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Background: Local pain around the ankle joint is a common symptom in patients with chronic ankle instability (CAI).
However, whether the local pain would impose any influence on the balance control performance of CAl patients is

Methods: A total of twenty-six subjects were recruited and divided into the following two groups: pain-free CAl
(group A) and pain-present CAl (group B). Subjects in both groups received two independent tests: the star excursion
balance test and the single-leg stance test, in order to reflect their balance control ability more accurately.

Results: Compared with group A, the group B showed significantly more episodes of the history of sprains,
decreased ankle maximum plantarflexion angle, and lower Cumberland scores (all p <0.05). In the star excursion
balance test, group B demonstrated a significantly reduced anterior reach distance than group A (p <0.05). During
the single leg stance test, group B showed a significant increase in the magnitude of electromyographic signals both
in peroneus longus and soleus muscles than group A (each p <0.05). Additionally, group B had a significantly more
anterolaterally positioned plantar center of pressure than group A (p<0.05).

Conclusion: CAl patients with local pain around the ankle joint had more episodes of sprains and lower functional
scores when compared to those without pain. The balance control performance was also worse in the pain-present

Keywords: Chronic ankle instability, Pain, Balance control, Star excursion balance test, Single-leg stance, Center of

Background

Lateral ankle sprains are the most common musculo-
skeletal injuries in both physically active populations and
general populations [1], thereby posing a major clini-
cal challenge and healthcare burden. The typical injury
mechanism is a sudden force of inversion and internal
rotation that injure the ankle joint complex [1]. Nearly
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20% of patients with lateral ankle sprains develop long-
term symptoms including pain, giving way, sense of insta-
bility and recurrent sprains, which contribute to chronic
ankle instability (CAI) [2].

It has already been well documented that CAI patients
were associated with impaired balance control, due to
proprioception and neuromuscular deficits [3-5]. The
impairment of balance control has been identified uti-
lizing a variety of approaches, including the star excur-
sion balance test (SEBT) [6] and the single leg stance test
[7]. The SEBT has been used to compare balance ability
among different sports and identify individuals who have
CAI [8]. Hubbard et al. [9] reported that the anterior and
posteromedial reach directions identified persons with
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CAL Deficits in balance control are also reflected by
single-leg stance. Ross et al. [10] documented increased
displacement of the body center of pressure (CoP) when
individuals with CAI balanced in a single-leg stance.
Results of these measures provide an insight into the bal-
ance-control strategy used in CAI patients.

Pain is reported to occur in 58% of patients with CAI
when they participate in different levels of activity [11].
However, its impact on the ankle function and balance
performance of CAI patients is still unknown. A recent
study has reported that for individuals with CAI, ankle
pain is associated with perceived ankle instability [12]
and worse ankle function [13]. However, limited evidence
has shown the influence of the ankle local pain on the
balance control performance of patients with CAL

This study was designed to investigate the influence of
local pain around ankle joint on balance control of the
CAI patients through the SEBT and the single-leg stance
test. We hypothesized that CAI patients with local pain
would have worse balance control performance than
pain-free CAI patients and healthy individuals.

Methods

Participants

A total of twenty-six subjects with self-reported CAI
were recruited in this study from December 2021 to
March 2022. Twelve subjects were assigned to the pain-
free CAI group (group A), and fourteen subjects were
assigned to the pain-present CAI group (group B). This
study was approved by our institutional review board.
All subjects provided written informed consent. No con-
flicts of interest were existing and this was disclosed to all
recruited subjects.

Sample size was calculated by the formula: sample
size = (Zl,o(/z)z(SD)2 /d? [14]. Z,_ is standard normal
variate, which equals 1.96 at 5% type I error; SD is stand-
ard deviation of variable taken from previous study; d is
absolute error or precision decided by researchers. SD
was 1.7 according to a previous study that recorded Vis-
ual Analog Scale of pain of CAI patients [15], and d was
set as 1. Thereafter, the sample size was calculated to be
at least 11 ankles in each group.

