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Background: In recent events of the coronavirus disease 2019 (COVID-19) pandemic, com-
puted tomography (CT) scans are being globally used as a complement to the reverse-transcrip-
tion polymerase chain reaction (RT-PCR) tests. It will be important to be aware of major organ 
dose levels, which are more relevant quantity to derive potential long-term adverse effect, for 
Korean pediatric and adult patients undergoing CT for COVID-19.

Materials and Methods: We calculated organ dose conversion coefficients for Korean pediat-
ric and adult CT patients directly from Korean pediatric and adult computational phantoms 
combined with Monte Carlo radiation transport techniques. We then estimated major organ 
doses delivered to the Korean child and adult patients undergoing CT for COVID-19 combin-
ing the dose conversion coefficients and the international survey data. We also compared our 
Korean dose conversion coefficients with those from Caucasian reference pediatric and adult 
phantoms.

Results and Discussion: Based on the dose conversion coefficients we established in this study 
and the international survey data of COVID-19-related CT scans, we found that Korean 7-year-
old child and adult males may receive about 4–32 mGy and 3–21 mGy of lung dose, respective-
ly. We learned that the lung dose conversion coefficient for the Korean child phantom was up to 
1.5-fold greater than that for the Korean adult phantom. We also found no substantial differ-
ence in dose conversion coefficients between Korean and Caucasian phantoms.

Conclusion: We estimated radiation dose delivered to the Korean child and adult phantoms 
undergoing COVID-19-related CT examinations. The dose conversion coefficients derived for 
different CT scan types can be also used universally for other dosimetry studies concerning Ko-
rean CT scans. We also confirmed that the Caucasian-based CT organ dose calculation tools 
may be used for the Korean population with reasonable accuracy.
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Introduction

Computed tomography (CT) scans use a combination of X-ray images from multiple 

angles and computer processing to produce cross-sectional images of the human body. 

It is one of the most popular diagnostic modalities in modern medicine of which bene-

fit is invaluable compared to its potential risk from ionizing radiation. In recent events 

of the coronavirus disease 2019 (COVID-19) pandemic, CT scans are being used as a 

complement to the reverse-transcription polymerase chain reaction (RT-PCR) tests by 

helping fast triage of patients while waiting for lab tests. Reports from China [1] and 

South Korea [2] reported a high sensitivity of chest CT scans for diagnosis of COVID-19. 
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Although low dose scanning protocol has been proposed for 

COVID-19 [3–5], Homayounieh et al. [6] reported a substan-

tial variation in CT protocols and radiation dose in COVID-19 

patients across 62 healthcare sites from 34 countries world-

wide, highlighting up to eight-fold variations (2–17 mGy) in 

median volumetric CT dose index (CTDIvol) and 10-fold vari-

ations (76–786 mGy ‧cm) in median dose-length product 

(DLP). It will be important to estimate major organ doses, 

which are more relevant quantity to derive potential long-

term adverse effect, for Korean pediatric and adult patients 

undergoing CT for COVID-19.

Several studies report methods to estimate organ dose de-

livered to a human body when CT examinations are admin-

istered [7–11]. Most of them are based on two methods: com-

puter simulation of CT examinations and human computa-

tional phantoms, and direct radiation dose measurements 

using a mannequin-like anatomy surrogate, called physical 

human phantoms combined with radiation sensors. Simula-

tion-based dose data are implemented into computer pro-

grams which enable users to conveniently estimate organ 

dose for CT patients. However, most data are derived from 

the anatomical phantoms of Caucasian population. It is not 

clear that the Caucasian-based CT dose is also valid for Korean 

population. Some anatomical differences between Korean 

and Caucasian populations were previously reported [12–14]. 

Impact of the difference in body size between the two popu-

lations on CT dose descriptors was also reported [15]. To our 

knowledge, however, little data is available on the organ dose 

received by Korean pediatric and adult CT patients and its 

comparison with those from Caucasian populations.

