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Objective To determine the abnormal pulmonary function value in Korean Duchenne muscular dystrophy (DMD)
patients, we performed a comparative analysis of the patients’ pulmonary function value expressed as % of the
overseas reference data and Korean healthy children and adolescent reference data.

Methods We performed pulmonary function test (PFT) in a total of 27 DMD patients. We compared the patients’
FVC% and FEV1% of the overseas reference data with those of the Korean children and adolescent reference
data. Also, we compared the patients’ MIP% and MEP% of the prediction equation data with those of the Korean
children and adolescent reference data.

Results Age of the subjects ranged from 8 to 16 years (12.03+2.27 years). The mean maximal expiratory pressure
(MEP), maximal inspiratory pressure (MIP), vital capacity (VC), forced vital capacity (FVC), forced expiratory volume
in 1 second (FEV1), and peak cough flow (PCF) were 36.93+9.5 cmH,0, 45.79+17.46 cmH,0, 1.4+0.43 L, 1.45+0.45
L, 1.40+0.41 L, and 206.25+61.21 L/min, respectively. The MIP%, MEP%, and FVC% of the Korean children and
adolescent reference data showed statistically significant higher values than those of the prediction equation data.
Conclusion We observed a clear numeric difference between Korean DMD patients’ pulmonary function value
expressed as % of the overseas data and inland data. To perform a precise assessment of respiratory function and
to determine appropriate respiratory therapy, pulmonary function values of Korean DMD patients should be
interpreted taking into account the inland normal pulmonary function test data.
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INTRODUCTION

Duchenne muscular dystrophy (DMD), an X-linked
disease of the muscle caused by absence of the protein,
is a neuromuscular disorder of childhood onset that
is characterized by relentless deterioration of skeletal
muscle function [1,2]. A continuously progressive restric-
tive pulmonary syndrome becomes apparent by 10 to 12
years of age and results in respiratory insufficiency dur-
ing the second or third decade of life [3-6]. Unfortunately,
despite advances in respiratory support, death generally
occurs at 25-30 years of age, due to respiratory failure in
more than 80% of cases [7].

Many studies have evaluated respiratory function in pa-
tients with DMD and have described a pattern of restric-
tive ventilatory impairment [4-6,8]. More specifically,
pulmonary volumes show a characteristic pattern con-
sisting of an initial ascending phase associated with age-
related growth, followed by a plateau and finally a de-
scending phase [5,6]. Since a correlation has been found
between pulmonary volumes and DMD disease stages [4],
the follow-up of respiratory function is important for pre-
dicting the prognosis. Indeed, the extent of the plateau
phase and the rate of the declining phase of vital capacity
(VC) correlate with the risk of respiratory failure as well
as life expectancy. But spirometry does not seem to be a
sensitive indicator of respiratory muscle weakness during
earlier stages of the disease, because VC usually remains
normal or near-normal until there is a major decline (to
about 50% of predicted) in respiratory muscle strength [9].

Since skeletal muscle weakness is the main physiologi-
cal consequence of dystrophin defects in DMD, expira-
tory muscle function has been proposed as a potential
index of disease progression [10]. Maximal respiratory
pressures (MRPs) are important values to be measured in
a comprehensive respiratory function test, since they are
indicators of respiratory muscle strength. Reference data
for the maximal inspiratory pressure (MIP) and the maxi-
mal expiratory pressure (MEP) have an important role in
the diagnosis and prediction of prognosis of respiratory
diseases, neuromuscular weakness and health status, in
general [11,12].

Just as anthropometric data are important for develop-
ing a pulmonary function test normal reference value,
analysis of MRP data is also dependent on variables
[13,14]. Anthropomorphic differences such as those
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in height and weight vary significantly between ethnic
groups. In spite of the fact that normal predicted values
vary from country to country, the threshold value limit
from foreign standard data or empirical values have been
used to assess the progression of respiratory weakness
in Korean DMD patients [15]. To clearly determine the
abnormal pulmonary function value in Korean DMD
patients, we performed a comparative analysis of Korean
DMD patients’ pulmonary function value expressed as
% of the overseas reference data and the Korean healthy
children and adolescent reference data.

