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1. Introduction 

 
Previously, Korean adult male and female voxel-type 

reference computational phantoms, called HDRK-Man 

[1] and HDRK-Woman [2], were developed for use in 

dose calculations for radiological protection purpose of 

Korean adults. However, the voxel-type reference 

Korean phantoms due to the limited voxel resolutions 

(male: 1.981 × 1.981 × 2.0854 mm3 and female: 2.0351 

× 2.0351 × 2.0747 mm3) do not properly represent thin 

or small structures such as micron-scale radiosensitive 

target and source regions in alimentary and respiratory 

tract systems, skin, urinary bladder, and eye lens, 

eventually leading to unreliable dose calculations. The 

voxel phantoms were constructed based on the outdated 

reference Korean data [3] while new reference Korean 

data [4] have been established. Moreover, due to the 

nature of the voxel geometry, it is difficult to deform the 

voxel-type phantoms into different body sizes or 

postures to extend their applications to individualized 

dose calculations from medical, accidental or emergency 

exposures.  

In the present study, we developed new mesh-type 

reference Korean phantoms (MRKPs) based on the same 

phantom construction techniques used for the recently 

developed mesh-type ICRP reference computational 

phantoms (MRCPs) [5]. The MRKPs were constructed 

based on the Visible Korean Human (VKH) color 

photographic image data [6], the Korean standard body-

shape model of the Size Korea project and the Korean 

average skeletal models of the Digital Korean project. In 

addition, the anthropometric dimensions of the MRKPs 

were matched to the new reference Korean data [4]. The 

MRKPs include all the source and target regions needed 

for effective dose calculations, even all the micron-scale 

regions. To investigate the characteristics of the MRKPs, 

the organ/tissue masses were compared with the Korean 

autopsy data [7]. In addition, the chord-length 

distributions (CLDs) and organ-depth distributions 

(ODDs) were compared with those of the previous voxel-

type reference Korean phantoms. 

 

2. Materials and Methods 

 

2.1 Reference Korean dataset 

 

In the present study, the MRKPs were constructed 

based on the comprehensive reference Korean dataset 

recently established by Choi et al. [4], which includes a 

total of 133 anthropometric parameters and 58 

organ/tissue masses inclusive/exclusive of the blood 

contents. For the development of MRKPs, 14 

anthropometric parameters were selected according to 

their influence on the dose calculation for external 

exposures, and applied to develop the MRKPs. Also, the 

organ masses of MRKPs were matched to organ/tissue 

masses inclusive of blood contents, assuming that the 

blood contents are homogenously distributed in 

organs/tissues. 

 

2.2 Development of adult male and female MRKPs 

 

Most of general organs/tissues of the MRKPs were 

constructed by directly converting those of color 

photographic slice images from the VKH project [6] into 

the high-quality mesh format via surface rendering and 

refinement procedures [8]. The small and large intestines 

were exceptionally converted via the Non-Uniform 

Rational B-Spline (NURBS) conversion process [8]. The 

skin and skeletal system of the MRKPs were constructed 

by modifying well-defined polygonal-mesh skin and 

bone models provided by the Size Korea project 

(http://sizekorea.kr/) and the Digital Korean project 

(http://dk.kisti.re.kr/), respectively. For eyeball and lens 

models, the detailed Korean eye model recently 

developed by Zhang et al. [9] was incorporated into the 

head of the MRKPs following the same method used for 

the development of MRCPs [10]. Similarly, the 

lymphatic nodes were modeled following the same 

approach used for the development of MRCPs [5]. The 

models for muscle and blood vessels were manually 

constructed by referring to the anatomy textbook and the 

high-quality 3-D models provided by BioDigital Human 

(http://www.biodigital.com/). Finally, micron-thick 

target and source regions within alimentary and 

respiratory tract systems, skin, and urinary bladder were 

included the MRKPs where a detailed airway model (i.e., 

bronchi and bronchiole regions) were developed 

following the method used for the MRCPs [11]. 

 

 3. Results and Discussion 

 

3.1 Adult male and female MRKPs 
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Figure 1 shows the adult male and female MRKPs 

developed in the present study. The standing heights and 

total body weights of the MRKPs are consistent with 

reference Korean values (male: 172 cm and 74 kg, and 

female: 159 cm and 57 kg). The MRKPs contain 48 

organs/tissues with 170 subjects including those required 

for the effective dose calculation, and their masses were 

matched to reference Korean values within 0.01% 

deviation. Besides, the phantoms include the tens-of-

micron-thick target and source regions in alimentary and 

respiratory tract systems, skin, urinary bladder, and eye 

lens. Figure 2 shows the target region defined in the skin 

as an example. 

