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Abstract: Objective To compare the effects of three-dimensional (3D) registration (translation only) and six-dimensional (6D)
registration (translation+rotation) on registration accuracy in cone beam CT (CBCT) image guided radiotherapy for breast cancer
for providing clinical basis for selecting the optimal image guidance method. Methods The positioning CBCT images before 101
treatments in 18 patients with breast cancer were retrospectively analyzed. The CBCT images and planned CT images were

registered by 3D grey-scale image registration and 6D grey-scale image registration, separately. The registration deviation
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differences in the 3D translation directions of the two registration methods were compared and analyzed; and the translation
difference (A) was calculated. Furthermore, the correlation between rotation angle deviation (R) and translation difference (A) was
statistically analyzed, and a linear simulation was carried out. Results 3D and 6D registration methods had different translation
registration results, in which there were statistical differences in superior-inferior (Y) direction and anterior-posterior (Z) directions
[(-1.4743.00) mm vs (-0.87+3.27) mm, (-2.91+4.49) mm vs (-3.41£5.38) mm; P<0.001 ]. The rotation angle deviation (R) was
correlated with the translation difference (A). AX and AZ had strong linear correlations with Ry (PCC=-0.883, 0.795; P<0.001),
and there was a strong linear negative correlation between AY and Rx (PCC=-0.722, P<0.001). According to the linear simulation
formula, when Rx was greater than 1° and Ry was greater than 2°, there was nearly 1 mm translation difference between the two
registration methods in each translation direction. Conclusion The 3D translation registration results significantly differ from 6D
translation registration results. The rotation angle of 6D registration affects the translation difference, among which Ry has the
greatest impact. It is suggested that when using 6D registration method, 6D couch should be used to correct 6D deviations in order
to reduce the effects of translation difference.

Keywords: breast cancer; image-guided radiotherapy; cone beam CT; positioning error; image registration; six-dimensional couch
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Figure 1 Immobilization of polyurethane foam+carbon

fiber baseplate for breast cancer patients
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Figure 2 Two different registration methods
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Table 1 Comparison of translation errors between two registration methods (=101, Mean+SD, mm)
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Table 2 Translation differences between two registration methods (=101, Mean+SD, mm)
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Figure 3 Linear simulation diagrams of differences in each direction and rotation deviations
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Table 3 Estimated translation residuals

Ry/° AX/mm  AZ/mm Rx/° AY/mm
-5 3.21 -1.74 -5 3.81
-4 2.64 -1.33 -4 3.00
3 2.07 -0.93 -3 2.19
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2 -0.77 1.11 2 -1.88
3 -1.34 1.51 3 -2.69
4 -1.91 1.92 4 -3.51
5 -2.47 2.33 5 -4.32
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