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Purpose: To present a novel methodology for improvingtheperformanceof existingdeformableimageregistration(DIR) algorithmsby imposing an
inverse consistencyconstraint (ICC), andachievingphysiologically morerealistic androbustDIR.

Method and Materials: The proposedapproachcombinesforward andreversemappingsof a registration algorithmby aninverseconsistencyconstraint
basedon fixed point theory. Unlikely mostICC-DIR algorithms, our methoddoesnot require explicitly computing inversetransformations, thusreducing
bothpotential numerical errors and requiredcomputations. Herewe appliedthemethodologyto theDemonsalgorithm: inverseconsistencyDemons
(iDemons).However themethodis generalizedto beappliedto manycurrentalgorithms, suchasaccelerateddemonsandenergyminimizationmethods.
Thevalidation andcomparisonof the iDemonsandDemonswascarriedout on 4DCT clinical lung imagingbasedon: 1) cross-correlation; 2) inverse
consistency errors(ICE); 3) visual verification; 4) robustness.

Results:Theregistrationperformanceof iDemonswassuperior to Demons.While bothmethodsachievedsimilar level of correlationcoefficient after200
iterations, 0.9908for iDemonsand 0.9891for Demons,theaverageICE is reducedby 91%: 0.17mm(iDemons)vs.1.86mm(Demons), resulting in up to
3mmdifferencein corresponding contours. SinceICE mostly occurredaroundorganboundaries,minimizing ICE would improveclinical efficacyof DIR
basedauto-contouring.Moreover,the iDemonsalgorithm was shownto bemore robustnessandlesssensitiveto parameter selection,which is significantif
DIR is to beutilizedclinically on routinebasisby non-specialists.

Conclusion: Theproposedmethodology achieves physiologically morerealistic DIR. iDemonsachievedsignificant reductionof ICE comparedto Demons,
which was significant for organ boundaries. Registration results for iDemonswere lesssensitive to parameterselection, an importantconsiderationfor
clinical implementation.This novel inverseconsistencyconstraint represents a generalizedformalism,which canbeappliedto otherregistrationalgorithms.


