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Abstract
Background Studies investigating ankle condition in subjects with chronic ankle instability (CAI) using an on-the-
field test battery are scarce. Understanding which tests that are most challenging for these subjects has the potential 
to set realistic goals in rehabilitation and return-to-sports criteria. Thus, the primary aim of this study was to investigate 
CAI subjects regarding strength, balance and functional performance with an easily used test battery that required 
minimal equipment.

Methods This study was conducted with a cross-sectional design. A total of 20 CAI subjects, engaged in sports, 
and 15 healthy subjects serving as a control group, were tested for assessment of strength, balance and functional 
performance. A test battery was developed accordingly; isometric strength in inversion and eversion, the single leg 
stance test (SLS), single leg hop for distance (SLHD) and side hop test. The limb symmetry index was calculated to 
determine whether a side-to-side lower limb difference could be classified as normal or abnormal. The sensitivity of 
the test battery was also calculated.

Results The subjects were 20% weaker on the injured side compared with the non-injured side in eversion (p < 0.01) 
and 16% weaker in inversion (p < 0.01) (Table 2). For the SLS test, the mean score of the injured side was 8 points 
(67%) higher (more foot lifts) compared to the non-injured side (p < 0.01). The mean distance of the SLHD was 10 cm 
(9%) shorter for the injured side compare to the non-injured side (p = 0.03). The mean number of side hop was 11 
repetitions (29%) fewer for the injured side compare to the non-injured side (p < 0.01). Six of the 20 subjects obtained 
abnormal LSI values in all five tests whereas none obtained normal values in all tests. The sensitivity of the test battery 
was 100%.

Conclusion Deficits in muscle strength, balance and functional performance appear to be present in CAI subjects 
with the largest impairments in balance and side hop performance, which stresses the need for return to sport criteria 
for this group of subjects.

Trial registration Registered retrospectively on 24/01/2023. NCT05732168.
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Background
In sports, the ankle has been shown to be one of the most 
common injured body site after the knee [1, 2]. The inci-
dence of ankle injury is high in court games and team 
sports, such as soccer, volleyball, handball and basket-
ball [2–6]. Lateral ankle sprain is one of the most com-
mon traumatic musculoskeletal injuries and up to 40% 
develop chronic ankle instability after this injury [7]. 
Chronic ankle instability (CAI) is a name for the chronic 
symptoms that can be developed after a lateral ankle 
sprain. Typically, severe sprains are followed by addi-
tional sprains and a feeling of instability [8]. Several func-
tions can be affected by ankle instability such as range 
of motion, muscle strength and functional performance 
[7]. The range of motion is often reduced, perhaps mainly 
in the acute phase, but it can also be a long-term prob-
lem [7]. Both initial and a long-termed reduced muscle 
strength [7] has been noted, and balance and postural 
control may be impaired, as a result of ankle sprains [7, 
9]. Overall, this often affects the gait, running and the 
ability to land when jumping and if not managed appro-
priately, a cascade of negative alterations to both the joint 
structure and a person’s movement patterns continue to 
stress the injured ligaments [3].

Common tests to identify possible impaired func-
tions are; balance test, strength test and various forms 
of jump test [10]. In one study by Park et al. [10], it was 
noted that the affected side had clearly reduced static 
and dynamic balance in addition to reduced strength in 
inversion. However, strength testing was performed iso-
kinetically, using laboratory equipment, which is not usu-
ally provided at a clinic. Further, associations were found 
between jump performance and strength [10]. Yet, no 
comparisons or correlations were made between hop and 
balance or between the various functional tests. Sekir et 
al. [11] investigated the reliability of a test battery, which 
included test of functional performance, proprioception 
and muscle strength, in recreational athletes with CAI. It 
was noted that the various tests provide clinicians with 
reliable methods for assessing individuals with recurrent 
ankle instability. However, only the affected ankle of the 
patient was tested and strength was measured isokineti-
cally. Thus, there appears to be a need for research inves-
tigating whether it is possible to detect impairments in 
CAI subjects using easy-to-use and less expensive assess-
ment tools. Such a test battery could easily be used in 
clinic and as an on-the-field screening tool for monitor-
ing CAI subjects in sport-based testing environment. On-
the-field screening tests could be used in larger groups of 
people compared to a laboratory setting. Thus, field tests 
may improve the potential to identify function deficiency 

and target training goals of athletes with increased risk of 
re-injury. In addition, despite the fact that several kinds 
of tests have been described in the literature, and used in 
clinics, for the evaluation ankle condition in CAI, the lit-
erature is not clear regarding which tests that are most 
challenging for these subjects.

