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Abstract.

BACKGROUND: The reliability of the evaluation of the Balance Evaluation Systems Test (BESTest) and its two abbreviated
versions are confirmed for balance characteristics and reliability. However, they are not utilized in cases of spinocerebellar
ataxia (SCA).

OBJECTIVE: We aimed to examine the test-retest reliability and minimal detectable change (MDC) of the BESTest and its
abbreviated versions in persons with mild to moderate spinocerebellar ataxia.

METHODS: The BESTest was performed in 20 persons with SCA at baseline and one month later. The scores of the
abbreviated version of the BESTest were determined from the BESTest scores. The interclass correlation coefficient (1,1)
was used as a measure of relative reliability. Furthermore, we calculated the MDC in the BESTest and its abbreviated versions.
RESULTS: The intraclass correlation coefficients (1,1) and MDC at 95% confidence intervals were 0.92, 8.7(8.1%), 0.91,
4.1(14.5%), and 0.81, 5.2(21.6%) for the Balance, Mini-Balance, and Brief-Balance Evaluation Systems Tests, respectively.
CONCLUSIONS: The BESTest and its abbreviated versions had high test-retest reliability. The MDC values of the BESTest
could enable clinicians and researchers to interpret changes in the balance of patients with SCA more precisely.

Keywords: Minimal detectable change, neurological rehabilitation, postural balance, rare diseases, reproducibility of results,
Spinocerebellar ataxias

1. Introduction

Persons with spinocerebellar ataxia (SCA) typi-

cally present with progressive disease owing to the
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(Warrenburg et al., 2005) reported that falls occur
very frequently in persons with SCA and that these
falls can lead to injuries or a fear of falling. Fur-
thermore, persons with SCA and resultant balance
impairment or limb movement disorder are usually
confined to a wheelchair or are bedridden within
10-20 years of onset (Ilg et al., 2010). In contrast,
daily training in disease management can lead to
a temporary improvement in balance and walking
ability (Ilg et al., 2009; Ilg et al., 2010; Kondo et
al., 2018; Miyai et al., 2011). Balance training in
SCA is therefore extremely important and should
be performed regularly from an early stage. Resul-
tant function maintenance and symptom-progression
delay benefits associated with activities of daily living
and quality of life.

The Scale for the Assessment and Rating of Ataxia
(SARA) is a tool for assessing ataxia. [lg et al. (Ilg et
al., 2009; Ilg et al., 2010) and Miyai et al. (Miyai et
al., 2011) reported that balance training intervention
for 4 weeks improved SARA scores in participants.
The daily assessment of ataxic persons with the use
of the SARA is widely used and reflects the effect
of ataxia on balance; however, the SARA has limited
sensitivity to change (Jacobi et al., 2011; Trouillas
et al., 1997). The SARA is sufficient to assess mild
to severe disease evenly. However, we adopted the
Balance Evaluation Systems Test (BESTest) as an
assessment that could sensitively detect changes at
an early stage (i.e. mild to moderate), especially for
balance disorders.

The BESTest is a relatively new multitask balance
assessment tool developed to identify specific postu-
ral control problems (i.e., biomechanical constraints,
stability limits, anticipatory postural adjustments,
postural responses, sensory orientation, dynamic bal-
ance during gait, and cognitive effects) (Franchignoni
et al., 2010; Horak et al., 2009). However, the 36-
item BESTest takes 30 minutes to complete, which
may be too long to use in daily clinical settings
where time constraints are often a major concern.
Thus, an abbreviated version of the test, the Mini-
Balance Evaluation Systems Test (Mini-BESTest),
has been developed. This test takes only 10 min-
utes to complete (Godi et al., 2012). Furthermore,
the Brief-Balance Evaluation Systems Test (Brief-
BESTest) (Padgettetal.,2012) was designed to assess
six different aspects of postural control in standing
and walking. The balance disorder caused by ataxia is
aneurological sign characterized by a lack of the vol-
untary coordination of muscle movement. As aresult,
ataxia caused by SCA complicates dynamic balance

control and leads to balance and gait changes. It
would be a beneficial outcome measure for interven-
tion to use the BESTest that identify specific postural
control problems. Hence, the BESTest and its abbre-
viated versions allow clinicians to determine the type
of balance problems in order to design treatments spe-
cific for persons with SCA. However, there are limited
reports on these tests in the evaluation of balance
characteristics in persons with SCA.

