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registration methodsfor prostatepatient setupbefore external-beamradiotherapy

Purpose: To assessthevariability in translational setup correctionscomputedvia several different 3D to 3D rigid registration
methodsandconditionsusing only theimageintensityinformation.
Method: Fifteenpairs of male pelvic CTswererigidly registeredusing multiple registration metrics,methods,and imagecontent.
Similarity wasmeasuredusing mutual informationandmean-squared-difference. Theregistrationswereiteratedusingtwo different
searchalgorithms. The effectof imageresolution wasobservedby downsampling in eachsliceby factorsof 2 and4. Theeffects of
imagecontentwereobservedby usingtheentireimageandthenusingonly bonylandmarksin thesimilarity measures. The
uncertaintyassociatedwith thechoiceof sourceand targetimageswasrevealedby switchingtherolesof the two registered images.
For each imagepair the translationalshiftsfor all theregistration methodsandconditionswere compiled andthestandard deviation
aroundthemean shifts wascomputed.
Results: Reversibility errors rangedfrom 0 to 1.8mm for the variousalgorithmsandconditions. Theradialstandarddeviationof the
various methodsandconditions was 0.8mm whentheentire imagewasregisteredand0.3mm whenonly bony landmarkswere used.
Down-samplingby a factor of 2 improvedrobustness with only a smallloss in precision. Mutual information failed in nearlyall cases
whentheimageswere thresholdedto isolate bony features.
Conclusions: Rigid imageregistrationshaveanintrinsic uncertainty thatdependson thealgorithm,theresolution of theimages,and
the featuresused to establish rigid congruence.Registration uncertainty shouldbeaccountedfor in planningmarginsandpatientsetup
procedures. In theabsence of an absolutegroundtruth testof registrationaccuracy,thestandarddeviation in theshifts calculatedby
severaldifferentmethodsprovidesa usefulestimateof thatuncertainty.
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