Mohammed and Desai, Oral Hyg Health 2014, 2:5
http://dx.doi.org/10.4172/2332-0702.1000156

Oral Hygiene & Health
Research
Article
Review
Article

Open
OpenAccess
Access

Basic Concepts of Finite Element Analysis and its Applications in Dentistry:
An Overview
Mohammed SD1* and Desai H2
1
2

Senior Lecturer, Manubhai Patel Dental College and Oral Research Institute, Orthodontics and Dentofacial Orthopaedics, India
Professor and Head, Department of Orthodontics and Dentofacial Orthopedics, Manubhai Patel Dental College and Hospital, India

Abstract
In attempt to improve mechanical properties of various dental structures, analysis of stress and strain of the same
under various loading circumstances has become a integral part of research in recent era. As we all know, oral cavity
consists of various complex structures with a very limited accessibility. Due to this, most biomechanical research of
the oral environment has been performed in vitro. Finite Element Analysis (FEA) is a modern tool for numerical stress
analysis, with an advantage of being applicable to solids of irregular geometry that contain heterogeneous material
properties. The history of Finite Element Analysis (FEA) dates back to 1943 when R. Courant first developed this
technique. This article provides a review of the achievements and advancements in dental technology brought about
by all powerful finite element method of analysis. The scope of the review covers various steps of finite element
analysis, its applications in context to orthodontics, restorative dentistry and endodontics as well as to the field of
implantology. Advantages and limitations are discussed in some detail which helps identify the gaps in research as
well as future research direction.
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Introduction
Stress analysis of dental structures has been a topic of interest in
recent years with an objective of determining stresses in the dental
structures and improvement of the mechanical strength of these
structures. As we all know, oral cavity is a complex biomechanical
system with limited access. Due to this, most biomechanical research of
the oral environment such as in orthodontics, implantology, restorative
dentistry, endodontics, prosthodontics etc. have been performed in
vitro. Finite Element Analysis (FEA) is a modern tool for numerical
stress analysis, with an advantage of being applicable to solids of
irregular geometry that contain heterogeneous material properties.
Such numerical techniques may yield an improved understanding of
the reactions and interactions of individual tissues [1,2]. The science of
finite element analysis (FEA) is purely a mathematical way of solving
complex problems in the universe, as it gives easier mathematical
solution to biological problems. Usually Many people get confused
between the terminologies FEM and FEA. In reality, both are one and
the same. FEA is more popular in industries and FEM at universities.
It was introduced originally as a method for solving structural
mechanical problems, which was later recognized as a general
procedure for numerical approximation to all physical problems that
can be modelled by a differential equation description. It involves a
series of computational procedures to calculate the stress and strain in
each element. This makes it possible to adequately model the tooth and
periodontal structure by dividing the problem domain into a collection
of much smaller and simpler domains. The field variables can be
interpolated with the use of shape functions for scientific checking and
validating the clinical assumptions [3]. The structure is discretized
into so called “elements” connected through nodes. When choosing
the appropriate mathematical model, element type and degree of
discretization are important to obtain accurate as well as time and cost
effective solutions.

Historical Perspective
R. Courant was a first researcher who developed this technique [4].
His main goal was to minimize the various calculative procedures to
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gain absolute solution to bio-mechanical system. He used ritz method
to solve such numeric equations. Later in Turner et al. attempted to
describe this method by developing broader definition of these numeric
analyses [5]. Weinstein in 1976 used this technique in implant dentistry
to evaluate various loads of occlusion on implant and adjacent bone.
Since then evolution of this technique has been observed in a very rapid
and sophisticated scale in micro-computer as well as analysis of large
scale structural system [6].

Advantages of FEM
• FEM can be applicable to linear and non-linear as well as solid and
fluid structural interactions.
• Any problems can be split into smaller number of Problems.
• It is a non-invasive technique.
• By using FEA, It’s very easy to simulate any biological condition in
pre, intra and post-operative stages to achieve more accurate and
reliable results.
• Reproducibility does not affect the physical properties involved.
• FEA techniques can replace stereo lithographic models for
presurgical planning, thus provides an economical solution for the
same.
• Static and dynamic analysis can be done.
• This technique is less time consuming, so that the complicated
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studies which would take a very long duration to finish can now be
evaluated in a lesser time frame.
• It does not require extensive instrumentation.

Materials

Young’s Modulus

Poisson’s Ratio

Teeth

2.60E+04

0.30

Periodontal Ligament

6.80E-01

0.49

Bone

1.40E+04

0.30

• The study can be repeated as many times as the operator wants.

Shortcomings of FEM
• Inaccurate data, information, and interpretation will yield totally
misguiding results.
• Modelling human structures is extremely difficult because of their
complex anatomy and lack of complete knowledge about their
mechanical behaviours. Certain assumptions are bound to be
accepted. Hence results will depend on the personnel involved in
the process.
• The progress in the FEA will be limited until better defined physical
properties for enamel, dentin and periodontal ligament and
cancellous and cortical bone are available.
• The tooth is treated as pinned to the supporting bone, which is
considered to be rigid and the nodes connecting the tooth to the
bone are considered fixed. This assumption will introduce some
error.

