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Abstract

Background: Chronic ankle instability, developing from ankle sprain, is one of the most common sports injuries.
Besides it being an ankle issue, chronic ankle instability can also cause additional injuries. Investigating the
epidemiology of chronic ankle instability is an essential step to develop an adequate injury prevention strategy.
However, the epidemiology of chronic ankle instability remains unknown. Therefore, the purpose of this study was
to investigate the epidemiology of chronic ankle instability through valid and reliable self-reported tools in active
populations.

Methods: An electronic search was performed on PubMed and Web of Science in July 2020. The inclusion criteria
for articles were peer-reviewed, published between 2006 and 2020, using one of the valid and reliable tools to
evaluate ankle instability, determining chronic ankle instability based on the criteria of the International Ankle
Consortium, and including the outcome of epidemiology of chronic ankle instability. The risk of bias of the
included studies was evaluated with an adapted tool for the sports injury review method.

Results: After removing duplicated studies, 593 articles were screened for eligibility. Twenty full-texts were screened
and finally nine studies were included, assessing 3804 participants in total. The participants were between 15 and
32 years old and represented soldiers, students, athletes and active individuals with a history of ankle sprain. The
prevalence of chronic ankle instability was 25%, ranging between 7 and 53%. The prevalence of chronic ankle
instability within participants with a history of ankle sprains was 46%, ranging between 9 and 76%. Five included
studies identified chronic ankle instability based on the standard criteria, and four studies applied adapted exclusion
criteria to conduct the study. Five out of nine included studies showed a low risk of bias.

Conclusions: The prevalence of chronic ankle instability shows a wide range. This could be due to the different
exclusion criteria, age, sports discipline, or other factors among the included studies. For future studies,
standardized criteria to investigate the epidemiology of chronic ankle instability are required. The epidemiology of
CAI should be prospective. Factors affecting the prevalence of chronic ankle instability should be investigated and
clearly described.
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Background
Ankle sprain is one of the most common sports injuries
in physically active individuals and causes a high finan-
cial burden on the healthcare system [1–3]. The inci-
dence of ankle sprain from the US emergency
departments in 2010 was 3.29 per 1000 person per year
[4]. In an athletic population, a cohort of the sub-elite
Australian football athletes showed an incidence of ankle
sprain of 3.1 per 1000 athlete-exposures during the 2016
season [5]. In addition, 25 US collegiate sports presented
an incidence of lateral ligament complex ankle sprain of
0.5 per 1000 athlete-exposures [1]. Regarding the sub-
stantial financial burden resulting from ankle sprain,
Gribble et al. summarized that ankle sprains generated
$6.2 billion in healthcare costs for US high-school ath-
letes and €208 million in the Netherlands annually [3,
6]. In the US emergency department, $1029 per event of
ankle sprain was charged [4].
Ankle sprain also predisposes athletes to recurrent

ankle sprains and leads to residual symptoms [3, 7]. In
soccer, basketball and volleyball, 61, 60 and 46% of the
ankle sprain was recurrent ankle sprain [8]. Seventy-four
percent of patients with an acute ankle sprain suffered
from residual symptoms lasting 29months after the ini-
tial ankle sprain, such as pain, perceived instability,
weakness and swelling [9]. The International Ankle Con-
sortium defines the pathology of residual symptoms after
a significant ankle sprain as chronic ankle instability
(CAI) [10]. The International Ankle Consortium charac-
terized CAI as a condition in which an individual has a
significant ankle sprain and/or experienced recurrent
ankle sprain on the sprained ankle, and/or feels ankle in-
stability, and/or experienced giving way at least twice in
the past 6 months [10]. To determine the subjective
ankle instability, three tools with a critical cutoff score
are recommended by the International Ankle Consor-
tium: The Ankle Instability Instrument (AII), The Cum-
berland Ankle Instability Tool (CAIT), and The
Identification of Functional Ankle Instability (IdFAI)
[10]. The criteria published by the International Ankle
Consortium have been applied in research widely.
CAI is not only an ankle issue but also systematically

affects other joints, causing further physical issues [11].
In the ankle structure, individuals with CAI show a de-
creased range of motion, secondary tissue injury, re-
stricted osteokinematics and post-traumatic
osteoarthritis [11]. CAI systematically impairs proprio-
ception, balance, movement pattern, and invokes muscle
weakness and altered H-reflex bilaterally [11]. CAI can
cause further injuries, for example: recurrent ankle
sprain, early development of osteoarthritis and increased
loading on the anterior cruciate ligament [3, 12, 13].
Since CAI can lead to numerous negative consequences,
it is important to develop a preventative strategy for this

ankle problem. To develop a prevention strategy, the
clarification of epidemiological data is essential [14].
To identify the prevalence of CAI in sporting popula-

tions, Attenborough and colleagues conducted a system-
atic review which defined CAI based on a CAI model
published in 2011 [15] and reported the prevalence of
the perceived ankle instability (28%), the recurrent ankle
sprain (50%) and the persistent symptoms (30–45%) in
basketball, soccer and volleyball [8]. However, the preva-
lence of CAI using the standardized criteria published in
2014 from the International Ankle Consortium has not
been reported conclusively. Therefore, the purpose of
this review was to identify the epidemiology of chronic
ankle instability through valid and reliable self-reported
tools in a physically active population.

