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Background and Purpose

Chronic ankle instability is a common condition following ankle sprains. While the
condition is well-documented in adult and collegiate athletes, its impact on pediatric
populations, particularly those engaged in high-intensity sports, remains underexplored.
This study aimed to investigate static and dynamic balance performance in young
athletes between 8 and 16 years of age with and without chronic ankle instability.

Design and Methods

Thirty young athletes were categorized into three groups: ten participants with no
history of ankle sprains, called healthy, ten participants with a history of ankle sprain but
without persistent symptoms, called copers, and ten participants with clinically
diagnosed chronic ankle instability. Static balance was assessed using the Single Leg
Stance Test, and dynamic balance was evaluated using the Y-Balance Test (YBT). A
one-way ANOVA was analyzed to compare differences among groups, followed by post
hoc tests for comparing between groups.

Results

Significant group differences were found in static balance under eyes-open conditions on
both firm and foam surfaces (p=0.001 and 0.039, respectively). The chronic ankle
instability group demonstrated significantly poorer performance compared to the healthy
and coper groups. For dynamic balance, significant differences were observed in the
anterior, posterolateral reach direction, and the composite YBT score (p=0.009, 0.031,
and 0.010, respectively), with the chronic ankle instability group performing significantly
worse than the healthy group.

Conclusion

Young athletes with chronic ankle instability exhibit impaired static and dynamic balance
performance. Therefore, it is crucial to emphasize appropriate rehabilitation and recovery
strategies to prevent long-term consequences and enhance physical performance in this
population.

INTRODUCTION counting for approximately 16% to 40% of all sports-related
injuries.! Injuries to the lateral ligaments of the ankle are

Ankle sprains are among the most prevalent musculoskele-
tal injuries, especially in physically active athletes, ac-

among the most frequently occurring injuries.2-4 These in-
juries carry a high risk of recurrence if not appropriately
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managed, potentially resulting in long-term instability and
an increased likelihood of developing chronic ankle insta-
bility (CAI).>"7 Nearly 40% of individuals who sustain an
ankle sprain progress to CAI within one year.8 CAI is a con-
dition characterized by recurrent episodes of ankle sprains
or subjective instability, commonly described as “giving
way”. This condition can result in persistent pain and a per-
ceived lack of stability in the ankle,? leading to functional
limitations in physical activities and reduced social partic-
ipation.10 In contrast, some individuals sustain an ankle
sprain but do not develop persistent symptoms of instabil-
ity. These individuals, termed “copers”, successfully return
to normal physical activity without experiencing recurrent
giving way or chronic pain. Copers have demonstrated neu-
romuscular adaptations that allow them to maintain func-
tion despite their injury.!! However, the long-term con-
sequences of residual impairments in copers remain
unclear.!? Although most research on CAI has been con-
ducted in adult populations, emerging evidence highlights
its prevalence in pediatric populations as well. A previous
study found that approximately 70% of children experi-
enced an ankle sprain, with the prevalence of CAI reported
at 36.6% among typically developing children aged 7 to 12
years.13 In sports, the prevalence of CAI is notably higher,
particularly in court and indoor sports, where ankle injuries
are most common.!415 Research indicates that approxi-
mately 20% of young athletes develop to CAI, with female
athletes experiencing a prevalence of 23.6% and male ath-
letes of 16.3%.14 CAI is particularly concerning for athletes,
as optimal ankle stability is essential for functional balance
during sport-related activities and injury prevention.
Balance control relies on the central nervous system’s
integration of sensory inputs from the visual, vestibular,
and proprioceptive systems.!617 Proprioception is defined
as the ability to perceive body position and movement in
space through the integration of sensory signals from var-
ious mechanoreceptors. It plays a crucial role in balance
control by providing continuous feedback to the central
nervous system, allowing for precise adjustments in pos-
ture and movement.!819 Individuals with CAI often exhibit
proprioceptive impairments due to damage to mechanore-
ceptors within the ligamentous and capsular structures of
the ankle.20 These deficits disrupt the central nervous sys-
tem’s ability to accurately detect joint position and move-
ment, compromising neuromuscular control. Consequently,
impaired proprioception in individuals with CAI can hinder
their ability to maintain dynamic stability during weight-
bearing activities. The impact of CAI in children studied
by comparing balance, muscle strength, and physical activ-
ity levels between those with CAI and copers showed that
children with CAI demonstrated impaired standing balance,
lower limb muscle weakness, and reduced physical activity
levels, highlighting the functional consequences associated
with this condition.2! Although previous research has ex-
amined children with CAl, its prevalence and consequences
among young athletes remain insufficiently understood,
raising concerns about long-term functional impairments
and injury risk in this population. The extent to which CAI
affects static and dynamic balance in young athletes re-

