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Abstract
Pulmonary problems in children with Down syndrome may contribute to decreased level of physical fitness, com-

pared to healthy children. Pulmonary function in children with Down syndrome has been little known. Inadequate amount 

of oxygen or air volume during inspiration and expiration measured by using a handheld spirometer and limitation of 

chest expansion may be used to indicate the problems of pulmonary function in children with Down syndrome. Force 

expiratory volume in a second (FEV1) and chest expansion of 10 boys with Down syndrome was significantly different 

from those of 10 healthy boys. The trend of force vital volume capacity (FVC) was also reduced in boys with Down 

syndrome. These findings might be the result of weakness of primary and accessory respiratory muscles, particularly 

abdominal muscles, and narrow respiratory airway. Medical scientists and health-related staffs who work with children 

with Down syndrome should also focus on improving their respiratory status and preventing possible pulmonary infection. 

Pulmonary function and chest expansion test have potential to be an initial indicator of pulmonary problems in people 

with Down syndrome at a young age.  
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Introduction
Pulmonary problems in children with Down syndrome 

are under-recognized and may partly hinder a child’s ability 

to achieve optimal level of physical activity and fitness. 

Low level of physical fitness is a major issue for children 

with Down syndrome.1,2 Persistent poor physical fitness 

from childhood through adulthood will increase higher risks 

for health-related issues such as osteoporosis, type 2 

diabetes, obesity, and cardiopulmonary diseases.3-5 Physical 

fitness is defined as the ability to perform daily activities 

without fatigue.  It incorporates the characteristics of body 

composition, flexibility, muscular strength and endurance, 

and cardiovascular fitness.6 These five characteristics have 

long been the major area of research interest, and are 

used to identify level of physical fitness in people, including

children with Down syndrome.7-11 In contrast, there are 

only a few published researches investigating pulmonary 

function in children with Down syndrome.12,13 Children 

with Down syndrome have been reported with upper and 

lower airway abnormalities including a small upper airway, 

decreased numbers of alveoli and reduced surface area.14-16

Generalized weakness, especially abdominal muscle, is 

prominent in people with Down syndrome patients.17  

These two major problems can lead to decreased lung 

volume. Cardiovascular and respiratory systems work 

closely together to ensure sufficient amount of oxygen 

carries to organs. If lung volume or amount of maximum 

oxygen is reduced, removal of carbon dioxide is deficient, 

therefore limiting available energy for activities. Pulmonary 

problems of children with Down syndrome may be a key 

factor that leads to poor level of physical fitness.  



270 ธรรมศาสตร�เวชสาร ป�ที่ ๑๒ ฉบับท่ี ๒ ประจําเดือนเมษายน-มิถุนายน ๒๕๕๕

Although pulmonary function norms have been es-

tablished in healthy children, it is the norms of Caucasian 

children.18,19 These norms may not be applicable to Thais 

because of ethnicity, lifestyle, and cultural differences.  

Chest expansion, which has the potential to be used as 

an early indicator for detecting pulmonary problems, has 

never been studied in children with Down syndrome. 

Pulmonary function tests and chest expansion are simple 

and quantitative measurement that can be used to deter-

mine a baseline respiratory function in place of inclusive 

and expensive diagnostic methods such as chest x-ray, 

computerized topography (CT) and bronchoscopy. Purposes 

of this study were: 1) to evaluate pulmonary function 

and chest expansion in children with Down syndrome; 

2) to compare the findings with those of healthy children.

Materials and Methods
Subjects

Ten boys with Down syndrome and ten healthy 

boys participated in this study. They ranged in age from 

9 to 12 years old (mean ± SD: 10.0 ± 1.1 years in 
Down syndrome and 10.2 ± 0.6 years in healthy boys). 
Height and body mass index (BMI) of healthy boys were 

matched with Down syndrome group. Inclusion criteria of 

both groups included: 1) no spinal abnormality such as 

kyphosis and scoliosis; 2) no history of pulmonary infection 

and surgery of thoracic and abdominal region within the 

past 6 months. Both groups of children performed typi-

cal daily activities and did not play any specific sport or 

exercises. Boys with Down syndrome attended a special 

private school providing educational program for students 

with intellectual disability. They did not have any current 

cardiac symptom or disorders as reported in their medical 

records. All boys with Down syndrome were classified 

as moderate mental retardation, which meant they could 

follow commands and had no physical activity restrictions, 

as cited in their school records. Legal guardian or a parent 

signed consent forms prior to each subject’s participation. 

