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Digital “pointing-drilling” double navigation template assisted pedicle screw placement for treatment
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[ Abstract] Objective To evaluate the clinical application of digital “pointing-drilling” double navigation template assisted
pedicle screw placement for atlantoaxial instability. Methods From September 2013 to December 2016, the clinical data of 24
patients with atlantoaxial instability treated with posterior cervical vertebral pedicle screw fixation assisted by digital “pointing-
drilling” double navigation template were collected and analyzed in this restrospective study. All the patients had undergone
CT scan before operation. After the original data was imported into Mimics10.0 software, a three-dimensional model was
reconstructed. The best trajectory of posterior atlantoaxial pedicle screw fixation was designed by a base plate which was a patient-
specific complementary template for the posterior atlantoaxial corresponding anatomical surface, and then “pointing-drilling”

guide template was materialized in rapid prototyping machine and used intra-operatively to assist screw instrumentation after high
temperature sterilization. Position of the screws was determined through cervical roentgenograph and CT scan after operation,
and bone fusion rate was evaluated. The neck pain visual analogue scale ( VAS) score was used to evaluate clinical efficacy.
Results  All 24 patients underwent screw fixation were assisted by “pointing-drilling” double navigation template, consisting of
22 patients underwent posterior atlantoaxial pedicle screw fixation and the other 2 underwent posterior atlantoaxial pedicle screw
combined with vertebral screw fixation. A total of 48 atlas pedicle screws were placed, and 46 axis pedicle screws combined with
2 axis vertebral screws. Postoperative CT examination showed that all screws did not wear through the trajectory bone cortex.
All the patients were followed up >6 months. In most patients, the neck pain was significantly relieved. The VAS score reduced
from (7.78 +1.12) to (2.48+0.55), and the difference was statistically significant( P<0.05 ). Postoperative muscle strength

was significantly improved. No complications, such as nerve or vascular injury, were found in all the patients. Conclusion
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Digital “pointing-drilling” double navigation template can not only improve the accuracy and safety of atlantoaxial pedicle screw

placement, but also provide a more reasonable way of placing screws for different types of atlantoaxial instability.
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Tab.1 Introversion angle and elevation angle

N=24,x+s,(°)

] FEEN A TR HXAE P XA A
Time Introversion angle of atlas Elevation angle of atlas Introversion angle of axis Elevation angle of axis
NI HRAEETIE )
A\H_J TL, 6.55+0.51 7.94 £0.63 11.48 +1.07 25.00+ 1.25
Pre-operation ( Ideal trajectory )
YWl ( SEBRETI
. G T]h_ ) 6.57 £0.53 7.93 £ 0.64 11.44 + 1.09 2493 +1.26
Final follow-up ( Actual trajectory )
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Tab. 2 Improvement of clinical symptoms and muscle strength
N=24
I RAEAR WL
st i) Clinical symptom Muscle strength
e PO SRR ERERIBARR TEAER 1% 2% 3% 4% 5%
Suboccipital pain  Neck pain  Spinal cord compression Absence of symptoms ~ Grade 1  Grade 2 Grade3 Grade4 Grade5
ARAG . 5 14 2 3 1 3 6 6 8
Pre-operation
W B
AT 1 2 0 21 0 0 1 2 21

Final follow-up
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a-c: Preoperative roentgenograph, CT and MRI show type Il odontoid fracture with atlantoaxial instability d, e: Placement of “pointing-drilling”
guide template on vertebra during surgery after exposing corresponding anatomical surface f-h: Roentgenographs and CT at postoperative 6 months
show internal fixator in good position and bone grafting fusion
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Fig. 1 Imaging data of a typical case of type Il odontoid fracture with atlantoaxial instability
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Tab.3 Comparison of “pointing-drilling” guide template-assisted and other technology

= Jitk CRAL O JIRET Al 0 JIRET EETHERR (% )
Author Method Number of screwing Grade 0 screw Non-grade 0 screw Screwing accuracy ( % )
Tan %522 Pk 158 151 7 95.6
Free-hand technique
Iso-C =4t Slit
= E%ﬂn 56 53 5 94.6
i) C-arm 3D navigation
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TRl 3D printed navigation
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s C-arm 3D navigation
Yang 55
CIERF X LB
T X LB 13 20 . %33
C-arm fluoroscopy
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2 C-arm 3D navigation
CIERE X EMLB M
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