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Establishing finite element contact model of human L1 ~ L5 lumbar
segments

SU Jin', ZHAO Wen-zhi', CHEN Bing-zhi*, LI Bin', HE Sheng-wei', FAN Xu'(1. The
Second Affiliated Hospital of Dalian Medical University, Department of Orthopedics, Dalian 116023, China;
2. Traffic & Transportation School, Dalian Jiaotong University, Dalian 116028, China)

Abstract. Objective To establish the finite element model of L1 ~ L5 lumbar motion segments with contact theory
by self - compiled software and HyperMesh. Method Based on the spine CT continuous images of L1 ~ L5 seg-
ments from the healthy volunteer, the three dimensional finite elements model of L1 ~ L5 vertebrae structure was
constructed applying self compiled software and HyperMesh, and added with simulating the endplates, joint carti-
lage intervertebral disc as well as ligament structure. The contact theory was adopted to solve the process be-
tween the high and low articular surface surface contacting. Results The three dimensional finite element model
with more structure integrity and good geometric similarity was obtained. The simulating results of the physical
loading are matched better with the results of the vitro experiment of biomechanics. Conclusions Self-compiled
software and HyperMesh improved the speed and accuracy for building finite element model of lumbar motion
segment, while the introduction of contact theory could enhance its reliability and authenticity.
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Tab.1 Finite element model of the unit type

5, solidd5 Bjg link10 2477 &t
digzs 37 026 37 026
AR 163 201 163 201
JEERGE 132 514 132 514
2 31742 31742
Bk 15 315 15 315
P =1 2 106 2 106
U IR 24 668 24 668
YA 358 358
GIENI 32 32
B 24 24
B 32 32
bk ikt 32 32
by A2kt 12 12
B 2R H]gHE 16 16
KR 65 65
At 406 572 571 407 143
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Tab.2 Material properties used in the model

YU, E,/MPa o S/mm? Sk
BB 12 000 0.3 [4]
HABUE 100 0.2 [4]

JE G 3 500 0.25 [4]
#KAR 500 0.25 [4]

SR 4.2 0.45 [7]

A [89]
BN 550 0.3 0.76
w2 495 0.3 0.592 8
®BIE 412.5 0.3 0.4712
w®AR 357.5 0.3 0.357 2

B 1.0 0.499 9 [7]

KATHCR 10 0.3 [5]
Wik 20 0.3 38 [56]
B\ 70 0.3 20 [56]
I 50 0.3 60 [56]
A 28 0.3 35.5 [56]
i s 28 0.3 35.5 [56]
gk 50 0.3 10 [56]
SR 20 0.3 40 [56]
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Fig.1 Schematic diagram of articular process contact
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Fig.2 Disc diagram
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Fig.3 Schematic diagram of facet joints
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Tab.3 The model and in vitro derived from the lumbar spine range of motion segment (X sd)°

L1 ~12 12 ~13 13 ~14 14 ~15
TR
A B A B A B A B

Hij J8 6.2+2.3 6.64 £0.7 8.6x2.0 7.85 0.6 8.1x2.7 6.88 £0.5 10.9 £4.1 8.96 0.2
Ja i 4.5+1.3 6.5+0.8 2.3+0.8 4.35+1.9 3.3+0.7 4.75 £0.5 3.8+0.9 4.58 1.1
P 4.3+1.7 5.05+1.9 6.8 +2.0 5.96 £1.5 8.0+2.3 7.11 0.9 7.4+1.2 5.15+0.7
paE 4.5+1.8 4.77 1.8 7.9+2.3 5.93 £1.5 8.4+2.1 7.32+0.8 8.0+1.2 6.11 £1.5
e 1.3+0.5 1.66 +0.28 1.2 0.5 1.28 £0.26 1.7+0.6 1.8 +0.17 2.6 +0.8 3.69 1.9
Hik 1.3+0.5 1.69 +0.31 1.2 +0.5 1.18 £0.20 2.6 +0.8 1.78 £0.20 2.3+0.7 3.73 £1.7
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Fig.4 The whole lumbar spine finite element model diagram

it CT 3 BB %7 A Ak 3 K3+ 5B B BY
BT RGE , BIHEESL | AT B A FROTAR R,
AU RE AR RE AR A PR B AT

PREFHE /N R T BB A (BRI R _E 907 L 3]
W BRI BT R A TR ) B =
YERRTY . R HOTRN 407 143 4, 8 S BN
100 6821 HEMARHKIIN h B2 5B A SR B R AR A5
A, AL R B LA R A R 1 mm
BB RE 7E)2 , LA Solidds BT, fa] 4k i gk . 3
SR [f) R PR AR Rk o HE ] 8% Py 41 3 (R
EFLEREL ) MIBEAR% A BRSO AN 7T R 45
OFHFRIEBA, BERZ R BRZ0 o ME (] B R BH 38% 72
o MEM] SLETHEPR phy B [R5 3 7R L r B S DR 44 T
IR A RER, RIEL R EH B TFER
ST HS 4 JZ I S HE RSP TRAF 3 +30° )
Ko BRIRETHER link10 R £8P S oTAR AL, HL o
H5 B B A DR/ ) R A T RS 5 £ 4R 3R 21 5 Sol-
id45 BITARAL y BT T WA (K S | 2950 1 ] A
BIZ AR HERIEE PRI 1.0 mm B HERE
PMAh %, 5 RO ME T B B R (A S) . A
FROTAE A0 S B RTAN . SR AL B L JBRIE] | B SR [
H USRI MG 1 BB KR A 1ink 10 JE£k i
BT, BITRIAIE | BERE AR R KR E T &
AL SRR AR (LI 6) BT
ARBIUTAME B R, BA BRI ECR, T
U O EWRTEHEG BR. @A RF-m A
A AR IR A M R 2R, RERE IR TR B % f
BERARTINAN o SRS S A IR T S A 45 R



EREYNE $£254 E3H 201056 F
204 Journal of Medical Biomechanics, Vol. 25 No.3, Jun. 2010

PLA, A IRBY I SE IR A R SRS I A R A — 2

Es5 BHE
Fig.5 Displacement
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Fig.6 Facet stress diagram
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