Hence, the primary aim of this study was to investigate 
subjects with chronic ankle instability regarding strength, 
balance and functional performance with an easily used 
test battery that required minimal equipment. A sec-
ond aim was to evaluate which of these tests that has the 
highest ability to discriminate impaired function between 
injured and non-injured ankle in CAI subjects.

Materials and methods
Study design and procedure
Data for cross-sectional study, adhering to the STROBE 
statement [12] were collected during 2021 to 2022 where 
subjects with chronic ankle instability (CAI) were evalu-
ated with tests of strength, balance and functional perfor-
mance. Recruitment took place through a local district 
rehabilitation clinic, where subjects who applied or came 
via a referral from a doctor for ankle instability problems 
were introduced to the study and signed up for test ses-
sion. Contacts were also made with local sports associa-
tions and coaches were introduced to the study through 
email. Once a potential subject has been identified and 
notified of interest, he or she was contacted by telephone 
for an in-depth history of injury history and current sta-
tus. Five tests were used to assess balance, strength and 
functional performance and a trained physiotherapist 
collected all data. The tests were performed at the reha-
bilitation clinic for the CAI subjects and the Sports Sci-
ence Laboratory at Radix, Linnaeus University, for the 
healthy subjects. The test session began with a warm up, 
which consisted of five minutes of ergometer cycling at 
100 W followed by 20 repetitions of heel raises on both 
feet. Height and weight were noted for each subject.

Participants
Inclusion criteria for the study were men and women 
with recurrent unilateral ankle problems due to previous 
sprains, aged 15–40 years, sought treatment on at least 
one occasion for ankle injury and have had a minimum 
of three recurrent sprains in the past year. The exclusion 
criteria were (1) previous ankle fracture with internal fix-
ation surgery, (2) disease / illness that could have effect 
on the balance or strength (3) newly sprained/injured in 
the current ankle within a period of eight weeks prior to 
test session (4) bilateral ankle and/or foot discomfort. A 
total of 27 CAI subjects were invited to participate. Four 
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subjects were excluded due to newly injured ankle, two 
due to bilateral ankle instability and one due to previous 
problems. Finally, 20 CAI subjects were included in the 
analysis. The subjects were involved in floorball (n = 8), 
running (n = 5), football (n = 5), equestrian sports (n = 1) 
and gymnastics (n = 1). In addition, a convenience sample 
of 15 healthy aged-matched subjects were also recruited 
in order to establish the specificity and accuracy of the 
test battery. No significant differences were noted in 
characteristics (age, height and weight) between CAI 
and healthy subjects for the overall group comparison 
(p ≥ 0.15) or between CAI and healthy men (p ≥ 0.16) or 
CAI and healthy women (p ≥ 0.09) (Table 1).

Outcome measures
The primary outcome was ankle function, in subjects 
with CAIs, which was assessed by a test battery consist-
ing of two muscle strength tests, one balance test and two 
functional performance tests. Subjects were instructed to 
wear shorts and athletic shoes accept for the SLS, which 
was performed barefoot. All subjects performed the tests 
in the order that they are described below, starting on the 
non-injured side then continuing on the injured side. The 
tests are described elsewhere, so a summary including 
reference is provided for each test below.

