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INTRODUCTION

Dentistry has gone through some fundamental
changes over the last 50 years. Just think what the
possibilities are for the next 50! If you look back on

the tools of our trade over the last 20 years, do you remem-
ber the speed that once—familiar techniques and materials
have appeared and then been superseded? Now try to imag-
ine what we are to face in the next 10! For some it will be the
most daunting prospect of their careers, whilst for a propor-
tion of dentists throughout the world; it will be the most
exciting time of all. The emerging fields of nanoscale sci-
ence, engineering and technology—the ability to work at the
molecular level, atom by atom to create large structures with
fundamentally new properties and functions – are leading to
unprecedented understanding and control over the basic

building blocks and properties of natural and manmade
things.
One such field in science which has got immense popu-

larity is Finite element method (FEM) or Finite element
analysis (FEA). FEA has become a solution to the task of
predicting failure due to unknown stresses by showing prob-
lem areas in a material and allowing designers to see all of
the theoretical stresses within. This method of product
design and testing is far superior to the manufacturing costs
which would accrue if each sample was actually built and
tested. Finite element analysis has been slowly but steadily
found wide spread popularity in the fields of medicine and
dentistry. Especially in dentistry; where this tool of research
methodology has been used to understand the behaviour of
various materials.

WHAT IS FINITE ELEMENTANALYSIS?
It is a numerical technique to obtain approximate solutions
to a wide variety of engineering problems where the vari-
ables are related by means of algebraic, differential and inte-
gral equations. The concept of FEA originated during 1940s
with the advances in aeronautical engineering. It was intro-
duced to study stresses in complex airframe structures. The
mathematical foundation for this method was laid down dur-
ing 1940s and 1950s. FEA was first developed in 1943 by R.
Courant. Clough coined the term ‘Finite element’ in 1960.
FEA consists of a computer model of a material or design
that is stressed and analyzed for specific results. It is used in
new product design, and existing product refinement.1

There are generally two types of analysis that are used in
industry: 2-D modeling, and 3-D modeling. While 2-D mod-
eling shows simplicity and allows the analysis to be run on a
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relatively normal computer, it tends to yield less accurate
results. 3-D modeling, however, produces more accurate
results. Linear systems are far less complex and generally do
not take into account plastic deformation. Non-linear sys-
tems do account for plastic deformation, and many also are
capable of testing a material all the way to fracture. Its
applicability increased as the computers became readily
available for making complex computations.
Out of various FEA applications, the analysis most rele-

vant to us is the structural stress analysis – e.g. temperature
distribution in structures and fluid flow analysis e.g. veloc-
ity, pressure and concentration in fluid flows. As the name
indicates, this method schematically divides an object under
study called a continuum or a domain, into finite number of
smaller sub domains called elements. This process is called
as discretization.
Elements could be one (straight lines), two (triangles,

quadrilaterals) or three dimensional (pyramid or a brick like
shape) and in various shapes. Elements are not overlapping,
but are connected only at the key points which are termed
nodes. Joining of elements at the nodes and eliminating
duplicate nodes is termed as ‘Meshing’. Thus a mesh of all
the elements connected at the nodes represents the object

under study. The sum of deformation of all the elements is
the deformation of the entire structure. Thus stress strain
behavior of even a geometrically irregular shape can be cal-
culated.2

COMPONENTS OF THE FINITE ELEMENT
METHOD
Broadly stated, the components of the finite element method
are:

1. Finite Element Modelling
2. Finite Element Analysis

Pre-processing stage:
Solution stage
Post-processing stage.

PRE-PROCESSOR: The preprocessor stage involves the
following sections:

• Specifying the title, i.e. the name of the problem.
• Setting the preferences, this is the type of filtering to be
used, e.g. structural, fluid, thermal or electromagnetic

• Defining the element type, this may be 2d or 3d in the
structural element types, (Figure No. 1) and there are
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Figure No.1. Different types of elements & the no. of nodes they could have.
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many types then to choose from as mentioned in the
introductory paragraph to the FEM method. This is pos-
sibly the most crucial part of an analysis if a highly
accurate set of results is required (Figure No. 2).

• Defining the material properties, i.e. theYoung’s modu-
lus, Poisson’s ratio, the density, and if applicable, the
coefficients of expansion, friction, thermal conductiv-
ity, damping effect, specific heat etc.

• Creating the model in appropriate dimensions. This is
where the actual model is drawn in 2D or 3D space in
the appropriate units (M, mm, in, etc.).

• Defining the mesh density. This may be done by manu-
ally defining the number of elements along the lines of
the model, thus customizing the number of elements. In
complex cases, the mesh density may be generated by
specifying the element edge length, and hence the

mesher, meshes the model automatically on the com-
mand using the edge length specified.

• Loading and boundary conditions are applied to the
model. The boundary conditions are the second most
critical stage of the analysis (element type is first).