mains an important area for investigation. Therefore, this
study aimed to investigate static and dynamic balance per-
formance in young athletes between 8 and 16 years of age
with and without CAIL

METHODS

STUDY DESIGN AND PARTICIPANTS

This study was a cross-sectional study. The setting areas of
the study was sport training schools in Chiang Mai, Thai-
land. The sample size was calculated using the G-Power
software version 3.1.9.4 with effect size = 0.6, power = 0.8,
and a = 0.05. Consequently, a total of thirty participants
were required (10 participants without ankle sprain, ten
copers and ten participants with CAI). The study aimed to
compare balance performance among these groups, pro-
viding insights into the impact of previous ankle sprain
on postural control and stability. This study employed a
convenience sampling method, recruiting participants from
sport training schools (Taekwondo and Badminton) in Chi-
ang Mai. All participants were enrolled using the inclusion
criteria as follows: young athletes aged from 8 to 16 years,
with a body mass index (BMI) ranging from the 5th to
the 95th percentile. Participants were excluded from this
study if they had a prior history of musculoskeletal surgery
or fractures to either lower limb, bilateral CAI, or experi-
enced an acute musculoskeletal injury in the lower extrem-
ities within the previous three months. Participants were
interviewed to collect characteristic information and de-
tailed histories of ankle sprains, including the onset of the
first sprain, frequency of recurrent sprains, and episodes of
ankle giving way. The Cumberland Ankle Instability Tool-
Youth (CAIT-Y)%2 was used to assess perceived ankle in-
stability. Additionally, the Foot and Ankle Ability Measure
(FAAM) was employed to evaluate ankle function, specifi-
cally in terms of activities of daily living (FAAM-ADL) and
sports performance (FAAM-Sport). Participants were cate-
gorized into three groups based on the guidelines of the In-
ternational Ankle Consortium.10.23 as detailed in the study
protocol. (Figure 1)

BMI, Body mass index; CAIT-Y, Cumberland ankle insta-
bility tool-youth; FAAM-ADL, foot and ankle ability mea-
sure-activities of daily living; FAAM-sport, foot and ankle
ability measure-sport.

CAI group: Participants had a history of ankle sprains
that resulted in at least one day of disrupted physical ac-
tivity, with the initial injury occurring at least one year
prior to study enrollment. Additionally, participants in this
group exhibited a history of ankle giving way, recurrent an-
kle sprains (at least two occurrences), and/or a perceived
sense of instability in the previously sprained ankle. Ankle
instability was assessed using CAIT-Y, with an eligibility
score of < 25. In addition, the FAAM-ADL score was < 90,
and the FAAM-sport score was < 80.

Coper group: Participants had a history of ankle sprains
that disrupted physical activity for at least one day, with
the initial sprain occurring at least one year prior to study
enrollment. However, they did not report a history of ankle

International Journal of Sports Physical Therapy



Assessing Balance in Young Athletes With and Without Chronic Ankle Instability

Young athletes aged 8-16 years
BMI between 5% to 95% percentile

Coper (n=10)
had history of ankle sprain .

