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Abstract
Purpose We evaluated and compared kinematics of bilateral ankle, knee, and hip joints in patients with chronic unilateral 
ankle instability (CAI) with healthy controls.
Methods Fifteen individuals diagnosed with CAI and a control group of 16 individuals were matched. Different peaks within 
the gait cycle (at different intervals) for the dorsiplantar, inversion/eversion, and abduction/adduction axis were compared 
between injured and uninjured sides of patients with CAI with a control group.
Results Comparison of the uninjured ankle in CAI with the control group showed higher dorsiflexion in one peak of the 
stance phase (p = 0.003), higher inversion in one peak of the stance phase (p = 0.022), and the swing phase (p = 0.004). The 
hip joint of the uninjured side showed higher extension in one peak of the stance phase (p < 0.001), and two peaks of the 
swing phase (p < 0.05). Furthermore, it showed higher adduction in one peak of the foot flat to mid-stance phase (p = 0.001), 
higher abduction in one peak of the late swing phase (p = 0.047), and the swing phase (p = 0.032). The knee joint of the 
uninjured side showed higher flexion in all measured peaks of the gait cycle (p < 0.05) (except for one peak in the late swing 
phase) compared to the control group.
Conclusion Chronic ankle instability results in altered biomechanics of the ipsilateral knee as well as the contralateral ankle, 
knee, and hip joints. The alterations caused by CAI may predispose patients to overuse and/or acute injuries of other joints 
of lower extremities during routine and sporting activity.
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Introduction

Ankle sprains are among the most common types of injuries 
in sports worldwide [1]. Some patients experience residual 
symptoms and repeated sprains [2–4], and a number of these 
individuals go on to develop chronic ankle instability (CAI) 
[5]; it is well documented that CAI patients can be prone to 
long-term degenerative changes of the ankle joint [6]. What 
is less well understood or documented, however, is the fact 
that CAI may also be associated with multiple biomechani-
cal changes in other lower extremity joints that predispose 
the individual to repeated sprain or other repetitive use inju-
ries. Some of these changes which have been documented 
include alterations in muscle strength [7], postural control, 
increase in inversion of the ankle joint [8], and restrictions 
in dorsi/plantar flexion of the ankle joint [9]. Most studies to 
date have focused exclusively on the kinetic and kinematic 
changes at the injured side [10].
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The purpose of this study was to evaluate and compare 
the kinematics of bilateral ankle and knee and hip joints 
in patients with unilateral CAI and compare these findings 
with healthy controls. We hypothesized that CAI not only 
affects biomechanics of the injured ankle but also affects 
biomechanics of the knee and hip joints of the ipsilateral 
and contralateral sides.

Methods

A total of fifteen individuals with CAI in their right leg who 
were above 18 years old and were randomly selected (using 
simple random sampling) to enter the study. Any individual 
who was pregnant, had fracture or surgery on the lower 
extremity, neuromuscular and musculoskeletal disorders, 
psychiatric disorders which would inhibit their cooperation 
with the researchers, or any individual receiving any treat-
ment for their CAI during the study period was excluded 
from the study.

Chronic ankle instability was defined as having a his-
tory of at least one ankle sprain more than 12 months and 
having symptoms including giving way and/or recurrent 
sprains and/or a feeling of instability within their ankle joint 
for more than six months prior to inclusion in this study, 
according to the International Ankle Consortium [11]. These 
patients had no other injuries to the lower extremity other 
than the ankle joint. Ankle sprains were diagnosed according 
to physical examination, radiography, and MRI confirma-
tion. These individuals were then referred to a biomechanics 
laboratory for gait assessment. A control group consisting 
of sixteen individuals older than 18 years old, without any 
history of injury or surgery to the lower extremity, was ran-
domly selected.

Gait and motion analysis

After each individual gave their informed consent to enter 
the study, data on anthropometric indices and baseline char-
acteristics of study participants were documented. Individu-
als were asked to walk on a straight path in their normal 
state wearing minimal clothing and bare-footed. Three-
dimensional kinematic information during the gait cycle was 
collected using a 6 Vicon® motion capture system (Vicon, 
Oxford, UK). Fixed markers were placed on each individual 
anatomical landmarks according to the Vicon® Plug-in-Gait 
model [12].

