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Abstract 
The finite element method is used to precisely calculate local stress-strain distributions in geometrically complex 

structures. Finite element analysis (FEA) has become widely used in all biomechanical fields, especially for assessing 

stresses and strains in dental implants and the surrounding bone structures as well as in normal bone.It is critical in a finite 

element model that appropriate material properties are assigned as the stresses and strains are calculated based on these 

material properties. A number of experimental studies have been carried out in the past few years on the elastic properties 

of bone and in particular the human femur. It was discovered that the orientation as well as the position of the specimen 

determines the magnitudes of the elastic properties of bone. As a result, bone can be considered as both anisotropic and 

heterogeneous in its elastic properties. Dental implants have been applied to support prostheses for a number of decades, 

and it has been well documented that mobility and its influence on the surrounding bone is the most obvious sign of 

implant failure. Bone remodeling takes place during the first year of function which is a response to occlusal forces and 

the formation of the normal dimensions of the peri-implant soft tissues. The interface between implant and bone during 

mandibular movement such as chewing is of great importance to osseointegration. Variations in the internal state of stress 

in the bone govern the type of bone remodeling will take place. More importantly, stress shielding and bone resorption 

will occur when there is no load transfer from the implant to the surrounding bone during functional movements. 

Consequently, it is essential to consider the effect of bone remodeling on the performance of dental implants and 

prostheses in an effort to improve their efficiency. Mathematical algorithms have been adapted and applied to FEA 

models to describe bone formation and osseointegration of dental implants.  
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Introduction 

First introduced in 1943 by Richard Courant, the 

finite element method (FEM) was comprehensively 

applied in engineering, and was introduced in 

orthopedic biomechanics in the 1970s to examine 

deformations and stresses in human bones during 

functional loadings as well as in the design and 

analysis of implants [1-4]. Basically, FEA solves a 

complex problem by redefining it as the summation 

of the solutions of a series of interrelated simpler 

problems. The complex geometry is subdivided into a 

suitable set of smaller “elements” of “finite” 

dimensions. The “mesh” model of the investigated 

structure is formed once these smaller “finite 

elements” are combined (Figure 1).  

 

 

 

 

 

 

 

 

 

 

The choice of an appropriate element type will 

depend on the expected response of the model and 

thus the accomplishment of the objectives of the 

analysis. The shapes of the elements will affect the 

predictive accuracy of the model, since any deviation 

in shape from the “ideal” internal elemental strain 

function will contribute to mathematical inaccuracies. 

Since FEA offers an approximation to the exact 

solution, a numerical result closer to this true value 

will be achieved if the displacements in a finite 

element model become increasingly continuous. An 

important ingredient in FEA is the behavior of the 

individual elements. A few good elements may 

produce better results than many poorer elements. 

The proficiency of FEA predominantly exists in its 

versatility. Through the use of existing commercial 

FEA packages, the method can be applied to various 

physical problems and the structure of the problem to 

be analyzed can have arbitrary loads, shape, and 

support conditions. Furthermore, the mesh can 

consist of a mixture of elements with different  

 

physical properties, types, and shapes. This great 

versatility is contained within a single computer 

program. User-prepared input data controls the 

selection of problem type, geometry, boundary 

conditions, element selections, and so on. Another 

attractive feature of FEA is the close physical 

resemblance between the actual structure and its 

finite element model (Figure 1).  

However, there are disadvantages associated with the 

finite element approach. Special care is needed 

during the formation of the wireframe model as mesh 

volumes should be generated that provide reasonable 

geometric aspect ratio and behaviors for the derived 

elements. To maximize the accuracy of the model 

while minimizing geometric approximation, it is 

theoretically possible to subdivide the mesh volume 

into a large number of very small elements but would 

lead to a significant increase in the processing time. 

The other option is to control the geometry by 

dividing contoured curves into smaller ones; this in 

turn creates a more detailed mesh volume. 

Nevertheless, this option is only viable in regions 

 
Figure 1: Schematic of a dental implant. (Left) Solid model; 

(Right) Finite element mesh 

 



 

Citation:  Choi A*and Ben-Nissan B. (2016). Predicting Success of Implants from a Biomechanical Perspective using Finite Element Analysis. SciTz Dent Res Ther. 2016. 1(1): 1-1 

anticipating high degrees of material deformation or 

containing complex shapes.  

The Assignment of Materials Properties 

It is an essential step to assign proper material 

properties to a finite element model to ensure 

predictive accuracy. Stresses and strains within a 

structure are calculated based on the assigned 

material properties. More importantly, the 

appropriate assignments of materials properties 

related to human bones such as density and elastic 

modulus is crucial in simulating the biomechanical 

behavior of dental implants and the stresses at the 

bone-implant interface. 