The inclusion and exclusion criteria were designed in
accordance with previous literature [16, 17]. Participants
were defined as CAI patients if all the following criteria
were met: (1) age within 18 to 50 years; (2) at least one
episode of significant ankle sprain sustained no less than
12 months prior to the recruitment; (3) at least one inter-
rupted day of desired physical activity; (4) existing resid-
ual symptoms including recurrent ankle sprains, and/or
at least two episodes of sprains and/or perceived ankle
instability in the previous 6 months; and (5) Cumberland
ankle instability tool (CAIT) [18] scores lower than 24.
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CAIT is a nine-item questionnaire that measures severity
of functional ankle instability with excellent validity and
reliability [18]. The level of ankle instability is reported
in different activities, including running, walking, hop-
ping, and descending stairs. The total CAIT score ranges
from 0 to 30, in which 30 represents normal stability. The
total Exclusion criteria were as follows: (1) a history of
fracture requiring realignment or musculoskeletal sur-
gery in either lower extremity; (2) osteoarthritis in either
lower extremity, head trauma, inner ear disease, muscu-
lar dystrophy, or other conditions that could affect bal-
ance control; and (3) a history of acute injury to the lower
extremity within 3 months before the enrollment.

The local pain around the ankle joint was assessed
by the 11-point Numeric Rating Scale (NRS-11) [19].
The NRS-11 is a segmented numeric version of the Vis-
ual Analog Scale (VAS) in which a respondent selects
a whole number (0-10 integers) that best reflects the
intensity of their pain [20]. Previous literature related to
CAI that measured pain intensity on a numeric rating
scale used a score >0 to define the presence of pain [21—
23]. Therefore, the presence of pain was determined if
subjects rated their pain as no less than 1. Next, the loca-
tion of ankle pain was determined by asking subjects to
point to the area where they experienced the maximum
pain. These evaluations were performed by two inde-
pendent orthopedic surgeons. For participants with CAI
to be categorized as pain-present CAI patients, they had
to be considered as having pain by both clinicians.

Experimental protocol

Senior orthopedic surgeons examined the subjects and
documented their age, sex, height, weight, and ankle
sprain history. The scores of CAIT and the NRS-11 for
pain of each subject were also documented. A physi-
cal examination of each subject’s ankle was performed
to measure the active range of motion (ROM) in a non-
weight bearing position.

The dynamic balance control was assessed by the SEBT
[6]. The subjects’ height, weight, and lower limb length
were measured. Performance on the SEBT requires a
subject to move from a position of bilateral stance to a
position of single-leg stance whereby the non-test limb
was used to reach maximally, making a light touch along
one of three designated lines on the ground, and then
return to a position of bilateral stance [24]. One line was
oriented anteriorly to the apex and the other two aligned
at 135° to this in the posterolateral and posteromedial
directions. For each subject, the side with CAI was tested
barefoot. Three reach distances in each direction were
recorded and normalized to lower limb length by calcu-
lating the maximized reach distance (%MAXD) using the
formula (Reach distance/limb length) x 100=%MAXD
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[25]. The average of the three reach trials in each direc-
tion was calculated.

To assess the static balance control, subjects were
instructed to perform a single-leg stance on the force
plate for 20 s, using the same tested leg as in SEBT. For
each test, the CoP sway parameters and raw electromyo-
graphic (EMG) data of the last 10 s were recorded. The
single-leg stance was repeated for three times and the
average results were calculated for further analysis. The
validity and reliability of the force plate [26] and EMG
device [27] used in this study were testified by previous
studies.

The raw EMG data of tibialis anterior (TA), peroneus
longus (PL), soleus (SOL), and medial gastrocnemius
(MG) were collected by using the OpenSignals surface
myoelectric device (Biosignalsplux, Plux, Portugal) at
a sampling rate of 1000 Hz. The raw EMG signals were
subsequently bandpass filtered (frequency ranging from
10 to 500 Hz) and then passed through the 48-52 Hz
notch to reduce power frequency interference [28]. The
intersection of wires of each channel was avoided to
prevent cross-talk. The mean EMG root mean square
(RMSgyc) values of each channel were calculated by cus-
tomized programs in MatLab (The Mathworks, Natick,
MA, USA). The RMS) represents the average level of
EMG signals; thus it reflects the activation characteristics
of the tasking muscles [29].