 

3.2 Verification of organ masses with Korean autopsy 

data 

 

In the present study, the organ masses of the phantoms 

were compared with Korean autopsy data given in Kim 

et al. [7]. This study measured mean organ masses and 

their standard deviation for the heart wall, right lung, left 

lung, liver, right kidney, left kidney, spleen, thyroid, and 

brain from 526 Korean adult cadavers (369 males and 

157 females). Figure 3 shows organ masses of the 

MRKPs, along with the autopsy data. For the comparison, 

the organ masses were standardized to have zero mean 

and unit standard deviation. It can be seen that most of 

the organ masses are included within one standard 

deviation bound. The masses of spleen were 

exceptionally larger than one standard deviation bound 

of autopsy data, due mainly to the fact that the spleen of 

the MRKPs fully contains the blood content, whereas 

blood loss generally occurs during the autopsy 

procedures. Note that the spleen contains much larger 

blood content than other organs; that is, the proportion of 

blood content is ~45% and ~35% for the male and female, 

respectively.  

 

3.3 Comparison of chord-length distributions and organ-

depth distributions 

 

In the present study, geometrical similarity of the 

MRKPs with the voxel-type reference phantoms (i.e., 

HDRK phantoms) was investigated by measuring the 

two indices (i.e., CLDs and ODDs) of the phantoms, of 

which importance is already acknowledged in the ICRP 

[12]. The CLDs represent the distance from source 

organs to target organs, mainly influencing dose values 

for internal exposures. On the other hand, the ODDs 

represent the organ depth from the skin surface, mainly 

influencing dose values for external exposures. 

Tables 1 and 2 show the average values of CLDs and 

ODDs, respectively. It can be seen that the CLDs of the 

MRKPs are generally not much different from those of 

the HDRK phantoms, due to the fact that most of the 

general organs/tissues for the MRKPs and HDRK 

phantoms were converted from same tomographic 

images, that is, VKH images. On the other hand, it can 

be seen that in general, the ODDs of the MRKPs are 

different from those of the HDRK phantoms due mainly 

to the geometrical differences in the skin models used for 

the development of both phantoms. Note that the Korean 

 
Figure 1. Adult male MRKP (left) and adult female MRKP 

(right).  

 
Figure 2. Radiosensitive target region defined in the skin of 

the female MRKP. 

 
Figure 3. Standardized organ masses of the MRKPs along 

with Korean autopsy data [8]. 

H
ea

rt

R
ig
ht

 lu
ng

Le
ft 

lu
ng

Li
ve

r

S
pl
ee

n

R
ig
ht

 k
id

ne
y

Le
ft 

ki
dn

ey

B
ra

in

Thy
ro

id

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

 Male MRKP

 Female MRKP

S
ta

n
d

a
rd

iz
e

d
 o

rg
a

n
 m

a
s
s



Transactions of the Korean Nuclear Society Autumn Meeting 

Yeosu, Korea, October 25-26, 2018 

 

 

standard body-shape models were used for the skin 

model of MRKPs, while the VKH images were directly 

converted for the skin model of HDRK phantoms. From 

the results, the MRKPs are expected to provide similar 

dose values to the HDRK phantoms for internal 

exposures, while providing large differences in dose 

values for external exposures. 

 

4. Conclusion 

 

In the present study, new reference Korean phantoms 

for adult male and female, named MRKPs, were 

developed in mesh format to address the limitations of 

previous reference Korean phantoms. The MRKPs were 

constructed based on the new reference Korean dataset, 

and represent all the thin or small organs/tissues, 

including the micron-thick target and source regions 

within alimentary and respiratory tract systems, skin, 

urinary bladder, and eye lens. The characteristic of the 

MRKPs were then investigated via comparison of organ 

masses with the Korean autopsy data, and of CLDs and 

ODDs with the previous voxel-type reference Korean 

phantoms. Based on the results of the present study, a 

future study will produce a comprehensive dataset of 

dose coefficients of Korean adults for external and 

internal exposures. 
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