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Current ICRP Reference Phantoms - VRCPs

= Adults (2) — adult male/female (ICRP 110, 2009)
= Children (10) — newborn, 1, 5, 10, 15 years male/female (ICRP 143, 2020)

Male phantoms shown for illustration
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VRCP Limitations (Skin)
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Adult male VRCP Adult female VRCP
(2.137 % 2.137 x 8 mm?) (1.775 x 1.775 % 4.8 mm?3)

“Discontinuous”



(Hollow Organs)
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VRCP Limitations (Micron-thick target, Skin)
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VRCP Limitations (Micron-thick target, Respiratory)

Human Respiratory Tract
Model (ICRP 66, 1994)

Mucus (Gel)
(Source on Surface)

Cilia

(Sol)
Secretory Cells
Basal Cells
(Target Cell Nuclei)

Basement
Membrane

Lamina Propria
Macrophages
(Source in Connective Tissue)

“8-15-um” thickness
radiosensitive cell layer

4 “additional” stylized model
used for adult SAF
calculations

Voxel resolutions: 0.66 —8.00 mm



VRCP Limitations (Micron-thick target, Alimentary)

Salivary glands:
Sublingual —
Submaxillary —
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Note: 3 different stylized phantoms are
used for large intestine.

Voxel resolutions: 0.66 —8.00 mm

Human Alimentary Tract Model
(ICRP 100, 2006)

“10-40-pm” thickness
radiosensitive cell layers

7/ “additional” stylized model
used for adult SAF
calculations




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

Lens
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Eye models of adult male
VRCP




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
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ICRP-116 (2010)



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

Lens
N

Eye models of adult male
VRCP

“Using 13 additional stylized models”

for adults (~50 models including
children) ICRP-116 (2010)




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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Advances in Phantom Technology

1950s~1960s

1st Generation
(1960s~)

2nd Generation
(1980s~)

3'd Generation
(2000s~)

4th Generation
(2010s~)

Simplified

Stylized
(Equations)

Voxel
(Volume Mesh)

NURBS/Polygon
Mesh
(Surface Mesh)

Tetrahedron
(Volume Mesh)
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Advances in Phantom Technology

1950s~1960s

Simplified
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Advances in Phantom Technology

1st Generation
(1960s~)

Stylized
(Equations)

M N
MIRDS5,
ADAM/EVA,
KMIRD, ...

« Specific organs
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Advances in Phantom Technology

1st Generation
(1960s~)

Stylized
(Equations)

M N
MIRDS5,
ADAM/EVA,
KMIRD, ...

« Specific organs
* Not realistic
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Advances in Phantom Technology

RSN

2nd Generation
(1980s~)

Voxel
(Volume Mesh)

ICRP 110,
VIP-MAN,
HDRKSs, ...

Realistic than
stylized
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Advances in Phantom Technology

RSN

2nd Generation
(1980s~)

Voxel
(Volume Mesh)

ICRP 110,
VIP-MAN,
HDRKSs, ...

* Realistic than
stylized

* Limited voxel
resolutions
(millimeter scale)

17



Advances in Phantom Technology

2nd Generation
(1980s~)

Voxel
(Volume Mesh)

RSN

ICRP 110,
VIP-MAN,
HDRKSs, ...

* Realistic than
stylized

* Limited voxel
resolutions
(millimeter scale)

 Not deformable

« Stair-stepped



Advances in Phantom Technology

RSN

3d Generation
(2000s~)

NURBS/Polygon
Mesh
(Surface Mesh)

PSRKs,

UF Family,
RPI-AM,AF
4D XCAT, ...

