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Purpose: To characterize the radiation response of 3D Four 10x20x1 cm?3 blocks of each material were printed at The HU values between the blocks, and occasionally within a
printed materials for photon, electron, proton, and CT in 100% infill using fused deposition modelling printing given block, span an extended range. The majority of blocks
absolute terms and as compared to a Plastic Water® technique (Table 1). Each block was scanned using CT and are poorly defined by a single HU value, and no material
baseline for extrapolation to clinical use. the effective density was determined. demonstrated a controlled range of HU values (Figure 4). As
Methods: Six materials were 3D printed into blocks using a Table 1: Printing parameters and purchasing information for each material shown In Figure 5, PLA average HU value represents close adequately implement 3D printing successfully in the clinic.

Fused Deposition Modelling printer. Measurements were Nozle Bed to 100% infill whereas ABS HU value was not representative The goal of this project was to 3D print clinically relevant
made using electron beam to create PDD curves, using Temp Temp "™ price B of the infill it was which it was printed.

Material Abbrev. Printer Speed Adhesion Manufacturer

The uses of 3D printing are rapidly expanding to include
applications in radiation oncology. As 3D printing becomes
more commonplace in the realm of radiation treatment, the
printed materials being used should be characterized to
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Figure 4: Density vs HU for each material
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between blocke and within each block. All results for each P — determined for each material. The measured HU values for
radiation type were dependent on the effective density of the material to be defined by a single, averaged value. The
- | — HU vs. PLA % Infill HU vs. ABS % Infill electron PDD results provided depth dose curves
I I : y . i 0 o . . . . .
with the average HU value of the material, the RS0 ot the | - - 3 100 £ w0 characteristic of the material. Iron PLA exhibited a large horn
7 0 40 s s 5 in the PDDs for all energies and the other materials all
proton beam. Materials with densities lower than Plastic 7 | 1% 200 | Nl -

HU vs. Densi methods. The materials were printed in blocks such that the
to determine the RSP of the materials. The materials were Acrylonitrile 1250 i P
1t - - Algae based Algae . N F
within each block and between blocks. The effective density 5 ; Artillery 205 45 100 3499  Nome  3DPrintlife o0 | compared with established water standard. From the
PLA
Thermoplastic TPU Artillery 220 45 30 Hairspray NinjaTek _15005 | | | phOton TMR curves were Compared W|th those Of Water,
Results: The effective density of each material varied widely A o Ariley 240 70 None  Hatchbox o b
each material varied widely, making it unreliable for each
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C lusion: Alth h 3D printing b H e f | 200 f ) ; Wood PLA and PLA proved to have the most similar values
onciusion. oug printing has much promise for use oo X e B i compared with the PW values. This data also demonstrated

In radiation oncology, establishing a solid quality assurance J %o il - how the PW values were equivalent to the commissioning
protocol prior to its implementation is key to an accurate and Figure 5: Percent infill of (A) PLA and (B) ABS compared to published data TMR values within the given uncertainty. RSP values aid in

successful clinical application. It is recommended that each Figure 1: Electron measurements: gantry 270°, collimator 0°, SSD 100 cm, : - - e

3D printed object be properly characterized before clinical 10x10 cm* field size using film The relationship between Ry, and density exhibits a negative |mpI§mentlng material Chargctgrlstlcs into treatment plans to

use, including determining the effective density. Through the ' | - linear trend, in which the R;, decreases with increasing provide correct dose distributions. The RSP values were
’ ' ¥ 1 ) _ | shown to have no energy dependence within the given

. . BT . density for all energies (Figure 6). This relationship is to be
implementation of these measures, 3D printing in the clinical y 9 (Fig ) P uncertainty, and so these values can be used for treatment

setting has the potential to further improve patient care within olans of all proton energies. The PDD, TMR, and RSP results,
as well as the average HU values, provide a clinical reference
for dose distribution compared with water for implementation
In clinical settings. Each of these results were affected by the
density of the materials. The density of the material is the
most influential characteristic and may vary substantially
190 ¢ between prints of the same material. Directly determining the
120 f—— density and HU value of each 3D printed object to be used in
100 | R M a clinical setting should be performed after printing and before
2 f jE o Implementation into patient treatment. Although 3D printing
60 | e j y has much promise for use in radiation oncology, it is important
0 Feoms — T j : to note that establishing a solid quality assurance protocol
20 | | +— | prior to its Implementation is key to an accurate and
o | successful clinical application. It is recommended that each

o vemiyfgem) 3D printed object be properly characterized before clinical
beams, the materials will be characterized by determining Figure 6: Comparison of the electron PDD R, values and the material densities use. Through the implementation of these measures, 3D

their water equivalent relative-stopping-power. For each 4 RN e | RSP vs. Density prlntlng ¥ t he cllnlca_l §ettlng has the potential to further
respective modality, the geometry and setup conditions of the g 7o 0 - iImprove patient care within radiation oncology departments.

water measurements and material measurements will be 2y ) ijzz
unchanged. In this way, the materials’ response relative to | o A
water will be substantiated, as results can be extrapolated to N L 2 0 70.77 Mev
other setup conditions for the given treatment beam. Through o2 - I | _ 0.800 / 1 0 120.21 MeV
these measurements, the response of these materials will be 0600 | i 18015 MeV Thank you to Dr. Isaac Rutel, Dr. Daniel Johnson, Dr.
characterized for future clinical use, increasing the efficiency - b . . " oaoo | Hosang Jin, Dr. Yong Chen, Dr. Mark Newpower, Zach
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of clinical implementation, and may increase modeling Figure 3: Proton measurements: gantry 0°, 8x8 cm? field size, 33x33 spots, 2.5 Density (g/om) | Richards, and the University of Oklahoma Health Sciences
accuracy within treatment planning systems mm spot spacing, and 1 MU/spot Figure 7: Comparison of proton RSP values and the material densities Center.

expected because higher density materials attenuate more

radiation oncology departments. | particles at shallower depths, causing the dose fall off to
occur earlier, giving smaller R, values. The results of RSP
versus show a positive linear trend between materials (Figure
7). Within a given material, the RSP proves to have no energy
dependence.

The goal of our investigation is to characterize materials by | — ), R50 vs. Density

determining their response to clinical electron, photon, and

proton treatment beams and CT imaging. Each material will

undergo a CT scan prior to being 3D printed into standard

blocks; a subsequent CT of each block will permit pre- and Figure 2: Photon measurements: gantry 0°, collimator 0°, SAD 100 cm, 10x10
post-printed comparisons. The materials will be characterized cm” field size, 1 cm bock added after each measurement

for electron beams via percent depth dose (PDD) curve; for -

photon beams, the materials will be characterized by a

tissue-maximum ratio (TMR) comparison relative to

commercially available Plastic Water® [29]; and for proton
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