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Abstract:- It is not always possible to carry out many 

studies planned in all medical fields including dentistry 

due to ethical reasons, high costs and technical 

impossibilities. Finite elements methods (FEM), which 

has been used for many years in the field of engineering, 

has prevented such impossibilities for more than 40 

years in dentistry and medicine, and enables complex 

researches that are quite difficult to perform under 

normal conditions, in a computer environment. Finite 

elements methods can bring fast and easy solutions to 

many problems in the field of health, especially in 

dental implantology, including strength, stress and 

material science, including engineering. Finite elements 

methods provides fast and reliable results on the 

subjects studied, but it is an important guide for many 

clinical studies. In this review, it is aimed to obtain 

general information about the finite element stress 

analysis method and to examine the studies on its 

usability and reliability in the field of dental 

implantology. 
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I. INTRODUCTION 
 

In order to evaluate the biomechanical properties of 

the materials used for therapeutic purposes in dentistry and 

to determine the stresses formed in the dental structures and 

adjacent tissues, stress analysis of these structures has 

become quite common in recent years. Knowing the 

mechanical properties and stresses of the materials used in 

dentistry is very important for a successful treatment[1]. It 

can be difficult, expensive, risky and sometimes impossible 

to determine how living tissues and organs behave against 

forces, and to determine stress analysis [2]. It is not 

possible to carry out the planned studies in dentistry due to 
high cost, ethical and technical difficulties. For this reason, 

stress analysis studies may need to be performed on models 

that represent living tissues. Various stress analysis 

methods are used to predict what the design or combination 

should be in order to see the regions where the forces on an 

object are concentrated and to make it stronger and more 

durable against the forces that can come [3]. These stress 

analysis methods; 

 

 

 
 

 

 Photoelastic stress analysis method 

 Tension meter stress analysis method 
 Stress analysis with brittle varnish coating method 

 Force analysis with holographic interferometry (Laser 

Beam) 

 Thermographic force analysis method 

 Force analysis method with radiotelemetry 

 Finite element stress analysis method 

 

II. FINITE ELEMENT ANALYSIS TECHNIQUE 

 

Finite element analysis is an analysis technique based 

on the basic mathematical model of the biomechanical 

system and analysis of this model by computer. The 
technique, which operates according to the principle of 

going from piece to whole, can also be expressed as an 

imitation of the natural state of nature on the computer. 

Finite element analysis is one of the most modern and 

important scientific techniques of today, bringing numerical 

solutions to mathematical equations describing physical 

models. It was first developed for the solution of structural 

problems in the aircraft and space industry, especially in 

the 1950s, and is now widely used in many different fields 

such as performing static analyzes, fluid mechanics, heat 

transfer analysis, conducting electromagnetic analysis 
[4,5,6]. It is widely used in medicine and dentistry today, as 

in most branches of engineering. The first known study 

about finite element analysis in dentistry is the research of 

Ledley and Huang in 1968. In this study, a tooth with a 

mathematical model was applied to forces in different 

directions and the stresses caused by these forces in the 

bone tissue surrounding the tooth were evaluated[7]. 

 

The structure to be analyzed by finite element analysis 

technique is divided into finite number elements and its 

response to force is examined numerically. One, two or 

three dimensional analysis of a structure analyzed by this 
technique can be performed. In the model created through 

computer programs, shape changes, stress distribution and 

intensities that occur depending on the applied force, 

direction and force application in the area are 

determined[5,8]. The problem, which is desired to be 

solved with the finite element analysis method, is divided 

into simple sub-units even if it is complex and each 

structure is solved within itself. Even if the problem desired 

with finite element analysis is complex, each structure is 

solved within itself by dividing it into simple subunits 

called finite elements. The problem, which is simplified 
with a large number of small and interconnected subunits, 

is solved by the principle of going from piece to piece [9]. 
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Advantages of finite element analysis[10,11]; 

 
 Complex solids can be modeled. 

 Stress distributions can be evaluated in detail. 