MATERIALS AND METHODS

Subjects

Healthy Korean children and adolescents

We use the previous study data for MEP, MIP, VC,
forced vital capacity (FVC), forced expiratory volume in 1
second (FEV1), and peak cough flow (PCF) from the 8 to
12 years age group which included a total of 263 students
from the Sin-Myeong Elementary School in Yangsan, Ko-
rea (unpublished data by Choi WH et al., 2016). We also
performed additional pulmonary function tests for the
13 to 16 years age group which included a total of 80 stu-
dents from the Wondong Middle School in Yangsan and
Daedong Middle School in Gimhae, Korea. Assent was
obtained from all students whose parent(s)/guardian(s)
consented to their participation in the study.

Patients with DMD

Twenty-seven male patients with DMD (12.03+2.27
years) participated in this study. They belonged to a
group of patients with neuromuscular diseases who were
being followed up at the Department of Rehabilitation
of Pusan National University Hospital in Busan, Korea.
Inclusion criteria were as follows: (1) diagnosis of DMD
confirmed clinically and by muscle biopsy (manifestation
of absence of dystrophin expression, except for occasion-
al muscle fibers, by immunohistochemistry), (2) absence
of any requirement for assisted ventilation, (3) clinical
stability without any symptoms or signs of inspiratory
muscle insufficiency, such as orthopnea, paradoxical
breathing or hypercapnia, (4) absence of major learning
disabilities and ability to perform the maneuvers recom-
mended by the American Thoracic Society/European
Respiratory Society for lung volume measurements. Ex-
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clusion criteria were as follows: (1) presence of respira-
tory tract infection or history of acute respiratory failure
requiring endotracheal ventilation and (2) use of medica-
tions that could influence respiratory function during the
study period, including the use of corticosteroids.

Methods

Measurements

In order to investigate the variables according to the
extent of individual growth, we measured the height and
body weight of the test subjects. MEP, MIP, VC, FVC,
FEV1, and PCF tests were performed by two doctors in
rehabilitation medicine and an experienced physiothera-
pist. They were trained to perform correct procedures for
pulmonary function testing and to gather respiratory pa-
rameter data. Lung function data were measured using A
MicroLab spirometer (CareFusion, San Diego, CA, USA),
and MRPs were measured using MicroRPM (CareFusion),
through a mouthpiece. In order to obtain accurate mea-
surements, the test subjects were instructed about the
use of the devices for approximately 5 minutes before the
examinations. Tests were performed in a seated position,
and in order to increase accuracy, they were conducted
at least 3 times to obtain identical or similar values.

Prediction equations

For the overseas reference data of MRPs, we used three
prediction equations, which were designed by Wilson et
al. [16], Tomalak et al. [17], and Arnall et al. [15]. Subjects
in the studies by Wilson, Tomalak, Arnall and their col-
leagues were Caucasians, Slavs, and Americans, respec-
tively. These equations were chosen because they had
a large sample size with a similar age range and these
equations used the same factor (age) as that found signif-
icant in this study and they provided separate equations
for children, adults, males and females. The UK data of
the MicroLab spirometer was used as the overseas refer-
ence value of FEV1 and FVC.

Statistical analysis

We expressed all values as meantstandard deviation.
We used paired linear regression equations to analyze the
decrease ventilatory parameters with age as well as Pear-
son correlation coefficient. FEV1, FVC, MEP and MIP%
values of the Korean reference data were compared to
values of the equation-based data obtained by Wilson,

Table 1. Demographic data and mean VC, FEV1, FVC, PCE, MIP, MEP values in Korean healthy children

Age group (yr)

211)

Total

(n

16 (n=2)
131.54+6.73 135.94+6.13 141.11#6.01 146.29+5.90 153.46+27.92 161.33+9.29 167.47+6.11 169.2626.14 178.50+5.50 151.7625.50
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Values are presented as meantstandard deviation.

VC, vital capacity; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; PCF, peak cough flow; MIP, maximal inspiratory pressure;

MEP, maximal expiratory pressure.
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27)

28.79+4.83 44.04%+12.90

Total

(n

=2)

16 (n

15 (n=3)

14 (n=3)
36.45+15.79 38.83+7.15

13 (n=2)

Age group (yr)
12 (n=5)

=3)

11 (n

=6)

10 (n
44,73+18.27 42.36%x11.35 52.81+5.02 40.60%+2.43

1) 9(n=2)
65.45+00.00 49.79+4.02

8(n

Table 2. Contined
MEP% of the Tomalak

e = Tomalak, Arnall and their colleagues using Student t-test.
%‘I % The level of significance was set at p<0.05.

