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Abstract 
International Journal of Exercise Science 19(3): 1-11, 2026. https://doi.org/10.70252/IJES2026302 
The purpose of this study was to determine whether individuals with chronic ankle instability (CAI) perform worse 
than those without CAI on four balance tests and the visual analog scale (VAS) ratings for perceived stability, and 
to examine correlations between ankle stability and balance test performance. Fifty-one participants volunteered in 
this study. Group assignment was determined using the Cumberland Ankle Instability Tool (CAIT). Participants 
performed four tests in randomized order: the Y-Balance Test (YBT), the Athletic Single-Leg Stability Test (ASLST), 
the Time-in-Balance Test, and the Side Hop Test. Perceived stability was recorded after each test using the VAS. 
Participants with CAI had significantly worse ankle stability than those without CAI (p < .001). For the Time-
in-Balance Test and the Side Hop Test, no significant difference was found in either physical tests or perceived 
stability. For the ASLST and the YBT, no difference was found in the physical performance. However, participants 
without CAI perceived significantly superior stability in both tests compared to those with CAI (p = .026 and .040, 
respectively). Correlation analysis showed that neither the physical scores nor the VAS had a strong correlation 
with the CAIT scores. Participants with CAI performed as well as those without CAI in the static balance test, 
dynamic balance test, and functional performance. It suggests that ankle integrity may not play a significant role in 
overall single-leg balance control in healthy young adults. 
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Introduction
Acute ankle sprains have been noted to be the most prominent musculoskeletal injury, with 
approximately two million injuries occurring annually in the United States alone.1 The actual 
prevalence of ankle injuries could be much higher than reported because individuals who 
experience an ankle sprain often do not seek medical care.2 These types of injuries have occurred 
at a much higher rate in active individuals and in sports that involve jumping, such as basketball 
and volleyball.1 Moreover, after the initial ankle injury, individuals are three and a half times 
more likely to have a recurrent ankle sprain in the future.2 The high recurrence rate of ankle 
injury is most likely due to the increased laxity of the ankle ligaments as well as decreased 
proprioception of the ankle. In addition, recurrent ankle sprains could further develop into 
chronic ankle instability (CAI). CAI is most appropriately characterized by experiencing recurrent 
sprains, perceived instability, and mechanical instability of the ankle. It can be diagnosed by 
using the Cumberland Ankle Instability Tool (CAIT), in which a score of 25 or less indicates 
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having CAI.3 Gribble et al. (2016) reported that 40% of individuals who experienced an ankle 
sprain later developed CAI one year after their injury.4 Because of the high prevalence of ankle 
sprains and CAI, it is important to examine their impact on functional activities such as single-leg 
balance control. 

The ankle joint plays a very important role in movement and balance control. As the ankle is a 
key component of the lower extremity kinematic chain, any disorder that hinders its load-bearing 
capabilities will impact the lower extremity and potentially the whole body. Therefore, it stands 
to reason that any deficiency of the ankle can result in serious hindrances to balance control. One 
of the key pieces in maintaining balance control is ankle proprioception. Studies have shown that 
central processing of ankle proprioceptors is crucial in maintaining proper balance.5 Therefore, 
compromised proprioception may lead to balance deficits in individuals with CAI. In addition 
to hindering physical performance, proprioception deficits at the ankle joint can also contribute 
to further injury by compromising the ankle strategy that helps to regain our balance control 
when encountering perturbations.6  It is well documented in the literature that training balance 
capabilities at every stage of ankle healing can help to increase ankle proprioception and therefore 
reduce future injuries.5 

Many balance tests have been developed to examine balance control for different populations 
throughout the years. Some balance tests are considered static (such as the Time-in-Balance 
test), in which participants remain still during the test. For dynamic balance tests (such as the 
Y-Balance Test), participants do not remain still during the testing. However, there is limited 
direct comparison between the validity of various physical testing methods for assessing balance. 
Moreover, whether a specific balance test is appropriate also highly depends on the population 
(such as age, pathology, and activity level). Several studies have examined the validity of various 
balance tests individually or in comparison with others.7,8 Pickenbrock et al. (2015) concluded 
that the static balance test was equally valid and more reliable than the Berg Balance Scale, which 
is considered the gold standard for balance assessment in older adults.7 In addition, Linens et al. 
(2014) reported that seven balance tests (the Balance Error Scoring System, time in balance, foot lift, 
single-legged stance on a force plate, Star Excursion Balance Test, side hop, and figure-of-8 hop) 
were valid in assessing CAI but provided no conclusion on which test was superior to the others.8  
In comparison to the traditional static and dynamic balance testing, functional performance 
tests (FPTs), such as the Side Hop Test, provide quick, easy-to-administer assessments that offer 
insight into how patients perform in more practical situations.9 Additionally, FPTs better prepare 
patients for the challenges and movement perturbations they encounter in their daily lives. 
However, it is unclear if functional balance testing can better detect individuals with CAI than 
static/dynamic balance testing, especially for a younger population who can perform some of the 
more challenging tests, such as the Side Hop Test.  

