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STUDY DESIGN: Cross-cultural reliability and validity.
OBJECTIVES: To develop and validate the Korean version of the Sitting Balance Measure (SBM-K) in Korean persons with
incomplete spinal cord injury (ISCI).
SETTING: Tertiary care center.
METHODS: Twenty-nine persons with ISCI were evaluated using SBM-K, which was validated using the kappa coefficient and
intraclass coefficient (ICC). The correlation between SBM-K individual items and total score was analyzed using Spearman’s
correlation, and the internal consistency of test items was measured using Cronbach’s alpha. Additionally, the standard error
measurement (SEM) and minimal detectable change (MDC) were measured. For the clinical validity of SBM-K, the correlation of
SBM-K with the modified Sitting Balance Scale (mSBS) and the Korean-Spinal Cord Independence Measure-III (KSCIM-III) was
determined via Spearman’s correlation. Linear regression was performed to determine whether SBM-K could predict KSCIM-III.
RESULTS: The weighted kappa score of the SBM-K individual items and ICC of SBM-K total score were 0.76–0.83 (good–very good)
and 0.98 (0.95–0.99), respectively. The correlation between the SBM-K total score and individual items was notable (r= 0.78–0.98).
Cronbach’s alpha, SEM, and MDC of SBM-K were 0.98, 0.59, and 1.64, respectively. The clinical validity of SBM-K correlated with
mSBS (r= 0.88) and KSCIM-III (r= 0.65–0.89). SBM-K accounted for 17–72% of the variance in predicting KSCIM-III.
CONCLUSIONS: SBM-K showed sufficient test-retest reliability, validity, and marginal measurement errors. SBM-K can serve as an
optimal clinical assessment tool for Korean ISCI patients and may provide clinicians with reliable sitting balance assessment in
Korean clinical settings.
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INTRODUCTION
Spinal cord injury is associated with impaired motor, sensory,
and autonomic nervous system function, and it can be
categorized based on the area and severity of the injury [1]
which causes specific behavioral difficulties such as maintaining
or controlling the sitting position without support. Sitting
balance is essential to performing functional activities of daily
living such as dressing, transferring and operating a wheelchair,
changing position, and eating [2]. In addition, sitting balance
ability and the ability to move from a sitting position must be
acquired with the prior postural adjustment necessary for the
sit-to-stand and standing movements [3]. Thus, restoring sitting
balance ability is one of the most important treatment goals for
individuals with spinal cord injury who cannot sit without
support, and various treatments have been tried to improve
their sitting balance ability [4].
Therapists must be able to accurately assess individuals with

spinal cord injury according to the treatment plan and goals
necessary for sitting balance assessment, and it is important to

select assessment instruments with proven reliability and validity
[5]. Generally, patients with spinal cord injury in the hospital are
comprehensively assessed at the bedside. The Likert ranking scale
(based on external help, observation, instruction, and indepen-
dent performance) includes the following scores: impossible (0),
poor (1), fair (2), good (3), very good (4), and normal (5). However,
it is a subjective assessment instrument, its criteria are unclear,
and it is very limited in accurately assessing individual sitting
balance [6].
Currently, there are few instruments for assessing sitting

balance in individuals with spinal cord injury in clinical trials, but
relevant clinical studies have not been sufficient [5]. The Berg
Balance Scale [7] and Performance-Oriented Mobility Assessment
[8] used in clinical trials are designed to assess the overall balance
ability of stroke patients, and only some sitting balance
assessment items are included [4]. Most of the assessment scales
in both balance assessment instruments are not appropriate
because they have a floor effect for those with spinal cord injury
who cannot stand and walk [5].
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Standardized scales developed for sitting balance assessment
include the Sitting Balance Scale (SBS), Function In Sitting Test,
Sitting Balance Assessment Tool, and Modified Functional Reach
Test (mFRT). However, these sitting balance assessments are
subjective, and their validity and reliability have not been
established. Only mFRT of the above assessment instruments
has proven reliability in spinal cord injury [9], but it reflects only
one component of sitting balance i.e., forward reach. In addition,
mFRT cannot be applied to individuals with spinal cord injury who
have a limited range of motion or inability to reach forward with
90° of shoulder flexion.
The Sitting Balance Measure (SBM) was developed to assess

