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Background: Ankle sprains occur frequently among humans who undertake various body 
movements. Diverse walking environments and dual tasks, that can affect ankle sprains, have 
been studied. However, there is a lack of research on inter-trial variability according to the 
changes in gait speed.

Objects: The purpose of this study was to compare the adaptive ability of walking between 
the subjects with chronic ankle instability and healthy adults while performing a walking task 
with different walking speeds.

Methods: In this study, 24 people in the chronic ankle instability group and 24 people in 
the healthy ankle group were selected as subjects. The length of the pre-measurement and 
the actual walking measurement were both set to 4.6 m. Once the subjects entered the mea-
surement section, they changed their gait speed according to the randomly assigned speed 
change. Gait was measured twice and the average value was used for the analysis.

Results: The coefficient of variation (CV) of cycle time in subjects with chronic ankle instability 
showed a significant difference in all cases except when the subjects changed their speed from 
preferred to slow and from slow to preferred. The CV of step length demonstrated a signifi-
cant difference in all cases except for the change from slow to preferred and from preferred to 
fast. The cycle time and step length differential showed a significant difference only when the 
subjects changed the speed from slow to fast.

Conclusion: The subjects with chronic ankle instability were found to have significantly 
reduced walking adaptability while performing inter-trial variability tasks with different gait 
speeds compared to healthy subjects.

INTRODUCTION

Ankle sprains occur during almost all movements, but more 

frequently during active movements, such as running, jumping, 

and landing [1]. More than 70% of individuals who have once 

experienced an ankle sprain experience similar symptoms 

such as additional and repetitive instabilities, including repeat-

ed injuries and dysfunctions [2]. Despite the high recurrence 

rates, only 6.8% of ankle sprain patients receive physical and 

exercise therapies within a month after being diagnosed with 

an ankle sprain by a doctor [3]. This lack of early treatment 

for injuries leads to the development of long-term chronic 

ankle instability [4]. Chronic ankle instability is a condition in 

which pain and swelling occur along with a persistent feeling 

of tweaking or giving way [5]. Repetitive damage to the ankle 

joint affects the afferent nerves, causing muscle contraction, 

a lack of proprioception for ankle movements, peroneal, in-

verter, and tibialis anterior muscle weakness, and abnormal 

lower-extremity alignment, subsequently causing a continuous 

decline in performance [6].

Based on previous studies, ankle joint injuries are accom-

panied by various problems, such as lower performance and 

functional disorders, with a high risk of re-injury. Therefore, 

preventive approaches and management after ankle joint in-

juries are required [7]. Monaghan et al. [8] compared the gait 

of subjects with chronic ankle instability with that of normal 

individuals and found that gait was more affected in the pres-

ence of ankle instability. They argued that subjects with ankle 
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instability had poorer ankle control, an increased risk of falls 

and injuries during walking, and the possibility of damage to 

the ankle joint structure itself by repeated injuries.

Walking is one of the most common forms of human loco-

motor movement, and is a natural, habitual, and automated 

behavior [9,10]. It is a continuous and repetitive movement 

in which one limb maintains a stable stance phase while the 

other limb moves the body forward through a complex process 

of the nervous and musculoskeletal systems [11]. Of the various 

walking conditions, gait speed is one of the essential factors 

that has the largest effect on walking [12-14]. Walking requires 

the ability to adapt to various environments, including level 

ground, uneven ground, spaces with obstacles, and narrow 

places [15]. However, subjects with chronic ankle instability 

have an overall lower level of adaptability in the sensorimotor 

system than normal individuals. Thus, they are likely to have a 

higher risk resulting from lowered performance than normal 

individuals.