The subjective Visual Analog Scale (VAS) for perceived stability is another practical tool in the 
assessment of CAI. Madsen et al. (2018) concluded that VAS discerned individuals with CAI more 
effectively than some FPTs.10 This underscores the importance of subjective assessment tools, such 
as the VAS, in capturing nuances of patient experience that may not be fully captured by objective 
measures alone. Objective physical testing results offer valuable insights into biomechanical and 
functional aspects of ankle stability, but may fall short of capturing the subjective experiences of 
individuals with CAI. Conversely, the VAS allows patients to directly express their perceived 
level of instability, providing a holistic understanding of their condition. Studies indicate that the 
VAS correlates well with other measures of ankle stability, including objective functional tests and 
clinical assessments.11 Its subjective nature enables it to capture subtle changes in symptoms and 
perceived instability over time, making it a valuable tool for monitoring the progression of CAI 
and evaluating the effectiveness of rehabilitation interventions. Furthermore, the VAS provides 
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clinicians with crucial information regarding patient-reported outcomes, guiding personalized 
treatment plans tailored to individual needs and experiences. In addition to objective physical 
balance tests (such as the Side Hop Test), it is unclear if the subjective VAS can also accurately 
reflect ankle stability status in young adults. 

The first objective of this study was to examine whether individuals with CAI perform significantly 
worse than individuals without CAI in static/dynamic balance tests, functional performance, and 
perceived stability. The second objective was to examine the correlation between ankle stability 
and other balance test results and perceived balance control. We hypothesized that individuals 
with CAI would perform worse in all balance tests and perceived balance control. We also 
hypothesized a positive correlation between CAIT scores and other balance testing, especially for 
perceived balance control with the VAS.  

Methods

Participants
Fifty-one participants (aged 19-30 years; 19 males and 32 females) participated in this study. The 
inclusion criteria included 1) being aged 18-65 years, 2) having a functional range of motion to 
complete all tests, and 3) being capable of single-leg balance and hopping. The exclusion criteria 
included 1) having any acute lower extremity injury that would prevent the participant from 
safely completing all tasks, 2) having to wear a prescribed ankle brace or other assistive device, 3) 
having undergone any lower extremity surgery in the past 6 months, 4) having any neurological 
condition affecting lower extremity proprioceptive input, and 5) having any vision and vestibular 
deficits that impact balance control. Based on the results of the CAIT, 25 participants (aged 23.40 
± 2.47; 12 males and 13 females) were classified as having CAI, and 26 participants (aged 23.42 ± 
2.27; 7 males and 19 females) were classified as having no CAI. Sample size was estimated using 
G*POWER 3.1.9.7 (Universitat Kiel, Germany) software. For two independent groups, using an 
effect size of 0.8, a statistical power of 80%, and an α of 0.05, the estimated sample size was 26 
participants per group.12 All participants signed the informed consent approved by the IRB of a 
local university. This study was carried out fully in accordance with the ethical standards of the 
International Journal of Exercise Science.13

