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Fig.1 FE model of lumbar L2-L4 motion segment
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Fig.3 Exact geometric description of the
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*1 ARTERSETRBMMBSH
Table 1 The element types and material properties specified in FE models

Component Element type Young’s modulus/ POISS_OH’S References
MPa ratio

vertebra solid 2500 0.30 current study
fusion part solid 2500 0.30 current study
anterior longitudinal ligament membrane 20 0.30 Ref.[17]
posterior longitudinal ligament membrane 20 0.30 Ref.[17]
ligamentum flavum membrane 19.5 0.30 Ref.[17]
interspinous ligament membrane 12 0.30 Ref.[17]
endplate solid 600 0.30 Ref.[18]
posterior element solid 3500 0.25 Ref.[10]
facet joint solid 3500 0.25 Ref.[10]
annulus fibrosus solid — — Ref.[8]
nucleus hydrostatic fluid 1666.7* — Ref.[18]

* B

* Bulk modulus.

1.3 HFHHHEH 2 & B
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BRI A X MK S% R, % d R RE LA
WA AF. FETA AU R [ R L4 HEGR R
G 1 IE R BRY ) L3-L4 45 Bt 2kN FE 4R EAT,
BEMEAALR - BT, FFRSSRBIE L, M
DA R A FROCAL R B A 20k, AR5 1] L2 AR R 4
H B BETT A At £7.5 N-m 25 REARAD AT i UG ;- [
L2 iHEARE 5 B HHBETT AN 6 N-m $HAE ALl i
Jie#.

L3-L4 F B - Rt &Ll 4 iR, =4
T 2 2RI L R, HMMmAREREHE. il
% I 45 B Virgin[') B 5256 45 A RIFH—3K
P, EATHERAE Markolf Al Morris(®0 ) Sz &% B 34
YEFE AL

AP AT 45 T IR R AL R R AR Y ) A A
B 5 fras. IEHEREE 3o B ERTE. 5B
W HERE 4> A 5.1°, 4.1° 1 2.7°, Timh AR A 7
XoF I 1o 4% O T B 32 B LA IE R LAY 57.9%,
84.8% Fll 55.4%.
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Fig.4 Load-displacement relationship of L3-L4 motion unit
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s 5 L3-L4 HER A4 A BT . BhARA K L A
R e B K von Mises W J7 HERZE IS B A, H o Fide
Ji )5 L3-L4 A 45 B8 1% S0 40 8 K /ANAR AL A
= B R DUE B RS BLR G L2-L3 35 B R [/
SF A von Mises M 7 W 1F H BB I K.

N 2 WA DU H 7R R A 4 A T R AT AR Y
ZF4E3F von Mises N 77 85 K H 1) 43 A5 fr B 2 AR I,

N 77 e KA AR ZZ 5 KA 2.905 MPa, HY BLAE J5 14 2K fif
AT, HABPIRP AR T B PR e KN ) 22
{E#BE 0.44 MPa DLTF.

B 8 AR R 4 T AL RS L2-L3 HEW £
BEZE X ILE. 78 75N-m BEERAT, AR
JE AT B R B KR ) R A4 T RS L. Pl
BEAY R R 1 AE AT IR B0 2R B B B4 K 3] 10kPa

%2 FRESHEHTRENGEIENH %

Table 2 Stress distribution in vertebral bodies and annulus fibrosus under different loading cases

Maximum stress value

Maximum stress value

Maximum stress value

Load type  Model type and position in L3 and position in L4 and position in
vertebral body/MPa vertebral body /MPa L2-L3 annulus fibrosus/MPa
. normal 2.64  S:135°, I: 215° 2.10 S: 275° 9.39 I: 135°
extension . . .
fused 3.52 S: 135° 1.89 inferior region 12.29 I: 135°
fAexion normal 4.48 I: 45° 2.94 S: 45° 7.75 S: 315°
fused 3.57 S: 45° 1.59 inferior region 7.31 S: 315°
. . normal 2.55 I: 135°, I: 215° 2.35 S: 135° 7.35 I: 45°, S: 90°
axial rotation X .
fused 2.34 S: 135° 1.51 Inferior region 7.45 I: 45°, S: 90°
80 300
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Fig.8 Comparison of L2-L3 intradiscal pressure between two models
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Fig.9 Comparison of L2-L3 intradiscal pressure between the

model with and without considering facet joint
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FINITE ELEMENT ANALYSIS ON LUMBAR INTERBODY FUSION "

Wang Yu Peng Xiongqi?
(School of Mechatronics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract  The aim of this paper is to evaluate the effect of interbody fusion on lumbar spine via finite
element (FE) method. Based on CT scanning images and CAD three-dimensional reconstruction technique,
detailed and anatomically accurate normal and fused human lumbar spine FE models for the L2-L4 motion
segment with or without L3-L4 fusion are built. The lumber spine models include vertebrae, intervertebral
disc and various ligaments. A previously developed hyperelastic fiber reinforced constitutive model is used to
characterize the nonlinear anisotropic material property of intervertebral disc annulus fibrosus. The proposed FE
model is validated by comparing numerical results of axial compressive load-displacement with experimental data
available in literature. Commercial FE analysis software package ABAQUS/Standard is used to simulate the
normal and fused lumber spine segment under flexion, extension and axial rotation. The lumbar spine motion
range and stress distribution of two models under different loading conditions are obtained and compared.
Numerical simulation results show that under the same loading condition, the fused model has a much smaller
body motion range compared the normal one. Interbody fusion brings out obviously different stress distribution
in adjacent vertebral bodies, but has minor impact on adjacent intervertebral disc. The results also suggest that
facet joints play an important role in maintaining normal physiological function of spine. The analysis results

can provide references and guidelines for human lumbar fusion neurosurgical operation in clinic.
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