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Abstract: Objective: This study aimed to evaluate the normal range of quantitative CT in measuring the airway diameter at 

inspiration-expiration phase using 3D imaging in healthy adults. Materials and Methods: 68 healthy volunteers, including 42 

males and 26 females, with the mean age of 49.3 (SD14.7) years, had undergone low-dose CT scan at full inspiration and the end 

of expiration. All CT scans were performed within the range from the lung apices to the diaphragm, at a tube potential of 120kVp 

and an effective mAs of 60. Afterwards, all CT images were analyzed using the 3D software (FUJIFILM Corporation 

SYNAPSE), and the airway tree was generated according to the automated region-growing technique, which was perpendicular 

to the cross section measurement of the segmental bronchus in bilateral lower lobes. Meanwhile, the imaging of segmental 

bronchus was classified as at inspiration and expiration phase in male group, and at inspiration and expiration phase in female 

group. Moreover, the Din-L and Din-S of the segmental bronchus were analyzed quantitatively. Difference in the segmental 

bronchial diameter between the inspiration and expiration phase group with the same sex was evaluated with paired-t test, while 

that between the male and female groups was analyzed by a 2-tailed unpaired t test. In addition, the impact of age, height, weight 

and BMI on Din-L and Din-S was assessed through multiple linear regression analysis. Results: 378 segmental branches in the 

lower lobe of lung from male group and 234 from female group were shown using the low-dose multi-slice spiral CT (MSCT) 

scan. All segmental bronchi were detected automatically using the 3D software. Our results suggested that, Din-L and Din-S in 

segmental bronchus of both male and female groups at inspiration phase were larger than those at expiration phase; and those in 

male group were greater than those in female group at both inspiration and expiration phases (P < 0.01). Meanwhile, the average 

of Din-L and Din-S was markedly related to age at both inspiration and expiration phases. Conclusions: The normal reference 

values and the likely ranges are determined for segmental bronchus diameter in the lower lobe of adult lung at 

inspiration-expiration phase. The average of Din-L and Din-S is evidently correlated with age and sex at both inspiration and 

expiration phases. The segmental bronchus diameter at inspiration phase in adolescents is larger than that at expiration phase. 
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1. Introduction 

With the development of medical imaging technology, 

multi-slice spiral CT (MSCT) has been extensively applied in 

clinic, which allows to accurately diagnose numerous diseases, 

especially for lung and bronchial diseases. Chronic 

obstructive pulmonary disease (COPD), asthma, 

tracheobronchial amyloidosis, as well as other bronchial 

diseases, can result in bronchial wall thickening and lumen 

narrowing, eventually leading to ventilation dysfunction. 

Based on the understanding of lung disease and the 

development of bronchoscope, bronchial diameter has 

attracted increasing attention. Currently, the size and lumen 

area of bronchus can be measured in vivo through CT images. 

In previous studies, bronchial dimensions are acquired 

through manual measurements, rather than by using 

semiautomatic segmentation software, which can reduce 

operator dependency and produce more objective 
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measurements [1, 2]. MSCT has higher temporal and spatial 

resolution, and completely identical spatial resolution of the 

image can be attained in all directions. As a result, chest 

MSCT images can be reconstructed at any direction, so as to 

observe the bronchial lumen. Currently, bronchial 

measurements can be obtained from the MSCT scan of lungs 

using the post-processing software [3, 4]. In some studies, CT 

is employed for bronchial measurements in healthy volunteers 

as well as patients with bronchial asthma and COPD [3-8]. 

However, many existing studies have focused on the wall 

thickness, others have measured the lumens of central bronchi, 

segmental bronchi, or the small airway at inspiration phase. 

Moreover, some studies showed the changes in lung volume 

and bronchial diameter in COPD were quantitative measured 

at inspiration and expiration phase [9-11], while some studies 

have used low-dose CT scans [12-13]. Specifically, Wall 

thickness and airway intraluminal area of six segmental 

bronchi (B1, B2, B3, B8, B9, and B10) in the right lung of in 

patients with COPD at inspiration phase were measured 

automatically using three-dimensional computed tomography 

[14]. Nonetheless, the segmental bronchial diameter has not 

been reported within the normal range of expiratory and 

inspiratory phase scanning. 

Consequently, this study aimed to observe and measure the 

bronchial lumen displayed by low-dose CT combined with the 

3D post-processing technology, which could provide the 

normal reference range of the segmental bronchial diameter in 

bilateral lower lobes of lung at inspiration and expiration 

phases; besides, this study also aimed to observe the 

relationships of bronchial diameter with respiratory status, 

gender, age, weight and height. 

