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Abstract 
The use of a dual electron multileaf collimator (eMLC) to collimate therapeutic electron beam without the use of cut-
outs has been previously shown to be feasible. Further Monte Carlo simulations were performed in this study to verify 
the nature and appearance of the isodose distribution in water phantom of irregular electron beams delivered by the 
eMLC. Electron fields used in this study were selected to reflect those used in electron beam therapy. Results of this 
study show that the isodose distribution in a water phantom obtained from the simulation of irregular electron beams 
through the eMLC conforms to the pattern of the eMLC used in the delivery of the beam. It is therefore concluded that 
the dual eMLC could deliver isodose distributions reflecting the pattern of the eMLC field that was used in the delivery 
of the beam. 

Key words: irregular fields; Monte Carlo; electron multileaf collimator; cut-out; applicator. 

 
Introduction 

Electron therapy is preferred in the treatment of superficial 
tumours due to the inherent advantage of high energy electrons 
obtained from medical linear accelerators (LINAC) to produce 
a sharp drop off in dose beyond the tumour tissue. Electron 
therapy is useful in the treatment of head, neck, skin and lip 
cancers, as well as in chest wall irradiation applied in breast 
cancer and boost dose to nodes. Khan [1] maintains that 
electron beam therapy is superior in some cases of radiation 
treatment as it is able to produce homogeneous dose in the 
target.  Proper shaping of electron field is important to avoid 
undue exposure of healthy tissues to high doses. For proper 
protection of healthy tissues, radiation treatment is conducted 
after completion of appropriate treatment planning and the 
demarcation of tumour margins. This process ensures that the 
tumour receives a homogeneous radiation dose while healthy 
tissues and critical organs are protected. It is worthy to note 
that the treatment planning should be able to provide 
reproducible set-ups [2]. 
 Presently, electron field shaping is performed with the use of 
applicators and cut-outs. The use of electron multileaf 
collimators (eMLC) is still being investigated and has not yet 
been standardized for everyday clinical use [3-9]. The effect of 
field shaping in electron therapy is important especially when 
irregular fields are used; as they have been found to affect dose 
output in a complex manner [1,10-11]. 
 Although an eMLC can be used to deliver irregular electron 
field for therapy, there are not sufficient data to allow for its 
routine clinical use. The present study is set up to collect 

dosimetry data on a dual eMLC that could deliver irregular 
electron fields, without the presence of applicators and cut-
outs. 
 This study was carried out by simulating the eMLC designed 
by Inyang and Chamberlain [12,13] using the EGSnrc Monte 
Carlo (MC) code. Electrons passing through the linear 
accelerator head (LINAC) and shaped by the dual eMLC to 
produce irregular fields were used to produce the dose 
distributions in a water phantom. Several investigators [14,15] 
have shown that Monte Carlo calculation of dose distributions 
is the most accurate and reliable as compared to other methods. 
This study was therefore designed to verify the shape of the 
isodoses in water phantom obtained with the use of irregular 
electron beams shaped with the dual eMLC. The dose 
distributions were calculated using the EGSnrc Monte Carlo 
code. 
 

Materials and Methods 

The design of the dual eMLC and the comparison of its 
dosimetric parameters with measured values obtained by use of 
Varian type III applicators were presented in previous works 
[12,13]. Methods described previously were used to set the 
upper and lower eMLCs relative to each other as well as to the 
other component modules in the accelerator [12]. 
 A summary of the Monte Carlo simulation of the eMLC is 
given in this study to ensure its completeness. The eMLC 
consists of the upper and lower eMLCs with leaves’ width and 
thickness that allow for a maximum field size of 20 x 20 cm2 at 
the distance of 100 cm from source to surface (SSD). The 
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Monte Carlo simulations were done using the BEAMnrc and 
DOSXYZnrc which are user codes of EGSnrc used for 
modelling radiation transport through the linac treatment head 
and calculation of dose distributions in water phantom 
respectively. 
 Input into the EGSnrc code was based on the information 
supplied by Varian Incorporated concerning the medical linear 
accelerator head components on a non disclosure agreement 
with the authors. The PRESTA algorithm and other EGSnrc 
parameters used in this study were set at default values which 
have been established to be adequate for linac simulations [16]. 
The electron cut off (ECUTIN) energy and photon cut off 
(PCUTIN) energy were set to 0.521 MeV and 0.010 MeV 
respectively while the simulation time (TIMMAX) required to 
prevent the simulation from being aborted due to insufficient 
time was set to 900 hours. Details of input and output analysis 
of EGSnrc simulations are recorded in Walters and Rogers 
[17]. 
 EGSnrc Monte Carlo code is designed such that the central 
beam axis corresponds to the z-axis of the Cartesian 
coordinates; with all component modules of the accelerator 
arranged perpendicular to the z-axis in the xy-plane. 
 In this study, irregular fields mean non-rectangular and non-
circular fields. Attention was given to fields of sizes equivalent 
to 10 x 10 cm2 or smaller, not exceeding the maximum field 
possible with the eMLC. Four irregular fields were arbitrarily 
selected, though with the intention to reflect those commonly 
used in the clinic for treatments. The nature of the fields and 
the isodose distributions obtained from these fields are given in 

the results section. After the simulation of these fields with 
BEAMnrc and dose calculations with DOSXYZnrc codes, the 
isodose distributions within and around the fields were 
investigated using dosxyz_show, a software package for 
displaying dose distributions which are regarded as the best 
illustration of the collimation effect of the dual eMLC. 
 All isodose distributions considered in this study were 
analysed around the beam central axis at depth of maximum 
dose which is regarded as the most sensitive depth for the 
assessment of beam homogeneity parameters [18]. The isodose 
curves within the isodose distributions are values of absorbed 
dose expressed as a percentage of the maximum dose along the 
beam central axis. The irregular fields used in this study are 
indicated as IRR1-4 and shown in figures 1-5. 
 

