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Measurement of linear energy deposition distribution with diamond membrane detector
in multi-ion beam therapy
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Evaluating Radiation Modulation Capabilities of 3D Printed PLA, ABS, and TPU with
Different In-fill Densities and Phase Angles for Nuclear Medicine Applications

Toni Beth Guatato-Lopez*>¢, James Harold P. Cabalhug®, Emmanuel R. Arriola®>¢, Marynella Laica B. Afable®,
Ranier Jude Wendell R. Lorenzo®, Alvie Asuncion-Astronomo®, Fred P. Liza®, Robert O. Dizon®, Gil Nonato C.
Santos!

E-mail: tblopez@mirdc.dost.gov.ph

Abstract: The application of 3D printing technologies in the field of radiotherapy presents a novel approach to
developing custom-tailored devices for radiation shielding and modulation. This study investigates the effects of
varying in-fill densities and design structures on the empirical density and radiation attenuation properties of three
common 3D printing materials: polylactic acid (PLA), acrylonitrile butadiene styrene (ABS), and thermoplastic
polyurethane (TPU).

Using the water displacement method, we measured the empirical density of 3D printed samples with different in-
fill patterns and densities. The results were used to assess the correlation between in-fill density and material density.
Furthermore, mass attenuation coefficients were calculated using the XCOM and EpiXS software programs to
determine the effectiveness of each sample in attenuating radiation. Varying printing infill densities and phase angles
were included to also investigate the resulting attenuation characteristics of the material. These were all part of the
DOE incorporated to fully understand the interaction of varied in-fill densities and phase angles.

The findings demonstrate that manipulating the in-fill density and design significantly impacts the density and,
consequently, the radiation attenuation properties of the printed materials. PLA, ABS, and TPU samples with higher
in-fill densities showed improved attenuation characteristics, making them potentially effective for use in
radiotherapy applications where precise dose modulation is critical.

This study highlights the importance of optimizing 3D printing parameters to enhance the functional properties of
printed materials for medical applications, paving the way for personalized and efficient radiotherapy solutions.

(a) (b)

(c) (d)

Figure 1: CAD Model of a Cylindrical Sample with varying Phase Angles at (b) 30 degrees, (c) 45 degrees and (d)
60 degrees.

© 20245 [CHMIEES 02-059 2.4



18a-D62-3 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

E3ZTEEE PET RHBFIC & 2R —F T )L TOF-DOI HRHEFDIRE
Proposal of scalable TOF-DOI detectors using orthogonally stacked 1D PET detectors
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E-mail: ryosuke.ota@crl.hpk.co.jp
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Fig. 1. A concept of the proposed detector.
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EHFHRGRORIZREL PET IS X S EZBZETOAIREM : 5 v RRERER
Feasibility of tumor diagnosis by means of range-verification PET in carbon-ion
therapy: A rat demonstration
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National Institutes for Quantum Science and Technology?, °Chie Toramatsu?, Hideaki Tashima?,
Hidekatsu Wakisaka!, Hitomi Sudo?, Chie Seki!, Yoko Ikoma?, Iwao Kanno?, Taiga Yamayat!

E-mail: toramatsu.chie@qgst.go.jp

In carbon ion therapy, tumor hypoxia imaging is required to optimize treatment plans for frequently
changing tumor conditions, but it is impractical to execute hypoxia PET for every treatment fraction.
Therefore, our idea is to use range-verification PET for tumor diagnosis. The range-verification PET

visualizes positron emitters produced through nuclear fragmentation reactions in the patient body, and we

expect that the biological washout speed of such positron emitters will reflect the tumor vascular conditions.

In this work, we aimed at demonstrating the feasibility of this concept in a tumor model rat. Glioma cells
were injected into the thigh of a rat. Two weeks later, magnetic resonance angiography (MRA) was
performed as the standard of truth to determine the intratumoral vascular conditions. Then, the rat tumor
was irradiated using the *°C beam (~8 Gy) in the Heavy lon Medical Accelerator in Chiba (HIMAC).
Immediately after the irradiation, range-verification PET was performed by using our original total-body
small-animal PET system. In the range-verification PET measured for 10 min (Figure. 1-a, b). Figure 2-a
shows the obtained PET image (10 min summed image), and heterogenous intensity region was observed in

irradiated target tumor tissue. Difference in washout speed was clearly observed (Figure .2-b), and a high
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Figure 2. a) 10 min summed PET image. b) The time activity curves depends on region.
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Design of a sub-0.5 mm resolution mouse brain PET
°Han Gyu Kang?, Hideaki Tashima?, Taiga Yamaya!
QST?, E-mail: hangyookang@gmail.com
Spatial resolution is the most important factor for mouse brain dedicated positron emission tomography
(PET). Previously, we obtained 0.55 mm resolution with small animal PET, however our original goal of
sub-0.5 mm resolution was not realized because of the unoptimized crystal layer design. Here we proposed
a mouse brain PET design with an optimized crystal layer design that can achieve sub-0.5 mm resolution.
The newly proposed mouse brain PET design consists of a staggered 3-layer DOI detector using 0.8 mm
crystal pitch. The geometry has a 48 mm ring diameter and 23.4 mm axial FOV. The PET has 2 rings each
of which has 16 DOI detectors. We conducted GATE simulations to optimize the crystal layer design which
can provide the best spatial resolution throughout the field-of-view. Three different crystal layer designs
were used: (A) 4+4+7 mm, (B) 3+4+4 mm, and (C) 3+3+5 mm. To evaluate the spatial resolution, four
NEMA 22Na sources (D=0.25 mm) with spacing of 5 mm in the radial direction were used. With the
optimized crystal layer design, we evaluated the imaging performance with a resolution phantom having six
different rod diameters (0.45, 0.50, 0.55, 0.6, 0.7, and 0.8 mm). The PET images were reconstructed by
using an OSEM algorithm. An energy window of 440-560 keV was used for the image reconstruction.
Design (C) (3+3+5 mm) showed the best spatial resolution (0.42 mm at the center and 0.46 mm at the 5
mm radial offset) among the three. The 0.45 mm rods of the resolution phantom could be resolved with a
valley-to-peak ratio of 0.573+0.062, which is under the Rayleigh criterion (0.735). In conclusion, our
proposed mouse brain PET with the optimized crystal layer design provided sub-0.5 mm resolution. In the

future, we plan to develop a prototype mouse brain PET scanner to validate the simulation results.

(a) Front view of the PET (b) 3D view of the PET (c) Staggered 3-layer DOI detector

SiPM (5 x 5)
Lightguide A

22Na source

—

AN
0.8 mm //2"" layer
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Fig. 1. (a) The front view (a) and 3D view of the proposed mouse brain PET system and (b) the developed small animal PET scanner.
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Fig. 3. (a) The phantom image with the OSEM and (b)
Fig. 2. The radial spatial resolutions of three difference crystal layer designs Vlley-to-peak ratio histogram of the 0.45 mm rod structures.
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Practicing “applied physics in nuclear medicine”: Bench-to-clinical research on PET
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