Muscle strength
Ankle inversion and eversion isometric muscle strength 
were assessed using hand-held dynamometry, Micro-
FET2 (Hoggan Health Industries, Inc., Draper, UT), 
according to previous described protocol [13]. The sub-
jects were examined in a lying in a prone position with 
the feet outside the edge with one test leader stabilizing 
the subject’s lower leg. The dynamometer was placed 
against the lateral edge of the foot, distal to the base of 
the 5th metatarsal head, to measure eversion and to the 
medial edge of the foot, near the base of the 1st meta-
tarsal head to measure inversion. The test leader held the 
dynamometer stationary with one hand while the par-
ticipants actively exerted a maximal force [13]. Before 
the test, the subjects tried the directions against the test 
leader’s hand. Three maximal isometric contractions, 
measured in Newton (N) with 15 s of rest between each 
contraction, were measured and the best attempt was 

used for further analysis. Five minutes of rest was used 
when changing test direction.

The single leg stance test (SLS)
Balance was measured with the Single-leg stance test 
(SLS) as previous described [14]. The test began with the 
subject standing on one leg, with his arms straight down, 
and the other leg held against the calf of the standing leg. 
When standing steadily, the subject was asked to close 
their eyes and maintain balance without using oppo-
site legs or arms. The number of times the subject cor-
rected his balance, during 30 s, was documented as part 
foot lifts. Part foot lift was defined as all parts of the foot 
that left the surface, e.g. toes, outside foot, heel. Putting 
down the opposite leg also counted as part foot lift. The 
total number of part foot lifts constituted a score that was 
used as a result.

Functional performance
Functional performance was assessed by the Single-leg 
hop for distance (SLHD) and the 30-sec timed side hop 
test as previous described [15, 16]. Before each test, the 
subject had to perform three submaximal test jumps.

For the SLHD, the subject was standing on one leg 
with the other leg lifted from the floor. Free leg swing 
was allowed but the hands was placed behind the back. 
The subject jumped forward as far as possible, taking 
off and landing on same foot with a controlled landing. 
The subject had to maintain balance on landing until the 
test leader had registered the landing position, approxi-
mately (2–3 s). The distance was measured in centimeters 
from the toe at the push-off to the heel where the subject 
landed. The best jump of two attempts was used further 
analysis.

For the side hop test, the subject stood on the test leg, 
with the other leg lifted from the floor, and hands placed 
behind the back. Two parallel strips of tape, placed 40 cm 
apart on the floor was used and the subject jumped from 
side to side as many times as possible during a period of 
30  s. The number of successful jumps performed, with-
out touching the tape, was recorded and used for further 
analysis.

Table 1 CAI and healthy subjects’ characteristics (n = 35)
CAI women (n = 11) Healthy women 

(n = 5)
CAI men (n = 9) Healthy men 

(n = 10)
Total CAI sample 
(n = 20)

Total 
healthy 
sample 
(n = 15)

Characteristics Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean 
(SD)

Age (years) 26 (8) 27 (7) 27 (5) 24 (3) 27 (7) 25 (5)

Height (cm) 167 (7) 164 (4) 181 (6) 182 (7) 174 (9) 177 (10)

Weight (kg) 65 (6) 62 (8) 83 (10) 80 (10) 74 (12) 75 (12)



Page 4 of 8Ryman Augustsson et al. BMC Sports Science, Medicine and Rehabilitation           (2023) 15:55 

Statistical methods
Statistics were calculated using IBM SPSS (IBM SPSS 
Statistics for Windows, Version 27.0. IBM, Armonk, NY). 
Descriptive data are presented with mean and standard 
deviation (SD). Due to the relatively small sample in this 
study, non-parametric tests were used for comparison 
analysis. Standardized Z-scores were used and summed 
in order to calculate the total score for the test battery. 
Differences in strength, balance and functional perfor-
mance tests as well as total scores, between injured and 
non-injured ankle, were analyzed with the Wilcoxon 
signed ranks test. The Mann-Whitney U test was used 
to compare test values between CAI (injured side) and 
healthy subjects and any differences between men and 
women. The Spearman’s correlation coefficient was used 
to analyze the association between the different tests.

