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Objective  To evaluate respiratory muscle strength in healthy Korean children in order to establish the criteria 
for normal reference values for future applications. In contrast with the other parameters for testing pulmonary 
function, normal values for respiratory muscle strength in healthy Korean children have not been assessed to date.
Methods  We conducted a complete survey of 263 students at Sinmyung Elementary School in Yangsan, 
Gyeongsangnam-do, and measured their height and body weight, performed pulmonary function tests, and 
evaluated maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) as measures of respiratory 
muscle strength. We excluded the subjects with respiratory or cardiovascular diseases that could affect the results. 
The subjects were children aged 8–12 years, and they consisted of 124 boys and 139 girls.
Results  The MIP and MEP values (mean±standard deviation) for the entire subject group were 48.46±18.1 cmH2O 
and 47.95±16 cmH2O, respectively. Boys showed higher mean values for MIP and MEP in every age group. Korean 
children showed lower mean values for MIP and MEP compared to those in previous studies conducted in other 
countries (Brazil and USA).
Conclusion  Our results showed that boys generally have greater respiratory muscle strength than girls. We found 
a significant difference between the results of our study and those of previous studies from other countries. We 
speculate that this may be attributed to differences in ethnicity, nutrition, or daily activities. 
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INTRODUCTION

In a majority of neuromuscular diseases, muscle weak-
ness is observed not only in the muscles of the limbs, 
but also in the respiratory muscles. Respiratory muscle 
weakness eventually causes pulmonary function impair-
ment as the disease progresses, which leads to a reduc-
tion in the capacity to perform daily activities. Based on 
the study by Phillips et al. [1], once forced vital capacity 
decreases to less than 1 L/min, the probability of death 
occurring within 1–2 years is high. Therefore, detailed 
observation and regular assessment of respiratory symp-
toms are important aspects of patient care [2]. Precise 
assessment of pulmonary function and monitoring the 
progress are essential factors in the continuation of re-
spiratory rehabilitation, which can prevent complica-
tions and lower mortality in patients [3,4]. To achieve this 
purpose, standard data for scales that reflect respiratory 
dynamics need to be used for the assessment of early 
changes.

Maximal inspiratory pressure (MIP) and maximal expi-
ratory pressure (MEP) are known to reflect the weakness 
of respiratory muscles more sensitively than forced vital 
capacity measured with a spirometer [5], and they are 
widely used to measure the strength of the respiratory 
muscles. As a result, these three parameters are exam-
ined together with general pulmonary function tests in 
patients with myopathy, with respiratory muscle weak-
ness being the main cause of respiratory failure. However, 
precise MIP and MEP measurements are less well studied 
compared with pulmonary function measures, such as 
tidal volume, forced vital capacity, and forced expiratory 

volume in 1 second (FEV1) [6]. Maximal static pressure 
can detect respiratory muscle weakness more sensitively; 
therefore, it can become a clinical key parameter for the 
treatment of respiratory problems in patients with neu-
romuscular disorders. Therefore, we aimed to measure 
the standard values for MIP and MEP in healthy Korean 
children.

MATERIALS AND METHODS

Study subjects
We performed pulmonary function tests, including 

MIP, MEP, tidal volume, forced vital capacity, FEV1 at 
Sinmyung Elementary School in Yangsan, Gyeongsang-
nam-do, Korea. Children with cardiovascular or respira-
tory diseases that could affect the results of testing were 
excluded. Before the examinations, questionnaire and 
the need for obtaining consent for the examinations were 
explained and exclusion criteria were described to the 
parents of children. Physical examination was performed 
by a rehabilitation medicine physician for the screening 
of exclusion criteria such as active pulmonary infection, 
neuromuscular disease and scoliosis. If the subject had 
common cold, evaluations were performed on another 
day. We conducted a complete survey of 263 healthy 
Korean elementary school students (124 males and 139 
females; age range, 8–12 years) (Table 1). None of the 
subjects were excluded.

Study methods
We measured the height and body weight of the test 

subjects and calculated the body mass index to investi-

Table 1. Study participants

Age
8 yr 9 yr 10 yr 11 yr 12 yr

Boys (n=124)

   Number 17 21 36 30 20

   FVC 1.68±0.29 1.82±0.34 1.96±0.37 2.14±0.38 2.83±0.74

   FEV1 1.47±0.31 1.50±0.39 1.62±0.32 1.74±0.36 2.38±0.59

Girls (n=139)

   Number 13 36 32 29 29

   FVC 1.57±0.27 1.64±0.29 1.75±0.35 2.16±0.90 2.44±0.70

   FEV1 1.35±0.27 1.32±0.28 1.39±0.30 1.65±0.71 1.83±0.37

Values are presented as mean±standard deviation.
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.
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gate variables based on the extent of individual growth. 
Pulmonary function tests and measurements of MIP and 
MEP were performed by a rehabilitation medicine physi-
cian for 4 days. A MicroLab spirometer (Micro Medical 
Ltd., CareFusion, San Diego, CA, USA) was used to test 
pulmonary function, and MicroRPM (Micro Medical 
Ltd.) was used to measure MIP and MEP through a rigid 
tube-type mouthpiece [7].

