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HDRK-Man[1] HDRK-Woman[2]

§ Voxel resolution:
- HDRK-Man: 1.981 × 1.981 × 2.0854 mm3 

- HDRK-Woman: 2.0351 × 2.0351 × 2.0747 mm3

§ Voxel array:
- HDRK-Man: 247 × 141 × 850
- HDRK-Woman: 261 × 109 × 825

§ Number of organs/tissues
- HDRK-Man: 30
- HDRK-Woman: 40

§ Dimensions were matched to the 
reference Korean data

Current Korean Reference Phantoms

[1] C. H. Kim, S. H. Choi, J. H. Jeong, C. Lee and M. S. Chung, Phys. Med. Biol., 53, 15, 2008.
[2] Y. S. Yeom, J. H. Jeong, G. H. Kim, M. C. Han, B. K. Ham, K. W. Cho and S. B. Hwang, Phys. Med. Biol., 59, 14, 2014.
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§ Stair-stepped surfaces
• Anatomically unrealistic

§ Difficult to define thin or small organs
• Holes in the skin and hollow organs
• Difficult to define micron-thick 

radiosensitive target regions
− Skin: 50 µm target layer
− HATM/HRTM: 8-40 µm target layer

§ Difficult to deform the phantoms
• Practically difficult to deform phantoms in 

various postures and body shapes

Limitation of Voxel Phantoms

Stair-stepped surfaces

Holes in organs and tissues
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Advantage of Surface Phantoms

§ Smooth surfaces
• Anatomically realistic

§ Possible to define thin or small organs
• Possible to define micron-thick 

radiosensitive target regions
− Skin: 50 µm target layer
− HATM/HRTM: 8–40 µm target layer

§ Deformable
• Possible to change posture
• Possible to change shape and size 
• Appropriate for 4D Monte Carlo simulation

NURBS 
(Non-Uniform Rational B-spline Surface) 

Polygon mesh
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Conversion of ICRP Reference Phantoms

Mesh-type Reference 
Computational Phantoms[3]

Voxel-type Reference 
Computational Phantoms

[3] C.H. Kim, Y. S. Yeom, T. T. Nguyen, M. C. Han, C. Choi, H. Lee, H. Han, B. Shin, J-K Lee, H. S. Kim, M. Zankl, N. Petoussi-
Henss, W. E. Bolch, C. Lee, B. S. Chung, R. Qiu and K. Eckerman, ICRP 2017 Proceedings, 2018.
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Objectives of the Present Study

Voxel format Mesh format

§ To develop new mesh-type reference Korean
phantoms (MRKPs) for adult male and female
to address limitations of current voxel-type
reference Korean adult phantoms
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New Korean Reference Data

§ New Korean reference data[4] (published in 2018)
• provide reference values of 133 anthropometric parameters, including

standing height and total body mass

• and provide reference values of 58 organ/tissue masses, including those
required for effective dose calculation

[4] C. Choi, Y. S. Yeom, T. T. Nguyen, H. Lee, H. Han, B. Shin, X. Zhang and C. H. Kim, Jour. Kor. Phys. Soc., 72, 183, 2018.
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Construction of General Organs

§ Visible Korean Human (VKH) serially sectioned images
• VKH images were obtained by Korea Institute of Science and Technology

Information (KISTI) and Ajou University by serially sectioning cadavers of
33-year old Korean male and 26-year old Korean female at 0.2 mm
intervals

VKH image and organ-
segmented image

Korean male cadaver 
and VKH images
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§ Conversion method 1

Conversion to primitive 
polygon-mesh model

Decrease in number of facets 
and smoothing of surfaces

Adjustment of volumes

Refinement work
(fill holes, smooth, 

remesh…)
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§ Conversion method 2

Conversion to primitive 
polygon-mesh model

Conversion to NURBS model

Reconversion to polygon-mesh 
model and adjustment work

Generation of 
contours along the 

intestine tracks
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General Organs

Adult male Adult female
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Construction of Skin

Standard body shape model 
of 30s in Korea

§ Standard body shape model of 30s in Korea

• KATS conducted the 3-D whole body scan on 405 Korean subjects in their 30s
through the 6th National Anthropometric Survey in 2010, and constructed the
standard body shape model of 30s in Korea

3-D whole body scanner
(BL Scanner, Hamamatsu, Japan)
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§ Construction method

Construction of
interior surface

Adjustment of 
anthropometric 

values

Deformation of 
original PM 

model
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Skin

Adult male Adult female
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Construction of Skeletal System

§ Korean averaged bone model

• KISTI and Catholic University constructed the Korean averaged bone 
model by averaging the CT data of skeleton of 106 Korean cadavers