* Smooth boundary
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Advances in Phantom Technology

RSN

3d Generation
(2000s~)

NURBS/Polygon
Mesh
(Surface Mesh)

PSRKs,
UF Family,
RPI-AM,AF
4D XCAT, ...
* Smooth boundary
Thin/small
structures
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Advances in Phantom Technology

3d Generation
(2000s~)

NURBS/Polygon
Mesh
(Surface Mesh)

RSN

PSRKs,
UF Family,
RPI-AM,AF
4D XCAT, ...
* Smooth boundary
Thin/small
structures
Deformable
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Advances in Phantom Technology

3d Generation
(2000s~)

NURBS/Polygon
Mesh
(Surface Mesh)

3(&

PSRKSs,

UF Family,
RPI-AM,AF
4D XCAT, ...

Voxelized for MC
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Advances in Phantom Technology

3d Generation
(2000s~)

NURBS/Polygon
Mesh
(Surface Mesh)

PSRKs,

UF Family,

RPI-AM,AF

4D XCAT, ...
Smooth boundary
Thin/small
structures
Deformable

Slow MC calc.
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Advances in Phantom Technology

1
Fj/\
N

3d Generation
(2000s~)

NURBS/Polygon
Mesh

(Surface Mesh)

PSRKs,

UF Family,

RPI-AM,AF

4D XCAT, ...
Smooth boundary
Thin/small
structures
Deformable

Slow MC calc.
No sub-organ
density variation
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Advances in Phantom Technology

RSN

4th Generation
(2010s~)

Tetrahedron
(Volume Mesh)
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Advances in Phantom Technology

4th Generation
(2010s~)

Tetrahedron
(Volume Mesh)

Tetrahedralization

Polygon Tetrahedron
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Advances in Phantom Technology

4th Generation
(2010s~)

Tetrahedron
(Volume Mesh)

THRKSs,
MRCPs,
MRKPs

* Smooth boundary

e Thin/small
structures

 Deformable
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Advances in Phantom Technology

4th Generation
(2010s~)

Tetrahedron
(Volume Mesh)

THRKSs,
MRCPs,
MRKPs

Smooth boundary
Thin/small
structures
Deformable

Fast MC calc.

(no voxelization)
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Advances in Phantom Technology

4th Generation
(2010s~)

Tetrahedron
(Volume Mesh)

THRKSs,
MRCPs,
MRKPs

* Smooth boundary
 Thin/small
structures
 Deformable
« Fast MC calc.
(no voxelization)
* Sub-organ density
variation 29



Mesh type

Structured

Unstructured

Mesh

mesh

Representation type

NURBS/Polygon

- 3'd generation
- Unstructured surface mesh

Advantages:
 Flexiblity (deformation)
* Precision modeling

Voxel
- 2"d generation
- Structured volume mesh

Advantages:
» Fast simulation
» Sub-organ density variation modeling

Tetrahedron
- 4% generation
- Unstructured volume mesh

Advantages:

* Flexiblity (deformation)
 Precision modeling

« Fast simulation (i.e., no voxelization)
» Sub-organ density variation modeling

30



VRCP Limitations Discussed in C2 Meeting, 2013

(Abu Dhabi, UAE October 2013)

« 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.

Voxel format

« The new phantoms will replace the
current voxel-type reference
phantoms from the next general
recommendations.

Tetrahedron
31



ICRP Task Group 103 (since 2016)

Task Group 103
Mesh-type Reference Computational
Phantoms (MRCP)

Under Committee 2

The mandate for this Task Group - Mesh-type Reference Computational Phantoms (MRCP) - will be focused on converting the
current voxel-type reference computational phantoms into a high-quality mesh format to address the limitations of the voxel-type
phantoms in some dose coefficient calculations.

Specific work will include:
¢ The Task Group will develop the adult, paediatric and pregnant-female MRCPs. As a first step, the adult MRCPs will be
developed by converting the existing voxel phantoms in Publication 110 into a high-quality mesh format. Then, the
paediatric MRCPs will be developed from the paediatric voxel phantoms in Publication 143.
+ Finally, the pregnant-female MRCPs will be newly developed. All the development processes will be discussed among TG
members and the developed phantoms will be comprehensively reviewed by anatomists.

Work completed to date:

¢ The adult MRCPs were completely developed and released in Publication 145 - Adult Mesh-type Reference Computational

Phantoms.