2. Materials and Methods 

2.1. Subjects 

A total of 68 healthy adults undergoing low-dose chest CT, 

including 42 males and 26 females, with the age ranging from 

24 to 83 years, (mean, 49.3±14.7 years), were collected from 

the Physical Examination Center at the First Hospital of Hebei 

Medical University from September to December 2017. 

Among them, those with normal findings on chest CT scans 

and with no known history of lung disease or surgery were 

enrolled into this study. Additionally, subjects with thoracic 

neoplasm, COPD, or postoperative chest diseases, and those 

with diseases affecting bronchial diameter were excluded 

from this study. 

2.2. Image Acquisition 

All subjects received volumetric CT at full inspiration and 

at the end of normal expiration in supine position using the 64 

multi-detector scanners (Light speed, GE Healthcare 

Corporation), with no contrast in the craniocaudal direction. 

All CT scans were carried out at a tube potential of 120kV and 

an effective mAs of 60 at inspiration and expiration phases. In 

addition, the reconstructed slice thickness and slice intervals 

were 0.625mm, respectively, while the matrix was 512×512, 

the field of view (FOV) was 50 cm×50 cm, and standard 

algorithm reconstruction was applied. The scan quality was 

assessed for the presence/absence of motion artifacts, 

adequacy of inspiration/expiration, inclusion of the entire lung, 

and adherence to the scanning protocol. 

2.3. Image Analysis 

All CT reconstructed images were analyzed using the 

SYNAPSE 3D software (FUJIFILM Corporation), which 

could automatically remove the mediastinum, major blood 

vessels, trachea, as well as the thoracic wall tissues. Besides, 

the airway tree could also be extracted and displayed 

automatically. The bronchi in the bilateral lower lobes of lungs 

were selected, respectively, and the plane perpendicular to the 

bronchial axis was selected for measurement. Typically, the 

software could also automatically recognize and generate the 

bronchial luminal long (Din-L) and short diameter (Din-S), 

and the airway diameter measurements across the middle third 

of each segment were averaged. Every scan was visually 

assessed for the accuracy of segmental bronchi, the integrity 

of airway tree, and accuracy of airway labels. The automated 

measurements were also manually edited if necessary. In our 

study, the airway tree extracted by the software could well 

display the sub-segmental bronchi at inspiration phase, partial 

sub-segmental bronchi at expiration phase could not be 

accurately assessed by the software. Then, the segmental 

bronchial diameter was selected to analyze at inspiration and 

expiration phases. 

Moreover, the luminal long and short diameters of the right 

lower lobe dorsal segmental bronchi (RB6), anterior basal 

segmental bronchi (RB7), internal basal segmental bronchi 

(RB8), posterior basal segmental bronchi (RB9), external 

basal segmental bronchi (RB10) and left lower lobe dorsal 

segmental bronchi (LB6), anterior internal basal segmental 

bronchi (LB7+8), external basal segmental bronchi (LB9), 

and posterior basal segmental bronchi (LB10) were measured 

in both male and female subjects at expiration and inspiration 

phases. 

2.4. Statistical Analysis 

The Statistical Package for the Social Sciences (version 

19.0, SPSS Inc, Chicago, IL, USA) was employed for all 

statistical analyses. A difference of P < 0.05 was considered as 

statistically significant. Data were expressed as mean ± 

standard deviation (x±S). Differences in the segmental 

bronchial diameter between the inspiration and expiration 

phase groups with the same sex were evaluated using paired-t 

test, while those between the male and female groups were 

analyzed with the 2-tailed unpaired t test. In addition, the 

effects of age, height, weight and body mass index (BMI) on 

the average of Din-L and Din-S were assessed through 

multiple linear regression analysis. 

3. Results 

All images obtained from 68 subjects undergoing low-dose 
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MSCT were processed using the FUJIFILM Corporation 

SYNAPSE 3D software, so as to extract the bronchial tree. A 

total of 378 and 234 segmental branches in the lower lobe of 

lung in male and female groups were detected, respectively, 

using low-dose MSCT scan and 3D reconstruction software. 

Din-L and Din-S of the segmental bronchi in bilateral lower 

lobes of male subjects were larger than those of female 

subjects at both inspiration and expiration phases (P < 0.05). 

Din-L and Din-S of the segmental bronchi in bilateral lower 

lobes in male and female subjects at inspiration phase were 

greater than those at expiration phase (P< 0.05, Table 1). 

Upon multiple regression (Table 2), the average of Din-L 

and Din-S was markedly related to age at inspiration and 

expiration phases (P=0.012, 0.031), but that was not markedly 

correlated with height (P=0.096, 0.107), weight (P=0.245, 

0.185) and BMI (P=0.431, 0.164). 

