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Abstract

This study aims to investigate and evaluate thersmary photons characterizations under flattenilitgy {FF) for high

radiotherapy quality in terms of fluence, energyefice, energy fluence distribution, spectral distion and angular
spread distribution of secondary photons, whichragénly coming from primary collimator originated the whole

Linac head. However, the flattening filter illumtea the photons of low energy. After this componére secondary
photons of low energy are coming from flatteninigefiand secondary collimators that contaminatedib&metry for

deep tumor treatment.

Fluence profile, energy profile and angular spreidecondary photons decreased with FF volume tixfupercent
but energy distribution and spectral distributiogpk almost constant with FF volume reduction. THe Wlume

reduction allows reducing the secondary photonsrgemt from FF in number and in energy and it pesratincrease

the radiotherapy efficiency by decreasing the ph®imontamination when the cancer is treating.
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Introduction

Previously, the materials used in the flattenindtefi
construction were studied to optimize the delivededimetry
[1,2]. Then, we have studied the dosimetry quality
removing flattening filter from the Linac head [B,# parallel
to study of the flattening filter geometry improvents [5,6]
and the gain of dose while the flattening filterésnoved from
Linac head [7]. In this study, we are focused ooomdary
photons originated in the flattening filter (FF) iafh are
investigated with the FF volume reduction percenterms of
fluence, energy fluence distribution, spectralrdisttion, mean
energy and angular distribution at phantom surfabés study
was carried out in the framework of the photon begmlity as
recommended by many international instances [8,9].
Secondary photons under flattening filter contiébin the
delivered dose at shallower depths due to theirdoargy. The
purpose of this work is to evaluate the secondaoptgns with
FF volume reduction for optimizing the dosimetryheTl
knowledge of secondary photons characterizatiorih Wi
reduction is a basic floor to find an optimal FHuroe for the

photon dosimetry improvement and the FF geometry

enhancement for Linac development. This Monte Canlmly
is performed using BEAMnrc code and BEAMDP.

Monte Carlo simulation is a technique that providesth
accurate and detailed energetic and dosimetriailzdion of a
medical linear accelerator head. It has been usethgvely in
the medical physics for modeling this device andiation
transport [10,11]. In this work, the Monte Carloogeetry is
built for 6 MV photon beam produced by Varian Ctra100
using BEAMnrc code [12]. The irradiation field sime10x10

cn? and the source-to-surface distance (SSD) is 100 cm

Physics of radiation transport simulation is basedEGSnrc
[13]. The BEAMDRP is used to evaluate the secongémytons
characterizations at the phantom surface [14].

Materials and methods

Monte Carlo simulation
Linac head is formed by different components fapshg and
modifying the photon beam for clinical usagégure 1 shows
a section of Monte Carlo geometry of Linac head]uding
different components and their positions and theisg plane
to stock patrticles for further studies.

After Monte Carlo simulation validation of Varia@linac

2100, the FF volume was reduced by 10%, 20% and 30%

according to manufacturer data (Varian Medical Sys).
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Figure 1. Section view of Monte Carlo geometry of Linac head
and the position of scoring plane for phase space filerecording.

Monte Carlo simulation validation
Varian Clinac 2100 Monte Carlo simulation validatiovas

performed using gamma index method as a technigue f

guantitative evaluation of comparison of calculatddse
distributions to measured dose distributions [THe Monte
Carlo simulation validation is done in our previausrk using
gamma index criteria of 3%/3mm and the acceptaat®ewas
approximately 99% for percentage depth dose (PCdby
approximately 98% for beam dose profiles [11]. T Hdarian
Clinac 2100 Monte Carlo geometry was validated etiog to
tolerance limit recommended by IAEA in TRS430 [H8ld in
IAEA-TECDOC-1583 [17].

According to the Monte Carlo simulation of Linathe
incident electron energy and radial spread weré bdjusted
to produce the best match between Monte Carlo Ilzdion
and measured dose. So, the electron source wasuss@n
spread and its characterizations were X and Y doatels
equal to 1.4 mm, mean angle spread was 1°, elesarce
energy was 6.52 MeV and nominal photon beam eneag/6
MV.
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Results and discussion

Secondary photons originated in the flatteningefil(FF) are
affecting the dosimetry at the shallower depth beeaof their
low energy at phantom surface. For each FF volwdeation
percent, the secondary photons
determined and compared to these of FF with init@dume.
At phantom surface, we have introduced the rednatide of
secondary photons and it was evaluated as a qtiobden
characterization of secondary photons originatedéuced FF
to characterization of secondary photons originateBF with
its initial volume (manufacturer data) as perceatagcording
to the following formula:

X (n %)
X (0%)

Reduction rate (%) = 100 % Eqg. 1

Where X is fluence profile, energy fluence profienergy
fluence distribution, spectral distribution, meamery
distribution and angular distribution of secondgriiotons
originated in Linac head. n% is 10%, 20% and 30%.