sitting balance in individuals with spinal cord injury [5]. SBM is
composed of static short sitting balance items (2), sits with back
unsupported, sits with eyes closed, dynamic short sitting balance
items (2), turns the head and trunk to the right and left, and looks
behind and returns to the starting position, with a total of four
items (4-point scale, 0–3 points) and a perfect score of 12. In
addition, individual items of SBM have been developed to assess
several factors related to different types of sitting balance. The
face validity of SBM, correlation between individual items, and
Cronbach’s alpha for internal consistency reliability have been
reported, and it is considered a reliable assessment tool for the
objective and comprehensive assessment of sitting balance in
individuals with spinal cord injury. However, Wadhwa et al. [5]
conducted a pilot study necessary for the development of SBM,
and the test-retest reliability and validity of the individual SBM
items and total score were not reported.
SBM was developed in India by Wadhwa et al. [5], but there are

cultural differences between India and Korea. However, the use of
a common assessment tool between countries allows for
comparisons between different population groups across linguis-
tic and cultural barriers, enabling information exchange. To
evaluate the sitting balance of individuals with incomplete spinal
cord injury in Korea, SBM-Korean (SBM-K) was developed in
accordance with the Korean contextual and cultural characteristics
while maintaining the uniqueness of the original version of SBM.
Therefore, this study aimed to examine the reliability and validity
of SBM-K in individuals with incomplete spinal cord injury using
the modified Sitting Balance Scale (mSBS) and Korean-Spinal Cord
Independence Measure-III (KSCIM-III), which are used to evaluate
sitting balance and functional level after spinal cord injury,
respectively, before its clinical application in Korea.

METHODS
Participants
This study was conducted from October 2019 to June 2020 and included
29 individuals with incomplete spinal cord injury who were undergoing
rehabilitation at the National Rehabilitation Hospital because of spinal cord
injury. The study was approved by the National Rehabilitation Hospital
Institutional Review Board (IRB File No. NRC-2019-05-032). All participants
received explanations of the study protocol, and written informed consent
was obtained. The criteria for the selection of study participants were
based on the American Spinal Cord Injury Association Impairment Scale
(ASIA E) Classification [10] for individuals with incomplete spinal cord
injuries who were (1) able to sit unsupported for 10 s [4], (2) follow
instructions, and (3) able to communicate. The exclusion criteria were as
follows: (1) spinal cord injury that occurred within 3 months previously, (2)
severe muscle strain on the limbs that could affect the sit unsupported test
assessment items, and (3) pressure sores in the buttocks and heels, joint
contractures, complications from spinal cord disease, musculoskeletal
disorders, or external orthosis. The size of the sample is assumed to prove
reliability at an intraclass coefficient of 0.90; thus, we used this value to
verify the test-retest reliability (ICC= 0.90, p < 0.05). When individual
participants were re-evaluated, the minimum number of samples required
for 93% statistical power was 25 [11]. The minimum sample size to allow
the detection of a significant difference between the measured variables
was 20 [12]. Therefore, in this study, 30 participants were selected
considering a 20% subject dropout rate.

Procedures
As the first step in the Korean translation process for SBM, the original SBM
text was independently translated from English to Korean (forward
translation) by two physical therapists and English translators with more
than 14 years of clinical experience. The translated Korean versions were
combined to form a consensus version by reconciling inconsistencies
through a consensus meeting. The consensus version was reverse-
translated back into English, and finally, the Korean version was completed
by discussing the results through comparison and correction with a
professor of physical therapy and a language expert. SBM-K was
administered twice by a senior physical therapist with 14 years of
experience, with assessments conducted in the same setting 1 week apart
[13]. To reduce the memory effect on the rater, which could increase test-
retest reliability, the examiner administered SBM-K to at least five
individuals within a session and did not contact the individuals until their
next assessments [14].

Assessment scale
Sitting Balance Measure-Korean (SBM-K). SBM was developed to assess
sitting balance in individuals with spinal cord injury. The SBM-K is the
Korean version of SBM. SBM is composed of static short sitting balance
items (2), sits with back unsupported, sits with eyes closed, and
dynamic short sitting balance items (2), turns the head and trunk to the
right and left, and looks behind and returns to the starting position,
with a total of four items (4-point scale, 0–3 points) and a perfect score
of 12. The face validity of the SBM, correlation between individual
items, and internal consistency reliability (Cronbach’s alpha= 0.96)
have been reported [5].

Modified Sitting Balance Scale (mSBS). mSBS consists of four items: (1)
(poor), unable to maintain a static position; (2) (fair), able to maintain a
static position but requiring assistance in all righting tasks; (3) (good), able
to maintain a static position, but requiring the use of the hands for support
when nudged; and (4) (normal), able to perform the test without physical
assistance and without the use of the hands for support. The inter-rater
reliability with a weighted kappa value of 0.69–0.96 has been reported for
mSBS in individuals with spinal cord injury [4].