S 8

3 g RESULTS

g s

jt_*'l 3 A total of 211 healthy male children and adolescents
S 3 were selected to undergo pulmonary function test to cal-
] 3 culate the normal reference data. The mean values across
< E all age groups for age, height, weight, VC, FEV1, FVC,
§ % PCFE, MIP, and MEP were 11.65+2.14 years, 151.76+5.50
5 8 cm, 47.08+5.00 kg, 2.63+0.33 L, 2.22+0.11 L, 2.32+0.12 L,
3 N 318.51+20.00 L/min, 58.44+10.00 cmH,0, and 52.94+6.00
] =2 cmH,0, respectively. Changes have been presented in
E [S:\‘l Table 1. In general, the mean MIP tended to be higher
g § than MEP, but not in all age groups. VC, FEV1, FVC, PCE,
32] ©

and MIP values were increased significantly according to
age, except MEP (Table 1).

A total of 27 male DMD patients were included. Val-
ues for height, weight, PCF, VC, VC%, FVC, FVC%,
FEV1, FEV1%, MIP, MEP, MIP%, and MEP% as per the
age are listed in Table 2. Age ranged from 8 to 16 years

69.94+2.28

(12.03+2.27 years). The mean values for height, weight,
VC, FVC, FEV1, PCE, MEP, and MIP were 141.15+12.96
cm, 41.03+£10.11 kg, 1.40+0.43 L, 1.45+0.45 L, 1.40+0.41 L,
206.25+61.21 L/min, 36.93+9.56 cmH,0, and 45.79+17.46
cmH,0, respectively. For analyzing the agreement be-
tween this study reference data and the previous inland
reference report [18], we compared the absolute value of
FEV1 and FVC in the present study data with that in the
calculated data of the prediction equation obtained by
Yoon et al. [18]. Fig. 1 presents the Bland-Altman graph,

42.40+£17.31 39.80+10.66 49.22+4.68 37.58+5.05

62.68+25.59 68.99+18.48 80.08+7.61

which shows that 95% of the differences were within two
standard deviations from the mean, pointing to the fact
the present study data and the calculated data are very
similar.

VC, FVC, and FEV1 showed peak values in the 12 to 13
years age group, but VC%, FVC%, and FEV1% showed
peak values in the 9 to 10 years age group. VC, FEV1, and
FVC revealed an ascending, a plateau, and a descend-

63.42+00.00 47.68+3.85
88.82+£00.00 59.42+4.80

ing phase. No linear relationships were found between
pulmonary volumes and ages. However, after attainment
of the plateau phase, VC and VC% of the inland refer-
ence data, FEV1 and FEV1% of the inland reference data,
FEV1% of the overseas reference data, FVC and FVC%
of the inland reference data, and FVC% of the overseas
reference data decreased at a linear rate of 0.24 L and

prediction equation

value
MEP% of the present

prediction equation

value
MEP% of the Arnall

study data

VC, vital capacity; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; PCFE, peak cough flow; MIP, maximal inspiratory pressure;

Values are presented as meantstandard deviation.
MEP, maximal expiratory pressure.
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>

257

Difference between the two FVCs (L)

Mean of the two FVCs (L)

@

2.51

Difference between the two FEV1s (L)

Mean of the two FEV1s (L)

Fig. 1. Bland-Altman plot showing individual differences between the two tests. The solid line indicates the mean dif-
ference between paired measurements and the dotted lines indicate the 95% limits of agreement. It shows that 95% of
the differences were within two standard deviations from the mean, pointing to the fact that both tests are very similar
in terms of FVC (A) and FEV1 (B) values. FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.

8.38%, 0.23 L and 4.31%, 4.42%, 0.24 L, and 11.88%, and
9.12% per year, respectively (Table 3). On comparison of
the inland and overseas values, MIP%, MEP%, and FVC%
of the Korean children and adolescent reference data
showed statistically significantly higher values than those
of the prediction equation data (p<0.001). FEV1% of the
overseas data showed a slightly higher value than that of
the inland data, but the difference was not statistically
significant (Fig. 2A, Table 4).