It is important to increase the efficacy of interven-
tions by clarifying the minimal detectable change
(MDC), which can provide clinicians with use-
ful and easy-to-understand criteria to assess change
(improvement or decline) in individual performance.
The MDC is the minimum amount of change in a
measure that must be obtained in order to determine
whether a true change has occurred between two test-
ing occasions. The MDC is expressed as a confidence
interval around the standard error of measurement
(SEM), indicating values within the variability (error)
range that can be attributed to the testing instrument.
Therefore, we consider that it is important to calcu-
late the MDC of the BESTest and its two abbreviated
versions in persons with SCA.

The aim of this study was to examine the test-
retest reliability and MDC of the BESTest and its
abbreviated versions in persons with SCA.

2. Materials and methods
2.1. Participants

Persons with SCA, whose diagnoses had been
established through genetic analysis, were recruited
between November 2014 and May 2018. They had
a gait score suggestive of SCA and a SARA score
less than or equal to three points (i.e. they were
capable of walking without an assistive device). In
total, 20 persons with SCA (13 males and 7 females)
were enrolled in the study. Informed consent was
obtained from all patients. The study setting was
the National Center of Neurology and Psychiatry
(NCNP) in Japan. Testing was approved by the Insti-
tutional Review Board of NCNP, Japan (approval
number A2016-064) in accordance with the Ethics
Committee of NCNP and the Declaration of Helsinki.

2.2. Instruments

The BESTest consists of 36 items scored on an
ordinal scale from O to 3, with “0” indicating the
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lowest level of function and “3” the highest level
of function. The total possible raw score is 108
points. The Mini-BESTest is an abbreviated form of
the BESTest with only 14 items. It was developed
with the aid of factor analysis and Rasch analysis
(Franchignoni et al., 2010). The Mini-BESTest is
scored on an ordinal scale from “0” to “2,” and thus,
the total possible raw score is 28 points. The Brief-
BESTest is a six-item revised version of the BESTest,
designed to improve the clinical utility and to pre-
serve the construct validity of the BESTest (Padgett
etal.,2012). The Brief-BESTest is scored on an ordi-
nal scale from “0” to “3,” and thus, the total possible
raw score is 24 points (two items include a right and
left component). In all cases, higher points indicate
better balance and function.

2.3. Procedure

A tester (physical therapist) was trained by watch-
ing the BESTest training video provided by the
developer. The BESTest score was obtained at base-
line (test session 1) and the BESTest at one month
(test session 2) was performed by the same evaluator
for each person. Moreover, rehabilitation interven-
tion and changes in drug therapy administration did
not occur during this period. The scores of the Mini-
BESTest and Brief-BESTest were extracted from the
BESTest scores.

2.4. Statistical analysis

Test-retest reliability for test sessions 1 and 2 of
the BESTest individual subsystem scores and total
scores, Mini-BESTest, and Brief-BESTest total score
were calculated using Intraclass Correlation Coef-
ficients (ICC) (1,1) with 95% confidence intervals
(Cls). For interpretation of the ICC (1,1) score, rang-
ing from 0.00 to 1.00, values greater than 0.70 are
considered to have good reliability (Koo & Li, 2016).
The ICC were analyzed accordingly, using R version
2.18.1 (Ihaka & Gentleman, 1996).

Furthermore, we calculated the MDC at the 95%
confidence interval (MDCys) in the BESTest, Mini-
BESTest, and Brief-BESTest total scores after the
confirmation of the systematic error using the Bland-
Altman analysis. For the Bland-Altman analysis, the
differences between the two measured values and the
mean of the two values were plotted on the y and
X axes, respectively, to prepare a Bland-Altman plot
(Bland & Altman, 2010). A systematic error repre-
sents a deviation in a specific direction, and is divided

into fixed error and proportional bias. When no sys-
tematic error is detected, only an accidental error
is considered to reduce measurement reliability. An
accidental error is divided into biological individ-
ual differences and error produced on measurement.
To investigate this measurement error, MDC was
determined. The MDC is the minimum amount of
change in a given measure that must be obtained
in order to determine whether a true change has
occurred between two testing occasions. This min-
imum change is considered as a random error and
is calculated at a certain level of confidence (usually
95%) (Jette et al., 2007; Lexell & Downham, 2005).
Thus, the MDCos can be used as a threshold to iden-
tify statistically significant individual changes (Jette
et al., 2007; Lu et al., 2008).