Korean averaged bone modelProcess of averaging skeletal data

Ribs

1st distal phalanx
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Construction of 
cartilages

Generation of sub-
divided structures by 

analyzing various 
literatures[5-11]

Adjustment of 
positions and 

volumes 

§ Construction method

[5] D. S. Kwak, U. Y. Lee, S. H. Han, K. N. Choi and T. J. Kim, KSPE. 85, 177, 2006.
[6] S. Gao, L. Ren, R. Qiu, Z. Wu and J. Li, Radiat. Prot. Dosim., 175, 4, 2017.
[7] ICRP, ICRP Publication 70, Basic Anatomical and Physiological Data for Use in Radiological Protection: The Skeleton, 1995.
[8] ICRP, ICRP Publication 89, Basic Anatomical and Physiological Data for Use in Radiological Protection: Reference Values, 2002.
[9] M. Hough, P. Johnson, D. A. Rajon, D. Jokisch, C. Lee and W. E. Bolch, Phys. Med. Biol., 56, 2309 (2001).
[10] S. E. O’Reilly, L. S. DeWeese, M. R. Maynard, D. A. Rajon, M. B. Wayson, E. L. Marshall and W. E. Bolch, Phys. Med. Biol., 61, 8794, 2016.
[11] D. H. Pafundi. UF Dissertation, 2009.
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Skeletal System of Adult Male

Cranium

Mandible

Clavicle

Humerus
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RibCostal cartilage

Intervertebral disc

Hand

Femur

Patellae

Foot
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Thoracic spine

Lumbar spine

Sacrum
Pelvis

Tibiae

Fibulae
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Skeletal System of Adult Female
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RibCostal cartilage
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Construction of Lymphatic Nodes
§ Randomly generated, following the procedure[12] that was used 

for the construction of the ICRP pediatric phantoms

Site
Number of 

nodes
Number of nodes
given in ICRP-89

Reference mass (g)
Male Female

Extrathoracic 55 18.50 14.30
Cervical 19 6.39 4.94
Thoracic 55 50–60 7.74 5.98
Breast 38 12.78 9.88

Mesentery 350 200–500 18.50 14.30
Axiliary 23 8–37 12.78 9.88
Cubital 38 117.74 90.98
Inguinal 38 12.78 9.88
Popliteal 38 12.78 9.88

Total 654 600–700 220.0 170.0

Korean reference data for lymphatic nodes

Start

Load the phantom data

Site sampling

Position sampling

Inside skin
Outside organs
No interference 

Node generation

Reference number
of lymph nodes

Export data of lymph nodes

End

Yes

Yes

No

No

[12] C. Lee, S. Lamart and B. E. Moroz, Health physics, 58, 5, 2013.
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Lymphatic Nodes

Adult male Adult female

Extrathoracic

Cervical

Axillary (left)Axillary (right)
Thoracic (upper)

Breast (left)Breast (right)

Cubital (left)
Thoracic (lower)
Cubital (right)

Mesentery

Inguinal (right) Inguinal (left)

Popliteal (right) Popliteal (left)
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Incorporation of Eyes

Construction of NURBS 
surface model

Conversion to polygon-mesh 
model and refinement work

Incorporation into phantoms

Korean stylized detailed eye model[13]

[13] X. Zhang, H. Han, Y. S. Yeom, T. T. Nguyen, C. Choi, H. Lee, B. Shin and C. H. Kim, Proceeding of Korean Association for 
Radiation Protection Spring Meeting, 172-173, 2018.
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Eyes

Mesh-type Korean Eye Model

Adult male Adult female
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Blood in Large Arteries & Veins

Adult male Adult female

§ Construction of blood in large
arteries and veins

• Blood in large arteries and veins
was modeled based on anatomy
books and consultation with
anatomists

• Small arteries/veins and capillary
vessel were not modeled,
assuming that blood contained in
these vessels is homogeneously
distributed in organs/tissues

Red: arteries
Blue: veins
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Muscle

Adult male Adult female

§ Manually constructed based on anatomy books and 
consultation with anatomists

Boolean

Final
refinement

Generation of 
exterior surface

Generation of 
interior surface
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Inclusion of Skin Target Layer

Basal cell layer in skin
(50–100 μm) Skins of MRKPs

Include
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Outer skin surface

Offset
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Target Layer in Skin

Adult male Adult female

Target region
Depth: 50–100 μm
Thickness: 50 μm
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Target Layer in Urinary Bladder Wall

Adult male

Adult female

Target region
Depth: 69–185 μm
Thickness: 116 μm
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Target and Source Regions in Alimentary Tract Organs

