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Abstract

The use of a dual electron multileaf collimator (B) to collimate therapeutic electron beam withthé use of cut-
outs has been previously shown to be feasiblehButonte Carlo simulations were performed in #tigdy to verify
the nature and appearance of the isodose distibiti water phantom of irregular electron beamsvdetd by the
eMLC. Electron fields used in this study were sedddo reflect those used in electron beam therBegults of this
study show that the isodose distribution in a wategintom obtained from the simulation of irregudéactron beams
through the eMLC conforms to the pattern of the €Mised in the delivery of the beam. It is therefmracluded that
the dual eMLC could deliver isodose distributioafiacting the pattern of the eMLC field that wagdisn the delivery

of the beam.
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Introduction

Electron therapy is preferred in the treatment agbesficial
tumours due to the inherent advantage of high gnelertrons
obtained from medical linear accelerators (LINAG)produce
a sharp drop off in dose beyond the tumour tis&lectron
therapy is useful in the treatment of head, nekly and lip
cancers, as well as in chest wall irradiation aaplin breast
cancer and boost dose to nodes. Khan [1] mainttias
electron beam therapy is superior in some caseadiétion
treatment as it is able to produce homogeneous boske
target. Proper shaping of electron field is impottto avoid
undue exposure of healthy tissues to high doses.pFaper
protection of healthy tissues, radiation treatrmentonducted
after completion of appropriate treatment plannangd the
demarcation of tumour margins. This process ensiiagsthe
tumour receives a homogeneous radiation dose heitdthy
tissues and critical organs are protected. It isthwoto note
that the treatment planning should be able to pevi
reproducible set-ups [2].

Presently, electron field shaping is performechwite use of
applicators and cut-outs. The use of electron teali
collimators (eMLC) is still being investigated ahds not yet
been standardized for everyday clinical use [3FdE effect of
field shaping in electron therapy is important esqléy when
irregular fields are used; as they have been faaradfect dose
output in a complex manner [1,10-11].

Although an eMLC can be used to deliver irreg@kactron
field for therapy, there are not sufficient dataaltow for its
routine clinical use. The present study is set apcollect

dosimetry data on a dual eMLC that could deliveegular
electron fields, without the presence of applicatand cut-
outs.

This study was carried out by simulating the eMi&signed
by Inyang and Chamberlain [12,13] using the EGSviante
Carlo (MC) code. Electrons passing through the aline
accelerator head (LINAC) and shaped by the dual @Ma
produce irregular fields were used to produce tlwesed
distributions in a water phantom. Several investiga[14,15]
have shown that Monte Carlo calculation of dos¢ribistions
is the most accurate and reliable as comparechtr atethods.
This study was therefore designed to verify thepshaf the
isodoses in water phantom obtained with the useregular

electron beams shaped with the dual eMLC. The dose

distributions were calculated using the EGSnrc Mo@tarlo
code.

Materials and Methods

The design of the dual eMLC and the comparison tef i
dosimetric parameters with measured values obtdigadse of
Varian type Il applicators were presented in poergi works
[12,13]. Methods described previously were usedsdb the
upper and lower eMLCs relative to each other a$ ageto the
other component modules in the accelerator [12].

A summary of the Monte Carlo simulation of the etMis
given in this study to ensure its completeness. €ndL.C
consists of the upper and lower eMLCs with leaweisith and
thickness that allow for a maximum field size of200 cnf at
the distance of 100 cm from source to surface (SSbg
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Monte Carlo simulations were done using the BEAMand

DOSXYZnrc which are user codes of EGSnrc used for

modelling radiation transport through the linacatmeent head
and calculation of dose distributions in water pban
respectively.

Input into the EGSnrc code was based on the irdton
supplied by Varian Incorporated concerning the wadinear
accelerator head components on a non disclosuree@mgnt
with the authors. The PRESTA algorithm and otherSBE@
parameters used in this study were set at defaillies which
have been established to be adequate for linadatimns [16].
The electron cut off (ECUTIN) energy and photon odft

(PCUTIN) energy were set to 0.521 MeV and 0.010 MeV

respectively while the simulation time (TIMMAX) raged to
prevent the simulation from being aborted due sufficient
time was set to 900 hours. Details of input anguouganalysis
of EGSnrc simulations are recorded in Walters amdjdRs
[17].