The CoP sway parameters included anteroposterior
(AP) amplitude, standard deviation (SD) of AP amplitude,
mediolateral (ML) amplitude, SD of ML amplitude, mean
velocity of CoP, SD of mean velocity, CoP path and CoP
area [28, 30, 31]. CoP data were recorded as coordinates
in the AP and ML directions with a sampling frequency
of 1000 Hz by the force plate. CoP area was calculated by
fitting a 95% confidence ellipse to the collective CoP data
[28]. In addition, the plantar surface of each participant’s
foot was divided into 16 equal regions. (Fig. 1) Previous
literature demonstrated that all CoP data points were
located in the four innermost sections during a single-leg
stance [32, 33]. The location of each CoP data point was
recorded relative to the four innermost sections. The fre-
quency of CoP data points in each section was counted
for further analysis.

Statistical analysis

The statistical analysis was performed using IBM SPSS
Statistics 24.0. Q-Q map and Kolmogorov—Smirnov
tests were used to assess the normality of CoP and
EMG data distribution; both CoP and EMG data passed
the normality test. Differences in clinical and demo-
graphic parameters between group A and B were evalu-
ated by two-tailed independent t-test except sex, which
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Fig. 1 Distribution of plantar CoP data points. If plantar surface
of each participant’s foot was divided into 16 equal regions, it
was demonstrated that all plantar CoP data points were in the 4
innermost regions during single-leg stance. Abbreviations: CoP:
center of pressure

was a categorical variable and was analyzed by Pearson
Chi-square test. All biomechanical parameters were
continuous variables and were analyzed using two-
tailed independent t-test. The level of significance was
set a priori at p <0.05.
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Results

A comparison of the participants’ demographic char-
acteristics between group A (pain-free CAI) and group
B (pain-present CAI) is shown in Table 1. Total epi-
sodes of the history of sprains in group B were signifi-
cantly higher than those in group A (p<0.05). In terms
of ROM of ankle joints, it was found that group B had
significantly lower maximum plantarflexion angle than
group A (p<0.05). Moreover, group B had significantly
lower CAIT scores than group A (p<0.05). The occur-
rence of pain in subjects with CAI was 53.8% (14/26).
With respect to the local pain around the ankle joint in
group B, the mean NRS-11 score was 4.29. The highest
pain percentage was reported when running on uneven
surfaces (35.7%). Anterior aspect of the lateral malleolus
was the most frequently reported site of pain (35.7%),
whereas only 1 individual reported deep pain at the lat-
eral joint area (7.1%) (Table 2).

The results of SEBT are presented in Table 3. Subjects
in group B had a significantly lower anterior %MAXD
than those in group A (p<0.05). However, no significant
differences were found in the SEBT reach distances in
posterolateral and posteromedial directions between the
two groups.

Compared to group A, the mean RMSg, value of PL
was significantly larger in group B (p <0.05). Further, sig-
nificant differences were also found in the mean RMSgy ¢
values of SOL between group A and B (p<0.05, Table 4).
Representative images of EMG of the three groups are
depicted in Fig. 2.

The results of CoP parameters of the two groups are
summarized in Table 5. In terms of sway parameters,
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Table 2 Reports of pain in the two groups. The level of pain was
determined by CAIT question 1

Group A Group B
(n = 12) (n = 14)
n % n %
CAIT question 1: I have pain in my ankle
Never 12 100 O 0
During sport 2 14.3
Running on uneven surfaces 5 357
Running on level surfaces 3 214
Walking on uneven surfaces 3 214
Walking on level surfaces 1 7.2
Sites of local pain N/A
Anterolateral corner 4 286
Tip of the lateral malleolus 2 143
Anterior aspect of the lateral malleolus 5 35.7
Posterior aspect of the lateral malleolus 2 14.3
Deep pain at the lateral joint area 1 7.1

Group A: pain-free CAI; group B: pain-present CAl

Abbreviations: CAl Chronic ankle instability, CAIT Cumberland ankle instability
tool, N/A Not applicable

no significant differences were found between group
A and B. It was found that all CoP data points were
located in the 4 innermost sections. There were nota-
ble differences in the CoP data point distribution in
the anterolateral section between the two groups, and
group B had a higher frequency than group A (p <0.05).