 Allows analysis of structures made up of different 

materials. 

 Real definitions can be obtained by making physical      

definitions of materials. 

 Craniofacial and dental structures can be simulated. 

 It can be repeated. 

 It results in a shorter time than experimental research. 

 

Despite the numerous advantages of finite element 

analysis, it also has some disadvantages. These 
disadvantages [10,11,12,13]; 

 High cost of computers and software equipped with the 

analysis 

 The necessity of equipped and experienced personnel 

who can use the software to be analyzed 

 The obligation to update the software programs used 

with the developing technology 

 The necessity of transferring the live system to the 

virtual environment in full detail for the accuracy of the 

research conducted 

 The assumptions of the properties of the modeled 
material, such as isotropic, homogeneous and linear 

elasticity, do not fully reflect the reality. 

 

III. STAGES OF FINITE ELEMENT ANALYSIS 

TECHNIQUE 

 

Finite element analysis is carried out in 3 stages: 

 

 Pre-Processing:  

The first step is to create the geometric model of the 

structure for analysis. After the model is created, the area is 

divided into elements and a mesh model is created. The 
higher the number of staff, the closer to the real results can 

be obtained in the analysis. In an analysis process using the 

finite element analysis method, networking is the basis of 

the analysis. With the networking process, the coordinates 

of the elements and the nodes connecting these elements 

are created [14]. The points where the elements are 

connected to each other are called nodes, and the entire 

structure is called mesh. 

 

While creating the network model, neighboring 

elements do not overlap and there is no space between 
them. The structure of the elements should be as simple as 

possible. Lines in one dimension, triangles or parallel edges 

in two dimensions; in three dimensions, four, five and six 

faced structures are preferred. One-dimensional objects are 

divided into finite elements by nodes, two-dimensional 

objects by lines, three-dimensional objects by planes. In all 

cases, the elements representing the object are connected by 

nodes. As a result, the body will be replaced by a system of 

finite elements and nodes connecting them. The term 

“body” in general; the structure is used to mean the 

continuous environment or the region of the problem. 
Nodes, on the other hand, can be compared to nut and bolt 

connections that connect adjacent finite elements at their 

ends and hold them together. Since the nodes are removed, 

the physical continuity is lost between adjacent finite 
elements, since the elements will separate [14]. The next 

step in analyzing the method is to define the element 

matrices for each of the elements representing the object. 

The element matrices are then summed to form the general 

matrix of the entire segmented object. In this collection, the 

balance of forces and continuity of displacements are 

provided in all nodes in the finite element model of the 

body [14]. Then the boundary conditions are applied to the 

model. Boundary conditions include boundary expressions 

of stresses and displacements. It shows where the object is 

fixed and where the force is applied. It is determined by the 

state of the object. Boundary conditions are determined 
according to which region of the analyzed object is applied 

[5]. 

 

 Solution:  

It is the stage where the equations formed between the 

finite number of elements after the forces are applied are 

solved and resolved [15]. 

 

 Evaluation of Results Stage (Post-Processing): 

It is the stage where the solution of the equations is 

visualized by means of charts, figures and color graphics 
[16]. 

 

IV. BASIC MECHANICAL CONCEPTS USED IN 

FINITE ELEMENT ANALYSIS 

 

A. Force 

The effect that can change the motion and shape of 

objects is called force. The effect made by other objects on 

the object under study can be defined as external force, and 

the effect and reaction force between the various parts of 

the object can be defined as internal force. Force is a scalar 

magnitude and has vectorial properties such as direction, 
direction and violence. There are 3 types of forces: 

compression, stress and shear-type forces. 

 

B. Stress 

Tension is the reaction of an object to the applied 

force in the opposite unit area. With tension, greater effects 

occur in the internal structure of the body than the 

molecular structure. Tension in a structure means the force 

per unit surface. Its unit is pascals, kg / cm2 or N / m2 

[17,18]. 

