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An Optimum Design of Finite Element Nucleus for using Poroelastic material

‘o', ‘Su, B[, FYL’

*T. K. Leel, 1. H. Hong(Hongih?aZ@konea.ac.kr)l, S. K. Minl, Y. E. Kim®

Paejsta Aol AS B e, st /A3 e

Key words : Lumbar spine, Nucleus, Poroelastic, FEM, Artificial disc replacement, Intervertebral discs

1. Introdutction
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2. Method

Fig 1. Whole L1-L5 FE-lumbar spine model
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(a) Initial FE model (b) Deformed FE model (stepl) (c) Deformed FE model (step2)
Fig 2. Mises stress and deformation of FE lumbar model under

loading condition

L4-L5 End Plate  Annulus\ Rubber Nucleus

Fig 3. Poroelastic lumbar spine model

2.1 Reference model

AA Q3o AsS ®Hdsy] Y3 71F 8F B (reference
lumbar spine model)S A 2F8FATh CTHSHAG S B35 oz
020] A do]HE nlg oz §3la eSS 93 LI-LS FE-
L5 EEE A (reconstruction) 3T, 8.5 7 o] wAdA]
(material property)i= AFA| A g 0 2 HE AojR dlolE #HS H&

3]_Oﬂ];]_ 35 FE-&. i Dt—ﬂ_/] EZ] 0 ]:]_.0__44. 71']'4_ FE_g_“ir _1;1_1:—1&1%
7] & Eu(nucleus pulpose), 4-f-El (annulus fibrous), %ZH(endplate)
i]— i:ﬁ/&g}o} It 3= x%x%‘fo‘é =28 =3 A2
wo] glo], 2T al5o] e AL el AW Ml
A= AAfEH L e et o—&oﬂ A4 E‘_‘Béo] A8k Fr3olth
T e 8= Q4 (solid element)E ©]-8-3Fo] A 2H= %L
o, A e A5 MTor(ﬁber)ﬂ o7} e 53 FHE A
Stk A EdA 22 (truss element)S o] §-5to] Ul
Hlom *é%t o VA EY 4oz mx} ATIEE A2k}
S t}. 3l = (trabecular bone)@} X = (cortical bone)> Z+7; £
= 2 (solid element)2} 4 2 Ax(shell element) = R H o,
Aol fHES FelAA e FE2YS RSt H A
AL T3kt ld(ligament)ys GE5 TR E AF3S A9
W AEEE DAL F JEF EYa 8A4E o] &ate] Alxte)
AT AA 859 AF& EuEe o) WAs= LI-Ls 2
=9] 24 ¥igtel digk A& gko] aHHATH6,7] 8.5 EA ¥
] AsS AAA717] Al 3 Y] =4

o] o] oAt} v v~z S vetsly] flal A
LI-L5 FE-2.5 E%‘E—‘f‘—ﬁ LI-L3F-5-S A AS 4-Ls5-5 =g
B2 A3 (Fig 1-2)

2.2 Poroelastic model
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2.3 Boundary condition and Constraint
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2.4 Optimization design
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3. Result and Discussion
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Table 1. Results of response surface optimization and central compo-

site design

Runorder & o = =0 @ sa or e
T = = = Ta0GLE06]  A0SU9E03| 10222500 21528 301/‘)‘
1 a a 289196 100 1.05998+03| 10222640 97207 55217
T = = Tiosicros| iseaoceos| Lesidre iaiad] Sos095]
T T = isvasE o0 1soave-0a| Lusizes Ssosaz B -4194
= =Y T 31081¢ 06| _1.0599E+03] 6.3778E+ —onrrr 6719
i 3 T >em1aF ron| 40390 103 e ar7ar. S755[ s oases
. = T T S omiiron] 1seavieoa| ess/mie o] ~os /a9
3 T £ T 2:8919E+06] 150108 +01 6.3778E+ 510 S25273
2 168179 o a 50000F (05| 1.0000F 104 40000 1 00) 5007 Saea17,
o Teois o o S S000C+08| Loooor+0s| #0000rwoo]  iroar Sazees
g5 0 oeie o 20000E 06| 100008 +01 400008 +00] 18974/ EEer
2 o 168179 o 2. 0E+06| 9990E~+ 1.0000E+ -1.89319 5.50004
i3 [ -1.68179 2. 0T +086) 00007 +04 1.00007 -7.40R75 6511197
T3 v v Tos1/0 | 0000E-ou] LovovE+08] 7.9990e~ —1.5)@‘ PETEE]
¥ o o o 5.0000E + 06| 1.0000 +01|_1.0000E~ sorar 50121
Opma ] D) Tenod] 03057 _33554F (06| 15mears08] 30353F. ERES| S3071
o w 6
4
4

Rotation angle(Degree)

Deflection(mm)

Step Time Step Time

(a) Displacement of loading point (b) Rotation angle of loading point

Fig 4. Results of displacement and rotation angle of loading point
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Fig 5. Results of response surface method
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(b) Rotation angle comparison graph
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(a) Displacement comparison graph

Fig 6. Results of displacement and rotation angle of two model

Table 2. Optimum poroelastic properties
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Bulk modulus : 1109462.9 Pa
Initial porepressure : 19983 Pa
Intial void ratio : 3.0353

4. Conclusion
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