The current study was intended to calculate organ dose 

conversion coefficients for Korean pediatric and adult CT 

patients directly from the Korean pediatric and adult com-

putational phantoms combined with Monte Carlo radiation 

transport techniques. We then estimated major organ doses 

delivered to the Korean child and adult patients undergoing 

CT for COVID-19 combining the dose conversion coefficients 

and the international survey data [6]. We also compared our 

Korean dose conversion coefficients with those from Cauca-

sian reference pediatric and adult phantoms.

Materials and Methods

1. Korean Computational Human Phantoms
We adopted two Korean computational phantoms repre-

senting a child [16] and adult [17]. The phantoms were de-

veloped by researchers at the Electronics and Telecommuni-

cations Research Institute (ETRI) in South Korea using mag-

netic resonance image sets of a 7-year-old child male (26 kg 

and 122 cm high) and a 21-year-old adult male (67 kg and 

176 cm high) for dosimetry applications in non-ionizing ra-

diation exposures. The child phantom is the only Korean pe-

diatric computational phantom reported to date. The phan-

toms were composed of three-dimensional cubes, called 

voxels, stacked in the direction of X, Y, and Z coordinates. The 

number of voxels stacked in X, Y, and Z directions was 372, 

229, and 408, respectively, for the Korean child phantom, and 

167, 87, and 613, respectively, for the Korean adult phantom. 

The volume of a single voxel in the Korean child and adult 

phantoms was 0.1× 0.1 × 0.3 cm3 and 0.3× 0.3 × 0.3 cm3, re-

spectively. We adopted the elemental composition and den-

sity data for the organs and tissues of the two phantoms from 

the International Commission on Radiological Protection 

(ICRP) Publication 89 [18].

To more realistically simulate chest CT examinations 

where most patients raise their arms for torso CT scans and 

lower their arms for head scans, we removed the arms of the 

Korean models by using the image editing computer soft-

ware, ImageJ (National Institutes of Health, Bethesda, MD, 

USA). The voxels containing the arm structures were manu-

ally deleted slice by slice leaving only the humerus regions 

which are still included in chest CT scans even in arm raised 

posture. Fig. 1 shows the frontal views of the Korean child 

and adult models before and after the arm removal process.

Fig. 1. Frontal views of (A) Korean child and (B) adult phantoms be-
fore (left) and after (right) the arms were removed.

With arms With armsWithout arms Without armsA B
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2. Organ Dose Calculation
We used a previously-published computer simulation 

model of the X-ray emitted from CT machines [19], which 

was experimentally validated in three independent studies 

[20–22]. The detailed technical features of a reference CT 

scanner (Siemens Sensation 16; Siemens, Erlangen, Germa-

ny) such as X-ray energy, fan beam angle, and bow-tie filter 

were implemented into simulations using the data obtained 

from the manufacturer. To conduct an accurate comparison 

between child and adult and between Korean and Cauca-

sian phantoms, we consistently used a single tube potential, 

120 kVp. We assumed that both pediatric and adult head 

scans use head X-ray filters and body scans use body X-ray 

filters. The simulation model of CT X-ray was combined with 

the Korean computational phantoms mentioned above to 

calculate organ dose. Our organ dose calculation for CT pa-

tients included three steps as follows: calculation of CT slice-

specific organ dose conversion coefficients, derivation of CT 

scan type-specific organ dose conversion coefficients, and 

estimation of organ dose for patients undergoing CT for CO-

VID-19. These three steps are described below in detail.

First, we calculated the amount of radiation delivered to all 

organs by irradiating 1 cm thick slice from the top of the head 

to the bottom of the feet in each phantom. The computer sim-

ulation was conducted using a Monte Carlo radiation trans-

port program, called MCNPX version 2.7 [23]. MCNPX was 

run in the Terminal program on a MacBook (MacBook Pro 

13 inch, 2017) with the CPU of 2.3 GHz Dual-Core Intel Core 

i5 and 8 GB RAM. Each simulation per 1 cm-thick slice took 

approximately 5 minutes. With 122 child input files (1 cm 

thick slice for the child phantom with the height of 122 cm) 

