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Reliability and Validity of the Korean Version of
the Duchenne Muscular Dystrophy Functional
Ability Self-Assessment Tool

Kyunghyun Lee, MD, Sung Eun Hyun, MD, PhD, Hyung-Ik Shin, MD, PhD, Hye Min Ji, MD*

Department of Rehabilitation Medicine, Seoul National University Hospital, Seoul, Korea

Objective To systematically translate the Duchenne muscular dystrophy Functional Ability Self-Assessment Tool
(DMDSAT) into Korean and verify the reliability and validity of the Korean version (K-DMDSAT).

Methods The original DMDSAT was translated into Korean by two translators and two pediatric physiatrists. A
total of 88 patients with genetically confirmed Duchenne muscular dystrophy (DMD) participated in the study.
They were evaluated using the K-DMDSAT once as a self-assessment and once by an interviewer. The interviewer
evaluated the K-DMDSAT again 1 week later using a test-retest approach. The intraclass correlation coefficient
(ICC) was used to verify the interrater and test-retest reliabilities. Pearson correlation analysis between the
K-DMDSAT and the Brooke or Vignos scales were used to assess validity.

Results The total score and all domains of the K-DMDSAT showed excellent interrater and test-retest reliability,
with an ICC for total scores of 0.985 and 0.987, respectively. All domains had an ICC >0.90. From the Pearson
correlation analysis, the total K-DMDSAT score was significantly correlated with the Vignos and Brooke scales
(r=0.918 and 0.825, respectively; p<0.001), and each domain of K-DMDSAT showed significant correlation with
either the Vignos or Brooke scales.

Conclusion DMDSAT was systematically translated into Korean, and K-DMDSAT was verified to have excellent
reliability and validity. K-DMDSAT can help clinicians easily describe and categorize various functional aspects of
patients with DMD through the entire disease progression.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is the most
common congenital muscular dystrophy, affecting ap-
proximately one in 5,000 live male births [1]. DMD is
characterized by progressive muscle weakness and atro-
phy, mainly involving the proximal muscles, rather than
the distal muscles. As DMD progresses, trunk muscles
and respiratory muscles, including the diaphragm, also
get affected; therefore, patients experience progressive
decline not only in physical, but also in cardiac and re-
spiratory function [2]. Since there is currently no cura-
tive treatment to stop disease progression yet [3], regular
check-ups for various functional aspects of DMD, includ-
ing muscle power; bony deformities, including scoliosis
or hip dislocation; pain; and pulmonary and cardiac
function, are essential for disease management and in-
tervention [3-7]. However, because there is considerable
heterogeneity in the rate of progression across patients, a
reliable assessment tool that can describe the functional
status of patients at each follow-up period in clinical
practice is warranted.

The Duchenne muscular dystrophy Functional Ability
Self-Assessment Tool (DMDSAT) is a patient-reported
outcome scale developed to assess and describe the func-
tional status of patients with DMD throughout the entire
disease course [8]. It was created as an easy assessment
tool for patients or caregivers and a clinically relevant
tool. In a previous study, the English version of DMDSAT
demonstrated good validity across the entire disease
course and good reliability (Cronbach’s alpha, 0.93) [8].
Consequently, DMDSAT has been used to describe and
categorize the functional ability of patients with DMD in
the literature [4,9-11].

Furthermore, Landfeldt et al. [12,13] reported that DMD
is associated with a considerable cost burden to society
and affected families, and interventions for DMD based
on DMDSAT were helpful in cost-effectiveness analysis
[14]. Considering the worldwide prevalence of DMD [15],
translating DMDSAT into languages other than English
is necessary to facilitate its implementation. To the best
of our knowledge, no study has translated DMDSAT or
reported the validity of DMDSAT in a version other than
English. Accordingly, this study aimed to systematically
translate DMDSAT into Korean and verify the reliability
and validity of the Korean version.
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MATERIALS AND METHODS

DMDSAT

DMDSAT comprises four domains: arm function, mo-
bility, transfers, and ventilatory support (Appendix 1). In
the arm function and mobility domains, activities using
the upper or lower limbs are listed in order of difficulty,
and patients are asked to choose the one item that they
feel is the most difficult task they can do. The original
score ranges from 0 to 8 in both domains, with a higher
score representing a more difficult activity. However, with
the rescoring system [8], the score ranges from 0 to 6 in
the arm function domain and from 0 to 5 in the mobility
domain (Appendix 2).

