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ABSTRACT

Objective The International Cooperative Ataxia Rating Scale (ICARS) is a semiquantitative clinical scale for ataxia that is
widely used in numerous countries. The purpose of this study was to investigate the validity and reliability of the Korean-trans-
lated version of the ICARS.

Methods Eighty-eight patients who presented with cerebellar ataxia were enrolled. We investigated the construct validity us-
ing exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). We also investigated the internal consistency using
Cronbach’s a and intrarater and interrater reliability using intraclass correlation coefficients.

Results The Korean-translated ICARS showed satisfactory construct validity using EFA and CFA. It also revealed good inter-
rater and intrarater reliability and showed acceptable internal consistency. However, subscale 4 for assessing oculomotor disor-
der showed moderate internal consistency.

Conclusion This is the first report to investigate the validity and reliability of the Korean-translated ICARS. Our results
showed excellent construct and convergent validity. The reliability is also acceptable.

Keywords Cerebellar ataxia; Republic of Korea; Validation study.

Ataxia is a term for impairment in the coordination of move- s difficult to objectively measure the severity of ataxia. The In-
ment and presents as a disorder involving complex multiple  ternational Cooperative Ataxia Rating Scale (ICARS) was first
functional movements. Due to various clinical presentations, it  developed in 1996 and has been widely used for semiquantita-
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tive measurement of ataxia.' The ICARS is composed of 19 items
and 4 subscales for assessing gait and ability to stand, motor func-
tion, speech, and eye movements. The ICARS was originally writ-
ten in English and required translation and validation for use in
countries where other languages are spoken.”> However, there
has been no report on the validity and reliability of the Korean-
translated version of the ICARS. As the prevalence of patients
with ataxia in Korea has been increasing, it is necessary to vali-
date the Korean-translated version of ICARS.

MATERIALS & METHODS

Translation process

The translation and back translation methods were applied for
translation to Korean.* The group of translators was composed
of two Korean neurologists, one of whom had lived in an Eng-
lish-speaking country for 3 years. The group of back translators
was composed of a Korean neurologist and a nonmedical native
speaker of English. After backtranslation, all translators reviewed
and compared the translated piece to the original version, and
any errors were corrected with consideration of Korean cultural
differences. The final translated version was supervised by the
Korea—-US education and cultural exchange association called
KoAm Education Alliance (Supplementary Material in the on-
line-only Data Supplement).

Participants

This study was a multicenter cross-sectional study. The inclu-
sion criteria were patients aged 20—-80 years who presented with
cerebellar ataxia. Exclusion criteria included the presence of 1)
other neurological and orthopedic symptoms that affect move-
ment and gait,; 2) severe fall risk, deeming patients unable to un-
dergo ICARS; and 3) fluctuating symptoms within one month.

All participants performed the Korean translated version of
the ICARS, Timed Up and Go (TUG) test and the Korean Tinetti
mobility test (TMT).* Informed consent was obtained from all
participants, and this study was approved by the Institutional
Review Board (IRB number: HP2021-05-04).

Statistical methods

Validity

For construct and convergent validity, exploratory factor anal-
ysis (EFA) and confirmatory factor analysis (CFA) were per-
formed. Before performing EFA, the Kaiser-Mayer-Olkin and
Bartlett’s tests were used for sampling adequacy. To assist in in-
terpreting the factors, varimax orthogonal rotation was used.
Before constructing a common factor model, initial eigenvalues
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from a screen plot were used as guidelines for deciding the num-
ber of factors. Item loading was used with absolute values greater
than 0.4 to describe the factors.

For CFA, five model fit indices and their criteria were used to
examine the goodness-of-fit. We evaluated the minimum chi-
square/degrees of freedom (CMIN/DF), Tucker-Lewis index
(TLI), comparative fit index (CFI), standardized root mean square
(SRMR), and root mean square error of approximation (RMSEA)
as model fit indices. CMIN/DF values below 3, SRMR values be-
low 1.0, RMSEA values below 0.8, and CFI and TLI values above
0.9 were considered to indicate acceptable model adjustment.®
For concurrent validity, Spearman’s rank correlation coefficient
with the TMT, TUG and disease duration was calculated.

Reliability

Cronbach’s alpha coefficient was used to calculate internal con-
sistency. A value above 0.7 was considered good, and above 0.6
was considered moderate.” The intraclass correlation coefficient
(ICC) was used for intrarater and interrater reliability, and above
0.75 was considered good.® For interrater reliability, the test-
retest method was used. The two raters facilitated the ICARS at
the same time, and one of them performed the ICARS again in
the same set of patients within 4 weeks.

RESULTS

Participants

We enrolled 88 patients in 6 different movement clinics in ter-
tiary hospitals in this study. All subjects were Korean, and the
mean age was 61.25 years; 56.8% of the participants were men.
Causative diseases included multiple system atrophy (53.4%),
spinocerebellar ataxia (18.2%), idiopathic cerebellar ataxia (17%),
postinfectious cerebellar ataxia (2.3%), and others (15.7%).

Construct and convergent validity

Table 1 shows the factor loading of each item derived from
EFA. Subscale 2 has three factors, and a total of six factors were
extracted in the ICARS from EFA. The factor loading of each
item showed a high correlation with other items that belonged
to the same subscale. However, Item 14 under subscale 2 showed
a relatively low correlation with other items in the same subscale
(0.5), but it showed a high correlation with items in subscale 3.
For CFA, all the fit indices were satisfactory: CMIN/DF = 1.519,
TLI=0.908, CFI = 0.924, SRMR = 0.694, and RMSEA = 0.77.

