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Purpose: To developandassesstheaccuracyof a novel repositioning schemebasedon implantedgold markers andorthogonalfilms
to reduce the treatment margins in fast neutronradiotherapy.This repositioning schemecorrectsfor both translationalandrotational
deviationsdueto set up error and/or patient organ movement.

Method and Materials: The proposedrepositioning scheme involves five gold markersthat are implanted into the structureto be
localized. Geometricerrors areestimatedbasedon relative differencesin thepositions of thegold markersbetween theCT locations
and3D coordinatesreconstructed from two orthogonalfil ms. An in-house developed computersoftware automaticallycalculates the
six correction parameters(threetranslation and threerotation) using a PointSet-to-PointSet co-registrationalgorithm that iteratively
finds the optimal solution.All gold markercoordinates andshifts are referencedto the isocenter. The accuracy of the repositioning
schemewasevaluatedusing phantom experiments. A phantom containingfive gold markers wasmovedandrotatedto 23 different
positions andthe repositioning schemewasappliedto eachcase. Thesepositions includetranslationaland rotationalmovementsin
different directionswith magnitude rangingfrom 1-15 mm and2-10 degreesfor translationandrotation, respectively. Thecalculated
correction parameterswerecomparedto the knownmovements to assesstheaccuracyof therepositioning method.

Results: In all 23 cases,the repositioning schemewas able to very accuratelycorrect the inducedgeometricerrors. The mean
correction error, defined as the differencebetweenthe calculated correction values and known movements,was 0.37 mm for
translation and0.74 degreesfor rotation.

Conclusion: The proposedrepositioning schemeand software corrects for both translationaland rotational geometricerrors and
achieved very high accuracy in the phantomexperiment. Its applicationin clinical fastneutron radiotherapy will serveto reducethe
irradiatedvolumeandassociatednormaltissuecomplications.