First, individuals were asked to walk in their usual state a 
few times after which each individual was asked to walk the 
path five times, and a mean of the total measurements was 
considered for that individual. Ankle changes were assessed 
in eversion-inversion and dorsi/plantar flexion. Knee joint 
changes were assessed in flexion–extension, abduction, 

and adduction; the hip joint changes were assessed in flex-
ion–extension, abduction, and adduction.

After collection of kinematic data from the Vicon cam-
eras, data were transferred to the MATLAB software, ver-
sion R2015b (the MatchWorks, Inc., Natick, Massachusetts, 
USA).

Instruments

Six Vicon® three-dimensional cameras were set at 120 Hz 
using the Nexus software (version 2.5). Every kinematic data 
acquired was first normalized. Moreover, for calibration, an 
L-frame (Ergocal—14-mm markers; Vicon) and calibration 
wand (240-mm wand to 14-mm markers, Vicon, Oxford, 
UK) were utilized.

Explanatory and outcome variables

Data on age, sex, and body mass index was obtained from 
each individual. The primary outcome of this study was 
measured as peak, which indicates the degree of changes in 
a specified joint within a specific axis (dorsi/plantar flexion, 
inversion/eversion, or abduction/adduction) during the gait 
cycle. For the ankle joint, seven peaks were considered on 
the dorsi/plantar flexion axis of movement, and six peaks 
were considered in the inversion and eversion axis of move-
ment within the gate cycle. As for the hip joint, five peaks 
were considered on the flexion–extension axis, and six peaks 
were considered on the abduction–adduction axis within the 
gate cycle. For the knee joint, six peaks were considered on 
the flexion–extension axis, and six peaks were considered on 
the abduction–adduction axis within the gate cycle.

Within the dorsi/plantar flexion axis of the ankle, the 
predefined peaks “a” and “b” represent heel contact to foot 
flat. Peaks “c” and “d” represent heal-off to toe-off. Peak 
“e” represents early swing. Peak “f” represents mid-swing, 
and peak “g” represents heal contact. Within the inversion 
eversion axis of the ankle, peak a represents heal contact to 
foot flat, and peak b foot flat to mid-stance. Peak c pushes-
off phase (between heal-off and toe-off), peak d early swing, 
peak e mid-swing, and peak f heal contact of the gait cycle.

Within the hip joint, for the abduction–adduction axis, 
peak a represents heal contact, peak b is foot flat to mid-
stance, peaks c and d are in the push-off phase (c is the toe-
off), and e and f are in the late swing phase. For the flexion 
and extension axis, peak a represents heal contact, peak b is 
in the push-off, peak c is the toe-off phase, and peaks d and 
e are in the late swing phase of the gait cycle.

Within the knee joint, for the abduction and adduction 
axis, peak a represents heal contact, peak b is foot flat to 
mid-stance, peaks c and d are in the push-off phase (c is 
the toe-off), and e and f are in the late swing phase. For the 
flexion–extension axis, peak a represents heal contact to foot 
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flat. Peak b is the push-off phase and peak c is the toe-off, 
and peaks d and e are in the late swing phase (Fig. 1).

Sample size calculation

In order to test the null hypothesis of our study, that there 
is no difference between dorsiplantar flexion in the ankle 
joint of individuals with CAI and the control group; a T-test 
was used with a patient to control ratio of 1:1. In order to 
achieve a 90% statistical power for detecting a difference of 
7.2 (SD = 0.5) [13], degrees in dorsi/plantar flexion during 
gait between patients with CAI and healthy control, with 
a two-tailed type-1 error of 5%, we will need a minimum 
sample size of one individual in each group. As the required 
sample size was very small, we decreased the effect size 
(mean difference) to 2°, with the previous presumptions and 
a 20% loss to follow-up expected, and accordingly, we will 
need to achieve a minimum sample size of 22 individuals (11 
in the CAI group and 11 in the control group).

Statistical analysis

Data were analyzed using the Statistical Package for Social 
Sciences (SPSS Inc., Chicago, IL, USA) for windows, ver-
sion 26. Qualitative variables were compared between two 
groups using the chi-square test. Quantitative variables with 
normal distribution were compared using the independent 
T-test. A p-value of less than 0.05 was considered statisti-
cally significant.

