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Analysis of Impact Response in a Poroelastic Spinal Motion Segment
FE Model according to the Disc Degeneration

Young Eun Kim* and Duk Yong Park’

ABSTRACT

To predict changes in biomechanical parameters such as intradiscal pressure, and the shock absorbing mechanism in

the spinal motion segment under different impact duration/loading rates, a three dimensional L3/L4 motion segment

finite element model was modified to incorporate the poroelastic properties of the motion segment. The results were

analyzed under variable impact duration for normal and degenerated discs. For short impact duration and a given

maximum compressive force, relatively high cancellous pore pressure was generated as compared with a case of long
impact duration, although the amount of impulse was increased. In contrast relatively constant pore pressure was

generated in the nucleus. Disc degeneration increased pore pressure in the disc and decreased pore pressure in the

cancellous core, which is more vulnerable to compressive fracture compared with intact case.

Key Words : Spinal motion segment (% &% %), Disc degeneration (57F¥¥4), Impact loading(Z 4 8}+%),
Impact duration (32 2] £ A] 7}), Poroelastic model(TH 3 T4 A = &)
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Fig. 1 Vertebra-disc finite element model used for the
analysis
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Table | Material properties

Young’s Density  Possion’s
Material modulus A . Void Ratio Permeability (m*/Ns)
_(MPa) (kg/mm") Ratio
Cortical bone 10000 1.83E-6 0.25
bone (D) 58 2.0E-9
Endplate 10000 1.83E-6 0.25 4 1.0E-10
(A) © (R)
Annulus (N) 5 1.20E-6 0.45 3 1.53E-15  1.15E-15 1.92E-15
(matrix) D) 2.3 1.65E-15  1.62E-15 1.68E-15
Nucleus (N) 2 1.36E-6 0.49 6 1.0E-13
(Solid phase) (D) 9 0.45 2.7
N : Normal D : Degenerated A : Axial direction  C : Circumferential direction R : Radial direction

I:Innerlayer O : Outer layer
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Fig. 2 Variation of average pore pressure, compressive
stress in the solid skeleton of nucleus and total
compressive stress (sum of two) of nucleus at
peak response for different impact duration
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Fig. 3 Variation of average pore pressure at different
region of annulus for different impact duration
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Fig. 4 Compressive stress in the solid skeleton of the

annulus for normal and degenerated discs
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Fig. 5 Pore pressure in the cancellous core in region (O)
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Fig. 6 Compressive stress in the solid skeleton of the
cancellous core in region (O)
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Fig. 7 Variation in the average pressure, compressive
stress, and total compressive stress in the solid
skeleton of cancellous core in region (I) at peak
response
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