Methods
Search strategy
The systematic search was performed in the online
search engines PubMed and Web of Science in July 2020
using the keywords and MeSH terms (“ankle instab*”
OR CAIT OR IDFAI OR AII) AND (prevalence OR fre-
quency OR epidemiology). Articles published between
2006 and 2020 were screened, since the three tools (AII,
CAIT and IdFAI) evaluating perceived ankle instability
recommended by the International Ankle Consortium
were published in 2006, 2006 and 2012 respectively.

Inclusion and exclusion criteria
Studies that met the following criteria were included: (1)
peer reviewed studies, (2) using one of the valid and reli-
able tools (AII, IdFAI, and CAIT) to evaluate chronic
ankle instability, (3) determining chronic ankle instability
based on the criteria of the International Ankle Consor-
tium, (4) and the outcome represented the epidemiology
of CAI. If the studies were not written in English, a re-
view article or the full-text unavailable, they were
excluded.

Study selection and the data collection process
The study selection process was performed by two inde-
pendent reviewers. After removing the duplicated arti-
cles, titles and abstracts of the articles were screened
based on the pre-determined criteria. The remaining
full-texts were reviewed for eligibility and either included
or excluded for the current review. A third reviewer was
consulted when the two authors could not reach agree-
ments. Authors, published year, studied population,
sample size, demographics, the criteria of determining
CAI, inclusion criteria, exclusion criteria, and the epi-
demiological data of CAI were extracted.
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Risk of bias in individual studies
Two independent reviewers assessed the bias of included
studies using an adapted risk assessment tool [16, 17].
There are seven items in the adapted bias assessment
tool, including the definition of CAI, the study design,
the description of participants’ demographics, the sam-
pling method, the analysis rate of included data, the
method of identifying CAI and the period of follow up
(see Table 1). Each item was scored with a “Yes” or
“No”, representing a high or low risk of bias respectively.
The item was noted “No” if the information was not
clear or the study did not meet the criteria of the specific
item. When the score of risk of bias more than 75%, the
risk of bias was considered low [27]. In case of different
conclusions on scoring a certain item by the two re-
viewers, the discrepancies were discussed to reach an
agreement.

Results
Study selection
The conducted systematic searches resulted in a total of
744 studies (Fig. 1). After removing the 152 duplicates,

the titles and abstracts of the 592 remaining articles
were screened. Twenty articles entered the phase of full-
text review and their references were screened for pos-
sible eligible articles. Although no other studies were
found through this method in June 2020, one study pub-
lished in September 2020 was included. Eventually, nine
articles were included.

Study characteristics and the results of individual studies
Table 2 provides a summary of the characteristics of the
included studies. Three study types were included: seven
cross-sectional studies [19–21, 23–26], one longitudinal
descriptive study [18] and one cohort study [22]. The
total sample size was 3804 participants. The sample size
of each study ranged from 70 to 1238 participants.
The summarized prevalence of CAI was 25% (ranging

from 7 to 53%). The data from one study was not inte-
grated into the overall result because the study applied
the prevalence of 65 included participants who sought
medical care to estimate the prevalence for the whole
population (N = 1238) [18]. Forty-six percent of

Table 1 Risk of bias assessment

Criterion Schmitt
et al.
[18]

Donovan
et al. [19]

Koshino
et al.
[20]

Holland
et al.
[21]

Doherty
et al.
[22]

Attenborough
et al. [23]

Simon
et al.
[24]

Tanen
et al.
[25]

Kobayashi
et al. [26]

%
Studies
with
‘yes’
response

1 That a clear definition of
chronic ankle instability is
clearly described

Yes Yes Yes Yes Yes Yes Yes Yes Yes 100%

2 Study design is cross-
sectional or prospective

No Yes Yes Yes No Yes Yes Yes Yes 56%

3 Description of participants
demographics are given

No No Yes Yes Yes Yes No No Yes 56%

4 Studies that conducted the
random selection process or
the studies that analyzed
the entire target population
receive

No No No No NA No Yes No No 13%

5 Prospective studies that
collected the data of at
least 80% of the participants
included in the study. The
cross-sectional and retro-
spective studies receive N/A
for this criterion.

