Geant4 Monte Carlo simulations for size-specific
organ dose estimates in CT based on patient
silhouette and voxelized phantoms.
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01 - Introduction

Whole body CT dosimetry: state of the art

Monte Carlo simulations represent now the gold-standard technique for dose quantification in CT

 Digital voxelized phantoms are put in input
into the MC code to simulate the patient;

- The dataset used in this work was
provided by the National Cancer Institute
(NCI);

 The phantoms were obtained from the
segmentation of 1000+ CT real images
and range from newborns to adults.

Voxelized phantoms developed by the National Cancer Institute (USA)
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- Introduction

Some MC softwares for CT dosimetry
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01 — Introduction

Purpose of this work
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Standardized voxelized
phantoms

~

IV Geant4 International User Conference at the physics-medicine-biology frontier

Implementation of a Monte
Carlo code for simulating CT
exams and organ dose
estimates
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01 — Introduction

4 ‘ )
Pu rpose Of th IS Work Valiagation through
measurements on a clinical
\_ CT scanner Y,
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01 — Introduction

Purpose of this work

3
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3D optical body scanning
of anatomical districts
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01 — Introduction

4 . )
Personalized voxellized
phantoms from rigid adaptation

Purpose of this work
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01 — Introduction

Purpose of this work
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Personalized dose estimates
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02 — Materials and methods

Geant4 validation and CT scanner model description

 Version 10.6, low energy standard Physics List
Option 4;

 The code reproduces the clinical CT scanner Astelion
(Toshiba) available at the «Azienda Ospedaliera
Universitaria Federico II»;

- Segmented voxelized phantoms, technical specifications,
several tissue compositions, and the number of photons
are put in input;

 The outputs are the dose distributions in several
organs.
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02 — Materials and methods

- Half Value Layer (HVL);

Experimental validation » Bowtie beam profile;
of the Monte Carlo code . CTDI head and body:

« 3D printing validation;
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Experimental validation
of the Monte Carlo code

— Materials and methods

Dose distribution comparisons between MC and GafChromic films
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— Materials and methods

3D optical body scanner:
the silhouette of the patient
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02 — Materials and methods

https://lwww.artec3d.com/it/portable-3d-scanners/artec-eva
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03 — Results

Dose distributions from the MC software: standard phantoms

MC irradiated phantom, 3D dose map

mGy
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Oraan MC dose NCI dose Discrepancies
9 (mGy/mAs) (mGy/mAs) (%)
Brain 0.107+0.004 0.0967 -10.9%
Eye balls 0.118:+0.005 0.1114 -5.9% These were calculated as:
I NCICTgose — MCqose
Lens 5 a0 - 100
0.126+0.005 0.1169 7.8% NCICTyqq,
Pituitary gland | 597..0.004 0.0933 -3.7%
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03 — Results

Rigid adaptation of the NCI
head phantoms
The voxel size of the phantom was adapted

according to the mannequins’ dimensions
(rigid deformation)!

Standard phantom S0mm  Customized phantom 50 mm
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— Results

First results from adaptation

The discrepancies in organ dose estimates between standard phantoms and customized ones:

Male adult Female adult
Tube Pituita Tube Pituita
potential | Brain | Eyeballs | Lens lan dry potential | Brain | Eyeballs | Lens lan dry
(kV) J (kV) J
80 +0.8 -7.4 -10.2 +4.9 80 +17.9 +8.9 +4.7 +20.4
100 -2.7 -9.2 -13.1 -0.7 100 +36.3 | +30.8 | +28.2 |+38.0|
120 -4.5 -10.0 -12.2 -4.1 120 +22.2 +17.6 | +14.9 +23.3
135 -5.1 -9.9 |-13.7| -4.9 135 +244 | +16.8 | +3.0| +6.6

9

Discrepancies go from -15% to 5%

Discrepancies go from +3% to +38%
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04 — Conclusions
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https://www.artec3d.com/it/portable-3d-scanners/artec-eva
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