Table 1 Demographic and clinical characteristics of subjects in the two groups

Demographic and clinical parameters Group A Group B P value
(n =1 2) (n = 14)

Female/male® 5/7 8/6 0431
Age (years) 2733 (4.55) 27.86 (4.04) 0.686
Weight (kg) 72.10(15.02) 70.32 (15.84) 0.716
Height (cm) 178.28 (8.67) 174.46 (7.80) 0.142
Body mass index (kg/m?) 2244 (3.38) 22.99 (4.58) 0.669
Episodes of the history of sprains 3.00(1.19) 5.50(3.19) 0.001
Time since last sprain (months) 11.50 (5.99 12.50 (7.61) 0.636
Maximum dorsiflexion angle (°) 20.50 (6.74 1838 (1141) 0.456
Maximum plantarflexion angle (°) 55.00 (7.28 48.75(12.18) 0.045
CAIT scores 22.50(1.86 11.50 (6.60) <0.001
NRS-11 scores 0(0) 4.29(1.88) <0.001

2 Statistical difference was calculated by Pearson Chi-square test

Group A: pain-free CAl; group B: pain-present CAI

Parameters are presented as mean (SD) except sex

Abbreviations: CAl Chronic ankle instability, CAIT Cumberland ankle instability tool, NRS-17 Numeric Rating Scale
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Table 3 Results of star excursion balance test (SEBT)? in the two

groups

SEBT parameters Group A Group B P value
(n =1 2) (n = 14)

Anterior %MAXD 77.0(9.2) 64.5 (8.9) <0.001

Posterolateral %MAXD 73.8(20.2) 70.5 (7.6) 0.513

Posteromedial %MAXD 80.2 (16.2) 77.1(7.1) 0.465

Abbreviations: CAl Chronic ankle instability, SEBT Star Excursion Balance Test,
9%MAXD Maximized reach distance

Group A: pain-free CAl; group B: pain-present CAI
Parameters are presented as mean (SD)

@ SEBT results are normalized by length of the lower limb: (Reach distance/limb
length) x 100 =%MAXD

Table 4 The root mean square (RMSg,) values of tibialis
anterior, peroneus longus, soleus and medial gastrocnemius,
muscles of the two groups

RMS¢p6 Group A Group B Pvalue
(n =1 2) (n = 14)

Tibialis anterior (mV) 0.050 (0.015)  0.069 (0.048)  0.162

Peroneus longus (mV) 0.122 (0.057) 0.181 (0.078) 0.039

Soleus (mV) 0.056 (0.014)  0.085(0.037)  0.018

Medial gastrocnemius (mV) ~ 0.079 (0.036)  0.089 (0.031) 0425

Group A: pain-free CAl; group B: pain-present CAI
Parameters are presented as mean (SD)

Abbreviations: CAl Chronic ankle instability, RMSg,; mean root mean square of
electromyography
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Discussion

In our study, this first finding was that pain-present
CALI patients exhibited decreased SEBT anterior reach
distance. This may demonstrate the hypothesis that
pain-present CAI patients had worse dynamic bal-
ance control. The positive association between pain
and joint instability has been recognized in other body
areas such as shoulder [34]. This was explained by the
central alterations when people felt shoulder pain with-
out any nociceptive inputs [34]. In the ankle joint, CAI
was found to be associated with negative alterations in
supraspinal aspects of motor control [35]. The impact
of pain in the ankle joint may be a factor that results
in impaired dynamic balance control and recurrent epi-
sodes of sprains.

EMG and CoP data were used to quantitively meas-
ure the static balance control. Another finding of our
study was that pain-present CAI patients had higher
levels of muscle activities of PL and SOL during a sin-
gle-leg stance. It has been found that chronic pain is
associated with neural network sensitization that pro-
motes pain and altered nociceptive pathways [36]. Fur-
ther, pain from the nociceptors at the ankle may worsen
the deficits in kinesthesia, joint position sense and
force sense of the ankle joints with CAI. Activations of
PL and SOL increased muscle-spindle sensitivity [37],
which provided the pain-present CAI patients with a
better ability to compensate for sensorimotor deficits of
the ankle. However, such pattern of muscle activation
might also lead to a more rigid and ‘frozen’ ankle joint,
which would lose the ability of postural adjustments
especially during an episode of perturbation.
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EMG signals(mV)
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Fig. 2 Representatives of EMG of the groups A and B during a single-leg stance. Abbreviations: TA: tibialis anterior; PL: peroneus longus; SOL: soleus;
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Table 5 The CoP parameters of the two groups

CoP parameters Group A Group B P value
(n=12) (n=14)