The test subjects were instructed to use the devices 
for approximately 5 minutes before the examinations in 
order to obtain precise measurements. Tests were per-
formed in a sitting position and were conducted three 
or more times to obtain identical or similar values to in-
crease the accuracy. We gathered the maximal values of 
the three trials.

Backward multiple linear regression analysis was used 
to identify independent predictors of maximal static pres-
sure. SPSS program ver. 18 (SPSS Inc., Chicago, IL, USA) 

was used for data analysis and processing.

RESULTS

We collected data from 263 subjects. The values (mean± 
standard deviation) for MIP and MEP in all subjects were 
48.46±18.1 cmH2O and 47.95±16 cmH2O, respectively. 
The mean MIP and MEP values for the subjects accord-
ing to age are shown in Table 2.

We used variable selection methods (stepwise, forward, 
and backward methods) to obtain the best correlation 
among independent values. Statistical values showed 
strong correlations with respiratory parameters only with 
use of the backward selection method. MIP was found to 
have a strong correlation with height (t=-2.471, p=0.014), 
weight (t=2.189, p=0.030) and mean FEV1 (t=4.323, 
p=0.000) in boys (Adjusted R2=0.139). MIP in girls showed 
a strong correlation with weight (t=2.009, p=0.046; Ad-

Table 2. MIP and MEP in healthy Korean children

Age group
8 yr 9 yr 10 yr 11 yr 12 yr 10–12 yr 10–12 yra)

Boys

   MIP 42.08±15.13 54.58±19.55 52.52±21.24 55.61±17.74 56.00±16.98 54.85±18.43 104.12±19.92

   MEP 48.67±18.41 54.61±17.08 51.52±11.70 54.00±11.87 50.59±13.29 52.67±13.64 119.96±25.28

Girls

   MIP 45.85±13.13 45.61±14.73 43.63±15.49 38.83±16.10 43.15±15.80 42.31±15.72 94.94±15.93

   MEP 47.85±16.70 47.14±16.78 42.00±11.60 38.71±18.73 45.90±19.20 42.75±16.72 112.18±24.08

Values are presented as mean±standard deviation.
MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure.
a)Results from the study in Brazil by Heinzmann-Filho et al. [13].

Table 3. Backward selection method results for MIP

MIP
Model summary

Standardized coefficient t p-value
Boys F=12.095

   Height −0.341 −2.471 0.014* p=0.000**

   Weight 0.228 2.189 0.030* R2=0.151

   FEV1mean 0.480 4.323 0.000** Adj R2=0.139

Girls F=2.166

   Height −0.206 −1.897 0.059 p=0.117

   Weight 0.218 2.009 0.046* R2=0.021

   FEV1mean - - - Adj R2=0.011

MIP, maximal inspiratory pressure; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
Multiple regression analysis of factors: age, height, weight, FVC, FEV1.
*p<0.05, **p<0.01.
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justed R2=0.011) (Table 3). MEP in boys also had strong 
correlations with FEV1 (t=3.718, p=0.000) and height (t= 
-2.862, p=0.005; Adjusted R2=0.054), while MEP in girls 
had strong correlations with weight (t=2.361, p=0.019) 
and height (t=-3.072, p=0.002; Adjusted R2=0.035) (Table 
4). Maximal respiratory static pressure, MIP, and MEP 
values were generally correlated with height. Hence, we 
assessed whether there was a linear correlation between 
maximal static pressure and height (Fig. 1).

DISCUSSION

Pulmonary function impairment is an important fac-
tor which is closely related to the direct causes of death 
in majority of neuromuscular disorders. Consequently, 
pulmonary function tests and maximal static pressure 
measurements provide objective and reproducible test 
results in patients with neuromuscular disorders, and are 
important for establishing the diagnosis and initiating 
the treatment [8-11].

However, the majority of studies in a healthy Korean 
population have investigated the predicted or normal 
values for parameters to confirm the results of basic pul-
monary function tests [6,12]. Studies from other countries 
used predictive equations obtained in their respective 
populations in accordance with their objectives [4,13,14]. 
The American Thoracic Society recommends consider-
ing ethnicity, age, sex, height, and physical activity while 
choosing a prediction equation for forced vital capacity 
[15]. In our study, we aimed to determine the standard 
values for MIP and MEP, which could become the criteria 

for respiratory rehabilitative treatment in patients with 
neuromuscular disorders.