Adult male
Source region

Food

Retention

Villi

Content

500 µm

200 µm

Source region

Target region
Depth: 130–150 µm
Thickness: 20 µm

Target region
Depth: 190–200 µm
Thickness: 10 µm

Oral cavity

Small intestine
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Target and Source Regions in Respiratory Tract Organs

Adult male

Fast 

Source region

10 µm

55 µm

15 µm

8 µm
Source region

Bound 

Sequestered 

Fast

Target region
Depth: 40–50 µm
Thickness: 10 µm

Target region
Depth: 40–50 µm
Thickness: 10 µm

ET1 region

ET2 region
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Construction of Bronchi (BB) / Bronchioles (bb) Regions
§ Developed using the same modeling approach[14] used to

generate the airway of ICRP mesh-type reference phantoms.

Inverted Y-shape model 

[14] H. S. Kim, Y. S. Yeom, T. T. Nguyen, C. Choi, M. C. Han, J. K. Lee, C. H. Kim, M. Zankl, N Petoussi-Henss and W. E. 
Bolch, Phys. Med. Biol., 62, 2132, 2017.

Mother branch

Daughter branches

Offset
(Union)
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BB / bb Regions

Adult male Adult female
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Target and Source Regions in BB and bb

Bronchiolar (bb)

Source region

20 µm

5 µm

6 µm

Bound 

Alveolar-interstitium (AI)

Sequestered

Fast and slow mucus

Target region
(Secretory cells)
Depth: 4–12 µm
Thickness: 8 µm

Adult male
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Review by Advisory Group of Anatomists

Prof. Min Suk Chung
(Department of Anatomy, Ajou University 

School of Medicine)

§ An advisory group of anatomists has thoroughly reviewed
developed Korean reference phantoms

Prof. Jin Seo Park
(Department of Anatomy, Dongguk

University College of Medicine)

Prof. Bong Chul Kim
(Department of Oral and Maxillofacial 

Surgery, Daejeon Dental Hospital, 
Wonkwang University College of Dentistry)

Prof. Hyo Seok Park
(Department of Anatomy, Daejeon 

University College of Oriental Medicine)
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Korean Reference Adult Male Phantom
Brain

Eye and Lens
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Blood vessel
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Liver
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Small intestine

Urinary bladder
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Skin

Prostate
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Korean Reference Adult Female Phantom

ET region
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Rotational Views

Adult femaleAdult male



39

Monte Carlo Dose Calculations with Geant4

Male phantom in 
Geant4 (ver. 10.04)

§ Calculated values
ü Effective dose coefficients

- Particle: photon, electron
- Irradiation geometry: AP
- Energy: 10 keV – 104 MeV 
- Relative error: less than 0.5%

§ Monte Carlo simulation conditions
ü Geant4 version: 10.04
ü Physics library: G4EmLivermorePhysics
ü Secondary range cut: 1 µm
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Tetrahedralization of Korean Reference Phantoms

Polygonal-mesh-type Korean 
Reference Adult Male Phantom

Tetrahedral-mesh-type Korean 
Reference Adult Male Phantom

Tetrahedralization
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Effective Dose Coefficient for Photon Beam
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§ BMI of male
Ø MRKP: 25.01 kg/m2

Ø HDRK: 23.26 kg/m2

§ BMI of female
Ø MRKP: 22.55 kg/m2

Ø HDRK: 20.83 kg/m2
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Effective Dose Coefficient for Electron Beam
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Conclusion

§ In the present study, new Korean reference phantoms were
developed in a high quality mesh format to overcome the
limitations of the previous voxel-type reference phantoms.

• The developed phantoms are based on the latest Korean reference data for
anthropometric parameters and organs/tissues data.

• The developed phantoms faithfully represent the anatomical characteristics of
Korean adults because most of organs are based on information from high-
quality 3-D models and images for Korean adults provided by Korean
governmental agencies.

• The developed phantoms include all target and source regions required for
effective dose calculation, even micrometer-scale target and source
regions of the respiratory and alimentary tract organs, skin, urinary bladder,
and eye lens.
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§ Effective dose coefficients of the developed phantoms were
compared to those of the voxel-type reference Korean phantoms,
i.e., HDRK phantoms.

• Generally similar dose values for photon exposures.

• Significantly different dose values for electron exposures.

§ The new mesh phantoms are expected to provide more accurate
or correct dose values for Korean workers and the members
of the public, which can be valuable sources for the establishment
of Korean radiation regulatory system.

§ We plan to establish the dataset of dose coefficients for
external and internal exposures for various particles using the
developed phantoms.
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Thank you!