EGSnrc Monte Carlo code is designed such thatémtral

beam axis corresponds to the z-axis of the Cartesia

coordinates; with all component modules of the Eregor
arranged perpendicular to the z-axis in the xy-@lan

In this study, irregular fields mean non-rectaagund non-
circular fields. Attention was given to fields dfas equivalent

to 10 x 10 crfior smaller, not exceeding the maximum field

possible with the eMLC. Four irregular fields wenbitrarily
selected, though with the intention to reflect tn@®@mmonly
used in the clinic for treatments. The nature &f fields and
the isodose distributions obtained from these $i@e given in
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the results section. After the simulation of thdiséds with
BEAMnNrc and dose calculations with DOSXYZnrc codie
isodose distributions within and around the fieldsere
investigated using dosxyz_show, a software packéae
displaying dose distributions which are regardedhas best
illustration of the collimation effect of the dusLC.

All isodose distributions considered in this studere
analysed around the beam central axis at depthaodmum
dose which is regarded as the most sensitive digtlihe
assessment of beam homogeneity parameters [18]sdtese
curves within the isodose distributions are valoesbsorbed
dose expressed as a percentage of the maximunabiogethe
beam central axis. The irregular fields used is study are
indicated as IRR1-4 and shownfigures 1-5

Results

Previously, it was established that the electraantsedelivered
by the eMLC system were symmetrical and flat attlleyb the

maximum dose [12]. The simulations of the doserithistions

for fields shaped by the dual eMLC, represented thy

isodoses calculated at depth of maximum dose, e@rgared
with the field patterns formed by the eMLC. Resulfsthese
simulations are presented figures 1-4 All isodose curves
presented ifigures 1-4were calculated in the x-y plane.

In figure 5 the dose distribution for irregular fields (IRR%)
presented. The dose distributions for other irreguields
(IRR2, IRR3 and IRR4) are similar. They are notspreed in
this paper.
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Figure 1. Irregular field (IRR1) with the associatel simulated isodose curves in x-y plane for the dérent energies starting inside with the
90% isodose line and descending in steps of 10% Wit1.2% uncertainty and isodose shift of about 0.2m.
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Figure 2. Irregular field (IRR2) with the associated simulated isodose curves in x-y plane for the dérent energies starting inside with the
90% isodose line and descending in steps of 10% Wwit1.2% uncertainty and isodose shift of about 0.2m.
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Figure 3. Irregular field (IRR3) with the associated simulated isodose curves in x-y plane for the dérent energies starting inside with the

90% isodose line and descending in steps of 10% Wwit1.2% uncertainty and isodose shift of about 0.2m.
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Figure 4. Irregular field (IRR4) with the associatel simulated isodose curves in x-y plane for the dérent energies starting inside with the
90% isodose line and descending in steps of 10% Wit1.2% uncertainty and isodose shift of about 0.2m.
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Figure 5. Irregular field (IRR1) with the associatel isodose curves in x-z plane for the different emgies starting inside with the 90% isodose
line and descending in steps of 10% with +1.2% unceinty and isodose shift of about 0.2 cm.
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dual eMLC irregular field
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Figure 6. eMLC irregular field pattern IRR1 embedded in the
centre of isodose distribution formed by the field.

Discussion

The isodose curves of the different irregular fieland the
corresponding field patterns are givenfigures 1-4 to show
the dose distributions in phantom as deliveredheydifferent
irregular beams from the dual eMLCs. In all casisis
observed that the isodose curves are arrangednanaer that
map out the pattern of the dual eMLC irregual feldhat
produced themFigure 6 contains the irregular field pattern
(IRR1) embedded in one of the isodose distributionBigure
1 and clearly illustrates that the isodose distidns conform
to the field that generated them. Similar illustras for other
field patterns are not shown here in order to $anenal space.
However, they all display similar patern as showfigure 6.
It is therefore possible to state that the eMLC wabte to
resolve the fields and maintain the original leaftgrn in the
dose distribution in the phantom.

Figure 5, which indicates the penetration of the irregular

beams as obtained from irregular field 1 (IRR1)pws the
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