In the transfers domain, patients are asked to choose
how much assistance they require to complete each ac-
tivity. If patients can perform an activity independently, 2
points are scored; if patients can do so with help, 1 point
is scored; and if the patient cannot perform a certain ac-
tivity or needs to be lifted or hoisted, no point is scored.
With a sum of 5 items, the score ranges from 0 to 10 in the
transfers domain.

In the ventilatory support domain, the patients are
asked to choose one item that describes how much ven-
tilatory support they required. Two points are given if
they answered “not ventilated,” 1 point if they answer
“ventilated at night,” and 0 point if they answered “ven-
tilated during day and night.” Since the questionnaire
is designed to assess the need for respiratory support in
daily living, patients who are on ventilator day and night
because of acute respiratory infections should not be in-
cluded in the scoring system.

With the sum of scores of all four domains, the total
score of the DMDSAT ranges between 0 and 23, with a
higher score representing a higher functional activity or
level of independence.

Development of K-DMDSAT

K-DMDSAT was developed by translating and reverse-
translating the questionnaires. Before beginning the
procedure, approval via e-mail was obtained from the
original author and Newcastle University, the copyright-
holders of DMDSAT. Forward translation was performed
by a professional translator and reviewed by two Korean
pediatric physiatrists fluent in both English and Korean
(Appendix 3). Another translator performed reverse
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translation into English. The original version of DMDSAT
and forward- and reverse-translated versions were com-
pared; there were no conceptual inconsistencies between
both versions.

Participants

Patients diagnosed with DMD who visited the pediat-
ric outpatient clinic of our hospital between April 2020
and October 2021 were recruited for this study. DMD
diagnosis was confirmed using a dystrophin gene study.
To identify dystrophin mutations, multiplex polymerase
chain reaction and direct sequencing (Xp21.2-p21.1, ex-
ons 1-79) were performed. If the deletion or duplication
tests yielded negative results, dystrophin gene sequenc-
ing was performed to search for point mutations or small
deletions or insertions. Written informed consent was
obtained from all participants after explaining the pur-
pose and content of this study. Patients or caregivers who
could not fully understand the written questionnaires
were excluded. A total of 88 patients agreed to partici-
pate, and none dropped out during the study. This study
was conducted in accordance with the Declaration of the
World Medical Association and was reviewed and ap-
proved by the Institutional Review Board (IRB) of Seoul
National University Hospital (IRB No. H-2106-062-1225).

Reliability

This study was conducted to verify the interrater and
test-retest reliability of K-DMDSAT. On the day of partici-
pation, patients were asked to complete the K-DMDSAT
without assistance. However, in cases where the patient
could not comprehend or understand the questions ow-
ing to a lack of reading ability, a proxy writer was allowed
if he was living with parents or caregivers with whom he
had a continuous relationship.

On the same day as the self-assessment, an interviewer
asked questions on the DMDSAT items and recorded
their responses to fill out the K-DMDSAT. The same in-
terviewer once more evaluated the participants 1 week
after the first evaluation. The K-DMDSAT score was mea-
sured, provided that participants did not experience any
important medical or functional change in clinical status
in a week. During the entire research period, the patient’s
self-report of K-DMDSAT took approximately 10 minutes,
and the interview took approximately 5 minutes. All as-
sessments were performed at the outpatient clinic of the

Department of Pediatric Rehabilitation Medicine.

The DMDSAT scores by self- and interviewer assess-
ment were compared to verify interrater reliability, and
results from the first and second assessments by the in-
terviewer were compared to verify test-retest reliability.
The intraclass correlation coefficient (ICC) was used for
statistical analysis, where values between 0.74 and 1.0
represented excellent reliability, 0.60 and 0.74 represent-
ed good reliability, 0.40 and 0.59 represented fair reliabil-
ity, and <0.4 represented poor reliability.

