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Abstract

BACKGROUND: Atlantoaxial fusion is currently the main surgical treatment of atlantoaxial dislocation, but the premise is
at the expense of atlantoaxial range of motion, especially the rotation motion. Restricted non-fusion fixation is a method
that can maintain the atlantoaxial stability, while retain the atlantoaxial range of motion. Further research should be
performed to compare the biomechanical characteristics between the two methods.

OBJECTIVE: To develop a three-dimensional finite element model of atlantoaxial instability, compare and determine the
biomechanical properties of posterior atlantoaxial restricted non-fusion fixation system and posterior atlantoaxial
screw-rod fixation system.

METHODS: A verified intact finite element upper cervical (Co—C3) model was established and analyzed by Simpleware
3.0, Geomagic 8.0, Hypermesh 10.0, Abaqus 6.9, and Rhino 4.0 softwares based on the CT data collected from a
31-year-old healthy male volunteer. The moment couple of 1.5 Nem was loaded, which made the model movement in
flexion-extension, lateral bending, and rotating direction, respectively. The range of motion was recorded and compared
with the in vitro biomechanical experimental data to verify the effectiveness of the model. The ranges of motion of the
posterior atlantoaxial restricted non-fusion fixation system model and the posterior atlantoaxial screw-rod fixation system
model were analyzed using the finite element method under flexion, extension, lateral bending, and axial rotation;
meanwhile, stress nephograms of the posterior atlantoaxial restricted non-fusion fixation system model were observed.
RESULTS AND CONCLUSION: (1) There were 206 747 elements and 72 500 nodes in the intact model of upper cervical
spine (Cy—Cs) in this experiment, and the range of motion of intact model validated with the reported cadaveric experimental
data. (2) The range of motion of the posterior atlantoaxial restricted non-fusion fixation system group was similar to which of
the posterior atlantoaxial screw-rod fixation system group in flexion-extension direction. (3) In lateral bending direction, the
range of motion of the posterior atlantoaxial restricted non-fusion fixation system model was obviously limited, respectively.
The range of motion of the posterior atlantoaxial restricted non-fusion fixation system model was larger than that of the
atlantoaxial dislocation model and basically same as that of the normal atlantoaxial model. (4) As to the rotating direction, the
range of motion of the posterior atlantoaxial restricted non-fusion fixation system mainly disappeared at the atlantoaxial
segment; by contrast, a majority of rotating motion was still retained in the posterior atlantoaxial restricted non-fusion fixation
system group. (5) The stress concentration occurred in the contact part between the screw and the connecting rod in posterior
atlantoaxial restricted non-fusion fixation system model. (6) Results suggest that posterior atlantoaxial restricted non-fusion
fixation system is effective and useful for atlantoaxial fixation. It not only restricted atlantoaxial flexion-extension, but also
preserved axial rotation and lateral bending at the atlantoaxial joint.

Subject headings: Axis; Cervical Vertebrae; Internal Fixators; Biomechanics; Finite Element Analysis; Tissue
Engineering

Cite this article: Du SY, Zhou FJ, Ni B, Chen B, Chen JS. Finite-element analysis of a novel posterior atlantoaxial
restricted non-fusion fixation system. Zhongguo Zuzhi Gongcheng Yanjiu. 2017;21(3):383-389.
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Table 1 Material characters of partial finite element models

M PR R (MPa) RN A

iy 15 000 0.2

[/NE 500 0.2

M E1=86 0.019
E2=6

P i s 120 000 0.3
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Table 2 Material characters of intervertebral disc

i @ i (kg/mm®) THFALL c10 co1
EARZE7N 1.0x10°® 0.495 0.12 0.03
23 1.2x10°® 0.45 0.18 0.045
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Table 3 Material characters of ligament

ik d(mm)  f(N) do(mm) f(N) Lk R % a)
FERLHTIE 18.9 232 338 232 162
PERR R I 18.1 83 6.0 83 023
F R HIH(Co-Cr) 9.9 320 33 320 294
KATBERATWH(C1-Co) 9.3 314 47 314 145
KATHESATPIH(C-Cs) 9.0 210 3.0 21.0 233
PN 10.0 300 20 300 75
HHHH(C1—Cy) 9.6 111 32 111 1.08
HAF 2(Co—Ca) 6.0 90 2.0 9.0 2.25
PR ZER B 8.0 214 1.6 214 8.36
FORPIH 14.1 357 28 35.7 4.49
A ki 125 436 25 436 6.98
BN 11.9 76 4.0 76 048
JEPBA 10.0 80 3.3 80 072
R R 7.0 37 2.3 37 068
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Figure 1 Three-dimensional reconstruction of four models
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Figure 2 Lateral view of
normal atlantoaxial finite
element model
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Figure 4 Three-dimensional reconstruction of restricted non-fusion fixation model
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2 %R Results
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Figure 3 Sagittal sectional
view of normal atlantoaxial

finite element model
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Figure 5 Stress nephograms of
non-fusion model in flexion direction
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Figure 6 Stress nephograms of
non-fusion model in extension
direction
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Figure 7 Stress nephograms of
non-fusion model in left lateral
bending direction
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Figure 8 Stress nephograms of
non-fusion model in left rotating
direction
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Table 4 Range of motion of normal model of Co—C, segments at a
torque of 1.5 N*m

Lo TR Panjabi Brolin Zhang ENGIE
(1991)#2 (2004)" (2007)

il Co 14.4(3.2) 18.2 14.5 10.5
Ci 12.7(3.2) 1.3 15.0 17.0

JE g Co 14.4(3.2) 10.5 13.3 6.5
Ci 10.5(5.0) 14.0 12.7 155

e Co 3.3(2.3) 6.1 8.5 46
Ci 37.4(9.0) 233 30.6 27.0

ol Co 5.6(3.0) 3.0 55 5.6
Ci 12.6(7.0) 40 5.9 5.4
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Table 5 Element and nodes of posterior atlantoaxial restricted
non-fusion fixation system
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Table 6 Range of motion of four models in different directions
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