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ABSTRACT

Introduction and Objective: Ankle injuries are among the most common
sports-related injuries, often caused by factors such as "direct contact with a
player or the ground, tackles that push the ankle inward or outward, and during
jumping and landing." Among these injuries, lateral ankle sprains are one of the
most prevalent types, frequently associated with ankle instability. The aim of this
study was to compare the effects of balance training and hopping exercises on
the proprioception of athletes with functional ankle instability.

Methods: A total of 30 basketball, volleyball, and handball athletes with
functional ankle instability, with a mean age of 24.58 + 3.626 years and a body
mass index (BMI) of 25.681 + 2.126, were randomly assigned to two groups in a
clinical trial. The first group (n=15) performed hopping exercises, while the
second group (n=15) performed balance training. Proprioception of their ankle
joints was assessed at baseline and after six weeks of training. Data analysis
was conducted using paired t-tests and ANCOVA via SPSS version 20.

Results: Both balance training and hopping exercises significantly reduced the
absolute error in reconstructing dorsiflexion and plantarflexion angles of the
ankle (p<0.05). Additionally, the reduction in absolute error for these angles was
significantly greater in the hopping group compared to the balance training group
(p<0.05).

Conclusion: The findings indicate that both balance training and hopping
exercises improve ankle joint proprioception in athletes with functional ankle
instability. However, hopping exercises demonstrated greater effectiveness
compared to balance training.
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Extended Abstract

nkle injuries are among the most prevalent sports-related injuries, particularly in sports
like basketball, volleyball, and handball, which involve rapid changes in direction,
running, jumping, and landing. These activities place significant stress on the lower
limbs, making athletes highly susceptible to ankle sprains and subsequent functional
instability. Lateral ankle sprains, one of the most common types of ankle injuries, often
lead to functional ankle instability (FAI), characterized by symptoms such as giving way,
weakness, pain, and impaired function without anatomical abnormalities in the joint. FAI
is associated with ligament laxity, proprioceptive deficits, and delayed neuromuscular
responses around the ankle joint. Conservative treatments, including therapeutic
exercises and rehabilitation protocols, are widely recommended for managing chronic
ankle instability. Among these interventions, balance training and hopping exercises
have gained attention due to their potential to improve proprioception, strength, and
overall joint stability. However, despite numerous studies exploring the effects of these
exercise modalities on ankle function, there remains a lack of consensus regarding their
comparative efficacy in enhancing proprioception among athletes with FAI. This study
aims to address this gap by comparing the effects of balance training and hopping
exercises on proprioception in athletes with functional ankle instability.

Objective

The primary objective of this study was to compare the effects of balance training and
hopping exercises on proprioception in athletes diagnosed with functional ankle
instability. Proprioception, assessed through active angle reproduction tests, was used
as the key outcome measure. The study sought to determine whether hopping
exercises, which combine dynamic movements with strength and coordination
demands, were more effective than traditional balance training in improving
proprioceptive acuity in dorsiflexion and plantarflexion angles of the ankle joint.
Methods

This research was conducted as a randomized controlled clinical trial
(IRCT20190627044039N1) and received ethical approval with the identification code
IR.IAU.KHUISF.REC.1401.051 from the Islamic Azad University, Khorasgan Branch.
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The study population consisted of athletes aged 18 to 30 who were actively involved in
handball, basketball, or volleyball and had experienced at least one episode of ankle
sprain within the past 12 months.

Using G*Power software, the required sample size was determined to be 34 participants
based on two groups, an ANCOVA statistical method, a 5% error rate, an effect size of
0.5, and 95% statistical power. Considering potential dropouts, the final sample included
30 athletes with FAI, randomly divided into two groups: one performing hopping
exercises (n=15) and the other undergoing balance training (n=15). Randomization was
performed by an individual external to the research team, while pre- and post-
intervention assessments and the exercise protocols were administered by the
researcher.

Participants were required to meet specific inclusion criteria, including regular
participation in their respective sports (at least three times per week), a history of at
least one lateral ankle sprain in the previous year, and a qualifying score on the IdFAI
questionnaire. Exclusion criteria encompassed individuals with recent lower limb
injuries, ankle sprains within the last three months, non-sprain-related lower limb pain,
neuromuscular disorders, or prior surgery on the ankle or lower limbs.

Proprioception was assessed using the active angle reproduction test, where
participants sat on a table with their torso, hip, and knee joints positioned at 90 degrees.
To eliminate visual interference, participants' eyes were covered with a black cloth. The
tester passively moved the participant's foot to a target angle within the mid-range of
motion—20 degrees for plantarflexion and 10 degrees for dorsiflexion. Participants were
then instructed to actively reproduce the target angle. A camera recorded the
movements, and angles were measured using AutoCAD software after transferring the
video footage to a computer. Each angle was tested three times, and the absolute error
(difference between the reproduced angle and the target angle, irrespective of direction)
was calculated for each repetition. The mean absolute error across the three trials was
used as the measure of proprioceptive acuity.