Results

The CAI and control groups consisted of fifteen and sixteen 
individuals, respectively. Baseline characteristics of the two 
groups were similar and are shown in Table 1.

Ankle joint

The injured ankle among patients with CAI showed higher 
dorsiflexion in one measured peak (peak b, p = 0.024) of 
the stance phase and one peak of the swing phase (peak g, 
p = 0.049) and a higher plantar flexion in one peak of the 
stance phase (peak d) of the gate cycle compared to the ipsi-
lateral ankle of a healthy individual. Moreover, the injured 
ankle showed higher eversion in all measured peaks of the 
gait cycle (< 0.05) except for one peak in the mid-swing 
phase (peak f, p = 0.062).

Comparison of the uninjured ankle of the patient with 
CAI with that of the ipsilateral ankle of a healthy individual 
showed a higher tendency towards dorsiflexion in one peak 
of the stance phase (peak b, p = 0.003)) and a higher ten-
dency towards inversion in one peak of the stance phase 

Fig. 1  The graphs show kinematic changes and measured peaks in the ankle, hip, and knee joints in the gait cycle of healthy individuals

Table 1  Baseline characteristics of patients and controls

SD standard deviation, BMI body mass index

Variables Patient Control p-Value

Age–years (+ / − SD) 28.6 ± 3.0 27.2 ± 3.5 0.248
Sex—no. (%)
  Male 10 (66.7) 7 (43.8) 0.200
  Female 5 (33.3) 9 (56.3)

BMI—kg/m2 (+ / − SD) 23.6 ± 3.4 22.7 ± 2.1 0.417
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(peak a) and one measured peak in the swing phase (peak 
e, p = 0.027)).

Comparing the injured ankle with the contralateral side 
showed that the injured joint had a higher dorsiflexion in 
three peaks of the stance phase, including one peak at the 
heel contact to foot flat (peaks a, p = 0.019), two peaks at 

the heal-off to toe-off (peak c, p = 0.046; peak d, p = 0.002), 
and two peaks of the swing phase including one peak at 
the swing phase (peaks e, p = 0.017), and one peak at heel 
contact (peak g, p < 0.001). However, the injured ankle had 
more plantar flexion in one measured peak of the swing 
phase (peak f, p = 0.001) (Table 2) (Fig. 2).

Table 2  Comparison of kinematics of the ankle joint with CAI with controls and with the contralateral uninjured ankle*

D/P dorsi/plantar, IE inversion/eversion
* All plus minus values are means and standard deviations
† The control group consisted of individuals without any history of injury to the lower extremity

Variables Injured Control† p-value Uninjured Control p-value Injured Uninjured p-value

Peak a D/P flexion—degrees 
(+ / − SD)

4.3 ± 1.6 4.6 ± 2.6 0.686 1.4 ± 3.9 0.26 ± 3.1 0.320 4.3 ± 1.6 1.4 ± 3.9 0.019

Peak b D/P flexion – degrees 
(+ / − SD)

1.8 ± 1.4  − 1.0 ± 4.1 0.024  − 0.2 ± 4.4  − 4.0 ± 2.6 0.003 1.8 ± 1.4  − 0.2 ± 4.4 0.117

Peak c D/P flexion—degrees 
(+ / − SD)

20.7 ± 3.4 21.7 ± 1.0 0.211 18.1 ± 3.2 18.0 ± 6.6 0.952 20.7 ± 3.4 18.1 ± 3.2 0.046

Peak d D/P flexion—degrees 
(+ / − SD)

3.7 ± 4.3 13.2 ± 3.9  < 0.001  − 2.5 ± 5.5  − 0.2 ± 9.4 0.396 3.7 ± 4.3  − 2.5 ± 5.5 0.002

Peak e D/P flexion—degrees 
(+ / − SD)

 − 3.8 ± 5.5  − 1.6 ± 2.0 0.087  − 8.4 ± 4.0  − 10.8 ± 7.3 0.241  − 3.8 ± 5.5  − 8.4 ± 4.0 0.017

Peak f D/P flexion—degrees 
(+ / − SD)

9.6 ± 2.1 15.4 ± 2.9  < 0.001 13.3 ± 2.8 9.3 ± 5.6 0.016 9.6 ± 2.1 13.3 ± 2.8 0.001

