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Introduction 
Most of the intervertebral disc relies on 
perfusion from the endplates. The capillaries 
penetrate channels in the bony endplates (BEP) 
to reach the bone-disc junction. With 
degeneration the density of these channels 
decreases, limiting the nutrient supply to the 
disc. We hypothesized that a diminution of 
BEP channels of the size of capillary buds 
causes a nutritional deprivation leading to cell 
death and initiating degenerative processes.  
 
Methods 
Solute (oxygen, glucose and lactate) 
concentration within the disc depends on a 
balance between diffusion rates and cellular 
consumption/production. The cell viability 
decays exponentially over time below critical 
thresholds of local glucose concentration and 
pH. The spatial and temporal cell distribution 
under critical conditions in a uniaxial finite 
element model (FEM) was validated against 
in-vitro cell culture data [Horner, 2001].  
The cell viability in a 3D FEM of the disc, 
including nucleus pulposus (NP), annulus 
fibrosus (AF), cartilage endplates (CEP) and 
BEP, was investigated for various endplate 
perfusion conditions. Nutrients were supplied 
at the boundaries of the BEP and outer AF and 
the channel density was modelled as a 
distributed flux through the BEP. The BEP 
diffusivity was reduced from 10 mm2/h 
(healthy) to 0.3 and 0.1 mm2/h, in order to 
simulate the occlusion of channels occurring in 
degenerated discs. [Benneker, 2005] 
 
Results 
The cell distribution in the uniaxial model 
corresponded well with the in-vitro cell culture 
(Fig 1). When healthy, the disc model 
predicted cell and nutrient concentrations 
within physiological ranges. When BEP 
diffusivity was reduced by 30, only local cell 
death was observed (Fig 2, top), without 
affecting average NP and AF cell density. BEP 
diffusivity needed to be reduced by two orders 

of magnitude to observe significant changes in 
cell density (Fig 2, bottom). 

Figure 1: Comparison of profiles of cell viability 
after 11 days, with the uniaxial model (dashed 
lines) and the cell-culture study [Horner, 2001] 
(solid lines) for various initial cell densities.  
 
 
 
 
 
 
 
 
 
Figure 2: Cell density in the NP and AF with BEP 
diffusivity of 0.3 mm2/h (top) 0.1 mm2/h (bottom).   
 
Discussion 
The density of BEP channels of the size of 
capillary buds does not seem to be a critical 
factor for cell viability. Even if we consider a 
critical healthy situation with BEP diffusivity 
of 0.3 mm2/h, the density of channels would 
still need to be reduced 3 fold to cause 
significant reduction in cell density whereas 
such changes were shown to correspond to 
end-stage rather than early degenerated discs 
[Benneker, 2005]. Therefore, it seems that the 
occlusion of BEP channels does not initiate 
degeneration by decreasing the cell density. 
The effect of nutrient deprivation on cell 
metabolism/behaviour might be more essential 
in understanding causes of degeneration.    
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