Healthy (n=10)
* No history of ankle sprain .
+ No giving way (CAITY >25) + No giving way (CAITY >25)
* FAAM-ADL =90 « FAAM-ADL =90
* FAAM-sport = 80 + FAAM-sport = 80

CAI (n=10)
had history of ankle sprain and
recurrent sprain
* had giving way (CAITY <25)
*+ FAAM-ADL <90

* FAAM-sport < 80

Y

4

* Y-Balance test

Balance performance test
* Single leg stance test

Figure 1. The experimental protocol of the study.

BMI, Body mass index; CAIT-Y, Cumberland ankle instability tool-youth; FAAM-ADL, foot and ankle ability measure-activities of daily living; FAAM-sport, foot and ankle ability

measure-sport.

giving way or perceived instability in the previously injured
ankle. Ankle instability assessed by CAIT-Y score >25. Ad-
ditionally, participants in this group had successfully re-
turned to their pre-injury level of physical activity without
experiencing any functional limitations. Participants were
required to have the FAAM-ADL score > 90 and the FAAM-
sport score > 80.

Healthy Group: Participants had no history of ankle
sprains. The CAIT-Y score > 25. The FAAM-ADL score > 90
and FAAM-sport > 80.

This study was performed consistent with the principles
of the Declaration of Helsinki. Approval was given by the
Ethical Committee Board of Date. 26 December 2024/No.
AMSEC-67EX-101%***

All participants provided a signed assent form, while
their parents or legal guardians provided written informed
consent before study enrollment.

STATIC BALANCE ASSESSMENT

The Single-Leg Stance Test (SLST) was chosen for measur-
ing static balance. Unipedal standing with eyes open and
eyes closed was performed on a firm surface and an Airex
balance pad (thickness: 6 cm). Four specific conditions, in-
cluding 1) Single-leg stance on a firm surface with eyes
open (EO-floor), 2) Single-leg stance on a firm surface with
eyes closed (EC-floor), 3) Single-leg stance on a foam sur-
face with eyes open (EO-foam), and 4) Single-leg stance on
a foam surface with eyes closed (EC-foam), were randomly
measured to mitigate any order effects. Participants with
CAI and copers performed barefoot on the leg with a history
of ankle sprain, whereas participants in the healthy group
performed on their dominant leg with their hands placed
on their hips. The dominant leg was tested by kicking a
ball.24 The dominant leg was defined as the leg preferred

for kicking a ball. During the test, participants were asked
to remain as still as possible. The criteria for ending the
test: participants stand finish 30 seconds, the weight-bear-
ing foot position was altered, a hand moved from their hips,
or they opened their eyes before 30 seconds. A minimum
rest period of one minute was provided between each trial
to ensure that participants could perform the test without
undue fatigue. The average score obtained from the three
trials for each condition was subsequently used for analy-
sis.

DYNAMIC BALANCE ASSESSMENT

Dynamic balance was assessed using the Y-Balance Test
(YBT), a shorter version of the Star Excursion Balance Test
(SEBT). A systematic review has demonstrated that the YBT
is a reliable tool widely used to measure dynamic neuro-
muscular control at the limits of stability in both injured
and healthy athletic populations.25 The YBT evaluates dy-
namic balance in three directions: anterior, posterolateral,
and posteromedial. In this study, participants with CAI and
copers performed the test on the leg with a history of ankle
sprain, while participants in the healthy group were as-
sessed on their dominant leg. Each participant was in-
structed to stand barefoot on one leg with both hands
placed on their hips while lifting the opposite leg off the
floor. They were then asked to reach with the free limb as
far as possible in three directions: anterior, posterolateral,
and posteromedial directions, lightly contacting the floor
and returning to the starting position without losing bal-
ance. Participants were allowed to practice six times in each
direction before testing, so that the participant was famil-
iar with the test. Each participant was tested in three trials
in each direction. During testing, the trial was excluded and
repeated if the participant failed to maintain a unilateral
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Table 1. Participants characteristics.