In all age groups, the mean values of MIP and MIP% of
the Wilson prediction equation, MIP% of the Tomalak
prediction equation and MIP% of the Arnall prediction
equation, and MIP% of the Korean reference data were
45.79+17.46 cmH,0 and 66.59%+22.67%, 51.76%+19.16%
and 48.38%+17.8%, and 80.97%%30.19%, respectively.
The mean values of MEP and MEP% of the Wilson pre-
diction equation, MEP% of the Tomalak prediction equa-
tion, MEP% of the Arnall prediction equation and MEP%
of the Korean reference data were 36.93+9.56 cmH,0O and
37.03%+10.71%, 44.04%+12.90%, 41.24%+12.43% and
69.58%+18.31%, respectively. MIP showed an ascend-
ing, a plateau, and a descending phase according to age.
The peak age of MIP% of the Korean reference data (11.3
years) was lower than that of the Wilson prediction equa-
tion data (11.9 years) but it was higher than that of the
Tomalak (10.5 years), and Arnall prediction equation
data (10.6 years). The decrease rate of MIP% of the Kore-
an reference data (8.76% per year) was higher than that of
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Table 3. Age at which DMD children presented a peak
value of respiratory parameters and the decrease rate per
year

Respiratory parameter [z LEE L
3 Vi age (yr) rate (/yr)
VC (L) 12.41 0.24
VC% of the
present study data 8.65 8.38
FEV1 12.32 0.23
FEV1% of the present study data 9.23 4.31
FEV1% of the overseas 9.51 4.49
reference data
FVC (L) 12.37 0.24
FVC% of the present study data 9.15 11.88
FVC% of the overseas 9.12 9.12
reference data
MIP (cmH,0) 11.7 4.54
MIP% of the present study data 11.3 8.76
MIP% 'of'the Wllsop 11.9 763
prediction equation data
MIP% .of'the Toma.lak 105 6.22
prediction equation data
MIP% of the Arnall 10.6 583

prediction equation data

The values were expressed in liter or expressed as % of the
Korean children and adolescent reference data (present
study data) and the overseas prediction equation data year.
MIP, maximal inspiratory pressure; VC, vital capacity;
FEV1, forced expiratory volume in 1 second; FVC, forced
vital capacity.
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®

Il Present study
[ Wilson prediction equation value

[1 Overseas reference value [ Tomalak prediction equation value
Il Present study (healthy children and adolescents) [1 David prediction equation value
100 - 100 - e
90 - 90
80 - 80 |
70 - * 70 |
— 60 _. %94
X X 50 A
< g5 =
_ 407
401 3 g 30
30 5 20 |
20 10
10 T ) 0 T
FVC% FEV1% MIP% MEP%

Fig. 2. Comparison of FVC and FEV1% of the Korean reference data and the overseas reference data (A). On compari-
son of two inland and overseas data, FVC% of the Korean children and adolescent reference data was higher than that
of the overseas data and the differences were statistically significant. FEV1% of the overseas data showed a slightly
higher value than that of the inland data, but the difference was not statistically significant (*p<0.05, **p<0.001). Com-
parison of MIP% and MEP% of the Korean reference data and the overseas reference data (B). On comparison of the
inland and overseas prediction equation data, MIP% and MEP% of the Korean children and adolescent reference data
were significantly higher than those of the three overseas prediction equation data (*p<0.05, **p<0.001).

Table 4. Comparison between pulmonary function value % of the inland data and that of the overseas data

Paired sample Mean SD t df Sig.

MIP% of the present study data 10.20 7.86 6.73 26 <0.001**
- MIP% of the Wilson prediction equation data

MIP% of the present study data 238115 9.25 13.03 26 <0.001**
- MIP% of the Tomalak prediction equation data

MIP% of the present study data 26.53 10.08 13.67 26 <0.001**
- MIP% of the Arnall prediction equation data

MEP% of the present study data 31.89 9.64 17.17 26 <0.001**
- MEP% of the Wilson prediction equation data

MEP% of the present study data -7.38 2.17 -17.66 26 <0.001**
- MEP% of the Tomalak prediction equation data

MEP% of the present study data 27.32 9.41 15.08 26 <0.001**
- MEP% of the Arnall prediction equation data

FVC% of the present study data 6.59 17.38 1.97 26 0.041*
- FVC% of the overseas reference data

FEV1% of the present study data -1.44 18.01 -0.41 26 0.681

- FEV1% of the overseas reference data

MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; FEV1, forced expiratory volume in 1 second;
FVC, forced vital capacity; SD, standard deviation.
*p<0.05, **p<0.001.

the overseas prediction equation data (7.63%, 6.22%, and  reference data were significantly higher than those of the
5.83% per year) (Table 3). On comparison of the inland three overseas prediction equation data (p<0.001) (Fig.
and overseas prediction equation data, mean values of 2B, Table 4).

