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Purpose: PigmentedVill onodular Synovitis (PVNS)is a joint diseasethatusually afflicts theknee.It is characterizedby overgrowth
of thejoint’s lining tissue, creating friable frond-like appendages andresulting in monoarticular joint pain, effusion,andultimately
joint damage.Thegoalof therapyis to treatthesynovialsurface,controlling thegrowthandsclerosingthefriablevessels.
“Radioisotopesynovectomy”procedurewith P-32 injected into the kneejoint is anexcellentcandidatefor suchtreatmentdueto the
properhalf life andsteep dosegradient of P-32 beta decay.However,it is oftendiffi cult to estimatethedosedistributionin the
irregular-shapejoint space for the beta emission. In this work, we developa fast andaccurateMonteCarlo baseddosecalculation,and
validate it with sphericalphantoms.

Method and Materials: A “dosematrix kernel” is simulatedwith MonteCarlo code(BEAMnrc) for single-voxel P-32 source,with
the matrix size15×15×15 in 1 mm voxels.After CT scan with contrast,thepatient kneejoint space(P-32 region)is segmentedout.
Three-dimensionaldosedistribution is thenobtainedby convolving theP-32 region with thepre-calculateddosekernel with
consideration of themediumscaling factor for heterogeneitycorrection.This dosecalculationmethodis validatedusingspherical
phantomsof variousdiameters.

Results: Comparedwith theliterature,the dosescalculatedfrom our methodagreewith otherswithin 1% at thespherecentersand
within 5% at theboundary. For thepatientcase,thedosecalculation showsa non-uniform distributionoverthejoint surface.The
averagedosecandiffer more than50%from anestimationusing sphericalgeometry with equivalentvolume.

Conclusion: It is importantto calculateP-32 dosedistribution in 3D usingactualgeometry. Thedevelopedmethodis fastand
relatively accurate.Further validationis underprogressusing TLD and fi lm dosimetry.


