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Purpose: To investigate the impact of leaf design on the radiation leakagethrougha multileaf collimator (MLC) for usein proton
radiotherapy.

Method and Materials: Using theGeant4 toolkit, a simulation programwasdevelopedto studythedoseinadvertently administered
to patients undergoingprotonradiotherapy asa result of radiation leakagethroughtheclosedleavesof a MLC. In themodel,theMLC
comprised two opposing banks of tungsten-alloy leaves, arrangedperpendicularly to the beamaxis.Eachleaf wascomposedfrom a
cuboid base, together with a step along the beam direction—in order to cover the gaps that would otherwiseexist between
neighbors—in both of the sides that abut leavesin the same bank,andin the end that facesthe opposingbank. A simplified beam
nozzle wasmodeledto provide a uniform fluenceof protonsover theupstream faceof theMLC. Energy deposits wererecordedin a
voxelized water phantomadjoining thedownstreamfaceof theMLC. The radiationleakagewasassessedasa function of gapand step
size, leaf materialandbeam properties.

Results:For a 5 × 5 cm2 field of 230MeV protonsincidenton the MLC in theabsenceof interleafgaps,themeandose depositedin a
40 × 40 × 40 cm3 water phantomis 0.66% of thatwhenthefield impingesdirectlyon thephantom (“ intraleaf leakage”). With realistic
gapsof width 0.125mm, this increases by a further 0.38 % if no stepsare added, reducibleto 0.04 % with stepsof size 0.2 mm
(“interleaf leakage”). Theinterleaf leakagedosedistributioncorrelateshighly with leaf design.

Conclusion: Interleaf leakagethrough a proton MLC canbeeffectively removedby incorporatingstepsinto theleaf design.Intraleaf
leakagecanbeminimizedby appropriatechoiceof leaf material.


