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Abstract 
Purpose: The purpose of this study was to develop software to automatically measure the main areas of the chest, i.e. 
soft tissue, bone, and air and to implement it in Kraton Regional General Hospital for designing a specific dosimetrical 
phantom for chest digital radiography (DR) examination. 
Methods: This study was a retrospective study on all DR images from 2015 to 2019, and computed tomography (CT) 
images of 102 patients in Digital Imaging and Communications in Medicine (DICOM) format files scanned from 
January-December 2019 at the Kraton Regional General Hospital. We evaluated the number of basic DR chest 
examinations compared to all DR radiological examinations. We developed a MatLab graphical user interface (GUI) for 
automated measurement of the areas of the main chest components (soft tissue, bone, and air). We computed the areas 
of the main components of the chest in order to develop a specific chest phantom for DR in the hospital. In order to 
compute the areas of the main components, we used chest CT images of patients with clinical indications of chest 
tumors. 
Results: The basic DR chest examination comprised 59.5% of all DR examinations in the hospital during 2015-2019. 
The average areas of soft tissue, bone, and air within the chest in all patients were 331, 20, and 125 cm2, respectively, 
with values of 345, 23, and 139 cm2 for males, and 309, 15, and 103 cm2 for females. The areas were also dependent on 
age with values of 121, 10, 55 cm2 for patients aged 5-11 years, 371, 27, and 88 cm2 for patients aged 12-25 years, 322, 
22, and 131 cm2 for patients aged 26-45 years, and 334, 19, and 126 cm2 for patients > 45 years old. 
Conclusion: A GUI for computing the main composition of the chest was successfully developed. The areas of chest 
male patients were greater than female patients. The areas of soft tissue, bone, and air were dependent on the patient's 
age. Therefore, the design of dosimetrical DR phantom must consider the gender and age of the patient. 
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Introduction 

According to the United Nation Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR), x-ray radiation 
exposure in routine radiological examinations is the biggest 
component of radiation in medicine,1,2 and basic chest 
examinations are one of the most commonly used procedures 
in clinical practice and mass screening.3,4 The International 
Commission on Radiation Units & Measurements (ICRU) 
reported that chest radiographs4,5 represent 25% of all x-ray 
examinations carried out. In recent years, most chest 
examinations employ digital radiography (DR) instead of 
conventional analog radiography. A good digital image of the 
chest can be obtained, by selecting appropriate exposure 
factors (tube voltage, tube current, and irradiation time) to 

produce optimal radiographic quality with the smallest dose.6 
Any increase in tube voltage must be followed by a reduction 
in tube current and irradiation time so that the appropriate 
radiation intensity to produce a sufficient image quality is 
employed.7-9 
 The patient dose in a DR examination is an issue highlighted 
by the Nuclear Energy Regulatory Agency of Indonesia 
(BAPETEN) and the Indonesian Hospital Accreditation 
Committee (KARS). The BAPETEN has published a web-
based application for recording patient data called SI INTAN, 
and has established diagnostic-reference levels (DRL) for all 
diagnostic radiography. The KARS has obligated hospitals to 
keep patient dose records for accreditation.10 
   



Heryani et al: Automated determination of chest characteristics  Pol J Med Phys Eng 2020;26(4):263-268 

 264 

 

Figure 1. Screen capture of the GUI developed for calculating the areas of the main components of the chest of Indonesian patients. 

To record the patient dose in DR examinations, a metric of 
entrance surface dose (ESD) is usually used.11 ESD can be 
directly measured at the surface of the patient’s skin or using a 
dosimetrical phantom. The dosimetrical phantom is specifically 
developed from material with similar characteristics to human 
tissue and is used to simulate radiation interactions in the 
human body.12 The dosimetrical phantom generally used is the 
phantom equivalent to the patient (PEP).13 The PEP is made 
from Acrylic and Aluminum as it is developed by the 
American National Standard Institute (ANSI) or made from 
Lucide and Aluminum (LucAl) as it is developed by the Center 
for Devices and Radiological Health (CDRH).13 Both 
phantoms provide accurate simulations of primary and 
scattering transmission through the patient bodies.13-17 The PEP 
phantom is lightweight and easy to transport, and accurately 
simulates the patient's standard attenuation property.18,19 
 Several previous studies produced dosimetrical phantoms for 
DR examinations.21-28 A dosimetrical phantom is also available 
in the market, however, it is expensive and has been developed 
based on the body characteristics of European or American 
patients.20 Such phantoms generally have a larger size than the 
average Indonesian29 so that the absorbed dose and amount of 
back-scattered radiation differ from Indonesian patients. In this 
study, we developed a software for determining the areas of the 
main components of the chest (soft tissue, bone, and air) based 
on chest computed tomography (CT) examination, and then 
implemented the results to compute the areas of the main chest 
components as preliminary data for developing a specific chest 
DR phantom for Indonesian patients. 
 

