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Purpose:

3D imageregistration is a key componentin image-guidedadaptiveradiotherapy.It is imperative that the accuracy of a registration method is
assured prior to clinical implementation. However,registration validation is scarcely coveredin the literature. In this work, we validated and
compared sevenregistration methodsfor CT/MRI and MRI/MRI fusion in adaptiveradiotherapytreatmentplanningof head-and-necktumors.

Method and Materials: 

A planning CT imageand an MRI imagewereacquired before the treatment andsevenweeklyMRIs acquiredduring an IMRT head-andneck
cancertreatment.Seven methodsincluding intensity-based,surface-based,landmark-based,manual, andnon-rigid registrationswereappliedto
align 2 pairs of CT/MRI, and8 pairs of MRI/MRI datasets. For eachregistration, eight anatomic landmarkswereidentified in eachimage.The
distance betweenthe transformed landmark position and the manually determinedposition was calculated. The registration accuracywas
estimatedby the meandistance.

Results:

The mean distancesbetween CT/MRI and MRI/MRI landmarkswere approximately 2.0 mm. For CT/MRI registration, intensity-based
registration plus manual adjustmentperformed the bestwith the smallest registrationerror of 1.2 mm. Non-rigid andmanualmethodsboth had
small errors of 1.5 mm. Surface-basedand landmark-based methods had larger errors of 3.3 mm and 2.4 mm, respectively. For MRI/MRI
registration, non-rigid methodshad the smallest registration error of 1.3 mm. Similarly, surface-basedand landmark-basedmethods had larger
errors of 2.8 mm and2.9 mm, respectively. Non-rigid methodandlandmark-basedmethodshadthegreatest registrationerror variances. 
 
Conclusions:

We qualitatively and quantitatively evaluatedsevenmethods on CT-MRI and MRI-MRI registrationfor head-and-neck patient.Careful and
quantitativeevaluationof the registrationaccuracy is important for the identification of the optimized registration method, the application of
multimodality imagingin treatmentplanning,andthedaily imageguidancein treatmentdelivery.