Protocol
This study is an observational research with a cross-sectional design. Four outcome measures 
were used to examine single-leg balance in this study. The Cumberland Ankle Instability Tool is 
a test to measure chronic ankle instability. The test is a subjective measure with scores ranging 
from 0-30, with 30 being the best. A score of 25 or less indicates chronic ankle instability (CAI). 
The sensitivity of the test is 96.6% and the specificity is 86.8%.14 Stemmed from the Star Excursion 
Balance Test, the Y-Balance Test (YBT) is a single-leg balance test that measures dynamic balance 
in the anterior, posteromedial, and posterolateral directions. The Athletic Single-Leg Stability 
Test (ASLST) with the Biodex Balance System was chosen because it measures the static single-
leg balance on a multi-axial platform that has various instability levels, which is unique from 
other balance testing. The Time-In-Balance Test was chosen because it represents a commonly 
implemented single-leg balance testing protocol, and the Side Hop Test was chosen because 
it represents a functional testing protocol.8 The YBT has a good intra-rater reliability (.85-0.91) 
and inter-rater reliability (0.81-1.00).15 The ASLST provides an overall performance in both the 
anterior-posterior and medial-lateral directions. A greater number of the stability index correlates 
with more difficulty in controlling balance.16 Wendy et al. (2009) reported great reliability (r = 
.94) for the overall stability measurement.17 Arifin et al. (2014) also reported excellent test-retest 
reliability (ICC = .94).18 The Time-In-Balance Test (eyes closed) is a single-legged balance test. 
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The test has a participant stand on a firm surface with eyes closed and is used to determine the 
period that a participant can remain motionless in a single-leg stance before moving the test foot 
or touching the floor with the opposite limb. The maximum length of a trial is 60 seconds.19 The 
ICC measures for test-retest had moderate reliability with scores of 0.609.20 The Side Hop Test 
is a functional performance test that mimics dynamic movements in sports settings. The test 
requires a 30 cm area marked by tape on each side of the participant. The participant will be 
timed jumping over the designated area and back to the starting point 10 times on a single testing 
limb as fast as possible while being timed.20 Greater instability of the ankle is linked to longer 
times during testing. The intra-rater ICC of the Side Hop Test ranges from 0.63 to 0.67, the inter-
rater ICC ranges from 0.83 to 0.91, and the test-retest reliability is good in adults (ICC = 0.84).20

After participants signed the informed consent form, the examiners screened participants based 
on the inclusion and exclusion criteria to determine if they met the requirements for the study. 
Once the eligible participants were selected, they completed a CAIT questionnaire for both legs. 
The examined leg was the leg that had the worst CAIT score, but still met all our recruitment 
criteria. After the CAIT questionnaire was completed, the examiners assigned the participants 
to groups based on their CAIT score. One group included participants with CAI, and the other 
group included participants without CAI. 

Participants performed four designated balance tests in a randomized order to prevent potential 
bias, and each test was measured by the same researcher to enhance intra-rater reliability. All tests 
will be performed on the examined leg. After each test, the participant was asked to look at a VAS 
chart and pick a number (from 0 to 100) to identify their perceived stability during the test. The 
number 0 represents the best stability (100% stable, no fall risk), and the number 100 represents 
the worst stability (definitely will fall). The same scale was presented to the participants after 
each test. 

For the Y-Balance Test, participants stood on a platform with their examined leg (Figure 1). The 
participants pushed 3 blocks (reach indicators) with their non-examined leg in the anterior, 
posteromedial, and posterolateral directions as far as they could without placing their reaching 
foot down.21 Participants were allowed to raise the heel of the balancing/examined limb during 
the testing. The participants were asked to practice three times in each direction, followed by 
three official trials with measurements being recorded (the distance of the “reach indicator” 
being moved) at the nearest half-centimeter. If the participants touched down with their reaching 
limb, failed to return to the starting position, or removed their hands from their hips, they would 
perform another trial immediately.20 To normalize the data according to a participant’s height, 
the leg length (from the anterior superior iliac spine to the medial malleolus) of the examined leg 
was measured in the supine position with a soft tape. To calculate the score, the average reach 
distance of the 3 official trials was divided by the participant’s leg length.

For the Athletic Single-Leg Stability Test (ASLST) using the Biodex Balance System (BBS), 
participants stood with the examined limb and balanced on the multiaxial standing platform 
on level four (medium difficulty by the default setting; Figure 2A).18 Using the visual feedback 
from the monitor, participants tried to keep their center of gravity at the center of the target for 
20 seconds. Before each testing procedure, the participants would perform three practice trials 
followed by three official trials. There was a 10-second break between each trial during testing.16 
The leg not on the platform was in a slightly flexed position, avoiding contact with external 
surfaces. The result for each trial (Biodex Stability Index in degrees) was individually recorded, 
and the average of the three testing trials was taken for data analysis. For the Time-In Balance test, 
participants had their eyes closed with their testing limb on a firm surface (Figure 2B). Participants 
balanced on the examined leg for as long as possible without losing their balance, with 60 seconds 
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being the maximum amount of time. The timer began when the non-tested foot left the ground 
and was stopped as soon as the foot was returned to the ground. The participant completed three 
trials, with the longest trial being used for analysis.22 For the Side Hop Test, using their examined 
leg, participants hopped laterally over the 30 cm identified area (marked by tape) and back to the 
starting position 10 consecutive times as quickly as possible without losing balance while being 
timed (Figure 2C). The participant performed two successful trials, with the fastest time being 
recorded for data analysis.23 

                                        A.                                                     B.                                                      C.    
Figure 1. The three directions of the Y-Balance Test (YBT). 1A: anterior; 1B: posteromedial; 1C: posterolateral.