MIP% and MEP% of the Korean children and adolescent
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DISCUSSION

As observed in previous cross-sectional studies [5,6,9],
we found that the absolute values of VC, FVC, and FEV1
showed a characteristic pattern with an ascending, a pla-
teau, and then a descending phase. Analogous to the data
presented by other authors [5,8,19], we found that the
peak values of VC, FVC, and FEV1 expressed as % of the
predicted values occurred between 12 to 13 years of age,
which is 2-3 years earlier than the peak expressed in ab-
solute terms. During this interval, although the ventilato-
ry parameters still appeared to increase when expressed
as absolute values, in reality they were already decreas-
ing. For this reason, growth no longer compensates for
the reduction in lung volume caused by the deterioration
of muscular function. The peak age of FEV1 expressed as
% of the present study reference data was slightly earlier
than that of the overseas reference data. Therefore, we
suggest that respiratory parameters should be expressed
as % of the inland reference data since it better describes
the relationships between growth compensation and re-
spiratory function decline in inland patients with DMD.

After reaching their peak values, VC and total lung ca-
pacity (TLC) decreased at a linear rate with age, leading
to the appearance of a progressive restrictive ventilatory
pattern. We found that the mean reduction rate of VC%
of the inland data (8.38% per year) was similar to the
8.5% rate of loss of VC% between ages 10 and 20 found
by McDonald et al. [8]. We also observed that the reduc-
tion in FEV1 correlated with the decrease in lung volume
and the decrease rate of FEV1% was lower than that gen-
erally reported in previous studies [2,3,20]. This differ-
ence could be due to greater diversity of the decline rate
among our patients.

MRP is a useful marker of respiratory muscle weakness.
Generally, VC in DMD patients does not show an appar-
ent decrement until 10 years of age, and MRP begins to
decline earlier during the course of the disease [8]. This
suggests that MRP is more sensitive for the detection of
weakness of respiratory muscles than pulmonary vol-
umes [21]. MIP values in this population were in general
agreement with those previously reported in patients
with DMD [8]. But, our MEP values were about 10% high-
er than those found by Kang et al. [22]. Kang et al. [22] re-
corded MEP in patients with DMD whose mean age was
17.6+5.1 years, whereas we recorded MEP in a younger
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group (12.03+2.27 years).

McDonald et al. [8] found earlier and more severe de-
creases in MEP than in MIP and in MEP and MIP than
in other pulmonary function parameters in DMD. MIP
and inspiratory muscle strength remained relatively well-
preserved during the early stage, implying relative early
sparing of the diaphragm. The significant correlation
between MIP and thoracic volumes (p<0.001) (Table 5)
found in this study substantiates the work of Lissoni [23]
and Hahn et al. [19] who investigated 52 DMD patients
and found that the decreases in lung volumes with age
are caused by early dystrophic deterioration of expiratory
muscles with corresponding reduction in the expiratory
residual volume and increase in the residual volume and
these pulmonary volume alterations occurred between
ages 8 and 12 years and progressed rapidly once plateau
VC was reached. They suggested that much of the de-
crease in intrathoracic volumes observed from age 12 to
16 years was due to expiratory muscle weakness, whereas
further loss of intrathoracic volumes thereafter was more
associated with decreasing inspiratory muscle strength
and was observed as decreases in the inspiratory residual
volume, VC, and TLC.

In this study, the absolute value of MIP was found to
have increased from 8 to 12 years of age and it decreased
gradually thereafter (Fig. 3A) unlike the previous study
which reported that the peak value was decreased from
14 years of age [19]. Also, we found a decrease rate at
8.76% per year when MIP was expressed as % of this
study reference data (Table 3), which is higher than that
observed by Hahn et al. [19] (6.9% per year), but the de-
crease rate of MIP expressed as % of the Tomalak and
Arnall prediction equation is similar to that in a previous
study. Furthermore, MEP% of the present study refer-
ence data did not show a significant decrease in the age
range from 8 to 16 years, whereas MEP% of the Wilson,
Tomalak, and Arnall prediction equation data showed a
significant correlation with age (p=0.018, p=0.018, and
p=0.009) (Fig. 3B, Table 5). These results indicate that
the respiratory deterioration pattern in Korean patients
might be different from that in foreign patients. We sug-
gest that inspiratory muscle weakness in Korean DMD
patients might progress more rapidly than expiratory
muscle weakness. Hence, intensive inspiratory muscle
training such as air stacking technique (glossopharyn-
geal breathing) and inspiratory spirometer are needed in



