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Purpose: Radiotherapytreatmentplanning studiesoftenrequire theuse of largepatient CT datasetsto extract conclusionsof
statisticalsignificance. However,dueto variousreasonssuch asdiffi cultiesin acquiringa largerset of CT scansandin
segmenting organsin all theimages, realstudiesareusuallyperformedusingvery limited datasets.Theaim of this studyis to
developa novel methodfor generating largedatasets of realistic patient geometriesfor treatmentplanningstudiesusinga
computerizedphantom.

Methodand Material s: A NURBS-basedcardiac-torso (NCAT) phantomwasbuilt basedupondata from thefemale Chinese
Visible Human(CVH) datasets. TheNURBS control pointson theorganssurface weredeformedto match theorgansurface
obtainedfrom the limited daily conebeamCT (CBCT) datasetof eachpatientundergoingadaptiveradiotherapy. A principal
componentanalysis(PCA) of controlpointdeformations wasperformedfor theindividual patient andeach geometrywasfit to a
combinationof theprincipal components with their corresponding weightingfactors. A statistical analysis of theweighting
factorswasperformed, and a newlargerset of statistically equivalentweightingfactorscanbeconstructed, which will result in a
larger geometry dataset for thepatient.

Results: The NCAT pelvis phantomwas developedbased on the segmentation of organsin theChineseVisibleHumanpelvic
dataset. Themethod for generatingnewdatasetswasapplied to 20 patientsundergoingadaptiveradiotherapy and a varietyof
realisticdeformedpelvic geometrieswasdeveloped.

Conclusions: We presenta novel methodfor automatic generationof largedatasets of patientgeometries from a setof limited
imagedatasets. The new geometriesshouldhavethesamestatistical uncertaintiesastheoriginal datasets, howevermuchsmaller
randomuncertainties, andcanbeusedin thefuturefor adaptive radiotherapyplanningstudies.