Variables Healthy (n=10) Copers (n=10) CAl (n=10) p-value

Sex (male) 10(7) 10(5) 10 (6) -

Age (year) 10.84 +2.35 11.24+2.39 10.48+1.86 0.747
Weight (kg.) 37.30+£30 36.80+£8.95 36.80+8.87 0.991
Height (cm.) 143.90+16.89 147.40+14.48 141.00+11.06 0.613
Body mass index (kg/m?) 17.80+2.12 16.75+2.15 18.30+2.93 0.358
CAIT-Y 28.40+1.77 24.80+3.58 20.50+2.01 0.001
FAAM-ADL 95.10+£4.05 92.85+2.59 84.34+6.12 0.001
FAAM-sport 93.05+£6.58 92.18+8.90 76.68+4.48 0.001

CAIT-Y, Cumberland ankle instability tool-youth; FAAM-ADL, foot and ankle ability measure-activities of daily living; FAAM-sport, foot and ankle ability measure-sport.

stance, such as touching the floor with the reaching foot or
being unable to return to the starting position. Reach dis-
tance was recorded in centimeters. The normalized reach
distance score was calculated by dividing the average reach
distance by limb length and then multiplying by one hun-
dred to express as a percentage (%YBT) in each direction.
The composite score was computed by averaging the three
normalized reach directions that represent the overall per-
formance on the test.26

Intra-rater reliability of the assessor was evaluated be-
fore data collection. SLST demonstrated good to excellent
intra-rater reliability across all conditions: EO-floor, EC-
floor, EO-foam, and EC-foam, with ICC (3,1) values of 0.907,
0.948, 0.928, and 0.738, respectively. Similarly, the YBT
showed good to excellent intra-rater reliability across the
three reach directions of anterior, posterolateral, and pos-
teromedial with ICC (3,1) values of 0.940, 0.922, and 0.876,
respectively.

STATISTICAL ANALYSIS

The data were assessed for normality using the Shapiro-
Wilk test, which confirmed a normal distribution. Charac-
teristic variables, including age, weight, height, and BMI,
were analyzed using descriptive statistics. A one-way
ANOVA was conducted to compare differences among
groups, followed by LSD post hoc tests for comparing be-
tween groups. Statistical significance was set at p < 0.05.

RESULTS

All participants engaged in regular sports training for a
minimum of one hour per day, at least three days per week,
and maintained continuous training for at least one year.
The mean and standard deviation of participant character-
istics are presented in Table 1. Statistical analysis revealed
no significant differences in these characteristics among
groups in terms of age, weight, height, and BMI. However, a
significant difference was observed in CAITY scores, FAAM-
ADL, and FAAM-sport among the groups.

CAIT-Y, Cumberland ankle instability tool-youth;
FAAM-ADL, foot and ankle ability measure-activities of
daily living; FAAM-sport, foot and ankle ability measure-
sport.

STATIC BALANCE

The SLST results are presented in Table 2. Participants in
the healthy and coper groups were able to maintain bal-
ance for a longer duration when compared to the CAI group.
Statistical analysis revealed significant differences among
groups in the EO-Floor (p=0.001) and EO-Foam (p=0.039)
conditions. However, no differences were observed in the
EC-Floor and EC-Foam conditions. Post-hoc analysis re-
vealed significant differences in the EO-Floor and EO-Foam
conditions.The difference between the healthy and CAI
groups, as well as between the copers and CAI, are shown

in Figure 2.
DYNAMIC BALANCE

The YBT results are presented in Table 3. Statistically sig-
nificant differences are identified among groups in anterior
reach distance (p=0.009), posterolateral reach distance
(p=0.031), and composite score (p=0.01). Post-hoc analysis
further revealed differences between groups, as shown in

