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ARTICLE

Cross-cultural adaptation, reliability, and validation of the Taiwan-Chinese version
of Cumberland Ankle Instability Tool

Chiao-I Lina, Frank Mayerb and Pia-Maria Wipperta

aSociology of Health and Physical Activity, University of Potsdam, Potsdam, Germany; bUniversity Outpatient Clinic, Centre of Sports Medicine,
University of Potsdam, Potsdam, Germany

ABSTRACT
Purpose: To cross-cultural translate the Cumberland Ankle Instability Tool (CAIT) to Taiwan-Chinese ver-
sion (CAIT-TW), and to evaluate the validity, reliability and cutoff score of CAIT-TW for Taiwan-Chinese
athletic population.
Materials and methods: The English version of CAIT was translated to CAIT-TW based on a guideline of
cross-cultural adaptation. 77 and 58 Taiwanese collegial athletes with and without chronic ankle instability
filled out CAIT-TW, Taiwan-Chinese version of Lower Extremity Functional Score (LEFS-TW) and Numeric
Rating Scale (NRS). The construct validity, test-retest reliability, internal consistency and cutoff score of
CAIT-TW were evaluated.
Results: In construct validity, the Spearman’s correlation coefficients were moderate (CAIT-TW vs LEFS-
TW: Rho ¼ 0.39, p< 0.001) and strong (CAIT-TW vs NRS: Rho¼ 0.76, p< 0.001). The test retest reliability
was excellent (ICC2.1 ¼ 0.91, 95% confidential interval ¼ 0.87–0.94, p< 0.001) with a good internal con-
sistency (Cronbach’s a: 0.87). Receiver operating characteristic curve showed a cutoff score of 21.5
(Youden index: 0.73, sensitivity: 0.87, specificity 0.85).
Conclusions: The CAIT-TW is a valid and reliable tool to differentiate between stable and instable ankles
in athletes and may further apply for research or daily practice in Taiwan.

� IMPLICATIONS FOR REHABILITATION
� For athletes, chronic ankle instability is prevalent and causes negative sequela, such as lowered qual-

ity of daily life, affected functional performance, and may cause post traumatic osteoarthritis.
� The psychometric properties of the Taiwan-Chinese version of the Cumberland Ankle Instability Tool

showed moderate to strong construct validity, excellent test retest reliability, a good internal consist-
ency and a cutoff score of 21.5.

� The validity and reliability of the Taiwan-Chinese version of the Cumberland Ankle Instability Tool are
to enable clinicians to evaluate and manage ankle instability in Taiwanese who speaks
Mandarin Chinese.
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Introduction

Ankle sprain is the most common injury in the athletic population
accounting for 6.9–14.5% of all reported injuries in sports, such as
American football, soccer, volleyball, gymnastics, lacrosse, basket-
ball, and cross country [1]. Sports that demand running, cutting,
jumping, landing accelerating and decelerating cause a high rate
of ankle sprain [2]. After an acute ankle sprain 35% of individuals
suffer from residual symptoms, pain, swelling, recurrent ankle
sprain, loss of ankle function, giving way, and strength decreasing
[3]. Different descriptions of this phenomenon had been sug-
gested, chronic lateral ankle instability, recurrent lateral ankle
instability, ankle instability, residual ankle instability, chronic
instability, and chronic ankle sprain [3,4]. However, in 2014 the
International Ankle Consortium termed that as Chronic Ankle
Instability (CAI) and characterized CAI as an individual that had
endured a significant ankle sprain, and experienced episodes of
giving way and/or recurrent ankle sprain and/or subjective ankle

instability [5]. 40% of first-time acute ankle sprain developed into
CAI, which caused a high rate of recurrent ankle sprain (12–80%),
lowered the quality of daily life, affected functional performance,
and may cause post-traumatic osteoarthritis [5–9].

To qualify for subjective ankle instability, the International
Ankle Consortium recommended three valid and reliable self-
report questionnaires with cutoff scores: the Ankle Instability
Instrument (AII), the Cumberland Ankle Instability Tool (CAIT) and
the Identification Functional Ankle Instability (IdFAI) [5]. The CAIT
has been translated into different languages: Brazilian-Portuguese,
Spanish, Korean, Japanese, Persian, Dutch, French, and Greek
which is then applied towards research and clinical practice
[10–19]. A valid and reliable self-report questionnaire is low cost
and able researchers and clinicians to evaluate the ankle instabil-
ity and to access improvements to the rehabilitation [12].

