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Abstract; The fluid flow in the cartilage endplate ( CEP) is the main path of nutrient supply and metabolic
waste transport within the intervertebral disc (IVD). The increased stiffness, the decreased permeability and
the water content of the degenerated cartilage endplate influence the mechanical responses and material trans-
port within the IVD. A porous finite element model for C5-C6 of the cervical spine was established based on the
computed tomography (CT) images of an adult. After validation, loads of compression, flexion, extension, ax-
ial rotation and lateral bending were applied to this model to calculate the instantaneous responses of the IVD.
The calcification and sclerosis in the CEP were simulated with increase of its modulus and decrease of its per-
meability and porosity, compared with a healthy case. The results show that, the pore pressures within the CEP
and the nucleus pulposus ( NP) increase and the fluid velocity decrease in the degenerated CEP. Under flexion,
the pore pressure in the NP increase by 50.8% and 88.9% in calcified and sclerotic CEPs compared to the
healthy endplate, respectively. The decreases of the permeability and the water content in the degenerated CEP
hinder the fluid flow and increase the maximum principal stresses of the NP matrix by 122.2% and 100.0% under

compression and axial rotation, respectively.
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Fig. 1 The construction process and components of the C5-C6 finite element model
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Table 1 Material parameters of the porous finite element model

Young’ s modulus Poisson’ s ratio void ratio permeability i
component . reference
E /MPa v e ko /(mm*/(N-s))
cortical bone 16 800 0.3 - - [23]
cancellous bone 450 0.3 0.41 5.773 SE-2 [16,24]
posterior bone 3 500 0.3 - - [24]
articular cartilage 10 0.4 - - [19]
nucleus pulposus 1 0.49 5.67 1.56E-4 [16,24]
Mooney-Rivlin
annulus substance Cyy = 0.133, 2.45 1.56E-4 [16,25]
Cy, =0.0333,D, = 0.6
annulus fibrosus 110 0.3 - - [25]
boney endplate 5 600 0.3 0.8 7.500E-2 [13,19]
healthy 5 4 4.041E-3 [16,24]
cartilage s
calcified 0.4 4.041E-4
endplate 3 500 0.11 [13,26]
sclerotic 4.041E-5
ALL 28.2 0.4
PLL 23 0.4
ligament LF 3.5 0.4 - - [27-28]
CL 4.8 0.4
ISL 5 0.4
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Fig. 2 Validation of percentages of height losses of the FE model under a 500 N compression! %!/
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Fig. 3 Maximum pore pressures in the nucleus pulposus and the cartilage endplate under compression( comp) ,
flexion (flex), extension (ext), axial rotation (AR) and lateral bending ( LB)
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Table 2 Comparison of maximum pore pressures in the nucleus pulposus and the cartilage endplate under compression ( comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)

degree of cartilage loading condition
component
endplate degeneration comp flex ext AR LB

calcified 12.5% 50.8% 1.4% 14.3% 1.5%
nucleus pulposus

sclerotic 55.0% 88.9% 1.4% 48.2% 19.7%

calcified 95.7% 97.9% 60.0% 42.2% 38.6%
cartilage endplate

sclerotic 169.6% 147.9% 80.0% 84.4% 56.1%
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Fig. 4 Maximum fluid velocities in the nucleus pulposus and the cartilage endplate under compression (comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)
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Table 3 Comparison of maximum fluid velocities in the nucleus pulposus and the cartilage endplate under compression ( comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending ( LB)

degree of cartilage loading condition
component
endplate degeneration comp flex ext AR LB

calcified -29.1% 9.5% -8.6% 0.7% -1.3%
nucleus pulposus

sclerotic -19.4% 46.7% 2.6% 15.0% 14.6%

calcified -32.3% -19.5% -70.0% -60.9% -67.8%
cartilage endplate

sclerotic -89.3% -89.5% -96.4% -94.5% -95.4%
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Fig. 5 Contours of fluid velocities in the nucleus pulposus under compression (comp) s

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)
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Fig. 6 Maximum principal stresses in the nucleus pulposus and the cartilage endplate under compression (comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)
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Table 4 Comparison of maximum principal stresses in the nucleus pulposus and the cartilage endplate under compression (comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)

degree of cartilage loading condition
component
endplate degeneration comp flex ext AR LB

calcified 77.8% 70.6% 12.5% 69.2% 31.3%
nucleus pulposus

sclerotic 122.2% 94.1% 43.8% 100.0% 56.3%

calcified 330.0% 390.6% 571.4% 325.0% 492.3%
cartilage endplate

sclerotic 335.0% 384.4% 595.4% 320.8% 480.8%
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Fig. 7 Contours of maximum prinmpal stresses in the nucleus pulposus under compression (comp) ,

flexion (flex), extension (ext), axial rotation (AR) and lateral bending (LB)
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