¢ The paediatric MRCPs were completely developed and the relevant report will be released soon as Publication 156 -
Paediatric Mesh-type Reference Computational Phantoms.

+ Recently, the pregnant-female MRCPs were completely developed and the report is currently under preparation. Public

consultation is expected in 2025.

32



Adult and Pediatric MRCPs

= Adult MRCPs (ICRP 145, 2020)
= Pediatric MRCPs (ICRP 156, in press)

Female phantoms shown for illustration

OfMRCP 1fMRCP 5fMRCP 10fMRCP 15mMRCP  15fMRCP amMRCP
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Skin

= The micron-thick radiosensitive skin layer.

» 50-um-thickness (= 15-year)
= 60-pum-thickness (< 10-year)
Example: 1fMRCP (left) and amMRCP (right)

Target region
Depth: 40-100 ym
Thickness: 60 ym

Entire skin

Entire skin
——

Target region
Depth: 50-100 ym
Thickness: 50 ym

34



Alimentary Tract Organs

= The micron-thick radiosensitive target and source reqgions in the

alimentary tract organs (i.e., oral cavity, oesophagus, stomach, small
Intestine, ascending colon, transverse right colon, transverse left
colon, descending colon, sigmoid colon, and rectum).

Example: 5fMRCP (left) and 15mMRCP (right)

Source region

Target region
Depth: 190-200 pym
Thickness: 10 um

Source region

200 pm Retention
-

500 pm Villi
k-

Contents

Target region
_ _ Depth: 130-150 pm
Small intestine Thickness: 20 pym
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Respiratory Tract Organs

The micron-thick radiosensitive target and source reqgions in the

respiratory tract organs (i.e., extrathoracic (ET,; and ET,) regions,
bronchi (BB), bronchioles (bb)).

Example: OmMMRCP (left) and 10fMRCP (right)

Sourceregion

Al

5um Sequestered

20 ym Bound

6 ym Fast & slow
mucus

Target region
(Secretory cells)
Depth: 4—12 ym
Thickness: 8 um
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BB / bb (Target & Source)

Target region

Male

Secretory
cells

“Turn ON/OFF”

Sourceregion

. Al
ZE 5um Sequestered
1;
20um  Bound
v
7y Fast &
v 6Gum slow
mucus

Bronchiolar (bb)
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Eyes

» The detailed eye models including micron-thick radiosensitive lens
region.

Example: female phantoms

OfMRCP

10fMRCP 15fMRCP afMRCP
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Teeth

» The detailed teeth installed in the MRCPs to support EPR dosimetry
with tooth enamel.

Example: male phantoms

1ImMRCP

10mMRCP 15mMRCP amMRCP
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MRCPs — Rotational View (Cont’d)

OmMRCP / OfMRCP 1mMRCP / 1fMRCP

5mMRCP / 5 MRCP
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MRCPs — Rotational View

10mMRCP / 10fMRCP 15mMRCP / 15fMRCP

amMRCP / afMRCP
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Pregnant-female MRCPs

Female

Male Female Male Female

8-week pregnant- 10-week pregnant- 15-week pregnant- 20-week pregnant-
female MRCP female MRCP female MRCP female MRCP

Male Female Male Female Male Female Male Female

week pregnant- week pregnant- 3-week pregnant- 38-week pregnant-
female MRCP female MRCP female MRCP female MRCP
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Maternal Phantoms — Rotational View

8-week maternal 10-week maternal 15-week maternal
phantom phantom phantom

20-week maternal
phantom
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Maternal Phantoms — Rotational View (Cont’d)

25-week maternal 30-week maternal 35-week maternal 38-week maternal
phantom phantom phantom phantom
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b

8-week male
fetal phantom

25-week male
fetal phantom

10-week male
fetal phantom

Rotational View

2
\

3

15-week male
fetal phantom

20-week male
fetal phantom

30-week male
fetal phantom

35-week male
fetal phantom

38-week male
fetal phantom
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