Figure 2. Balance tests. 2A: Athletic Single-leg Stability Test (ASLST); 2B: Time-in-Balance Test; 2C: Side Hop Test.

Statistical Analysis
Data were analyzed using IBM SPSS version 26 (IBM Corp, Armonk, NY). The Shapiro-Wilk test 
was initially conducted to examine data normality. Based on these results, the Mann-Whitney 
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U-test was used to examine non-normally distributed data (CAIT, Time in Balance, Side Hop 
Test, Side Hop Test VAS, ASLST, ASLST VAS, YBT VAS), while the Independent T-test was used 
for normally distributed data (Time in Balance VAS, YBT). Spearman’s correlation was used to 
examine the relationships between CAIT scores and all other physical and perceived balance 
measures. The significance level (p-value) was set at 0.05 for all comparisons.

Results
Participants with CAI demonstrated significantly lower scores (worse ankle stability) on the CAIT 
than those without CAI (z = -5.794, p < .001; Figure 3) with a large effect size (r = -.811). According 
to Cohen (1988), the effect size r is classified as small (.10), medium (.30), and large (.50); and the 
effect size d is classified as small (.20), medium (.50), and large (.80).23 For the Time in Balance 
Test, no significant difference was found between those with and without CAI in both physical 
tests (z = -1.358, p = .175, r = -.190; Figure 4A) and perceived stability (t = 1.496, p = .141, d = .213; 
Figure 4B). Similarly, no significant group differences were found in the Side Hop Test for both 
physical performance (z = -.235, p = .814; r = -.033, Figure 5A) and perceived stability (z = -.516, 
p = .606, r = -.072; Figure 5B). For the ASLST, all three physical measures showed no significant 
differences between groups (z = -1.726, p = .084, r = -.241 overall; z = -1.822, p = .068, r = -.255 
anterior-posterior; z = -1.218, p = .223, r = -.171 medial-lateral; Figure 6A). However, participants 
without CAI perceived significantly superior stability for the ASLST compared to those with CAI 
(z = -2.219, p = .026; Figure 6B) with a medium effect size (r = -.311). For the YBT, there were no 
significant differences in group performance across all directions tested (t = 1.117, p = .269, d = 
.159 anterior; t = -.611, p = .544, d = -.087 posteromedial; t = -.011, p = .991, d = -.002 posterolateral; 
t = -.281, p = .781, d = -.041 composite; Figure 7A). However, participants without CAI perceived 
significantly superior stability compared to those with CAI (z = -2.052, p = .040; Figure 7B) with a 
small effect size (r = -.287). Correlation analysis indicated that none of the physical and perceived 
balance test scores had a strong correlation with the CAIT score (rs ranging from .002 to .415). 
However, the correlations between the VAS of the Y-Balance test and the CAIT (rs = -.376) and 
the correlation between the VAS of the ASLST and the CAIT (rs = -.399) were both significant (p 
< .05). 

Figure 3. Cumberland Ankle Instability Tool (CAIT) scores for participants with and without Chronic Ankle 
Instability (CAI). The error bar indicates 95% CI. * denotes a statistically significant difference from the group with 
CAI (p < .05). 
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Figure 4. Time-in-Balance Test scores (4A) and perceived stability Visual Analog Scale (VAS) scores (4B) for 
participants with and without Chronic Ankle Instability (CAI). The error bar indicates 95% CI.

Figure 5. Side Hop Test scores (5A) and perceived stability Visual Analog Scale (VAS) scores (5B) for participants 
with and without Chronic Ankle Instability (CAI). The error bar indicates 95% CI.

