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Purpose: 4D dosecalculation can accuratelypredict the dosesreceived by a deforming anatomy in the
presenceof theintra-fraction respiratorymotion.However,4D dose calculationis time consumingsinceit
requiresa separatedosecalculation for eachphaseof the 4D datasets. The purpose of this work is to
develop and validate a method which can correctly predict the 4D dose distribution using fewer 4D
datasets.
Method: An n-state 4D convolutiondosecalculation method was implementedto perform the 4D dose
calculation in intensitymodulatedphoton therapy(IMXT), passive scattered protontherapy(PSPT) and
intensitymodulatedproton therapy(IMPT). n-state4D convolutiondosecalculation wasto calculatethe
dosesat n selectedphasesof 4D CT and convolve the calculateddoses with the deformationvectorsfor
each phaseobtainedthrough a deformableimage registration algorithm. One-state4D convolution dose
calculation was compared with full 4D dose calculation for an IMRT plan. One and two-state 4D
convolveddosedistributions was comparedwith full 4D dosedistributionfor a PSPT andanIMPT plan.
Results: The dosevolume histogram (DVH) wasalmostidenticalbetween one-state4D convolveddose
and full 4D dosefor the IMRT plan. One-state 4D convolution dosecalculationdid not predict the target
coveragewell for the PSPT andIMPT plans.The DVHs waspredictedreasonablywell by two-state4D
convolution dose calculation for PSPT planbut wasnot goodenoughfor theIMPT plans.
Conclusion: For proton and photonplans, the apparentdose could be different from the 4D dose.One-
state4D convolveddoseagrees well with full 4D dose, indicatingthe4D dosecalculation for thephoton
therapy could be obtained much faster.At least two-state4D convolution dosecalculationwasrequired
for theprotontherapy.