The limb symmetry index (LSI) was calculated to deter-
mine whether a side-to-side lower limb difference could 
be classified as normal or abnormal. The LSI was defined 
as the ratio of the score of the injured ankle and the score 
of the non-injured ankle, expressed in percent (injured/
non-injured x 100 = LSI). In the present study, an LSI 
greater than or equal to 90% was classified as normal [17]. 
The sensitivity of the individual tests and the test battery 
was calculated as the number of CAI subjects classified 
as abnormal/total number of CAI subjects × 100, which 
expressed the percent probability that the tests would 
demonstrate abnormal LSI in CAI subjects [17]. The five 
tests were then combined to produce one test battery, 
which meant that the subjects should perform more than 
90% in the injured ankle compared with the non-injured 
ankle in all tests in order to be classified as normal.

Specificity (= number of healthy subjects classified 
as normal/total number of healthy subjects) expresses 
the percentage probability that the tests would demon-
strate a normal LSI in the normal subjects [16]. Accuracy 
(= number of CAI subjects classified as abnormal + num-
ber of healthy subjects classified as normal/total number 
of CAI and healthy subjects) is defined as the percentage 
probability that the tests would demonstrate a normal 
LSI in the normal subjects and an abnormal LSI in the 
CAI subjects. No differences (p ≤ 0.158) were observed 
between the right and left legs for healthy subjects; there-
fore, data were analyzed for the right leg only.

Based on a power of 0.80 (α = 0.05), approximately 
18 CAI subjects would be required to detect a 20% dif-
ference between injured and non-injured ankle in the 
balance test score. 20% was considered as a minimal 
clinically relevant difference. Therefore, this study was 
planned to recruit a minimum of 25 CAI subjects with 
regard for potential dropouts.

Results
Of the 20 CAI subjects, 10 had right ankle and 10 had left 
ankle instability. The test battery total score was signifi-
cantly better for the non-injured compared to the injured 
ankle (p < 0.01). The subjects were 20% (18 N) weaker on 
the injured side compared with the non-injured side in 
eversion (p < 0.01) and 16% (14  N) weaker in inversion 
(p < 0.01) (Table 2). For the SLS test, the mean score of the 
injured side was 8 points (67%) higher (more foot lifts) 
compared to the non-injured side (p < 0.01). The mean 
distance of the SLHD was 10  cm (9%) shorter for the 
injured side compare to the non-injured side (p = 0.03). 
The mean number of side hop was 11 repetitions (29%) 
fewer for the injured side compare to the non-injured 
side (p < 0.01). Differences were found between men and 
women, in favor for the male subjects, in the strength 
tests and the SLHD (p ≥ 0.04) (Table  3). Men also per-
formed better at the side hop test on the non-injured 
side (p < 0.0) but not on the injured side (p = 0.22). No 
differences were found between men and women in the 

Table 2 Test results for balance, strength and functional 
performance for injured and non-injured ankle in CAI subjects. 
Data are presented with mean (± standard deviation) (N = 20)

Injured side Non-in-
jured side

Mean (SD) Mean (SD)
Eversion strength (N) 73 (± 20) 91 (± 30) *

Inversion strength (N) 72 (± 33) 86 (± 32) *

SLS 20 (± 12) 12 (± 8) *

SLHD (cm) 96 (± 30) 106 (± 22) *

Side hop (repetitions) 27 (± 12) 38 (± 12) *
SLS = Single leg stance

SLHD = Single leg hop for distance

*=significant difference between injured and non-injured side.

Table 3 Test results for balance, strength and functional 
performance in CAI subjects presented by sex. Data are 
presented with mean (± standard deviation) (N = 20)

Men Women Men Women
Injured 
side

Injured 
side

Non-
injured 
side

Non-
injured 
side

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Eversion strength (N) 84 (± 20) 64 (± 20) 
*

110 (± 26) 75 (± 23) 
*

Inversion strength (N) 93 (± 34) 55 (± 18) 
*

108 (± 32) 68 (± 32) 
*

SLS 24 (± 18) 18 (± 7) 11 (± 4) 14 (± 10)

SLHD (cm) 112 (± 32) 84 (± 24) 
*

116 (± 27) 97 (± 13) 
*

Side hop (repetitions) 31 (± 15) 24 (± 7) 46 (± 11) 32 (± 8) *
SLS = Single leg stance

SLHD = Single leg hop for distance

*=significant difference between men and women.
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SLS test for either side (p ≥ 0.26). Differences were found 
between injured and healthy subject in SLS (p = 0.01), 
SLHD (p < 0.01) and the side hop test (p < 0.01) whereas 
no differences were found for the strength tests (p ≥ 0.25). 
Result for the group of healthy subjects are shown in 
Table 4.

