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Purpose: TheHelical Tomotherapy Hi-ArtTM system(TomoTherapy,Inc., Madison,WI) hasrecentlybeenobservedto exhibit
unwanted longitudinaldosemodulations in responseto irregular breathing for somelung treatments. Regularbreathing,by contrast,
doesnot showthis effect. Thesensitivity to irregularbreathing for superior-inferior doseprofiles is explained.
Method and Materials: A theoretical explanation is illustratedwith a one-dimensionalon-axismodelusinga realisticandtypical
TomoTherapybeam. Both random andregular breathing functionsareused. Thebreathingfunctionsaresimulatedwith cycleto
cycle randomness,and also100 spirometer readingsareusedto arrive at a scalingrelation. This explanationis supportedwith
radiochromic film studiesusing theWashington University 4D phantom in realistic treatmentplansandwith three-dimensional
motion.
Results: Thetimedependence of theaccumulateddosefor anygiven voxel movinglongitudinally in responseto breathing,when
plotted,onecanobserve theeffectsof randomnesson thetensof breathingcyclesthatbackinto andout of thebeamexpressedin a
couch speeddependence. Irregularitiesin the inhale amplitudeand theexhaleposition translateinto differenttotal dosefrom one
voxel to another. By contrast, regular breathing wil l showalmost no diff erencefrom onevoxel to anothermostlybecause somany
breathing cyclesaretotaled for typical parameters. Phasing information is at a muchfiner time scale,soleaf modulation is not
relevant.
Conclusion: The unwanteddosemodulationsarethe result of theinterferenceof longitudinalpositional irregularitieswith thejaws,
not theleaves.Thetime scaleof thesevariationsis severaltensof seconds,andit requiresa significant amountof irregularity to show
thesedose modulations. Averagebreathing motion, if regular,will not needmotionmanagement.