Inter-trial variability is defined as a change in the properties 

of a task due to the environment and other factors that can 

affect the task while it is being performed. If the environment 

in which a task is performed and the required elements for 

the task are constant when transitioning from one movement 

to another, there will be no inter-trial variability [16]. How-

ever, actions such as talking while walking, sending a mobile 

phone message, and crossing the street while checking traffic 

signals are part of the scenarios likely to occur commonly in 

our daily lives [17]. To complete an inter-trial variability task, 

individuals must adapt to a new environment by continuing to 

detect changing environmental requirements by strategizing 

the use of various movements. However, lowered performance 

and proprioception in those with chronic ankle instability can 

cause negative results on their ability to adapt to variability 

tasks.

A range of previous studies have evaluated the function of 

walking through the diversity of walking environments and the 

application of dual tasks. The results of these studies indicate 

that: 1) dual tasks in subjects with chronic ankle instability 

could have a greater impact on the temporal variables [18-20], 

variability, and balance of gait, thereby increasing the risk of 

falls during walking, and 2) changes in gait speed influence the 

evaluation of gait variables [21,22]. The majority of these stud-

ies were conducted based on dual tasks. However, no studies 

have evaluated the walking ability according to inter-trial vari-

ability tasks using gait speed changes. In addition, comparative 

studies on subjects with chronic ankle instability and normal 

subjects remain inadequate.

Accordingly, the purpose of this study was to select the gait 

speed commonly used in the daily lives of adults with ankle 

joint instability and healthy individuals as an element of vari-

ability and compare the adaptive ability of walking between 

the two groups through changes in their gait speed while per-

forming walking tasks.

This study hypothesizes that the group of subjects with 

chronic ankle instability would have a reduced ability to adapt 

their walking during an inter-trial variability task compared 

with the healthy ankle group.

MATERIALS AND METHODS

1. Subjects

The number of subjects was calculated using G*Power ver-

sion 3.1.9.4 (Kiel University) a sample size calculation program 

according to Cohen’s sampling formula. According to the re-

sults of a preliminary study, the significance level was set at 

0.05, the effect size at 0.86, and the power at 0.80. The sub-

sequent calculation of the sample size resulted in a minimum 

sample size of 22 subjects per group. The subjects of this study 

were young males and females enrolled at Daejeon University. 

A total of 52 people participated in the experiment. After the 

study’s purpose and methods were explained, their consent 

was obtained to proceed with the study.

The inclusion criteria for the subjects were as follows: 1) 

individuals who scored 5 points or higher according to the 

Ankle Instability Instrument (AII) survey; 2) individuals who 

had experienced an ankle sprain for more than 3 months and 

less than 12 months; 3) individuals who had experienced giv-

ing away in the ankle; and 4) individuals who had experienced 

repetitive sprains and ankle instability. The exclusion criteria 

were as follows: 1) individuals who had stopped physical activ-

ities for at least one day due to a sprain in the lower extremity 

within the past 3 months; 2) individuals who had experienced 

a lower-extremity fracture; 3) individuals who had undergone 

surgery for problems with bones, joints, or nerves of the lower 

extremity; and 4) individuals who currently complain of pain 

in the ankle joint and lower extremity.

Among the participants, two were excluded from the study 

due to a history of lower-extremity fractures and surgery. An-
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other two were excluded because of their acute ankle injuries 

that occurred within 3 months. This study was approved by 

the Daejeon University Ethics Committee (IRB no. 1040647-

202304-HR-003-02).

2. Research Design

In this study, 24 people in the chronic ankle instability group 

and 24 people in the healthy ankle group, who met the selec-

tion criteria, were selected as subjects. These subjects per-

formed walking by changing their gait speeds according to the 

randomly assigned speed changes that appeared on the front 

screen during walking, while randomization was conducted 

using a randomization website (www.randomization.com). Af-

ter the experiment, a comparative analysis was conducted on 

each measured value. The research design is shown in Figure 1.