Peak g D/P flexion—degrees 
(+ / − SD)

9.3 ± 6.4 5.9 ± 3.3 0.049 1.8 ± 2.6 1.1 ± 4.0 0.558 9.3 ± 6.4 1.8 ± 2.6  < 0.001

Peak a I/E—degrees (+ / − SD) 1.4 ± 4.2 6.1 ± 0.6 0.003  − 0.4 ± 6.0  − 4.8 ± 1.3 0.022  − 0.4 ± 6.0 0.370
Peak b I/E—degrees (+ / − SD) 2.5 ± 4.4 7.0 ± 0.4 0.007 0.9 ± 6.0  − 2.8 ± 1.3 0.045 2.5 ± 4.4 0.9 ± 6.0 0.461
Peak c I/E—degrees (+ / − SD) 2.0 ± 4.5 6.6 ± 0.9 0.007  − 1.4 ± 5.5  − 4.1 ± 0.9 0.119  − 1.4 ± 5.5 0.100
Peak d I/E—degrees (+ / − SD) 2.3 ± 4.3 8.4 ± 1.9 0.001  − 1.1 ± 5.3  − 2.9 ± 1.5 0.268 2.3 ± 4.3  − 1.1 ± 5.3 0.086
Peak e I/E—degrees (+ / − SD) 5.5 ± 5.0 11.1 ± 0.46 0.004 3.7 ± 6.3  − 0.5 ± 0.9 0.027 5.5 ± 5.0 3.7 ± 6.3 0.432
Peak f I/E—degrees (+ / − SD) 3.2 ± 5.8 7.1 ± 0.5 0.062  − 0.4 ± 6.1  − 4.5 ± 1.0 0.033 3.2 ± 5.8  − 0.4 ± 6.1 0.136

Fig. 2  The graphs show changes in kinematics of the ankle joint in different peaks between patients with chronic ankle instability and healthy 
individuals
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Hip joint

The ipsilateral hip joints of patients with CAI showed 
higher extension in one peak at heal contact (peaks a, 
p < 0.001), one peak in the foot flat to mid-stance phase 
(peak b, p < 0.001), one peak of the push-off phase (peaks 
d, p < 0.001), and one peak of the late swing phase (peak 
e, p < 0.001) (p < 0.001) compared to the control group. 
Moreover, the ipsilateral hip joints of patients with CAI 
showed higher abduction in all evaluated peaks of the gait 
cycle compared to the control group (p < 0.05).

On the uninjured sides of patients with CAI, the hip 
showed higher extension in one measured peak at heel 

contact (peak a, p < 0.001), one peak at the push-off phase 
(peak d, p = 0.032), and one peak in the late swing phase 
(peak e, p = 0.001) compared to the ipsilateral hip of a 
healthy individual. The uninjured hip further showed 
higher adduction in one of the evaluated peaks of the foot 
flat to mid-stance phase (peak b, p = 0.001) and higher 
abduction in one peak of the late swing phase (peak f, 
p = 0.047) and showed higher abduction in one evaluated 
peak of the swing phase (peak d, p = 0.032).

Ipsilateral sided hip joints showed higher abduction in 
measured points of the gait cycle compared to those on the 
contralateral side of patients with CAI (p < 0.05) (Table 3) 
(Fig. 3).

Table 3  Comparison of kinematics of the hip joint with an ankle with CAI with controls and with the contralateral uninjured hip*

SD standard deviation, F/E flexion/extension, A/A abduction/adduction
* All plus minus values are means and standard deviations. The control group is a group without chronic ankle instability
† The control group consisted of individuals without any history of injury to the lower extremity

Variables Injured Control† p-Value Uninjured Control p-Value Injured Uninjured p-Value

