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Purpose: To presenta theoretical modelthatexplainsthesourceof motion artifactsin CT scansof tumors undergoingrespiratory
motion, andtherelationship betweenmotion artifactsandthemotion parametersof thescannerandtumor.

Method and Materials: A one-dimensionalmodel alignedalong thecraniocaudalaxisin thecouchcoordinate systemis used. The
tumor is modeled asanoscillating line segment, while thescannermoveswith constant velocity. Equationsof motionareformulated
for thetumorandscanner,anda geometric methodis usedto solve for thetimeintervalsat which the scanner will capturethetumor.
Thesetime intervalsare translatedinto position intervals,corresponding to thepositionsat which thetumorwould appear in a CT
scan.

Results: Themodelexplains the sourcesof length distortions, tumor splitting, andmeanpositiondisplacementin CT scansof tumors
undergoing respiratory motion. It is shown thatsplitting artifacts canbeeliminatedif thescannerspeedis abovethetumor’s
maximum speed. It is also shown why slow scanner speeds areusefulfor obtaining accurateinternal targetvolumes(ITVs), andfast
scanning speedsareuseful for obtaining accurate tumor lengths. In both casesthemaximumpossibleerroris calculatedasa function
of thescanningspeed. A special set of scanning speedswhich result in anaccuraterepresentation of tumor lengtharefound, anda
relationship betweenthemaximum displacementof a tumor image’smeanposition andthemagnitudeof its lengthdistortion is
derived.

Conclusion: This work showshowknowledgeof scanner andtumor motion parameterscould beusedto producemoreaccurate
representationsof a tumor’s size andposition in free breathingCT scans.In particular,manipulation of scannervelocitiescanbeused
to obtain moreaccurate measurements of a tumor’s length,meanposition, andITV.