3. Experimental Methods

This study intended to examine whether there were differ-

ences in gait variables by exposing the chronic ankle instabil-

ity and healthy ankle groups to the same inter-trial variability 

task. In total, six conditions were set according to gait speed 

changes: 1) walking from one’s preferred speed to the slowest 

possible speed; 2) walking from the fastest possible speed to 

the slowest possible speed; 3) walking from the slowest pos-

sible speed to the preferred gait speed; 4) walking from the 

fastest possible speed to the preferred gait speed; 5) walking 

from the slowest possible speed to the fastest possible speed; 

and 6) walking from the preferred gait speed to the fastest pos-

sible speed.

The gait distance for each of the pre-measurement and 

measurement sections was set at 4.6 m. When a subject en-

tered the measurement section, the experimenter asked the 

subject continue walking by changing the gait speed according 

to the randomly assigned speed changes. The affected side was 

measured for subjects with chronic ankle instability. When any 

of them had bilateral injuries within the experimental period, 

the most recently damaged side was measured. By contrast, 

the dominant side was measured for the healthy ankle group. 

The experiment was conducted after plenty of practice, and 

the average value of two walking measurements was used as a 

measured value.

4. Assessment Tools

1) Ankle Instability Instrument 

The AII survey was used to evaluate ankle instability. This 

survey consists of nine questions that could be answered with 

“yes” or “no.” The AII score was calculated as 1 point if the 

answer was “yes” and 0 if the answer was “no.” According to its 

evaluation system, a total score of 0 indicated no ankle injury, 

a score of 1 to 4 denoted slight ankle instability, and a score of 

5 or higher ankle instability. The reliability and validity of this 

evaluation tool were high at 0.95 and 0.96, respectively.

Assessed for eligibility (N = 52)

Excluded (n = 4)
Fracture history (n = 2)

Acute sprain in 3 months (n = 2)

Chronic ankle instability group (n = 24) Health ankle group (n = 24)

Randomized gait speed
Preferred speed to the slowest possible speed, Fastest possible speed to

the slowest possible speed, Slowest possible speed to the preferred gait speed,

Fastest possible speed to the preferred gait speed, Slowest possible speed to

the fastest possible speed, Preferred gait speed to the fastest possible speed

Coefficient of variation, differential analysis
[Gait parameters: cycle time, step length]

Figure 1.Figure 1. Flow chart of the study.
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2) Gait Evaluation System 

The GAITRite System (CIR Systems Inc.) was employed to 

evaluate the subjects’ gait variables. In this study, gait cycle 

time, a temporal variable of gait, was measured using the 

equipment along with step length, a spatial variable. In ad-

dition, gait variability variables, such as gait cycle time coef-

ficient of variation (CV) step length were measured. The reli-

ability of the evaluation items was high in the range of 0.82 to 

0.92 and demonstrated high validity in comparison with other 

equipment (Clinical Stride Analyzer, Vicon Motion Analysis 

System; Vicon).

5. Analytical Methods

All the data collected from the subjects of this study were 

statistically processed using the IBM SPSS statistics version 27.0 

for windows (IBM Co.). The general characteristics of the sub-

jects were presented with mean and standard deviation using 

descriptive statistics, and the Shapiro–Wilk test was performed 

to test the normality of the measured variables. Independent 

t-tests were used to compare the levels of measured variables 

between the chronic ankle instability and healthy ankle groups. 

The statistical significance level of this study was set at 0.05.

RESULTS

1. General Characteristics of the Subjects

This study involved a total of 48 subjects, consisting of 24 

subjects in the chronic ankle instability group and 24 subjects 

in the healthy ankle group. There were no significant differ-

ences in sex, age, height, and weight between the two groups, 

whereas some significant differences were observed in the AII 

questionnaire (Table 1).