Once the geometry is created it is transferred into a finite
element model by the processor. Mesh generation is used to
describe this procedure. Developing the mesh is usually the
most time-consuming task in FEA.
SOLUTION: The solution of the problem is done auto-

matically by executing the command. The package then pro-
ceeds to form the element-stiffness matrix for the problem,
followed by solving for the matrix and then updating the dis-
placement value for each node within the component or con-
tinuum.
POST-PROCESSOR: After a finite element model has

been prepared and checked, boundary conditions have been
applied, and the model has been solved, it is time to investi-
gate the results of the analysis. This activity is known as the
post-processing phase of the finite element method.1-4

REQUIREMENTS OF FINITE ELEMENTANALYSIS
Finite Element Analysis is done principally with com-

mercially purchased softwares like NISA, ANSYS and
NASTRAN-PATRAN to name a few. These commercial
software programs are expensive depending on their exten-
sive capabilities—plastic deformation, and specialized work

Figure No. 2. Assembly of elements

Figure no. 3. Finite element model of a human skull
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such as metal forming or crash and impact analysis. Finite
element packages may include pre-processors that can be
used to create the geometry of the structure, or to import it
from CAD files generated by other software. The FEA soft-
ware includes modules to create the element mesh, to ana-
lyze the defined problem, and to review the results of the
analysis. Output can be in printed form, and plotted results
such as contour maps of stress, deflection plots, and graphs
of output parameters

APPLICATION OF FINITE ELEMENTANALYSIS
The finite element method is being used in virtually every
engineering discipline. Aerospace, automotive, biomedical,
geotechnical, electrical, hydraulic, and nuclear engineering
applications have become standard objects for finite element
analysis.5 In addition, it is not only used for analyzing clas-
sical static structural problems, but also for such diverse
areas as mass transport, heat transfer, dynamics, stability,
radiation problems and crash testing by various automobile
company6 (figure no. 4).
Experimental stress analysis of dental structures has been

a topic of interest during the later half of this century. The
object of such research was the determination of stress dis-
tribution and improvement of the mechanical strength of
these structures.7, 8 Stresses in dental structures have been
studied by various techniques e.g. brittle coatings analysis,
strain gauges, holography, two and three dimensional pho-
toelasticity, finite element analysis and other numerical
methods. Stress analysis studies of inlays, crowns, bases9

supporting restorations, fixed bridges, complete dentures,
partial dentures,10 endodontic posts11 and implants12 have
been reported, as well as studies of teeth, bone, and oral tis-
sues (figure no. 5). Most of the stress analysis of dental
structures was carried out using the photoelastic technique.
The advantages of using photoelastic study are that it can
quantify stresses throughout a three-dimensional structure
and determine stress gradients. However, it requires a bifrin-
gent material is more difficult with complex geometries.8

The use of this method in dental structures was started in

1968 when Ledley and Huang developed a linear model of
the tooth based on experimental data and on linear displace-
ment force analysis. The one shortcoming of their study was
that they considered the tooth to be homogeneous structure.
In reality the human tooth is highly inhomogeneous since the
elastic modulus of the enamel outer surface of the tooth is
about three times that of the inner dentin material.13 The
major contribution was made by W. Farah (1972), Thresher
R.W (1973) and Yettram A.L (1976) who modeled a tooth
and studied the stresses in a tooth structure using a finite ele-
ment method. After this there have been numerous studies
on assessing the stresses of various restorative materials,
endodontic & surgical techniques, implants or orthodontic
forces on tooth and its supporting structures.14-20

The FEM in dentistry recently focused on simulation of
realistic intra-oral conditions such as the nonlinear
stress–strain relationship in the periodontal tissues and the
contact phenomena in teeth, which could hardly be solved by
the linear static model.21 The nonlinear FE analysis has
become an increasingly powerful approach to predict stress
and strain within structures in a realistic situation that can-
not be solved by conventional linear static models. The non-
linear simulation of the PDL properties enhances a precise
estimation of the stress and strain with wide range of tooth
movement. The determination of the elastic, plastic, and vis-
coelastic material properties of a target material often
requires mechanical testing prior to FEM analyses. Once the
material properties are known, simulation of the material
and prostheses of complex geometries and varied dimen-
sions are feasible. To predict the failure risk of a bonded
tooth– restoration interface, it is essential to assess the nor-
mal and shear interfacial stresses.22, 23 The use of nonlinear
FEM in dental applications was reported in literature
recently; however, the validity and reliability have not been
sufficiently established. Further development of the nonlin-
ear FEM solutions is encouraged to gain a wide range of
mechanical solutions that would be beneficial for dental and
oral health science.
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Figure No. 4. Finite element analysis for crash testing Figure No. 5. FE model of Class II MOD of upper premolar
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CONCLUSION
From the point of view of the numerous researches taking
place in the field of dentistry in the recent times especially
in the field of biomechanics and bioengineering, finite ele-
ment analysis has proved to be the most adaptable, accurate,
easy and less time consuming process as compared to the
other experimental analysis. Inspite of certain limitations out
of which the most important is the cost factor and require-
ment of an expert to operate the analysis, this technique has
taken the field of dentistry to great heights and provided
results which couldn’t have been possible with any other
technique. It has provided clinicians with useful information
to achieve higher degree of success and satisfaction to the
patients.
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