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464

[Abstract] Objectives: To establish a finite element model of type Il A odontoid fracture fixed by screw and
analyze the stability of magnesium alloy screw fixation. Methods: Spatial structure information acquisition axis
by CT scanning a normal male volunteer’'s cervical vertebra, the 3D data were imported to software Mimics
10.01, Solidworks 2010 to establish the three—dimensional finite element model of normal axis and odontoid
process fracture of I[ A type fixed by hollow screw. The finite element software Ansys 13.0 was used lo ana-
lyze hollow screw axis, the normal model of odontoid fractures of type I A (magnesium alloy, titanium alloy
screws fixed screw), respectively, and the simulation of cervical extension, flexion when subjected to horizontal
load of SON, 100N, 150N, 200N force and cervical rotation by SON-mm, 100N-mm, I150N-mm, 300N -:mm
torque were added to meassure the maximum displacement of odontoid process, the maximum stress of odon-
toid process, the maximum stress of C2 vertebral body and the maximum stress of screw. The screw elastic
modulus of titanium alloy was 108000MPa, with a yield strength of 930MPa; the elastic modulus of magne-
sium alloy was 45000MPa, with a yield strength of 193MPa. Results: The normal axis and hollow screw fixa-

tion after establishment of the finite element model was realistic and geometric similarity. At three kinds of
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state of flexion, extension and rotation, the maximum stress of magnesium alloy screw under different load was
less than the titanium alloy screw, the stresses of both alloys were less than the yield strength; the maximum
stress of odontoid process and the maximum stress of C2 vertebral body of the model of odontoid process
fracture of Il A type fixed by two kinds of materials respectively was less than the cortical bone stress thresh-
0ld(200Mpa), the maximum displacement of odontoid process was 5-8 timesthe to maximum displacement nor-
mal axis, both were less than lmm(the size of grid finite element model was 1mm). Conclusions: The filite
element model established by CT -scan and axial space structure can be used for biomechanical test,

magnesium alloy hollow screw fixation of type I[ A odontoid process fracture is enough to ensure stability.
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Table 1 Parameters of hollow screw of titanium alloy and

magnesium alloy

PN Bef

Titanium alloy Magnesium alloy

SEPEAR B (MPa)

Young's modulus 108000 45000
o AR 0.34 0.35
oisson' s ratio

Yield strength

o
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Figure 1 a Simulation of cervical flexion force model b Simulation model of cervical extension force ¢ Simulation of

cervical rotation force model Figure 2

odontoid process II A mesh model

a The normal axis mesh model b Hollow screw fixation after fracture of
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Table 2 The stress and displacement of the

normal axis and odontoid process fracture of I[ A type hollow screw

fixation model when cervical extension

SON 100N 150N 200N

A B C A B C A B C A B C

- BRET TR (MPa) — 3360 4237 — 6721 8474 — 10081 127.11 — 13441 169.48
e maximum stress OfSCreW
bR 28 fie KN H1 (MPa)

The maximum stress of 258 1054 6.57 510 2109 13.14 745 3163 1971 1027 42.17 2628

odontoid process

XA AfE A B K R F1 (MPa)

The maximum stress of C2 530 11.07 9.35

vertebral body

PR 28 di KA A% (mm)
The maximum displacement of
odontoid process

0.013 0.035 0.028

1025 22.14 18.69

0.027 0.078 0.057

15.39 3321 28.04 20.52 4427 37.39

0.040 0.117 0.086 0.050 0.156 0.114

TE: A IEFIKHERIAL B, TTA BUURR R B IS S RETFUE R C, ITA BRI 8 Ik & S R ET A 2 B2

Note: A, normal axis; B, the model of magnesium alloy hollow screw fixation after fracture of odontoid type Il A; C, the model of

titanium hollow screw fixation after fracture of odontoid type I A

R3 FHENENEESRERTA2ERRETHTBITEERENE KA

Table 3 The stress and displacement of the

normal axis and odontoid process fracture of I[ A type hollow screw

fixation model when cervical flexion

50N 100N 150N 200N
A B C A B C A B C A B C
BRET TR 1 (MPa) — 5363 63.84 — 10725 127.69 —  160.88 191.53 — 2145 25537
The maximum stress ofscrew
AR5 H5 K ) (MPa)
The maximum stress of 321 1951 1231 626 39.03 24.62 894 5854 36.83 12.66 78.06 49.24
odontoid process
HXHEAE AR B K 77 (MPa)
The maximum stress of C2 558 2632 19.66  11.16 52.65 3932 1674 78.97 5243 2232 1053 78.64
vertebral body
15 bR 2 85 KAV FE (mm)
The maximum displacement of 0.013 0.056 0040  0.027 0.111 0079 0042 0.167 0.119 0057 0223 0.159

odontoid process
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Table 4 The stress and displacement of the normal axis and odontoid process fracture of I[ A type hollow screw

fixation model when cervical extension

50N -mm 100N - mm 150N - mm 300N - mm
A B C A B C A B C A B C
The T BRI (MPa) — 698 860  — 1387 1721  — 2081 2581  — 4162 5162
1e maximum stress ofscrew
AR R A KB J1 (MPa )
The maximum stress of 0.31  3.03 2.02 0.69 538 4.04 1.03 8.06 6.06 207 18.15 1213
odontoid process
R A AE 4K e KN F7 (MPa)
The maximum stress of C2 024 261 2.02 0.61 523 4.03 094 784  6.05 200 15.68 12.10
vertebral body
P bk 28 5 KA B (mm)
The maximum displacement of 0 0.004 0.003 0.001 0.008 0.006 0.001 0.013  0.009 0.003 0.625 0.018

odontoid process
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