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Abstract: The purpose of this study was to identify changes in 

the center of pressure during stair ascending in subjects with 

chronic ankle instability while different angles of foot are 

applied.  

The subjects of this study were 20 male and female adults with 

chronic ankle instability were selected from among the 

employees of D Hospital in Daegu Metropolitan City. The 

criteria for selection of subjects with chronic ankle instability 

were those who felt wobbling in the ankle joint and scored not 

higher than 24 points in a test using the Cumberland Ankle 

Instability Tool (CAIT). The subjects carried out stair 

ascending in neutral, toe-in and toe-out postures, respectively, 

and changes in the center of pressure (COP) were compared 

and analyzed. 

 The results of this study, no statistically significant difference 

appeared in the comparison between the toe-in posture and 

neutral posture or between the neutral posture and the toe-out 

posture but medial/lateral movements of the center of pressure 

showed significant differences between the toe-in and toe-out 

postures. In addition, the total travel range and the moving 

range of the center of pressure, the average velocity, and the 

anterior/posterior movements of the center of pressure showed 

no statistically significant difference among all three postures. 

  As a result, it could be seen that when adults with chronic 

ankle instability climb the stairs, the toe-in posture reduce the 

medial/lateral movements of the center of pressure thereby 

increasing the stability of the ankle and effectively preventing 

re-injuries.  

 

Keywords: ankle instability， foot progression angle， stair 

ascending，center of pressure, ankle posture. 

 

I. INTRODUCTION 
The ankle joint is one of the representative lower limb joints, 
plays a very important role in absorbing shock and carrying 
out normal walking, and is one of those joints where 
orthopedic injuries occur the most frequently not only in the 
case of athletes but also in the case of ordinary people [1]. 
As for the range of motion of the ankle joint, the range of 
inversion becomes larger than the range of eversion because 

the lateral malleolus of the fibula is located below the medial 
malleolus of the tibia [2]. Due to this structural 
characteristic, injuries of the ligament of the ankle joint are 
mainly caused during inversion among the movements of the 
ankle joint, and lateral ligaments representatively including 
the anterior talofibular ligament, the calcaneofibular 
ligament, and the posterior talofibular ligament are mainly 
injured. According to a study conducted by [3], injuries to 
the ligaments in the ankle area can be functionally healed to 
some extent only with appropriate conservative therapy in 
the early stage, but since protection and treatment are not 
properly carried out according to the degree of injuries, 
repetitive re-injuries occur in about 20-40% of patients and 
such re-injuries spread into chronic ankle instability [3]. 

The main cause of chronic ankle instability is anatomical 
instability. Since the lateral ligament, which is relatively 
weaker than the medial ligament, is mainly injured when an 
ankle has been sprained, the anterior dislocation of the fibula 
can be a contributing factor to ankle instability [4].  

In general, chronic ankle instability is classified into 
functional ankle instability and mechanical ankle instability. 
With regard to functional ankle instability, it has been 
reported that when the muscles, ligaments and tendons 
supporting regions around the ankle have not been recovered 
into their previous normal state due to insufficient 
rehabilitation after an ankle injury, symptoms such as 
weakening of muscle strength, declines of balance and 
coordination abilities, etc. appear, and these symptoms cause 
ankle joint instability or repetitive injuries in subjective 
forms [5]. On the other hand, mechanical ankle instability 
shows objective forms such as joint motions exceeding the 
normal range of motion measured with radiological or 
clinical evaluation or the laxity or rupture of ligaments such 
as the anterior talofibular ligament, the posterior talofibular 
ligament, and the calcaneofibular ligament [2], and it has 
been reported that pathological laxity such as chronic ankle 
instability leads to postural control disorder, defects in the 
muscle nerve reflexes of the lower limb muscles, as well as 
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defects in lower extremity muscle strength, the motor 
sensation, and the joint control sensation [6]. 

In the case of subjects with chronic ankle instability, whose 
lower extremity muscle strength has been weakened and 
proprioceptive sensibility has declined as such, the ability to 
perform and balance ability are reduced when they walk on 
flatlands or especially when they walk on stairs so that the 
risk of falls increases [7].  

Stair walking is a movement that occurs the most frequently 
next to flatland walking in our daily life [8]. Studies reported 
that in stair ascending movements [9], larger ranges of 
motion and moments of flexion and extension appear in the 
lower limb joints compared to flatland walking, indicating 
that higher muscle strength and force are required during 
stair ascending stairs [10]. The high risks of injuries during 
stair walking as such are also closely associated with damage 
to the overall lower limb joints such as the knee or ankle 
joints, and a study indicating that changing the angle of foot 
progression can reduce the pressure applied to the knee 
during stair walking in patients with knee arthritis was 
reported [11]. In addition, a study reported that even in the 
case normal adults, changes in the angle of foot progression 
during stair walking made significant changes in the hip and 
knee joints and affected the ground reaction force thereby 
reducing the load on the knee joint, and effectively 
preventing knee osteoarthritis [12]. 