Correlations
For the injured ankle, a relatively strong correlation 
was found between strength in eversion and inversion 
(rs=0.73, R2 = 0.53, p < 0.01). There were moderate corre-
lations between the strength tests and the side hop test 
(eversion, rs=0.59, R2 = 0.35, p < 0.01; inversion rs=0.56, 
R2 = 0.31, p < 0.001). There were also a moderate correla-
tions between the strength tests and the SLHD (eversion, 
rs=0.51, R2 = 0.26, p = 0.02; inversion, rs=0.45, R2 = 0.20, 
p < 0.01). A moderate correlation was noted between the 
two hop tests (SLHD and side hop), (rs=0.49, R2 = 0.24, 
p = 0.02) whereas no correlations were found between the 
SLS and any of the other parameters (p ≥ 0.48).

Sensitivity, specificity, accuracy and LSI
Sensitivity ranged from 41 to 100% in the CAI subjects, 
whereas specificity ranged between 80 and 87% in the 
healthy subjects (Table  5). Accuracy ranged from 59 to 
85% and six of the 20 CAI subjects obtained abnormal 
LSI values in all five tests whereas none obtained normal 
values in all tests. Six (30%) subjects obtained abnormal 
LSI values in four of the five tests, seven (35%) in three 

tests and one in two tests. Among healthy subjects, 7 of 
15 (47%) were classified as abnormal in one of the five 
tests whereas none were classified as abnormal in more 
than one test. When the five tests were combined to pro-
duce one test battery, a sensitivity of 100% was found.

Discussion
The main observation in this study was that impairments 
in strength, balance and functional performance seem to 
be quite common in CAI subjects. The total score for the 
test battery was significantly better for the non-injured 
compared to the injured ankle (p = 0.01). The sensitivity 
was high for the SLS (100) and the side hop test (85), and 
thus, provides a high ability to discriminate impaired per-
formance between injured and non-injured ankle in CAI 
subjects. When the five tests were combined, to produce 
one test battery, a sensitivity of 100% was found.

Regarding an acute trauma such as an ankle sprain, 
reduced strength is often noted in eversion and inver-
sion [7]. Strength impairments have also been noted in 
chronic ankle instability patients [18, 19]. The CAI sub-
jects in the present study had reduced strength with a 
20% difference in eversion and 16% in inversion between 
injured and non-injured ankle, but strength values did 
not differ compared to healthy subjects. One plausible 
explanation for the non-existents difference between CAI 
and healthy subjects might be the difference in disparity 
between men and women in the two groups. In the group 
of CAI subjects, 11 out of 20 were women whereas there 
were only five women (33%) in the group of healthy sub-
jects. Differences were found between men and women, 
in favor for the male subjects, in the strength tests and 
these dissimilarities most likely exist in healthy subjects 
as well. However, due to the restricted sample size we 
chose not to analyze this further. The sensitivity of the 
eversion strength test was 65%, with 13 CAI subjects clas-
sified as abnormal whereas the sensitivity of the inversion 
strength test was 60%. The reduced strength in inversion, 
noted in the present study, is in accordance with the out-
come from an earlier study [18], whereas there was no 
similarity in decreased strength in eversion. In this study 
[18], patients with chronic mechanical ankle instability 

Table 4 Test results for balance, strength and functional 
performance in healthy subjects. Data are presented with mean 
(± standard deviation), (N = 15)

Right leg
Mean (SD)

Eversion strength (N) 82 (± 25)

Inversion strength (N) 74 (± 9)

SLS 10 (9)

SLHD (cm) 139 (± 33)

