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Abstract: The complexity of the forces which act on the dental implant can have miscellaneous consequences on 
the periimplantar tissues. In this study we want to reveal the influence of two geometrical parameters, implant 
length and diameter, considered critical factors in achieving and maintaining osseointegration in optimal 
parameters. The analysis of the mechanical stress distribution over the implant bed was based on the finite 
element technique, using three-dimensional computerized models. The simulation was applied for cylindrical, 
solid and non-threaded implants made of titan. Three different lengths were chosen for the embedded 
endosseous implant, 8 mm, 10 mm. and 12 mm, all of them having the same diameter (3.75 mm.), respectively, 
three different diameters: 4 mm, 5 mm. and 6 mm, all of them having the same length (10 mm.). The implant 
with 8 mm length and 3.75 diameter (the smallest size used) produced not only a concentration of the strain on 
the cortical wall, but maximally values on the stressed area and a minimally strain dissipation on the bone 
adjacent to implant. When the length increase, maximally values decrease, being distribute on a smaller zone, 
and the residual stress dissipating on a larger area. The increases of the implant diameter significant reduce the 
strain on the bone adjacent to implant neck. This influence is more effective comparing with implant length, due 
to a more favorable distribution of the forces applied in our study. If the diameter increases with only 1 mm. it 
determines a significant strain reduction on the periimplantar bone, almost 50%, and may achieve till 60% (in 
case of more than 6 mm. diameter).  
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INTRODUCTION  

The analysis of the biomechanical 
behavior of the bone-implant interface is 
the most often used application of the 
finite element technique in implant 
dentistry. In the past two decades, FEA 
(Finite Element Analysis) become an 
increasingly tool for researching on two 
main purposes: the interface studies and 
the analysis of implant prosthesis 
connection. From the biomechanical 
perspective interface studies are to reveal 
and identify the role of some physical and 
geometrical parameters played in the 
interaction between bone tissue and 
implant surface, correlated to: 1) stress and 
strain characteristics 2) the material 
properties, 3) the geometry of the implant, 
4) implant surface definition, 5) bone-
implant interface, 6) the quality and the 
quantity of the periimplantar bone tissue. 
Studying the mechanical actions of the 
implant-prosthetic complex, the purpose 
was to analyze the stress which acts on 
different connection: a) implant-abutment 
or fixture abutment, b) prosthesis witch are 

supported by a multiimplant system or c) 
by a dental implant system. (Keson B.C. 
Tan, 2001)1  

The biomechanical behavior of the 
oral implant was tested both on statically 
forces and dynamical ones. The most FEA 
applications for simulation of the statically 
stress and strain uses vertical and/or 
horizontal forces. In the oral environment 
there are large variations on forces 
magnitude, a lot of studies sustaining that 
the impact of strain depends mainly of the 
implant location and aliment strength, for 
the vertical forces and mainly of cusp 
angularity and occlusal width of the 
prosthetic crown, for the horizontal one.  

One of the goals of our analysis is to 
simulate forces applied on three different 
directions by using oblique forces, because 
this type of action is more appropriate for 
the occlusal loads acting in oral 
environment. The essential purpose is to 
investigate the role of two geometrical 
parameters, the length and the implant 
diameter and to show which one ensures a 
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more balanced distribution of the stress at 
the bone-implant interface.  
 
MATERIALS AND METHODS  

The study was realized using the 
three dimensional finite element 
techniques, commonly used for stress 
analysis of nonrigid bodies (

)2 The implant embedded 
in maxillary bone was split into a mesh of 
elements and for each one of these were 
defined physical properties. In three 
dimensional models stress is generally 
represented by a stress tensor, 
characterized by 9 components. Six from 
these are independent, being normal 
tension on x, y, and z direction and 
tangential tension. To determinate the 
equivalent tension resulting in the 
analyzed bodies we used  so called 

equivalent tension by all components of 
stress tensor. Predefined in the software 
used (ABAQUS, version 6.5) was von 
Mises criteria, commonly applied for the 
reprezentation of the strain.  

The simulation was realized for solid 
and cylindrical titanium implants, without 
thread (for example IMZ, Interpore 
International, Irvine, California, ITI 
Bonefit, Insitute Sraumann, Waldenburg, 
Switzerland) and with bioactive coating, 
similar to the TPS implants. The influence 
of the implant length on the stress around 
cylindrical dental implant was analyzed by 
selecting three different lengths for the 
depth of the implant bone immersion: 

8mm, 10mm. and 12mm, all of them 
having the same diameter of 3.75 mm. To 
study the impact of the implant diameter 
there have been chosen three different 
diameters: 4mm, 5mm and 6mm, all of the 
having same length of 10mm.  

The implant was placed in a vertical 
position and in a solid parallelepiped 
designed like a maxillary bone, with two 
layers: cortical on the exterior walls, width 
of 1, 4 mm and spongy on the interior. The 
dimensions of the bone volume are: the 
total height H=15mm, the width 
L=11,5mm, and the thickness 
l=9,5mm.(fig.1). The interface between 
implant and bone was modeled as an 
immovable junction, which simulated the 
condition of the optimal implant 

(Larsen, 2000)3. The mesial and distal 
borders of the end of the modeled 
parallelepiped were constrained so that the 
displacement of nodes in all directions was 
equal to zero (Brink, 2007)4. The 
properties of the materials considered in 
the analysis are: titan  longitudinal 
elasticity module (Young Module) 
E=102GPa, density 3, 
transversal stress constant (Poisson 

 cortical layer, 
longitudinal elasticity module E=13 Gpa 

spongy layer, longitudinal elasticity 
module E=9.5GPa (for a density of 
1500 kg/m3

= 0.30.( Teixeira ER, 1998)5  
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Fig. 1. Longitudinal section of the geometrical model is made for a better view of the tensile 
distribution around the implant 

 
The whole structure was meshed using three dimensional finite elements C3D8R with 

intepolar, linear function (fig.2).  
 

