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Organmotion blurs do< distribuions The blurring canbe descibedin a statigtical way by use of a motion probability (densty)
function (PDP). The motion-blurred dosedistribution is obtainedby a convolttion of the “sharp” (static case)dosedistribuion with
the motion PDF. This holds true for both inter- and intra-fraction motions If intra-fraction motion is presentduring an IMRT
treatmat, the dose distribution will also be affected by an “i nterplay” effect, in addtion to the blurring. It has been shown that the
interplay effect aveagesout during the course of a fractionatedtreament,and thatit is usually negligibleafter a typical numberof
fractions. The convoluton mocel relies on the linear supermpostion princple, which holds true for dos valuesbut not for the
biological effect. Thisissue hasrecenty beenaddressedndwill bediscussed.

Several investigations have now looked at the feasbility of un-doing the motion blur throughthe useif intensitymodulation.In

principleit should indeedbe possibleto de-convolvethe motion PDF from theintensitymaps,to compensat for motion effects.This
appoad hasbeen caled 4D optimization or 4D inverseplanning. Motion de-convolution cannot,howeer, conpensatemotion
effectsexactlyand it canrot be apgied in a naivestraightforward way, becausehatwould leadto undeliverablentensitymapswith

sharpspikesandnegativevalues. The methodof choiceis ratherto includethe motion PDFin the IMRT optimizaion processlt has
been shown thatthis canindeedyield a surprishgly high degreeof motion compensabn andit can evencompetewith othermotion
compersaton mehodssuchas gated delivery. However this is only trueif themotion charactestics (the PDF) areknownwith great
precigon. If theactudly realzed motion PDF deviatessubstariially from the plannedPDF, the methodbecomedessusefil andcan,
in principle, makethingsworse

Morerecertly, uncertantiesin the knowledge of the mation charactesticshavebeentakeninto accountoy useof robug optimization
techniques. With theseone can now compensatéor mation effectsin anapproximatewvay for a large classof motion chamcteistics.

In terms of the sparingof normal structures,the results are in betwveenthe use of conventional mamgins and the idealisic caseof

pefect motion compenston. Therestlting intensitymaps exhibit “horns”, which canshaveoff afew mm from themargins.

Educdional objectives
1.  Understandheconceptof motionblur and PDF
2. Undersandtheideaof de-blurring a dosedistribution through “4D” motion optimization
3. Beabletodiscusgherelative potental and limitations of 4D motion optimizationin comparsonwith marginsandgating