Methods 

We retrospectively studied all DR images, including basic 
chest examinations, from 2015 to 2019 from the Radiology 
Department of the Kraton Regional General Hospital, 
Pekalongan, Indonesia. We calculated the number of basic 

chest examinations and their percentage compared to all 
examinations. 
 We then developed a software using Matlab (Figure 1) for 
automatically computing the areas of the main components 
(soft tissue, bone, and air) from the chest CT examinations, in 
order to develop a specific chest phantom for DR in the 
hospital. 
 For selected images, we segmented the borders of each 
image using an algorithm introduced previously.30 We then 
determined the chest component compositions based on the CT 
numbers in the Hounsfield Unit (HU) scale. We varied the 
three limits of HU for the main tissue compositions as follows: 
1. The lower limit of soft tissue was -200 HU and the lower 
limit of bone was +200 HU, 2. The lower limit of soft tissue 
was -250 HU and the lower limit of bone was +250 HU, and 3. 
The lower limit of soft tissue was -300 HU and the lower limit 
of bone was +300 HU. Figure 2 shows a typical result of our 
image segmentation. 
 

 

Figure 2. The resulting image segmentation to determine the areas 
of the main chest components. The lower limit of soft tissue was -
250 HU and the lower limit of bone was +250 HU. 1 indicates soft 
tissue, 2 indicates bone, and 3 indicates air. 
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The areas of the main components of the chest were averaged 
from four slices from every patient. Figure 3 
image of the chest and slice positions for calculation of the 
main chest components, and Figure 4 shows th
axial CT images for these four slices. 
 To investigate the main composition, we used chest CT 
patients with clinical indications of chest tumors scanned in 
2019. The total number of patients was 102, with 62 male and 
40 female patients. In terms of age 5-11 years (1 patient), 12
25 years (4 patients), 26-45 years (20 patients)
(77 patients). 
 The main components of the chest data were tabulated to 
calculate the average value and standard deviations (SD) of the 
areas of soft tissue, bone, and air. The statistical differences 
 
 

Figure 3. Example of a scout image of the chest. It shows four 
slices distributed along the chest for calculation of the areas of 
the main chest components. 

Figure 5. One slab of dosimetrical phantom 
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The areas of the main components of the chest were averaged 
 shows the scout 

image of the chest and slice positions for calculation of the 
shows the corresponding 

To investigate the main composition, we used chest CT 
patients with clinical indications of chest tumors scanned in 
2019. The total number of patients was 102, with 62 male and 

11 years (1 patient), 12-
45 years (20 patients), and > 45 years 

The main components of the chest data were tabulated to 
calculate the average value and standard deviations (SD) of the 

issue, bone, and air. The statistical differences 

between male and female patients, and among pa
were also computed. 
 The thickness of the phantom was calculated as the total area 
of the main chest components divided by 25.4 cm. This is due 
to the area of the dosimetrical phantom slab was 25.4 cm x 
25.4 cm (Figure 5).13 
 

Results 

Number of basic chest examinations
Figure 6 shows that basic chest examination comprises more 
than half (59.5%) of all radiological examinations in the 
Radiology Department of Kraton Regional General
during 2014-2019. 

 

 

scout image of the chest. It shows four 
slices distributed along the chest for calculation of the areas of 

 Figure 4. Four selected axial images for calculation of the areas of 
the main chest components. (a) Slice 1 
middle-upper chest, (c) Slice 3 -
-lower chest. 

 

 

 
Figure 6. The numbers of basic chest examinations and all routine 
radiological examinations in the Kraton Regional General 
Hospital during 2015-2019. 
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between male and female patients, and among patient ages, 

The thickness of the phantom was calculated as the total area 
of the main chest components divided by 25.4 cm. This is due 

he area of the dosimetrical phantom slab was 25.4 cm x 

Number of basic chest examinations 
shows that basic chest examination comprises more 

than half (59.5%) of all radiological examinations in the 
Radiology Department of Kraton Regional General Hospital, 

 
4. Four selected axial images for calculation of the areas of 

) Slice 1 - upper chest, (b) Slice 2 - 
- middle-lower chest, and (d) Slice 4 

 
6. The numbers of basic chest examinations and all routine 

examinations in the Kraton Regional General 
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Areas of the main components of the chest 
Figure 7 shows the original axial CT images of the chest and 
segmented images using different delimiters. The different 
delimiters had only a slight effect on the calculated areas of the 
main chest components. For further processing, we chose the 
lower limit of soft tissue as -250 HU and the lower limit of 
bone as +250 HU. 
 

The main chest components based on gender 
The areas and thicknesses of the components (soft tissue, bone, 
and air) in the chest based on the gender of the patients are 
shown in Table 1. It indicates that the areas the three 
components in men are statistically larger than in women, with 
a p-value more than 0.05. 
 

The main chest components based on patient age 
The areas and thicknesses of the main components of the chest 
based on patient age are tabulated in Table 2. It indicates that 
the widest areas of the soft tissue and bone are in 12-25 years, 
and the widest area of the air is in 26-45 years. 
 