As such, many of studies on stair walking and changes in 
the angle of foot progression focused on knee arthritis 
patients or general normal people but recently, studies 
regarding the muscle activity of the overall lower extremity 
muscles including the ankle joints and the movement of the 
center of pressure in people with chronic ankle instability 
have been reported [13], [14]. However, as described above, 
studies examining changes in the center of pressure 
according to changes in the angle of foot progression during 
stair walking, which is the most frequent next to flatland 
walking, are insufficient.  

II. METHODS 
A. Participants 

 
 This study selected 20 adult men and women aged at least 
25 years but less than 35 years with chronic ankle instability 
among the employees of the Daegu Hospital of the Korea 
Workers' Compensation and Welfare Service located in 
Daegu Metropolitan City. The criteria for the selection of 
subjects with chronic ankle instability were those who felt 

wobbling in the ankle joint and scored not higher than 24 
points in a test using the Cumberland Ankle Instability Tool 
[15]. A written consent to participate in the experiment was 
distributed to all the study subjects to obtain voluntary 
content to participate after explaining the purpose of this 
study and the contents of the experiment. This study was 
conducted after obtaining approval from the Daegu 
University Bioethics Committee (Approval: 1040621-
202004-HR-012). The general characteristics of the subjects 
who participated in this study are as shown in Table 1.  
 
Table 1. General characteristics of subjects 
 
 
 
B. Procedures 

 
When the subjects go up the stairs, the angle of foot 

progression vertical to the ground was set as the neutral 
posture, that turned 15〫∼ 20〫 medially was set as the toe-
in posture, and that turned laterally as the toe-out posture. To 
prevent the angle of the foot from changing during the 
experiment, the angle was marked with tape at each step of 
the stairs. In addition, Wii Balance Boards were placed on 
the top and bottom steps during stair walking to measure 
changes in the center of pressure. 

The researcher practiced the experiment in advance to be 
fully aware of matters that require attention. Before 
proceeding with the main experiment, the researcher first 
showed the demonstration to make the subjects recognize the 
correct postures so that the subjects could carry out the 
experiment. While the subjects were carrying out the 
experiment, the researcher checked whether the subjects 
were carrying out the experiment in the correct postures. 
 

 
Figure 1. Ankle posture (neutral, toe-in, toe-out) 

 
 
C. Assessment 

 
The Wii Balance Board (Nintendo, WA, USA) is a home 

game device developed by Nintendo, which is widely 
distributed at a relatively low price, and enables the 
measurement of the center of pressure and weight because an 
analog pressure sensor is attached to the corner of its square 
plate. A previous study [16] extracted the measured values of 
the center of pressure in normal persons from the pressure 
sensor of the Wii Balance Board, and evaluated the 
reliability by comparing the foregoing measured values with 
values measured on a force plate. In the results, the intra-
class correlation coefficient (ICC) value of the Wii Balance 
Board and the force plate showed high reliability with inter-
rater reliability of 0.89∼0.79 and intra-rater of 0.92∼0.70. 

Subjects  20 adults with chronic 
ankle instability 

p 

Age(year) 29.55±2.04 .07 

Sex(male/female) 12/8 .725 

Height(cm) 168.25±6.06 .461 

Weight(kg) 61.95±10.83 .58 

Foot length(mm） 21.90±3.78 .673 
mean ± standard deviation 

 *p< .05   
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Therefore, in this study, the Wii Balance Board was used to 
measure the total travel range, moving range, and average 
velocity, subdivide the total travel range into that along the 
horizontal axis and that along the vertical axis, and measure 
the foregoing, respectively, and Balancia software ver. 2.0 
(Mintosystem, Seoul, Korea) was used as a program to 
analyze the measured data. The ground reaction force 
applied while the foot was in contact with the ground was 
extracted by sampling at 100 Hz per second, and the 
resultant values in the stored data were analyzed using Excel 
software.  

 
 

III. STATISTICAL ANALYSIS 
 

The Kolmogorov-Smirnov test was used for a normal 
distribution. One-way ANOVA was conducted to compare 
and analyze the effects of the changes in the angle of foot 
progression and LSD post-tests were conducted to find out 
differences according to the angles of progression. Statistical 
analyses were performed using SPSS (Statistical package for 
the social sciences) version 20.0 for Window software 
(SPSS, IBM, USA), and the statistical significance level was 
set at α=.05. The effect size f-test was conducted which is a 
standardized indicator of the difference between groups.  
 