Process of FEA
The process of finite element analysis can be divided into three
phases:
i) Pre-processing phase
ii) Solution phase
iii) Post-processing phase
i)

The pre-processing phase is comprised of following steps

•

Defining the type of element :
o It’s is usually directly proportional to accuracy of model.

•

Defining property of given material :
o Physical properties are assigned to the selected material.

Stainless Steel

2.00E+05

0.31

Orthodontic Bracket

2.14E+05

O.30

Table 1: Ideal physical property of dental structures and materials.

ii)

Solution phase:

•

Boundary condition is defined in this phase.

Boundary conditions means that suppose an element is
•
constructed on the computer and a force is applied to it, it will act like
a free-floating rigid body and will undergo a translatory or rotatory
motion or a combination of the two without experiencing deformation.
To study its deformation, some degrees of freedom must be restricted
(movement of the node in each direction x, y, and z) for some of the
nodes. Such constraints are termed boundary conditions.
iii)

Post processing phase :

•

It includes result output obtained via the processing phase.

•

Output can be achieved via following three different manners.

a)

Graphical output



Graphic outputs are usually more informative.


The output is primarily in the form of colour-coded maps.
The quantitative analysis is determined by interpreting these maps.

The colours vary from red to blue. Red represents the area
of maximum tensile stress and blue represents the area of maximum
compressive stress.
b)

Numeric output


This kind of output displays amount of principle stress/strain
into the given material.
c) Animated output

In such kind of output manner, results are shown as
animation for better visualization.

o Young’s modulus and poison’s ratio are minimal physical
properties to be assigned.

Flow chart 1 represent summery of phases of finite element analysis.
iv)

Commercial FEM Software

o These properties will decide the behaviour of materials after
specific load application.

•

ABAQUS (Non linear and dynamic)

o Table 1 showing ideal physical properties of dental structures
and materials [7].

•

ANSYS

•

HYPER MESH (Pre/Post processor)

•

Model creation :
o 3-D CT scan and 3-D laser scan is used to achieve it.

o For living structure 3-D scanner is preferable method while
for non living structures 3-D laser scan is used.
•

Defining the mesh density :

o As the number of elements increases, the finite element
model will become more accurate.
o Create more number of element is time consuming procedure,
So in order to improve accuracy in a less time area of interest are
modelled with more number of element than other areas.
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Review of Literature
Numerous studies have been done over the years by dental
researchers using the finite element analysis. It is beyond the scope of
this paper to review all the published finite element studies in different
specialities of dentistry, but a few of them are cited below with a title of
their respective speciality.

Orthodontics and Dentofacial Orthopaedics
Liang et al. [8] generated 3-D finite element models of maxilla and
maxillary incisors to evaluate the torque control of maxillary incisors
during retraction in labial and lingual orthodontic technique. 3D force
system including retraction, intrusion and moment of the force was
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Flow chart 1: Summery Representing Phases Of Finite Element Analysis.

applied to predetermined points to simulate retraction in both the
techniques. Distribution of stress and strain on PDL and adjacent
bone as well as resultant movements of incisors were evaluated and
compared. Results showed same amount of forces results in bodily
movement and uncontrolled tipping in labial and lingual techniques
respectively.
Sung et al. [9] generated a 3D finite element models of mandible
and mandibular incisors to evaluate the anti tip and anti rotation effect
of reverse curve of spee in labial and lingual orthodontics. 150 gm of
retraction force was applied to canine in both the techniques. Every
time amount of spee was increased from 0 mm to 4 mm. Resultant
stress and strain on PDL was observed and compared. The comparison
showed, reverse curve of spee works well with labial technique in
comparison to lingual technique.
A study [10] was done to investigate the location of the centre of
resistance (CRe) for the nasomaxillary complex by the use of finite
element analysis. A three-dimensional finite element model of the
craniofacial complex was used. 9.8 N of force was applied in anterior
and inferior direction at pre determined points which were parallel
and perpendicular to occlusal plane. After force application 3D
displacement of various anatomic points on nasomaxillary complex as
well as maxillary dentition was observed. When load was applied in
horizontal plane passing from superior ridge of the pterygomaxilary
fissure, resultant movement was observed to be translation. This
suggested that CRe of the nasomaxillary complex is located on the
posterosuperior ridge of the pterygomaxillary fissure, registered on the
median sagittal plane.
A study [11] was done to evaluate level of stress in single and multi
tooth system using 3D FEM technique. Two different models were
made which consisted single mandibular canine and a mandibular
incisors, canine and premolars respectively. Loads were applied on both
models to simulate tipping orthodontic movement. The observed stress
distribution stated that there was a elevated distortion strain at crest
of alveolar ridge, while the tensile and compressive stresses coincide
at tooth apex which resulted in root resoption. Multi tooth system
consisted more stress levels in comparison to single tooth system.
A study [12] was undertaken to evaluate stress generation at root
apex during orthodontic tooth movements. A 3-dimensional finite
Oral Hyg Health
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element model of a maxillary central incisor, periodontal ligament
(PDL), and alveolar bone was constructed on the basis of average
anatomic morphology. The material properties of enamel, dentin, PDL,
and bone were compared under various possible tooth movements.
Results showed that higher stresses were found concentrated at apex
during intrusive, extrusive, and rotational movements. The principal
stress from a tipping force was located at the alveolar crest. For bodily
movement, stress was distributed throughout the PDL.

