the goniometer arms were aligned accordingly. Participants
performed the movement for active ROM, while the examiner performed it for passive ROM (15, 16).
Similarly, active and passive inversion ROM was measured with the goniometer axis placed at the medial
head of the first metatarsal and the arms positioned at 90°. Active measurements were performed by the
participant, and passive measurements by the examiner (15, 16). Eversion ROM was assessed in the same
position, with the goniometer axis located at the lateral head of the fifth metatarsal; the stationary arm
aligned with the lower leg, and the moving arm placed along the plantar surface of the foot. Each
measurement was repeated twice, and if the difference between trials exceeded five degrees, a third
measurement was taken; the mean of the two closest values was recorded (17). Static postural control was
evaluated using a modified Romberg test, in which participants stood on one leg with the opposite knee
flexed to 90°, arms crossed over the chest, and eyes closed. Balance was considered normal if the
participant maintained the position for more than 15 seconds, and abnormal otherwise. This test has
demonstrated high intra-rater reliability (R = 0.89) (18, 19). Agility performance was assessed using the
Illinois Agility Test, which involves a 10-meter-long and 5-meter-wide course marked with cones (20).
Each participant completed the course twice at maximal speed while maintaining accuracy, coordination,
and balance, and the average time of both trials was recorded. Statistical analyses were conducted using
independent t-tests to compare groups and discriminant analysis to identify variables with the greatest
discriminative power.

3. Results

Table 1 summarizes the descriptive characteristics of the participants, including age, body mass, height,
and years of sports experience, across the two study groups. Table 2 presents the distribution of athletes
according to their respective sports disciplines. A total of forty data sets were analyzed, each comprising
fourteen input variables and one output variable. Several neural-network configurations were tested to
identify the model that produced the highest predictive accuracy. The optimal structure consisted of a feed-
forward back-propagation network with fourteen input neurons, twelve hidden neurons, and one output
neuron. Sigmoid activation functions were employed in both the hidden and output layers to enable
nonlinear mapping and to constrain the output values between 0 and 1. The network was trained using 70%
of the available data, while the remaining 30% were reserved for testing. The convergence of the training
process was confirmed by the progressive reduction in error and the close correspondence between
predicted and actual outputs. The training-error plot and output-comparison curve demonstrated high
model stability and precision. The linear regression analysis yielded an R value of 0.9997, indicating an
excellent fit between the predicted and experimental data and confirming the superior predictive
performance of the neural-network model.
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4. Discussion

The findings of this study showed no significant difference in body mass index (BMI) between athletes
with and without chronic ankle instability (CAI). Previous research on military populations has reported
contrasting results. Waterman et al. (2010) found that individuals who sustained ankle sprains exhibited
higher mean height, weight, and BMI than healthy controls, suggesting that elevated BMI may increase
the risk of ankle sprains in military settings (21). This association has been attributed to a greater moment
of inertia around the ankle joint, which imposes higher mechanical stress on surrounding tissues—
particularly when external loads such as backpacks are carried (22). The discrepancy between the current
findings and those of Milgrom et al. (23) may reflect differences in methodology, participant
characteristics, sample size, or measurement techniques. A significant difference was observed in forefoot
width between groups: athletes with CAl demonstrated a greater mean forefoot width (10.59 + 0.48 cm)
compared with controls (10.12 + 0.41 cm). This aligns with prior evidence suggesting that wider feet are
associated with an increased risk of recurrent ankle sprains (22, 24). Biomechanically, a wider forefoot
may lengthen the inversion lever arm, thereby increasing the mechanical load on the lateral ligaments of
the ankle and predisposing the joint to instability.

No significant difference was found in foot pronation between groups, consistent with the findings of
Martin et al. (2013) and Maeda et al. (2023) (25, 26). The conventional static classification of foot type
(pronated, supinated, or neutral) may not adequately reflect dynamic biomechanical abnormalities under
injury-relevant conditions. Hence, future studies should employ more sensitive, task-specific assessments
of foot—ground interaction during functional and high-risk movements to better characterize injury
susceptibility. Similarly, no significant differences were observed in active or passive dorsiflexion range
of motion (ROM) between the groups, corroborating the findings of Vomacka et al. (2019) (27). Active
inversion ROM also did not differ significantly, likely due to sufficient neuromuscular control and
proprioceptive feedback in both groups. However, a significant difference was identified in passive
inversion ROM, which was greater in the CAIl group (41.2 = 2.87°) than in controls (38.8 + 3.05°). This
result is consistent with Hubbard et al. (2007) (28) and may indicate deficient passive restraint provided
by non-contractile tissues, such as the lateral ligaments and joint capsule, that were inadequately
rehabilitated following the initial injury. No significant group differences were found in Illinois Agility
Test performance, echoing the observations of Sarvestan and Svoboda (2019) (29). Although athletes with
CAIl often report subtle or subjective instability, these symptoms do not necessarily impair their measurable
functional agility.

The discriminant analysis model incorporating eight variables effectively differentiated between the CAI
and healthy groups. The model achieved a correct classification rate of 85% for healthy participants, 80%
for those with CAl, and 82.5% overall. Among the predictors, forefoot width (r = 0.54) and passive
inversion ROM (r = 0.51) demonstrated the highest correlations with the discriminant function,
underscoring their substantial contribution to chronic ankle instability. Collectively, these findings suggest
that increased forefoot width and excessive passive inversion range of motion are key biomechanical risk
factors for CAl and should be targeted in preventive and rehabilitative strategies for athletes.
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logsig(n) =1/ (1 + exp(-n))

a=legsig(n)

b e Trainlm?® s seel 06

1. MLP

2. Transfer function

3. Training function

4. Feed forward back propagation network

5. Trainlm is a network training function that updates weight and bias values according to Levenberg-Marquardt
optimization.
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