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Abstract 
      The aim of this study was to compare the stress values on the implant caused by the change in 
the implant diameter, length, and the angle of the implant placement. Thus, our goal was to 
determine the correct implant preference with regard to the appropriate diameter, length, and 
insertion angle. 
      In our study, a total of 6 different types of implants with 2 different diameters (3.7 mm and 4.7 
mm) and 3 different lengths (5 mm, 10mm, and 13mm) belonging to these diameters were selected. 
These 6 different sized dental implants were applied to the maxilla and mandible, vertically and 
angled, and a total of 24 models were obtained. The maximum and minimum principal stress values 
in cortical and cancellous bone were determined as a result of the applied forces. 
      The maximum and minimum von misses stress values and the places where they occurred 
were determined as a result of the application of the vertical and oblique (30 °) forces, with a total of 
300 N from the 3 different occlusal points by placing Zimmer brand implants that were 5, 10, and 13 
mm in length and 3.7 and 4.7 mm in diameter on the maxilla and mandible separately at an angle of 
30 °. 
       Taken together, in all models, under each loading condition, as the implant diameter and length 
increased, the stress levels in the bone and implant decreased. Thus, implant diameter is more 
effective than implant length at changing the stress values. There was a significant increase in the 
stress levels of the cortical bone and implants in the oblique loading models compared to the 
vertical loading models. 
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Introduction 
 
 In the general literature, materials that 
replace a missing organ or tissue are defined as 
implants. In the dental field, biocompatible, 
biofunctional materials that are placed in or on 
the bone to support the restoration of a lost tooth 
and the surrounding tissues are defined as 
implants.1 Numerous published clinical studies 
on dental implant procedures report an 
approximately 99 % long-term osteointegration 
rate. Therefore, the use of implants in the oral 

field has become more and more effective.2 

The periodontal ligament acts as a shock 
absorber in natural teeth. In ossteointegrated 
dental implants, occlusal loads are transmitted 
directly to the bone depending on the movement. 
This situation may cause microfractures at the 
bone and implant interface, fractures in the 
implant, the loss of implant components, and 
bone loss. In this regard, it is very important to 
analyze the various stress distributions around 
the implants. These stress distributions are 
affected by the thread geometry, thread depth, 
thread pitch, implant length, implant diameter, 
implant neck design, and implant placement 
angle.3 

The success rate of dental implants 
depends on the quality of the jawbone, the 
implant design, the surface structure of the 
implant, and the surgical procedures. With regard 
to implant design, the implant diameter and 
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length directly affect the primary stability, 
placement, and extractor torque values of the 
implant. Many studies have been conducted to 
assess these characteristics, revealing that these 
are the main factors related to implant success.4 

The concept of "osseointegration" was proposed 
by Branemark et al. and forms the basis of 
implant success. During the osseointegration of 
endosseous dental implants, the amount of bone 
alone is not the determining criterion for success. 
The bone should also have sufficient density. 
The density of the bone in the toothless area is 
effective in the treatment planning, implant 
design, surgical approach, healing process, and 
when deciding on the loading process of the 
prosthesis.5 

Biomechanical factors are very important 
in the long-term success of dental implants.6,7 
Occlusal loads are transmitted to dental implants 
and the surrounding bone via prosthesis over 
implants. Loads transmitted on the implants 
cause stresses at the implant-bone interface 
depending on the type of load, the dimensions of 
the implants, the surface properties of the 
implants, the type of prosthesis, the structural 
features of the bone around the implants, and the 
placement of the implants. Excessive loads that 
exceed the bearing capacity of the bone at the 
implant-bone interface may affect bone 
remodeling and cause resorption and the loss of 
the implant in more advanced cases.8,9 

"Finite Element Stress Analysis" (FESA) 
has been used in oral implantology since 1976 to 
measure the changes due to the application of 
force in the contact area of the implant and 
bone.10,11 FESA is the realization of analyzes by 
dividing an object with a complex geometry, 
which is desired to be examined in terms of 
biomechanics, into a certain number of 
elements.12,13 Since bone, the implant, and 
supra-implant structures can be modeled close to 
clinical conditions with FESA analysis, it is 
possible to precisely determine the amount and 
localization of the stress, deformation, and 
displacement in the implants and the surrounding 
bone under the applied forces.14,15,16 

The aim of this study was to compare the 
stress values on the implant caused by the 
change in the implant diameter, length, and the 
angle of the implant placement. Thus, our goal 
was to determine the correct implant preference 
with regard to the appropriate diameter, length, 
and insertion angle. 

