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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 bothinter andintra-fraction motions. In the caseof intra-fraction motionsan “interplay” effectis

superimposedn top of theblurring effect. It hasbeenshown thattheinterplayeffect averagesout duringthe courseof a fractionated
treatmeat, and that it is uswally negligble after a typical number of fractions. The corvolution modd relies on the linear
superimpositon principle, which holds true for dosevaluesbut not for the biological effect. This issue hasrecenty been addressd
andwill be discussed.

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

principle it shouldindeedbe possibk to de-convolvethe motion PDF from the intensitymaps,in order to compensatenotion effects.

This approachhasbeencaled 4D optimizaton or 4D inverse planning.Motion de-convolutian cannot, however,compensa motion
effectsexactlyandit canrot beapgied in a naivestraightforward way, becausehatwould leadto undeliverablantensitymapswith

sharpspikesandnegativevalues. The methodof choiceis ratherto includethe motion PDFin the IMRT optimizaion processlt has
been shown thatthis canindeedyield a surprishgly high degreeof motion compensatiomndit can evenconpete with othermotion
compersaton mehodssuchas gated delivery. However this is only trueif themotioncharactestics (the PDF) areknownwith great
precigon. If theactudly realzed motion PDF deviatessubstantiallyfrom the plannedPDF, the methodbecomedessusdul 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 useof conventionalmargins and the idedistic ca® of

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

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