NA NA NA NA NA NA NA NA NA NA

6 The injury diagnosis was
conducted by health
professionals or using valid
and reliable tools

Yes Yes Yes Yes Yes Yes Yes Yes Yes 100%

7 The follow up period: For
the prospective studies at
least 6 months follow up,
for retrospective studies up
tp 12

NA NA NA NA Yes NA NA NA NA NA

Total score (%) 40% 60% 80% 80% 80% 80% 60% 40% 80%

NA Not applicable
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participants with a history of ankle sprains were diag-
nosed with CAI (ranging from 9 to 76%).
The age of the participants among the different study

populations ranged from 15 to 32 years. The number of
participants aged younger than 18 years was 1399 [21,
22, 25], for adult participants (18–24 years) it was 1167
[19, 20, 23–26] and the number of participants for the
military population (average age was 32 years) was 1238
[18]. The prevalence of CAI in participants aged younger
than 18 years, aged between 18 and 24 years and aged over
25 years were 26% (320/1399) [19, 21, 25], 25% (237/959)
[20, 23–25], and 2% (28/1238) [18] respectively. The
prevalence of CAI in participants with a history of ankle
sprain in each age category was 63, 36 and 43%.
The study population consists of military personnel

[18], athletes [19, 20, 23, 25, 26], dancers [24], and phys-
ically active individuals [21, 22]. The prevalence of CAI
within each sport is shown in Table 3.
The definitions of CAI in the included studies were

homogeneous, but the exclusion criteria diverse. Four
articles applied the inclusion and exclusion criteria from
the International Ankle Consortium to define the pres-
ence of CAI (2.3–40%) [18, 20, 22, 26]. Two studies only
applied inclusion criteria from the International Ankle
Consortium (10 and 49%) [20, 21]. One study identified

CAI by the history of a significant ankle sprain, mechan-
ical ankle instability and the perceived ankle instability
(46%) [23]. Three studies used the history of ankle
sprains and perceived ankle instability to identify CAI
(20–53%) [19, 24, 25].

Risk of bias across studies
The results of the critical appraisal are displayed in
Table 1. Two studies scored less than 60% [18, 25], two
studies scored 60% [19, 24] and five studies scored ≥80%
[20–23, 26] on the bias assessment tool. Seven included
studies showed clear criteria to define CAI by the same
or similar to the criteria from the International Ankle
Consortium [18, 20, 22, 23, 25, 26]. The criteria for the
two studies were unclear but clarified after contacting
the corresponding authors [19, 21]. In regards to the
study design, five studies were cross-sectional studies,
and the other studies were a longitudinal descriptive
study [18], a cohort study [22], an exploratory study [24]
and a descriptive epidemiological survey [25]. For the
demographics of the participants, four studies only pro-
vided age [18, 19, 21, 24]. None of the included studies
applied random selection to sampling. One study de-
fined the target population clearly at a university and an-
alyzed all data they received [24]. Three included studies

Fig. 1 Flow chart of included and excluded studies

Lin et al. Journal of Foot and Ankle Research           (2021) 14:41 Page 4 of 11



Ta
b
le

2
Su
m
m
ar
y
of

th
e
in
cl
ud

ed
st
ud

ie
s

A
ut
ho

rs
C
ou

nt
ry

St
ud

y
ty
p
e

M
od

e
of

d
at
a

co
lle

ct
io
n

St
ud

y
p
op

ul
at
io
n

D
ef
in
in
g
C
A
I

Ex
cl
us
io
n
cr
it
er
ia

Pr
ev

al
en

ce
of

C
A
I,

n(
%
)

Pr
ev

al
en

ce
of

C
A
Iw

it
hi
n

p
ar
ti
ci
p
an

ts
w
it
h
hi
st
or
y
of

an
kl
e
sp
ra
in
s,

n(
%
)

Pa
rt
ic
ip
an

ts
w
it
h
hi
st
or
y

of
an

kl
e

sp
ra
in
,n

(%
)

Sc
hm

itt
et

al
.

[1
8]

Fr
an
ce

D
es
cr
ip
tiv
e

lo
ng

itu
di
na
l

st
ud

y

Q
ue
st
io
nn

ai
re
s

Fr
en

ch
so
ld
ie
rs

ag
ed

32
.2
(N

=
12
38
)
w
ith

a
hi
st
or
y

of
an
kl
e
sp
ra
in

(n
=

65
)

Ba
se
d
on

IA
C

us
in
g
Id
FA

I
IA
C

28
(2
)

28
/6
5
(4
3)

65
(5
)

D
on

ov
an

et
al
.