We calculated the standard error of measurement
(SEM) based on the test-retest reliability. The SEM
is considered to be indicative of the range of scores
that are expected on retesting and was calculated as
follows: (Weir, 2005)

SEM=SD x /(1 — ICC)

The calculated SEM was then used to determine
the MDCoys as follows:

MDCys = 1.96 x SEM x /2

3. Results

This study included 20 participants with SCA (13
males and 7 females), with a mean age of 63.7 years
(SD =10.1). The characteristics of the participants are
shown in Table 1.

The Bland-Altman analysis revealed no systematic
error for the total scores of the BESTest, Mini-
BESTest, and Brief-BESTest (Fig. 1). The 95%CI of

Table 1
Characteristics of the Participants (n =20)
Sex Males: 13, Females: 7
Diagnosis (numbers) MID/ SCA3:4, SCA6:9, SCA31:7
Age (years) 63.7(10.1)
Age at onset (years) 53.9(10.5)
SARA (points) 9.9(3.5)

The data are presented as numbers, mean (standard deviations).
MIJD, Machado-Joseph Disease; SCA, Spinocerebellar ataxia;
SARA, Scale for the Assessment and Rating of Ataxia; BESTest,
Balance Evaluation Systems Test; Mini-BESTest, Mini-Balance
Evaluation Systems Test; Brief-BESTest, Brief-Balance Evalua-
tion Systems Test.
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Fig. 1. Bland-Altman plots showing the intrarater reliability of the (a)BESTest, (b)Mini-BESTest, and (c)Brief-BESTest. The two lines
define the limits of agreement 95%CI of the mean difference. BESTest, Balance Evaluation Systems Test; Mini-BESTest, Mini-Balance
Evaluation Systems Test; Brief-BESTest, Brief-Balance Evaluation Systems Test.

the mean difference of the BESTest, Mini-BESTest,
and Brief-BESTest total score were 2.04 to —2.34
points, 0.66 to —1.36 points, and 0.45 to —2.05 points,
respectively. These results did not indicate any fixed
error. In addition, the BESTest, Mini-BESTest, and
Brief-BESTest total scores did not show a statistically
significant correlation in the difference between the
two measured values and the mean of the two values.
These results suggested that proportional bias was not
present.

The BESTest total and individual subsystem
scores, Mini-BESTest, and Brief-BESTest total
scores and the ICC value for the interrater relia-
bility, MDCos are represented in Table 2. ICC and
MDCos for the BESTest individual subsystem scores
ranged from 0.70 to 0.96, from 2.0 (13.3%) to 6.9
(38.3%) points, respectively. The ICC value for the
interrater reliability of the BESTest total score was

0.92 (95% CI, 0.82-0.97), the Mini-BESTest total
score was 0.91 (95% CI, 0.79-0.96), and the Brief-
BESTest total score was 0.81 (95% CI, 0.58-0.92).
The SEM for the total scores of BESTest, Mini-
BESTest, and Brief-BESTest are 3.2 (2.9%), 1.5
(5.2%), and 1.9 (7.8%) points, respectively. The
MDC for the total scores of BESTest, Mini-BESTest,
and Brief-BESTest are 8.7 (8.1%), 4.1 (14.5%), and
5.2 (21.6%) points, respectively.

