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INTRODUCTION

The study and numerical simulation of the
Intervertebral Discs (IVD) are the paramount issfie
this work. Its major expected achievements are to
investigate the biomechanisms of disc degeneration
and to develop of a biomimetic strategy for the VD
regeneration, under the scope of a wider European
project, denominated NPmimetic, “Biomimetic Nano-
Fiber-Based Nucleus Pulposus Regeneration for the
Treatment of Degenerative Disc Disease”. In fduf t
work intends to contribute to the main achievemefits
NPmimetic through the development of several
numerical tools, with a special emphasis on the
updating of a spine-oriented Finite Element (FE)
solver, in order to contribute to the investigatioh
new strategies for treatment and/or rehabilitatbthe
Degenerative Disc Disease (DDD).

DESCRIPTION OF THE PROBLEM

The human spine is composed by 24 motion segments.

Each one of these load-sharing units is compose2l by
vertebral bodies (VB), connected by an IVD and 2
facet joints. The IVDs are fibro-cartilaginous cigsts
serving as a shock absorbing system of the spine,
which protect the vertebrae, brain, and other ires,
providing both flexibility and load support. Theyea
composed by three major components: the nucleus
pulposus (NP), the annulus fibrosus (AF) and the
cartilaginous endplate (CEP, also known as vertebra
endplate), and they are considered as chondraidets
(Jongeneelen 2006, Raj 2008).

The degeneration of the IVDs is one of the main
problems of the spine, with a particular emphasis o
the low back pain. For many years, a considerable
amount of studies developed significant efforts to
found the causes and possible solutions for sugkejs

given that spine problems are a major cause of
disability on western societies. In fact, DDD (also
known as spondylosis) is one of the largest health
problems faced worldwide when judged by lost work
time and associated costs (Shankar et al. 2009).

OBJECTIVES

The development of a biomimetic FE model of the IVD
and VB, in both healthy and degenerated statetheis
fundamental objective of this work. Therefore, the
definition of the biomechanical parameters of both
states is essential. DDD is a condition expressed b
degenerated IVD, and the challenge for this work
eventually starts on the definition of the etiologf
IVD degeneration, which is dependent on multiple
factors, such as metabolic disorders, ageing or
mechanical factors (Nixon 1986, Roberts et al. 1989
Urban and Roberts 2003, Virtanen et al. 2007).

Two branches of research must be highlighted:
variations on material properties and variations on
cellular properties. The IVD extracellular matrig i
determinant for the global behavior of the IVD, and
thus further studies on either material or cellular
properties are mandatory. Some of the most up-te-da
publications (for instance, Natarajan and co-waskar
2008, Noailly in 2009 or Shirazi-Adl and co-workéms
2010) clearly show the trend on this subject (Ngjtar

et al. 2008, Noailly 2009, Shirazi-AdI et al. 201The
present work intends to follow some of the direasio
revealed in the abovementioned publications,
especially focusing on the variations on material
properties within the IVD and adjacent structures.

NUMERICAL SIMULATION

The present work is based on the development of
several computational tools. The methodology that
shall be followed starts with a literature revieim,
order to understand all the issues related with| iz
and its degeneration, as well as the state-oftthe-a
concerning the numerical modeling and numerical



simulation of the Human spine.hiE first stagehas
already begun andill contribute for the definition ¢
the cases to be numerically simulated and anal
The next step is to start the FE modeling
simulation, based on either medical imaging data
literature datain thigh association with the guidelin
of the NPmimetic projectThese models shall oduce
valuable information for the study of IVD degenarat
and regeneration. Finally, the results from the R\
be submitted to comparison with vitro/in vivc tests
(carried out by other partners of the NPmim
project), in order to validate th«developed and
implemented algorithms.

As mentioned above, the crucial task to be caritie
this work isrelated with the constitutive modeling a
rheological behavior of all soft tissues integrgtite
IVD. This assignmenwill be performed using the -

Biomech FE solver(a FEA hom-code), which
mechanical modeling comprises several rele
features of biomechanics, namely the aln
incompressibility of softissues, the implementation

the most general isotropic and anisotropic hypetiel
laws, a fmenomenological description of the mus
activation and short and long term viscous timect
phenomena; a fully implicit time integration sche
and mixed u-P finite elements. Bfomech must b
updated concerning the implementation of 1
constitutive models able to describe more accura
the mechanical behavior of both IVDs tissues aher
relevant soft tissues and bones. Rheological behé&
other important features of IVD for the Human corh

and mechanical functionality of the spine. Tinffects,

i.e., short term (like strain rate sensitivity) atmhg

term (like hysteresis, stress relaxation and créiep

effects shall be taken into account. For the sak
simplicity, very probably a queviscoelasticity
formulation shall be adopted, nstead of a
hypervicoelasticy, given that it will allow tt
decoupling between the Prony series param

(amplitude and characteristic time) and the madt
parameters, unlike happens in case of more ge
form of hyperviscoelasticity, in which theony series
are applied directly to the material paramet
Therefore, it is expected that this kEffA numerical
tool is ready to carry out the numerical simulasiaf

the overall spine in general and the IVD in pattc

SUMMARY

Summarizingsome of the presented id, it should be
highlighted thatthis work will potentiate a new ar
very innovativeresearch and developmeapproach to
go forward on the knowledge of the biomechanic:
the Human spinewith major emphasis on the IV.

In order to achieve such aim, FEA undeniably
paramount tool for the advance of biomechar
allowing and contributing to deepen our understag
on so complex biosystems.

In what concerns the IVD FEA studies, sew
possibilities and parameters haveen covered, from
the effects of different load types to new treath
strategies. The novelty associated to this wothaisec
on the set of mechanical specificatioexpected to
arisefrom the modeling of the VB ai IVD. Such data
shall allow the study rad development of minim:
invasive treatments based on biomimetic mater
scaffolds and tissue engineeril
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