Korean-Spinal Cord Independence Measure-III (KSCIM-III). In this study, the
Korean translation of SCIM-III (KSCIM-III) was used [15]. An assessment
tool was developed by supplementing the SCIM developed by Catz
et al. [16] for individuals with spinal cord injury. SCIM-III is the latest
version comprising 19 items in three subscales: (1) self-care (six items,
range 0–20), (2) respiration and sphincter management (four items,
range 0–40), and (3) mobility (nine items, range 0–40). The inter-rater
reliability of SCIM-III in spinal cord injury, including self-care (ICC=
0.98), respiration and sphincter management (ICC= 0.95), mobility
room and toilet (ICC= 0.97), mobility indoors and outdoors (ICC=
0.98), total (ICC= 0.99), and the internal consistency (Cronbach’s alpha
coefficient 0.88) have been reported [17].

Data analysis
Statistical analysis was performed using SPSS 18.0. All data were tested for
normality using the Shapiro–Wilk test, and frequency analysis was
performed for the general characteristics of the participants. The test-
retest reliability for each SBM-K item was used as the weighted kappa
coefficient, and the test-retest reliability of the total SBM-K score was used
as the ICC. An ICC of 0.90–1.00 was considered very good, 0.70–0.89 good,
and 0.50–0.69 moderate. The weighted kappa coefficient of 0.81–1.00 was
considered very good, 0.61–0.80 good, and 0.41–60 moderate [18]. The
association between the individual items and the total SBM-K score was
analyzed based on the Spearman correlation coefficient, and internal
consistency reliability was obtained from the Cronbach’s alpha coefficient
of the test and retest.
The absolute reliability indices (standard error measurement, SEM)

and the minimal detectable change (MDC) were calculated to
determine whether the evaluation performance score responded
stably in the confidence interval (95%) when the participants were
repeatedly evaluated. If the SEM was less than 10% of the total average
value, the MDC was less than 20% of the highest score, and the MDC%
was less than 30%, the measurement error was considered to be small
and the measurement was considered acceptable [19]. Furthermore,
the difference in the mean of the two evaluation scores was analyzed
using a t-test to determine whether there was a systematic error in the
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SBM-K test-retest. In addition, the Bland–Altman method was used to
investigate the pattern of inconsistency in the measured values [20].
This was indicated by a scatter plot to determine if there was a
difference in the test-retest evaluation value, and the 95% limits of
agreement were estimated. For the validity of SBM-K, the correlation of
SBM-K with mSBS and the KSCIM-III self-care, mobility items, and total
score was obtained using Spearman’s correlation, and the correlation
was considered weak (r= 0.25–0.50), good (r= 0.51–0.75), or very good
(r ≥ 0.75) [21]. Univariate linear regression was performed to evaluate
the effect of SBM-K on the functional independence level (KSCIM-III).
The significance level was set at α= 0.05.

RESULTS
Characteristics of the participants
Twenty-nine participants (20 men [69%], 9 women [31%])
participated in this study, and the average age was 41.14 years.
Eleven, thirteen, and five participants had an injury at the level of
C7–C8, T2–T11, and L1–L2, respectively, and the average time
since injury was 10.62 months according to the ASIA classification;
11 people (37.9%) were stage B, and stage C and D each
comprised 9 (31%) people. The average mSBS score was 2.97. The
KSCIM-III scores were 9.62 for self-management, 29.72 for
respiration and sphincter Management, 7.07 for room and toilet
mobility, 6.38 for indoor/outdoor/on even surface mobility, and
51.52 for the total score (Table 1).

Test-retest reliability of individual SBM-K items
Among individual SBM-K items, the reliability of sits with back
unsupported (K= 0.83) was very good, sits with eyes closed (K=
0.77) was good, and turns head and trunk to the right, looked
behind, returned to the starting position (K= 0.81) was very good,
and turns head and trunk to the left, looks behind, and returns to
the starting position (K= 0.76) was good. The correlation of the
SBM-K total score with individual items was r= 0.78–0.98, and the
internal consistency of SBM-K test and retest items was high at
0.98 and 0.97, respectively (Table 2).

