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[Abstract] Objectives: To investigate the accuracy and safety of 3D—printed navigation template—assisted C2
pedicle screw(C2PS) placement in patients with high-riding vertebral artery. Methods: A retrospective study
was performed on 72 patients with high-riding vertebral artery who underwent posterior internal fixation of
upper cervical spine in our hospital from January 2018 to December 2018.  According to the different
placement methods of C2PS, they were divided into two groups: navigation template group(n=36), and freehand
group(n=36). There were no significant difference in age, gender, body mass index(BMI) and disease type
between the two groups (P>0.05). The single C2PS placement time, operation time, fluoroscopy time,
intraoperative blood loss, operation—related complications, operation cost, hospitalization time, VAS scores and
cervical JOA scores preoperatively and at 3 and 6 months postoperatively in the two groups were recorded

and compared. The accuracy of C2PS placement was evaluated according to the screw classification standard
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proposed by Kawaguchi et al.
Results:

And the deviation angles of C2PS in sagittal plane and cross section were

recorded. The C2PS placement time, operation time and fluoroscopy time in navigation template
group were significantly better than those in freehand group(P<0.05), and the technical cost in freehand group
was significantly lower than that in navigation template group(P<0.05). There were no significant difference in
intraoperative blood loss and hospitalization time between the two groups(P>0.05), the VAS and JOA scores at
3 days and 6 months postoperatively were significantly improved compared with the preoperative scores (P<
0.05) but did not differ significantly between the 2 groups(P>0.05). 42 and 43 C2 pedicle screws were placed
in navigation template group and freehand group, respectively, The accuracy(grade O+grade 1) was 95.2% and
72.1%, respectively. Deviation sagittal in the two groups were 0.52°+0.42°, 2.21°+0.69°, respectively. And de-
viation transversal were 0.51°+0.36°, 2.16°+0.77°, respectively. The accuracy, screw deviation angle of naviga-
tion template group were better than those of freehand group(P<0.05). Complications: four vertebral artery in-
juries(0 in navigation template group, 4 in freehand group). There were no screw loosening, broken screw or
broken rod in all patients after surgery. Conclusions: In patients with HRVA, 3D-printed navigation tem-
plate and freehand technology-assisted C2PS placement can provide similar clinical efficacy, but in terms of

the accuracy of screw placement, navigation template technology is more dominant, and it can significantly
shorten the time of screw placement, fluoroscopy time and reduce the complications of operation.
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Table 1 Comparison of general data between the two

groups before operation

SH (n=36)  HETFHUL(n=36)
Navigation template Freehand
group group
if@) 49.6£12.3 50.1£11.5
Lol (B %) 25/11 23/13
I LA (gn®) 23.98+3.95 243443.52
e A
Diagnosis
e 47 0 g
k5 M s
A . g
i . .
e ) X
CSM

Note: AF, axis fracture; FOA, fracture of the odontoid process
of the axis; AD, atlantoaxial dislocation; BI, basilar invagina-

tion; CSM, cervical spondylotic myelopathy
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Figure 1 a, b 3D model and 3D-PNT of C2 were used to simulate screw placement before operation ¢, d The 3D—

PNT assisted placement of C2PS during the operation
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Figure 2 a The sagittal image
was taken as the midpoint(perpen-
dicular line X) of the atlantoaxial
joint on the coronary plane b

First,  determined the tip (yellow

(red dot) was the isthmus internal height(A), isthmus thickness(B) was the thickness of the isthmus at the narrowest part

on the sagittal plane
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Figure 3 A 48-year-old male patient, with fracture of the odontoid process of
the axis a, b Preoperative CT reconstruction showed a fracture of the odontoid
process of the axis ¢ Isthmus thickness(B) was 4.76mm(<5mm), the patient was
HRVA d The vertebral artery obviously deviated inward and upward (arrow) e
C2PS was placed with assistance from 3D-PNT, postoperative CT scan showed
that screw perforated the wall of the pedicle by less 2mm with a grade 1 rat-
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Table 2 Comparison of the accuracy of C2 pedicle

screw between the two groups
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Figure 4 A 52-year—old female patient a Preopera-

tive CT reconstruction showed atlantoaxial dislocation
b Isthmus thickness was 4.05mm ¢ The patient was
HRVA and the vertebral artery obviously deviated in-
ward and upward (arrow) d-f C2PS was placed with
FT, postoperative CT scan showed that screw violated

the pedicle wall >2mm with a grade 2 rating
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Table 3 Comparison of perioperative data between the

two groups

S (n=42) HEF4 (n=43)

AL (n=36) T4l (n=36)

Navigation template Freehand Navigation template Freehand
group group group group
BT 432 TR (min/#) 2.07+0.230 321+0.37
Screw criteria Screw placement time R I
0 %/Grade 0 23 14 AN (min) 114.67£18967  136.83+19.06
Operation time e e
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3 %/Grade 3 0 4 Complicaltio(:) 0v 4(11.10%)
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Deviation sagittal e I Technical cost
BT I °) 0510367 2.16£0.77 fEBEn{ I (d) 6.94:0.73 7.06+0.87

Deviation transversal

Hospitalization time

55T 4l P<0.05
Note: (DCompared with freehand group, P<0.05

(D5 5E T4l P<0.05
Note: (DCompared with freehand group, P<0.05
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Table 4 Comparison of VAS score and JOA score between the two groups

VASTF43 JOAVESy
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A AJr 3d A5 6 A A A 3d A6 1A
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Preoperative - . Preoperative . .
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Navieati R4 7.13+0.73 3.270.59% 2.21+0.46"% 7.71£1.02 10.58+1.31% 11.97£1.247%
avigation template group
ﬁ&iﬂ 7.25+0.96 3.12+0.69% 2.19+0.5812 7.80+0.87 10.67+1.247 12.11+0.962
Freehand group
”,E -0.409 0.701 0.094 -0.280 -0.196 -0.375
t value
t 0.685 0.488 0.925 0.781 0.846 0.710
P value

D5 A ARG 4R P<0.05;5 AR5 3d HL#: P<0.05

Note: (DCompared with the same group preoperative, P<0.05; @Compared with 3 days after operation, P<0.05
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