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Dose Quantities in Radiological Protection
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• Reference Person (sex-averaged)

• Non measurable

• Dose coefficients (e.g., fluence / intake → effective dose)
✓ Phantoms + Monte Carlo + idealized exposure scenarios

• Reference phantoms (ICRP 103 Recommendations) 
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VRCPs (Voxel-type Reference Computational Phantoms)

amVRCP afVRCP

▪ Adults (2) – adult male/female (ICRP 110, 2009)

ICRP Publication 110 (2009)
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Voxels
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VRCPs (Voxel-type Reference Computational Phantoms)

amVRCP afVRCP

▪ Adults (2) – adult male/female (ICRP 110, 2009)

ORNL/TM 8381 

(1987)

Voxels
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VRCPs (Voxel-type Reference Computational Phantoms)

0mVRCP 1mVRCP 5mVRCP 10mVRCP 15mVRCP 15fVRCP amVRCP afVRCP

Male phantoms shown for illustration

▪ Adults (2) – adult male/female (ICRP 110, 2009)

▪ Children (10) – newborn, 1, 5, 10, 15 years male/female (ICRP 143, 2020)

Voxels
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VRCPs (Voxel-type Reference Computational Phantoms)

0mVRCP 1mVRCP 5mVRCP 10mVRCP 15mVRCP 15fVRCP amVRCP afVRCP

Male phantoms shown for illustration

▪ Adults (2) – adult male/female (ICRP 110, 2009)

▪ Children (10) – newborn, 1, 5, 10, 15 years male/female (ICRP 143, 2020)

Voxel resolutions: 0.66 – 8.00 mm

Voxels
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VRCP Limitations (Skin) 

Adult male VRCP

(2.137 × 2.137 × 8 mm3)
Adult female VRCP

(1.775 × 1.775 × 4.8 mm3)

“Discontinuous”
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VRCP Limitations (Skin) 

“Discontinuous”

15-year-female VRCP

(1.2 × 1.2 × 2.828 mm3)

5-year-male VRCP

(0.85 × 0.85 × 1.928 mm3)
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VRCP Limitations (Hollow Organs)

Stomach

Urinary bladder

Gall bladder

“Discontinuous”

Adult male VRCP

(2.137 × 2.137 × 8 mm3)
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VRCP Limitations (Hollow Organs)

“Discontinuous”

Gall bladder

5-year-male VRCP

(0.85 × 0.85 × 1.928 mm3)

15-year-male VRCP

(1.2 × 1.2 × 2.828 mm3)

1-year-male VRCP

(0.663 × 0.663 × 1.4 mm3)
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VRCP Limitations (Eye Lens)

• The lenses of the eyes are directly exposed to air, which is 

anatomically incorrect, resulting in significant overestimation 

in lens dose calculation for weakly-penetrating radiations.

Adult male VRCP

Lens

Directly exposed to air

Adult male VRCP



17

VRCP Limitations (Eye Lens)

• The lenses of the eyes are directly exposed to air, which is 

anatomically incorrect, resulting in significant overestimation 

in lens dose calculation for weakly-penetrating radiations.

Directly exposed to air

1-year-female VRCP

Lens

1-year-female VRCP
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VRCP Limitations (Micron-thick target, Skin)

Radiosensitive basal cell layer

- “50-μm” thickness (≥ 15-year)

- “60-μm” thickness (≤ 10-year)

Voxel resolutions: 0.66 – 8.00 mm
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ET1
Human Respiratory Tract 

Model (ICRP 66, 1994)

VRCP Limitations (Micron-thick target, Respiratory)

“8-15-μm” thickness 

radiosensitive cell layer

BB

bb

ET2

Voxel resolutions: 0.66 – 8.00 mm
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ET1
Human Respiratory Tract 

Model (ICRP 66, 1994)

24 “additional” stylized models 

used for adult and paediatric

SAF calculations

VRCP Limitations (Micron-thick target, Respiratory)

“8-15-μm” thickness 

radiosensitive cell layer

BB

bb

ET2

Voxel resolutions: 0.66 – 8.00 mm
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Esophagus

Stomach

Small 
intestine

Large 
intestine

Note: 3 different stylized phantoms are 
used for large intestine.

Oral mucosa Human Alimentary Tract Model 

(ICRP 100, 2006)

VRCP Limitations (Micron-thick target, Alimentary)

42 “additional” stylized models 

used for adult and paediatric

SAF calculations

“10-40-μm” thickness 

radiosensitive cell layers

Voxel resolutions: 0.66 – 8.00 mm
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Other Limitations

• The VRCPs were matched to the reference organ masses 

exclusive of blood content.

• Organs smaller than usual (i.e., by 3-20%)

• Some neighboring organs not in contact

• These phantoms are not deformable.

• Some spongiosa is not fully covered by cortical bone.

• Some cartilage is included in spongiosa.

• The sacrum of the female phantom does not have cortical 

bone. 

• The distribution of lymphatic nodes in the phantoms are 

not symmetric. 