Test-retest reliability of the SBM-K total score
The test-retest reliability ICC of the SBM-K total score was 0.98
(95% CI, 0.95–0.99), indicating a high rate of agreement. SEM was
0.59 and was less than 10% (0.84) of the average score (8.48),
while MDC was 1.64 and was less than 20% (2.4) of the highest
score (12); percentage MDC was 19.3%, which is acceptable. There
was no systematic error because of no significant difference in the
mean value between the SBM-K test-retest (p= 0.09). In the
Bland–Altman scatter plot, the limit of agreement ranged from
−1.38 to 1.92, and the variation (error range) of the mean
difference between test and retests was reliable (Table 3, Fig. 1).

Correlation of SBM-K with mSBS and KSCIM-III
The validity of SBM-K was confirmed to have a very high
correlation with mSBS (r= 0.88) and with KSCIM-III: self-care (r=
0.87), respiration and sphincter management (r= 0.65), mobility
room and toilet (r= 0.77), mobility indoors and outdoors (r=
0.70), and total score (r= 0.89) (Table 4).

Univariate linear regression analysis of the relationship
between SBM-K and KSCIM-III
SBM-K was shown to be associated with KSCIM-III: self-care (65%),
respiration and sphincter management (38%), mobile room and
bathroom (54%), mobility indoors and outdoors (17%), and total
score (72%) (see Supplementary Table S1).

Table 1. Characteristics of the participants (n= 29).

Characteristic n (%) or M ± SD
(min–max)

Sex (Male/Female) 20 (69%)/9 (31%)

Age (years) 41.14 ± 19.94 (21–75)

Injury level C7 7 (24.1%)

(Motor) C8 4 (13.8%)

T2 2 (6.9%)

T3 4 (13.8%)

T4 1 (3.4%)

T9 2 (6.9%)

T10 1 (3.4%)

T11 3 (10.3%)

L1 4 (13.8%)

L2 1 (3.4%)

Time since injury (months) 10.62 ± 5.08 (4–22)

ASIA grade B 11 (37.9%)

C 9 (31.0%)

D 9 (31.0%)

mSBS (score) 2.97 ± 1.10 (1–4)

KSCIM-III Self-care 9.62 ± 4.64 (2–20)

(score) Respiration and sphincter
management

28.72 ± 7.74 (15–39)

Mobility-room and toilet 7.07 ± 2.67 (0–10)

Mobility-indoors and
outdoors

6.38 ± 5.19 (0–30)

Total 51.52 ± 15.68

SD Standard deviation, ASIA American Spinal Cord Injury Association, mSBS
modified Sitting Balance Score, KSCIM-III Korean-Spinal Cord Independence
Measure-III.

Table 2. Test-retest reliability of SBM-K individual items (n= 29).

Item of SBM 1st test 2nd test Kappa Interpretation Agreement Spearman
coefficient

Mean ± SD (Min–Max) (%) (r)

Sits with back unsupported 2.59 ± 0.87 (0–3) 2.52 ± 0.87 (0–3) 0.83 Very good 93 0.79*

Sits with eyes closed 2.35 ± 1.01 (0–3) 2.21 ± 1.05 (0–3) 0.77 Good 86 0.78*

Turns head and trunk to the right, looks behind,
and returns to the starting position

1.86 ± 1.22 (0–3) 1.79 ± 1.11 (0–3) 0.81 Very good 89 0.98*

Turns head and trunk to the left, looks behind,
and returns to the starting position

1.86 ± 1.21 (0–3) 1.83 ± 1.07 (0–3) 0.76 Good 82 0.95*

SBM Sitting Balance Measure, SD standard deviation.
*p < 0.01.
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DISCUSSION
The assessment of sitting balance after spinal cord injury is an
important part of planning treatment goals and the clinical
management of patients [6]. In addition, the time required for
evaluation should be short, and the evaluation should be simple
and easy to interpret. In this study, we determined the reliability of
the test-retest of individual SBM-K items and the total SBM-K
scores. The correlation between the individual items and the total
SBM-K scores was positive (r= 0.78–0.98), and the internal
consistency reliability of the first test in SBM-K was 0.98, which
was similar to the 0.96–98 reported by Wadhwa et al. [5]. The
notable correlation between SBM-K individual items and total
score means that the items are being evaluated for similar
characteristics, and that the SBM-K individual items themselves
fully reflect the sitting balance abilities of individuals with spinal
cord injury. Agreement is considered good if the weighted kappa
coefficient ≥0.70 (good), and reliability is considered good if
Cronbach’s alpha ≥0.80 [18]. The reliability of individual items and
total SBM scores were not reported in previous studies. In our
study, the weighted kappa coefficient for SBM-K individual items
was found to be 0.76–0.83 (good, very good), and the tester had
clear criteria for the correct definition and scoring of SBM
evaluation items; thus, there was no significant difficulty in
evaluating the participants. A general reliability survey analyzed
three problems of error, influenced by correlation with tasks or
variables, and structural problems in the tester’s concordance and