The prevalence of CAI has been investigated in different coun-
tries and different populations [20–23]. A systematic review
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indicated that 61% of soccer athletes, 60% of basketball athletes
and 46% of volleyball athletes suffered from recurrent ankle
sprain; and 28% of basketball athletes experienced perceived
ankle instability while 30% experienced other residual symptoms
[21]. Attenborough et al. applied CAIT to investigate the preva-
lence of CAI in Australian netballs athletes, and they found that
88.4% of them had CAI [20]. Simon et al. found 75.9% (41/54) of
professional dancer had CAI using IdFAI [22]. Tanen and col-
leagues applied CAIT to survey the prevalence of CAI in US high
schools and colleges, and the result showed that 23.4% of ath-
letes had CAI [23]. The prevalence of CAI is varying in different
sport populations and areas. In terms of sports injury prevention
and management, it is important to recognize the prevalence of
CAI in the athletic population in different areas and provide an
efficient and specific intervention protocol or strategy to improve
the quality of sports performance.

Chinese is a widely used language, and it is the official lan-
guage in Taiwan. However, there is no Taiwan-Chinese version of
CAIT that has been evaluated for validity and reliability. A valid
and reliable self-reporting questionnaire in Taiwan-Chinese would
be helpful for monitoring and injury prevention in athletes who
speak Mandarin Chinese in Taiwan. Therefore, the objective of
this study was to develop a valid and reliable cross-cultural
adapted Taiwan-Chinese version of CAIT (CAIT-TW).

Methods

The current study was a cross-sectional study of cross-cultural
adaption and validation of a self-report questionnaire. This study
was conducted from June to October 2018 for a total
of 5months.

Cross-cultural translation

We informed the developer of CAIT about this study and also
obtained the license of using CAIT in the current study from
Elsevier (license number: 4758770436837) [24]. The English version
of the CAIT was translated to a Taiwan-Chinese version referring
to the guidelines for the process of cross-cultural adaptation [25].
There are six steps:

Initial translation (step I): Two bilingual translators, a certified
athletic trainer and a non-medical background translator, trans-
lated the English CAIT into CAIT-TW individually.

Synthesis of the translations (step II): The differences of transla-
tions between the two translators were synthesized in a consen-
sus meeting.

Back translation (step III): The primary CAIT-TW was translated
back to English by two English native speakers without any med-
ical background. The translators were unaware of the existence of
the original English CAIT.

Expert committee (step IV): The expert committee consisted of a
methodologist, a health professional, a language professional, and
the translators (forward and back translators). Then, they dis-
cussed the discrepancies of all versions of translations and reach
an agreement based on semantic, idiomatic, experiential, and con-
ceptual equivalence to consolidate the prefinal version of
CAIT-TW.

Test of the prefinal version (step V): To examine the meaning
and subjects’ understanding of each item, 33 athletes filled out
the prefinal version of CAIT-TW (172.1 ± 9.6 cm, 64 ± 12.2 kg,
14.1 ± 10.1 hours of training per week, and 7.3 ± 3.0 years of train-
ing experience, the score of CAIT-TW was 22.6 ± 6.0). Identified

problems in the questionnaire were reported and revised in pre-
paring the final CAIT-TW-version.

Submission of documentation to coordinating committee for
appraisal of the adaptation process (step VI): The questionnaire
developer reviewed the final version of CAIT-TW, all reports about
the step I to V, and appraised the process of adaption.

Participants

For sample size determination Terwee et al. suggested that to
evaluate internal consistency at least 100 subjects are required,
and to assess the Intraclass Correlation Coefficient a minimum of
50 participants are required [26]. We applied convenience by con-
tacting coaches and athletic trainers on the campus to recruit par-
ticipants in sports teams. In total, 135 native Mandarin speakers
(98 males and 37 females), who were over the age of 18 were
regularly attending to trained athletes (� 10 hours per week),
whom were recruited from sports teams from two universities in
Taiwan. Athletes with CAI were allocated in the CAI group and
athletes without any ankle issues were assigned to a control
group (CON). Subjects in the CAI group met the following criteria:
a history of at least one significant ankle sprain; and/or a history
of the previously injured ankle joint “giving way,” and/or recurrent
sprain and/or “feelings of instability” in their daily or sports activ-
ity [5]. Subjects with bilateral CAI were included in this study too.
The subjects were excluded if they (1) had a history of previous
surgeries or a fracture to the musculoskeletal structures in either
lower extremity requiring realignment; or (2) had acute musculo-
skeletal injuries of the lower extremity in the previous 3months,
which affect joint integrity and function (i.e., sprains or fractures)
disturbing their desired physical activity in at least 1 day (3) were
attending regular balance training; or (4) were not able to com-
plete the questionnaire [5]. All participants read and signed the
informed consent document. This study procedure was approved
by the Ethics Committee of the University of Potsdam in Germany
(Number: 25/2018).