Table 1. Comparison of diameter in bilateral lower segmental bronchi at inspiration-expiration phase between male and female subjects. 

Sex N 
Din-L 

t P 
Din-S (mm) 

t P 
inspiration expiration inspiration expiration 

M 378 6.1±1.9 5.4±1.7 12.062 0.000 4.9±1.4 4.3±1.3 11.683 0.000 

F 234 5.2±1.7 4.7±1.6 5.888 0.000 4.1±1.2 3.8±1.2 5.171 0.000 

t  6.275 4.678   6.971 4.822   

P   0.000 0.000   0.000 0.000   

Din-L= bronchial luminal long diameter, Din-S= bronchial luminal short diameter. 

Table 2. Multiple Regression Analysis for average of Din-L and Din-S at inspiration –expiration phase. 

Model 
Inspiration Expiration 

B std.error t P B std.error t P 

Age 0.016 0.006 2.603 0.012 0.012 0.006 2.201 0.031 

Height 0.152 0.090 1.689 0.096 0.138 0.084 1.636 0.107 

Weight -0.135 0.115 -1.173 0.245 -1.144 0.108 -1.339 0.185 

BMI 0.388 0.328 1.182 0.242 0.431 0.306 1.408 0.164 

Din-L= bronchial luminal long diameter, Din-S= bronchial luminal short diameter. 

 

Figure 1. a. bronchus tree image of 3—dimensional reconstructions b. measurement of the airway diameter at LB10. 

4. Discussion 

The trachea and bronchi are constituted by the gradually 

thinning branches, while the airway can be divided into about 

23 generation, and the whole trachea and bronchial system is 

like an inverted tree, which is often called the airway tree. 

Some scholars have investigated the bronchi using autopsy 

specimens, bronchography, bronchoscope, traditional 

sectional CT, as well as the currently available MSCT [15-18]. 

Applying MSCT can achieve a wide range of isotropic 

imaging within a short period of time, which can also 

reconstruct images at any angle to observe the tissue structure 

of trachea and bronchi. Therefore, the application of MSCT 

allows for investigating the anatomy based on the large 

samples in vivo. In recent years, MSCT and post-processing 

technology have been widely applied in trachea and bronchi 

research [3, 11, 14, 19].  

CT examination for central lung cancer, endobronchial 

tuberculosis and other diseases can display the narrow 

segmental bronchial lumen, while that on COPD and asthma 

can show the small airway stenosis, bronchial wall thickening 

and stenosis [18]. Tracheobronchitis can result in strictures in 
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the trachea and bronchi, whereas allergic bronchopulmonary 

aspergillosis may induce central bronchiectasis. In this study, 

the internal diameter of segmental bronchus was 

quantitatively measured by CT, which could provide a normal 

reference value for diagnosing bronchial diseases. 

All images from the 68 subjects undergoing low-dose 

MSCT were processed using the FUJIFILM Corporation 

SYNAPSE 3D software, so as to extract the bronchial tree. 

The biphasic bronchi to the bronchial lumen of bilateral lower 

lobes of lungs were clearly displayed, among which, 378 

branches of bilateral lower lobe bronchi were displayed in 

male and 234 in females. Our results indicated that the inner 

bronchial diameters in male at inspiration and expiration 

phases were larger than those in women, and the differences 

between the two phases were statistically significant, which 

might be ascribed to different body size and breathing pattern 

of men from those of women. In addition, our study also 

suggested that the long and short diameters of the segmental 

bronchi in both males and females at inspiration phase were 

markedly greater than those at expiration phase, which could 

be attributed to the increased pulmonary pressure during 

expiration, bronchial muscle contraction and luminal 

reduction, nonetheless, the bronchus could still maintain the 

oval shape due to the support of the bronchial cartilage. Zou 

LG et al. [20] showed that high resolution CT could clearly 

display the morphological structure of the segmental and 

sub-segmental bronchi, but only the luminal diameter of 

end-inspiratory bronchi was measured, while the changes at 

expiration phase were not observed. Most patients can breathe 

freely at the time of bronchoscope, but the insertion depth of 

bronchoscope into the bronchi was affected by the smaller 

bronchial lumen at expiration. Therefore, compared with the 

inspiration state, it is more important to measure the diameter 

of normal bronchi at expiration state. Liu M et al. [21] had 

studied the airway diameter by CT in children aged <5 years, 

and their results revealed that age and body weight were the 

important factors affecting airway diameter in children, but 

there was no difference in the airway diameter of children 

between different sexes and different respiratory phase, which 

were inconsistent with our results. It was speculated that the 

reason might be related to the immature lung and respiratory 

muscles, as well as the small lung capacity in children. In our 

study, the segmental airway diameter was slightly increased 

with age, which was in agreement with that by Zach [3] 

showed that the wall area percent (WA%) of segmental 

bronchi was slightly decreased with the increase in age. We 

speculated that the muscle atrophy in bronchi and the decrease 

in bronchial elasticity with age might be responsible for the 

increased airway diameter with age. 