assessment tools [22]. In our study, the correlation between SBM-K
individual items and total scores, the internal consistency
reliability, and the weighted kappa coefficient of the test-retest
for each item was confirmed to be high, which was sufficient to
prove the reliability of SBM-K.
The ICC for SBM-K total score was 0.98, which showed a high

concordance rate, and in a similar experimental study, it was reported
that the concordance rate was higher than that of the mFRT total
score which was 0.85–0.94 [23]. However, ICC provides relative
reliability [24], and when participant evaluation is repeatedly
conducted, the agreement rate is high; thus, the learning effect of
reevaluation cannot be excluded [24, 25]. It is difficult for clinicians
and researchers to determine whether the assessment score shows
consistent reliability when repeated evaluations are applied to
patients or if the actual score changes because of measurement
errors. ICC shows the consistency of test scores during repeated
measurements, but cannot determine the true score (observational
score-error) of each individual, and the discrepancy between
evaluations and the size of the measurement error are unknown
[24, 25]. Randommeasurement errors that occur in the evaluation can
be quantified by SEM and MDC, which are absolute reliability indices
that evaluate the stability of the reaction [26, 27].
Since SEM refers to the size of the measurement error caused by

chance variation during measurement, it provides information
regarding the reliability of the participants’ evaluation scores. MDC
is an important indicator for clinical decision-making; it is used as a
baseline for determining the effectiveness of interventions or
predicting functional recovery [26]. In this study, the SEM of SBM-K
was 0.59, which was less than 10% (0.84) of the SBM-K average
score of 8.48 (test-retest average score), and MDC was 1.64, which
was less than 20% (2.4) of the highest SBM-K score (12); MDC% was
19.3% (less than 30%), and the measurement error range was
acceptable. In addition, the MDC score of the participants was not
affected by measurement errors and chance variation, meaning
that a sitting balance ability of 1.85 or more after treatment can be

Table 3. Test-retest reliability of the SBM-K total score (n= 29).

Measure Mean (SD) Mean difference ICC2,1 SEM SRD P 95% CI

Median (IQR) (SD) (95% CI) (SRD%) Lower Upper

Range

1st test 2nd test

SBM-K 8.62 (4.14) 8.35 (3.81) 0.27 0.98 0.59 1.64 0.09

total 10 (6.5–12) 10 (5.5–11.5) 0.84 (0.95–0.99) −19.3 −0.044 0.596

Score (sum) 0–12 0–12

SD standard deviation, IQR interquartile range, ICC intraclass correlation coefficient, CI confidence interval, SEM standard error of measurement, SD standard
deviation of all the test-retest scores ×√(1-ICC), MDC minimal detectable change= 1.96 × SEM × √2, MDC%= (MDC/mean of measurements taken) × 100%. P
value was based on the paired t-test, SBM-K Sitting Balance Measure-Korean.

Fig. 1 Bland–Altman plot for the differences between measure-
ments from the two test sessions against the mean of the two test
sessions for each subject. The limit of agreement for the Sitting
Balance Measure-Korean (SBM-K) ranged from −1.38 to 1.92. The
solid line indicates the mean difference and the two dashed lines
indicate the 95% limit of agreement (mean difference ± 1.96 × SD of
the difference).

Table 4. Correlation of SBM-K with mSBS and KSCIM-III (n= 29).

Parameters Correlation coefficient

mSBS 0.88*

KSCIM-III: Self-care 0.87*

KSCIM-III: Respiration and sphincter
management

0.65*

KSCIM-III: Mobility-room and toilet 0.77*

KSCIM-III: Mobility-indoors and outdoors 0.70*

KSCIM-III: Total 0.89*

mSBS modified Sitting Balance Score, KSCIM-III Korean-Spinal Cord
Independence Measure- III.
*p < 0.01
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improved (or worsened) from the current SBM-K score of 8.48.
Generally, highly reliable tests should have high ICC values and low
SEM and MDC values [14], which was sufficiently demonstrated in
our study. In addition, since there was no significant difference in
the mean value between test-retest in SBM-K evaluation, it was
confirmed that there was no systematic error (p= 0.09).
In our analysis, the Bland–Altman method was used to estimate