 
Stress = Strength / Area 

 

There are 3 types of stress (stress) depending on the 

applied force: 

 

1) Tensile stress: It is the tension that is perpendicular 

to the surface of the object and forces its molecules to be 

separated, created by two forces in the same direction and 

in the opposite direction. Tensile stress is the force that 

occurs against distortion caused by the force that wants to 

stretch or stretch objects. 
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2) Compressive stress: When an object is subjected to a 

force that tries to squeeze or shorten itself, the stress 
caused by this force is called compression stress. 

3) Shear stress: It is the type of tension formed by two 

forces at different levels and opposite directions, forcing 

the molecules of the body to slide on each other like the 

layers, parallel to the surface and in opposite direction. It 

is known that cutting (shear) stresses are the most 

destructive stresses for fixation materials. 

 

C. Strain 

The ratio of the dimensional change that occurs as a 

result of the force applied to an object to the original size of 

the object is called strain. It can also be expressed in the 
form of deformation occurring at any point of the body 

under loading. It shows how much change has been applied 

after the force has been applied compared to the situation 

before the force has been applied to the material. Strain is 

usually expressed in percent (%). If the applied force is 

larger than the tension that the object can withstand, the 

force that holds the building blocks together will exceed the 

force, which may cause rupture or breakage [19]. 

 

Strain = Shape change / Original length 

 
D. Principal Stress  

The stresses in which the existing stresses act only 

perpendicularly and the shear stress does not affect in any 

plane is called principal stress. Prime stresses; It is divided 

into three as maximum, intermediate and minimum 

principal stress. Maximum principal stresses (Pmax) refer 

to tensile stresses and are positive. Minimum principal 

stresses (Pmin) express the highest stress (compression) 

stresses and are negative [20,21]. 

 

E. Von-Mises Stress 

Von Mises stress is used for retractable materials and 
is defined as the beginning of deformation. It is used to 

obtain information about stress distributions and 

concentrations on the material. By combining stresses that 

occur in two or three dimensions, it gives the tensile 

strength of the material loaded in one direction. Von Mises 

is also used in the analysis of measuring stress and fracture 

resistance [22]. 

 

F. Elasticity Module (Young Module) 

It is a measure of the resistance of an object to 

deformation. As the rigidity of the objects increases, the 
modulus of elasticity rises. Its unit is Pascal (N / cm2). It is 

the strain ratio of stress applied to any point of the object. 

The elasticity module or elastic coefficient is also called the 

"Young module" since it was first calculated by the English 

physicist Thomas Young [23,24]. 

 

G. Poisson Ratio 

When the pulling force is applied, the length of the 

section decreases while the length of the object is applied, 

while the length of the object is applied, the section 

thickness increases. Under tensile and compressive forces, 
the ratio of the lateral dimension change of the body to the 

axial dimension change is called the poisson ratio (v). 

Poisson ratio varies depending on the material. This rate 

does not have a unit. The reduction in cross section 
continues until the material breaks. Softer materials show 

more reduction in cross-section during drawing, and the 

poisson ratio is higher [1]. 

 

H. Hook's Law 

It is a law that accepts a linear relationship between 

voltages and strains. It expresses the behavior of objects 

approximately, provided that they do not exceed certain 

stress limits. The curve, which shows the relationship 

between tension and stress, is used to predict how much 

distortion will occur when the force is applied to the object. 

The straight slope in this curve shows the stiffness of the 
object and gives the force coefficient (k). He says that rigid 

materials have a high elasticity coefficient, and flexible 

materials have a low elasticity coefficient. Its formula is (F 

= -kx). The negative sign in the formula indicates that the 

force is always in the direction of displacement [25]. 

 

I. Deformation 

Temporary (elastic deformation) or permanent (plastic 

deformation) deformation occurs after an object is applied. 

As a result of tensile forces, deformation occurs in the form 

of elongation, shortening and compression occurs in the 
compressive forces [20]. 

