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Problem statement

Monitoring the exposure to ionizing radiation
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measurements
Internal contamination
The nuclear industry work chain
Principal of in vivo spectrometry measurements
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Limits: Male chest phantom of limited anatomical realism
Calibration curve sensitively affected by breast size

ounting efficiency (counts/gamma)

» Determine the activity

Need for correct female calibration curves
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Problem statement

Optimizing the monitoring of female workers

Rhinoceros

NURBS modeling for Windows

NURBS

Dformable phantoms 3D modeling tools
MQN@Q{ Objectives:

= Develop realistic and representative female models
= Simulate in vivo measurements
= Correct the Livermore calibration curves

Monte Carlo simulations
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Library of representative female models

Step 1: Deformable torso model representative of the reference female individual

ICRP voxel female Mesh-NURBS flexible torso

Replacing rigid voxel grids with Mesh and NURBS flexible structures

Step 2: Library of female phantoms with the most common female morphologies

Clothing industry recommendations:
chest girth, cup size and internal
organ volume variation
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Library of representative female models

Chaose worid view ( Top Bofiom Lef Right Front Back Perspectve ) Perspectve.

Chest girth variation: 85 - 90 — 100 — 110 - 120

Clothing industry specialists: chest and underbust

circumference
(AFNOR CEN 2002, 2004)

Cup size variationnA-B-C-D-E-F

Plastic surgery recommendations: weight adding

per cup size change depending on chest girth
(Turner and Dujon 2005, Wood et al 2008)

Internal organ volume variation

Autopsy data: linear correlation of organ and bone

volume with body height
(Clairand et al. 2000, Ferretti et al. 1998)

Library of 24 realistic female models
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Results

Numerical calibration of in vivo counting systems

Simulation of in vivo counting Highest efficiency loss at the lowest energies

0,015

EDIP
—

B 90 C
(Ul Bealuation 8 ba Dase Interme PErsomalisan

—— 100 C

--%--110 C
0,01
So+--120C

0,005

Counting efficiency (counts/y)

> Artificial gamma source (15 keV - 1.4 MeV) o1 ” o o0
» Typical 4-Ge counting system (AREVA) Energy (keV)

» Automatic creation of the MCNPX input file
Farah et al. Health Phys. 99(5): 649-661; 2010.

Quantifying the effect of cup size, chest girth and internal organ volume on
counting efficiency

24 numerical calibration curves for 24 female morphologies
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Livermore calibration vs female individuals
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Results

Correction factors for other female morphologies

Parameterization of the morphological
dependence of lung counting efficiency
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| Simple equation with solid

physical sense

¢, and ¢, estimated from body
height and chest circumference

v
€ = € C1 e (-Cz u(E)

Equation validated with simulation,

Livermore P1 Breast size experimental and published data

Farah et al. Phys. Med. Biol. 55(23): 7377-7395; 2010.

Correction coefficients for any female individual
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Results

.ﬁernative detector positioning

DS D

Typical but not
optimal considering

breast attenuation Do these “odd™ configurations improve the counts?
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For female workers,
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Evolution of numerical representations for internal/external dosimetry

ICRU sphere MIRD mathematical ICRP voxel solid Mesh and NURBS Deformable and Person specific
representations boundary representations moving models (4D)
Xu et al. Phys. Med. Biol. Segars W.P. University
1960s 52: 7023-7044(2007) of North Carolina (2001) Tomorrow?

The EquiVox platform for personalized dosimetry

Key points: use the available models to generate a person specific phantom for dosimetry

Selection using Case Base Reasoning + Adaptation using Artificial Neural Networks
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MSimilarity of external parameters
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Conclusion

» Library of female torso models
» Female morphology-specific calibration curves
= Morphological dependence of counting efficiency put into equation
= For female workers, detectors should be positioned in the back

» EquiVox platform
= Use existing models to carry out personalized dosimetry
= Case Base Reasoning to select the most similar model
= Artificial Neural Networks to adapt the model to the subject
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