Peak a F/E—degrees (+ / − SD) 23.2 ± 3.6 31.8 ± 1.7  < 0.001 24.1 ± 9.3 33.5 ± 2.8  < 0.001 23.2 ± 3.6 24.1 ± 9.3 0.740
Peak b F/E—degrees (+ / − SD)  − 9.3 ± 2.2  − 3.9 ± 2.8  < 0.001  − 7.8 ± 9.2  − 3.8 ± 1.6 0.062  − 9.3 ± 2.2  − 7.8 ± 9.2 0.566
Peak c F/E—degrees (+ / − SD) 5.4 ± 1.4  − 2.1 ± 3.3 0.585 6.6 ± 1.4 0.6 ± 3.1 0.171 5.4 ± 1.4 6.6 ± 1.4 0.545
Peak d F/E—degrees (+ / − SD) 27.0 ± 1.1 34.4 ± 4.1  < 0.001 30.8 ± 7.9 34.9 ± 1.7 0.032 27.0 ± 1.1 30.8 ± 7.9 0.084
Peak e F/E—degrees (+ / − SD) 23.2 ± 1.6 30.5 ± 2.7  < 0.001 25.6 ± 9.3 32.9 ± 1.5 0.001 23.2 ± 1.6 25.6 ± 9.3 0.349
Peak a A/A—degrees (+ / − SD) 2.7 ± 4.1  − 3.5 ± 1.6  < 0.001  − 5.2 ± 4.5  − 3.2 ± 1.4 0.079 2.7 ± 4.1  − 5.2 ± 4.5  < 0.001
Peak b A/A—degrees (+ / − SD) 5.2 ± 5.7 1.4 ± 1.5 0.005  − 2.7 ± 6.3 2.4 ± 1.0 0.001 5.2 ± 5.7  − 2.7 ± 6.3 0.002
Peak c A/A—degrees (+ / − SD)  − 4.2 ± 3.0  − 9.1 ± 1.7  < 0.001  − 10.9 ± 3.7  − 13.2 ± 3.8 0.095  − 4.2 ± 3.0  − 10.9 ± 3.7  < 0.001
Peak d A/A—degrees (+ / − SD)  − 4.7 ± 2.9  − 12.4 ± 1.3  < 0.001  − 11.9 ± 3.1  − 14.6 ± 3.5 0.032  − 4.7 ± 2.9  − 11.9 ± 3.1  < 0.001
Peak e A/A—degrees (+ / − SD) 2.2 ± 4.0  − 3.7 ± 0.9  < 0.001  − 4.7 ± 3.9  − 2.9 ± 2.1 0.089 2.2 ± 4.0  − 4.7 ± 3.9  < 0.001
Peak f A/A—degrees (+ / − SD) 2.0 ± 3.7  − 4.1 ± 1.4  < 0.001  − 5.0 ± 4.0  − 2.9 ± 1.6 0.047 2.0 ± 3.7  − 5.0 ± 4.0  < 0.001

Fig. 3  The graphs show changes in kinematics of the hip joint in different peaks between patients with chronic ankle instability and healthy indi-
viduals
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Knee

The ipsilateral knee of the patient with CAI showed 
higher flexion in one measured peak at heel contact (peak 
a, p < 0.001), one peak at foot flat to mid-stance (peak b, 
p < 0.001), and two peaks of the push-off phase (peak c, 
p < 0.001; peak d, p = 0.002), and one peak of the late swing 
phase (peak f, p = 0.023) compared to the ipsilateral knee of 
a control group. Moreover, it showed higher abduction in all 
measured peaks of the gait cycle (except for one peak in the 
late swing phase) (peak e, p = 0.317).

The knee on the uninjured side showed higher flexion in 
all measured peaks of the gait cycle (except for one peak 
in the late swing phase) (peak f, p = 0.091) compared to 
the ipsilateral knee of a control group.

The injured knee showed higher abduction in all meas-
ured peaks (p < 0.05), except for two peaks measured in 
the push-off and late swing phase (peak d, p = 0.220; and 
peak e, p = 0.342), of the gait cycle, compared to the unin-
jured knee (Table 4) (Fig. 4).