Validity

In this study, the Brooke scale [16] and Vignos scale
[17], which are widely used functional classifications of
patients with DMD for upper limb and mobility func-
tion, respectively, were used to verify the validity of K-
DMDSAT. On the day of the first measurement for each
participant, one pediatric physiatrist evaluated each pa-
tient’s function using the Brooke and Vignos scales. Since
DMDSAT comprises various categories, Pearson correla-
tion analysis between K-DMDSAT and the Brooke or Vig-
nos scales were performed separately; the following com-
binations were analyzed: the total score of K-DMDSAT
with the Brooke and Vignos scales, arm function domain
of K-DMDSAT with the Brooke scale, mobility domain of
K-DMDSAT with the Vignos scale, and transfers domain
of K-DMDSAT with the Vignos scale. A p-value <0.05
was considered statistically significant. All analysis were
performed using IBM SPSS version 26.0 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

Clinical characteristics of participants

Table 1 shows the baseline characteristics of partici-
pants. The mean age of participants was 16.63%5.09 years,
and two-thirds were nonambulant. Most participants
did not use a ventilator at all, but 4 used a ventilator both
day and night, and 7 used the ventilator only at night.
Participants with various disease severity were included,
ranging from 1 to 23 in the total K-DMDSAT score, with a
median score of 9.

Interrater reliability

The interrater reliability of K-DMDSAT was significant
for the total score and all 4 K-DMDSAT domains (Table
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Table 1. Clinical characteristics of participants

Table 2. Interrater reliability of the K-DMDSAT (n=88)

Characteristic Value (n=88) K-DMDSAT Self Interviewer ICC
Demographics Total score 11.60+7.16  11.73+7.40 0.985***
Age (yr) 16.63+5.09 (8-35) Arm function 4.65+1.69 4.67+1.61 0.914***
Ambulatory status Mobility 1.82+1.78 1.82+1.86 0.982***
Ambulant 30 (34.1) Transfers 3.49+4.16 3.44+4.29 0.978***
Nonambulant 58 (65.9) Ventilatory support  1.8310.49 1.80+0.53 0.942%**
Time since loss of ambulation (yr) 6.14+4.43 (0-18) Values are presented as meantstandard deviation.
Ventilatory support K-DMDSAT, Korean version of the Duchenne muscular
All day 4(4.5) fiystrophy Functic?nal Abil.ity Self-Assessment Tool; ICC,
At night only 7 (8.0) iil;[raclass correlation coefficient.
Not used 77 (87.5) p<0.001.

Brooke/Vignos scale
Brooke scale 2.67+1.67 (1-6)

Vignos scale 6.77+3.23 (1-10)

K-DMDSAT
Arm function 4.65+1.69 (1-6)
Mobility 1.82+1.78 (0-5)
Transfers 3.49+4.16 (0-10)
Ventilatory support 1.83+0.49 (0-2)

Total score 11.60+7.16 (1-23)

Values are presented as meantstandard deviation (mini-
mum-maximum) or number (%).

K-DMDSAT, Korean version of the Duchenne muscular
dystrophy Functional Ability Self-Assessment Tool.

2). The ICC showed excellent reliability for all domains,
including the total score; the ICC was 0.985 for the total
score, 0.914 for the arm function domain, 0.982 for the
mobility domain, 0.978 for the transfers domain, and
0.942 for the ventilatory support domain.

Test-retest reliability

Similar results with interrater reliability were observed
for the test-retest reliability (Table 3). K-DMDSAT showed
significant and excellent reliability in the total score and
all domains, with an ICC of 0.987 for the total score, 0.961
for the arm function domain, 0.987 for the mobility do-
main, 0.973 for the transfers domain, and 0.970 for the
ventilatory support domain (p<0.001).

Validity

Pearson correlation analysis showed a significant corre-
lation between the total score of the K-DMDSAT and the
Vignos and Brooke scales (r=0.918 and 0.825, respective-
ly, p<0.001). Specifically, the arm function domain was
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Table 3. Test-retest reliability of the K-DMDSAT (n=88)

K-DMDSAT Test Re-test ICC
Total score 11.73£7.40 11.4247.61 0.987***
Arm function 4.67+1.61 4.72+1.63 0.961***
Mobility 1.82+1.86 1.70+£1.96 0.987***
Transfers 3.44+4.29 3.24+4.23 0.973***
Ventilatory support  1.80%0.53 1.76+0.55 0.970***

Values are presented as mean+tstandard deviation.
K-DMDSAT, Korean version of the Duchenne muscular
dystrophy Functional Ability Self-Assessment Tool; ICC,
intraclass correlation coefficient.

#¥p<0.001.

significantly correlated with the Brooke scale (r=0.843,
p<0.001), and the mobility and transfers domains were
significantly correlated with the Vignos scale (r=0.955
and r=0.928, respectively, p<0.001).

DISCUSSION

This study was designed to translate DMDSAT into
Korean and investigate the reliability and validity of K-
DMDSAT. Results showed that K-DMDSAT had excellent
interrater and test-retest reliability and validity, which
supports using K-DMDSAT in clinical practice.