   Materials and methods 
 

This research was carried out in Dicle 
University Faculty of Dentistry and Dicle 
University Faculty of Engineering and 
Architecture. In our study, a total of 6 different 
types of implants with 2 different diameters (3.7 
mm and 4.7 mm) and 3 different lengths (5 mm, 
10mm, and 13mm) belonging to these diameters 
were selected. These 6 different sized dental 
implants were applied to the maxilla and 
mandible, vertically and angled, and a total of 24 
models were obtained. The abutment and metal-
supported ceramic crowns were transferred to all 
the implants with a Next Engine (Next Engine, 
Inc.401 Wilshire Blvd., Ninth Flor Santa Monica, 
CA 90401) 3D laser scanner and the Rhinoceros 
4.0 (3670 Woodland Park Ave N, Seattle, WA 
98103 USA) software program. A total of 48 
study groups were obtained by applying forces 
separately in the vertical and oblique directions 
from certain points of the metal supported 
ceramic crowns. The maximum and minimum 
principal stress values in cortical and cancellous 
bone were determined as a result of the applied 
forces. In addition, the 3-dimensional (3D) finite 
element stress analysis method (FESA) was 
used to determine the Von mises stress values  
in the implants. 

In order to make the 3D network topology 
more homogenous and arrange it, to design the 
3D solid model, and also for the FESA, a 
computer with an Intel Pentium ® D CPU 3,00 
GHz, 250-GB hard disk, 300-GB RAM and 
Windows XP Professional Version 2002 Service 
Pack 3 was used. The 3D scanning was done 
with macro resolution by means of a Next Engine 
(Next Engine, Inc. 401 Wilshire Blvd., Ninth Flor 
Santa Monica, CA 90401) laser scanner, and the 
3D modeling software Rhinoceros 4.0 (3670 
Woodland Park Ave N, Seattle, WA 98103 USA) 
and ANSYS (analysis program) were used. 

Cortical and Spongious Bone Modeling 
The Rhinoceros 4.0 software was used 

for cortical and cancellous bone modeling. This 
software, which is capable of 3D modeling, is 
generally used in industrial design, architecture, 
boat design, jewelry design, automotive design, 
CAD/CAM, rapid prototype manufacturing, 
reverse engineering, and multimedia design. This 
software obtains images by many imaging 
methods, including magnetic resonance and 
computer tomography, that can be reconstructed 
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in a computer environment. With the software, 
changes, such as simplification and reformatting, 
can be made on the reconstructed images. With 
the mesh simplification tools in this software, 
models with low memory consumption and 
uniform proportions can be made. First, the 
upper jaw and mandible bones of 30 mm x 20 
mm x 10 mm were modeled. In the model, we 
utilized cortical bone that was formed with a 
thickness of 2 mm in the mandible and 1 mm in 
the maxilla. The cortical bone inner surface was 
defined as cancellous bone. 

Implant and Abutment Modeling 
Six different sized implants and 

abutments from the Zimmer company were used 
in the study. The implants were 3.7 mm and 4.7 
mm in diameter and 5 mm, 10 mm, and 13 mm in 
length. These 6 implants and abutments were 3D 
scanned in the Next Engine 3D laser scanner in 
macro mode. The Next Engine laser scanner 
scans physical objects and transfers them to a 
virtual environment in 3D. With the Scan Studio 
Core program provided with the device, 
operations such as scanning, cleaning, alignment, 
and merging, were performed, and the 3D data 
obtained was output in stl, obj, vrml, and ucd 
formats. The point clouds obtained from the 
scanning implants and abutments were saved in 
stl. format. Files in this format were transferred to 
the Rhinoceros 4.0 software. The 6 different 
implants were placed perpendicular and angled 
in the middle of the obtained mandible and 
maxilla bone models as closely as possible. The 
implants were considered 100 % osseointegrated 
into the bone. 

Coping and Crown Modeling 
The crown model was obtained by 

collecting the tooth sizes and images taken from 
the Wheeler Dental Anatomy Atlas and 
transferring these to the Rhinoceros 4.0 software, 
and the coping was obtained by matching it with 
the abutment underneath.  