Instruments

Cumberland Ankle Instability Tool questionnaire: The CAIT question-
naire contains nine questions to evaluate both ankles concerning
pain in each ankle for daily activities, ankle instability in different
types of physical activities, ankle control when recurrent sprain
occurring and recovery period after recurrent ankle sprains [24].
The maximum score is 30, and the cutoff point to identify the
subject with or without CAI is 24 in the original English ver-
sion [5,27].

Lower Extremity Functional Scale (LEFS): LEFS contained 20
items to evaluate the function of lower extremity in patients with
orthopedic problems [28]. LEFS has been translated to a Taiwan-
Chinese version of LEFS (LEFS-TW) with satisfactory validity and
reliability (internal consistency: Cronbach a was 0.98 and test-
retest reliability: ICC 2,1 was 0.97) [29].

Numeric Rating Scale (NRS): The maximum score of NRS is 10,
meaning extremely instable in the ankles, and the minimum score
is 0, indicating very stable ankles. NRS has been applied to evalu-
ate the degree of each ankle’s instability and perception of effort
in isometric exercise [16,30].

Analysis of psychometric properties

For psychometric properties examination, the construct validity,
test-retest reliability, and internal consistency reliability of CAIT-
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TW were analyzed. The cutoff score between participating athletes
with or without CAI was built up by testing discriminating ability.

Construct validity: Due to the lack of a gold standard, construct
validity is to evaluate if ankle function is truly measured by CAIT-
TW. To confirm it, the correlations between similar tools were
evaluated [26]. To examine the construct validity of CAIT-TW,
Spearman’s correlation coefficient were used to examine the cor-
relation between CAIT-TW and LEFS-TW [29] and between CAIT-
TW and NRS [16,30]. The Spearman’s correlation coefficient is �
0.30 considered as poor, 0.30–0.60 as moderate, > 0.60 as
strong [11,16,19,26].

Test-retest reliability: Participants filled out this questionnaire
twice, with a week period in between testing. The test-retest reli-
ability was examined by the intraclass correlation coefficient
(ICC1,2). The test-retest reliability of the questionnaire was consid-
ered excellent when the ICC value is > 0.90, good as 0.75–0.90,
moderate as 0.50–0.75 and <0.50 as poor [31].

Internal consistency: For internal consistency reliability examin-
ation, Cronbach’s a coefficient was applied to the testing of the

internal consistency of CAIT-TW. Cronbach’s alpha of a good ques-
tionnaire should be between 0.70 and 0.95 [26].

Discriminating ability: The position statement of the
International Ankle Consortium suggested that the 24 points of
CAIT is the cutoff point to distinguish the subject with or without
CAI. To determine the cutoff score of CAIT-TW in an athletic
population, a receiver operating characteristic (ROC) curve was
utilized to find the highest Youden index [32].

Statistical analysis

All data analysis was performed using IBM SPSS 22.0 (Chicago, IL,
USA). Construct validity tested the correlation between CAIT-TW
and LEFS-TW and between CAIT-TW and NRS using Spearman’s
correlation. Test-retest reliability was conducted by the intraclass
correlation coefficient (ICC1.2), and internal consistency reliability
was performed by Cronbach’s a coefficient. Discriminating ability
was determined using ROC to find the highest Youden index.

