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Introduction

• Why electron beam therapy has not been in the focus of development in radiotherapy ?
– most R & D concentrated on photon beams

– too few clinical applications for electron treatments (e.g. chest wall irradiations) ?

– electron beam treatment planning inaccurate (multiple scattering, small field sizes, 
extended SSD)

– traditionally very long treatment planning calculation times for accurate calculations

• Previously, prototypes1,2,3 based on electron multileaf principle have been presented (but not
used clinically)

• With electrons, Monte Carlo is needed since it is the most accurate dose calculation
algorithm in an inhomogeneous medium (e.g. bone-lung interface, chest-wall irradiation)

• Recently, clinical electron VMC++ dose calculation for heavy metal cut-outs has become
available (Oncentra MasterPlan)

• Therefore, also eMLC can be implemented in the MasterPlan electron beam model for 
clinical dose calculations

1Al-Yahya et al. Med. Phys. 32(9), 2976-2986, 2005
2Hogström et al. Med. Phys. 31(3), 443-462, 2004
3Ma et al. Phys. Med. Biol. 45(8), 2293-2311, 2000
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Kuopio eMLC prototype

• The first eMLC prototype implemented
under the electron applicator (20 x 20 
cm2 electron applicator of Varian 2100 
C/D linac) 

• 2 x 42  (total 84) steel leaves

• Straight leaf edges
• Leaf thickness 2 cm, length 16.5 cm, 

width 0.5 cm at SSD 100
• Leaf transmission 1-6 % at 6-20 MeV

• Max field size 20 x 20 cm2 at SSD 100

• Source-to-leaf distance 97.3 cm
• Leaf-to-surface distance 0.7 cm at SSD 

100

CAD-drawing of motorized eMLC
Note: four motors only!
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Beam model and VMC++ dose engine
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Beam model

scattered electrons

• A prototype version of the Oncentra MasterPlan electron beam model with eMLC
• Abstract no. 74 Traneus, Vatanen, Lahtinen: Beam model for multi-leaf collimated high

energy electron beams

eMLC

Electron beam

Front face kernel

Inner edge kernel

photons direct electrons
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VMC++ calculations Measurements

• A special software for electron dose
calculation with VMC++4

• 2 x 2 x 2 mm3 voxels in water
• 3 x105 electrons/cm2

• Global dose normalization Gy/100 MU

• Agreement between calculated and 
measured depth doses and profiles 
assessed by gamma index (2 mm/2 %) 

• Varian 2100 C/D linac: 6, 9, 12, 
16, 20 MeV electrons

• Wellhöfer Blue Phantom
• Scanditronix parallel plate

chamber and electron diode

• PTW PinPoint 0.015 cm3

ionization chamber

• Field sizes: 5x5, 10x10, 15x10 
(half field), 20x20 cm2

• SSD 100 and SSD 110

4I. Kawrakow. Electron and Photon Monte Carlo Calculations Optimized
for Radiation Treatment Planning. Proceedings of the Monte Carlo 2000 Conference, 
Lisbon 23-26 October 2000. Springer, Berlin, 2001
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Results: 10x10 cm2 field size
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Results: 10x10 cm2 field profiles
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Agreement between calculated and measured depth-doses and profiles

Mean gamma

Mean dose difference

88.9 % of the voxels within 2%/2mm

89.9 % of the voxels within ± 3 % 

97.0 % of the voxels within ± 5 %

2%/2mm gamma

Dose difference
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Clinical example: Chest wall irradiation with Kuopio eMLC

• Calculated by prototype version of Oncentra MasterPlan with eMLC
• SSD 105, 2x104 electrons/cm2, approx. 2 % statistical uncertainty

Field 1: 6 MeV

Field 2: 9 MeV
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Summary

• The Kuopio eMLC prototype was dosimetrically evaluated against a 
prototype version of Oncentra Master plan with good accuracy

– due to the short collimator-to-surface distance (0.7 cm) the surface
dose was slightly pronounced near field edges at SSD 100

– for clinical use SSD 105 is a practical solution
– calculation time acceptable for clinical use (within minutes)
– it is hoped that this study will encourage commercial vendors to 

develop motorized eMLC hardware for clinical use

Check also:

• Abstract no. 74 Traneus, Vatanen, Lahtinen. Beam model for multi-leaf
collimated high energy electron beams

• Poster no. 1240 Lahtinen, Vatanen, Traneus. Electron MLC (eMLC ) may
replace traditional bolus in electron beam radiotherapy
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