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Introduction 
Tissue properties and morphology of 
intervertebral discs (IVDs) change during 
ageing and degeneration. Modelling can 
capture quantitatively these changes and take 
into account their interdependencies for further 
mechanobiological extrapolations. To this aim, 
we reconstructed subject-specific models of 
degenerated IVD from MRI and performed a 
material parameter optimization to robustly 
quantify their changes along degeneration. The 
effect of fluid boundary conditions (BCs) at 
the endplates (CEP) was explored as well.  
 
Materials and Methods 
Two degenerated L3-L4 human cadaveric 
IVDs were tested in vitro under a 500N 
compression applied in 10 seconds and 
maintained for 3 hours. A generic L3-L4 IVD 
finite element (FE) mesh including the nucleus 
pulposus (NP), the annulus fibrosus (AF), and 
the CEP was morphed to MRI reconstructions 
of the two specimens (Fig. 1) to simulate the 
above creep tests. 

 
Figure 1: IVD morphed FE meshes used 
 

Anisotropic poro-hyperelasticity (PH) for the 
AF and isotropic PH with swelling for the NP 
[Malandrino 2012] were used for the FE 
analyses. Solid- and fluid-phase material 
parameters were optimized (Table 1) to 
reproduce the creep measurements. A downhill 
simplex algorithm was used (Python). 
Impermeable and fully permeable BCs were 
considered (caudal and cranial ends). Different 
initial guesses were taken from the literature 
and used to check for local minimum effects. 
 

Table1: Parameters used for optimization  
Parameter  Subtissue Explanation 
Gm AF, NP Matrix shear modulus 
Km AF, NP Matrix bulk modulus 
K1, K2 AF fibres Stiffness parameters 
κ AF fibres 0(aligned fibres) ≤ κ ≤1/3(random) 
∆Π NP Swelling pressure 
k0, φ0 AF, NP, CEP Initial porosities and permeabilities 

 
Results and Discussion 
Optimized matrix shear moduli were ca. 0.3 
MPa in all cases, higher than a healthy value of 
0.15 MPa, in agreement with in vitro reported 
patterns [Stokes 2004]. NP swelling was below 
the healthy range or nil, also related with 
reported decrease in proteoglycan content 
during degeneration. Fibres dispersion κ was 
stable to 0.15 in all cases: Thus, no random, 
neither fully aligned configuration were 
optimal. Optimized AF and NP porosities were 
always higher than 80%, probably indicating 
that simulating a damaged matrix may be 
needed to replicate experiments. According to 
the possible presence of cracks, impermeable 
BCs resulted in reduced shear moduli (0.06 
MPa). Though such BCs led to increased 
differences between the experimental and the 
computed FE response (Fig. 1), they allowed 
capturing the IVD response within the first 10 
seconds of load, which indicates that in vitro 
blood clotting artefacts may be replicated with 
semi-permeable BCs.  

 
Figure 2: Creep response of optimized model 
(FEM) in comparison with in vitro (EXP) 
 

In summary, results were in agreement with 
traditional degenerated tissue measurements. 
Thus, the method allows robust quantification 
of fluid- and solid-phase tissue properties, 
while considering the effective interactions of 
the tissues with the real organ geometry. Such 
a unique approach paves the way for reliable 
mechanobiological explorations of the 
degenerative processes in the spine, and 
coupling to inverse dynamic analyses would 
allow patient specific explorations. 
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