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Purpose: We have developeda novel 4D-CT reconstruction method basedon deformable image registration. We used it to
reconstructlung 4D-CT imagesat any breathing tidal volume. We also fit ted the estimatedthe lung motion field to the 5D lung
motionmodel(Low 2005).

Method and Materials: Themulti-slice 3D-CT imageswereacquiredby scanningthepatientmultiple timesat eachcouchposition
andat multiple couchpositionswhile thepatientwas freebreathing. For 4D-CT reconstruction, firstly we reconstructedthereference
3D-CT imageby using scansfrom the end of exhalation phases.We thencomputed the image motion for all multi-slice scanswith
respectto thecommonreferenceimage.The motion computation wasaccurateandfreefrom theboundary occlusion problem.Motion
field at any target tidal volume can be generated by interpolation on the computedmotion fields. We then deformed the reference
imageaccordingto theinterpolatedmotionfield to get thefull volume3D-CT imagesat thetargettidal volume.Finally, we fitted the
computedimagemotionto the5D lungmotion modelat selectedvoxel positions.

Results: The reconstructed 3D-CT imageswere smooth and without misalignmenton the couch position boundaries. Statistical
analysisresults suggestthatour new4D-CT reconstruction methodtypically (for over87% situations)generatesmoreaccurate3D-CT
images thanconventional amplitude or phaseanglesorting 4D-CT reconstructionmethods. Themotion field fitted very well with the
5D lung motionmodel.

Conclusion: Our new methodto compute imagemotion with 4D-CT datasetenables more accurateestimationof the respiratory
motionparametersandallowsfor motionfree4D-CT reconstruction. This helpwould help improvethelung breathing motionmodels
andenhanceits integration into radiation therapytreatmentplanningsystems.