This study was approved by the Thammasat University 

Ethics Subcommittee. 

Equipments and test procedures

There were two tests consisting of pulmonary func-

tion test and chest expansion. Prior to data collection, 

subjects from each group were instructed with equipment 

and explained about test procedures. Practice sessions 

were provided to ensure that the subjects understood and 

were able to perform the tests.  They could practice the 

tests until they were familiar with the equipments and 

test procedures.  There was a 10-minute rest between 

pulmonary function and chest expansion test in order to 

prevent the subject from exhaustion and fatigue. 

1. Pulmonary function test 

Pulmonary function was measured using a hand-

held spirometer (Micro Medical Company, Kent, UK). The 

subject sat erect on a chair with feet flat on the ground. 

The subject’s nose was clipped with a soft nose clip. A 

paper mouth piece connected to the tubing was placed in 

the mouth. While performing the test, lip closure around 

the mount piece had to be secured. The subject was 

asked to take the deepest breath, and then exhaled as 

quickly and as hard as possible. A researcher coached 

the subject whereas the other recorded the test result. 

The spirometer was clean, disinfected and reset to zero 

each time for each of the subjects. Three trials with at 

least a 2-minute rest were collected. The best values 

among three trials of force vital capacity (FVC) and forced 

expiratory volume in 1 second (FEV
1
) recorded in liters 

were used for statistical analysis. 

2. Chest expansion

Chest expansion is defined as chest wall mobility or 

excursion between a maximum voluntary inspiration and 

a maximum voluntary expiration. The circumference of 

chest wall was measured using a tape measure. Moder-

ate to high intra-tester reliability of measurement of chest 

expansion with a use of a tape measure was reported.20 

This test was taken when the subject sat straight on the 

chair.  A tape measure was placed at the level of the 7th 

intercostal space or at the level of inferior aspect of the 

xiphoid process. The xiphoid process had been standard-

ized as an appropriate level for lower chest wall excursion 
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which possibly might be the most problematic in children 

with Down syndrome.21, 22 While a researcher instructed 

the subject to take maximum inhalation and continue to 

exhale completely, another researcher performed the test 

and recorded the results in centimeters. Three trials were 

performed with at least a 2-minute rest. Among results 

from the three trials, the greatest difference of chest 

circumference between maximum inspiration and expiration 

was used in the statistical analysis. 

Data analysis

The normality of the data was tested using 

Kolmogorov-Smirnov Goodness of Fit test. Independent 

Student’s t test was performed to find the difference of 

subject characteristics between boys with Down syndrome 

and healthy boys. Because of a small sample size and 

non-normality distribution of the data, the Mann-Whitney U 

test was used to find the differences of FVC, FEV
1
 and 

chest expansion between the two groups. The level of 

significance was set at 0.05. SPSS version 17.0 software 

(SPSS, Chicago, IL) was used for all analyses. 

Results
Weight, height, and BMI between boys with Down 

syndrome and healthy boys were not significantly different 

(p>0.05). Descriptive statistics of subject’s characteristic 

are shown in table 1.

Table 1 Characteristics of boys with Down syndrome and healthy boys 

Characteristics
Down syndrome Healthy boys

p-value
(n = 10) (n = 10)

Age (year)  10.00 ± 1.0  10.2 ± 0.6 0.61
Weight (kg)  37.30 ± 5.33  38.30 ± 2.83 0.61
Height (cm)  1.29 ± 0.10  1.26 ± 0.03 0.45
BMI (kg/m2)  22.47 ± 2.56  23.97 ± 1.77 0.14

Variables
Down syndrome Healthy boys

p-value
(n = 10) (n = 10)

FVC (liter)  1.45 ± 0.75  1.77 ± 0.25 0.22
FEV

1
(liter)  1.06 ± 0.47  1.60 ± 0.20  0.01*

Chest expansion (cm)  3.50 ± 0.86  4.81 ± 1.25  0.02*

Table 2 Chest expansion and pulmonary function of boys with Down syndrome and healthy boys

* Statistically significant difference, at p>0.05

Table 2 presents descriptive statistics for the re-

sult from pulmonary function test and chest expansion. 