and 176 adult input files, completing all the simulations took 

around 50 hours. We simulated 10 million particle histories 

for each slice to reach the relative error less than 1% for major 

organs fully included in scan ranges (e.g., brain dose from 

head scan). From the Monte Carlo radiation transport, we 

calculated organ dose conversion coefficients, organ dose 

(Gy) per unit CTDIvol (Gy), where users can obtain organ ab-

sorbed dose (Gy) by multiplying the dose conversion coeffi-

cients to their own CTDIvol (Gy). By normalizing organ dose 

by CTDIvol, the organ dose conversion coefficients become 

independent to CT scanner models [24]. We used CTDIvol for 

16 cm head CTDI phantom for head scan and that for  

32 cm body CTDI phantom for other torso scans for normal-

ization.

Second, we derived CT scan type-specific organ dose con-

version coefficients. We summed up the organ dose conver-

sion coefficients within the slice range covering the different 

parts of the phantoms representing head, chest, abdomen-

pelvis (AP), chest-abdomen-pelvis (CAP), and head-chest-

abdomen-pelvis (HCAP) scans. Although only chest scans 

are conducted for the diagnosis of COVID-19, we also includ-

ed other scan ranges such as head, AP, CAP, and HCAP in 

case chest scan may cover beyond the chest region. We in-

cluded the following organs in the calculation: brain, thyroid, 

lungs (left and right averaged), small intestine wall, colon wall, 

stomach wall, liver, kidneys (left and right averaged), urinary 

bladder, heart, esophagus, spleen, and gonads. The coverage 

of the scan was defined from the scan protocol from the Na-

tional Institutes of Health (NIH) Clinical Center [19]. Head 

scans covered from the top of the head to the second cervical 

vertebra. Chest scans ranged from the top part of the clavicles 

to the mid-level of the liver. AP scans started from the top of 

the liver down to the middle of the upper femoral heads. CAP 

scans combined the scan ranges of chest and AP scans and 

HCAP scans combined the scan ranges of head and CAP 

scans. The distance of each scan coverage was obtained from 

the phantom images using ImageJ.

Third, we estimated major organ doses delivered to Kore-

an pediatric and adult patients undergoing COVID-19-relat-

ed CT scans. Since Korean data were not included in the 34 

surveyed countries reported by Homayounieh et al. [6], we 

had to assume that similar level of CTDIvol was used in Korea 

for the diagnosis and follow-up of COVID-19. We estimated 

organ dose for Korean pediatric and adult patients by multi-

plying the organ dose conversion coefficients for different 

scan types derived from the previous step with the CTDIvol 

values used for COVID-19 reported in the international sur-

vey. 

3. �Comparison of Dose Conversion Coefficients with  
 Caucasian Data

We compared the resulting organ doses from the two Ko-

rean phantoms with those from Caucasian reference phan-

toms published from the ICRP [25, 26]. To calculate organ 

dose for the ICRP Caucasian phantoms, we used a previous-

ly-published computer program for CT dose calculation, Na-

tional Cancer Institute dosimetry system for CT (NCICT) [19], 

which is based on the organ dose database calculated from 

the ICRP pediatric and adult phantoms. The program uses 

the identical X-ray source spectra to that used in the current 

study. We compared organ doses from the Korean child phan-
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tom with those from 5- and 10-year-old Caucasian reference 

phantoms. In addition, we compared organ doses from the 

Korean adult male phantom with those from the Caucasian 

adult male phantom.

To better analyze organ dose differences across the differ-

ent computational phantoms, we measured the representa-

tive diameter of phantoms, called effective diameter, at the 

middle level within a given scan range for the head, chest, AP, 

and CAP scans. Effective diameter is defined as a geometric 

mean of the width and depth of the body on a single cross-

sectional CT image [27].