Analysis of Pulmonary Function Test in Korean Patients With Duchenne Muscular Dystrophy

Table 5. Correlation between maximal respiratory pressures and thoracic volume. Correlation between maximal re-
spiratory pressures % and age

Dependent variable Independent variable r Sig.
MIP vC 0.683 <0.001**
VC% of the present study data 0.570 0.002**
FVC 0.656 <0.001**
FVC% of the present data 0.532 <0.001**
FVC% of the overseas reference data 0.340 0.083
MEP VC 0.454 0.015*
VC% of the present study data 0.271 0.171
FVC 0.455 0.017*
FVC% of the present study data 0.230 0.249
FVC% of the overseas reference data 0.259 0.19
MIP% of the present study data Age -0.315 0.109
MIP% of the Wilson prediction equation data Age -0.270 0.173
MIP% of the Tomalak prediction equation data Age -0.468 0.014*
MIP% of the Arnall prediction equation data Age -0.452 0.018*
MEP% of the present study data Age -0.049 0.808
MEP% of the Wilson prediction equation data Age -0.451 0.018*
MEP% of the Tomalak prediction equation data ~ Age -0.453 0.018*
MEP% of the Arnall prediction equation data Age -0.494 0.009**

MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; VC, vital capacity; FVC, forced vital capacity.
*p<0.05, **p<0.001.
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Fig. 3. Comparison of MIP (A) and MEP (B) values predicted by the reference data proposed in our study and three
previous studies according to age. We found a decrease rate of 8.76% per year when MIP expressed as % of this study
reference data, which is higher than that in the previous study data, but the decrease rate of MIP expressed as % of the
Tomalak and Arnall prediction equation data was similar to that in a previous study. MEP% of the present study refer-
ence data did not show a significant decrease in the age range from 8 to 16 years, whereas MEP% of the Wilson, Toma-
lak and Arnall prediction equation data showed a significant correlation with age.
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Fig. 4. Comparison of FVC expressed as % of the over-
seas reference data and Korean reference data according
to age. FVC% of the Korean reference data tended to be
higher than that of the overseas reference data in the age
group of less than 13.7 years, whereas it was opposite in
the age group of more than 13.7 years. FVC, forced vital

capacity.

DMD patients in the early stage.

The aim of respiratory care for DMD patients is to en-
sure timely prevention and management of complica-
tions [24]. A structured, proactive approach to respiratory
management that includes respiratory rehabilitative
interventions has led to improvements in function, and
use of assisted cough and nocturnal ventilation has been
shown to prolong survival [25-27]. Bushby et al. [24] sug-
gested that DMD patients with FVC <40% of the predicted
value need deep lung inflation technique, and nocturnal
non-invasive ventilation is indicated in patients with FVC
<30% of the predicted value. In this study, FVC% of the
Korean reference data tended to be higher than that of
the overseas reference data in the age group of less than
13.7 years, whereas it was opposite in the age group of
more than 13.7 years (Fig. 4). Two patients showed FVC
<40% of the overseas reference data but FVC >40% of the
present study reference data in the 8-13 years age group,
and three patients showed FVC <30% of the present study
reference data but FVC >30% of the overseas reference
data in the 14-16 years age group. When considering the
difference in the reference value of each country, pulmo-
nary function values of Korean DMD patients could be
within normal ranges compared with the domestic data
in spite of abnormal values compared with the overseas
data. Therefore, to perform a precise assessment of respi-
ratory function and to determine proper respiratory ther-
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apy, pulmonary function values of Korean DMD patients
should be interpreted taking into account the Korean
pulmonary function values.

This study has some limitations that must be consid-
ered. In this study, we used VC, FEV1, and MRP, which
are volitional and indirect methods for the assessment of
respiratory muscle function. Furthermore, it is not easy
to perform measurements of MRP, particularly in young
patients with DMD. Finally, the number of patients in our
study was relatively small, and the measurement inter-
vals were not uniform. All of the patients were not evalu-
ated at the same age, since in a clinical follow-up setting,
it was difficult to implement the same pattern of evalua-
tion in all DMD children.

In conclusion, interracial variability among neuromus-
cular disorder patients makes it difficult to analyze the re-
sult of pulmonary function test. Therefore, interpretation
of the pulmonary function values has to be based on the
inland data. This results in the need for providing a more
optimal and proper intervention for respiratory manage-
ment of patients with DMD.
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