Criterion validity
Concurrent validity was used for the criterion validity. The to-
tal score of the ICARS was significantly correlated with the scores
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Table 2. Crohnbach’s a coefficient for internal consistency and ICC for reliability

Classification

Internal consistency

Inter-rater reliability (n = 83)

Intra-rater reliability (n = 39)

Cronbach’s a

|. Posture and gait disturbances 0.916
II. Kinetic functions 0.837
Il. Speech disorders 0.838
IV. Oculomotor disorders 0.654
Total International Cooperative Ataxia Rating Scale 0.907

ICC (95% Cl) p ICC (95% Cl)

0.982 (0.972-0.988) < 0.001 0.976 (0.955-0.987) < 0.001
0.943 (0.906-0.964) < 0.001 0.940 (0.889-0.968) < 0.001
0.849 (0.765-0.903) < 0.001 0.967 (0.938-0.982)  <0.001
0.765 (0.587-0.859) < 0.001 0.938 (0.886-0.967) < 0.001
0.962 (0.941-0.976)  <0.001 0.979 (0.960-0.989) < 0.001

ICC, intraclass correlation coefficient; Cl, confidence interval.

of TMT (r = -0.695, p < 0.01) and TUG (r = -0.308, p < 0.01),
indicating high concurrent validity of the total score of ICARS.
Subscales 1, 2, and 3 were significantly correlated with TMT (r =
-0.820, p < 0.01; = -0.428, p < 0.01; = -0.361, p < 0.01, respec-
tively). However, only subscale 1 had a significant positive cor-
relation with TUG (r = 0.621, p < 0.01). The total ICARS score
showed a significant correlation with disease duration (r = 0.251,
p = 0.02). Subscale 3 was significantly correlated with disease
duration (r = 0.280, p < 0.01).

Reliability

Table 2 shows the results of the evaluation of the reliability.
Cronbachs alpha coeflicient for the total ICARS score was 0.907,
indicating sufficient reliability. Cronbach’s alpha coefficients of
subscales 1, 2, and 3 were acceptable (0.916, 0.837, 0.838, respec-
tively); however, that of subscale 4 showed a relatively lower value
(0.654). The interrater ICC of the total ICARS score was 0.96,
and the intrarater ICC of the total ICARS score was 0.98. Sub-
scale 1 had the highest reliability, while subscale 4 showed the
lowest reliability despite an acceptable range.

DISCUSSION

In our results, the Korean-translated version of the ICARS
showed acceptable validity and reliability. There have been two
commonly used scales for patients with ataxia, including the Scale
for the Assessment and Rating of Ataxia (SARA) and ICARS.
Only one report on SARA has been translated into the Korean
language and has been validated in stroke patients.” There are
still no clinical scales applicable for Korean-speaking individu-
als for cerebellar ataxia except in cases of stroke.

After applying EFA to investigate the factorial structure, the
number of factors was 6, with eigenvalues greater than 1 even
if the ICARS was composed of 4 subscales. The validation study
of English ICARS in SCA revealed that 4 factors had eigenvalues
greater than 1."° However, some previous studies have often re-
ported more than 4 factors in factor analysis. The validation study
of ICARS in focal cerebellar lesions revealed 5 extracted factors

with eigenvalues greater than 1." In another study, the Turkish
version of the ICARS in multiple sclerosis also extracted 5 fac-
tors in principal component analyses.'"” Subscale 2 is an assess-
ment of kinetic function that measures movement of the upper
and lower extremities. Therefore, factor loadings are grouped ac-
cording to the movement of body parts, including the lower ex-
tremities, arm, and fingers.

Previous studies on the convergent validity of the ICARS have
shown inconsistent results."*'* In our study, Item 14, which mea-
sures the drawing skill of the Archimedes loop, showed relatively
low association with other items under subscale 2 in EFA. Sim-
ilar results regarding Item 14 as a hindrance factor for validity
have been reported in previous studies."" We postulate several
limitations of Item 14 that might cause this result. First, the size
of the Archimedes loop can affect the drawing performance;
however, there are no exact descriptions of the size of the Archi-
medes loop in ICARS. Second, a Korean word for “hypermetric
swerve” was not often used; therefore, this may be unfamiliar to
Korean-speaking individuals.

The English version of the ICARS has been proven to have
excellent reliability."> Cronbach’s alpha coefficient and ICC for
assessing the reliability of total ICARS scores revealed acceptable
internal reliability in our results. However, Cronbachs alpha co-
efficient and the ICC score of subscale 4 were lower than those
of the other subscales despite a moderate range of internal con-
sistency. These findings are also often reported in other reports,
suggesting an inherent limitation of ICARS itself and not the
translation process.'”" It is difficult to quantitatively estimate
eye movement by observation because subtle differences in oc-
ular dysfunction can be influenced by the subjective judgment
of the observer.

This study has several limitations. First, we only analyzed cor-
relations with scales of gait for concurrent validity. Overall as-
sessment of daily function, such as the modified Barthel index,
could not be measured for concurrent validity. Additionally, we
could not evaluate other ataxia scales, such as SARA, because
there are no validated Korean-translated versions of these scales.
Second, our data collection was limited to the clinical symptoms
of cerebellar ataxia in patients and not specific diseases.

www.e-jmd.org 89
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In conclusion, the Korean-translated version of the ICARS
showed excellent validity and reliability for cerebellar ataxia. Al-
though some hindrance factors were identified, these results have
often been reported as limitations of the ICARS itself. Our study
makes it possible to apply the ICARS to Korean-speaking pa-
tients with ataxia in clinical and research settings.
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doi.org/10.14802/jmd.22137.
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