Side hop (repetitions) 43 (± 15)
SLS = Single leg stance

SLHD = Single leg hop for distance

Table 5 Results for sensitivity (%), specificity, accuracy and the number (no) of CAI subjects that were classified as abnormal (i.e. with 
≤ 90% performance on the injured side compared with the non-injured side) for the five tests (CAI subjects n = 20, healthy subjects 
n = 15)

Eversion
strength

Inversion
strength

SLS SLHD Side 
hop

Sensitivity (%) 65 60 100 45 85

Specificity (%) 80 87 80 80 87

Accuracy (%) 71 71 83 60 86

Abnormal (no) 13 12 17 9 17
SLS = Single leg stance

SLHD = Single leg hop for distance
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were evaluated with strength measurement. The authors 
found reduced strength despite long-term functional 
rehabilitation in this group of patients. In another study 
[19], participants with ankle instability were divided into 
two categories, mechanical and functional instability, 
respectively. The authors found an impaired strength in 
the group with mechanical instability of plantar flexion 
and eversion whereas the group functional instability 
did not exhibit any side differences. In the present study, 
examination prior to participation was not included. 
Thus, the number of patients that had objective instabil-
ity versus functional are unknown, although one does not 
exclude the other. In summary, reduced strength seems 
to be present in CAI subjects suggesting that continued 
strength training after rehabilitation is probably impor-
tant to reduce the risk of re-injury. In addition, the result 
from the present study, suggests that isometric testing 
can detect strength deficits in CAI subjects and thus, 
should be recommended for clinical use.

In the present study, CAI subjects performed sig-
nificantly worse at the balance test on the injured side. 
Contrary to this result, Hiller et al. [14] did not found 
any differences in balance between injured and non-
injured ankle. Instead, those with unilateral injury were 
found to have disabilities on both sides. However, when 
comparing controls to individuals with instability a two 
times higher rate of foot lifts was noted for the injured 
group [14]. In another study [10], it was noted that CAI 
patients performed 20% better at the non-injured ankle 
compared to the injured side in a single leg balance test, 
which is a minor difference compare to the result found 
in the present study. However, other test methods were 
used for evaluation of balance which could have influence 
the results. The differences of 67% in the SLS and the test 
sensitivity of 100%, noted in the present study, between 
injured and non-injured ankle suggests that evaluation of 
balance is of utterly importance in this group of subjects 
and that rehabilitation should aim to improve balance 
ability.

Impairments in functional performance were also 
noted for the CAI subjects in the present study. There 
was a 29% difference, with 11 repetitions fewer, in the 
side hop test on the injured side. Seventeen of the 20 
CAI subjects were classified as abnormal giving the test a 
sensitivity of 85%. Comparable to our data, several stud-
ies have provided evidence that functional performance 
are impaired in patients with chronic ankle instability 
[10, 20, 21]. Ko et al [20] found impaired performance 
in the group with a history of ankle instability, relative to 
the control group. However, no comparison was made 
between healthy and injured side. In addition, we used 
a more challenging method for the side hop test in the 
present study according to Gustafsson et al. [16]. Side hop 
test are a common evaluation instrument in the ankle 

context but is usually performed with a 30  cm distance 
instead of 40 cm. In addition, instead of jumping as many 
times as possible in 30 s, as in the present study, a more 
common approach are to jump 10 repetitions as fast as 
possible. However, jumping for 30  s probably better 
evaluates muscle endurance and the difficulty to main-
tain the side cutting movement when fatigue. The mean 
distance of the SLHD was 10  cm (9%) shorter for the 
injured side compare to the non-injured side (p = 0.050). 
The difference is in accordance to a study by Park et al. 
[10], where also a 10% shorter distance was noted in the 
non-injured side in people with chronic ankle instabil-
ity. However, the sensitivity of the SLHD, in the present 
study, was only 45% and only nine of the 20 CAI subjects 
were classified as abnormal. Thus, the deficits in SLHD 
performance could be considered as minor compared to 
the side hop performance and strength impairments. The 
lack of influence of SLHD on ankle instability has previ-
ously been discussed [21]. One theory provided is that a 
SLHD primarily loads the foot sagitally, compared to the 
side hop test which has more impact on lateral struc-
tures which are same structures that often are affected 
in an ankle injury [21]. The present study confirms that 
a SLHD does not appear to be as challenging as other 
functional tests such as the side hop test. Thus, the side 
hop test seem to be more useful when screening for func-
tional impairments in CAI subjects.