Figure 3.
DISCUSSION

The present study assessed static and dynamic balance per-
formance in young athletes comprising healthy, coper, and
CAI groups. The results revealed that participants with CAI
exhibited a significantly poorer balance compared to both
healthy and coper participants. This finding was consistent
with previous studies that have documented impaired bal-
ance in individuals with CAIL27 However, most of the ex-
isting research on CAI has predominantly focused on adult
populations, highlighting the need for further investigation
into pediatric populations. Young athletes are especially
vulnerable to sports-related injuries due to skeletal imma-
turity and underdeveloped motor coordination,?8 making it
crucial to understand and address CAI in this population.2?

In terms of static balance, both healthy and copers
demonstrated significantly better balance performance
than the CAI group in the EO-floor and EO-foam condi-
tions. This indicated that participants with CAI exhibit
deficits in postural control due to sensorimotor impair-
ments and proprioceptive deficits.303! However, no differ-
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Table 2. Single Leg Stance Test.

Variables

Healthy (n=10)

Copers (n=10)

CAl (n=10)

F-value

p-value

SLST EO-Floor

24.75+6.45

25.20+£3.46

14.55+7.50

9.88

0.001

SLST EC-Floor

7.75%4.55

6.10+£3.63

6.25%6.01

0.35

0.704

SLST EO-Foam

18.05+7.94

17.85+8.59

9.75+6.83

3.66

0.039

SLST EC-Foam

2.25+0.42

2.90+1.30

2.53+1.09

0.92

0.408

SLST, single leg stance test; EO, eyes opened; EC; eyes closed

Single Leg Stance Test
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Figure 2. Multiple comparisons of single leg stance
test among groups in four conditions.

EO, eyes opened; EC, eyes closed. Healthy group (n=10), Coper group (n=10), and CAI
group (n=10). *p<0.01, **p<0.001.

ences were observed between groups in the EC conditions
on either the floor or foam surfaces. One explanation for
this reliance on visual input among young athletes is that
the organization of sensory contributions to balance con-
trol may differ in this population. Previous studies suggest
that younger children tend to rely more on visual cues for
postural control, whereas adults primarily depend on so-
matosensory inputs when all sensory modalities are avail-
able.32 In adults, sensory integration on stable surfaces
predominantly relies on proprioception (70%), followed by
vestibular input (20%) and visual input (10%).33 However,
the precise age at which postural control reaches adult-
like maturation remains a subject of debate. The previous
study suggested that children attain adult-like sensory in-
tegration during bipedal stance by approximately 12 years
of age.34 This finding contrasts with the theoretical frame-

Table 3. Y-Balance Test.

Y-Balance Test

120 *

100 *
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0
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Composite

mHealthy ®Coper " CAI

Figure 3. Multiple comparisons of Y-Balance test
between groups in three reach directions and
composite score.

YBT, Y-Balance test; EO, eyes opened; EC, eyes closed. Healthy group (n=10), Coper
group (n=10), and CAI group (n=10). *p<0.01

works suggesting that athletes generally rely less on visual
input due to enhanced proprioceptive and vestibular adap-
tations gained through training. However, in high-level or
precision sports such as badminton and taekwondo, visual
cues become increasingly critical for tasks such as timing,
spatial orientation, and hand-eye coordination. In addition,
balance challenges were more pronounced when tasks were
performed on foam surfaces, emphasizing the increased
postural demands in all groups of participants. This finding
was consistent with previous research showing that chil-
dren in the examined age range experience greater diffi-
culty during SLRT with EC.35

For dynamic balance, the CAI group demonstrated re-
duced reach distance in the anterior and posterolateral di-
rections, as well as a lower composite score, compared with
the healthy group when assessed using the YBT. These re-
sults aligned with previous studies that have reported sig-
nificant differences in dynamic balance between copers and