In recent years, some studies have been carried out to 

examine the pulmonary volume and small airway in patients 

with COPD and asthma by CT at inspiration and expiration 

phases [11, 22, 23]. Therefore, the use of CT for 

quantification of airway analysis in patients with COPD and 

healthy individuals is expected to increase in future. However, 

the increase in radiation exposure of the population due to this 

increased CT usage has attracted wide attention. What we 

need to do is to reduce radiation dose while maintaining 

adequate image quality. Notably, the low dose CT protocol at 

50 mAs can produce consistent screening results with those of 

the standard dose CT protocol (150 mAs), which can there by 

support the routine use of low dose chest CT protocol [24]. 

Xie X et al. [18] had used low-dose CT (60 mAs) to measure 

the small airway wall thickness in patients with chronic 

bronchial disease, they found that male heavy smokers with 

chronic respiratory symptoms in lung cancer screening, who 

are ate high-risk of chronic bronchitis, have bronchial wall 

thickening in airways with a luminal diameter of 5-10mm but 

not in larger airways. Chen H et al. [25] used the low dose (40 

mAs) lung CT to investigate the correlation of bronchial 

lumen with the pulmonary function parameters in COPD, they 

found that some HRCT parameters are correlated to some PFT 

parameters. In this study, low-dose CT scan at a tube current 

of 60 mAs was performed, and the CT image could clearly 

show the wall thickness and airway intra luminal area of 

airway, in the meantime, the radiation dose to the subjects 

could be markedly reduced. Trachea and segmental bronchi 

are composed of cartilages, muscles, connective tissues and 

mucosa; on CT scans, airways appear as the dark tubular 

structures surrounded by the bright wall, which are distinct 

from the inflated lung tissue and air in the cavity. Therefore, 

low-dose CT can clearly display the structures of trachea and 

bronchial lumen. Our findings showed that, the bronchial trees 

above the sub-segmental bronchi in all subjects could be 

displayed and measured completely by CT at inhalation, 

which was consistent with the results from Zou LG. In 

expiratory CT, only the bronchial tree above the segment can 

be displayed and measured completely, while some 

sub-segmental bronchi can not be displayed clearly, which can 

be ascribed to the smaller bronchial lumen below the segment, 

as well as the decreased difference in density between the 

bronchial lumen and the surrounding tissues.  

Most segmental bronchi are not completely perpendicular 

to the transverse axial plane, the oblique section of the 

bronchus will be displayed on the transverse axial CT image. 

As a result, the true lumen diameter can not be clearly 

displayed on axial CT image. In this study, the airway trees 

could be extracted through using the 3D software by one-click, 

and the orthogonal section image perpendicular to the 

segmental bronchi was selected from the 3D bronchial tree 

image. In addition, the long and short diameters of the airway 

in the selected layers were measured by the software 

automatically, and the accuracy of the inner bronchial 

diameter measured by the 3D image was much higher than 

that by the 2D image [26]. 

Nonetheless, several limitations should be noted in this 

study. Firstly, the final sample size was smaller for female than 

for male, which might lead to a somewhat unbalanced 

comparison between different sexes. Secondly, only the lower 

lobe bronchial lumen diameters in bilateral lungs were 

measured, while bronchial diameters in other lobes were not 

measured. Thirdly, although our dataset was diverse, 

information about smoking was not recorded, while smoking 

might be a confounding factor of diameter in segmental 
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bronchi. Moreover, we did not consider the patients’ physical 

size during CT scans performed using fixed mAs (60 mAs), 

which may have produced different noise levels during 

segmental bronchi measurements. Besides, our results were 

applicable only to adults. 

In conclusion, this study shows that CT examination on the 

segmental bronchus can be performed at inspiration and 

expiration phases using the low dose CT scans at 60mAs. The 

segmental bronchial diameter can be measured accurately 

using the 3D post-processing software. The normal reference 

values and the likely ranges are determined for segmental 

bronchus diameter in the lower lobe of adult lung at 

inspiration-expiration phase. The average of Din-L and Din-S 

is evidently correlated with age and sex at both inspiration and 

expiration phases. Part of sub-segmental bronchi and small 

airways on expiratory chest CT are poorly displayed; therefore, 

we recommend that chest CT at inspiration phase can be used 

in measurement of sub-segmental bronchi and small airways, 

so as to diagnose diseases involving the small airways. 
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