There was no statistically significant difference of force 

vital capacity (FVC) between boys with Down syndrome 

and healthy boys (p=0.22) whereas FEV
1
 was significantly 

different (p=0.01). Values of FVC and FEV
1
 of boy with 

Down syndrome were lower than those of healthy boys. 

Mean and standard deviation of chest expansion of 

Down syndrome and healthy boys was 3.50 ± 0.86 and 

4.81 ± 1.25 cm, respectively. A significant difference of 

chest expansion was found between these two groups. 

Discussion
Any significant result found in this study did not 

attribute to variations in size, gender and age of the 

subject between boys with Down syndrome and healthy 

boys since the age, height, and BMI were not significantly 
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 different. The findings should not be an error in lack of 

understanding of children with Down syndrome or lack 

of cooperation from both groups of children. They all 

were highly motivated and showed active participation in 

the tests. Children with Down syndrome participating in 

this study were also students at a special school. They 

cooperated and could follow the command and instruc-

tion very well. The intensive practices of chest expansion 

test and spirometry use were also provided for both 

groups. Thus, the significant differences of lung function 

and chest expansion obtained in this study should be 

the actual findings between boys with Down syndrome 

and healthy boys.   

The values of FVC and FEV
1
 in children with Down 

syndrome obtained from this study were higher than those 

from Dichter’s study.12 This may contribute to variation 

in result from differences in gender of all participants 

between 2 studies. Only boys with Down syndrome partici-

pated in this study whereas there were 6 girls out of 18 

children with Down syndrome in the study of Dichter et 

al. It has been reported that FVC and FEV
1
 are influenced 

by gender differences because boys have larger lungs and 

narrower airways than girls.23 Differences in ethnic origin 

and height may also contribute to this disagreement.19,24,25 

However, this is not conclusive because mean height 

of all participants in Dichter’s study were not reported. 

Furthermore, it might be due to the different types of 

spirometer used between 2 studies. A water-sealed bell 

spirometer connected with a microcomputer was used 

in the study of Dichter whereas a handheld spirometer 

with a digital reading was used in this study. A handheld 

spirometer is a portable lightweight device and is easily 

held by one hand which may be more convenient for 

the participants. Children may feel less nervous when 

performing the test with a handheld spirometer.    

A significantly lowered FEV
1
 and a tendency toward 

lowered FVC in boys with Down syndrome, compared to 

healthy boys indicate problems with pulmonary system. 

The contributing factors of pulmonary problems may 

include muscle weakness, particularly abdominal muscle 

and smaller upper airway size in children with Down 

syndrome.9,15,17,26  During normal quiet breathing, ventila-

tion or adequate air volume is achieved by a contraction 

of diaphragm and the external intercostal muscle during 

inspiration and a passive process of recoil of the chest 

wall during expiration. During forced breathing, the ac-

cessory muscles of neck and shoulder assist in forced 

inspiration while abdominal muscle is primarily responsible 

for forced expiration.27 Although weakness of neck and 

shoulder muscles of Down syndrome has never been 

published, it has been noted and recognized in clinics.28 

Forwarded neck posture, which is assumed to be caused 

by weakness of neck muscle, is a common sitting position 

for children with Down syndrome. Weakness of abdominal 

muscle has been widely reported and is critical in poor 

coughing in children with Down syndrome.28,29 Effective 

cough is in linear relation to force expiration volume. 

Weak cough or lowered FVC necessitates high incidences 

of mucous accumulation that results in respiratory infec-

tion.  High incidences of respiratory infection are common 

in children with Down syndrome.30,31 Smaller upper air-

way size is presented by MRI examination in children 

with Down syndrome, compared to healthy children 

of the given age.15 Smaller airway increased resistance 

of airflow during breathing. As such, weakness of re-

spiratory muscles and narrow airway size contribute to 

a reduction of airflow, which in turn, lead to inadequacy 

of oxygen or energy to perform normal physical activi-

ties. Reduced physical activity and poor physical fitness 

in children with Down syndrome, compared to healthy 

children are commonly reported.1,2 

Chest expansion of boys with Down syndrome was 

significantly smaller than healthy boys. Chest expansion or 

mobility of chest wall is affected by normal function of 

respiratory muscles, and mobility of costoverterbral joints 

as well as compliance of lung. Unfortunately, these three 

factors have never been thoroughly examined in Down 

syndrome. If most people with Down syndrome have no 

difficulty in normal breathing and have normal breathing 

pattern, it is reasonable to believe that lowered chest 

expansion of Down syndrome may be partially due to 

weakness of respiratory muscles (inspiratory and expira-
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tory muscles). However, this conclusion needs further 

investigation. 

