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INTRODUCTION

Monte Carlo (MC) techniques are considered the most accurate tool for simulating the dose deposited to heterogeneous media, and therefore
their applicability in radiotherapy has greatly increased in the last decades [1]. However, the quality of the output depends on reproducing
accurately the geometry of the machine, as well as the correct modelling of the initial electron beam incident on the target. The latter
challenge can be overcome by using validated phase space files (PhSp) [2] or Virtual Source Models (VSM) [3].

AlM

A detailed geometric description of multi leaf collimator (MLC) systems is scarcely available and is often conditional to the sharing of
confidential information from the vendors. This work proposes an analytical method to determine crucial geometric parameters for MC
modelling of MLC systems, based only on information freely available in the literature.

METHOD

A in-house validated PhSp file was used as a replacement for the static part of the linear accelerator (linac). An extensive literature review was
performed to collect available geometric parameters and general constraints for the Elekta Agility® MLC (Table 1). The gathered information
was used to construct a MC model of the MLC and to define analytical expressions for the collimators’ positions. Eq. 1 to 6 are the expressions
for the leaves (similar expressions were developed for the diaphragms). Inter and intraleaf transmission simulations and measurementsin a
water phantom were used to find, iteratively, the best combination of leaf thickness, density and shift to virtual focus (virtual tongue and
groove, vT&G). For validation, percentage depth dose (PDD), lateral profiles and the T&G effect were simulated and compared against
measurements performed under the same conditions. 3D dose distributions in a cylindrical water-equivalent phantom (Octavius 4D®) were
simulated and compared against calculations performed by a commissioned clinical treatment planning system (TPS), for several squared fields
and one IMRT Head and Neck treatment plan. Validation in patient geometry is ongoing.

RESULTS

Inter and Intraleaf Transmission: vT&G, thickness and density combinations
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Figure 1: Inter and intraleaf transmission for different vT&G and leaf-
thickness-density combinations. Leaf #0 corresponds to initial values,
while Leaf #2 corresponds to tuned values. The measurements were
performed in a water phantom using an ionization chamber.
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Figure 2: Measured and simulated PDD profiles for different squared
fields, ranging from 2 x 2 cm? up to 30 x 30 cm?. The measurements were
performed in a water phantom with a micro diamond detector. The curves

have been shifted vertically in pairs for better visualization.
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Figure 3: Measured and simulated crossline profiles for different squared
fields, ranging from 2 x 2 cm? up to 30 x 30 cm?. The measurements were
performed in a water phantom with a micro diamond detector, at 15 mm
depth in water. Similar results were obtained for inline profiles and at a
depth of 100 mm. The curves have been shifted vertically in pairs for
better visualization.
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Table 2: The gamma evaluation method was performed to quantify the

- ' ‘ ' — Measurement b) agreement between Monte Carlo-simulated and TPS-calculated 3D dose
Value [4] . S distributions. Gamma criteria used were set to: percentage dose
, i i = 0-5Fmax/, 2B difference (PD) of 3% and a distance-to-agreement (DTA) of 3 mm. The
P I;:?,::ar‘;il;:mg angle, with respect to the Eq. 1 o — ;E - ISO) (Eq. 1) . % M #}} A | H\M\ ; % passing rate (percentage of voxels passing the PD and DTA criteria), for
leaf i A5 W U AP \ Jjﬂ' 85 the different irradiations, are shown below. Only voxels positioned inside
Fonax Maximum field size 400 mm Sos V ’ s the phantom and scoring more than 25% of the maximum dose value
2 were considered.
Nigqg  Number of leaf pairs 80 P grnas = (d!eaf iear—cury + Rbmﬁ) Feross %0_5
iso Distance between target and isocenter 1000 mm 04
Rcosp — (05L + dgpipr)  (Eq.2) : Octavius 2x2cm? 99.6
d Distance from isocenter to leaf bank 356.8 mm - ;
CLE 02 Figure 5: a) MC simulation, b) TPS Octavius 2x2cm? 96.6
g + Position of leaf curvature with respect to 7.5 mm B = tan™! (—F"”'“) (Eq. 3) calculation and c) respective gamma Octavius 5x 5 cm? 96.7
eaj—curv o is " [) - - = _.\ L 1 1 1 L . i
leaf center S0 50 40 30 B e ot Gt A el 40 50 evaluel:tlon 0; the axial plane of the Octavius 10x 10 cm? 97.2
R? Leaf’s curvature radius 170 mm Figure 4: Measured and simulated tongue and groove (T&G) effect, Octavius 4D phlantolm,l for the IMRT o —— 26 x 26 cm? 96.7
. . cos iy} o) using the picked-fence test. Measurements were performed using the Head and Neckllrradlatlon. Gamma .
— Leaf aperture with respect to isocenter = B, = PEE,  F {cos{e g e J] (Eq. 4) Elekta iViewGT® EPID, installed in the linear accelerator used in this values marllced in green corres!)onld to Octavius IMRT Head and Neck 98.1
L Leaf’s length (58 e Ui study. The curve shows the central region (100 mm wide) for better voxels passing the 3%/3mm criteria.
visualization of the T&G effect.
Pos.ross  Leaf’s position in the crossline direction Eqg. 2 p cos (1)
OScentral = (Eq. 5)
Posy  Leaf’s position n the niine direction cq. 4 cosT¥centrar] CONCLUSIONS REFERENCES ACKNOWLEDGEMENTS
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