Results

The English version of CAIT was adapted to a Taiwan-Chinese ver-
sion based on the guidelines [25]. No specific problem of seman-
tic, idiomatic, experiential, and conceptual equivalence was
relevant during the translation process. The most frequently asked
question when testing the prefinal version was about item 9: after
a TYPICAL incident of my ankle rolling over, my ankle returns to
“normal.” According to the athletes’ experience, there were differ-
ent degrees of rolling over, which affects the duration of recovery.
Without a specific definition of that, it was difficult for some ath-
letes to answer this question. For this item, we decided to follow
the original CAIT guidelines without any changes due to being a
translated version. In total 292 athletes filled out the question-
naires (Table 1). After excluding invalid questionnaires and partici-
pants who did not meet the inclusion criteria, 135 questionnaires
were included to assess psychometric properties (Figure 1). In
total, 77 were athletes with CAI and 58 were athletes without CAI.
116 of 135 questionnaires were used to evaluate construct validity
(Table 2) and 87 of 135 questionnaires were applied to examine

Table 1. Taiwan-Chinese version of Cumberland Ankle Instability Tool.康柏蘭腳
踝穩定性評估量表 在以下問題中, 請選擇最能描述您腳踝狀況的選項:

1. 我有腳踝疼痛 左踝 右踝
A從來沒有5
B在運動的過程中4
C在不平坦的路面跑步3
D在平坦的路面跑步2
E在不平坦的路面行走1
F在平坦的路面行走0
2. 我感覺到腳踝不穩定 左踝 右踝
A從來沒有4
B偶爾發生在運動過程中(並非每次運動)3
C經常發生在運動過程中(每次運動)2
D偶爾發生在日常活動中1
E經常發生在日常活動中0
3. 快速轉換方向時, 我會感覺到腳踝不穩定 左踝 右踝
A從來沒有3
B偶爾發生在跑步過程中2
C經常發生在跑步過程中1
D發生在走路時0
4. 下樓梯時, 我會感覺到腳踝不穩定 左踝 右踝
A從來沒有3
B只有快速下樓時2
C偶爾發生1
D總是發生0
5. 單腳站立時, 我會感覺到腳踝不穩定 左踝 右踝
A從來沒有2
B墊腳尖站立時1
C全腳掌平貼地面時0
6. 做下列哪個動作時, 我感覺到腳踝不穩定? 左踝 右踝
A從來沒有3
B單腳左右來回跳2
C單腳原地反覆向上跳1
D雙腳向上跳0
7. 做下列哪個動作時, 我感覺到腳踝不穩定? 左踝 右踝
A從來沒有4
B在不平坦的路面跑步3
C在不平坦的路面慢跑2
D在不平坦的路面行走1
E在平坦的路面行走0
8. 當腳踝快要扭傷(翻腳刀)時, 左踝 右踝
A我都能立刻阻止扭傷發生3
B我時常能阻止扭傷發生2
C我偶爾能阻止扭傷發生1
D我無法阻止扭傷發生0
E我不曾扭傷腳踝3
9. 在扭傷之後, 我的腳踝通常需要多久才能恢復正常？ 左踝 右踝
A立刻恢復3
B一天以內2
C一到兩天1
D兩天以上0
E我不曾扭傷腳踝3

Figure 1. The flow chart of data collection. CAIT-TW: Taiwan-Chinese version of
Cumberland Ankle Instability Tool; LEFS-TW: Taiwan-Chinese version of Lower
Extremity Function Scale; NRS: Numeric Rating Scale; CAI: chronic ankle
instability.
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test-retest reliability, internal consistency, and discriminating abil-
ity (Table 3). There was no difference in demographics between
two groups, but the score of CAIT-TW, LEFS-TW and NRS showed
a statistical difference between the CAI and the CON groups (see
Tables 2 and 3).

Construct validity: The correlation between CAIT-TW and LEFS-
TW was moderate (Rho ¼ 0.39, p< 0.001) and the correlation
between CAIT-TW and NRS was strong (Rho ¼ 0.76, p< 0.001).

Test-retest reliability: CAIT-TW had excellent test-retest reliability
(ICC2.1 ¼ 0.91, 95% confidence interval: 0.87–0.94, p< 0.001) over-
all. The test and retest scores of CAIT-TW were 20.3 ± 6.3 and
20.8 ± 6.6. For each item test-retest reliability were moderate to
good (ICC2.1 ¼ 0.60–0.85) (see Table 4). The drop-out rate was
9.6% (13/135) (see Figure 1). The reasons for this drop-out rate
were the absence of practice or incomplete questionnaires.

Internal consistency: CAIT-TW had good internal consistency.
Cronbach’s a coefficient of CAIT-TW was 0.87. There was no
improvement if any item of CAIT-TW was deleted (Table 5).