4. Discussion

The BESTest total and individual subsystem
scores, Mini-BESTest, and Brief-BESTest total
scores demonstrate a generally high test-retest reli-
ability in persons with mild to moderate SCA.
Additionally, total scores of less than or equal to
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ICC and MDCys for the BESTest and its abbreviated versions

Variable, (%) Test session 1~ Test session2  ICC (1, 1) SEM MDCys
Converted Points Converted Points
Score, % Score, %
BESTest 69.7(10.4) 70.0(10.5) 0.92 2.9 3.2 8.1 8.7
I Biomechanical constraints 90.3(9.0) 92.0(7.4) 0.70 53 0.8 153 2.3
II Stability limits/ verticality 88.8(7.1) 87.4(8.8) 0.77 3.8 0.8 10.5 2.2
IIT Anticipatory postural adjustment  64.2(12.0) 65.3(14.1) 0.85 5.0 0.9 144 2.6
IV Postural response 50.6(27.2) 50.0(24.4) 0.72 13.9 2.5 38.3 6.9
V Sensory orientation 78.0(13.5) 79.3(15.4) 0.90 4.7 0.7 13.3 2.0
VI Stability gait 51.2(24.1) 51.4(23.9) 0.96 4.8 1.0 13.3 2.8
Mini-BESTest 42.3(16.1) 43.6(19.2) 0.91 52 1.5 14.5 4.1
Brief-BESTest 50.8(18.4) 54.2(17.9) 0.81 7.8 1.9 21.6 5.2

The data are presented as numbers, mean (standard deviations). SEM, Standard error of the measurement; MDC, Minimal detectable
change; BESTest, Balance Evaluation Systems Test; Mini-BESTest, Mini-Balance Evaluation Systems Test; Brief-BESTest, Brief-Balance

Evaluation Systems Test.

8.7 (8.1%), 4.1 (14.5%), and 5.2 (21.6%) points
were considered acceptable errors of measurement
considering the calculated MDC for the BESTest,
Mini-BESTest, and Brief-BESTest, respectively.

4.1. The Reliability of the BESTest,
Mini-BESTest, and Brief-BESTest

This study assessed the reliability of the BESTest
and abbreviated versions in capturing true changes
in functional balance in persons with SCA. These
results confirmed that the BESTest and two abbrevi-
ated versions had high test-retest reliability in persons
with mild to moderate SCA (ICC (1,1) values for
BESTest, Mini-BESTest, and Brief-BESTest were
0.92,0.91, and 0.81 respectively). These findings are
in agreement with those of previous studies on per-
sons with Parkinson’s disease, multiple sclerosis, and
other conditions that resulted in balance impairments
(Leddy et al., 2011; Mitchell et al., 2018; Padgett
et al., 2012; Potter et al., 2018). In addition, the
ICC for the individual subsystem scores ranged from
0.70 to 0.96; an ICC greater than 0.7 was considered
good (Eliasziw et al., 1994; McGraw & Wong, 1996;
Rankin & Stokes, 1998). In this study, the partici-
pants with mild to moderate SCA had high test-retest
reliability for the BESTest and abbreviated versions,
despite the one month duration between measures.

Our results indicated that the MDCgs of the
BESTest total score was 8.1% (8.7 points) and the
Mini-BESTest total score was 14.5% (4.1 points),
which were similar to the findings of previous stud-
ies (Jacome et al., 2016; Mitchell et al., 2018; Potter
et al., 2018; Tsang et al., 2013; Wang-Hsu & Smith,
2018). The MDC for the BESTest has been reported
for community-dwelling older adults (Wang-Hsu &

Smith, 2018) and persons with multiple sclerosis
(Mitchell et al., 2018; Potter et al., 2018). The MDC
for the Mini-BESTest has been reported in persons
with vestibular disorders (Godi et al., 2012), stroke
(Tsang et al., 2013), and chronic obstructive pul-
monary disease (Jacome et al., 2016). In addition,
our results indicated that the MDCos of the Brief-
BESTest total score was 21.6% (5.2 points), which
was similar to the results obtained by Jacome et
al. who reported an MDCos of 26.9% (4.9 points)
(Jacome et al., 2016).

It can be seen from the BESTest that the MDCos
of Section IV (postural responses) was 38.3% higher
than those of other sections. This result was in accor-
dance with those reported by Tsang et al. (Tsanget al.,
2013) and Lofgren et al. (Lofgren et al., 2014), where
items associated with postural responses showed the
lowest agreement. For this reason, the reactive pos-
tural responses need to be consistent in order to
determine how far to allow participants to lean before
suddenly releasing the support. This task appears
likely to be more challenging than other tasks such as
the task assessing the time a person is able to stand
on a foam surface with his or her eyes closed (Sec-
tion V). Accordingly, it is assumed that manipulation
of the BESTest Section IV is difficult, and this had
a larger variation tendency compared with other sec-
tions. In SCA, a lack of voluntary coordination of
muscle movement caused by ataxia affects the pos-
tural responses. Therefore, it is considered that the
BESTest Section IV showed variations in some par-
ticipants because the progression of ataxia impairs
postural responses.

