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Analysis of Disc Degeneration in a Poroelastic Spinal Motion Segment FE Model

D. G. Woo"(Biomedical Eng. Dept. YSU), Y. E. Kim(Mechanical Eng. Dept., DKU)

ABSTRACT

To investigate the degeneration process in the intervertebral disc, a three dimensional (3D) poroelastic finite-element (FE)
model was developed. Disc was modeled as two different regions, such as annulus modeled with fiber reinforced 20 node
poroelastic ground matrix and nucleus having large porosity. Excess Von Mises stress in the disc element assumed to be a
possible source of degeneration under compressive loading condition. Recursive calculation was continued until the desired
convergence was attained by changing the permeability and porosity of those elements, which could be predicted from the
previous iteration. The degenerated disc model showed that relatively small compressive stresses were generated in the
nucleus elements compared to normal disc. Its distribution along the sagittal plane was matched well with a previously
reported experimental result. Contrasts to this result, pore pressures in the nucleus were higher than those in the normal disc.
Total stress indicated similar values for two different models. This new approach using poroelastic modeling could provide
the explanation of the interaction between fluid and solid matrix in the disc during the degeneration process.
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Fig. 1 Vertebra-disc finite element model used for the
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Table 1. Material properties
Material Young’s modulus (MPa)  Density (kg/mm?) Poisson’s Ratio \Void Ratio
Cortical bone 10000 1.83E-6 0.25
Cancellous bone 100 1.00E-6 0.25
Endplate 10000 1.83E-6 0.25 4
Annulus
(matrix) 5 1.20E-6 0.45 3
Nucleus 2 1.36E-6 0.49 6

(Solid phase)

249



Fdel W wpEREoME F S (pore
pressure)= 0 o= dkglom UH QFH(swelling

pressure) A1 Al mEEFA] ZUth Fig. 2 = 2

Aol AREF Fkwe] HItabg o sy
gyl Folth, wkEE AAS Fscirl Y
Wyt = dAd =gehd e FEIH
"ok FAd 7t 482 1200N o], AAke

48 AT Eo]el ABAQUS 6.4 (Hibbit, Karlsson &
Sorenson, Inc) L Z1:WE o]&3} )

%) BAAE 2E Faaswdl
7 35 o]
U m NO
| F g 24 S Wi 9E
FiAew e ¢dg 2v an 49
<¥3 o MdE>
AAE axol Hotd E9A ol —H

<Void ratio ¢} Permeability 2] H 3>

| 20w ) Hsl @4 Aol |

[ FA9 parE Sves a4 A
Fig. 2 Analysis algorithm of disc degeneration

3. ol ZAzf
o et WE F0w wag gaow ¢

% &9, 99| Wsts #ESeAh Fig. 34 & F31
& SN AT e F1 dEeyEe)
$F2 (pore pressure) = EE Kol Fal 9l

Anterior

Posterior

(a) Normal

250

(b) Degenerated
Fig. 3 Distribution of compressive stress in the disc
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(a) Normal
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Fig. 4 Distribution of pore pressure in the disc
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Fig. 5 Variation of pore pressure and compressive stress in
the disc



gk e 59
59}% %

ox oft
010 g _Iﬂ', ~
% (g o N

[
4

A =3}7F Hgol| we) —"‘rﬂﬁ&‘ﬂl
ﬂ(degeneration)ﬂ A A = o]
1 2= (vertebral body) 3™ o] EAX
Al #vh & Oﬂ?oﬂ/ﬂb %ﬂx—i
7hake]l E A WalE

= Atolof A 9 vXﬂ fFrEs

] —SH\__E
06‘]—0/RDH10 H

g ehd Al

i
o2

L

2l

TR
R
L

o

>
o

b )y 1% 20 ook do oo oX

o
[
e
=

K

i)

S
4w

olo
-lN' 32
JB oL
)

o 1‘10
o

W
|

ot o

o

>

- ;1\1}{ o on
r",T oX, oo
o

el

N
-~

fz
g
o
=
2
o
2
o
—_>‘4-"4
12
U_u
:(O o,
i
2o,
i)
(e}
o
off o X Mo Nl 2

N,
24

u
2
X

A
o
N

o
Jo
TR T e

ol 4 OLEUr
Ael w7t °1~tﬂ 1
Aol Frtw ) 7

e Ade Aru

251

10.

S

2t

Umehara, S., Tadano, S., Abumi, K., Katagiri, K,
Kanera, K., Ukai, T., “Effect of Degeneration on the
Elastic Modulus Distribution in the Lumbar
Intervertebral Disc,” Spine, Vol. 21, pp. 811-820, 1996.
Argoubi M, Shirazi-Adl A., 1996, “Poroelastic creep
response analysis of a lumbar motion segment in
compression,” J. of Biomech, Vol. 29, pp.1331-1339.
Laible JP, Pflaster DS, Krag MH, Simon BR,Haugh
LD, 1993, “A poroelastic-swelling finite element
model with application to the intervertebral disc,”
Spine , Vol. 18, pp.659-670.
Wu JSS, Chen JH., 1996, “Clarification of the
mechanical behaviour of spinal motion segments
through a three-dimensional poroelastic mixed finite
element model,” Med Eng Phys. Vol. 18, pp.215-224.
Lee CK, Kim YE et.al, 2000, “Impact response of the
intervertebral disc in a finite element model,” Spine,
\ol. 25, pp.2431-2439.
710:13 HT—E-]_Q_ “1;}%'_%/\ *ﬂ Zﬂ—%%%
Ao A 3

=
A = 4L A, Al 20 A,

O

ax wa
1= 9
A 11 &, pp. 188-193, 2003.

Adams, M.A., Mcnally, D.S., Dolan, P., *“’Stress
Distributions inside Intervertebral Discs,” The Journal
of Bone and Joint Surgery, Vol. 78, pp. 965-972, 1996.
Natarajan, N., Williams, R., Andersson B.J., “Recent
Advances in Analytical Modeling of Lumbar Disc
Degeneration,” Spine, Vol. 29, pp. 2733-2741, 2004.
Kraemer, J.D., Kolditz, M., Gowin, R., “Waterand
Electrolyte Content of Human Intervertebral Discs
under Variable Load,” Spine, Vol. 10, pp. 69-71, 1985.
Li, L.P., Soulhat, J., Buschmann, M.D., Shirazi-Adl A.,
“Nonlinear analysis of cartilage in unconfined ramp
compression using a fibril reinforced poroelastic
model,” Clinical Biomechanics, Vol. 14, pp. 673-682,
1999.

fr k

No



	Text104: 248
	Text105: 249
	Text106: 250
	Text107: 251


