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Abstract
Aim: To determine the normal reference values for both lung inspiratory volumes in children and adolescents with routine computed 
tomography (CT) and compare relationships with gender and age.
Material and Methods: This retrospective study evaluated 100 cases (53 males, 47 females) with normal chest CT (age range: 4-17 
years). The cases were divided into three subgroups based on age as 4-7 years (preschool; n=31), 8-12 years (school-age; n=30) and 
13-17 years (adolescent; n=39). Demographic data like sex and age were recorded. Right, left and total lung volumes were calculated 
with automatic volumetric software. Volume comparisons were made for lungs, gender and age groups. Statistical analysis used the 
Wilcoxon signed-ranks test, Mann-Whitney U test and Tamhane test.
Results: For all cases the right lung volume was greater than the left lung (p<0.001). There was no significant difference identified for 
the total lung volumes between the genders (p=0.421). The right, left and total lung median volume values were identified as 379 cm3, 
310 cm3 and 689 cm3 in the preschool group, 840 cm 3.710 cm3 and 1550 cm3 in the school-age group and 1670 cm3, 1391 cm3 and 
3061 cm3 in the adolescent group, respectively. In the transitions from preschool to school-age and from school-age to adolescent 
periods, the right, left and total lung volumes significantly increased.
Conclusion: Quantitative reference values for normal lung inspiratory volume were revealed for children and adolescents using CT. 
As age group increased, there were significant increases in lung volume. Gender did not have a significant effect on lung volume.
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INTRODUCTION
Computed tomography (CT) is a routine imaging method 
commonly used in clinical practice. CT imaging was 
shown to be superior to radiography (X-ray) and magnetic 
resonance imaging (MRI) for evaluation of lung diseases 
(1). The latest-technology product of post-processing work 
stations allow the automatic measurement of lung volume 
from CT data sets (2). These measurements are interesting 
for assessment of pulmonary diseases progressing with 
lung volume changes. Volume measurements may be 
indicative in the pediatric period as they are for adults. 
For examples, emphysema, allergic asthma and foreign 
body aspiration may cause an increase in lung volume, 
or chronic cystic fibrosis and interstitial lung disease 
may reduce lung volume. Lung volume in these diseases 
may be an appropriate determinant of disease activity, 
progression or response to treatment (3). As a result, it is 
important to know the normal lung volume in the healthy 
population.

There are a variety of pulmonary function tests to measure 
total lung volume. These include spirometry test and body 
plethysmography. They are used to monitor progression 
of disease and response to treatment (3). Additionally, 
though not used routinely, imaging techniques can be 
used for lung volume measurements. These techniques 
include methods from chest radiography to CT or MRI (4). 
There is good correlation shown between CT and body 
plethysmography results (5,6). A variety of approaches 
are used for volumetric measurements on CT. The manual 
method defines contours for volume calculations and 
was the first method used with this aim. With developing 
technology, CT work stations may automatically 
calculate lung volumes. Thereare studies in the literature 
determining the normal lung volume of adults, both healthy 
and with diseases, using CT (5,7,8). However, to the best of 
our knowledge, there is no basal data related to the normal 
lung volumes of the pediatric population.

The aim of this study is to quantitatively determine the 



normal reference values for inspiratory volumes of lungs 
in children and adolescents with routine CT and assess 
association with potential factors like age and gender.

MATERIAL and METHODS
Subjects
This study included 100 children and adolescents aged 
from 4-17 years with chest CT taken from January 
2015 to July 2018 for a variety of reasons. The study 
was conducted with ethics approval from the Ethics 
Committee. “Informed consent” was not obtained from 
parents as the study was retrospective. Cases included in 
the study did not provide personal information and were 
presented anonymously. Cases were divided into groups 
as 4-7 years (preschool), 8-12 years (school-age) and 13-
17 years (adolescent). Comparisons were made between 
both lung, girl-boy gender and age groups.

CT protocol
CT examinations were performed with or without contrast 
by a multi-slice CT scanner using helical mode in the 
supine position (SOMATOM Definition Flash CT 64-slice 
scanner, Siemens Medical Solutions, Erlangen, Germany). 
The imaging data for enhanced CT were acquired during 
an intravenous injection of 1.5 to 2 mL/kg of the contrast 
agent at a rate of 1 to 3 mL/s. Saline solution of 5 to 20 mL 
followed the contrast material. The scanning parameters 
for both enhanced and non-enhanced CT were 25-30 mA, 
80-90 kV, depending on child age and weight, section 
thickness of 1 mm and reconstruction interval of 0.5 
mm. The scan revolution time was 0.4 seconds. Axial 
and sagittal-coronal reformat images were analyzed for 
each case. CT data was transferred from the archive to a 
workstation (Syngo, CT Pulmo 3D, 2012B, VA44 version).