Not surprisingly, there was a relatively strong correla-
tion between the two strength test (rs=0.73) and a moder-
ate correlation between the two hop tests (SLHD and side 
hop), (rs=0.49). Moderate correlations were also noted 
between the strength tests and the side hop test (ever-
sion, rs=0.59, R2 = 0.35 and inversion rs=0.56, R2 = 0.31) 
and the SLHD (eversion, rs=0.51, R2 = 0.26, inversion, 
rs=0.45, R2 = 0.20) suggesting that maximum muscle 
strength have an impact on functional performance in 
this group of subjects. In one previous study, no corre-
lation between strength test and SLHD could be found 
[10]. However, the test method used in this study con-
sisted of isokinetic strength tests [10], which is different 
to the isometric method, used in the present study. The 
somewhat weaker correlation between eversion strength 
and SLHD in the present study is rather puzzling. The 
eversion strength was largely impaired compared to the 
inversion strength and it would therefore be likely to 
assume an impact on SLHD performance. However, as 
stated above, the performance deficit of the SLHD was 
minor compared to the side hop performance suggesting 
that SLHD is less demanding for CAI subjects. Impair-
ment in eversion might have more impact on neuromus-
cular control in ankle frontal plane compared to sagittal 
plane. Still, we can only speculate regarding the impact of 
strength on neuromuscular control as no biomechanical 
data was collected.
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Correlations could not be found between the balance 
test and any of the other parameters in the present study 
(p ≥ 0.48). This is in contrast to previous study where 
correlation was found between balance and strength in 
inversion in CAI patients [10]. However, the absence of a 
correlation between ankle strength and balance has pre-
vious been demonstrated in healthy individuals [22, 23]. 
One plausible explanation for the lack of significant cor-
relations between balance and strength and functional 
performance noted in the present study might be the test 
methods used. Assessment of muscle strength was car-
ried out isometrically which may not provide necessary 
information regarding the nature of a balance test. One 
previous study revealed that strength training increased 
strength in subjects with functional ankle instability but 
did not improve proprioception [24]. Thus, other fac-
tors than muscle strength may be of more importance 
for balance performance in CAI subjects. However, this 
does not explain the absence of correlations between the 
balance test and the tests of functional performance. As 
stated above, the correlations between the strength tests 
and the side hop test demonstrates the significance of 
muscle strength on functional performance in CAI sub-
jects. Yet, these correlations might be due to the actual 
relationship between muscle strength and power rather 
than balance and neuromuscular control.

One strength of the present study is the use of reli-
able and valid methods for assessment of both maximum 
muscle strength, balance and functional performance. 
Still, some limitations need to be recognized. First, the 
results may be affected by the small sample size. For this 
reason, all data are presented at the group level. In order 
to investigate whether there is any difference between 
men and women a larger sample is needed. Second, there 
was no data collected regarding the rehabilitation proto-
col about previous ankle sprains. It could be speculated 
that some CAI subjects dropped out from therapy before 
fully rehabilitated. Information on rehabilitation proto-
col and return to sport criteria would have provided a 
broader understanding of the participants’ function and 
performance.

Conclusions
Deficits in muscle strength, balance and functional per-
formance appear to be present in CAI subjects with the 
largest impairments in balance, side hop performance 
and eversion strength, which stresses the need for bet-
ter return to sport criteria for this group of subjects. The 
findings also indicate that the SLHD test does not seem 
to be sufficiently challenging when it comes to evaluat-
ing functional performance in CAI subjects, whereas 
the more challenging method for the side hop test used 
in this study could be recommended. The SLS, inversion 
and eversion strength tests and the side hop test, had 

high ability to discriminate performance between the 
injured and the non-injured ankle in CAI subjects.

Abbreviations
CAI  Chronic ankle instability
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SLHD  Single leg hop for distance
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