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Purpose: Dueto signif icantly reducednumber of projectionsperphase,thequality of 4DCBCT imagesis oftendegradedby view-
aliasingartifacts.Acquisitions using slow-gantry-rotation or multiple-gantry-rotationscanimprovethe4D images,but at thecost of
extrascantime,which may render themclinically impractical. Herewe reporta newprogressin developinghigh-quality4DCBCT
without prolongingtheacquisition time.
Method and Materials: The techniquedevelopedhereis to reducethe view-aliasing artifactsresultedfrom insufficient samplingby
properly“borrowing” projections from otherphases.To do so,a motion modellinking thedataof differentphasesis derivedfrom
deformable registrations of coarse (conventional) 4DCBCTphaseswith consideration of patient’s simulation 4DCT.This 4D patient
modelallowsusto properly transform projectionsfrom otherphasesonto thephaseunderreconstruction, leading to increased
sampling in 4DCBCT. Theproposedapproachis quantitatively evaluatedwith motion phantomsandtwo clinical lung casesfor a
numberof metrics, includingRMSEof CT numbers,imageuniformity, andcontrast-to-noise-ratio (CNR).
Results: An importantfinding of this work is that, by theaid of “vi rtualprojection” derivedfrom coarse4DCBCTand4D (or breath-
hold 3D) simulationCT images,the4DCBCT view-aliasing artifactscanbedramatically reduced,resulting in greatlyimprovedCT-
numberaccuracy,imageuniformity and CNR in all testing cases.Comparedwith theconventional4DCBCT, theoverall reductionin
CT number fluctuationis ~38%andtheCNR increaseis ~65%.
Conclusion: Improvingthetrade-off betweenimagequality and scantimeis thekey to making4D onboard imagingpracticaland
clinically useful.A novel strategyfor enhancing4DCBCT imageswithout increasingscantime andradiationdosehasbeendeveloped
for onboardCBCT imaging system.Themethodshould find valuableapplicationsin patientsetup,doseverification in 4D, aswell as
adaptive radiation therapy in the future.