Similar results were reported by Landfeldt et al. [8], who
developed the original DMDSAT. Among 186 patients
from the United Kingdom, DMDSAT showed very good
reliability, with a Cronbach’s alpha of 0.93. Moreover,
the study demonstrated that a one-point increase in the
total score of DMDSAT was significantly associated with
a 5.3% change in per-patient annual cost. Although the
present study did not investigate the association between



Korean Version of DMDSAT

K-DMDSAT and clinical outcomes or cost-effectiveness,
to our knowledge, it was the first to show a significant as-
sociation between K-DMDSAT and clinically widely used
scales-the Brooke scale and Vignos scale.

Although K-DMDSAT is a patient-reported outcome
scale, it shows excellent interrater reliability. There are
several possible reasons for this finding. First, the ques-
tionnaires are simple and easy to understand since the
measure is designed to be completed by patients or
caregivers who are not health professionals. Moreover,
the questionnaires were about daily activities performed
every day, not specific tasks, meaning that the respon-
dents could easily fill out the assessment tool without
profoundly thinking. Second, the items for each domain
are listed in order of difficulty, which helps recognize the
patient’s current function. Finally, because the time to
complete the assessment is less than 10 minutes, a more
reliable response can be expected with low fatigue and
higher compliance.

Since there is a consensus that motor function, which
reflects activities of daily living, is more clinically relevant
than conventional motor examination, such as manual
muscle testing, for assessing patients with muscular
dystrophy [18], several functional assessment tools for
DMD or other types of muscular dystrophy have been de-
veloped. For example, the Brooke scale [16] and Vignos
scale [17] were developed to assess each body part, upper
and lower limbs, respectively. The North Star Ambula-
tory Assessment [19], motor function measure [20], and
ambulatory functional classification system for DMD [21]
were developed to document the ambulatory or motor
function of the patient. These scales have demonstrated
significant reliability and validity in previous studies.
However, since each instrument is related to only one
functional aspect, two or more assessment tools should
be utilized to comprehensively measure and document
the functional status of patients with DMD. Conversely,
K-DMDSAT concerns four functional aspects simultane-
ously, so it appears to be an appropriate tool for quickly
identifying and documenting overall functional status.

The Comprehensive Functional Scale for DMD (CFSD)
[21], developed as a simplified tool to assess the func-
tional abilities of patients with DMD, includes not only
body structures such as joint contracture or Cobb’s angle
for scoliosis but also intellectual disability, participation
at school or society, and the ability to use personal com-

puters or powered wheelchairs, which reflect the utiliza-
tion of technology. However, CFSD comprises 21 items in
three categories and takes more time to complete owing
to several factors, including checking the range of mo-
tion, calculating Cobb’s angle, and testing intellectual
disability, making it difficult to use in clinical settings and
only suitable for research purposes.

The Egen Klassifikation (EK) scale was also designed
for the same purpose and extended in 2008 to include
more functional abilities, including swallowing function
(e.g., food textures) and distal hand function (e.g., ability
to control joystick) [22]. However, since it was developed
for the functional assessment of nonambulatory patients,
there are some limitations in its application in all patients
with DMD.

Compared to these two well-validated comprehensive
scales, the CFSD and EK scales, the DMDSAT lacks items
assessing other aspects of DMD, especially dysphagia
and pain. Since dysphagia and pain are symptoms that
require careful attention and are strongly associated with
quality of life [23], extending to DMDSAT questionnaires
on swallowing function and pain would provide more in-
formation and help plan the most appropriate interven-
tion. Although DMDSAT is a scoring system, its purpose
is to document functional status rather than to provide a
quantitative evaluation of physical function. Therefore,
we propose adding items on dysphagia and pain to the
original format.

In addition, we believe a supplementary item should be
considered for the scoring system of the ventilatory sup-
port domain of DMDSAT. Most patients typically begin
ventilator use at night and eventually increase use during
the day if there is dyspnea during the day or elevated day-
time carbon dioxide levels despite adequate night treat-
ment [24]. However, variability in ventilator use in DMD
patients exists depending on the patient’s comfort and
compliance with mechanical ventilation. In fact, some
patients use only mouthpiece ventilation during the
day, whereas others prefer nasal interfaces for ventilator
support and alternate them throughout the day [25]. Ad-
ditionally, rarely, some patients prefer ventilator support
only when they are awake, so they don’t use the ventilator
during the night [26]. According to the current DMDSAT
items, it is difficult to evaluate such patients because they
are not included in any given categories. Although, for-
tunately, there were no such patients in this study, there
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may be difficulty in evaluating DMDSAT scores for such
patients in future clinical settings. Therefore, we propose
assigning 1 point for patients who use ventilatory support
only during the daytime.