the size of the rate of agreement between the test-retest of SBM-K.
The limit of agreement of SBM-K was−1.38 to 1.92. Thus, there was
no correlation between the mean value and the mean of the test-
retest. The difference between the SBM-K test-retest and the
evaluated result value exists within the 95% CI based on the 0
point; thus, it was normally distributed, and there was no
systematic error, making it reliable. Therefore, SBM-K was demon-
strated to be a sufficiently sensitive tool for evaluating the sitting
balance ability of individuals with incomplete spinal cord injury.
SBM-K was confirmed to be highly correlated with mSBS (r= 0.88)

and with KSCIM-III – self-care (r= 0.88), respiration and sphincter
management (r= 0.65), mobile room and bathroom (r= 0.77),
mobility indoors and outdoors (r= 0.70), and total score (r= 0.89). A
similar experimental study reported a very notable correlation
between the Trunk Control Test of people with spinal cord injury
and the total score of KSCIM-III (r= 0.87) [6]. The correlation
coefficient reflects the degree of correlation between the two
variables and cannot explain the causal relationship between the
explanatory and response variable. Our results showed that SBM-K
was significantly associated with KSCIM-III self-care, respiration and
sphincter management, mobile room and bathroom, mobility
indoors and outdoors, and total points. In this context, the ability
to maintain and control sitting balance and posture is an essential
factor that precedes movements that enable independent activities
of daily living, and it should be emphasized in the treatment process
along with upper and lower extremity function training.
Regarding the limitations of this study, the average age, gender

ratio, incidence and prevalence of the participants, diverse areas
of spinal cord injury, proprioceptive sensation of the trunk and
upper and lower extremities, spasticity, and the muscle strength of
the trunk and limbs could not be fully controlled. Additionally,
SBM primarily focuses on task performance rather than movement
quality, and most of the individuals with thoracic spine injuries in
this study had compensatory strategies (e.g., excessive anterior
flexion of the trunk and use of latissimus dorsi, trapezius).
Therefore, in future studies, based on the ASIA classification,
trunk and limb muscle strength, proprioceptive sensation, plantar
pressure, posture fluctuation, and center of gravity, a quantitative
and systematic analysis of the correlation between the spinal cord
injury areas and SBM needs to be performed.

CONCLUSION
The test-retest reliability of individual items and total scores of
SBM-K was very high, and the validities of mSBS and KSCIM-III
were significantly correlated. In addition, when SBM-K was
repeatedly evaluated, the absolute reliability index, SEM, and the
MDC score for distinguishing whether the evaluation performance
responded stably in the confidence interval (95%) influenced the
measurement error caused by chance variation. SBM-K was
confirmed as a reliable method for evaluating the sitting balance
of individuals with incomplete spinal cord injury in the clinical
setting. Therefore, SBM can serve as an efficient clinical method
for clinicians and researchers to assess sitting balance and monitor
functional changes in those with incomplete spinal cord injury.

REFERENCES
1. Lee BB, Cripps RA, Fitzharris M, Wing PC. The global map for traumatic spinal

cord injury epidemiology: update 2011, global incidence rate. Spinal Cord.
2014;52:110–6. https://doi.org/10.1038/sc.2012.158.

2. Reft J, Hasan Z. Trajectories of target reaching arm movements in individuals with
spinal cord injury: effect of external trunk support. Spinal Cord. 2002;40:186–91.
https://doi.org/10.1038/sj.sc.3101277.

3. Chen CL, Yeung KT, Bih LI, Wang CH, Chen MI, Chien JC. The relationship
between sitting stability and functional performance in patients with para-
plegia. Arch Phys Med Rehabil. 2003;84:1276–81. https://doi.org/10.1016/
s0003-9993(03)00200-4.

4. Jørgensen V, Elfving B, Opheim A. Assessment of unsupported sitting in patients
with spinal cord injury. Spinal Cord. 2011;49:838–43. https://doi.org/10.1038/
sc.2011.9.

5. Wadhwa G, Aikat R. Development, validity and reliability of the Sitting Balance
Measure (SBM) in spinal cord injury. Spinal Cord. 2016;54:319–23. https://doi.org/
10.1038/sc.2015.148.

6. Quinzaños J, Villa AR, Flores AA, Pérez R. Proposal and validation of a clinical
trunk control test in individuals with spinal cord injury. Spinal Cord.
2014;52:449–54. https://doi.org/10.1038/sc.2014.34.

7. Berg KO, Maki BE, Williams JI, Holliday PJ, Wood-Dauphinee SL. Clinical and
laboratory measures of postural balance in an elderly population. Arch Phys Med
Rehabil. 1992;73:1073–80.

