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[Abstract] Objectives: A new posterior atlantoaxial fixation system was designed based on imaging parame-
ters, and its biomechanical stability was evaluated by finite element analysis. Methods: Anatomy parameters
for atlas CT were measured by image archiving and communication systems measuring tool, then a new poste-
rior atlantoaxial fixation system conformed to atlas anatomical structure was designed based on the parameters.
CT thin layer scan for upper cervical spine of healthy volunteers was performed, and digital image was pro-
cessed for CT diagram, then mesh division was carried out and material property, loading and boundary con-
ditions were set to establish the normal upper cervical spine finite element model(normal model), and the ef-
fectiveness was verified by comparing with the published literature. The atlantoaxial instability finite element
model(instability model) was established based on normal model by modifying the material property and remov-
ing transverse ligament. Then new posterior atlantoaxial fixation system was loaded onto the instability model
to establish the new posterior atlantoaxial fixation system fixed finite element model (new model). 1.5N-m

torque was applied on the new model by Abaqus 2019, and the range of motion(ROM) for flexion and exten-
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sion, lateral bending and axial rotation of CO-C3 segment was calculated, then comparison with atlantoaxial
pedicle screw fixed finite element model(pedicle screw model) was performed. Results: The new posterior at-
lantoaxial fixation system conformed to the atlas anatomical structure, and the system was formed by new type
of posterior atlas arch plate, connecting rod and axial pedicle screw. Compared with the published literature,
the normal model we established was effective. Compared with the normal model, the new model decreased
ROM by 95.3% in flexion and extension, 92.6% in lateral bending and 99.0% in axial rotation. The ROM of
implanting segment (C1-2) decreased obviously under each status. Through finite element analysis, under flex-
the ROM of C1-2 segment for new model were 1.10°,

0.49° and 0.59°, which were closed to the ROM of pedicle screw model. Under flexion, extension, left bend-

ion and extension, lateral bending and axial rotation,

ing, right bending, the maximum stress of C2/3 intervertebral disc for new
model were 3.71MPa, 5.84MPa, 3.09MPa, 3.43MPa, 2.65MPa and 3.59MPa, which were in accordance with

the normal model.

left rotation and right rotation,

The stress of new posterior atlantoaxial fixation system mainly concentrated on the root of
the axial pedicle screw and the connecting rod. Conclusions: The new posterior atlantoaxial fixation system

owned good biomechanical stability and can be used as a supplement for atlantoaxial instability internal

fixation.
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Figure 1 The new design of posterior atlas arch plate (1:

Posterior atlas arch hook; 2:

Multi-axis "U"  groove; 3:

Locking screw; 4: Locking screw hole) a Front view b Lateral view ¢ Vertical view d Axis view Figure 2 The new

posterior atlantoaxial fixation system a Front view b Lateral view ¢ Axis view
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Table 1 The material property
L L 5 /MPa HEL/N A
Stiffness/MPa Poisson’s ratio
Je o
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i J5T i
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Zhg
End plate 500 04
e E1=86,E2=6 0.16
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Figure 3 The new posterior atlantoaxial fixation system finite element model a Front view b Lateral view ¢ Axis view
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Table 2 The comparison of normal model ROM between our study and the literature
it Ml e
Flexion & extension Lateral bending Axial rotation
CO-1 C1-2 C2-3 CO-1 C1-2 C2-3 CO-1 C1-2 C2-3
Panjabi™ 26+8 25+12 6.8+3 8.5+3 6.3+4.5 9.5+4 9.8+2 55+10 5.2+3
Zheng" 25.3 21.2 8.0 6.6 4.7 8.7 7.1 39.1 3.8
AWFFE (Our) 20.27 23.45 9.71 6.14 6.68 12.72 9.60 58.34 5.59
*3 EERBEFUERAFTRENELR
Table 3 The comparison of ROM in different segments between normal to new model
S Aif it lig ke
Flexion & extension Lateral bending Axial rotation
CO-1 C1-2 C2-3 CO-1 C1-2 C2-3 CO-1 C1-2 C2-3
IF % BE# (°) Normal model 20.27 23.45 9.71 6.14 6.68 12.72 9.60 58.34 5.59
BB AL (°) New model 20.94 1.10 9.06 5.87 0.49 12.56 10.31 0.59 6.16
1% 2 H (%) ROM ratio +3.3 -95.3 -6.7 -4.4 -92.6 -1.3 +7.3 -99.0 +10.2

=" FORTE B LW D 5“4+ RO G Bl BRI
Note: "-"Indicates ROM decreased; "+" Indicates ROM increased

x4 Cl2 PTERBIEANFHELR (°)
Table 4 Comparison of ROM in the Cl1-2 segment

in different models

i i Il Tiek
Flexion & Lateral Axial
extension bending rotation
IE R
Normal model 23.45 6.68 58.34
KR Ry
Instability model 64.0 24.8 68.0
i R A
New model 1.10 0.49 0.59
HE 5 AR IR AT 5 Y0 47 0.8 0.9

Pedicle screw model
T < O T e i B Ay AU 445 2R

Note: The result of lateral bending and axial rotation was ob-

tained from both sides
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Figure 4 Siress in the new posterior atlantoaxial fixation system and intervertebral disc in different status a Flexion b

Extension ¢ Left bending d Right bending e Left rotation f Right rotation
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Table 5 Maximum stress in C2/3 intervertebral disc and new posterior atlantoaxial fixation system
i J Je il Ao A i A JE T ey
Flexion Extension Left bending Right bending Left rotation Right rotation
A ) 28
Intervertebral disc
IEH BUR 3.73 5.87 3.11 347 2.68 3.55
Normal model
SR 371 5.84 3.00 343 265 3.59
ew mode.
1L B A 812 7 5 131.20 71.19 98.04 §5.99 99.27 103.90

New posterior atlantoaxial fixation system
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