Discussion 

The basic chest examination is often part of a medical check-
up, and is carried out for various clinical pathways. It is the 
most performed examination in the Radiology Department of 
the Kraton Regional General Hospital comprising 59.5% of all 
routine examinations. This confirms previous studies which 
reported that the chest is the most common DR 
examination.31,32 
 For measuring entrance skin dose (ESD) of chest DR 
examination, a dosimetrical phantom is often used. Many 
dosimetrical phantoms have been developed, but a dosimetrical 
phantom specific for Indonesian chest DR examinations is not 
available. 

 

Figure 7. (a) Original images of patients, and segmented images 
using the lower limit of soft tissue and the lower limit of bone of 
(b) -200 HU +200 HU, (c) -250 HU and +250 HU, and (d) -300 HU 
and +300 HU respectively. 

We investigated axial CT images to determine the thickness of 
a putative dosimetrical phantom. Chest CT images obtained 
were processed to measure the areas of soft tissue, bone, and 
air in every slice using our GUI. Although various limits for 
the segmentation produced similar results, we preferred a limit 
of -250 HU for the lower limit of soft tissue and +250 HU for 
the limit lower of bone. If the lower limit for soft tissue is 
higher than -250 then fat tissue in the musculature might be 
detected as air, and if lower than -250 then air in the alveoli 
might be detected as soft tissue. And if the limit for bone is 
lower than +250 then minimal calcification in the blood vessels 
might be detected as bone, and if more than +250 then cartilage 
in the chest might not be detected as bone. 
 

 

Table 1. The areas and thicknesses of main chest components based on gender. 

Number of patients Gender 
Area (cm2)  Thickness (cm) 

Soft tissue Bone Air  Soft tissue Bone Air 

62 Male 345 ± 84 23 ± 4 139 ± 52  14 ± 3 0.9 ± 0.2 6 ± 2 

40 Female 309 ± 85 15 ± 4 103 ± 42  12 ± 3 0.6 ± 0.1 4 ± 2 

 
Table 2. The areas and thicknesses of the main chest components based on patient age. 

Number of patients Patient age (years) 
Area (cm2)  Thickness (cm) 

Soft tissue Bone Air  Soft tissue Bone Air 

1 5-11 121 ± 0 10 ± 0 55 ± 0  5 ± 0 0.4 ± 0.0 2 ± 0 

4 12-25 371 ± 77 27 ± 3 88 ± 59  15 ± 3 1.1 ± 0.1 4 ± 2 

20 26-45 322 ± 78 22 ± 5 131 ± 46  13 ± 3 0.9 ± 0.2 5 ± 2 

77 > 45 334 ± 86 19 ± 5 126 ± 52  13 ± 3 0.8 ± 0.2 5 ± 2 
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The chest areas in males and females have a significant 
difference as seen Table 1. Statistical tests reveal that male 
patients have greater chest constituent areas than females (p> 
0.05). Our measurements show a dependency of area on age 
(Table 2), so that a dosimetrical phantom should take into 
account both these differences. The thicknesses of soft tissue, 
bone, and air are 14 ± 3, 0.9 ± 0.2, and 6 ± 2 cm for male 
patients, and 12 ± 3, 0.6 ± 0.1, and 4 ± 2 cm for female 
patients. A previous study reported that the thicknesses of soft 
tissue, bone, and air are 13.3, 2.3, and 5 cm respectively.25 
Therefore, the results of our study are comparable to the 
previous study.25 Pina et al25 provided that thickness of soft 
tissue could be converted to a thickness of Lucite by the 
conversion factor of 1.391, and thickness of bone could be 
thickness to Aluminum by a conversion factor of 0.174. 
 We limited our investigation to the three main components of 
the chest, in line with previous studies.16,21,23,25 In dosimetrical 
phantoms, soft tissue is often replaced with lucite/acrylic, bone 
with aluminum, lung/air chest with air.16,21,23 In this study, the 
thickness of the phantom was calculated as the total area of the 
main chest composition divided by 25.4 cm, due to the area of 
the dosimetrical phantom slab was 25.4 cm x 25.4 cm This is 
valid for adult patients. However, for pediatric patients, the 
thickness should be divided by 15 cm. 
We limited our measurement of areas to only 4 slices, namely 
the upper chest, middle-upper chest, middle-lower chest, and 
lower chest. Our sample numbers were small, especially for 

ages of 5-11 years because the chest CT examination is very 
rarely used at this age in the hospital. All the images used were 
from patients who had chest complaints (shortness of breath, 
suspected chest tumors, etc.), so the area measurements may 
differ for patients who do not experience chest complaints.  
 

Conclusion 

We have successfully developed a MatLab GUI for measuring 
the areas of soft tissue, bone, and air in a chest CT image, 
specifically for Indonesian patients. The GUI can be used to 
automatically calculate the areas of the main components of the 
chest by determining the lower limit of the bone and the lower 
limit of the soft tissue. Implementation in our hospital showed 
that the chest compositions in male and female patients have 
different areas and thicknesses, and are dependent on the age of 
the patient. Based on our result, a physical dosimetrical 
phantom for chest DR examinations for Indonesians could be 
realized. 
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