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ABSTRACT: In this paper, nonlinear finite element modeling has been presented to conduct a
parametric study of disc properties on biomechanical behavior of lumbar spine. This model includes
vertebrae (cancellous bone and cortical bone), disc (nucleus, annulus fibrosus, and collagen fibers),
end plates, and ligaments. 3 dimensions geometry was reconstructed from computed tomography scans
of lumber spine. After applying loads (compression, moment and their combinations) and boundary
conditions (fixed L5) to the model, finite element analysis was conducted. Experimental tests available
in literature indicated that lumbar spine shows a nonlinear mechanical behavior; hence, to consider this
nonlinear behavior in this work, ligaments and annulus fibers have been modeled as nonlinear springs.
The obtained results of the current study, which include intradiscal pressure and intervertebral rotation,
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have been compared with previous in-vitro as well as numerical data. The results of this work showed

that stiffening the disc leads to decreased intervertebral rotation in different anatomical planes and the

intradiscal pressure.

Intervertebral rotation

1- Introduction

A variety of finite element models have been introduced for
the lumbar spine model in the field of biomechanical research.
The passive lumbar spine is a complex structure composed of
vertebrae, discs and ligaments. Many researchers have first
assigned properties of materials to spinal structures and then
evaluated single-variable material parameters for the purpose
of parametric studies conducted using finite element method
[1-3].

Given the need for the finite element model to become
more realistic, the application of the ideal properties of
soft tissue materials, especially the material of the annulus
fibrosus and the nucleus pulposus, is a challenge ahead.
Therefore, the purpose of this study is to investigate the
parametric properties of disc components (annulus fibrosus
and the nucleus pulposus) to achieve desired properties.

2- Methods

Three dimensional geometry of the bony structures
which consist of the vertebraec L/ through L5 (LI-5) was
reconstructed from Computed Tomography scans (CT-scans)
of a 26 year-old male. Briefly, it consisted of five lumbar
vertebrae L/ to L5 (LI-5), intervening discs, and surrounding
ligaments (Fig. 1). The behavior of the cortical and cancellous
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bones was assumed linear elastic while the nucleus and
annulus were modeled using hyper-elastic material law. The
annular fibers and ligaments were simulated using nonlinear
springs that resist tension only. The material properties are
summarized in Table 1. The facet joint articulation was also
simulated by frictionless surface to surface contact [6].
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Fig. 1. Three dimensional finite element model of the lumbar
spine

Loading was either compression (follower load), moment
(in three anatomical planes) or their combination. The load
was applied to the superior endplate of L/ while the inferior
endplate of L5 was completely fixed.

The properties of disc components (annulus and nucleus)
were investigated in five different cases, as shown in Table 2.
These cases have been extracted from the literature and have
been used in previous finite element models [11, 12].
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Table 1. Material properties of the spinal components

Component hgfg;:ﬁiigzl References
Endplate E =‘}2i.2(§).£‘1\6IPa) [8.7]

Cancellous E :225(,)(.) (Zl\i[}Pa) [9]
Cortical E= 1\}2£%93(()MPa) [8]

Ligaments | i ecoment ourve | 110

Table 2. Material properties of the disc components

Disc Hyper-elastic (Mooney—Rivlin)
component | (Case study C10 Co1
1 0.06 0.015
2 0.12 0.03
Nucleus 3 0.24 0.06
pulposus
4 0.36 0.09
5 0.48 0.12
1 0.09 0.0225
2 0.18 0.045
Annulus 3 0.36 0.09
fibrosus
4 0.54 0.135
5 0.72 0.18

3- Results and Discussion

Spinal responses under 7.5 N.m moment (flexion,
extension, lateral bending and axial rotation) for the entire
lumbar spine (L-L5) were obtained. In flexion, the fifth case
study difference of range of motion was about 55% compared
to the first one, whereas this difference was 44% in extension.
The amount of change in the range of motion was 18% and
55% in axial rotation and lateral bending, respectively.

The intradiscal pressure is obtained for all four lumbar
spine discs at the end of the loading. The intradiscal pressure
has decreased for the cases of 1 to 5: the min and max values
were, respectively, 60.7% and 76.6% in the flexion mode;
58.1% and 67.8% in the extension mode; 73.6% and 98% in
lateral bending mode; and 21.5% and 28.8% in axial rotation
mode.

4- Conclusions

Using the nonlinear finite element model developed in
this paper, the effect of disc properties on the parameters of
desired properties were examined, and the following results
were obtained:
» By changing the properties of the disc, the spine’s range of
motion can be varied greatly in different loading modes.
* By increasing the proportion of hyper-elastic material in
the disc, the amount of intervertebral rotation decreases in
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each loading state.

* Under the combined loading of the L4-L5 motion segment,
the intradiscal pressure has a decreasing trend with increasing
hyper-elastic coefficients from the first to fifth case study.

* In combination loading mode for a given case study, the
highest intradiscal pressure occurs in flexion mode loading.

* By simultaneously checking the intervertebral rotation
results and the intradiscal pressure and comparing them with
the in-vitro data, the disc properties of item 1 and 2 show
better compatibility.
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Fig. 1. Step-by-step FE model creation a) 3D reconstruction and cleaning of the bony elements b) Mesh generation and
material properties assignment c) Disc
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Fig. 4. Intervertebral rotation of L4/L5 disc only (The in-vitro data range is indicated by the error bar in the figures)
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Fig. 6. Intradiscal pressure of L4/L5 intact for FL=1000 N
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Fig. 10. Intervertebral rotation of lumbar spine (L1/L5) in axial rotation and lateral bending
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IDP-L1/L5Intact (Flexion=7.5 N.m)
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Fig. 11. Intradiscal pressure of lumbar spine in flexion
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Fig. 12. Intradiscal pressure of lumbar spine in extension
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IDP-L1/L5 Intact (Axial Rotation = 7.5 N.m)
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Fig. 13. Intradiscal pressure of lumbar spine in lateral bending
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Fig. 14. Intradiscal pressure of lumbar spine in axial rotation
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