Fluence profile

Fluence profile describes the distribution of setaryg photons
originated in FF with off-axis distancBigure 2 shows planar
fluence profiles of secondary photons emergent fféfand
reduction rate as a function of off-axis distanoe éach FF
volume reduction percent.

We notice fromFigure?2 that the fluence of secondary
photons originated in FF decreases with FF voluetiction
percent inside the irradiation filed and the fluens high near
the central beam axis.

The reduction rate of secondary photons numbeaeases
with FF volume reduction and with off-axis distanoside the
irradiation field Figure?). Thereafter, the FF volume
reduction can decrease substantially the secongbogons
fluence and subsequently the radiotherapy -effigiemdll
increase.
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Figure 2. Fluence profile of secondary photons and reduction rate as a function of off-axis distance.
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Figure 3. Energy fluence profile of secondary photons and reduction rate as a function of off-axis distance.
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Figure 4. Energy fluence distribution of secondary photons and reduction rate as a function of energy.

Energy fluence profile

Energy fluence profile describes the variationh# energy of
secondary photons with off-axis distandéigure3 shows
energy fluence profile of the secondary photongioated in
FF as a function of off-axis distance for each wwdureduction
percent.

Energy fluence profiles are as fluence profilesiaten
according to the FF volume reduction and also wiffhaxis
distance. The reduction rate of secondary photamsrgy
fluence increases with FF volume reduction pereem with
off-axis distance inside the irradiation filed. FFolume
reduction decreases substantially the secondaryopsoin
fluence and in energy but the FF volume reductitects more
the energy fluence profile than the fluence pradfesecondary
photons Figures 2 and3).

Energy fluencedistribution

Energy fluence distribution and reduction rate etandary
photons originated in FF are presentedrigure4 for each
volume reduction percent.

Energy fluence distribution decreases with enemagyd
especially around the energy fluence distributioaximum
that is at 0.51 MeV. Energy fluence maximum forcsetary
photons originated is 9.90° MeV/MeV/incident particle for
FF with initial volume; it is 8.580° MeV/MeV/incident
particle for FF reduction of 10%; it is 7.10°
MeV/MeV/incident particle for FF reduction of 20%nd it is
7.0710° MeV/MeV/incident particle for FF reduction of 30%
(Figure 4). The reduction rate of energy fluence distribitad
secondary photons increases with FF volume reductiod
with off-axis distance for low secondary photonsrgy.
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Figure 5. Fluence of secondary photons and reduction rate as a function of energy.

Spectral distribution

Spectral distribution describes the secondary phdteence
variation with energy, the knowledge of spectratritbution of
secondary photons is crucial because they contaeitie
photon beam dosimetry in deep tumor treatment.

We notice from Figure5, the spectral distribution of

secondary photons present tow peaks with energgdoh FF

Table 1: Peaks values of spectral distribution of secondary photons

volume reduction percent and they decrease withvéiEme
reduction Figureb5). Table 1 presents the peaks value of each
FF volume reduction percent.

The reduction rate of spectral distribution dud-Eovolume
reduction increases with FF volume reduction anith wnergy
(Figureb).

FF volume reductio Value of the left maximum Energy of the Value of the right maximum Energy of the
percent (photon/MeV/incident particle) maximum (MeV) (photon/MeV/incident patrticle) maximum (MeV)
0% 1.6510° 0.15 1.9a.0® 0.51
10% 1.5410° 0.15 1.6810° 0.51
20% 1.5010° 0.09 1.5110° 0.51
30% 1.4910° 0.09 1.3810° 0.51
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Figure 6: M ean energy of secondary photons and reduction rate as a function of off-axis distance.
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Figure 7. Angular spread distribution of secondary photons and reduction rate as a function of angular degree.

Mean energy

Mean energy is determined for the secondary photons
originated in the FF as a function of off-axis digte for each
volume reduction percent.

We notice fronfigure 6, mean energy of secondary photons
decreases with FF volume reduction and remainstaonwith
off-axis distanceKigure 6). The reduction rate of mean energy
increases with FF volume reduction and decreassoffiaxis
distance that means the FF volume reduction dexréas
mean energy and this result is in favor to radiathg quality.

Angular spread distribution

Angular spread distribution describes the secongémytons
fluence variation with angular spreaBligure7 shows the
angular spread distribution of secondary photomsefich FF
volume reduction percentage.

It can be seen frofRigure 7 that angular spread distributions
have a maximum which is 1.99’ photon/degree/incident
particle at 3.15° for FF with its initial volume;.8310"
photon/degree/incident particle at 3.45° for FFuetibn of
10%; 1.7310" photon/degree/incident particle at 3.45° for FF
reduction of 20% and 1.610" photon/degree/incident particle
at 3.45° for FF reduction of 30%.

The reduction rate due to FF volume reductiondases with
FF volume reduction and with angular degregre 7).
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