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Introduction
We quantifiedthe impact of various phaseshifts between an external surrogatemotion
and internal target motion on the 4D modeling of target motion using a 4D dynamic
phantom.

Method
The CIRS Dynamic Thorax phantomModel 008 (CIRS, Norfolk, VA) is capableof
separatingthe target and surrogate motions via two independentmotors. Phaseshift
impact on 4D images was studied for two types of breathing signals: a standard
sinusoidal signal and a real patient breathingsignal. The phantomwas imaged on a
LightSpeedRT CT 16 slice scanner (GE Health Care, Waukesha,WI) at 0.5s per
revolution, 2.5 x 0.6 x 0.6 mm voxel sizeat 120kV. Thereal-time positionmanagement
(RPM) system (Varian Oncology Systems, Palo Alto, CA) was used to measurethe
respiratory signaland GE AW 4D software v4.4 was usedto generate10 reconstructed
CT phases. The 10 CT phaseswere then auto-segmented by ITK-SNAP programand
evaluatedfor bothtarget volumeandshape.

Result and Discussion
The internal target volume (ITV) varied by 1% for the standard sinusoidal signal at
differentphaseshifts, but varied by 10%for therealpatient signal, with thechangebeing
larger for greaterphaseshifts. Becausethe internal target is a 3 cm diametersphere, we
useda ‘sphericity’ metric to evaluate thedegreeof targetshapedistortion.For thecaseof
45° phase shift, thetargetshaperemainedessentiallyspherical (5% variation) throughout
the 10 phasesfor the sinusoidal signal, but the shapechanged significantly (28%
variation) from phaseto phasefor thereal patientsignal.

Conclusion
Our resultssuggestthat phase shift variations between surrogateand target presenta
greater challengeto the 4D binningprocess in thecase of irregular real patientbreathing
signalthanfor a standard sinusoidal signal.


