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Abstract
Keywords Background and Aim: The lower limb has been reported as the most common

anatomical site for gymnastics injury, which mainly includes ankle sprains;
Therefore, this study aimed

Gymnastics to predict the internal risk factors of ankle functional instability in gymnast girls
aged 11-16.

Internal risk factors Methods: The current research was applied and descriptive. First, 35 female
gymnasts aged 11-16 with ankle functional instability in jump-landing and

Functional ankle landing skills and 35 healthy gymnasts were selected. The Cumberland

instability Functional Instability Questionnaire was used to identify athletes with ankle

functional instability. Dynamometer, goniometer and Y test were used to measure
ankle strength, ankle range of motion and dynamic balance. SPSS23 software and
logistic regression and Pearson correlation tests were used for data analysis.
Results: The results showed that there is a significant relationship between ankle
range of motion and muscle strength (inversion and eversion) and dynamic
balance in different directions with ankle functional instability. However, there
is no significant relationship between plantar flexion and dorsiflexion muscle
strength with ankle functional instability.

Conclusion: it seems that among the internal factors of ankle instability injury,
the variables of evertor muscle strength, range of motion of dorsiflexion and
plantarflexion, and balance in the external posterior direction have a significant
contribution in the regression model, and the four variables of the strength of
evertor muscles, range of motion of dorsiflexion and plantarflexion, and the Y
test In the posters-external direction, they can predict the occurrence of ankle
functional instability.

Girls
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Extended Abstract

Introduction

Gymnastics, including artistic, rhythmic, and
trampoline, is a popular sport with millions of
participants worldwide. In artistic gymnastics, each
performance ends with a landing. According to
research, the ankle joint is one of the most
vulnerable body joints in this sport that occurs
during landing (3). According to the rules of the
International Gymnastics Federation (closed-leg
landing strategy), the landing of female gymnasts
with closed legs increases the potential for lower
extremity injury in female gymnasts (4).

Functional ankle instability can lead to re-
injuries and other sports-related issues, affecting
athletes' performance and imposing significant
financial burdens. Several internal factors, such as
a history of ankle injuries, muscle strength and
range of motion asymmetry, and balance deficits,
have been identified as risk factors for ankle
sprains. ldentifying these factors can help coaches
design targeted training programs to prevent ankle
injuries and ensure safe and pain-free gymnastics.

Method

The current research is in the applied field, and
the research method is prospective. The statistical
population included teenage gymnast girls aged
11-16 years in Tabriz city. Among them, 70 people
were selected for purposeful and convenience
sampling (35 gymnasts with ankle functional
instability and 35 healthy gymnasts). To estimate
the size of the research sample, based on the criteria
for entering the research, 70 subjects were
estimated by G * Power software (version 3.1.9.2).
In this research, the criterion variable, ankle
functional instability and predictor variables, range
of motion (dorsiflexion and plantarflexion),
strength (dorsiflexors, plantarflexors, invertors,
and evertors), and dynamic balance are considered.
The criteria for the inclusion of the subjects in the
current study include: 1. The age range of the
subjects was between 11 and 16 years old. 2: The
subjects were all girls. 3: No history of injury to the

lower limbs except for the ankle 4: Gymnasts who
have been active for three years and train three
sessions a week are considered for selection;
Exclusion criteria from the present study include:
1: Suffering from balance disorders 2. Suffering
from an obvious and recognizable abnormality.

Consent forms were obtained from the
gymnasts' parents, followed by questionnaires on
individual information, ankle instability, and
voluntary participation. Height and weight were
measured using digital scales and a height gauge.
The obtained information was analyzed using
SPSS 23 software. Descriptive statistics were used
to obtain the mean and standard deviation. To
check the normality of the data, the Shapiro-Wilk
test was used; to predict, the logistic regression test
was used, and to determine the relationship, the
Pearson correlation test was used. In addition, the
confidence level of the test is 95%, and the
significance level for all statistical methods is p <
0.05, two-tailed.

Results

The results of the regression model showed that
among the internal factors of ankle instability
injury, evertor muscle strength variables,
dorsiflexion and plantar flexion range of motion,
and Y test results in the posterior-external direction
have a significant contribution in the regression
model. Examining the coefficients of significant
variables in the logistic regression equation
provides important information about the
contribution or importance of each predictor
variable (Table 1). Examining the coefficients of
predictor variables shows that the Wald test for
four wvariables of evertor muscle strength,
dorsiflexion range of motion, plantarflexion range
of motion, and Y test in the posterior-external
direction is statistically significant, and these
variables contribute significantly to the model's
ability to predict and the incidence of ankle
functional instability.
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Table 1. Results of logistic regression model related to independent variables

confidence 95%
limits of the

Independent variable B S.E Wald Df Sig OR likelihood ratio
Down Top
Strength of evertor muscles -4.38 2.24 3.80 1 0.04 0.12 0.002 1.19
Range of motion of plantarflexion -0.17 0.07 5.65 1 0.01 0.84 0.73 0.97
Range of motion of dorsiflexion -0.23 0.09 6.27 1 0.01 0.79 0.65 0.95
Y test in the posterior-external direction -0.24 0.08 8.98 1 0.003 0.78 0.66 0.91

Discussion

The findings of this study align with the
statement that interventions in sports medicine
often focus on treating symptoms rather than
addressing the root causes of injuries. This study
highlights the importance of addressing internal
risk factors for ankle functional instability (AFI) in
young female gymnasts. By identifying and
targeting these factors, such as muscle imbalances,
reduced range of motion, and impaired balance,
coaches and physical therapists can implement
more effective prevention and rehabilitation
strategies. The results of the logistic regression
analysis revealed that evertor muscle strength,
dorsiflexion and plantarflexion range of motion,
and external posterior balance were significant
predictors of AFI in young female gymnasts. These
findings  underscore the importance  of
incorporating exercises and training programs that
target these specific areas to reduce the risk of
ankle injuries in this population. Furthermore, the
study highlights the need for a more
comprehensive approach to injury prevention and
rehabilitation in gymnastics. By addressing the
underlying causes of injuries and implementing
targeted interventions, we can improve the overall
health and performance of gymnasts. Future
research may explore the effectiveness of specific
training programs designed to address these risk

factors and their long-term impact on injury
prevention.

Clinical application

This study highlights the importance of targeted
strength and flexibility training, regular ankle
assessment, proper landing technique, and
protective equipment to prevent functional ankle
instability in  young female  gymnasts.
Implementing these strategies can reduce the risk
of injury and improve overall ankle health.
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