Metal-supported porcelain restorations 
were selected as an over-implant prosthesis type. 
Chrome-cobalt alloy (Wiron 99; Bego, Bremen, 
Germany) was used as the substructure, and 
feldspathic porcelain (Ceramco II; Dentsply, 
Burlington, USA) was used as the superstructure. 
While the coping thickness was 0.8 mm, the 
porcelain thickness was prepared at a minimum 
of 2 mm considering the crown dimensions. The 
compatibility of the metal-supported ceramic 
restoration obtained with the abutment was made 

using Rhinoceros 4.0 software.  
The models made in Rhinoceros 4.0 were 

transferred to ANSYS software in stl. format by 
keeping 3D coordinates. Here, the models were 
converted to solid models in the form of bricks 
and tetrahedra elements. In the bricks and 
tetrahedra solid modeling system, 8-node 
elements (brick type) were used as much as the 
ANSYS software could create in the model. In 
the areas close to the center of the structures in 
the models, 7-node, 6-node, 5-node, and 4-node 
elements were used to complete the structure 
when necessary. Thanks to this modeling 
technique, we created the highest quality network 
structure with the highest possible node elements 
in order to facilitate the calculation. The vertical 
and narrow areas in the jaw models, which made 
the analysis process difficult, were made regular 
by removing the linear elements. Because the 
coordinate information of the nodes was stored in 
stl. format, there was no information loss when 
transferring between the programs. 

Modeling the structures 
A 1 mm cortical bone around the maxilla 

and a cancellous bone with a D4 feature below it 
was modeled. Around the mandible, 2 mm of 
cortical bone and a dense trabecular bone with a 
D2 feature below it was modeled. The dental 
implant and abutment made of titanium were 
scanned and modeled in the Next Engine laser 
scanner, and the model was transferred to the 
computer environment with the Rhinoceros 4.0 
software program.  

 

 
Figure 1. The vertical and angled forces applied 
to the mandible and maxilla models and their 
quantities. 
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Chromium-cobalt alloy was placed on the 
abutment as a metal substructure. Feldspathic 
porcelain was placed on the metal substructure. 
A connection was established between the 
abutment and superstructure using 
polycarboxylate cement. The dental implant was 
made of titanium, chromium-cobalt alloy, 
feldspathic porcelain, and polycarboxylate 
cement, and Young's modulus (elasticity 
modulus) and Poisson ratios of the cortical and 
cancellous bone were determined. The Young's 
modulus and Poisson ratio were selected 
according to the materials, and these materials 
were transferred to the computer environment. 
The computer implants were placed in the lower 
jaw and upper jaw in the first molar area. When 
the lower jaw was in the first molar centric 
occlusion, 100 N of force, which was 300 N in 
total, was simultaneously applied to the buccal 
tubercle, mesial fossa, and distal fossa regions. 
When the upper jaw was in centric occlusion in 
the first molar region, a force of 100 N was 
applied to the palatinal tubercle, mesial fossa, 
and distal fossa regions at the same time. Thus, 
a total of 300 N of force was applied to the 48 
prepared working models as explained one by 
one (Figure 1). 
 

Results 
 

 
Table 1. Von misses stress values (in MPa) 
occurred in maxilla and implant. 

The maximum and minimum von misses 
stress values and the places where they 
occurred were determined as a result of the 
application of the vertical and oblique (30 °) 
forces, with a total of 300 N from the 3 different 
occlusal points by placing Zimmer brand implants 
that were 5, 10, and 13 mm in length and 3.7 and 
4.7 mm in diameter on the maxilla and mandible 
separately at an angle of 30 °.The stress values 
determined in the maxilla and mandible are 
presented (Table 1 and Table 2). 

Von misses stress values released as 
a result of the vertical and oblique force 
applied on the implants placed in the maxilla. 
 

 
Table 2. Von misses stress values (in MPa) 
occurred in mandible and implant.  
 

According to the stress analysis obtained 
from the implants with a length of 5 mm and a 
diameter of 3.7 mm, the maximum stress 
occurred at the apical region of the implant when 
the implant placed at a right angle and in the 
models with a vertical force, and the minimum 
stress occurred at the apical 1/3. The maximum 
stress occurred in the neck of the implant when 
the implant was placed at a right angle and the 
models applied force in the oblique direction, and 
the minimum stress occurred at the apical area. 
In the implant placed at an angle of 30º and in 
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the models with a vertical force, the maximum 
stress occurred in the neck of the implant, and 
the minimum stress occurred at the apical 1/3. 
The maximum stress occurred at the implant-
abutment junction when the implant was placed 
at an angle of 30º and in the models where the 
applied force was in the oblique direction, and 
the minimum stress occurred at the apical 1/3. 