Figure 6. Biodex Stability Index (in degrees) of the Athletic Single-leg Stability Test (6A) and perceived stability 
Visual Analog Scale (VAS) scores (6B) for participants with and without Chronic Ankle Instability (CAI). The error 
bar indicates 95% CI. * denotes a statistically significant difference from the group with CAI (p < .05). 

 A.                                                                                                         B.

 A.                                                                                                         B.

 A.                                                                                                         B.
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Figure 7. Y-Balance Test (YBT) scores (7A) and perceived stability Visual Analog Scale (VAS) scores (7B) for 
participants with and without Chronic Ankle Instability (CAI). The error bar indicates 95% CI. * denotes a statistically 
significant difference from the group with CAI (p < .05). 

Discussion
This study examined whether participants with CAI exhibit differences in static/dynamic balance, 
functional performance, and perceived stability compared to those without CAI. Using CAIT 
as the classification tool, participants with CAI demonstrated significantly worse ankle stability 
than participants without CAI. Despite this, their performance on assessments of static balance 
(Time-in-Balance test and ASLST), dynamic balance (YBT), and functional performance (Side 
Hop Test) was comparable to participants without CAI. Those results contradict the hypothesis 
of the current study. However, this observation is consistent with Aguilar et al.25 and Garza et 
al.26, who reported similar balance performance between athletes (collegiate soccer players and 
jumping athletes, respectively) with and without CAI. Although the ankle joint is part of the lower 
extremity kinematic chain, its stability may not play a significant role in overall balance control in 
healthy young adults.27 It is also possible that compensatory strategies, such as increased reliance 
on hip and core stabilization or effects from training and motivation, may reduce the impact of 
CAI on balance control in young adults.25        

Participants with CAI perceived less stability on the YBT and the ASLST, which agrees with the 
hypothesis. Given that the CAIT classification relies on self-reported symptoms, it is reasonable 
for participants experiencing ankle discomfort or instability to also perceive reduced stability 
during single-leg balance tasks. In addition, the YBT and ASLST are not common functional 
activities. Anxiety related to unfamiliar movements may have influenced perceived stability ratings. 
Contrary to the hypothesis, similar perceived stability was reported between groups for the Time-in-
Balance and Side Hop Tests, possibly reflecting the lack of difference in their physical performance.

Correlation analysis did not identify strong associations between physical/perceived balance 
test scores and ankle stability status (CAIT scores). This result contradicts the hypothesis. One 
potential explanation is that perceived ankle integrity may not play a significant role in single-leg 
balance control. Future studies will be beneficial to examine the correlation between single-leg 
balance performance and the integrity of ankle stabilizers (such as using the anterior drawer test 
and/or the talar tilt test to examine the ligaments that stabilize the ankle joint). It is also possible 
that the balance tests implemented in the study were not challenging/specific enough to address 
ankle stability deficits. Future research should explore the inclusion of more sport-specific or 
reactive balance tasks, such as agility-based movements, to better assess functional deficits in 
individuals with CAI.

 A.                                                                                                         B.
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One limitation of this study is the potential variability in participants’ activity levels and ankle 
sprain history. That information was not collected or standardized across groups. Additionally, 
implemented balance tests might not fully replicate the real-world demands placed on individuals 
with CAI during sports or functional activities. Future studies should consider incorporating 
more functional and ecologically valid assessments to better understand the relationship between 
ankle instability, perceived balance, and physical performance outcomes. 

In conclusion, this study found that although participants with chronic ankle instability (CAI) 
reported significantly lower ankle stability on the CAIT, their physical performance on static 
and dynamic balance tests and functional tasks did not differ from those without CAI. However, 
participants with CAI perceived significantly lower stability on the Y-Balance Test and the 
Athletic Single-Leg Stability Test, suggesting a disconnect between objective balance outcomes 
and subjective experiences of instability. These findings indicate that ankle integrity may not 
substantially influence balance control in healthy young adults, but perceived stability remains 
an important factor in understanding the impact of CAI. Clinically, incorporating both objective 
and subjective assessments may provide a more comprehensive evaluation of ankle stability, 
supported by literature that shows injury-related fear in individuals sustaining ankle sprains or 
CAI.28 Future studies may be beneficial to incorporate the Fear-Avoidance Beliefs Questionnaire 
and Tampa Scale of Kinesiophobia in their design.28 In addition, it may be beneficial to implement 
more demanding or sport-specific balance tasks, as well as physical measures of ankle stability 
(such as using the Anterior Drawer Test), to examine deficits associated with CAI.
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