Discriminating ability: The mean score of CAIT-TW in the CAI
group was 16.6 ± 4.3 and in the CON group was 26.1 ± 4.0. ROC
showed that the cutoff score of CAIT-TW was 21.5 according to
the maximum Youden index (0.73) (Figure 2 and Table 6). The
sensitivity and specificity were 0.87 and 0.85 respectively.

Discussion

The current study translated and cross-culturally adapted CAIT
from English to Taiwan-Chinese version. The CAIT-TW assessed
the validity, reliability and cutoff score using an athletic popula-
tion. In construct validity CAIT-TW showed a strong correlation
with NRS and moderate correlation with LEFS-TW. CAIT-TW had
overall excellent test-retest reliability, good internal consistency

and was with a 21.5 cutoff score to discriminate between a stable
ankle and an unstable ankle.

In construct validity, the Spearman’s correlation coefficient
between CAIT-TW and LEFS-TW was not optimal but acceptable.
This may be caused by the testing population and property of
the questionnaires. The correlation between the English version of
CAIT and LEFS was moderate (0.50, p< 0.01), and the correlation
between the Greek version of CAIT and LEFS was strong (0.71,
p< 0.001), and their participants were from the general commu-
nity, dancers in an art school, and students from a physiotherapy’s
school [19,24]. The participants in this current study were all com-
petitive athletes, attending 18–20 h of high-intensity training
every week. The athletes with CAI did not drop out of their daily
training because of their ankle condition, and they performed
their sports-specific tasks every day. Most of the questions in
Lower Extremity Functional Scale (LEFS) is based on activities in
daily life (15 items out of 20), which may not be sensitive enough
to detect ankle instability for highly competitive athletes. In add-
ition, LEFS focus on general functional in lower extremities
instead of specialization in ankle condition. This may cause the
correlation between LEFS-TW and CAIT-TW resulting in not opti-
mal in competitive athletes. On the other hand, the Spearman’s
correlation coefficient between CAIT-TW and NRS showed strong
correlation (Rho¼ 0.76, p< 0.001). This result is comparable with
previous studies [15,16,24]. The correlation between English,
Iranian and Dutch version of CAIT and Visual Analogue Scale or
NRS were 0.64–0.80 [15,16,24].

For test-retest reliability, although the test-retest of CAIT-TW
on each item was moderate to good, the overall test-retest reli-
ability was excellent, which is consistent with previous studies
(ICC2,1 were from 0.83–0.98) [10–16,19,24]. The current study
applied a one-week interval to examine the overall test-retest reli-
ability, which was similar with the Brazilian-Portuguese version
(ICC2,1 ¼ 0.98), two Spanish versions (ICC2,1 ¼ 0.98 and 0.95), the
French version (ICC2,1¼ 0.96), the Persian version (ICC2,1 ¼
0.91–0.95) and the Korean version (ICC2,1 ¼ 0.95) of CAIT
[10–13,15,18]. The Greek version showed 0.95 to 0.97 of ICC2,1

Table 2. Participants’ characteristics for testing construct validity.

CAI CON Homogeneity

N (Men/Women) 58 (36/22) 58 (51/7)
Age (year) 20.5 ± 1.5 20.1 ± 1.3 p¼ 0.56
Height (m) 171.7 ± 9.9 173.1 ± 8.5 p¼ 0.05
Weight (kg) 68.5 ± 14.9 65.5 ± 14.2 p¼ 0.40
Training hours per week 20.6 ± 7.0 18.1 ± 5.6 p¼ 0.63
Training experience (year) 9.8 ± 3.1 9.3 ± 3.1 p¼ 0.55
CAIT-TW 16.4 ± 4.1 25.6 ± 4.4 p< 0.001a

LEFS-TW 76.2 ± 4.8 78.7 ± 2.9 p< 0.001a

NRS 4.9 ± 1.8 1.7 ± 1.9 p< 0.001a

CAI: group of Chronic ankle instability; CON: control group; CAIT-TW: Taiwan-
Chinese version of Cumberland Ankle Instability Tool; LEFS-TW: Taiwan-Chinese
version of Lower Extremity Function Scale; NRS: Numeric Rating Scale.
ap< 0.05.

Table 3. Participants’ characteristics in evaluating test-retest reliability, internal
consistency, and discriminating ability.

