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Purpose: To proposeand evaluateanintensity-basedfree-form deformableregistrationalgorithm for CT imagevolumes.

Method and Materials: We have developedanintensity-baseddeformable registrationalgorithm with essentially limitl essdegrees of
freedom dependingon requiredaccuracy andexecution speed.The algorithm utilizessufficient regularizationto minimizethe
likelihood of folds or tearsin thedeformation fields.Thefirst evaluation strategyutilized realCT volumepairsacquiredweeks apart
for threesubjectswho exhibited significant weight lossduringIMRT treatment. For thesesubjects,we calculatedthecorrelation
coefficientafterrigid anddeformable registration.Additionally, a known deformationwasapplied to a realCT volumecreating a
synthetictargetto determine the ability of thealgorithm to recoverthesame“gold standard”deformation.Finally, we measuredthe
consistencyof thealgorithmasthe averagedistanceof concatenatedforwardandreversedeformationsfrom theunity transform on a
realCT volumepair.

Results:Thecorrelationcoefficientsafter rigid registration were0.890,0.921,and0.859for thethreevolumepairs. Theseimproved
to 0.979, 0.983,and0.978, respectively,afterdeformableregistration. Theseresults were comparable to benchmark self-correlations
of thetargetCTswith a 1.4mmtranslation errorapplied(0.979,0.980,and0.978,respectively). In thesecondexperiment,rigid
registration averaged10.3mm error (6.6mm SD) while deformableregistrationaveraged1.1mmerror (1.9mmSD) from the“gold
standard”. Nearlythreequarters (73.9%)of voxelshadlessthan1mmerror andthe95%confidenceintervalwas4.8mmcomparedto
0.6% and 23.2mmrespectivelyfor rigid registration.Finally, concatenating theforward andreversedeformationsresultedin an
averagedistanceof 3.1mm(3.1mmSD) from unity.

Conclusions:Theaccuracy and speedof thealgorithm suggests its utility for a varietyof purposesincludingintegrationinto an
adaptive radiation therapy protocol.
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