[1
9]

U
SA

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Q
ue
st
io
nn

ai
re
s

A
th
le
te
s
8
fro

m
sp
or
ts
cl
ub

s
an
d

hi
gh

A
th
le
te
s
in

hi
gh

sc
ho

ol
s
in

W
is
co
ns
in

(N
=

10
02
)

Fe
m
al
e
(n

=
50
5)
:

15
.7
±
1.
7
ye
ar
s

M
al
e
(n

=
49
7)
:

15
.6
±
1.
9
ye
ar
s

A
hi
st
or
y
of

an
kl
e

sp
ra
in

an
d

pe
rc
ei
ve
d
an
kl
e

in
st
ab
ili
ty

(e
va
lu
at
ed

us
in
g

Id
FA

I)

W
ith

ou
t
hi
st
or
y
of

in
ju
ry

20
0
(2
0)

20
0/
26
2
(7
6)

26
2
(2
6)

Ko
sh
in
o
et

al
.

[2
0]

Ja
pa
n

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Q
ue
st
io
nn

ai
re
s

Ja
pa
ne

se
C
ol
le
gi
at
e

at
hl
et
es

w
ith

LA
S

(N
=
47
0)

C
A
I(
n
=
47
):
20
.0
±

1.
2
ye
ar
s,
1.
70

±
0.
7

m
,6
5.
5
±
11
.5
kg

C
op

er
(n

=
20
):

20
.5
±
1.
4
ye
ar
s,

1.
68

±
0.
06

m
,

63
.8
±
10
.3
kg

Ba
se
d
on

IA
C

us
in
g
C
A
IT

Re
se
ar
ch

cr
ite
ria
:I
A
C

C
lin
ic
al
cr
ite
ria
:I
A
C
w
ith

ou
t
ex
cl
us
io
n
cr
ite
ria

47
(1
0)

93
(2
0)

47
/2
12

(2
2)

93
/2
12

(4
4)

21
2
(4
5)

H
ol
la
nd

et
al
.

[2
1]

U
SA

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Q
ue
st
io
nn

ai
re
s

St
ud

en
ts
in

w
es
te
rn

N
or
th

C
ar
ol
in
a(
N
=

20
1) U
ni
nj
ur
ed

(n
=

86
):
16
.0
ye
ar
s,

1.
69

m
,6
2.
0
kg

C
op

er
(n

=
16
):

15
.3
8
ye
ar
s,
1.
66

m
,6
5.
2
kg

Po
te
nt
ia
lly

un
st
ab
le
(n

=
40
):

15
.6
ye
ar
s,
1.
65

m
,6
0.
9
kg

U
ns
ta
bl
e
(n

=
59
):
15
.6
8
ye
ar
s,

1.
68

m
,6
2.
5
kg

Ba
se
d
on

IA
C

us
in
g
Id
FA

I
M
is
si
ng

da
ta

59
(2
9)

59
/1
15

(5
1)

11
5
(5
7)

D
oh

er
ty

et
al
.

[2
2]

Ire
la
nd

C
oh

or
t
st
ud

y
Q
ue
st
io
nn

ai
re
s

Ph
ys
ic
al
ac
tiv
e

in
di
vi
du

al
s
w
ith

Ba
se
d
on

IA
C

us
in
g
C
A
IT

IA
C

N
A

28
/7
0
(4
0)

N
A

Lin et al. Journal of Foot and Ankle Research           (2021) 14:41 Page 5 of 11



Ta
b
le

2
Su
m
m
ar
y
of

th
e
in
cl
ud

ed
st
ud

ie
s
(C
on

tin
ue
d)

A
ut
ho

rs
C
ou

nt
ry

St
ud

y
ty
p
e

M
od

e
of

d
at
a

co
lle

ct
io
n

St
ud

y
p
op

ul
at
io
n

D
ef
in
in
g
C
A
I

Ex
cl
us
io
n
cr
it
er
ia

Pr
ev

al
en

ce
of

C
A
I,

n(
%
)

Pr
ev

al
en

ce
of

C
A
Iw

it
hi
n

p
ar
ti
ci
p
an

ts
w
it
h
hi
st
or
y
of

an
kl
e
sp
ra
in
s,

n(
%
)

Pa
rt
ic
ip
an

ts
w
it
h
hi
st
or
y

of
an

kl
e

sp
ra
in
,n

(%
)

LA
S
(N

=
70
)

C
A
I(
n
=
28
):
23
.2

ye
ar
s,
75
.5
kg
,

1.
72

m
LA

S
co
pe

r
(n

=
42
):
22
.7
ye
ar
s,

73
.4
kg
,1
.7
3
m

A
tt
en

bo
ro
ug

h
et

al
.[
23
]

A
us
tr
al
ia

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Q
ue
st
io
nn

ai
re
s

A
nk
le
jo
in
t

la
xi
ty

Fe
m
al
e
ne

tb
al
l

pl
ay
er
s
in

Sy
dn

ey
(N

=
96
)