IV. RESULTS 
 

The total moving distance, moving ranges, and average 
velocities of the COP during stair ascending according to 
changes in the angle of foot progression(neutral, toe-in, toe-
out) were compared, the total travel range was subdivided 

into anterior/posterior and medial/lateral ones, and moving 
ranges were also checked for medial and lateral movements, 
which show statistically significant differences. In the 
results, there was no statistically significant difference in the 
resultant values of the total moving distance, moving ranges, 
average velocities, or anterior/posterior movements of the 
COP among ankle neutral, toe-in, and toe-out 
postures(p>.05). but significant differences appeared in the 
medial/lateral moving distance and moving ranges of the 
COP between toe-in and toe-out postures (p<.05) (Table 2) 
(Figure 2) 

The effect sizes for all items measured during stair 
ascending were smaller in the toe-in posture than in the ankle 
neutral and toe-out postures (f<0.25) (Table 2) 

 
 
 

 
 

 
V. DISCUSSION 

 
 A high degree of ankle instability negatively affects health-

related quality of life and makes the relevant person 
experience more functional limitations in daily life [17]. In 
addition, since the feet and the ankles provide weight support 
during physical activities and stability and flexibility during 
movements, various functions of the foot can be evaluated by 
measuring changes in the COP and the size and distribution 
of the COP are affected by pain, foot structures, or functional 
conditions [18]. This study checked changes in the COP in 
20 adults while applying different angles of foot progression 
during stair ascending.  

There was no statistically significant difference in the total 

Table 2. Changes in COP during stair ascending 
COP  Neutral  Toe-out Toe-in F p Effect size(f) 

Medial/lateral 

moving distance 
8211.38±5612.35 14081.1±14782.2 6098.52±2095.15 4.035 .023* -0.274 

Medial/lateral 

moving ranges 
1417.86±1711.24 1662.97±2189.53 395.81±212.84 3.489 .037* -0.356 

Average moving  

velocity 
1252.03±1462.35 1361.59±1823.93

 

777.87±240.93 1.046 .358 -0.195 

Anterior/posterior  

moving distance 
6416.59±7652.93 6911.72±9601.03 3726.94±1486.52 1.152 .323 -0.206 

Total travel range 12520.36±14623.5 13616.1±18238.9 7778.78±2409.33 1.046 .358 -0.195 

Total moving range 6267.64±8630.3 7505.62±1.77 3007.84±2253.44 .819 .446 -0.169 

ɑmean ± standard deviation       
*p< .05 
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moving distance, moving ranges, average velocities, or 
anterior/posterior movements of the COP among ankle 
neutral, tor-out, and toe-in postures but significant 
differences appeared in the medial/lateral moving distance 
and moving ranges of the COP between toe-out and toe-in 
postures. No significant difference appeared in the 
comparison between toe-in and neutral postures and between 
toe-out and neutral postures.  

A previous study stated that the movement path of the COP 
shows the movement of the pressure distribution according 
to the movement of the foot during the gait cycle and that the 
anterior/posterior movement range of the COP reflects the 
degree of progression of the COP while the left/rightward 
movement range means medial/lateral instability [19]. 
Another previous study reported that in the case of subjects 
with ankle instability, the section velocity decreased in the 
anterior/posterior and medial/lateral directions during 
dynamic postural control [20], and still another previous 
study indicated that in the case of subjects with ankle 
instability, the section velocity and direction control ability 
decreased in the medial/lateral direction, not in the 
anterior/posterior direction so that left/rightward sways 
appeared during rhythmic weight shifts such as flatland 
walking and stair walking and that the COP showed a 
tendency to be deviated laterally [21]. In addition, a study 
reported that the weakening of proprioceptive sensibility 
tends to deteriorate the sensation of the sole of the foot to 
make the COP deviate anteriorly and laterally from the foot 
and negatively affects the average pressure and dynamic 
movements [22], and another study reported that the 
movements of inversion and lateral rotation of the ankle joint 
increase during walking leading to the deterioration of the 
stability of postures so that large body shaking appears [20].  

It is thought that the stability of the ankle increased in the 
toe-in posture during stair ascending because a posture 
similar to the pronation described in the previous study [23] 
was made leading to the intorsion of the axes of the knee 
joint and hip joint and overall increases in the force on the 
structure in the medial plane of the lower limb so that the 
medial/lateral moving distance and moving ranges of the 
COP decreased during rhythmic weight shift and postural 
control.  

This study had difficulties in objectification because the 
experiment was carried out with a small number of subjects 
when changes in COP were measured and there were errors 
due to differences in the body structures of individuals and 
due to acquired habits. Therefore, it is considered that studies 
hereafter should compare between men and women with 
chronic ankle instability during overall stair walking, 
including ascending as well as going down the stairs and 
should subdivide changes in the COP in persons at various 
ages and in various occupational groups more into many 
items and objectify the items.  

 
 

 
 

Figure 2. Mediolateral moving distance & moving ranges 
 
 

VI. CONCLUSION 
 

The purpose of this study was to figure out the effects of 
different angles of foot progression applied to stair ascending 
on changes in the COP in adults with chronic ankle 
instability. In the results of this study, medial/lateral 
movements of the center of pressure showed significant 
differences between the toe-in and toe-out postures. 

It could be seen that when adults with chronic ankle 
instability climb the stairs, the toe-in posture reduces the 
medial/lateral movements of the center of pressure thereby 
increasing the stability of the ankle and effectively 
preventing re-injuries. It is expected that the findings of this 
study will be utilized as a reference by adults with chronic 
ankle instability during their stair walking.  
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