Operative Dentistry and Endodontics
Ichim et al. [13] did a 3D FEM study to investigate co-relation
of cavity shape, depth and occlusal forces with durability of GIC
restoration. They have concluded that depth and shape have no
significant effect on restoration. They advised to re-adjust the interocclusal contacts for better retention of restoration. They suggested
occlusal readjustment of tooth contacts. Another study [14] by the
same authors using nonlinear technique for crack propagation showed
the mechanical failure of biomaterials in clinical loading conditions.
Further studies by these authors on elastic modulus of materials stated
that more flexible materials with elastic modulus of 1 GPa should be
used for cervical restorations for the better results [15].
Asmussen et al. [16] did a study to evaluate influence of modulus
of elasticity of resin composite in order to minimize marginal failure
by using 3D finite element analysis. They have taken class-1 and 2
restorstion in consideration and various occlusal loading were applied
on prepared models. Stress distribution was observed which concluded
that restorations should have a high modulus of elasticity in order to
reduce the risk of marginal deterioration.
Subramaniam et al. [17,18] did a 3D FEM study to analyse bending
and torsional stresses in simulated models of Protaper and Profile
nickel-titanium rotary instruments. They stated that when loads are
equal, the Protaper model showed uniform distribution of stress and
less elasticity compared with Profile model. Few shortcomings of their
study were that they ignored the variations in taper of the Protaper and
Profile instruments and also nonlinear mechanical behaviour of the NiTi material was not considered.
Hong et al. [19] undertook a 3D FEM study to find out better
method of condensation in root canal to prevent vertical root fracture.
They found that vertical condensation technique generate high stress
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on root canal walls than lateral condensation. But over forced lateral
condensation with improper technique can be a reason for vertical root
fracture.
Several studies [20,21] have suggested that the complex interaction
caused by a non-functional distribution of occlusal loads, combined
with poorly developed enamel and the demineralising and weakening
effects of erosive acids may operate to produce non-carious cervical
tooth loss.

Prosthodontia and Implantology
Siegele and Soltesz [22] did a 3D FEM study to evaluate stress
generation within the jawbone after insertion of implants of various
shapes. They concluded that different implant shapes creates different
stress distributions in the jawbone. They also stated that conical
implant imply distinctly higher stresses then cylindrical and screwshaped implants.
Genj et al. [1] reviewed the present application of FEA in implant
dentistry. They concluded that, to prepare models with high accuracy,
advanced digital imaging techniques should be used. The anisotropic
and non-homogenous nature of the material should be considered; and
boundary conditions must be refined to the top most level. In addition,
to prevent prosthesis failure change in implant design was suggested
for proper stress distribution.
Himmlova et al. [23] undertake a 3D FEM study to evaluate
stress values produced at the implant-bone interface. They have taken
implants of various lengths and diameter. They found Maximum stress
areas at the neck of implant. The maximum decrease in stress was found
with increasing the diameter of implant up to 4.5 mm. Stress observed
to decrease with increase in length of implant. However, length was not
as influencing as that of implant diameter.
Mailath et al. [24] did a 3D FEM study to evaluate the stress values
at the level of bone while placing implants having different shapes and
designs. They have compared cylindrical and conical implant shapes
exposed to physiological stresses. They concluded that cylindrical
implants produced a more desirable stress profile than the conical
shaped. The need for tapered implants have been raised due to the
fact that the survival rate of oral implants in soft quality bone were
demonstrated to be inferior to that of implants inserted in good-quality
bone.
Dos Santos et al. [25] did a 3D FEM study to evaluate and compare
stress distribution between submerged and non-submerged implants
and concluded that the simulations with non-submerged implants
showed higher values of stress concentration than those that were
submerged. It was also stated that soft liner materials gave better results.
They also stated that use of soft liners with submerged implants seems
to be the most suitable method to be used during the Osseo integration
phase. The data were evaluated using Maximum Principal Stress.
Haraldson et al. [26] evaluated the mastication forces and chewing
efficiency in nine patients, whom were treated with over dentures on
Osseo integrated implants in the mandible. The bite force was measured
during gentle biting, biting as when chewing and biting with maximal
effort. All subjects improved subjectively as well as clinically after
treatment. The bite force was increased from 17.3 to 24 N and from
24.0 N to 38.7 N during gentle biting and during chewing respectively
within 1 year of post treatment duration.
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Conclusion
Finite element analysis has proven itself an established numerical
analysis with a paramount importance in not only aerospace, civil
engineering and the automotive industry, but also in health care. The
modelling and simulation steps save time and money for conducting
the live experiment or clinical trial. Although finite element analysis
is an accurate tool in assessing stress distribution, it is effective only
for a given set of values or situation. But situation and biomechanical
properties of living structures could vary from person to person.
Hence, the obvious shortcomings should be kept in mind before any
decision making procedure in experimental as well as clinical dentistry.
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