A number of experimental investigations have been 

carried out in recent years on the elastic properties of 

bone, and most of these efforts have been focusing on 

long bones, in particular the femur [1]. One of the 

key findings from these studies is that the elastic 

properties of bone vary with both orientation and 

position of the specimen. This means that bone is 

both anisotropic and heterogeneous in its elastic 

properties. Subsequently, the anatomical location of 

the specimen will have an influence on the 

experimental results. The parameters of the type of 

experiment being carried out will also have an effect 

on the result, for example the vibration frequency in 

ultrasonic tests or the duration of load in mechanical 

tests and the rate of deformation. Furthermore, the 

irregular distribution of the mechanical properties of 

bone can be attributed to the selection and 

preservation of the specimens such as the type of 

bone and other biological variables such as age [1,5]. 

From a macroscopic perspective, bone occurs in two 

forms and the most obvious difference between these 

two types of bone is their relative densities or volume 

fractions of solids. Cortical or compact are used to 

refer to bones which contain a volume fraction of 

solids greater than 70 percent, while on the other 

hand, cancellous or trabecular are bones which 

consisted of less than 70 percent volume fraction of 

solids. Within the human body, most bones possess 

both types with the spongy cancellous bone forming 

the core which is surrounded by an outer shell 

composed of the dense compact bone [1].  

On the microscopic scale, bone is composed of 

concentric cylinders called a Haversian which is a 

matrix with layers of cells laminated between the 

cylinders. The complete structure can be wither 

loosely packed cancellous bone or densely packed 

cortical bone [6]. More importantly, the focus has 

been shifted towards investigating one on the 

nanoscale with the introduction of nanoindentation 

testing and gaining an understanding into the 

relationship between the interactions of 

hydroxyapatite, mineral crystals, individual 

trabecular and lamellae, and collagen fibers. The 

knowledge obtained will enable us to comprehend the 

role they played on the structure and mechanical 

properties of bone [6,7]. 

Bone Remodeling Around Dental Implants 

The purpose of the bone remodeling cycle is to 

maintain the integrity of the skeleton. The interface 

between bone and implant is great importance to 

osseointegration. The mechanical environment within 

the bone maybe altered by the use of dental implants 

which may lead to the adaptation and remodeling of 

the surrounding cortical and trabecular bone tissue. 

The success of an implant from a clinical perspective 

is primarily determined by how the mechanical 

stresses are transferred from the implant to the 

surrounding bone without producing force of such a 
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magnitude that could threaten the longevity of the 

implant and prosthesis.   

During functional movements such as chewing, 

forces on the prosthesis will be transferred to the 

implants and this will result in stresses within the 

bone surrounding the implants.  Bone remodeling 

occurs in the first year of function in response to 

occlusal forces and establishment of the normal 

dimensions of the peri-implant soft tissues. The type 

of bone remodeling, i.e. constructive or destructive, 

taking place in the bone tissue surrounding the 

implant will be governed by the variations in the 

internal stress state. Stress shielding and bone 

resorption will occur when no load is being 

transferred to the supporting tissues, while 

abnormally high stress concentration can lead to 

implant failure. For these reasons, it is essential to 

consider the effect of bone remodeling on the 

performance of dental implants and prostheses in 

order to improve its efficiency. A number of factors 

are involved in the achievement of osseointegration; 

these include metal composition and geometry of 

implant, adequate bone quality, and absence of 

overheating during site preparation.  

The bone remodeling process around dental implant 

systems using FEA have been simulated by a number 

of researchers [1]. First initiated in the 1970’s and 

later adopted in the 1980’s, a mathematical algorithm 

known as the theory of adaptive elasticity was used in 

both 2-D and 3-D finite element models to simulate 

long-term adaptive bone remodeling around 

orthopedic implants [8,9]. In addition to adaptive 

bone remodeling, other mathematical algorithms such 

as Stanford Theory and strain energy density have 

been derived to predict bone formation and 

osseointegration of dental implants [1]. 

Furthermore, it has been suggested that a 

mathematical framework based on a set of reaction-

diffusion equations that attempt to model the primary 

biological interactions taking place at the surface of 

implants is capable of reproducing a number of 

important features of peri-implant bone formation. It 

was also hypothesized that such as model can be used 

to study the influences of factors such as the initial 

cell concentration and cell stimulation in the host 

bone on peri-implant bone in growth [10,11]. 

6. Final Remarks 

The use of finite element approach will have 

innumerable applications in both dentistry and 

implantology at a clinical level in addition to being at 

the research level. As mentioned before, the proper 

assignment of material properties are essential to 

yield a more accurate prediction to bone remodeling 

and osseointegration of implants. Other factors such 

as the loading conditions, bone-implant interface, and 

other biological factors governing bone remodeling 

should imitate real-life patient-scenario as closely as 

possible in an effort to achieve a more accurate 

remodeling calculation.  

Moreover, it is possible to evaluate the correction 

location and number as well as the size and 

configuration of implants needed to address that 

individual patient’s restorative and functional needs 

using a finite element model constructed from their 

computed tomography (CT) scan or other appropriate 

imaging technique. For instance, the dentist will be 

able to predict the bone remodeling as a result of the 

functional loads generated by the implant or implants 

supporting cantilevered bridge restoration. During 

that process, it is also possible to plan any necessary 

implant surgery in order to predictably provide 
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support for the potential loads, thus minimizing over-

treatment, or conversely failure.  
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