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Purpose: To developa comprehensive high accuracyprocedure for computing respiratory motion from 4D-CT image datasets.The

estimatedmotion field is applied to modeland predictrespiratorybehavior at differentbreathingstates.Method and Materials: The

4D-CT imagedata consistedof 16-slice CT volume segmentsacquiredin cine mode.We usedthe optical flow deformableimage

registration algorithm to register the imagesegmentsto a common reference3D-CT volume. Beforeregistration, the segmentswere

optimally alignedto the referencevolume according to the measuredtidal volumesand the positionsof the diaphragmapexin the5

inhaled and exhaledphases.Imageregistration was applied using a multiresolution approach and a feature-preserving imagedown-

sampling filter, themaxfilter, to achievefaster computation speedandbetter registrationaccuracy. Computed backwardmotionfields

were inverted to obtain the forward motion fields. Registration accuracywas validated using anatomical landmarksand a digital

phantom. Themotion fields werefit using 5D (spatial3D + tidal volume+ air flow rate) motionmodelsindependentlyapplied to the

forward and inversemotionvector maps. Theforward model characterizedhow thetissuemoved, andthe inverse modelcharacterized10

how the CT imagedensity changed with respectto the tidal volume andthe air flow rate.Targetmodeling errors (TME), modeling

errors(ME) andmodeling predictionerrors(MPE) werecomputed to evaluatethese 5D models. Results: The registration error was

lessthan 1.1±0.8 mm for lung tissue. For the forward model, TME = 0.6±0.4 mm, ME and MPE were both 0.3±0.5 mm. For the

inverse model,TME = 1.1±0.6 mm, ME = 0.5±0.4 mm andMPE = 0.4±0.5 mm. Conclusion: Ourprocedurecomputes4D respiration

motion with high accuracy. Both 5D modelscould be utilized in multiple radiationoncologyapplications, including tumor motion15

trackingand 4D treatmentplanning.