 

J. Fatigue Resistance (Yield Stress) 

The material whose maximum resistance is exceeded 

is broken, that is, it is subjected to plastic deformation. The 

limit between elastic and plastic deformation is called 

fatigue resistance. Up to the point of Yield, the object is in 

elastic deformation and can be restored if the stress 

disappears [19]. 

 

K. Flexion 

It is called moving around an axis as a result of the 
force applied to the object. Mutual compression and tension 

forces occur on the bent surfaces of the object [19]. 

 

L. Isotropic Material 

When the force is applied from different directions, 

they are the same materials that show the same mechanical 

properties and have the same elastic properties in all 

directions regardless of their coordinate system [19]. 

 

M. Orthotropic Material 

They are substances that show different mechanical 
properties when force is applied from different directions. 

Its elastic modules vary depending on the direction in 

which the force is applied. Bone tissue can be given as an 

example [19]. 

 

N. Element (Element) 

Simple geometric shapes used in finite element 

analysis are called elements. Workers; According to their 

geometry and dimensions such as triangle, parallel edge, 

and rectangle, they can be classified as one-dimensional, 

two-dimensional, rotating elements, three-dimensional 
elements [26]. 
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O. Node 

In finite element analysis, the points where elements 
whose behavior has been determined on the model made in 

computer environment are called nodes [27]. 

 

V. RESEARCHES IN DENTAL IMPLANTOLOGY 

USING FINITE ELEMENT ANALYSIS 

TECHNIQUE 

 

There are many studies in the field of dental 

implantology conducted in the literature with the finite 

element analysis technique. In their study, Melo et al [28] 

compared the 2.9 mm narrow implants to be placed in the 

back of the all-four implant system to support the fixed 
prosthesis in the maxilla in terms of stress with 3.5 mm 

implants. In their study, Bhering et al [29]  compared all-

on-four and all-on-six treatment concepts for the prosthetic 

rehabilitation of atrophic maxilla. In their study, Wen et al 

[30] compared 3 different zygomatic implant techniques in 

serious atrophic maxilla. In their study, Eom et al [31] 

compared the implant-supported prosthetic treatment option 

and different prosthetic treatment options in terms of stress. 

De Souza et al. [32] compared the cantilever extension and 

other treatment options in implant-supported prostheses in 

the posterior maxilla. In their study, Silva et al. [33] 
compared complete toothless rehabilitation with 6 implants 

with all-on-four technique in the toothless maxilla with the 

finite element analysis technique and reported that more 

stress occurred in the all-on-four technique, especially if 

there was a quantilever, more stress accumulated in the 

quantilever parts. In a study conducted by Baiamonte et al. 

[34]  to test the reliability of finite element analysis studies 

in terms of dental implantology, the strain values occurring 

in the monkey mandible with an osseointegrated titanium 

implant were evaluated by both in vitro and finite element 

analysis studies. Based on the high overlap of the results 

obtained, the researchers concluded that the finite element 
stress analysis method can be safely applied in dental 

implantology. In their study, Akça et al. [35]  compared the 

finite element analysis and the stran gauge analysis method 

to examine the stresses on dental implants. In both 

methods, close results were obtained about the amount of 

stress occurring under the applied forces, but in terms of 

modeling, the finite element analysis method was found to 

be more advantageous because it allows more sensitive and 

detailed results. 

 

VI. CONCLUSION 
 

As in many fields, the finite element stress analysis 

method, which has been used for many years in medicine, 

is also widely used in the field of dental implantology. It is 

a useful method especially in terms of enabling unlimited 

repetition of researches that cannot be repeated clinically in 

one-to-one conditions with different scenarios and enabling 

researches that cannot be applied on patients for ethical 

reasons without ethical responsibility. It enables many new 

techniques to be researched and developed without being 

applied on the patient. In addition, in many studies, similar 
results with in vitro methods increase confidence in the 

technique. However, it should not be forgotten that 

according to today's technology, it is not possible to 

dynamically transfer all the details of natural conditions to 
the computer model. For this reason, it is beneficial to 

confirm the finite element analysis studies on living tissues 

with clinical studies. 
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