CT image analysis
CT images of cases were identified in the hospital archive 
system (PACS). Chest CTs with pathologic findings like lung 
masses, atelectasis, emphysema, pneumothorax, pleural 
fluid and infiltration were excluded. Normal routine chest 
CTs with no known chronic diseases, sufficient quality and 
taken during sufficient inspirium were investigated. These 
images were downloaded to a work station from the 
internet database. Then right, left and total lung volumes 
were calculated. Lung volume calculations were based on 
the principle of the computer determining threshold values 
for structures containing air density with Hounsfield units 
(HU) and using a mathematical algorithm to automatically 
give the volume in cm3 (Figures 1. a and b). Checking of 
the automatically measured data was performed visually 
by a pediatric radiologist with more than 10 years of chest 
CT and 3 years of using automatic volumetric software 
experiences. If necessary, the procedure was repeated 
until equivalent to lung boundaries and optimal measures 
accepted as accurate were obtained.

Statistical Analysis
SPSS 22.0 was used for statistical analysis.The 
compliance of the data with normal distribution was 
assessed with the Kolmogorov-Smirnovtest and Kruskal 

Wallis test.Comparisons between both lungs, gender and 
age groups used the Wilcoxon Signed-ranks test, Mann-
Whitney U test and Tamhane test due to non-normal 
distribution.Quantitative variables are shown as median 
range (maximum-minimum) in the tables. Variables were 
investigated at the 95% confidence interval with p values 
below 0.05 accepted as significant.

Figures 1. a-b. A 15-year old male subject showing right 
(2181 cm3), left (2222 cm3) and total (4403 cm3) lung volumes 
calculated with CT using automatic volumetry software. Based 
on axial and coronal reformatted images, right lung is shown in 
green and left lung is shown in red (a). Upper shows right, left 
and total lung volumes in the table, lower shows linear graph (b)
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RESULTS
One hundred children and adolescents with the median 
age of 11.3 (4-17) years were included in the study. Fifty-
three of them were males and 47 of them were females.
The preschool group included 17 males and 14 females 
for a total of 31 subjects (median age: 5.1 [4-7]  years); 
the school-age group included 14 males and 16 females 
for a total of 30 subjects (median age: 10.8 [8-12] years); 
and the adolescent age group included 20 males and 19 
females for a total of 39 subjects (median age: 15.0 [13-
17]  years).

Descriptive statistics of the demographic data including 
right, left and total lung volume belonging to all participants 
and also age groups are given in Table 1.

Table 1. Descriptive statistics including right, left and total lung volume 
belonging to all participants and also age groups
n=100 Median Minimum Maximum
Total lung (cm3) 1876 313 5332
Right lung (cm3) 1026 192 2798
Left lung (cm3) 850 106 2534

Preschool 
Total lung (cm3) 689 313 2180
Right lung (cm3) 379 192 1218
Left lung (cm3) 310 106 962

School-age
Total lung (cm3) 1550 1127 4470
Right lung (cm3) 840 539 2273

Left lung (cm3) 710 512 2197

Adolescent
Total lung (cm3) 3061 1191 5332
Right lung (cm3) 1670 624 2798
Left lung (cm3) 1391 567 2534

For all cases, there was a statistically significant difference 
between right and left lung volumes and right lung volume 
was greater than left lung volume (p<0.001). There was 
no significant difference identified for total lung volumes 
between the genders (p=0.421) (Table 2).

There were significant differences between the right, left 
and total lung volumes in the preschool, school-age and 
adolescent groups (p<0.001) (Table 3). 

The right, left and total lung volumes significantly 
increased from preschool to school age (median volume: 
379 cm3 vs 840 cm3, 310 cm3 vs 710 cm3, 689 cm3 vs 1550 
cm3, respectively). 

From school-age to adolescent period, the right, left 
and total lung volumes significantly increased (median 
volume: 840 cm3 vs 1670 cm3, 710 cm3 vs 1391 cm3, 1550 
cm3 vs 3061 cm3, respectively) (Figure 2).

Table 2. Volume comparisons between right and left lung, and genders

n=100 pvalue

Right-Left lungvolume* <0.001

Male-Female total lung volume** 0.421

 *Wilcoxon Signed-ranks test, 
**Mann-Whitney U Test
Bold value depicts significant difference
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Table 3. Lung volume comparisons between three different age groups

Preschool School-age School-age Adolescent Preschool Adolescent

pvalue pvalue pvalue

Right lung volume <0.001 <0.001 <0.001

Left lung volume <0.001 <0.001 <0.001

Total lung volume <0.001 <0.001 <0.001

Tamhane test cm: centimeter, f: female, m: male, n: number of subjects

Figure 2. Variation in median volumes for right, left and total lungs in preschool, school-age and adolescent groups



DISCUSSION
CT of the chest is commonly performed because it 
combines rapid image taking with detailed anatomic 
description for a variety of clinical applications. It is a 
standard diagnostic tool for both oncologic imaging and 
general assessment of pulmonary pathologies. Compared 
to other imaging methods such as MRI, X-ray or 
ultrasound, CT offers an accurate image quality with high 
resolution (9). Though it is more frequently used in adults, 
it has now become a frequently chosen imaging method 
in the pediatric period. However, the benefits of chest 
CT must be balanced by the risk of life-long malignancy 
associated with ionizing radiation (10). When imaging a 
young patient, one should always take into account the 
ALARA concept, to balance an appropriate and low-dose 
technique with imaging quality and to reduce the amount 
of ionizing radiation exposure (11). Screening protocols 
specific to pediatrics reduce the radiation dose associated 
with CT. 