Sway parameters
AP amplitude (cm) 1.23(0.35) 1.51(0.53) 0117
SD of AP amplitude (cm) 0.866(0.278)  1.135(0456)  0.080
ML amplitude (cm) 0.25 (0.04) 0.29(0.10) 0.183
SD of ML amplitude (cm) ~ 0.178(0.035)  0.191 (0.047)  0.469
Mean velocity (cm/s) 12.25(2.48) 1243 (1.88) 0.836
SD of mean velocity (cm/s) 7.363(1.897)  9.141 (2.879)  0.285
CoP path (cm) 122,61 (24.70) 124.30(1882) 0.845
CoP area (cm?) 9.33(3.96) 1391 (7.78) 0.068

Section of CoP location (%)
Anteromedial 18.2 (8.7) 15.8 (6.5) 0428
Anterolateral 31.1(7.6) 40.1 (9.6) 0.016
Posterolateral 296 (8.1) 28.7 (6.4) 0.766
Posteromedial 213(5.0) 15.5(10.3) 0.075

Group A: pain-free CAl; group B: pain-present CAI
Parameters are presented as mean (SD)

Abbreviations: CAl Chronic ankle instability, CoP Center of pressure, AP
Anteroposterior, SD Standard deviation, ML Mediolateral

With respect to CoP, the CoP sway parameters were
not significantly different between group A and B (pain-
free vs. pain-present CAI), which might indicate that
both groups had impaired static balance control at a close
level. Furthermore, it was noted that pain-present CAI
patients had a more anterolaterally positioned CoP. Pope
et al. [33] and Mettler et al. [32] have already demon-
strated that individuals with CAI had more anterolaterally
shifted CoP than healthy controls. The authors attributed
this finding to a more supinated ankle which maintained
rigidity during a single-limb stance. It was proposed that
CALI patients sought to constrain the motion at the ankle
to accomplish this task [33]. A supinated ankle in a sin-
gle-leg stance may help stabilize the talocrural and subta-
lar joints and be potentially beneficial for the prevention
of recurrent sprains [33]. However, an anteriorly situated
CoP may undermine a person’s ability to maintain bal-
ance in the event of a perturbation due to the inadequacy
of time and space needed for postural adjustments in
this case. In addition, it has been observed that in clini-
cal practice, passive inversion and plantar flexion of ankle
joints are more likely to provoke pain when performing a
physical examination in patients with CAI [38, 39]. Kwon
et al. [39] suggested that pain in a plantar-flexed position
might be correlated with a complete tear of the anterior
talofibular ligament. CAI patients with pain might have
sustained more severe injuries to lateral ankles, forcing
them to choose a more dorsiflexed and supinated posi-
tion of the ankle in a single-limb stance, which conse-
quently resulted in a more anterolaterally placed CoP.
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This in turn increased the risk of recurrent sprains in the
future. In our study, CAI patients with pain indeed had
significantly more episodes of the history of sprains than
those without pain (Table 1).

The highlight of our study was that this was the first
time that the influence of local pain on the balance per-
formance of ankles with CAI was investigated with bio-
mechanical measures. Pain had been a neglected factor
in previous studies related to CAI. Our work demon-
strated that the presence of ankle pain in CAI patients
resulted in worse balance control. However, we recog-
nized that one limitation of our study was the relatively
small sample size. This may affect the generalization of
the results. Our work was a preliminary study that inves-
tigated the influence of local pain on balance control of
CALI patients. Future large-sample studies are required to
validate the findings of this study.

The SEBT has been described as a reliable measure
of dynamic balance control. Decreased reach distances
of the SEBT and altered proximal joint neuromuscular
control has been observed in individuals with CAI [40].
Most CAI literature utilizing the SEBT did not use pain
as a primary outcome. Therefore, the influence of local
pain around the ankle on balance control is still unclear.
Simsek et al. [41] included twenty-six participants with
unilateral CAI and treated them with fibular taping tech-
nique. They found that distal fibular taping technique
decreased pain intensity and increased SEBT reach dis-
tances. Further, a statistically significant negative cor-
relation was documented between the intensity of pain
and the SEBT anterior reach distance [41]. The authors
concluded that dynamic balance in individuals with CAI
was improved by a reduction in pain intensity. However,
Terada et al. [42] found no correlations between pain
VAS and the SEBT in all three directions. The authors
suggested that altered function on the SEBT due to CAI
did not necessarily associate with self-reported pain in
the ankle. However, it should be noted that VAS scores
of pain in their study were low (mean, 2.70), thus creat-
ing a floor effect, which may not be able to demonstrate
correlations. Schaefer et al. [43] found concomitant
improvements in both pain and the SEBT performance
after treating CAI patients with soft-tissue mobilization
technique. But they did not research into the correlations
between pain and the SEBT.

