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Purpose: A hybrid deformable registration approachwas proposedto combine the landmark-based compactsupport radial basis functions
(CSRBFs) spline registration with the automatic intensity-baseddiffusion registration.Thegoalwasto gainmore local control of theregionthat
cannotbehandledproperlywith intensity-basedautomaticimageregistration for conebeamCT (CBCT) imageswith local imageartifacts.

Method and Materi als: Thehybrid registrationtakestheadvantageof both methods:thediffusion registration for automaticregistration of the
entire imageandtheCSRBFsspline methodwith limi ted landmarkpointsto control thelocal deformationfor special situations.For registration
of CT imagewith theCBCT imageof headandneckcancer patient, theair cavity andtheimageartifacts in CBCT imagearethemajorconcern
of the local CSRBFs spline registration. Thecontrolpoints wereusually selected on theboundaryof thosecorrespondenceambiguity regionsin
both images.Due to the limited range of the CSRBFs, the registrationwil l not affect the areaoutside of the regionwherethe landmarkpoints
were placed.Theconstraint of the topologypreservation involvedin this algorithm ensuresthatthetransformationsare reliableand accurate.

Results: we registerCT imageto CBCT imagesof headandneckcancer patients,andmapthemanualcontoursto daily CBCT imageusing three
different registrationapproaches. The performancesof the registration algorithms were evaluatedby visually assessingthe agreementof the
structureswith thedeformedcontours in theCBCT image.We foundthat thehybrid registration gave a betterresult.

Conclusion: The hybrid method can handlecorrespondence ambiguity problemin imageregistration causeby air cavity andimageartifactsin
CBCT images.It canalso improvetheregistration accuracywithout significantly increasingtheregistrationtime.
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