Medical personnel working with children with Down 

syndrome should also put emphasis on their pulmonary 

function. Early initiation of rehabilitation or exercise 

program should be provided to improve and maintain 

pulmonary function in children with Down syndrome. 

The improvement of pulmonary function after an 8-week 

program of aerobic exercise was found in children with 

intellectual disability, including Down syndrome.26 In ad-

dition to cardiovascular exercise, physical fitness program 

should include strengthening and endurance exercise for 

respiratory muscle and intensive strengthening exercise 

for abdominal muscles. Primary and accessory respira-

tory muscles may be exercised by using an incentive 

spirometer.  Hydrotherapy may be beneficial to children 

with Down syndrome. Furthermore, chest expansion and 

pulmonary function test are feasible, simple and inex-

pensive methods that may be used in clinical setting in 

order to screen baseline status of pulmonary function, 

to detect pulmonary problems early and to monitor gain 

from physical fitness program.

Conclusion
Pulmonary function (FVC and FEV

1
) and chest expan-

sion in boys with Down syndrome were lower than healthy 

boys. It indicates pulmonary problems which may result 

from weakness of accessory respiratory muscle, abdominal 

muscle and smaller size of upper airway. Generalization 

of this study should be cautious due to the small sample 

size. Further research is required to determine the rela-

tionship of pulmonary function and strength of abdominal 

muscle in children with Down syndrome. 
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¡ÒÃ·íÒ§Ò¹¢Í§»Í´ áÅÐ¡ÒÃ¢ÂÒÂμ ÑÇ¢Í§·ÃÇ§Í¡ã¹à´ç¡ªÒÂä·Â·ÕèÁÕÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁ
ÈÔÃÔ¹Ò¶ àÅÕÂºÈÔÃÔ¹¹· �, ¹¾ÇÃÃ³ ¨ÒÃØÊØÊÔ¹¸ �, ªÅÑ¹´Ò â¡�Ð¡ÍÂ, °ÔμÒÃÑμ¹ � ÁÒ¹Ðà¡ÕÂÃμ ÔªÑÂ

ÀÒ¤ÇÔªÒ¡ÒÂÀÒ¾ºíÒºÑ´ ¤³ÐÊËàÇªÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

»˜ÞËÒ·Ò§´ŒÒ¹»Í´ã¹à´ç¡·ÕèÁÕÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁ ÍÒ¨¨ÐÊ‹§¼ÅãËŒà ḉ¡¡ÅØ‹Á¹ÕéÁÕÊÁÃÃ¶ÀÒ¾·Ò§¡ÒÂ·ÕèÅ´Å§àÁ×èÍà»ÃÕÂºà·ÕÂº

¡Ñºà´ç¡·ÕèÁÕÊØ¢ÀÒ¾´Õ·ÑèÇä» ¨Ò¡¡ÒÃ·º·Ç¹ÇÃÃ³¡ÃÃÁ·Õè¼‹Ò¹ÁÒ¾ºÇ‹Ò ÁÕ¡ÒÃÈÖ¡ÉÒ¶Ö§¡ÒÃ·íÒ§Ò¹¢Í§»Í´ã¹à´ç¡·ÕèÁÕÀÒÇÐ´ÒÇ¹ �

«Ô¹â´ÃÁ¹ŒÍÂÁÒ¡ »˜ÞËÒ¢Í§¡ÒÃ·íÒ§Ò¹¢Í§»Í´ (pulmonary function) ã¹à´ç¡·ÕèÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁ ÍÒ¨¨ÐÊÒÁÒÃ¶º‹§ºÍ¡ä´Œ

