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Purpose: To assessgeometric errors in delineatinghigh-contrast structuresfrom 4DCT-
acquired imagesundergoing simulated motionof variousamplitudes. Thebroadergoal is
to formulate margin-design guidelines that account for imperfections in 4D target
imaging for a rangeof tumor sizesand motionamplitudes.
Methods and materials: Threesphericalobjectswith differentdiameterswereplaced on
a moving platform adjusted to provide sinusoidal,one-dimensionalmotionsof various
excursions(range:0.5-4 cm) along the longitudinalaxis of a Philips Brilliance scanner.
Repeatedscanswereperformed for three pitch values(0.15,0.11,0.075). Sinogram data
were sorted into 10 different breathing phasebins. In addition, time-averaged and
maximum intensity projection (MIP) image sets were reconstructed. Data analysis
includedqualitativeinspection of theshapeof scannedobjects,comparisons of contoured
volumes for thestaticand movingtargets, andcentroidmotionassessment. 
Results: The accuracy of reconstructed objects generally improves with decreasing
amplitudeand pitch. For large excursionsand phasesintermediate betweenexhaleand
inhale, large deviationsfrom the spherical shapeare observed;amplitudeand volume
deviations are as large as 10 mm and 30%. The observed centroid excursion is always
less than the actual bin midpoint excursion. Smaller pitch doesnot always guarantee
betterresults. The MIP centroid lines up closely with the centroidfrom time-averaged
datasets,but its actual positionis underestimatedby 3-4 mm aswell. There is a tendency
for deviationsto belargerfor datasetsreconstructed duringinhalation.
Conclusions: The accuracy of 4D-acquired datasetsdependson motion characteristics
and protocol acquisitionparameters. The evaluation of the associateduncertainties is
necessary for a more accurate margin design during treatmentplanning wheneitherone
or multiple 4D-derived datasets are used for treatmentplanning. More studies are
requiredto investigatetheclinical significanceof sucherrors.
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