Results 

Previously, it was established that the electron beams delivered 
by the eMLC system were symmetrical and flat at depth of the 
maximum dose [12]. The simulations of the dose distributions 
for fields shaped by the dual eMLC, represented by the 
isodoses calculated at depth of maximum dose, were compared 
with the field patterns formed by the eMLC. Results of these 
simulations are presented in figures 1-4. All isodose curves 
presented in figures 1-4 were calculated in the x-y plane. 
 In figure 5 the dose distribution for irregular fields (IRR1) is 
presented. The dose distributions for other irregular fields 
(IRR2, IRR3 and IRR4) are similar. They are not presented in 
this paper. 

 
 
 

 
Figure 1. Irregular field (IRR1) with the associated simulated isodose curves in x-y plane for the different energies starting inside with the 
90% isodose line and descending in steps of 10% with ±1.2% uncertainty and isodose shift of about 0.2 cm. 

 a) 6MeV 1 cm 1 cm c) 12MeV 

1 cm 
d) 15MeV 

1 cm b) 9MeV 

e) IRR1 



Inyang et al: Irregular fields delivered with dual eMLC...  Pol J Med Phys Eng 2016;22(1):5-9 

 7 

 
Figure 2. Irregular field (IRR2) with the associated simulated isodose curves in x-y plane for the different energies starting inside with the 
90% isodose line and descending in steps of 10% with ±1.2% uncertainty and isodose shift of about 0.2 cm. 

 
Figure 3. Irregular field (IRR3) with the associated simulated isodose curves in x-y plane for the different energies starting inside with the 
90% isodose line and descending in steps of 10% with ±1.2% uncertainty and isodose shift of about 0.2 cm. 

 
Figure 4. Irregular field (IRR4) with the associated simulated isodose curves in x-y plane for the different energies starting inside with the 
90% isodose line and descending in steps of 10% with ±1.2% uncertainty and isodose shift of about 0.2 cm. 
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Figure 5. Irregular field (IRR1) with the associated isodose curves in x-z plane for the different energies starting inside with the 90% isodose 
line and descending in steps of 10% with ±1.2% uncertainty and isodose shift of about 0.2 cm. 

 

 
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 fields and the 
corresponding field patterns are given in figures 1-4 to show 
the dose distributions in phantom as delivered by the different 
irregular beams from the dual eMLCs. In all cases, it is 
observed that the isodose curves are arranged in a manner that 
map out the pattern of the dual eMLC irregual fields that 
produced them. Figure 6 contains the irregular field pattern 
(IRR1) embedded in one of the isodose distributions in Figure 
1 and clearly illustrates that the isodose distributions conform 
to the field that generated them. Similar illustrations for other 
field patterns are not shown here in order to save journal space. 
However, they all display similar patern as shown in figure 6. 
It is therefore possible to state that the eMLC was able to 
resolve the fields and maintain the original leaf pattern in the 
dose distribution in the phantom.  
 Figure 5, which indicates the penetration of the irregular 
beams as obtained from irregular field 1 (IRR1), shows the 

90% isodose level of 6 MeV, 9 MeV, 12 MeV and 15 MeV as 
the innermost isodose line. The 90% isodose levels have depth 
penetration of 2.0 cm, 3.0 cm, 3.7 cm and 4.5 cm at 6 MeV, 
9 MeV, 12 MeV and 15 MeV respectively. It is recommended 
that the 90% isodose level should enclose the planning target 
volume to enhance the delivery of the required dose to the 
tumour site [14]. The 80% isodose level can enclose a target 
lying within the depths of 2.2 cm, 3.5 cm, 4.4 cm and 5.0 cm at 
6 MeV, 9 MeV, 12 MeV and 15 MeV respectively. Du Plessis 
et al [15] demonstrated target coverage within the 70% isodose 
contour using the irregular fields of photon multileaf collimator 
(pMLC). If this is applied in the present situation, the target 
will be encompassed within 2.4 cm, 3.4 cm, 5.0 cm and 5.8 cm 
at 6 MeV, 9 MeV, 12 MeV and 15 MeV respectively.  
 The 20% isodose levels were at depths of 3.0 cm, 4.5 cm, 
6.1 cm and 7.5 cm for 6 MeV, 9 MeV, 12 MeV and 15 MeV, 
respectively. These depths are close to the R20 value of the 
eMLC’s for 10 x 10 cm2 field - the 2.9 cm, 4.3 cm, 6.1 cm and 
7.5 cm for 6 MeV, 9 MeV, 12 MeV and 15 MeV, respectively. 
 

Conclusions 

The isodose curves produced by the different irregular electron 
fields formed by the dual eMLC in this study reflect the field 
pattern specified by the eMLC. The dual eMLC is capable to 
form isodose curves that have similar pattern to the fields 
shaped by the cut-outs. 
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