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Analysis of Disc Creep on the Cauda-Equina Occlusion

S. Y. CHO, Y. E. KIM
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Abstract

To study the effect of a disc creep on the cauda-equina occlusion, 3D-viscoelastic FE model
including dura mater was developed. The mode! was analyzed according to various loading conditions
and studied the contact between cauda-equina and nearby elements with time. With this contact the
volume of the cauda-equina was changed. The contact and change of the volume were happened most
highly in extension with time. By this result, it was concluded that the extension is the most fatal
motion to cauda-equina in lumbar spine in all time region.
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Table 1. List of Element

Component No. of Element
Vertebra IL ortical|Shell(S4R) 356
hell
" |Endplate  |3D-brick 222
Posterior (C3D8) 986
element
Cancellous 2220
core
Disc Nucleus  [3D-brick 432
(C3D8H)
Annulus  |3D-brick 456
(C3D8)
Fiber Truss(T3D2) {1216
ﬂigament ALL Truss 40
PLL (T3D2) 32
CL 40
TPL 4
SSPL 4
ISkL 8
LF Shell(S4R) 552
Facet contact GAPUNI 12
Dura mater Shell(S4R) 3780
Fluid element F3D4,F3D3 3936
Surface contact Soft, Hard 6
Contact
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Fig.1 3D-Developed one motion segment

finite element model
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Table 2. Material properties of ligament

Material Young's {Density |Cross |
Modulus | (kg/mr) sectional
(MPa) area(mm)
Anterior 7.8 2.00E-06 (13
Longitudinal
Ligament
Posterior 10 2.00E-06 |0.8375
Longitudinal
Ligament
Capsula Ligament |75 2.00E-06 |0.25
Transverse 10 2.00E-06 |0.75
Ligament
Supraspinous 8 2.00E-06 [1.25
Ligament |
Interspinous 10 2.00E-06 [1.875
Ligament
Ligamentum 30 2.00E-06 (0.3
Flavum
Dura mater T: 1.832E-06 |0.18
18.83E-6
L
120.30E-6

Dura mater : transversely isotropic material
T: transverse elastic modulus

L: longitudinal elastic modulus
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Table 3. Material properties of the each component

Material  |[Young's Density Poison's
Modulus (kg/mm) Ratio
(MPa)

Cancellous {100 1.00E-06 0.2

Cortical 12000 1.83E-06 0.3

bone

Endplate 12000 1.83E-06 0.3

Annulus 4.2 1.20E-06 0.45

ground

matrix*

Annulus {175 2.00E-08 Cross Area

fiber 0.27148 mn

Nucleus* (2.0 1.00E-06 0.49

Posterior {3500 1.576E-06 0.25

element

* © instantaneous elastic modulus

Table 4. The prony series of the disc materials

shear bulk time(sec)
Annulus |0 03991 |k=0.3991 |7 ,-345
200000  [k:=03000 | =100
2-03605  |ks=0.1490 |7 4=1000
27005  [ki=0.1500 |7 4-5000
Nucleus |0 06375 |k=0.0000 |7 .=0.141
£701558  [k:=00000 |7.=221
2701202 [ks=00000 |7 5-39.9
2i-00383  [ki=0.0000 | =266
2:=00000  [ks=0.0000 | r5=500
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gR( t) : dimensionless relaxation modulus
&; : modulus ratio

T, : relaxation time

3.2 0}0{(cauda equina)
Edmundo zarzur®e 29 AFoA Ao B4
e FA wgogy & EAXNE Ztau I 9

Qs Rasgch E 2o

FA 4F, A4, FH LA 05 F M
AE et 24 1 24 e A

AA AL nHde FAL 3L 12008
35S 502 B dUSA SN F 3600%
<t A | 50 &

old dAFo Agd®E Edg JA
1200N9] 2 AEHHTE 40002 F
AlZbo] wE EHw WHYE oA o
] 23} 3 o}

5.1 @A Z=Z(boundary condition)

Kim. Y. E®%9 Ao 2w 59
o % &Fe 1 o, M dd FA Y
T o8 met 1 A#ge] A e °,
= T3 (Facet Joint)2 2] o] E-njxlo]ol Al
A weld oA AR Axel 2L x7
FA87] A&l FA9 FHAE T4

ot e
to ¢ O i rE

i

;



52 Al

- e
3 - - 0 °
E 154 ] - . > A
€ . .
g - . : A
o A
8§ 104 -f' -
= r W 1200N(without coupled rotation, with 8.C=0.1)
@ A~ 1200N(without coupled rotation.with B,C=0)
a ®- FEM Result
o
% 051

* 8. C = Boundary Condition

T T T —
Y 1000 2000 3000 4000

Time(sec} *B.C : boundary condition

Fig. 2 Comparison of the creep analysis
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Fig. 3 The change of the dura mater volume
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Fig. 4 The change of rotation angle
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6.6 THE ™ &2 (facet contact force)
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