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[Abstract] Objective To construct an augmented reality (AR) navigation system model based on
visual tracking guide template during pedicle screw placement, and to evaluate the application value of the
model. Methods A visual tracking guide template was designed and fabricated for spinal surgery
navigation. The visual tracking guide template and AR equipment were used to complete image registration
and real - time tracking between AR images and real objects. With the assistance of AR navigation
technology, 2 operators performed screw insertion with Kirschner wire respectively. According to the
distance between the insertion point of Kirschner wire and the visual tracking guide template, the model
was divided into adjacent group (< 100 mm) and distant group (100-200 mm). The accuracy of the AR
navigation system was evaluated by comparing and analyzing the insertion point error value and angle error
value of different operators and the adjacent group and the distant group. Results The 2 operators
successfully completed the screw placement, and a total of 100 cases of insertion point error value and

angle error values were obtained. There was no significant difference in the insertion point error (1 =0.835,
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P =0.406) and angle error value (¢ = 0.220, P = 0.826) between the 2 operators. The error value of the
insertion point in the distant group was higher than that in the adjacent group (1 =3.221, P =0.002), while
there was no significant difference in the angle error value between the 2 groups (¢ = 1.786, P = 0.077).
Further, the insertion point error value is decomposed into x vaue and y value. There were significant
differences in x value (¢ =4.980, P =0.000) and y value (¢t =2.416, P =0.018) between the adjacent group
and the distant group. Conclusions The AR navigation system model based on visual tracking guide
template is preliminarily constructed, and the navigation accuracy is evaluated. As the distance between

the insertion point and the visual tracking guide template increases, the positioning ability of the insertion

+ 235 -

point decreases, but the angle directivity is stable.

[Key words] Spinal diseases; Neurosurgical procedures; Augmented reality; Vision, ocular;

Surgical navigation systems; Pedicle screws
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Figure 1 3D Slicer software was used
to design the visual tracking guide
template.  Aided design assisted by
spinal CT images (Panel la). The base
(thick arrow indicates) and the fixation
frame (thin arrow indicates) of the visual
tracking guide template (Panel 1b).
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Figure 2 Recognition and tracking process of the
visual tracking guide template.
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insertion paths; Panel 3b).
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Figure 4 Grouping of the Kirschner wire insertion plans and operational scenarios The positions of the adjacent group and
the distant group (left picture is the upper view, and right picture is the lateral view; Panel 4a). The specific operation scene
in which the operator wore HoloLens 2 to insert the Kirschner wire of the model (Panel 4b).
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Figure 3 The experimental model and Kirschner wire insertion plans The body and internal appearance of the 3D printing
box of the experimental model after being filled with paraffin, and the metal steel ball for CT image registration could be seen
at the bottom of the box (Panel 3a). The designed Kirschner wire insertion plan based on the CT data of the experimental
model (red points indicate the designed Kirschner wire insertion points, and blue lines indicate the designed Kirschner wire
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Table 1. Comparison of insertion point error and angle
error between 2 operators (x +3s)

2H 511 BIE EASIREM(mm)  AEREMC)
BEfEE 50 1.84+0.92 2.36+1.09
BAEE 2 50 1.98+0.71 2.41+1.24
ol 0.835 0.220
P1H 0.406 0.826

R2 LB AR E A SR A AR A Y 1L
B (xxs)

Table 2. Comparison of insertion point error and angle
error between distant group and adjacent group (x £s)

24511 g EARIR2ZEH (mm) F R ZEMH ()
S| 50 1.66 +0.74 2.18+1.04
| 50 2.17+0.83 2.59+1.27
t{H 3.221 1.786
PAA 0.002 0.077

R3 EEMAGBA A E A S RE My HA L
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Table 3. Comparison of x value and y value of insertion
point error between distant group and adjacent group
(x +s, mm)
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