Results and Discussion

1. �Organ Dose Coefficients for Korean Child and Adult 
 Patients

We found that the Korean child phantom received a great-

er absorbed dose in most scans compared to the adult phan-

tom at the same CTDIvol (Table 1). The lungs (chest scan), 

and kidneys (AP scan) of the Korean child phantom received 

1.5- and 1.2-fold greater dose than those of the adult phan-

tom, respectively. The brain dose of the child phantom, 0.843 

mGy/mGy, was slightly greater than that of the adult phan-

tom, 0.839 mGy/mGy. Although this is true for most cases, in 

some examples, the adult phantom received a greater ab-

sorbed dose than the child phantom: the thyroid dose in head 

scan, 0.009 (child) versus 0.062 (adult) mGy/mGy.

The Korean child phantom showed overall greater organ 

dose compared to the Korean adult phantom. This can be 

explained by the effective diameters measured from the two 

phantoms as shown in Table 2. The effective diameter of the 

Korean child phantom at the head, chest, and AP levels is 

smaller than that of the Korean adult phantom by 12%, 35%, 

and 29%, respectively. CT X-rays enter the human body and 

experience attenuation before reaching a given organ con-

tributing to an organ dose. Therefore, the organ absorbed 

dose is inversely proportional to the amount of the human 

tissue that X-rays penetrate, which is reflected in the effective 

diameter of the human body. The effective diameter of the 

Korean child phantom in chest CT scan, 18 cm, is much small-

er than that of the adult phantom, 28 cm. As described in the 

results section, the lungs of the child phantom received 1.5-

fold greater dose than that of the adult phantom in a chest 

Table 1. Organ Absorbed Dose per CTDIvol (mGy/mGy) for the Korean Child and Adult Phantoms Undergoing Head, Chest, AP, CAP, and 
HCAP Examinations

Organs

CTDIvol (mGy/mGy)

Korean 7-year-old male Korean adult male

Head Chest AP CAP HCAP Head Chest AP CAP HCAP

Brain 0.843 0.015 0.003 0.016 1.859 0.839 0.011 0.001 0.014 1.767
Thyroid 0.009 1.664 0.063 1.681 2.432 0.062 1.056 0.004 1.058 2.227
Lungs 0.004 1.894 0.678 1.988 2.059 0.004 1.254 0.185 1.290 1.314
SI wall 0.000 0.086 1.881 1.900 1.903 0.000 0.079 1.426 1.444 1.444
Colon wall 0.000 0.073 1.675 1.690 1.693 0.000 0.039 1.364 1.373 1.373
Stomach wall 0.001 0.948 1.741 1.885 1.899 0.000 0.757 1.251 1.405 1.407
Liver 0.001 1.104 1.732 1.886 1.903 0.000 0.971 1.163 1.405 1.407
Kidneys 0.001 0.378 1.734 1.798 1.806 0.000 0.191 1.406 1.448 1.448
Urinary bladder 0.000 0.005 1.357 1.359 1.359 0.000 0.006 0.815 0.816 0.816
Heart 0.002 1.881 0.918 2.001 2.046 0.002 1.217 0.369 1.284 1.293
Esophagus 0.003 1.698 0.422 1.763 1.896 0.012 0.909 0.419 1.190 1.327
Spleen 0.001 0.754 1.725 1.818 1.829 0.000 0.818 1.153 1.274 1.275
Gonads 0.000 0.002 0.106 0.107 0.107 0.000 0.001 0.215 0.215 0.216
Total skeleton 0.001 0.090 0.040 0.127 0.132 0.002 0.090 0.177 0.267 0.272

CTDIvol, volumetric computed tomography dose index; AP, abdomen-pelvis; CAP, chest-abdomen-pelvis; HCAP, head-chest-abdomen-pelvis.

Table 2. Effective Diameter Measured from Korean and Caucasian 
Computational Phantoms for the Head, Chest, AP, and CAP Scans

Age 
group

Phantoms
Effective diameter (cm)

Head Chest AP CAP

Child Korean 7-year-old male 15 18 17 18
Caucasian 5-year-old male 16 19 16 18
Caucasian 10-year-old male 16 25 21 22

Adult Korean adult male 17 28 24 25
Caucasian adult male 20 28 26 26

AP, abdomen-pelvis; CAP, chest-abdomen-pelvis.
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CT scan. The greater organ doses in the child phantom com-

pared to the adult can be explained by the smaller effective 

diameter in the child compared to the adult phantom in oth-

er scans such as the head, AP, and CAP scans.