Variables Healthy (n=10) Copers (n=10) CAl (n=10) F-value p-value
YBT-anterior (%) 74.01+6.49 65.92+6.43 64.79+7.03 4.33 0.009
YBT-posterolateral (%) 93.75+5.88 88.32+8.94 82.15+11.82 2.58 0.031
YBT-posteromedial (%) 85.47+11.88 83.34+5.95 78.71+8.54 1.29 0.255
Composite (%) 84.41+5.60 79.19+£5.51 75.22+7.41 5.46 0.010

YBT, Y-Balance test; EO, eyes opened; EC; eyes closed
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CAI group.21,27 However, while prior research identified dif-
ferences in all directions, the current study found signifi-
cant differences only in the anterior and posterolateral di-
rections. This discrepancy could be attributed to population
differences, particularly in relation to sport-specific adap-
tations to dynamic balance.3¢ The reduction in anterior
reach distance might be associated with limited ankle dor-
siflexion. Several studies have indicated that athletes with
CAI often experience long-term consequences, including a
reduction in the range of motion of ankle dorsiflexion.37-40
This limitation can negatively impact dynamic balance.12:
41 Additionally, anterior reach distance has been identified
as a predictor of lower extremity injuries, with studies in-
dicating that an anterior right/left reach difference greater
than 4 cm was associated with a 2.5-fold increased risk of
sustaining a lower extremity injury.2> Another important
factor influencing YBT performance is lower limb muscle
strength. Improved muscle strength, particularly in the an-
kle, knee, and hip, has been associated with better dynamic
balance and reach distances in the YBT.

Interestingly, no differences were found between the
healthy and coper group when considering overall balance
performance. Both groups demonstrated superior static
balance compared to the CAI group. However, when evalu-
ating dynamic balance, which is essential for athletic per-
formance and movement, no differences were found be-
tween CAI and copers. This contrasted with previous
studies that reported that copers exhibited significantly
better dynamic balance than individuals with CAI21 In the
current study, the copers demonstrated reduced dynamic
balance performance, although the differences between
groups were not significantly different. This suggests that
even though copers can return to physical activity without
recurrent instability, residual deficits in dynamic stability
may persist. Consequently, this impairment may contribute
to the potential transition from copers to CAI over time.
Previous studies have indicated that individuals classified
as the coper group may still experience neuromuscular
deficits that predispose them to future instability and in-
jury recurrence.!! As a result, targeted interventions focus-
ing on neuromuscular control and proprioceptive training
may be essential in preventing the progression from copers
to CAIL Thus, it may be important to implement appropri-
ate recovery interventions for both young athletes with CAI
and those who are copers.

Despite the valuable findings, this study has some lim-
itations that need to be addressed in future research. The
small sample size of thirty participants may limit the gen-
eralizability of the results, and a larger sample would pro-
vide more statistical power. Additionally, the cross-sec-
tional design restricts causal conclusions about the

progression of CAI and its impact on future injuries; lon-
gitudinal studies are needed to assess how balance deficits
evolve over time. The lack of kinematic and neuromuscular
assessments also limits a deeper understanding of the un-
derlying mechanisms of balance impairments in CAI, and
advanced techniques like motion capture or electromyogra-
phy could offer more insight. Addressing these limitations
in future research would help provide a clearer understand-
ing of CAI in pediatric populations and improve interven-
tion strategies for preventing injury recurrence.

CONCLUSION

The results of this study indicate that young athletes with
chronic ankle instability (CAI) exhibit significantly poorer
static and dynamic balance compared to healthy and coper
groups, underscoring the need for targeted interventions.
Additionally, while copers demonstrate some recovery, they
still exhibit residual deficits in dynamic stability that could
predispose them to future injuries. These findings highlight
the importance of incorporating neuromuscular control and
proprioceptive training in rehabilitation programs for
young athletes. Addressing these factors may help prevent
the progression from copers to CAI, ultimately improving
clinical outcomes and reducing the risk of reinjury.
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