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Orthotopic Coaxial Projective Imaging for Neurosurgical Navigation
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Abstract In this study, we report a novel stereotactic neurosurgical navigation system based on orthotopic coaxial
projective imaging (CPI). The proposed system facilitates automatic registration of the position of the patient, real-
time projection of the preoperatively reconstructed surgical target and the planned approach in the surgical field, and
precise intraoperative guidance with respect to the target and the approach. The average reprojection error of the
system is 0.4 mm at its working distance via a coaxial calibration test, indicating a high photographic-projection coaxiality.
The average projection error of the system in a stereotactic projection test is 1.2 mm at different projection angles,
indicating a high stereotactic navigation accuracy. In a neurosurgery simulated by using a phantom model, the average
projection error of the system is 0.3-3.1 mm in different operational conditions, indicating the technical feasibility of the
system for neurosurgical navigation. Unlike the conventional stereotactic surgical navigation systems that require a display
screen, the CPI system avoids frequent viewpoint changes between the screen and the surgical field, eliminates the possible
operating errors, and improves the surgical efficiency. The proposed system may be applied to surgically treating many
neurological diseases, including brain tumors and brain hematomas.

Key words medical optics; medical instrumentation; orthotopic coaxial projection; brain tumor; neurosurgical
navigation
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imaging (CPI) system
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Fig. 2 Principle of stereotactic surgical navigation based on the CPI system. (a) Schematic of the stereotactic

surgical navigation; (b) picture of the CPI system
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Fig. 4 Experiment of calibration board reprojection. (a) Picture of calibration chessboard; (b) picture of reprojected

calibration chessboard; (c¢) perspective transformation of Fig. 4(a); (d) perspective transformation of Fig. 4(b);

(e) scatter plot of projection error of chessboard's corners
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Table 1 Projection errors of various targets in phantom
Maximum Minimum Mean
Target
error /mm  error /mm  error /mm
Incision 3.0 0.3 1.8
Hole at
2.7 0.2 2.1
7.5 mm depth
Hole at
3.1 0.3 2.0
1.5 mm depth
Tumor 3.4 0.4 2.3
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Fig. 6 Pictures of the phantom experiment. (a) The reference is placed next to the head phantom with the incision and the

tumor boundaries projected. (b)(c) top and side views of the projected incision boundary; (d)(e) top and side views

of the projected tumor boundary at 1 cm incision depth; (f)(g) top and side views of the projected tumor boundary at

2 cm incision depth; (h) (k) top and side views of the projected tumor boundary orthotopic
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