The organs receiving the greatest dose differed between 

the Korean child and adult phantoms (Table 1). The heart 

and kidneys, followed by the kidney and small intestine wall, 

received the highest dose in CAP scans for the child and adult 

phantoms, respectively. Organ dose in CT depends on how 

deep a certain organ is located under the body surface, which 

is largely affected by individual variability. It seems that the 

heart is located shallower than the kidneys in the Korean child 

phantom, whereas the depth from the body surface of the 

kidneys is shallower than the small intestine wall in the adult 

phantom.

Organs outside the scan coverages also received measur-

able doses from scattered X-ray. The small intestine of the 

child and adult phantoms received 0.086 and 0.079 mGy/mGy 

in chest scans even though the organ is outside the chest scan 

coverage, from the top of the clavicles to the middle location 

of the liver. The brain also received some doses (0.016 mGy/

mGy in the child and 0.100 mGy/mGy in the adult) from CAP 

scans which do not include any part of the brain.

2. �Organ Doses for Korean Patients Undergoing  
 COVID-19-Related CT

Assuming the similar level of CTDIvol (2–17 mGy) reported 

from 34 countries [6] were used for COVID-19 in Korea for 

both pediatric and adult patients, Korean 7-year-old child 

and adult males may receive about 4–32 mGy and 3–21 mGy 

of lung dose, respectively, which were derived using the range 

of CTDIvol (2–17 mGy) and the lung dose conversion coeffi-

cients for chest CT scans, 1.894 mGy/mGy for child and 1.254 

mGy/mGy for adult (Table 1). If longer anatomical regions 

than chest may be scanned, which may be close to HCAP 

scans, the lung dose conversion coefficients of 2.059 mGy/

mGy (child) and 1.314 mGy/mGy (adult) can be used for cal-

culations. The resulting lung doses would be 4–35 mGy and 

3–22 mGy, which are slightly greater than those from chest 

scans.

Fig. 2. Comparison of organ absorbed dose per unit CTDIvol (mGy/mGy) from the Korean 7-year-old male phantom with those from the Cau-
casian reference ICRP 5- and 10-year-old male phantoms for (A) head, (B) chest, (C) abdomen-pelvis, and (D) head-chest-abdominal-pelvis 
examinations. CTDIvol, volumetric computed tomography dose index; ICRP, International Commission on Radiological Protection.
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3. �Comparison of Organ Dose Conversion Coefficients  
 with Caucasian Data

In comparison of dose conversion coefficients between 

the Korean and ICRP phantoms, we found that the Korean 

child phantom (Fig. 2) received slightly greater dose than 

ICRP 5- and 10-year-old phantoms in head and chest scans, 

whereas smaller dose than ICRP 5-year-old but close to ICRP 

10-year-old in AP and CAP scans. From the results, we can 

infer that the head and chest circumferences of the Korean 

7-year-old phantom are smaller than those of the ICRP 5- 

and 10-year-old phantoms, whereas the abdominal circum-

ference of the Korean 7-year-old is greater than ICRP 5-year-

old but similar to ICRP 10-year-old. The Korean adult phan-

tom (Fig. 3) overall received slightly smaller dose than the 

ICRP adult male phantom except head scans where the Ko-

rean phantom showed greater dose than the ICRP phantom. 

The brain of the Korean adult male phantom received about 

16% greater dose than that of the ICRP adult male (Fig. 3A). 

We can again infer that the circumference of the Korean 

adult phantom is smaller than that of the ICRP adult phan-

tom for all body parts except head. These interpretations can 

be confirmed by the effective diameters measured from the 

Korean and Caucasian phantoms (Table 2).