2. Comparison of Gait CVs Between the Two Groups 

According to Gait Speed Changes

In a comparison of the gait CVs between the chronic ankle 

instability and normal ankle groups according to changes in 

gait speed, there were significant differences in the CV values 

of cycle time between the two groups, excluding those for 

walking at preferred to slow gait speeds and walking at slow 

to preferred gait speeds. In the CV values of step length, there 

were significant differences between the groups, excluding 

Table 1.Table 1. General characteristic of the subjects

Variable CAI group (n = 24) Normal group (n = 24) p-value

Sex (male/female) 12/12 12/12 1.00
Age (y) 21.29 ± 1.96 20.88 ± 2.05 0.48
Height (cm) 166.67 ± 9.20 169.08 ± 9.25 0.37
Weight (kg) 64.79 ± 15.88 62.54 ± 12.01 0.58
AII (score) 6.79 ± 1.35 0.42 ± 0.71 0.00*

Values are presented as number only or mean ± standard deviation. CAI, chronic ankle instability; AII, Ankle Instability Instrument. *p < 0.05.

Table 2.Table 2. Changes in the coefficients of variation of gait parameters according to changes in gait speed

Variable Change gait speed CAI group (n = 24) Normal group (n = 24) p-value

Cycle time CV PS 4.78 ± 3.28 3.78 ± 2.82 0.25
FS 12.01 ± 5.81 4.76 ± 3.98 0.00*
SP 4.33 ± 2.95 2.90 ± 2.42 0.07
FP 4.72 ± 3.06 2.94 ± 2.39 0.03*
SF 9.96 ± 5.29 3.35 ± 2.83 0.00*
PF 4.32 ± 2.19 3.06 ± 2.00 0.04*

Step length CV PS 3.65 ± 2.61 2.32 ± 1.85 0.05*
FS 8.18 ± 5.88 3.15 ± 2.43 0.00*
SP 2.94 ± 1.56 3.28 ± 1.78 0.49
FP 4.44 ± 3.30 2.69 ± 1.88 0.03*
SF 4.73 ± 4.25 2.02 ± 1.83 0.00*
PF 2.62 ± 2.64 2.02 ± 1.81 0.37

Values are presented as mean ± standard deviation. CAI, chronic ankle instability; CV, coefficient of variation; PS, change gait speed from preferred speed 
to slowest speed; FS, change gait speed from fastest speed to slowest speed; SP, change gait speed from slowest speed to preferred speed; FP, change 
gait speed from fastest speed to preferred speed; SF, change gait speed from slowest speed to fastest speed; PF, change gait speed from preferred 
speed to fastest speed. *p < 0.05.
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those for walking at slow to preferred gait speeds and walking 

at preferred to fast gait speeds (Table 2).

3. Comparison of Gait Coefficient Differentials 

Between the Two Groups According to Gait Speed 

Changes

In a comparison of gait coefficient differentials between the 

chronic ankle instability and normal ankle groups according to 

changes in gait speed, a significant difference in both the cycle 

time differential and step length differential values was only 

observed in the slow-to-fast gait speed change (Table 3).

DISCUSSION

Most studies on gait speed have been conducted at comfort-

able speeds [23], with some suggesting that gait analysis at 

various speeds is necessary to fully understand and instruct the 

walking patterns of patients [24]. Therefore, the current study 

provided an inter-trial variability task using speed changes to 

an experimental group of 24 subjects with chronic ankle insta-

bility and a control group of 24 subjects with healthy ankles. 

The study was conducted to prevent the risk of re-injury in 

subjects with chronic ankle instability and provide preventive 

information by examining the effect of speed changes on the 

temporal, spatial, and variability variables of gait and com-

paring any differences between the two groups. The results 

confirmed significant differences in the temporal, spatial, and 

variability variables between the two groups when performing 

the inter-trial variability task according to speed changes.

The temporal variables of gait significantly increased in the 

chronic ankle instability group, showing a significant differ-

ence between the two groups. This finding is attributed to the 

reduced ability to adapt to given situations due to decreased 

proprioception and performance, although it was necessary 

to quickly recognize and adapt to them to continue walking. A 

previous study reported that in subjects with chronic ankle in-

stability, the paired movement pattern between the ankle and 

the shin bone was deformed, thereby increasing the temporal 

variables of gait on the affected side, which could increase the 

probability of inversion injuries [25].

