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Purpose: Four-dimensional(4D) dosecalculations involve computingradiationdoseson

eachphaseof a 4D computed tomography (CT) image data set, deforming the dose

matricesbasedon thedeformationsneededto registereach phasewith a referencephase,

and accumulating the doses on the referencephasebasedon thesedeformations. The

purposeof the presentwork is to determine the extentof dosimetric differencesbetween

conventionalthree-dimensional (3D) dose calculationsand4D dosecalculationsbasedon

deformationof organmodels.

Methodsand Materials: 4D dosecalculationswereperformed on a setof 15 patientswith

Stage III non-small-cell lung cancer using a model-based deformable registration

algorithm on a researchversion of a commercialradiation treatmentplanning system.

Patients were plannedusing internal target volumes based on explicit motion of the

clinical target volume in the 4D dataset and setupmarginsbasedon clinical practice.

Targetvolume coverageas well as dosesto critical structurescalculatedusing the 4D

methodologywerecomparedto thosecalculatedusing conventional3D methodology.

Results: For 11 of 15 patients,CTV coverage was comparable in the 3D and 4D

calculations,whereasfor 7 of 15 patients,PTV coveragewascomparable. For the other

patients, the4D calculation indicateda sufficient differencein targetvolumecoverageso

thatreplanningshouldhave beendone. No correlationscouldbeestablished between 3D

and4D differencesand GTV sizeor extentof GTV motion. Negligible differenceswere

observedbetween3D and 4D dose-volumerelationshipsfor normalanatomic structures.

Conclusions: To ensure that target volumes are not underirradiated when respiratory

motionmayaffectthedosedistribution,4D dosecalculationsshouldbeperformed.
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