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Comparison of the accuracies of atlantoaxial screw placement assisted by O -arm navigation, 3D
printed guide plate, and C—arm/LI Yuwei, WANG Haijiao, CUI Wei, et al/Chinese Journal of Spine
and Spinal Cord, 2023, 33(1): 9-18

[Abstract] Objectives: To compare and analyze the accuracy and safety of O—arm navigation, individualized
3D printed guide plate, and C—arm X-ray machine assisted atlantal lateral mass screw placement and axial
pedicle screw placement. Methods: The clinical data of patients who underwent atlantoaxial internal fixation
in our hospital from January 2015 to December 2020 were analyzed retrospectively. According to the inclusion
and exclusion criteria, a total of 47 patients were enrolled, including 28 males and 19 females. The age
ranged from 15 to 59 years, with an average of 46.2+10.0 years. The patients were divided into navigation
group(O—arm navigation assissted, 11 cases), guide plate group(3D printed guide plate assissted, 15 cases),
fluoroscopy group (freehand underC—arm fluoroscopy combined with anatomical signs, 21 cases) according to
different atlantoaxial screw placement methods. The operative time, screw placement time, intraoperative blood
loss, one—time success rate, screw accuracy, and complications were collected and compared between the three

groups. Results: The guide plate group was less in operative time(97.5+£9.0min), screw placement time(15.8+
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1.9min), and the intraoperative blood loss(162.7+18.5ml) than those of the navigation group(120.7+11.1min,
20.0+1.1min, and 225.8+25.6ml) and the fluoroscopy group(121.0+2.8min, 19.4+2.1min, and 239.0+24.5ml)(P<
0.05). A total of 188 atlantoaxial screws were inserted, and the one—time success rate of screw placement was
100%(44/44) in the navigation group, 93.3%(56/60) in the guide plate group, and 80.9%(68/84) in the fluo-
roscopy group, which was higher in the navigation group than the other two groups(P<0.05). According to the
grades of screw placement of 0, 1, 2, and 3, the accuracy of screw placement was 100%(44/0/0/0) in the
98.3%(59/1/0/0) and 85.7%(72/6/3/3)
which was lower in the fluoroscopy group than that in the other two groups(P<0.05). In the fluoroscopy group,

navigation group, in the guide plate group, in the fluoroscopy group,

three screws were inserted into the vertebral artery foramen, and no cerebral ischemia or other related mani-
festations were found. Two patients experienced postoperative occipitocervical pain in the fluoroscopy group
due to stimulation of C2 nerve root during operation, which was relieved after treatment with glucocorticoid
and dehydrating agent. No patients of the other two groups experienced postoperative occipitocervical pain.
The incision of the three groups of patients all healed in one stage without incision or deep infection. Con-
clusions: Both O-arm navigation system and individualized 3D printed guide plate assisted atlantoaxial screw
placement can achieve high accuracy, which are better than the traditional freehand screw placement tech-
nique under C—arm fluoroscopy; O-arm navigation technology superiors in the one—time success rate of at-
lantoaxial screw placement; Individualized 3D printed guide plate can save operative time and reduce bleeding
while accurately placing atlantoaxial screws.

[Key words] Atlantoaxial; Lateral mass screw; Pedicle screw; O-arm navigation; 3D printed guide plate;
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Figure 2 Fabrication of screw tracks guided by 3D navigational images a Atlas screw track b Axis screw track
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Table 2 Comparisons of operative time, the time of screw placement, the volume of blood loss, and one-time

success rate of screw placement between the three groups

Shical Sl Bl P
Navigation group Guide plate group Fluoroscopy group P value
ﬂg AT (min) 120.7+11.1 97.5:9.0 121.0+12.8 0.000
perative time
BT (min) 20.0+1.1 15.8+1.9 19.442.1 0.000
The time of screw placement
i (ml) 225.8425.6 162.7.418.5 239.0+24.5 0.000
The volume of blood loss

. AN B2

AL T ET )% 1009 (44/44) 93.3%(56/60) 80.9% (68/84) 0.002

One—time success rate of screw placement
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Figure 3 Navigation group, a male patient, 15 years old, developmental odontoid nonunion and atlantoaxial instability,
underwent atlantoaxial internal fixation under O-arm navigation a, b Preoperative dynamic X-rays showed atlantoaxial
instability ¢ Preoperative sagittal reconstruction CT image showed odontoid nonunion d, e Real-time displays of operating
tool positions in transverse, sagittal, and coronal views f, g Postoperative atlantoaxial frontal and lateral radiographs
showed that the atlantoaxial screws were in good positions h—k Postoperative traverse and sagittal CT images showed that

the atlantoaxial screws were in good positions and did not enter the vertebral foramen and spinal canal
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Figure 4 Guide plate group, a female patient, 52 years old, rheumatoid
arthritis and atlantoaxial instability, underwent atlantoaxial internal fixation
under the guidance of guide plate a—c Preoperative X -rays showed at-
instability d Preoperative sagittal reconstruction CT image
showed atlantoaxial ~dislocation e Intraoperative picture showed screw

g Postoperative atlantoaxial frontal and lateral radiographs showed that the atlantoaxial

screws were in good positions h—k Postoperative traverse and sagittal CT images showed that the atlantoaxial screws were

in good positions and did not enter the vertebral foramen and spinal canal
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Figure 5 Fluoroscopy group, a female patient, 57 years old, rheumatoid arthritis and atlantoaxial instability, underwent
atlantoaxial internal fixation with free—hand screw placement under the aid of C—arm fluoroscopy a—c Preoperative dy-
namic X-rays showed atlantoaxial instability d Preoperative MRI showed atlantoaxial dislocation and spinal cord compres-
sion e Preoperative sagittal reconstruction CT showed atlantoaxial dislocation f Intraoperative fluoroscopy showed that the
positioning needle had been placed in the atlantoaxial screw canal g, h Postoperative anteroposterior and lateral images
showed that the atlas pedicle screws were well positioned and the axis screw was not parallel to the axis pedicle i-l

The traverse and sagittal CT images showed that the right axial screw entered the foramen of vertebral artery
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