C
lu
b
(n
=
42
):

24
.1
±
7.
9
ye
ar
s,

1.
67

±
0.
05

m
,

68
.5
±
15
.9
kg

In
te
r-
di
st
ric
t
(n

=
54
):
19
.4
±
3.
5

ye
ar
s,
1.
73

±
0.
06

m
,7
2.
0
±
12
.7
kg

Pr
ev
io
us

an
kl
e

sp
ra
in

+
Re
cu
rr
en

t
an
kl
e

sp
ra
in
,p

er
ce
iv
ed

an
kl
e
in
st
ab
ili
ty

(C
A
IT
),
m
ec
ha
ni
ca
l

an
kl
e
in
st
ab
ili
ty

A
lo
w
er

lim
b
in
ju
ry

in
th
e
6
m
on

th
s
pr
io
r
to

te
st
in
g
a
hi
st
or
y
of

an
kl
e
su
rg
er
y
or

an
kl
e

fra
ct
ur
e
al
lp

re
vi
ou

s
an
kl
e
sp
ra
in
s
oc
cu
rr
ed

a
m
in
im

um
of

6
m
on

th
s
pr
io
r

44
(4
6)

44
/6
9
(6
4)

69
(7
2)

Si
m
on

et
al
.

[2
4]

U
SA

Ex
pl
or
at
or
y

st
ud

y
Q
ue
st
io
nn

ai
re
s

D
an
ce
r
(N

=
77
)

19
.6
1
±
2.
53

ye
ar
s,

da
nc
e
ex
pe

rie
nc
e:

13
.6
1
±
3.
16

ye
ar
s

pe
rc
ei
ve
d
an
kl
e

in
st
ab
ili
ty

(Id
FA

I)
A
hi
st
or
y
of

fra
ct
ur
e
or

su
rg
er
y
in

th
e
lo
w
er

ex
tr
em

iti
es
.

41
(5
3)

41
/5
4
(7
6)

54
(7
0)

Ta
ne

n
et

al
.

[2
5]

U
SA

D
es
cr
ip
tiv
e

ep
id
em

io
lo
gi
ca
l

su
rv
ey

Q
ue
st
io
nn

ai
re
s

A
th
le
te
s
(N

=
51
2)

C
ol
le
gi
at
e
at
hl
et
es

(n
=
31
6)

19
.6
±
1.
2

ye
ar
s

hi
gh

sc
ho

ol
at
hl
et
es

(n
=
19
6)

15
.9
±
1.
2
ye
ar
s

Pe
rc
ei
ve
d
an
kl
e

in
st
ab
ili
ty

(C
A
IT

an
d
A
II)

A
hi
st
or
y
of

an
an
kl
e
fra
ct
ur
e,
an
kl
e
su
rg
er
y,

ne
ur
ol
og

ic
al
di
so
rd
er

su
ch

as
,P
ar
ki
ns
on

’s
di
se
as
e,
am

yo
tr
op

hi
c
la
te
ra
ls
cl
er
os
is
,o
r

m
ul
tip

le
sc
le
ro
si
s,
or

fa
ile
d
to

co
m
pl
et
el
y

an
sw

er
th
e
qu

es
tio

nn
ai
re
s.

12
0
(2
3)

12
0/
39
1
(3
1)

39
1
(7
6)

Ko
ba
ya
sh
i

et
al
.[
26
]

Ja
pa
n

C
ro
ss
-s
ec
tio

na
l

st
ud

y
Q
ue
st
io
nn

ai
re
s

Fe
m
al
e
at
hl
et
es

(N
=
13
8)

A
ge

d
18
–2
3

21
.8
±
0.
4
ye
ar
s,

1.
66

m
,5
7.
0
kg

Ba
se
d
on

IA
C

us
in
g
C
A
IT

IA
C

10
(7
)

10
/1
06

(9
)

10
6
(7
7)

IA
C
Th

e
In
te
rn
at
io
na

lA
nk

le
C
on

so
rt
iu
m
,C

A
IT

Th
e
C
um

be
rla

nd
A
nk

le
In
st
ab

ili
ty

To
ol
,A

II
Th

e
an

kl
e
In
st
ab

ili
ty

In
st
ru
m
en

t,
Id
FA

IT
he

Id
en

tif
ic
at
io
n
of

fu
nc
tio

na
lA

nk
le

In
st
ab

ili
ty
,N

A
no

t
ap

pl
ic
ab

le

Lin et al. Journal of Foot and Ankle Research           (2021) 14:41 Page 6 of 11



clearly defined the target population but did not analyze
the entire target population [18, 19, 21]. Four studies did
not either define the target population precisely or re-
port the sampling process [20, 23, 25, 26]. Only one
study followed up participants with first-time ankle
sprain for 12 months [22]. All studies applied standard
tools to evaluate ankle instability.