• Some tissue masses do not match the ICRP-89 data
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not symmetric. 
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Advances in Phantom Technology
4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

Stylized

(Equations)

1st Generation

(1960s~)

Simplified

1950s~1960s

To represent the human anatomy more 

realistic and precise
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Advances in Phantom Technology

Simplified

1950s~1960s
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Advances in Phantom Technology

Stylized

(Equations)
Simplified

1st Generation

(1960s~)1950s~1960s

MIRD5, ORNL
ADAM/EVA,
KMIRD, …
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Advances in Phantom Technology

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions
(millimeter scale)

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Not realistic

Simplified

1950s~1960s

Voxel

▪ Difficult to define thin/tiny organs

• Holes in the skin and hollow organs

• Difficult to define micron-thick 

radiosensitive target regions

➢ Skin: 50- or 60-µm-thick target layer

➢ HATM/HRTM: 8−40-µm-thick target layer

➢ Eye lens: 400 µm on average
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Advances in Phantom Technology

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Not realistic
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1950s~1960s

Voxel
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

Voxel

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

2nd Generation

(1980s~)

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 
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stylized
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• Not deformable
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Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

NURBS Polygon 

Mesh
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary

Voxel
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(Surface Mesh) 
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Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

NURBS Polygon 

Mesh



35

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures

Voxel

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

2nd Generation

(1980s~)

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
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stylized
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(millimeter scale)
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Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
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• Specific organs
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• Not realistic

Simplified
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NURBS Polygon 

Mesh
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
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(Surface Mesh) 
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC

Voxel

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

2nd Generation

(1980s~)

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

NURBS Polygon 

Mesh

Voxel

Monte Carlo codes
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC

Voxel

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

2nd Generation

(1980s~)

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

NURBS Polygon 

Mesh

Voxel

Monte Carlo codes
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

MIRD5,
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

NURBS Polygon 

Mesh

UF/NCI pediatric phantoms

Pediatric VRCPs (ICRP 143, 2020)

Voxelized

Voxel

Monte Carlo codes
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

NURBS Polygon 

Mesh

Monte Carlo codes

Direct

(Voxelized X)

Kim et al., PMB 2011
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Advances in Phantom Technology

NURBS Polygon 

Mesh

Monte Carlo codes

Photon 

energy

(MeV)

Computation time (hh:mm:ss) Ratio

Polygon mesh 

phantom

(a)

Voxelized

phantom 

(b)

(a/b)

0.015 65:17:33 0:42:31 92.1 

0.03 73:54:04 0:54:37 81.2 

0.05 86:10:14 1:09:42 74.2 

0.08 95:42:08 1:20:42 71.2 

0.2 101:16:00 1:35:56 63.3 

0.4 99:40:11 1:43:52 57.6 

0.8 98:56:25 1:49:11 54.4 

2 96:12:04 2:15:43 42.5 

8 99:16:57 2:59:14 33.2 

10 100:13:50 3:11:47 31.4 

Kim et al., PMB 2011

30-90 times slower
(Voxel >> Polygon)

Direct

(Voxelized X)
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PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation

Voxel

(Volume Mesh)

NURBS/Polygon 

Mesh

(Surface Mesh) 

2nd Generation

(1980s~)

3rd Generation

(2000s~)

Advances in Phantom Technology

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5, ORNL
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

NURBS Polygon 

Mesh
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THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5,
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s
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THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

Yeom et al., PMB 2014
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THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

Polygon Tetrahedron

Tetrahedralization

Yeom et al., PMB 2014



46

THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5,
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

• Smooth boundary
• Thin/small 

structures
• Deformable
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THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

• Smooth boundary
• Thin/small 

structures
• Deformable
• Fast MC calc. 

(no voxelization)

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation

Energy

(MeV)

Computation time (hh:mm:ss) Ratio

Polygon mesh 

phantom

(a)

Tetrahedralized

phantom (b)
(a/b)

0.015 65:17:33 0:15:45 248.7 

0.03 73:54:04 0:18:46 236.3 

0.05 86:10:14 0:31:41 163.2 

0.08 95:42:08 0:35:31 161.7 

0.2 101:16:00 0:52:17 116.2 

0.4 99:40:11 1:01:56 96.6 

0.8 98:56:25 1:05:03 91.3 

2 96:12:04 1:22:19 70.1 

8 99:16:57 2:00:26 49.5 

10 100:13:50 2:12:00 45.6 

Yeom et al., PMB 2014

40-250 times faster
(Tetrahedron >> Polygon)
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THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

• Smooth boundary
• Thin/small 

structures
• Deformable
• Fast MC calc. 

