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Purpose: Current4D CT reconstruction techniquesareretrospectively basedon phaseor displacementof therespiratory signal. Both
haveknown limitations.Theaim of this work was to evaluate thereproducibilit y of tumor positionasfunctionof displacement, phase,
andvelocity of therespiratorysignal, respectively, in order to determinetheoptimum combinationof parameters for real-time 4D CT
imagesorting. Methodand Materials: Estimatedtumor centroidpositionandrespiratory signaldatawere acquired with the
CyberknifeSynchronysystemfor 26 patients (52 fractions) thoracic radiotherapypatients. A referencerespiratorycyclewas
calculatedfor eachpatient. This referencecyclewasusedto calculate displacement,phase,andvelocityof 10 imagebins. Thetumor
position wasthensorted into thesebinsif thephase,displacement(inhaleand exhale separately),simultaneousdisplacementand
phase,or simultaneous displacement andvelocity of therespiratorysignalwerewithin tolerancesof 0.5mm and0.5mm/sfor
displacementandvelocity corresponding to the bins, respectively. For phasesorting, phaseclosest to thereferencephasefor eachbin
waschosen. Results: Themean of thestandarddeviationsof tumor positionsoverall bins andall fractionsfor thesuperior-inferior
direction were: 1.65± 0.74mm for phasesorting, 1.00± 0.59mm for displacementsorting,0.98± 0.52mm for simultaneous
displacementandphase sorting, and 0.91± 0.53mm for simultaneousdisplacementandvelocitysorting. Thesametrendwas
observed for theanterior-posterior andleft-right directions. Conclusion: This study illustratesthatposition of a tumorcanbe
determinedmoreaccurately if displacement and velocity areusedsimultaneouslyas sortingparameters. A real-time displacement and
velocitybased4D CT imagesorting methodmaythereforeproducesmaller artifactsin 4D CT imagesthancurrentretrospective
sortingmethods.Conflict-of-Interest: Researchsupportedby 1P01CA116602.


