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Purpose: The prostate can be localized automatically on daily cone-beam CT

(CBCT) imagesby means of intensity-based 3D/3D imageregistrations.The goal of this

studyis to evaluatenine different similarity metrics for thebest localizationaccuracy.

Methods and Materials: Sevenprostatepatientswereretrospectively selected with

natural prostatecalcifications,which resultedin a datasetof 220CBCT and7 simulation

CT (SimCT) images.On each SimCT image, a regionof interest (ROI) wasdefined by

expanding the treatment planning prostatestructure by 6 mm andsubtracting the rectum

with 10 mm expansion. Theexpansionswerechosen empirically. Then, all CBCT images

wereregisteredto the correspondingSimCT imagesby maximizing the similarity within

the defined ROI. Downhill simplexmethod wasemployed for optimizationwith full 6D

rigid-body transformation. The pixel values correspondingto bone and air were also

excludedfrom similarity calculations. After each registration, the calcification mismatch

wasrecordedasa measureof prostate localizationerror.The registrationswererepeated

for each similarity metric. The nine similarity metrics investigated were: normalized

cross-correlation (NCC), entropy of difference (EOD), mutual information (MI ),

correlation ratio (CR), sum of absolute difference(SAD), sum of squareddifference

(SSD), gradientcorrelation(GC), gradientdifference(GD), andpattern intensity(PI).

Results: Theabsoluteerrormeans(±standarddeviations) were 2.1(±1.6) mmfor GD

and GC, 2.6(±2.8) mm for PI , 3.9(±4.3) mm for NCC, and 6.4 (±8.0) mm for MI . The

others showedover10 mmmean errors.Thedirectional errorsof GD were-0.1(±0.5) mm,

0.1(±1.4)mm, and-0.2(±2.1)mmin theleft-right, anterior-posterior, andsuperior/inferior

directions respectively.
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Conclusions: Among the investigated similarity metrics, registrationsusing GD and

GC showed themostaccurate prostatelocalizations on daily CBCT images.


