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Constructing a three-dimensional finite element model of non-constrained artificial disc
replacement

Zheng Shengnai', Han Tingcheng’, Yao Qingqiang'*, Wang Liming', Jin Chengzhe', Tang Cheng',Hu Wenhao', Wei
Bo', Du Xiaotao'

('Department of Orthopaedic Surgery,Nanjing Hospital Affiliated to NJMU ,Nanjing 210006;°Department of
Orthopaedic Surgery ,Traditional Chinese Hospital of Yancheng,Y ancheng 223210, China)

[Abstract] Objective;:To construct a three-dimensional finite element (FE) model of non-constrained artificial disc (NAD)
replacement and lumbar vertebrae 14~L5 segment as the standard digital model for further biomechanical research. Methods: The
NAD FE model was designed by using Auto CAD and it was combined with lumbar segment FE model in aforementioned part one by
Abaqus software. The L4~L5 model was validated by Force 1,a 400 N axial load which was made up of four 100 N stress force, then
Force 2 which was composed of 400 N axial load and 10 N +m extension bending moment. Results:14 ~L5 segment model was
consisted of 33,976 nodes and 162,858 elements. Centrum was consisted of 161,679 tetrahedron elements. Endplate was consisted
of 1,053 hexahedral elements. Ligament,articular capsule and fiber were consisted of 126 Link elements. The NAD model was
consisted of 11,583 nodes and 44,927 elements. Endplate and nucleus pulposus was consisted of 1,053 and 3,724 hexahedral
elements, respectively. The results of load test showed that the model of NAD and [4~L5 segment had good effect of visual and
mathematics. Conclusion:Based on mimics software and CAD methods,the 3D FE model of lumbar motion segment and artificial disc
can be constructed automatically with excellent simulation results. Mimics can provide precise model through calculation based on
threshold and parameterization modeling. The implanted L4~L5 segment can be used for further biomechanical research of lumbar

spine.
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Table 1 The assignment of each material

I ] YRR (MPa)  JARALL  #RIE A (mm?)
N 77 000 0.30

PEEK 3 600 0.30

sy 12 000 0.30

/N 100 0.20

KT 10 0.40

HER J5 B 3 500 0.25

Lt 1 000 0.40

HEIH] 52T Y PR L B 42 0.45

HE ] BB % 0.2 0.50

LT YEINLT 2 450 0.30 0.15
GENGH 20 0.30 38.00
FEN G 70 0.30 20.00
B 50 0.30 60.00
R 28 0.30 35.50
- 28 0.30 35.50
FEZE R4 50 0.30 10.00
P 100 0.30 40.00
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Figure 1  Stress type with the fixation of L5 lumbar endplate
nodes
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Figure 2 The construction of L4~L5 segmental FE model
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Figure 3 The constraction of NAD FE model
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Figure 4 Validation of the model in neutral position
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Figure 5 The stress distribution of [4~L5 NAD implanted segment in 400 N oxial stress and 10 N+-m extension torque
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