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Purpose: To studyperturbationsto delivereddosedueto steering uncertaintiesof magnetically scannedprotonbeams.
Understandingtheeffectof theseperturbationson thedelivereddosewill helpin determination of appropriatetreatmentstructure
volume(TS) expansionsto ensure adequate coverage.

Method and Mater ials: Monte Carlo simulations were performedusing a model of a clinical scanned-beamtreatmentnozzleto
calculatethe delivereddose spotsfrom magnetically scannedproton pencil beams. Using a simple dosecalculationprogram, the
simulateddosespotswereusedto createa treatment planto delivera uniform 75 Gy doseto a TS within a waterphantom.

To determine effectsof steeringuncertainties, small random magnetic field perturbations(∆B≤±0.1%) were addedto the
steeringparametersused to deliver a uniform TS dose. Variationsin the dosedeliveredto the TS andan adjacentcritical structure
(CS) due to magnetic steeringuncertaintiesweredetermined. This includeddeterminationof dosehot and cold spotsin the TS, and
changesto thedosevolumehistogram(DVH) of theTS andCS.

Results: TheTS volumereceiving95%of theprescribed dosedecreasedby asmuchas7% andthemaximum TS doseincreasedby
asmuchas13% due to randommagnetic steering uncertainties. For the CS, very little changewasobserved in the DVH with the
maximum doseincreasing by up to 10%. The maximum possible dosehot andcold spotscreatedby deliberatelymoving adjacent
spots in theTS werecalculatedto be187%and 52% of theprescription dose,respectively.

Conclusion: For the expectedrange of ∆B valueswithin the beam-scanningsteeringmagnets,significant variationsin the dose
delivered were observed. We conclude that magnetic steeringuncertainties should be consideredwhen determining appropriate
expansionsduring treatmentplanning.