This study presents basal data related to normal 
inspiratory lung volume values in the pediatric population. 
Important results were reached which contribute to the 
literature. In this study, as age group increased lung 
volume was found to increase. Similarly, Jill M. Stein et 
al. published that normal lung parenchymal X-ray CT 
attenuation decreases with increasing lung volume and 
age; lung attenuation decreases rapidly in the first 2 
years of age and more slowly thereafter (12). Wen Y et 
al. in a study of adolescent idiopathic scoliosis patients 
compared lung volume determined from CT scans with 
pulmonary function tests (13). They found that total 
lung volume was positively correlated with vital capacity, 
forced vital capacity, and total lung capacity of adolescent 
idiopathic scoliosis patients, which were less than those 
of age-matched controls.

This study found the right lung volume was higher than 
the left. This situation is easily explained by classic 
anatomic knowledge. There is some form of segmental 
symmetry between the right and left lungs, even though 
the left lung is smaller and only contains two lobes. In 
general, each lung has 10 segments: the upper lobes 
contain 3 segments, the middle lobe / lingual 2 and the 
lower lobes 5. Bilaterally, the upper lobes have apical, 
posterior and anterior segments and the lower lobes 
superior (apical) and 4 basal segments (anterior, medial, 
posterior and lateral). Additionally, this study found no 
significant difference in lung volume between males and 
females. This means that in routine practice standard lung 
volumetry can be used in the same way for both genders.

There are a range of clinical scenarios for the interest in 
CT lung volumetry in adults. For example, inspiratory vital 
capacity is defined as an important marker of chronic 
obstructive lung disease with possible contribution to 
clinical studies (14,15). Another study showed CT analysis 
of lung surface area in emphysema can be used to assess 
the effect of both surgical and medical treatments (16). 

Similarly, the results of our study may provide valuable 
basal data for acute or chronic diseases involving lung 
volume changes in children. Among these diseases, 
cystic fibrosis, allergic asthma, foreign body aspiration, 
bronchiectasis, bronchiolitis, bronchiolitis obliterans, 
interstitial diseases and Swyer James syndrome may be 
listed. Additionally, future studies may determine the cut-
off values for each disease.

CT scoring systems are a tool for describing semi-
quantitative abnormalities. In spite of many scoring 
systems existing, they have been modified in recent 
years (17,18). Chest CT scores are sensitive for early 
detection, regional disease, and are more sensitive to 
progression of disease than traditional spirometry (3). 
The important abnormalities included in most scoring 
systems are bronchiectasis, mucous plugging, airway 
wall thickening, parenchymal opacity, small nodules, 
mosaic attenuation, sacculations, overinflation and air 
trapping. In the progression of cystic fibrosis, air trapping 
and overinflation are thought to reflect early occurrence 
of small airway disease. As a result, some studies have 
investigated expiratory images (19). Differently more 
current studies have found for young children with cystic 
fibrosis radiologic assessment of early bronchiectasis 
with chest CT scan depends on lung volume; thus, 
expiratory scans may not be appropriate for evaluating 
bronchiectasis in this population. Lung volume during 
CT image acquisition should be standardized to evaluate 
airway dimensions in young children (20). Early and late 
period findings may create volume changes in both lungs. 
As a result, we think our study may be used for a new, 
updated and current scoring system.

Our study has five major limitations. The first is the low 
number of patients, the second is not including children 
younger than 4 years of age. The third is that it is a 
retrospective study and did not include body mass index 
(BMI) data. BMI and possible lung volume changes were 
not investigated. The fourth limitation is that clinical 
and laboratory data were not used to support the fact 
that the subjects were healthy while determining normal 
lung volumes. The fifth limitation is that only inspiratory 
normal lung volumes were assessed. As the study was 
retrospective and required repeat CT imaging, expiratory 
data reflecting residual volume were not investigated.

CONCLUSION
In conclusion, this study provided quantitative basal data 
for normal pediatric inspiratory lung volume. Gender 
had not significant effect on total lung volume. As age 
group increased, there was a significant increase in lung 
volume. Studies of pathologic pediatric lung disease will 
provide important contribution to the literature in terms of 
indicating future paths.
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