 
Fig. 2 Mesh of simplified 3-D implant model placed in bone. F1, F2, F3 represent forces in 
vertical, oral and disto-mesial directions, respectively. 

 
The modeled parameters were length 

and diameter Depending on implant size, 
the models consists of 16 500 to 21000 
elements. Pre and post processor software 
used an Intel processor, RAM 512 MB, 
graphic card 128 MB. The axial force F1 
=110.1 N , the oral F2=15.3 N and the 
disto-mesial F3=21.4 are acting 
simultaneously on the center of upper 
surface of abutment, at a distance of 4 mm 

from the upper margin of bone. These 
components are the result of a masticatory 
force of 115.2 N. applied in angle of 
approximately 75 degrees to the occlusal 
plane The force magnitudes, as well as the 
acting point, were chosen based on the 
work of Mericske-Stern.( Mericske-Stern, 
1996)6  
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Fig. 3  
A) Distribution of von Mises stress around implants with 8mm. length  

(the smallest length used) and 3.75mm. diameter.  
B) Distribution of von Mises stress around implants with 10mm. length and 6mm. diameter 
(the biggest diameter used). On the right side of each image the view is from inside bony 
socket and on the left side from inside implant. Red represents region of maximum stress 

around implant neck. Values of maximum stress in respective scales are higher for B. 
 

RESULTS 
It is well knowen that statical loads 

on axial direction create maximal 
compresive strain on the cortical plate, 
near the implant neck and on the spongy 
bone, around apical implant side. (Barbier 
L,1998)7 Our mathematical analysis 
demonstrated the same uneven stress 
distribution inside the bony socket (fig.3, 
A, B). The elements exposed to the 
maximum stress were located around the 
neck of the implant on the mesio-lingual 
side of the bony socket (area indicated by 
red color). This location was identical for 
all implant lengths and diameters 
considered.  

The model for implants with 
different lengths, but the same diameter, 
indicate that is a small difference in the 

area affected by maximum stress and the 
values fell when implant length increase. 
The relation between relative stress and 
implant length is showed by the 
exponential regresion curve (CURVE 
EXPERT software, version 1.3) witch is 
less steep (fig.4) by comparing it with the 
same curve obtained for diameter increase 
(fig.5). The relative stress acting in the 
bone around the implant with a diameter of 
4 mm was about 11.7 % smaller than the 
implant with diameter of 3.75 mm. Further 
stress reduction with the 5.0-mm implant 
represented an additional 20.5 %. Stress 
reduction continued to decrease for larger 
diameters. The use of an implant with a 
diameter of 6 mm resulted in reduction of 
the maximum stress values more than 
50%. 
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Fig. 4 Exponential regression curve express relations between relative values of stress and 

implant length 
 

 
Fig. 5 Relations between relative values of stress and implant length. Exponential regression 

curve less steep than for implant diameter 
 
DISCUSSIONS 

The results of the FEA computation 
depend on many individual factors, 
including material properties, boundary 
conditions, interface definition and also on 
the overall approach to the geometrical 
model. (Himmlova, 2004)8 The presented 
model was only an approximation of the 
clinical situation, but using the 
components of an oblique force for loading 
and a 3-D model for the dental implant, 
resulted in a more satisfactory results 

comparing with vertical or horizontal 
loading and 2-dimensional geometries. 
The model simplification refers only to the 
implant shape, designed like cylinder and 
not like screw or other shapes commonly 
used in clinical practice. Thus made it 
possible to reduce the required computer 
time without affecting the purpose of this 
study, which was to establish only the 
influence of the implant length and 
diameter.  
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The strain produced by axial and 
paraxial loads act in a diferent way on the 
bone  implant interface. Barbier and co. 
studied the bone remodeling process and a 
very important conclusion was made: the 
areas with highest equivalent stress has an 
accelerated process of remodeling. The 
location of zones with higher stress around 
the implant neck may indicate a danger of 
overloading in this area. The elements 
exposed to maximum stress were located 
where most of non-axial masticatory 
forces were transferred. For example, 
forces acting in lingual and disto-mesial 
directions are associated with grinding 
movements, in comparison with axial 
loading during chopping movements. This 
situation corresponds to nonparametric 
computerized models of loaded dental 
implants. Models show utmost strain 
acting around the implant neck (Holmgren, 
1998, Oosterwyck, 2001)9, 10  

CONCLUSIONS 
This finite element study showed that 

implant with large diameter better 
dissipated the simulated force and 
significant reduce the stress on the bone  
implant interface, while the effect of 
implant length was less notable. The 
highest decrease in stress, compared to the 
implant 3.75mm diameter, was obtained 
for the maximal diameter used in the study 
(52.7% decreases for 6 mm width). These 
results are in contradiction with some 
theories witch consider the implant length 
a dimensional parameter more important 
than implant diameter (Carl E. Misch, 
2005)13 Our conclusion is consensual with 
majority studies based on FEA: implant 
with the maximum possible diameter 
(allowed by the clinical condition) is the 
optimum choice (Goodacre, 2003, Keller, 
2004)11, 12 
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