The exercise protocols were based on previous studies and tailored to enhance
proprioception, strength, and stability. Both groups engaged in a 10-minute warm-up (7
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minutes of jogging and 3 minutes of general stretching) and a 5-minute cool-down
(general stretching) during each session.

The hopping group performed six types of hopping exercises, including side-to-side
hops, anterior-posterior hops, Latin four-pattern hops, forward hops, and Latin eight-
pattern hops. These exercises were conducted three times per week for six weeks, with
the intensity progressively increasing from 80 to 160 foot contacts per week. Initially,
exercises were performed bilaterally and later progressed to unilateral execution. Hand
positioning was adjusted to increase difficulty, starting with free hands, then moving to
chest level, and finally to behind the head. For the first three weeks, hopping exercises
focused on stabilization, while from the fourth week onward, a metronome was
introduced to maintain a rhythm of 2 Hz.

The balance training group followed a protocol derived from established studies in the
field. Exercises were performed three times per week for six weeks, with progression in
difficulty achieved by altering the base of support (e.g., single-leg vs. double-leg stance,
Bosu ball vs. flat ground) every two weeks. Participants maintained their hands on their
hips and kept their eyes open during the exercises. Rest intervals between sets were 30
seconds, with a two-minute break at the end of each set. All participants received
instruction from a qualified sports specialist to ensure proper technique and adherence
to the protocols.

Data analysis involved descriptive statistics (mean and standard deviation) and
inferential statistics to determine the effects of the interventions. The Shapiro-Wilk test
confirmed the normal distribution of the data, and Levene's test verified homogeneity of
variances (p > 0.05). Paired t-tests were used to compare pre- and post-test
proprioceptive errors within each group, while ANCOVA was employed to compare the
effects of the two exercise modalities. Effect sizes were calculated using partial eta
squared. Statistical analyses were performed using SPSS version 20.

Results

The demographic characteristics of the participants, including age, height, weight, and
body mass index (BMI), were similar between the two groups, as confirmed by
independent t-tests (p > 0.05). The results revealed significant reductions in absolute
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errors for both dorsiflexion and plantarflexion angles following the six-week intervention
in both groups (p < 0.05). However, ANCOVA indicated that hopping exercises were
more effective than balance training in reducing proprioceptive errors (p < 0.05).
Specifically, the mean absolute error for dorsiflexion decreased from 2.87 + 0.51
degrees to 1.82 + 0.42 degrees in the balance training group and from 2.35 £ 0.32
degrees to 1.12 + 0.56 degrees in the hopping group. Similarly, for plantarflexion, the
mean absolute error decreased from 3.25 + 0.66 degrees to 2.08 + 0.39 degrees in the
balance training group and from 2.92 + 0.78 degrees to 1.05 £ 0.35 degrees in the
hopping group. The effect sizes (partial eta squared) were 0.804 for dorsiflexion and
0.758 for plantarflexion, indicating large practical significance.

Conclusion

The findings of this study demonstrate that both balance training and hopping exercises
significantly improve proprioceptive acuity in athletes with functional ankle instability.
However, hopping exercises demonstrated greater efficacy compared to balance
training, particularly in reducing absolute errors in dorsiflexion and plantarflexion angles.
These results suggest that hopping exercises, with their dynamic nature and combined
focus on strength, coordination, and balance, may serve as a valuable component of
rehabilitation programs for individuals with chronic ankle instability.

Coaches and therapists are encouraged to incorporate hopping exercises into
rehabilitation protocols to enhance proprioception and reduce the risk of recurrent ankle
injuries. Future research should explore long-term retention of proprioceptive gains and
investigate the combined effects of hopping and balance training on ankle function.
Additionally, further studies are needed to examine the impact of these interventions on
other aspects of athletic performance, such as agility, speed, and sport-specific skills.

In conclusion, this study highlights the importance of selecting appropriate exercise
modalities for rehabilitation and underscores the potential of hopping exercises as a
superior alternative to traditional balance training in improving proprioception among

athletes with functional ankle instability.

Key words: balance exercises, hopping exercises, proprioception of ankle
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F tests - ANCOVA: Fixed effects, main effects and interactions
Analysis: A priori: Compute required sample size
Input: Effect size f
o err prob
Power (1-B err proh)
Numerator df
Number of groups
Number of covariates

Il
—N =000
oo w

(%]

Output: Noncentrality parameter A 8.5000000
Critical F 4.1596151
Denominator df 31
Total sample size 34
Actual power 0.8062458
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