Table 4  Comparison of kinematics of the knee joint with an ankle with CAI with controls and with the contralateral uninjured knee*

F/E flexion/extension, A/A abduction/adduction
* All plus minus values are means and standard deviations. The control group is a group without chronic ankle instability
† The control group consisted of individuals without any history of injury to the lower extremity

Variables Injured Control† p-Value Uninjured Control p-Value Injured Uninjured p-Value

Peak a F/E—degrees (+ / − SD) 3.2 ± 3.3  − 3.2 ± 2.0  < 0.001 2.5 ± 5.2  − 2.2 ± 6.9 0.026 3.2 ± 3.3 2.5 ± 5.2 0.671
Peak b F/E—degrees (+ / − SD) 8.4 ± 2.4  − 1.9 ± 3.8  < 0.001 6.8 ± 6.8 0.3 ± 6.0 0.005 8.4 ± 2.4 6.8 ± 6.8 0.423
Peak c F/E—degrees (+ / − SD)  − 0.2 ± 2.2  − 6.0 ± 4.5  < 0.001 0.8 ± 7.0  − 5.7 ± 9.0 0.021  − 0.2 ± 2.2 0.8 ± 7.0 0.583
Peak d F/E—degrees (+ / − SD) 25.9 ± 10.3 13.4 ± 5.0 0.002 26.6 ± 7.6 13.6 ± 10.2  < 0.001 25.9 ± 10.3 26.6 ± 7.6 0.844
Peak e F/E—degrees (+ / − SD) 58.4 ± 6.4 54.4 ± 6.0 0.140 55.8 ± 7.4 40.8 ± 9.9  < 0.001 58.4 ± 6.4 55.8 ± 7.4 0.302
Peak f F/E—degrees (+ / − SD) 5.4 ± 9.2  − 2.0 ± 3.4 0.023 1.4 ± 5.7  − 2.4 ± 7.3 0.091 5.4 ± 9.2 1.4 ± 5.7 0.141
Peak a A/A—degrees (+ / − SD) 10.2 ± 0.3 6.4 ± 2.8 0.001 3.9 ± 6.2 2.0 ± 3.8 0.264 10.2 ± 0.3 3.9 ± 6.2 0.012
Peak b A/A—degrees (+ / − SD) 11.7 ± 0.5 8.1 ± 3.6 0.013 5.2 ± 6.2 5.0 ± 3.8 0.913 11.7 ± 0.5 5.2 ± 6.2 0.008
Peak c A/A—degrees (+ / − SD) 9.9 ± 0.4 7.0 ± 2.8 0.009 2.5 ± 5.0 0.9 ± 4.6 0.359 9.9 ± 0.4 2.5 ± 5.0 0.001
Peak d A/A—degrees (+ / − SD) 26.4 ± 1.3 16.0 ± 3.9  < 0.001 20.3 ± 13.4 16.6 ± 6.9 0.302 26.4 ± 1.3 20.3 ± 13.4 0.220
Peak e A/A—degrees (+ / − SD) 30.2 ± 1.1 31.7 ± 4.1 0.317 35.1 ± 14.2 33.0 ± 9.5 0.606 30.2 ± 1.1 35.1 ± 14.2 0.342
Peak f A/A—degrees (+ / − SD) 11.2 ± 1.5 6.6 ± 3.2 0.001 3.2 ± 6.0 1.8 ± 3.7 0.406 11.2 ± 1.5 3.2 ± 6.0 0.002

Fig. 4  The graphs show changes in kinematics of the knee joint in different peaks between patients with chronic ankle instability and healthy 
individuals
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Discussion

The purpose of this study was to evaluate and compare 
the kinematics of bilateral ankle, knee, and hip joints in 
patients with isolated, unilateral CAI and compare these 
findings to those of healthy controls. The results suggest 
that the presence of unilateral CAI alters kinematics not 
only in other major adjacent joints of the ipsilateral lower 
extremity but also of those in the uninjured side when 
compared to the kinematics of otherwise healthy, unaf-
fected individuals.