8. Tinetti ME. Performance-oriented assessment of mobility problems in elderly
patients. J Am Geriatr Soc. 1986;34:119–26. https://doi.org/10.1111/j.1532-
5415.1986.tb05480.x.

9. Arora T, Oates A, Lynd K, Musselman KE. Current state of balance assessment
during transferring, sitting, standing and walking activities for the spinal cord
injured population: a systematic review. J Spinal Cord Med. 2020;43:10–23.
https://doi.org/10.1080/10790268.2018.1481692.

10. American Spinal Injury Association. International standards for neurological classi-
fication of spinal cord injury. Chicago, IL: American Spinal Injury Association; 2003.

11. Wong SS, Yam MS, Ng SS. The Figure-of-Eight Walk Test: reliability and associa-
tions with stroke-specific impairments. Disabil Rehabil. 2013;35:1896–902. https://
doi.org/10.3109/09638288.2013.766274.

12. Curtin F, Schulz P. Multiple correlations and Bonferroni’s correction. Biol Psy-
chiatry. 1998;44:775–7.

13. Liaw LJ, Hsieh CL, Hsu MJ, Chen HM, Lin JH, Lo SK. Test-retest reproducibility of
two short-form balance measures used in individuals with stroke. Int J Rehabil
Res. 2012;35:256–62. https://doi.org/10.1097/MRR.0b013e3283544d20.

14. Chen HM, Hsieh CL, Sing Kai Lo S, Liaw LJ, Chen SM, Lin JH. The test-retest reliability
of 2 mobility performance tests in patients with chronic stroke. Neurorehabil Neural
Repair. 2007;21:347–52. https://doi.org/10.1177/1545968306297864.

15. Park KY, Chung YJ, Kim JH. The reliability and validity of the spinal cord inde-
pendence measure (SCIM) III. J Korean Soc Occup Ther. 2009;17:97–109.

16. Catz A, Itzkovich M, Agranov E, Ring H, Tamir A. SCIM—spinal cord independence
measure: a new disability scale for patients with spinal cord lesions. Spinal Cord.
1997;35:850–6. https://doi.org/10.1038/sj.sc.3100504.

17. Wannapakhe J, Saensook W, Keawjoho C, Amatachaya S. Reliability and dis-
criminative ability of the spinal cord independence measure III (Thai version).
Spinal Cord. 2016;54:213–20. https://doi.org/10.1038/sc.2015.114.

18. Brennan P, Silman A. Statistical methods for assessing observer variability in clinical
measures. BMJ 1992;304:1491–4. https://doi.org/10.1136/bmj.304.6840.1491.

19. Lu WS, Wang CH, Lin JH, Sheu CF, Hsieh CL. The minimal detectable change of
the simplified stroke rehabilitation assessment of movement measure. J Rehabil
Med. 2008;40:615–9. https://doi.org/10.2340/16501977-0230.

20. Altman DG, Bland JM. Measurement in medicine: the analysis of method comparison
studies. Statistician. 1983;32:307–17. https://doi.org/10.2307/2987937.

21. Portney LG, Watkins MP. Foundations of Clinical Research: Applications to Prac-
tice. Appleton & Lange: Norwalk, Connecticut; 1993, pp 2–450.

22. Godi M, Franchignoni F, Caligari M, Giordano A, Turcato AM, Nardone A. Com-
parison of reliability, validity, and responsiveness of the mini-BESTest and Berg
Balance Scale in patients with balance disorders. Phys Ther. 2013;93:158–67.
https://doi.org/10.2522/ptj.20120171.

23. Lynch SM, Leahy P, Barker SP. Reliability of measurements obtained with a
modified functional reach test in subjects with spinal cord injury. Phys Ther.
1998;78:128–33. https://doi.org/10.1093/ptj/78.2.128.

24. Patten C, Kothari D, Whitney J, Lexell J, Lum PS. Reliability and responsiveness of
elbow trajectory tracking in chronic poststroke hemiparesis. J Rehabil Res Dev.
2003;40:487–500. https://doi.org/10.1682/jrrd.2003.11.0487.

25. Goldsmith CH, Boers M, Bombardier C, Tugwell P. Criteria for clinically important
changes in outcomes: development, scoring and evaluation of rheumatoid arthritis
patient and trial profiles. OMERACT Committee. J Rheumatol. 1993;20:561–5.

26. Flansbjer UB, Blom J, Brogårdh C. The reproducibility of berg balance scale and the
single-leg stance in chronic stroke and the relationship between the two tests. PM R J
Inj Funct Rehabil. 2012;4:165–70. https://doi.org/10.1016/j.pmrj.2011.11.004.