Discussion
The current review included nine studies and the results
showed that the prevalence of CAI was 25%, ranging
from 7 to 53% and the prevalence of CAI within partici-
pants with a history of ankle sprains was 46%, ranging
from 9 to 76%. Five out of nine included studies had a
low risk of bias.
The prevalence of CAI from eight included studies

ranged from 7 to 53%. The results from one study were
not integrated because of the high risk of bias [18]. The
wide range of prevalence may be caused by the varying
research methods, different characteristics of

participants and other factors. In regards to varying re-
search methods, the included studies applied different
exclusion criteria to investigate the prevalence of CAI
(Table 2), although the International Ankle Consortium
published standard inclusion and exclusion criteria
aimed at controlled research [10]. Based on the criteria
participants with CAI and other conditions (e.g. history
of a fracture and surgeries in lower extremities) will be
excluded because the conditions confound the CAI
symptoms (e.g. giving way and perceived ankle instabil-
ity) [10]. In this case, the prevalence might be underesti-
mated. Yet, if studies defined CAI based on inclusion
criteria only (a history of one or more significant ankle
sprain and experienced “giving way” and/or recurrent
sprain and/or “feelings of instability”) and do not ex-
clude the participants without CAI but with the condi-
tions in the exclusion criteria, the prevalence might be
overestimated.
Most of the included studies investigated CAI using a

questionnaire and excluded participants with the

Table 3 Prevalence of chronic ankle instability in different sports

Sport Total CAI Having history of ankle sprain

n n % n %

Netball [23] 96 44 46% 69 72%

Dance [24, 26] 99 45 45% 69 70%

Aquatics [25] 50 16 32% 28 56%

Basketball [20, 25, 26] 105 32 30% 85 81%

Volleyball [20, 25, 26] 79 24 30% 53 67%

Rowing/Crew [25] 10 3 30% 8 80%

Field Hockey [25] 11 3 27% 7 64%

Wrestling [25] 23 6 26% 16 70%

Rugby [20] 35 9 26% 22 63%

Acrobatics [25] 35 9 26% 22 6%

Baseball [25] 38 9 24% 34 89%

Judo [20] 18 4 22% 6 33%

Running [25] 66 14 21% 29 44%

Soccer [20, 25, 26] 108 22 20% 77 71%

Gymnastics [20] 15 3 20% 9 60%

Handball [20] 5 1 20% 2 40%

Golf [25] 11 2 18% 5 45%

Lacrosse [20] 60 9 15% 23 38%

Ice hockey [20] 31 3 10% 11 35%

Swimming [26] 11 1 9% 6 55%

Tennis [20, 25] 55 4 7% 20 36%

Badminton [20] 14 1 7% 7 50%

Track and field [20, 26] 63 5 8% 23 37%

Table tennis [20] 55 2 4% 12 22%

Total 1093 99 25% 643 47%

CAI chronic ankle instability
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conditions confounding the presence of ankle instability
(Table 2). Without history-taking or physical examin-
ation, it is difficult to differentiate CAI from other pos-
sible conditions in the exclusion criteria. Koshino et al.
found that by applying both inclusion and exclusion cri-
teria from the International Ankle Consortium to deter-
mine the prevalence of chronic ankle instability the
prevalence was 10.0% [20]. Yet, by only applying the in-
clusion criteria the prevalence was doubled (19.8%) [20].
Thus, a comprehensive method should be established
for the research of CAI epidemiology which can differ-
entiate between CAI and other issues confounding the
symptoms of CAI.
In addition, different characteristics of participants, for ex-

ample age and population, also vary the prevalence of CAI.
Regarding to age, the samples from the included studies
come with a wide range of ages (15–32 years). A previous
study showed that a younger age is one of the risk factors for
recurrent ankle sprain, which in turn is one of the risk fac-
tors of CAI [28]. Tanen et al. showed that high school ath-
letes had a higher prevalence of CAI compared to collegiate
athletes (31 and 19% respectively) [25]. In the current review,
the prevalence of CAI with a history of ankle sprain seems
higher in participants aged younger than 18 years (63%)
compared to those aged between 18 and 25 years (36%). The
included studies represent a wide range of ages that may be
responsible for the wide range of prevalence.
Furthermore, different sports disciplines show a vary-