Static balance can be assessed by the single-leg stance
test [44]. Literature that assesses the influence of pain
on balance control in CAI patients using the single-
leg stance test is still limited. Thompson et al. [45]
recruited individuals with CAI, copers and healthy
individuals to examine their spinal reflexes of the lower
limb muscles during static single-leg stance, and it
was found that individuals with CAI presented with
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an inability to suppress soleus spinal reflexes, which
was not present in copers and healthy individuals. The
authors also found that the presence of pain was par-
tially correlated with this disinhibition. They concluded
that pain explained a significant proportion of changes
in spinal-level sensorimotor control, which increased
the risk of recurrent sprains [45].

Pain is one of the major characteristics of chronic
musculoskeletal conditions [46]. Nevertheless, pain
has not been a major focus in the CAI literature or a
diagnostic criterion of CAI. A recent systematic review
revealed that 58% of CAI patients reported pain, and
more than 66% of these individuals had persistent
pain longer than 6 months [11]. Konradsen et al. [47]
reported that more than 70% of CAI patients had pain
at the lateral part of the ankle joint complex. Although
the pain associated with CAI was mostly described as
“mild and intermittent” [48, 49], it has been demon-
strated that pain was associated with lower ankle func-
tion [12]. Recent pieces of literature focusing on CAI
and pain tried to explain this by kinesiophobia [50].
Patients with CAI were found to have injury-related
fear that prevented them from rehabilitation training
and returning to sports, leading to disuse of function,
which further limited the recovery of the functional
activity of ankles [51]. Suttmiller et al. [23] recruited
126 CAI patients and evaluated the results of multiple
pain and ankle function questionnaires. It was con-
cluded that pain was strongly associated with worse
ankle function, and pain might be a predictive factor of
decline in the function of ankle joints.

Pain is reported to occur in 58% of patients with CAI
[11]. The etiology that some CAI patients experience
more pain is probably multifactorial. Shin et al. [52]
reported that CAI patients who had therapist-guided
exercise showed significantly lower level of pain than
those who were prescribed self-management regimen.
This indicates that insufficient exercise after sprains tends
to result in severer pain. Komenda et al. [53] recruited
54 CAI patients who all had pain and treated them with
arthroscopic surgery. It was reported that 93% of ankles
had intra-articular abnormalities including synovitis,
loose bodies, ossicles, chondromalacia, synovitis, osteo-
chondral lesions of the talus and osteophytes. Intra-artic-
ular abnormalities may be a factor that leads to long-term
chronic pain after an initial sprain in CAI patients.

Our work proved that pain was a significant factor that
contributed to the deficits in both static and dynamic
balance control of the ankle joint in people with CAIL A
reduction in pain may improve the balance control and
prevent recurrent sprains in people with CAI Future
studies are needed to investigate the effect of pain reduc-
tion therapies on the improvement of CAIL
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Conclusion

In this study, it was found that pain-present CAI
patients had more episodes of sprains and lower func-
tional scores when compared to those without pain.
Pain-present CAI patients also had worse dynamic and
static balance control than those without pain. In the
presence of ankle pain, CAI patients had a more ante-
rolaterally positioned CoP on the plantar surface, and a
different activation pattern of lower leg muscles, which
might have contributed to worse balance control.

Abbreviations

CAl: Chronic ankle instability; SEBT: Star excursion balance test; CoP: Center
of pressure; CAIT: Cumberland ankle instability tool; NRS-11: Numeric rating
scale; VAS: Visual Analog Scale; ROM: Range of motion; %MAXD: Maximized
reach distance; EMG: Electromyography; TA: Tibialis anterior; PL: Peroneus
longus; SOL: Soleus; MG: Medial gastrocnemius; RMSg,: Mean root mean
square of electromyography; AP: Anteroposterior; SD: Standard deviation; ML:
Mediolateral.
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