27. Schuck P, Zwingmann C. The ‘smallest real difference’ as a measure of sensitivity
to change: a critical analysis. Int J Rehabil Res. 2003;26:85–91. https://doi.org/
10.1097/00004356-200306000-00002.

J.Min Lee et al.

645

Spinal Cord (2022) 60:641 – 646

https://doi.org/10.1038/sc.2012.158
https://doi.org/10.1038/sj.sc.3101277
https://doi.org/10.1016/s0003-9993(03)00200-4
https://doi.org/10.1016/s0003-9993(03)00200-4
https://doi.org/10.1038/sc.2011.9
https://doi.org/10.1038/sc.2011.9
https://doi.org/10.1038/sc.2015.148
https://doi.org/10.1038/sc.2015.148
https://doi.org/10.1038/sc.2014.34
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
https://doi.org/10.1111/j.1532-5415.1986.tb05480.x
https://doi.org/10.1080/10790268.2018.1481692
https://doi.org/10.3109/09638288.2013.766274
https://doi.org/10.3109/09638288.2013.766274
https://doi.org/10.1097/MRR.0b013e3283544d20
https://doi.org/10.1177/1545968306297864
https://doi.org/10.1038/sj.sc.3100504
https://doi.org/10.1038/sc.2015.114
https://doi.org/10.1136/bmj.304.6840.1491.
https://doi.org/10.2340/16501977-0230
https://doi.org/10.2307/2987937
https://doi.org/10.2522/ptj.20120171
https://doi.org/10.1093/ptj/78.2.128
https://doi.org/10.1682/jrrd.2003.11.0487
https://doi.org/10.1016/j.pmrj.2011.11.004
https://doi.org/10.1097/00004356-200306000-00002
https://doi.org/10.1097/00004356-200306000-00002


FURTHER READING
Beckerman H, Roebroeck ME, Lankhorst GJ, Becher JG, Bezemer PD, Verbeek AL.

Smallest real difference, a link between reproducibility and responsiveness.
Qual Life Res. 2001;10:571–8. https://doi.org/10.1023/a:1013138911638

Roebroeck ME, Harlaar J, Lankhorst GJ. The application of generalizability theory to
reliability assessment: an illustration using isometric force measurements. Phys
Ther 1993;73:386–95. https://doi.org/10.1093/ptj/73.6.386. discussion 396

Schreuders TA, Roebroeck ME, Goumans J, van Nieuwenhuijzen JF, Stijnen TH, Stam
HJ. Measurement error in grip and pinch force measurements in patients with
hand injuries. Phys Ther 2003;83:806–15. https://doi.org/10.1093/ptj/83.9.806

ACKNOWLEDGEMENTS
Editorial Support, in terms of English language editing, proofreading, and formatting,
was provided by Editage.

AUTHOR CONTRIBUTIONS
JL: conceptualization, writing—original draft, validation, investigation. SA: formal
analysis, software. OK: resources. GK: writing—review and editing. MK: supervision.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS STATEMENT
The study was approved by the National Rehabilitation Hospital Institutional Review
Board (IRB File No. NRC-2019-05-032). All participants received explanations of the
study protocol, and written informed consent was obtained.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41393-021-00715-4.

Correspondence and requests for materials should be addressed to GyuMin Kang or
Myungki Kim.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

J.Min Lee et al.

646

Spinal Cord (2022) 60:641 – 646

https://doi.org/10.1023/a:1013138911638
https://doi.org/10.1093/ptj/73.6.386
https://doi.org/10.1093/ptj/83.9.806
https://doi.org/10.1038/s41393-021-00715-4
http://www.nature.com/reprints
http://www.nature.com/reprints

	Test-retest reliability and validity of the Sitting Balance Measure-Korean in individuals with incomplete spinal cord�injury
	Introduction
	Methods
	Participants
	Procedures
	Assessment scale
	Sitting Balance Measure-Korean (SBM-K)
	Modified Sitting Balance Scale (mSBS)
	Korean-Spinal Cord Independence Measure-III (KSCIM-III)

	Data analysis

	Results
	Characteristics of the participants
	Test-retest reliability of individual SBM-K items
	Test-retest reliability of the SBM-K total score
	Correlation of SBM-K with mSBS and KSCIM-III
	Univariate linear regression analysis of the relationship between SBM-K and KSCIM-III

	Discussion
	Conclusion
	Acknowledgements
	Author contributions
	Competing interests
	Ethics statement
	ADDITIONAL INFORMATION