ing prevalence of ankle sprain and CAI. Doherty et al.
found that indoor/court sports showed the highest
prevalence and incidence of ankle sprain (7 ankle sprains
per 1000 athletic exposure [95% CI 6.8–7.2], 12.17%
[95% CI 12.01–12.33]) among water/ice sports (3.7/1000
athletic exposure [95% CI 3.3–4.17], 4.36%[95% CI 3.92–
4.79]), filed-based sports (1.0/1000 athletic exposure
[95% CI 0.95–1.05], 11.3% [95% CI 11.15–11.44]) and
outdoor pursuits sports (0.88/1000 athletic exposure
[95% CI 0.73–1.02], 11.65% [95% CI 11.33–11.97]) [2].
Roos et al. discovered that basketball had the highest
rate of lateral ankle sprain from 25 sports [1]. Regarding
the recurrent ankle sprain, athletes showed the highest
rate of recurrent ankle sprain in basketball, women’s
outdoor track and women’s hockey from 25 sports disci-
plines [1]. Besides, a systematic review revealed that soc-
cer, basketball and volleyball reported the highest rate of
recurrent ankle sprain, and track and field showed the
most participants perceived ankle instability with a his-
tory of ankle sprain [8]. Similarly, Koshino et al. found
that athletes who play basketball (63%, 14/22), volleyball
(42%, 11/26) or soccer (37%, 15/40) had a high rate of
CAI [20]. In the included studies from the current re-
view, netball, dance and aquatics show the highest
prevalence of CAI followed by basketball, volleyball and
rowing/crew (Table 3).

Additionally, the investigated populations and the
sample size of each sport discipline varied among the in-
cluded studies. For example, the sample size in the vari-
ous included sports ranged between five and 163
participants. There were only 10 to 20 participants over-
all in the categories of swimming, golf, gymnastics, field
hockey and rowing/crew, and there were 96 to 108 par-
ticipants in netball, dance, basketball and soccer (Table
3). It is difficult to generalize the result due to the vary-
ing age, sports disciplines and wide range of sample sizes
in each sports discipline of the participating populations.
Therefore, clear description of the factors (for example,
age [28] and sports discipline [2]) in epidemiological
study of CAI can facilitate a comprehensive understand-
ing of CAI prevalence.
Some articles investigating the epidemiology of CAI

were excluded CAI due to the mismatched definition
from the current review. Two systematic reviews defined
CAI as self-reported perceived ankle instability, mechan-
ical instability, repetitive ankle sprain and persisting
symptoms lasting over 6 months after an acute ankle
sprain and surveyed the epidemiology of CAI in sporting
populations and children [8, 29]. In sporting popula-
tions, the recurrent ankle sprain (61%) was the most
prevalent in soccer athletes and the highest rate of per-
ceived ankle instability (41%) was in track and field ath-
letes with a history of ankle sprain [8]. Children with a
history of ankle sprain and perceived ankle instability/re-
current ankle sprain was 22–71% [29]. The other ex-
cluded study defined CAI as recurrent ankle sprain or
ankle functional impairment or mechanical ankle in-
stability or residual symptoms after 1 year of ankle
sprain and found the prevalence of CAI was 1% in a 17-
year-old general population (N = 829,791) who were re-
cruited into mandatory military service [30]. Again, with
the heterogeneous population and definition of CAI, the
rate of CAI can range from 1 to 71% which is a wider
range than in the current results (7 to 53%).
Regarding other factors affecting the prevalence of

CAI, accessibility of rehabilitation can affect the develop-
ment of CAI. Exercise therapy showed moderate evi-
dence to treat/prevent recurrent ankle sprain [31]. For
instance, proprioception training reduces 36% of the risk
in recurrent ankle sprain in the participants with a his-
tory of ankle sprain [32]. Balance training can also im-
prove the perceived ankle instability of the patients with
CAI [33]. However, Hubbard-Turner discovered that
64% (112/175) of the participants did not seek medical
care after lateral ankle sprain injuries, and within the
36% (63/175) who seek treatment, only 10% (6/63) of
them performed balance training [34]. Similarly, Schmitt
et al. found that 47.6% of participants did not receive
physiotherapy after the first ankle sprain [18] and Tanen
et al. found that 45% of the investigated athletes did not
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seek medical care [25]. Doherty et al. showed that 40%
of the participants who did not seek exercise/physical
therapy developed CAI, whereas 60% of the participants
who received rehabilitation did not develop CAI, al-
though there was no significant association between re-
habilitation and the development of CAI [35]. The
availability of exercise/physical therapy may differ from
areas and institutions. However, most of the included
studies did not present the history of rehabilitation for
ankle sprains, which may confound the results [10].
Additionally, there are some other influencing factors