CAI CON Homogeneity

N (Men/Women) 75 (47/28) 47 (40/7)
Age (year) 20.5 ± 1.5 20.1 ± 1.4 p¼ 0.11
Height (cm) 171.4 ± 9.5 173.0 ± 9.0 p¼ 0.26
Weight (kg) 66.9 ± 14.1 66.0 ± 15.5 p¼ 0.82
Training hours per week 19.2 ± 7.0 18.9 ± 5.6 p¼ 0.79
Training experience (year) 9.7 ± 3.6 9.4 ± 3.2 P¼ 0.89
CAIT-TW score 16.6 ± 4.3 26.1 ± 4.0 p< 0.001a

CAIT-TW retest score 17.2 ± 5.2 26.6 ± 4.3 p< 0.001a

LEFS-TW 76.3 ± 4.8 78.8 ± 3.0 p< 0.001a

NRS 5.0 ± 1.8 1.5 ± 1.9 p< 0.001a

CAI: group of Chronic ankle instability; CON: control group; CAIT-TW: Taiwan-
Chinese version of Cumberland Ankle Instability Tool; LEFS-TW: Taiwan-Chinese
version of Lower Extremity Function Scale; NRS: Numeric Rating Scale.
ap< 0.05.

Table 4. Test-retest of Taiwan-Chinese version of Cumberland Ankle
Instability Tool.

Items ICC2.1 95%CI p value

Item 1 0.82 0.75–0.88 <0.001
Item 2 0.60 0.43–0.73 <0.001
Item 3 0.71 0.59–0.80 <0.001
Item 4 0.68 0.58–0.78 <0.001
Item 5 0.73 0.62–0.81 <0.001
Item 6 0.71 0.59–0.80 <0.001
Item 7 0.83 0.76–0.88 <0.001
Item 8 0.82 0.74–0.87 <0.001
Item 9 0.85 0.78–0.89 <0.001
Total score 0.91 0.87–0.94 <0.001

Table 5. Internal consistency of Taiwan-Chinese version of Cumberland Ankle
Instability Tool.

Corrected item: total correlation Cronbach’s a if item was deleted

Item 1 0.67 0.85
Item 2 0.58 0.85
Item 3 0.64 0.85
Item 4 0.63 0.85
Item 5 0.48 0.86
Item 6 0.65 0.85
Item 7 0.68 0.84
Item 8 0.59 0.85
Item 9 0.65 0.85

No improvement was observed if any item was deleted.
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with seven to ten days in between testing [19]. In the English ver-
sion and the Japanese versions of CAIT, the test-retest intervals
were between two and three weeks respectively and the ICC2,1
were 0.96 and 0.83 [14,24]. The current result should be inter-
preted carefully, because the test-retest reliabilities in five out of
nine items were moderate (ICC2.1 ¼ 0.60–0.73), which is not per-
fect but acceptable. Compared to the French and the Greek

version of CAIT, the test-retest reliabilities of each item were
excellent (ICC2.1 ¼ 0.95–0.99 and 0.84–0.91). The differences may
cause by the athletes’ dynamic status. Athletes may have a differ-
ent level of fatigue between test and retest, which may affect
posture stability and then affect the score of each item [33].

In CAIT-TW the Cronbach’s a coefficient was 0.87 indicating
good internal consistency. The Cronbach’s a coefficient would not
improve if any item was omitted. This result is comparable with
the French version of CAIT, which is with the Cronbach’s a coeffi-
cient of 0.89 and there is no improvement if any item was
deleted [18]. The result was comparable with previous studies. In
the original English version Cronbach’s a coefficient was 0.83. The
Cronbach’s a coefficient of Brazilin-Portuguese, Korean, Japanese,
Persian, Dutch and Greek versions ranged from 0.73–0.97
[10,13–16,19]. In the Spanish version, published by Cruz-Duaz
et al., the Cronbach’s a coefficient was 0.77, and if items 5 or 6
were deleted, the Cronbach’s a coefficient would be 0.79 and
0.78 respectively [11]. In the other Spanish version of CAIT, the
Cronbach’s a coefficient was 0.84 of the right ankle and 0.80 of
the left ankle, and if item 9 was deleted the Cronbach’s a coeffi-
cient would increase [12].