(no voxelization)

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation

Energy

(MeV)

Computation time (hh:mm:ss) Ratio

Polygon mesh 

phantom

(a)

Tetrahedralized

phantom (b)
(a/b)

0.015 65:17:33 0:15:45 248.7 

0.03 73:54:04 0:18:46 236.3 

0.05 86:10:14 0:31:41 163.2 

0.08 95:42:08 0:35:31 161.7 

0.2 101:16:00 0:52:17 116.2 

0.4 99:40:11 1:01:56 96.6 

0.8 98:56:25 1:05:03 91.3 

2 96:12:04 1:22:19 70.1 

8 99:16:57 2:00:26 49.5 

10 100:13:50 2:12:00 45.6 

Yeom et al., PMB 2014

40-250 times faster
(Tetrahedron >> Polygon)

Comparable or even faster 
than voxel phantoms!!!
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• Smooth boundary
• Thin/small 

structures
• Deformable
• Fast MC calc. 

(no voxelization)
• Sub-organ density 

variation

THRKs, 
MRCPs,
MRKPs

4th Generation

(2010s~)

Tetrahedron

(Volume Mesh)

Advances in Phantom Technology

PSRKs, 
UF Family,
RPI-AM,AF
4D XCAT, …

NURBS/Polygon 

Mesh

(Surface Mesh) 

3rd Generation

(2000s~)

Voxel

(Volume Mesh)

2nd Generation

(1980s~)

ICRP 110,
VIP-MAN,
HDRKs, … 

• Realistic than 
stylized

• Limited voxel 
resolutions 
(millimeter scale)

• Not deformable
• Stair-stepped

Stylized

(Equations)

1st Generation

(1960s~)

MIRD5,
ADAM/EVA,
KMIRD, …

• Specific organs
• Deformable
• Not realistic

Simplified

1950s~1960s

• Smooth boundary
• Thin/small 

structures
• Deformable
• Voxelized for MC
• Slow MC calc.
• No sub-organ 

density variation
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Advances in Phantom Technology

2nd Gen 3rd Gen 4th Gen

Voxel
Surface

(voxelized in MC)
Tetrahedron

Surface

smoothness
X

O

(X)
O

Small and thin 

structure
X

O

(X)
O

Computation 

speed
O

X

(O)
O

Deformation X O O
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VRCP Limitations Discussed in C2 Meeting, 2013

(Abu Dhabi, UAE October 2013)

Mesh format

Voxel format

• The committee decided to convert the 

voxel-type reference computational 

phantoms into a high-quality mesh 

format to address these problems of 

the voxel phantoms. 

• The new phantoms will replace the 

current voxel-type reference 

phantoms from the next general 

recommendations.

Tetrahedron
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ICRP Task Group 103 (2016)
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Membership of TG 103

• Chan Hyeong Kim (Hanyang Univ., Korea) - Chair

• Yeon Soo Yeom (Yonsei Univ., Korea, ICRP C2)

• Chansoo Choi (Univ. of Florid, U.S.A)

• Bangho Shin (Univ. of Florid, U.S.A)

• Maria Zankl (BfS, Germany)

• Nina Petoussi-Henss (BfS, Germany)

• Wesley Bolch (Univ. of Florid, U.S.A)

• Choonsik Lee (NCI, U.S.A, ICRP C2) 

• Keith Eckerman (ORNL, U.S.A)

• Riu Qiu (Tsinghua Univ., China)

• Bum Sun Chung (Yonsei Univ., Korea) – M.D./anatomist

• Haegin Han (NCI, U.S.A)

• Derek Jokisch (Francis Marion Univ., U.S.A, ICRP C2)

• Tat Thang Nguyen (Hanoi Institute of Technology, Vietnam)

• Suhyeon Kim (Hanyang Univ., Korea)
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Achievements of TG 103

ICRP Publication 145 (2020)

Adult MRCPs
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Achievements of TG 103

ICRP Publication 145 (2020)

Adult MRCPs

ICRP Publication 156 (2024)

Paediatric MRCPs
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Main Points – ICRP 156 (2024) 
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Main Points – ICRP 156 (2024) 
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Main Contents – ICRP 156 (2024) 

1. Introduction

2. Improvements in paediatric mesh-type reference 

computational phantoms

3. Conversion of the paediatric voxel-type reference 

computational phantoms to mesh format

4. Inclusion of blood in organs and tissues

5. Inclusion of thin target and source regions

6. Description of the paediatric mesh-type reference 

computational phantoms

7. Dosimetric impact of the paediatric mesh-type reference 

computational phantoms
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Annexes – ICRP 156 (2024) 

Annex A. List of organ identification numbers, medium, and mass 

of each organ/tissue

Annex B. List of media and their elemental compositions

Annex C. List of anatomical source regions , acronyms, and 

identification numbers

Annex D. List of anatomical target regions, acronyms, and 

identification numbers

Annex E. Organ depth distributions of selected organs/tissues

Annex G. Gross-sectional Images

Annex H. Comparison of dose coefficients for external exposures

Annex I. Comparison of specific absorbed fractions 

Annex J. Description of electronic files
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Supplemental Material – ICRP 156 (2024) 

Download link

https://www.icrp.org/publication.asp?id=ICRP%20Publication%20156
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Thank You!
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