that have been discussed in previous studies, for ex-
ample, body size, gender and competition level. Unfortu-
nately, the evidence is not conclusive. For body size, one
cross-sectional study found that participants’ body mass
index and height are associated with the presence of
mechanical and functional ankle instability in a general
population (N = 829,791) [30]. However, a prospective
study found that body mass index is not associated with
the recovery of ankle function 6 months after an acute
ankle sprain [36]. The difference in the prevalence of
CAI between genders also remains unclear. Regarding
gender, one of the included studies found that female
athletes showed a higher prevalence of CAI than male
athletes (32% vs. 17% respectively, p < 0.05) [25]. In
addition, Donovan et al. found that the prevalence for
boys was 23.5% and for girls it was 26.2% [19]. In con-
trast, Hershkovich et al. found that men had a 2.33 fold-
greater incidence of CAI than women (1.1% vs. 0.7%,
N = 829,791) [30].
Competition levels may play an essential role on the

prevalence of CAI, but the direction is controversial in
the current evidence. Tanen et al. found that the preva-
lence of CAI was higher in the athletes in a lower com-
petitive level (high school athletes) than that in a higher
competitive level (collegiate athletes) [25]. Although
Attenborough et al. further showed that athletes in the
lower competition levels (club athletes) had a higher
prevalence of CAI than that in the higher competition
levels (inter-district athletes), the average age for club
and inter-district athletes being 19 and 24 years [23]. It
is not clear if the difference in the prevalence between
these two populations were from the age, the competi-
tive level, or both. In future studies, body size, gender,
competitive level and history of rehabilitation after an
acute ankle sprain should be identified to understand
their effects on the prevalence of CAI and the above fac-
tors should be clearly described to depict the character-
istics of the surveyed cohort.

Risk of bias
The criteria to define CAI were applied in each study.
Although all studies define CAI based on the standard
criteria of the International Ankle Consortium, the

inclusion and exclusion criteria were distinct among the
included studies. This causes a misestimating of the
prevalence of CAI. As mentioned in the previous para-
graph, the standard from the International Ankle Con-
sortium is for controlled research, which excludes the
participants with other issues confounding identification
of CAI. The participants with other conditions (history
of a fracture or surgeries or acute injury in previous 3
months) and CAI cannot be clarified. This will definitely
affect the results of the CAI prevalence. Therefore, to es-
tablish the standard criteria is a prerequisite for con-
ducting epidemiological studies.
In regards to the study design, to investigate the epi-

demiology of chronic injuries, Bahr suggested applying a
prospective study design with continuous or serial mea-
surements [37]. However, none of the included studies
applied the prospective study design. The prevalence
would fluctuate among different game seasons. There-
fore, the data from each study can only represent the
prevalence in a certain period. Future studies should be
prospective designed to measure the symptoms of CAI
at regular intervals and to portray the presence of CAI
among whole seasons.
Participants’ characteristics were missing in four in-

cluded studies [18, 19, 24, 25]. Height, body mass index
and age are associated with CAI [30]. Without the char-
acteristics of the sample, it is difficult to generalize the
data. Seven included studies did not analyze the whole
target population or clearly define the target population
[18–21, 23, 25, 26]. This could affect the representation
and the generalization of the data.
There were some limitations in the current review.

First of all, only nine studies were included. The preva-
lence might not be representative because of the small
sample size. In addition, the included studies were het-
erogeneous. The surveyed population, countries, com-
petitive level and sports were varying. Three studies
presented the prevalence of CAI in different sports [20,
25, 26]. Furthermore, the criteria to define CAI were dif-
ferent among the included studies. A clear standard to
define CAI in future epidemiological studies should be
defined. Finally, it is not clear if the pre-existing ankle
instability affects the development of CAI after a signifi-
cant ankle sprain. Some individuals have perceived ankle
instability or giving way without a history of ankle
sprain. Do the individuals have CAI because of the pre-
existing instability, or do they really develop CAI after a
significant ankle sprain?

Conclusion
The prevalence of chronic ankle instability in the active
population was 25%, ranging between 7 and 53% in dif-
ferent populations. The prevalence of chronic ankle in-
stability within the participants with a history of an
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ankle sprain was 46%, ranging from 9 to 76%. The wide
range of the prevalence was mainly caused by exclusion
criteria, age, sports discipline, and other factors. In order
to obtain comprehensive epidemiological information
about CAI, first of all, prospective studies should be con-
ducted to the symptoms of CAI with valid and reliable
tools at regular intervals [37]. To report the injury risk
of CAI, prevalence should be used, because athletes with
CAI still participate in practice and competitions [37]. In
addition, the thorough method to well identify the par-
ticipants with CAI and other lower limbs condition
should be developed. Finally, the risk factors of ankle
sprain or CAI including age and sports discipline should
be clearly reported to depict the surveyed population.
Factors which remains unclear of ankle sprain/CAI (e.g.
gender, body size and history of rehabilitation) should be
clarified and described in further epidemiology studies
of CAI.
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