AbstractID: 8785 Title: A theoretical model for respiratory motion artifacts in free
breathing CT scans

Purpose: To presentatheorgical modelthatexplainsthe sourceof motion artifactsin CT scansf tumors undergoingespietory
motion andtherelaionship betweenmotion artifactsandthe motion paranetersof the scanneandtumor.

Method and Materials: A one-dimensionamodel alignedalong the craniocaudahxisin the couchcoordnate systemis used The
tumoris modela asanoscillating line ssgmen, while the scannemoveswith constat velocity. Equatonsof motionareformulated
for thetumorandscaner, anda geonetric methodis usedto solve for thetimeintervalsatwhich the scaner will capgurethetumor.
Thesetime intervalsare trarslaed into position intervak, correspondig to the positionsat which thetumorwould apperin aCT
scan.

Results: Themodelexplains the soucesof length distortions, tumar spiitting, andmeanpositiondisplacementn CT scansof tumors
undegoaing respiratoy motion. It is shown thatsplitting artifacts canbeeliminatedif the scannespeeds abovethetumors
maximum speed It is also shown why slow scanne speels areusefulfor obtaining accurateéntemal targetvolumes(ITVs), andfast
scanning speelsareusefu for obtaining accurae tumor lengths In both caseghe maximumpossibleerroris cdculatedasa function
of thescanningspeed A spedal setof scanting speedsvhich resut in anaccurateepreserdtion of tuma lengtharefound anda
relatiorship betweenthe maximum displacenentof a tumorimage’smeanpostion andthe magnitudeof its lengthdistortion is
derived.

Conclusion: Thiswork showshow knowledgeof scanner andtumor motion parametersoud be usedto producemore accuete
repreentationsf atumor s size andposition in free breathing CT scans.In particular,manipulaton of scannewel ocitiescanbeused
to obtan moreaccurae meauremerts of atumor’s length,meanpostion, andITV.



