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Al-based Automatic Spine CT Image Segmentation and
Haptic Rendering for Spinal Needle Insertion Simulator

DR R B
Ikjong Park!, Keehoon Kim?, Gun Choi®, Wan Kyun ChungJr

Abstract: Endoscopic spine surgery is an advanced surgical technique for spinal surgery since it
minimizes skin incision, muscle damage, and blood loss compared to open surgery. It requires,
however, accurate positioning of an endoscope to avoid spinal nerves and to locate the endoscope near
the target disk. Before the insertion of the endoscope, a guide needle is inserted to guide it. Also, the
result of the surgery highly depends on the surgeons’ experience and the patients” CT or MRI images.
Thus, for the training, a number of haptic simulators for spinal needle insertion have been developed.
But, still, it is difficult to be used in the medical field practically because previous studies require
manual segmentation of vertebrae from CT images, and interaction force between the needle and soft
tissue has not been considered carefully. This paper proposes Al-based automatic vertebraec CT-image
segmentation and haptic rendering method using the proposed need-tissue interaction model. For the
segmentation, U-net structure was implemented and the accuracy was 93% in pixel and 88% in IoU.
The needle-tissue interaction model including puncture force and friction force was implemented for
haptic rendering in the proposed spinal needle insertion simulator.
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[Fig. 1] Schematic explanation of endoscopic discectomy: (a)
guide needle insertion, (b) Cannula insertion, and (c) guide
needle extraction
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[Table 1] List of spinal simulator
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CT Segmentation Visual rendering Force rendering
Archavlis et al.l® Amira (Thermo Fisher Scientific) Bone, VR NA
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Raetal.™ Semi-automatic

Bone, fat, muscle (VR) and skin (mannequin)

Skin, fat, muscle, and bone

Ours Deep learning

Bone and skin, VR Puncture, tissue friction, and bone
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[Fig. 2] Overview of the proposed simulation method
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[Fig. 3] Process of skin boundary extraction: (a) CT image, (b)
after thresholding, (c) longest contour extraction, and (d) skin
boundary extraction
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[Fig. 4] Typical force profile during the needle insertion into
soft tissue
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[Fig. 5] Force rendering for the needle insertion simulation (a)
before tissue penetration, (b) after the penetration
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[Fig. 6] CT image (first column), bone segment from ground
truth (second column) and from network output (third column)

[Table 2] Result of segmentation accuracy

Test# 1 2 3 4 5 | Average
Pixel accuracy | 0.88 | 0.92 | 0.94 | 0.96 | 0.96 0.93
IoU 0.83 | 0.87 | 0.88 | 0.90 | 0.89 0.88
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[Fig. 7] Haptic rendering results: (a) bone rendering, (b) during
needle insertion, and (c) after needle extraction
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