Previous studies have reported neuromuscular and bio-
mechanical changes that occur within the lower extrem-
ity joints of patient with CAI on the side of injury. In a 
gait analysis study, Koldenhoven et al. [10] evaluated and 
compared gait kinematics of the ankle, knee, and hip joints 
between 18 individuals with CAI and 18 copers. Kinematic 
outcomes were measured using a Vicon motion analysis 
system and compared between the two groups. The authors 
found that those with CAI showed higher inversion in the 
ankle joint during initial contact (3.3 ± 3.4 and − 1.1 ± 4.6 
for the CAI and cooper groups, respectively; p = 0.048) 
through the swing phase of the gait cycle (5.6 ± 5.1 and 
1.4 ± 4.3 for the CAI and coper groups, respectively; 
p = 0.039). Moreover, they found that individuals with CAI 
have higher inversion during 71–10% of the gait cycle. For 
the hip, they found that CAI resulted in higher adduction 
during the swing phase and had higher adduction during 
61 to 84% of the gait cycle. In another study by Gribble 
and colleagues [14], authors aimed to evaluate the bio-
mechanics of the knee and hip joints after performing a 
jumping task for evaluation of dynamic stability among 
patients with CAI. The authors found that the control 
group had higher flexion in the knee joint during landing 
on the ground compared to the CAI group (p = 0.008). The 
current study demonstrated, for the first time, the effects 
of CAI on lower extremity kinematics during a landing 
task. Similarly [15], another study evaluated and com-
pared 22 patients with CAI with 22 control and 22 ankle 
sprain copers, using motion capture cameras. They found 
that kinetics including ankle joint power in the CAI group 
compared to the control group had 3.5 W/kg more and 
7.9 W/kg less eccentric ankle power during the 0 to 8% 
and 10 to 50% of the stance phase, respectively (p < 0.05). 
Moreover, the CAI group had 4.1 W/kg less eccentric 
ankle power during the 56% to the 89% of the stance phase 
(p < 0.05). Regarding ankle stiffness, the ankle of the CAI 
group showed less ankle stiffness compared to the control 
(0.049 ± 0.013 vs. 0.054 ± 0.014 Nm/kg, p < 0.05). Ground 
reaction force during a jump landing task was also signifi-
cantly different in the ankle joint with the control group. 
Specifically, the ankle joint of patients with CAI had 8% 

of body weight more medial ground floor reaction during 
0–10% of the eccentric stance and 2% of body weight more 
during 88–95% of the eccentric stance. Moreover, the CAI 
group had 16% of body weight less medial ground floor 
reaction during 15–8% of eccentric and concentric stances. 
The study concluded that this outcome could have been 
caused due to neuromechanical alterations occurring fol-
lowing CAI. In a recent study by Moisan and colleagues 
[16], authors compared lower limb biomechanics between 
patients with CAI and controls. They found that the CAI 
group showed higher inversion in the ankle joint during 
14–48% of the stance phase (p = 0.008); however, they did 
not find any difference between the knee joints, which was 
similar to that of our study. Furthermore, the authors found 
significant differences in ankle eversion moments during 
the stance phase within the knee and ankle joints with a 
control group.

After comprehensively evaluating the kinematics of the 
lower extremity, this investigation found that unilateral CAI 
not only influences the injured ankle but also alters the bio-
mechanics of the remaining major joints of the uninjured side 
during normal gait. Moreover, the behavioral gait changes 
promulgated by CAI appear to also negatively affect the kin-
ematics of other major joints in the ipsilateral side as well. 
Individuals with CAI tend to alter their gait and posture in 
order to compensate for the injured ankle, and this also takes 
effect on the otherwise seemingly uninjured lower extremity. 
These data would indicate that strong consideration should be 
given to more aggressive rehabilitative and potentially even 
surgical management of patients with unilateral CAI in order 
to prevent progressive biomechanical changes within nearby 
healthy joints of the lower extremity on both the injured and 
otherwise healthy sides. Our findings indirectly support the 
potential benefit of prompt surgical intervention—when proper 
rehabilitative measures fail—for patients with CAI given the 
fact that unmitigated CAI appears to continuously impair natu-
ral host biomechanics of both lower extremities.

A few limitations should be considered. First, we only 
assessed patients with the preferred walking speed and did 
not define any speed restrictions. Some studies have shown 
that kinematic indices may vary in different walking speeds 
during the gait cycle [10], although this was not required to 
test our primary hypothesis. Second, it was that we did not 
differentiate between athletes and non-athletes’ individuals 
who referred to us with CAI, as some athletes may have been 
copers, and this may have affected our results.

Conclusion

Unilateral chronic ankle instability appears to have the 
capacity to substantially alter the biomechanics of the ipsi-
lateral knee as well as the contralateral ankle, knee, and 
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hip joints in affected patients. Left unchecked, the chronic 
kinematic alteration and gait compensation caused by CAI 
may predispose to repetitive overuse and other acute injuries 
of the musculoskeletal system, with the capacity to affect 
longevity of other major lower extremity joints as well as 
day-to-day function in routine as well as sporting activities.
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