This study had several limitations. Among the partici-
pants, only 11 (12.5%) patients received ventilator sup-
port. The mean score of each K-DMDSAT domain for this
population was 1.63%1.29 for the arm function domain,
0.2740.46 for the mobility domain, and 0 for the transfer
domain. There might have been a bottom effect, though
it was not investigated in the current study. Since there
has been considerable improvement in the life span of
patients with DMD owing to advances in standards of
care, especially in respiratory management [27-29], ad-
ditional items that could describe the functional status
of ventilator users are needed. Moreover, the K-DMDSAT
was not designed to consider children’s functional devel-
opment, meaning that there is no age-specific informa-
tion or score modification according to the patient’s age.
Further studies to investigate the validity of K-DMDSAT
in younger patients are warranted.

In conclusion, DMDSAT was systematically translated
into Korean, and K-DMDSAT was verified to have excel-
lent reliability and validity. K-DMDSAT is a short, clini-
cally relevant assessment tool for patients with DMD that
can be rapidly administered without assistantance. K-
DMDSAT can help clinicians easily describe functional
levels comprehensively at different stages of disease pro-
gression.
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Appendix 1. Original version of the Duchenne muscular dystrophy (DMD) Functional Ability Self-Assessment Tool

The DMD Functional Ability Self-Assessment Tool (DMDSAT)

The questions below describe the levels of activity for arm function, mobility, transfers, and need for ventilatory sup-
port. The activities are intended to be in order of difficulty, and we would like you to tick the box that best applies to
your current level of function.

Arm function Select one

Can put an item such as a book onto a shelf above shoulder height o
Can lift at least one arm above the head

Can lift at least one arm to shoulder height

Can eat a meal without any help

Needs help to cut up food but can feed and drink independently
Needs help to drink or feed

Can pick up objects (e.g., pen/money)

Can move fingers (e.g., press on mobile or other electronic device)

Cannot move fingers

Mobility Select one
Walks independently outdoors for long distances (>1 km) [
Walks independently outdoors for medium distances (<1 km) o
Walks independently outdoors for short distances (e.g., to a car) o
Walks outdoors with help from a person o
Walks indoors independently but requires a wheelchair outdoors o
Walks indoors with help from a person and requires a wheelchair outdoors [
Uses a wheelchair indoors and outdoors o
Uses a wheelchair but unable to use it in some situations (e.g., cold weather) o
Unable to control the wheelchair without help [
Transfers Can do independently Can do with help Need to be lifted or hoisted, or cannot
Get on and off the floor o o [
Get in and out of a chair o o [
Get in and out of bed ® [ [
Get on and off the toilet o o [
Go up and down stairs o o o
Ventilatory support Not ventilated Ventilated at night Ventilated during day and night
Ventilatory status o [ ] [ ]

86 Www.e-arm.org



Korean Version of DMDSAT

Appendix 2. Re-scoring system of the arm function and mobility domain of the Duchenne muscular dystrophy Func-
tional Ability Self-Assessment Tool

Arm function Original score Re-score

Can put an item such as a book onto a shelf above shoulder height 8 6
Can lift at least one arm above the head 7

Can lift at least one arm to shoulder height 6 5
Can eat a meal without any help 5

Needs help to cut up food but can feed and drink independently 4 4
Needs help to drink or feed 3 3
Can pick up objects (e.g., pen/money) 2 2
Can move fingers (e.g., press on mobile or other electronic device) 1 1
Cannot move fingers 0 0

Mobility Original score Re-score

Walks independently outdoors for long distances (>1 km) 8 5
Walks independently outdoors for medium distances (<1 km) 7 4
Walks independently outdoors for short distances (e.g., to a car) 6 3
Walks outdoors with help from a person 5

Walks indoors independently but requires a wheelchair outdoors 4 9
Walks indoors with help from a person and requires a wheelchair outdoors 3

Uses a wheelchair indoors and outdoors 2 1
Uses a wheelchair but unable to use it in some situations (e.g., cold weather) 1 0
Unable to control the wheelchair without help 0
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Appendix 3. Korean version of the Duchenne muscular dystrophy Functional Ability Self-Assessment Tool
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