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Purpose: To present a novel methodfor monitoring radiation damageusing theparametersof our 5D lung motionmodel.
Method: The5D breathingmotionmodeldescribesbreathing motion asa function of tidal volumev andairflow f andis
parameterized as: r= r 0+αv+βf, where r is theposition of a pieceof tissuelocatedat referenceposition r 0. α andβ areeach
functions of r0 and relate tissuemotionwith tidal volumeandairflow. Thecontinuity equation Div(ρU)=-dρ/dt, whereρ is thelocal
density, t is time,andU is thevelocity field, is modifiedto replacetidal volume astheindependentvariable. At inhalationor
exhalation,thef=0 andundertheseconditions,thecontinuity equationleadsto Div(α)=-1/ρ*dρ/dv in thetissuereference frame. This
equation providestherelationship betweenthedivergenceof α and the relativechangein local tissuedensity. Thepowerful aspectof
this result is thattheα parameter is determinedusingfree-breathing scanregistrationswhich inherently includethecomplexhysteresis
interplay, andyet its divergenceindicatesthe local relative density changeasa function of tidal volume.Thevaluesof α were
determinedfor repeat 5D CT scansfor bothirradiatedandunirradiatedlungs.
Result: Theunirradiatedpatient had li ttle changein thevalueof α betweentwo scansessions. A lung cancer patienthad5D CT scans
acquiredafter 16 Gy and 70 Gy tumordose. Thevalueof α changeddramatically in the irradiatedregions.This resultindicates thatα
is sensitiveto radiation dosedamage.
Conclusion: Thedivergent of α is shownto berelatedto therelative localdensity variation asmeasuredusing free-breathing5DCT.
Repeatscansindicatethatvariations in theα distribution, corresponding to changesin localdensityvariations,maybesensitive to
local radiation damage.