The spatial variables of gait significantly increased in the 

chronic ankle instability group, along with a significant dif-

ference between the two groups. The chronic ankle instability 

group showed larger values resulting from speed changes than 

the healthy ankle group, which also appears to have stemmed 

from a failure to adapt quickly to given situations. This finding 

supports the argument from previous studies that changes in 

the spatial variables of gait decrease balance ability. This result 

can support the claim that changes in the spatial variables of 

gait increase due to a decline in balance ability [26].

The two groups exhibited a significant difference in the gait 

CV when the gait speed was changed from slow to fast in the 

chronic ankle instability group. This result is consistent with 

the finding that both elderly and healthy adult groups yielded 

large CVs when the gait speed was changed from slow to fast 

and can support the research result that gait control is dif-

ficult when the body is abruptly moved forward [27]. Accord-

ing to the results of previous studies, the ability to increase or 

Table 3.Table 3. Changes in the gait parameters differentials according to changes in gait speed

Variable Change gait speed CAI group (n = 24) Normal group (n = 24) p-value

Cycle time differential PS 0.06 ± 0.54 0.05 ± 0.52 0.66
FS 0.06 ± 0.07 0.06 ± 0.04 0.63
SP 0.04 ± 0.03 0.03 ± 0.03 0.16
FP 0.04 ± 0.04 0.05 ± 0.04 0.31
SF 0.06 ± 0.48 0.03 ± 0.25 0.02*
PF 0.03 ± 0.03 0.03 ± 0.02 0.80

Step length differential PS 1.97 ± 1.32 2.15 ± 1.51 0.48
FS 2.53 ± 1.92 2.30 ± 2.18 0.71
SP 2.42 ± 2.35 1.55 ± 1.63 0.14
FP 3.09 ± 2.60 1.95 ± 1.88 0.09
SF 2.93 ± 2.26 1.69 ± 1.16 0.03*
PF 2.21 ± 2.46 1.41 ± 0.80 0.14

Values are presented as mean ± standard deviation. CAI, chronic ankle instability; PS, change gait speed from preferred speed to slowest speed; FS, 
change gait speed from fastest speed to slowest speed; SP, change gait speed from slowest speed to preferred speed; FP, change gait speed from fastest 
speed to preferred speed; SF, change gait speed from slowest speed to fastest speed; PF, change gait speed from preferred speed to fastest speed. *p < 
0.05.
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decrease the gait speed is an important factor in individuals 

moving around their communities, and high levels of physical 

and cognitive control that can adjust the gait speed to the en-

vironmental factors are required to avoid danger [27,28].

The findings of this study confirmed that the ankle instabil-

ity group is more likely to be exposed to re-injury than the 

healthy ankle group while performing an inter-trial variabil-

ity task according to changes in gait speed during walking 

through changes in gait variables. Accordingly, the hypothesis 

that the ability for walking adaptation in subjects with chronic 

ankle instability would be reduced when performing an inter-

trial variability task according to gait speed changes was sup-

ported with a statistically significant difference proven through 

a comparative analysis with the healthy ankle group.

Given the limitations of the current study, future research 

will be necessary to compensate for these limitations. First, 

the subjects of this study were limited to young adults in their 

20s, which made it difficult to generalize the study results for 

all ages. Second, given that only part of the gait variables were 

measured in this study, analysis of additional gait variables will 

be necessary. Third, the findings of this study were measured 

in a relatively safe indoor setting; thus, systematic research will 

be necessary to determine whether the results can also be ap-

plied to actual outdoor walking.

CONCLUSIONS

Inter-trial variability tasks had a greater negative effect on 

the gait patterns of the subjects with chronic ankle instability 

than those with healthy ankles. This indicates that changes in 

the sensation and mobility of ankle joints can increase the risk 

of re-injury by decreasing the ability to adapt to unpredictable 

situations during walking. The results of this study can be used 

as valuable information to reduce the risk of chronic ankle 

re-injury in patients with chronic ankle instability and can 

be considered by experts when making plans to improve gait 

abilities.
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