Thyroid dose substantially varied across different phan-

toms in head and chest scans. The thyroid of the Korean 

child phantom (0.009 mGy/mGy) received only about 8%  

of the dose delivered to the thyroid of the ICRP 5-year-old 

phantom (0.110 mGy/mGy) whereas in chest scan, it received 

(1.664 mGy/mGy) about two times greater dose than that of 

the ICRP 5-year-old (0.860 mGy/mGy). The coefficient of 

variation (COV), standard deviation divided by mean, among 

the thyroid doses of the child and adult phantoms in the head 

scan was 79% and 50%, respectively. The COV in the thyroid 

doses of the child and adult in the chest scan was 52% and 

31%, respectively. Compared to these COVs, the stomach dose 

in AP scans, for example, was 3% for both the child and adult 

phantoms. This inconsistency could be attributed to the lo-

cation of the thyroid within the human anatomy. For exam-

ple, the thyroid of the Korean child phantom may be lower 

than the ICRP pediatric phantoms so that a smaller portion 

of the thyroid is included in the head scan, but a greater por-

tion is in the chest scan coverage. This analysis is confirmed 

Fig. 3. Comparison of organ absorbed dose per unit CTDIvol (mGy/mGy) from the Korean adult male phantom with those from the Caucasian 
reference ICRP adult male phantoms for (A) head, (B) chest, (C) abdomen-pelvis, and (D) head-chest-abdominal-pelvis examinations. CTDIvol, 
volumetric computed tomography dose index; ICRP, International Commission on Radiological Protection.
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in the thyroid dose comparison in HCAP scan (Figs. 2D and 

3D). In the HCAP scans, the full thyroid is included in the scan 

coverage, so the vertical location of the thyroid does not af-

fect its dose. Substantial difference in the thyroid between 

the Korean and ICRP phantoms observed in head and chest 

scans do not exist anymore. We learned that the Caucasian-

based CT dose calculator can be used for the Korean pediat-

ric and adult patients with reasonable accuracy.

4. Limitations
We are aware that the current study still has the following 

limitations. First, we only used two Korean computational 

phantoms representing a child and adult, which may make it 

difficult to generalize the findings from this study to the whole 

Korean population. However, to our knowledge, the child 

phantom developed by the ETRI researchers is the only pe-

diatric Korean computational phantom. We plan to extend 

the current study to include more Korean adult male and fe-

male phantoms into organ dose calculations. Second, we used 

the international survey data for COVID-19 CT dose calcula-

tions because Korean-specific data were not available. Na-

tionwide survey is required to obtain more accurate range of 

CT dose descriptors. Third, we did not account for tube cur-

rent modulation techniques in our organ dose calculations. 

If properly applied, the technique is reported to reduce some 

organ doses such as the lungs (about 14%–17%) in chest scan 

[19, 28]. We are exploring a prospective method to create a 

tube current modulation profile from the voxel phantoms by 

using ray-tracing algorithms [29], which then can be imple-

mented into dose conversion coefficients. Fourth, we are aware 

that the volume of a single voxel in the Korean adult phantom 

(0.027 cm3) is about nine-times greater than that of the Kore-

an child phantom (0.003 cm3). Our previous study [30] con-

firms that the finer voxel resolution would provide the more 

accurate dose but the error from a resolution < 25 mm3 (the 

Korean adult phantom) is less than 1%–2%. Lastly, we calcu-

lated organ dose coefficients only for the tube potential of 

120 kVp for both the child and adult phantoms. Because both 

organ dose and CTDIvol include the impact of tube potential, 

however, the resulting organ dose coefficients, organ dose 

normalized to CTDIvol, would not change much by the change 

in tube potential.

Conclusion

We estimated radiation dose delivered to the Korean child 

and adult phantoms undergoing COVID-19-related CT ex-

aminations by using Korean computational phantom-based 

organ dose conversion coefficients and the international 

survey data of CT dose descriptors. The dose conversion co-

efficients derived for different CT scan types can be also used 

universally for other dosimetry studies concerning Korean 

CT scans. We also confirmed that the Caucasian-based CT 

organ dose calculation tools may be used for the Korean 

population with reasonable accuracy.
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