¨Ò¡»ÃÔÁÒ³¢Í§ÍÍ¡«Ôà¨¹·ÕèäÁ‹à¾ÕÂ§¾Íã¹¢³Ð·ÕèËÒÂã¨à¢ŒÒáÅÐËÒÂã¨ÍÍ¡ «Öè§¨ÐÊÒÁÒÃ¶ÇÑ´ä´Œâ´Â¡ÒÃãªŒà¤Ã×èÍ§ÍÔ¹Êä»âÃÁÔàμÍÃ � 

áºº¾¡¾Ò áÅÐÊÒÁÒÃ¶º‹§ºÍ¡ä´Œ¨Ò¡¡ÒÃ¨íÒ¡Ñ´¡ÒÃ¢ÂÒÂμ ÑÇ¢Í§·ÃÇ§Í¡ (chest expansion)  ¨Ò¡¡ÒÃÈÖ¡ÉÒ ¾ºÇ‹Ò »ÃÔÁÒ³

ÍÒ¡ÒÈã¹ª‹Ç§ËÒÂã¨ÍÍ¡ÍÂ‹Ò§áÃ§ ã¹ ñ ÇÔ¹Ò·Õ  (Force expiration volume in a second) áÅÐ¤‹Ò¢Í§¡ÒÃ¢ÂÒÂμ ÑÇ¢Í§·ÃÇ§Í¡ 

ÁÕ¤ÇÒÁáμ¡μ‹Ò§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞÃÐËÇ‹Ò§à´ç¡ªÒÂä·Â ñð ÃÒÂ·ÕèÁÕÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁáÅÐà´ç¡ªÒÂä·Â ñð ÃÒÂ·ÕèÁÕÊØ¢ÀÒ¾ Ṍ·ÑèÇä» 

¹Í¡¨Ò¡¹Ñé¹ÂÑ§¾ºá¹Çâ¹ŒÁ¢Í§¡ÒÃÅ´Å§¢Í§¤‹Ò¤ÇÒÁ¨ØªÕ¾ ¨Ò¡¡ÒÃà»†ÒÍÂ‹Ò§áÃ§ (Force vital capacity) ã¹à´ç¡ªÒÂä·Â·ÕèÁÕÀÒÇÐ

´ÒÇ¹ �«Ô¹â´ÃÁ ·Ñé§¹ÕéÍÒ¨à¡Ô´¢Öé¹à¹×èÍ§¨Ò¡ã¹¡ÅØ‹Áà´ç¡ªÒÂä·Â·ÕèÁÕÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁ ÍÒ¨¨ÐÁÕ¡ÒÃÍ‹Í¹áÃ§¢Í§¡ÅŒÒÁà¹×éÍËÅÑ¡áÅÐ

àÊÃÔÁ·ÕèãªŒã¹¡ÒÃËÒÂã¨ â´Âà©¾ÒÐ¡ÅŒÒÁà¹×éÍË¹ŒÒ·ŒÍ§ áÅÐ¡ÒÃμ Õºá¤º¢Í§ª‹Í§·Ò§à´Ô¹ËÒÂã¨ ºØ¤ÅÒ¡Ã·Ò§¡ÒÃá¾·Â �áÅÐ¼ÙŒ·Õè

·íÒ§Ò¹à¡ÕèÂÇ¢ŒÍ§¡Ñºà´ç¡·ÕèÁÕÀÒÇÐ´ÒÇ¹ �«Ô¹â´ÃÁ ¹‹Ò¨ÐÊ‹§àÊÃÔÁ¡ÒÃ¾Ñ²¹ÒÈÑ¡ÂÀÒ¾¡ÒÃ·íÒ§Ò¹¢Í§»Í´ áÅÐ»‡Í§¡Ñ¹¡ÒÃà¡Ô´μ Ô´àª×éÍ

·Ò§ÃÐººËÒÂã¨·Õè¾ºº‹ÍÂã¹à ḉ¡·ÕèÁÕÀÒÇÐ´ÒÇ¹�«Ô¹â´ÃÁ  ̈ Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¤ÃÑé§¹Õé¾ºÇ‹Ò¡ÒÃ·´ÊÍºÊÁÃÃ¶ÀÒ¾¡ÒÃ·íÒ§Ò¹¢Í§»Í´
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