These established MDC values are predicted to be
useful for clinicians to determine whether an inter-
vention has induced a real improvement in balance
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function. Future studies in this field should aim to
improve the accuracy of the interpretation of the
results of the BESTest and its abbreviated versions.

4.2. The efficacy of the abbreviated versions of
BESTest in persons with SCA

The results of the Mini-BESTest tend to show
a lower value in persons with SCA than in per-
sons with Parkinson’s disease (Duncan et al., 2013;
Wallen et al., 2016). In this study, the mean value
for the total score of the Mini-BESTest and Brief-
BESTest in persons with mild to moderate SCA was
11.8 points (42.3%) and 12.2 points (50.8%), respec-
tively. The mean value for the total score of the
Mini-BESTest in 112 persons with mild to mod-
erate Parkinson’s disease was 19.2 points (68.6%)
(Wallen et al., 2016). The mean value for the total
score of the Brief-BESTest in 80 persons with Parkin-
son’s disease was 13.2 points (55%) (Duncan et al.,
2013). The structural validity of the Mini-BESTest
has been investigated in persons with Parkinson’s dis-
ease using factor and Rasch analyses (Wallen et al.,
2016). Similarly, the Brief-BESTest selected one item
from each of the BESTest system subsections based
on the highest item correlation coefficients with their
respective system section in persons with and with-
outaneurological diagnosis (e.g. Parkinson’s disease,
multiple sclerosis) (Padgett et al., 2012). The Mini-
BESTest is a unidimensional scale that focuses on
assessing “dynamic balance.” As persons with SCA
scored the lowest in Postural response and gait Stabil-
ity, the Mini-BESTest is difficult to perform in these
patients and, therefore, may not be suitable as an eval-
vation index. For this reason, currently, we consider
that the BESTest, out of the three versions of the scale,
is the best choice for the assessment of balance abil-
ities in persons with SCA. It is necessary to create
a specialized evaluation index for the BESTest using
both factor and Rasch analyses of persons with SCA.

This study has a few limitations. First, the sam-
ple size was small. COSMIN guidelines recommend
a sample of 100 patients as adequate or a sample of
50 as the minimum (Prinsen et al., 2018). Although
the sample size was small, the participants repre-
sented a range of functional performance, with the
total BESTest scores ranging from 50.9 (47.1%) to
88.0 (81.5%) points. Also, considering that SCA is
a rare neurologic disease, it is an important finding
that determined the test-retest reliability and MDC
of the BESTest and its abbreviated versions in per-
sons with mild-to-moderate SCA whose diagnoses

had been established through genetic analysis. Sec-
ond, the participants were ambulatory and therefore
were classified as having mild to moderate SCA. Fur-
ther studies in more persons with SCA are needed to
determine whether our findings can be generalized
to persons with severe SCA. Third, the imitation of
the Mini-BESTest, the Brief-BESTest was not per-
formed separately due to time constraints. Future
studies are necessary to evaluate the Mini-BESTest
and Brief-BESTest separately in order to compre-
hensively validate the Mini-BESTest, Brief-BESTest
results. Finally, in our study, a distribution-based
method to calculate MDC was used. Future stud-
ies should use other methods (e.g. effect size or an
anchor-based method using a global rating of change)
to compute responsiveness.

In conclusion, the BESTest and its abbreviated
versions demonstrated high test-retest reliability in
persons with mild to moderate disability as a result
of SCA. More than 8.7 (8.1%), 4.1 (14.5%), and
5.2 (21.6%) points in the BESTest, Mini-BESTest,
and Brief-BESTest total scores, respectively, can be
judged as significant changes. The development of
ICC and MDC values for the BESTest in persons with
SCA will contribute to the advancement of analysis
and treatment of SCA, and these results have good
applicability in clinical settings. Further research into
the use of these testing systems in a variety of SCA
persons, with different levels of manifestations of the
disease, is warranted.
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