Maximal respiratory static pressure, MIP, and MEP 
values were generally correlated with height and weight 
[4,13,14]. In our study, height was also an affecting factor 
for maximal static pressure. Hence, we assessed whether 
there was a linear correlation between maximal static 
pressure and height. However, no correlation was found 
between maximal static pressure and height in the linear 
correlation graphs (Fig. 1). We think that these results 
were due to the difference in growth among subjects. 
Further analysis that will include more subjects is needed 
to evaluate this correlation.

The normal static respiratory pressure found in our 
study of Korean children is different from that in chil-
dren from other countries. A comparison of our results 
with those of other studies indicates that standard val-
ues cannot be used worldwide. Studies conducted to 
determine the normal values for pulmonary function in 
various countries show that clear differences were found 
between results obtained in different countries. Based 
on the study by Heinzmann-Filho et al. [13], the values 
for MIP and MEP in healthy 10 to 12-year-old children 
in Brazil were 104.12±19.92 cmH2O and 119.96±25.28 
cmH2O, respectively, for boys, and 94.94±15.93 cmH2O 
and 112.18±24.08 cmH2O, respectively, for girls (Table 4). 
These values are considerably different from the results 
of our study. Wilson et al. [14] reported the prediction 
equations for maximal static pressures in Caucasian 
adults and children. Using the values obtained in Korean 
children from our study in the maximal static pressure 

Table 4. Backward selection method results for MEP

MEP
Model summary

Standardized coefficient t p-value
Boys F=6.953

   Height −0.333 −2.862 0.005** p=0.001*

   Weight - - - R2=0.064

   FEV1mean 0.433 3.718 0.000** Adj R2=0.054

Girls F=4.719

   Height −0.330 −3.072 0.002** p=0.010**

   Weight 0.254 2.361 0.019* R2=0.044

   FEV1mean - - - Adj R2=0.035

MEP, maximal expiratory pressure; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
Multiple regression analysis of factors: age, height, weight, FVC, FEV1.
*p<0.05, **p<0.01.
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equation for Caucasian children, the predicted values for 
mean MEP and MIP in 10-year-old boys and girls were 
74.96 cmH2O and 90.67 cmH2O, respectively, and 62.16 
cmH2O and 72.94 cmH2O, respectively. According to our 
results, MEP and MIP in boys and girls were 51.52 cmH2O 
and 52.52 cmH2O, respectively, and 42.00 cmH2O and 
43.63 cmH2O, respectively. These results show a differ-
ence of more than 20 cmH2O compared with the criteria 
for Caucasians and Koreans.

These results may have been affected by several factors. 
We think that the explanation given by the examiner or 
the adherence of the examinee had the greatest influ-
ence. In addition, based on the study by Dassios et al. [16], 
the maximal static pressure measured in patients with 
cystic fibrosis and healthy subjects can differ because of 
the testing device or the test method. However, estimat-

ing only the examiner or subject variables is incorrect. A 
difference may also be observed based on body weight, 
height, or basic pulmonary function, although we could 
not clearly confirm it in our study [8,14,17,18]. Compiling 
standard values from one country, ethnicity, or national-
ity is impossible. Additionally, when comparing standard 
values for adults, occasionally, no great difference is ob-
served [19], while at other times a very clear difference 
is observed [20]. Our study demonstrates that standard 
values for children in Korea are different from those for 
children from other countries and ethnicities. As shown 
in a study of Navajo children conducted by Arnall et al. [4], 
differences based on the regional environment must not 
be overlooked.

Our study is confined to students of a single elementary 
school in Yangsan City and its sample size is not large 
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Fig. 1. Linear correlation between maximal static pressures (MIP and MEP) and height in boys (A) and girls (B). MIP, 
maximal inspiratory pressure; MEP, maximal expiratory pressure.
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enough to represent children in Korea. It also lacks an 
analysis of height and weight of the children, which might 
have influenced the results for MIP and MEP. In turn, a 
positive correlation between age and MIP, and MEP has 
not been identified. Further study should include a larger 
and diverse sample size, and it should be a multicenter 
study so as to accurately reproduce the average MIP and 
MEP values for Korean children.

In conclusion, our results showed that boys generally 
have greater respiratory muscle strength than girls. We 
found clear differences between the values measured in 
healthy Korean children and those measured previously 
in children from other countries. We speculate that the 
differences are caused by several factors, including eth-
nicity, nutrition, and daily activity levels. We believe that 
the results will be helpful to all patients undergoing pul-
monary rehabilitation or other respiratory-related treat-
ment.
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