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Purpose: Degradation of thedistal edgeof quasi-monoenergetic protonbeams occurs whentheproton beamspenetrategeometries
containing complexinhomogeneities.Contemporarytreatmentplanning systemsfail to accurately predictthedegradationandits
potential consequences, suchasdosespill overinto healthy tissue or theeffectson dosehomogeneityin thetargetvolume.This work
aimed to build a MonteCarlo modelwhich accuratelypredicts thedegradation.

Methodsand Materials: In this study we built an MCNPXMonteCarlomodel to simulatethis degradationin a scanning-beam
nozzle, usinga 221.83MeV protonbeam impingingon a voxelizedcomputertomography-basedphantomof a humanhead.Dose
distributions,energy andangular distributionsof theproton beamweretallied in andat thesurfaceof a waterphantomdistalto the
CT-basedhumanheadphantom.

Results: It wasfound that thedegradationof thedistaledgeandtheenergydistributionof theprotonbeamsarestronglycorrelatedto
the complexity of the heterogeneity. Theangular spreadof thebeamshowedonly a weakdependence.

Conclusion: TheMonte Carlo simulationmodelsuccessfullyproduced thedegradation of proton beams througha heterogeneous
environment.It will bea useful tool to investigatethebasic underlying physicsand providesupportfor thedevelopmentof
optimizationtoolsfor protontherapy treatmentplanningandhelpto achieveescalated targetdoses andminimize collateral damageto
normal tissue.
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