The current study showed that the cutoff score of CAIT-TW
was 21.5 based on 0.73 of the Youden index. It is lower than the
English, Japanese, French and Greek versions of CAIT
[14,18,19,24,27]. The original English CAIT suggested the cutoff
score was 27.5 (Youden index: 0.68, sensitivity: 0.83 and
Specificity: 0.75) [24]. Later Wright et al. recalibrated the cutoff
score of the English CAIT, and suggested that the cutoff score is
25.5 (Youden index: 0.89, sensitivity: 0.97 and Specificity: 0.87)
[27]. The cutoff score of the Japanese CAIT is also 25.5 (Youden
index: 0.69, sensitivity: 0.71 and Specificity: 0.98) [14]. The cutoff
score of the French and Greek versions of CAIT are 23.5 and 24.5
[18,19]. The differences in cutoff scores may be caused by differ-
ent characteristics of the participants. In the English CAIT, the sub-
jects were selected from students in universities and dancers from

Figure 2. The receiver operating characteristic (ROC) curve of Taiwan-Chinese version of Cumberland Ankle Instability Tool. The area under the curve was 0.94.

Table 6. Sensitivity, specificity and Youden index of Taiwan-Chinese version of
Cumberland Ankle Instability Tool.

CAIT score Sensitivity Specificity Youden index

3.0 1.00 0.00 0.00
5.5 1.00 0.01 0.01
7.5 1.00 0.03 0.03
8.5 1.00 0.07 0.07
9.5 1.00 0.08 0.08
10.5 1.00 0.11 0.11
11.5 1.00 0.12 0.12
12.5 1.00 0.15 0.15
13.5 1.00 0.17 0.17
14.5 1.00 0.29 0.29
15.5 1.00 0.39 0.39
16.5 0.98 0.45 0.43
17.5 0.96 0.57 0.53
18.5 0.94 0.68 0.62
19.5 0.91 0.73 0.65
20.5 0.91 0.77 0.69
21.5 0.87 0.85 0.73
22.5 0.83 0.89 0.72
23.5 0.72 1.00 0.72
24.5 0.66 1.00 0.66
25.5 0.57 1.00 0.57
26.5 0.55 1.00 0.55
27.5 0.49 1.00 0.49
28.5 0.43 1.00 0.43
29.5 0.32 1.00 0.32
31.0 0.00 1.00 0.00

ROC showed that the cutoff score of CAIT-TW was 21.5 according to the max-
imum Youden index (0.73).
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art schools [24,27]. In the French version of CAIT the participants
were not specifically described and in the Greek version, the par-
ticipants were students from a physiotherapy’s school [18,19]. In
the current study, the participants were highly competitive ath-
letes. Although in the Japanese CAIT, the participants were from a
soccer club in a university, the study did not provide information
of the participants’ competitive level [14]. The study of the
Korean version of CAIT applied similar subjects as the current
study, but they did not evaluate the cutoff score [13]. In addition,
the cutoff score of the Dutch version, whose participants were
patients in an orthopedic outpatient clinic, was 11.5 (Youden
index: 0.72, sensitivity: 0.76 and Specificity: 0.91), which is even
lower than the current study [16]. The study population in the
French version of CAIT is unknown [18]. This indicates that differ-
ent populations may need different cutoff points of CAIT to differ-
entiate between a stable and an unstable ankle.

There were some limitations in the current study. First of all,
the current study did not categorize the mechanical instability of
the CAI group. Mechanical instability also affects the feeling of
instability [3,14]. Secondly, the cutoff point of CAIT-TW was calcu-
lated based on an athletic population. Therefore, this cutoff point
may not be fit to evaluate the general population. Thirdly, some
of the athletes had difficulties in answering item number 9: after
a TYPICAL incident of my ankle rolling over, my ankle returns to
“normal,” because they have different degrees of rolling over dur-
ing their daily training, which affects the recovery period. This
may affect the precision of scoring. Finally, the sensitivity to
change, which is defined as an ability to detect the meaningful
clinical change, was not assessed in the current study owing to
the limited resources [34].

Conclusion

The Taiwan-Chinese version of the Cumberland Ankle Instability
Tool showed satisfactory construct validity, excellent test-retest
reliability and good internal consistency. In an athletic population,
it can differentiate between a stable ankle and an unstable ankle
with a 21.5 cutoff score. This tool can assist experts in sports
medicine in Taiwan to conduct research or to apply it to
daily practice.
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