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Abstract In spine operations, an effective 2D /3D registration is of great importance yet a challenging task. Traditional
2D/3D registration approach projects 3D data to a 2D plan then conducts a 2D/2D registration. It is difficult to obtain
both high accuracy and good real-time performance, because the projection space has 3 translation and 3 rotation degrees
of freedom and its complexity O(nG). In this paper we propose a method which combines machine learning strategy with
geometric transformation. We build a shape model using statistical shape model and construct a new projection method,
which makes it possible to calculate that 4 of the 6 projection parameters with the geometric method. Then we use
regression learning method to learn a pose model between shape of vertebra and projection parameters. Finally we fulfill
the registration by using the learned pose model and geometric transformation. Using the proposed method, the mean
predicted errors of two pose parameters are 0.84° and 0.81°, respectively. The mean target registration error (mTRE) is
0.87mm. And the mean time of registration is 0.9s. These results show that our method owns both high accuracy and

good real-time performance.
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Fig.3 Extract landmarks (We manually extract 93 landmarks for each image, all landmarks are divided into 6 parts, in

which (a) contains all landmarks, while (b), (c), (d), (e), (f), (g) contain one of 6 parts, among them, (b) is vertebral

body contour, (c) is the central gray depression, (d) and (e) are close to the pedicle of the physiological structure, and
(f) and (g) are the left and right bottom of the vertebral body.)
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(a) Traditional projection transformation
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(b) The proposed projection method
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Fig.4 Projection transformation ((a) is traditional projection transformation, and (z, y, z)is world coordinate system,
and (tz, ty, t-) are three translation parameters, while (rz, ry, r.) are three rotation parameters. b) is the proposed
projection method. (z, y, 2) is the world coordinate system, and #'O’y’) is the coordinate system of projective plane.
This coordinate system coincides with the axial projection of z in the world coordinate system (zOy). (r, 6, ¢) are
parameters for the spherical coordinate system. (u, v, w) is pose projection coordinates of object, and it coact with

spherical coordinates as the (b) shows.)
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Table 1  Results of registration
g BERErL(°) BERE . (°) mTRE (mm) B (s)
PA1 092 + 069 088 + 071 088 +0.73  0.96

PA2  0.62 + 0.51 0.70 + 0.62 1.13 + 0.75 0.88
PA3  0.52 + 0.44 0.70 + 0.58 1.01 + 0.62 0.88
PA4  1.43 + 1.05 1.13 + 0.92 0.77 + 0.58 0.89
PA5  0.78 + 0.61 0.62 + 0.48 0.73 + 0.45 0.88
PA6  0.76 + 0.63 0.81 + 0.64 0.68 + 0.46 0.88
iy 0.84 0.81 0.87 0.90

K2 APIER

Table 2 Comparison with other methods

= FEMRESRE  MEUEERE  mTRE (mm)  HE (s)
Russakof TR HigH 1.3 -
Russakof —EF#% 2 SUAH K 1.5 -
Russakof HTHEE T BERH % 1.3 -
Russakof HT#%E TR EERR 1.6 —
Russakof HF#E WhREZE 1.3 -
Russakof ET#x Diff. EGH 1.9 -

Otake HTER NGI - 6.3~54
Philipp ~ £T22>] L 1.05 0.02

AL HFao] 2N 0.87 0.90
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The difference of prediction error between linear model and high order model (a), (b) and by difference sampling

intervals (c), (d)
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Fig.7 The results of registration
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