According to the stress analysis obtained 
from the implants with a length of 5 mm and a 
diameter of 4.7 mm, the maximum stress 
occurred at the apical region of the implant when 
the implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred at the apical 1/3. The maximum 
stress occurred in the neck of the implant when 
the implant was placed at a right angle and the 
models applied force in the oblique direction, and 
it the minimum stress occurred at the apical 
region. When the implant was placed at an angle 
of 30º and the models used vertical force, the 
maximum stress occurred in the neck of the 
implant, and the minimum stress occurred just 
below the implant neck area. The maximum 
stress occurred at the implant-abutment junction 
when the implant was placed at an angle of 30º 
and the models applied the force in the oblique 
direction, and the minimum stress occurred at the 
apical 1/3. 

According to the stress analysis obtained 
from the implants with a length of 10 mm and a 
diameter of 3.7 mm, the maximum stress 
occurred at the apical region of the implant when 
the implant placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred in the neck area. The maximum 
stress occurred in the neck of the implant when 
the implant was placed at a right angle and the 
models applied a force in the oblique direction, 
and the minimum stress occurred at apical 1/2. 
The maximum stress occurred in the neck of the 
implant when the implant was placed at an angle 
of 30º and the models used a vertical force, and 
the minimum stress occurred at the apical 1/3. 
The maximum stress occurred at the implant-
abutment junction when the implant was placed 
at an angle of 30º and the models applied a force 
in the oblique direction, and the minimum stress 
occurred just below the neck area. 

According to the stress analysis obtained 
from the implants with a length of 10 mm and a 
diameter of 4.7 mm; the maximum stress 
occurred at the apical region of the implant when 

the implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred in the neck area. The maximum 
stress occurred in the neck of the implant when 
the implant was placed at a right angle and the 
models applied a force in the oblique direction, 
and the minimum stress occurred at the apical 
1/3. The maximum stress occurred in the neck of 
the implant when the implant was placed at an 
angle of 30º and the models used a vertical force, 
and the minimum stress occurred just below the 
neck area. The maximum stress occurred in the 
neck area when the implant was placed at an 
angle of 30º and the models applied a force in 
the oblique direction, and minimal stress was 
detected at the apical region. 

According to the stress analysis obtained 
from implants with a length of 13 mm and a 
diameter of 3.7 mm, the maximum stress 
occurred at the apical region of the implant when 
the implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred in the neck area. The maximum 
stress occurred in the neck of the implant when 
the implant was placed at a right angle and the 
models applied a force in the oblique direction, 
and the minimum stress occurred at the apical 
region. The maximum stress was observed in the 
neck of the implant when the implant was placed 
at an angle of 30º and the models used a vertical 
force and the minimum stress occurred in the 
apical 1/3 of the implant. The maximum stress 
occurred between the neck region and the 
abutment when the implant was placed at an 
angle of 30º and the models applied a force in 
the oblique direction, and the minimum stress 
occurred in 1/2 of the apical region. 

According to the stress analysis obtained 
from 13 mm long and 4.7 mm diameter implants, 
the maximum stress occurred at the apical region 
of the implant when the implant was placed at a 
right angle and the models used a vertical force, 
and the minimum stress occurred in the neck 
area. The maximum stress occurred in the neck 
of the implant when the implant was placed at a 
right angle and the models applied a force in the 
oblique direction, and the minimum stress 
occurred at the apical region of the implant. The 
maximum stress was observed in the apical 
region of the implant when the implant was 
placed at an angle of 30º and the models used a 
vertical force, and the minimum stress occurred 
just below the neck of the implant. The maximum 
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stress occurred in the neck of the implant when 
the implant was placed at an angle of 30º and the 
models applied a force in the oblique direction, 
and the minimum stress occurred in 1/2 of the 
apical region. 

Von misses stress values resulting 
from the vertical and oblique force applied on 
the implants placed in the mandible 

According to the stress analysis obtained 
from the implants with a length of 5 mm and a 
diameter of 3.7 mm, the maximum stress 
occurred in the neck of the implant when the 
implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred in the apical region of the implant. 
The maximum stress occurred in the neck of the 
implant when the implant was placed at a right 
angle and the models applied a force in the 
oblique direction, and the minimum stress 
occurred in the apical 1/3 region of the implant. 
The maximum stress was observed at the 
junction of the implant abutment when the 
implant was placed at an angle of 30º and the 
models used a vertical force, and the minimum 
stress occurred in the apical 1/3 region of the 
implant. The maximum stress occurred between 
the implant and the abutment when the implant 
was placed at an angle of 30º and the models 
applied a force in the oblique direction, and 
minimal stress occurred at the apical region. The 
maximum stress occurred in the neck of the 
implant when the implant was placed at a right 
angle and the models used a vertical force, and 
the minimum stress occurred in the apical region 
of the implant. The maximum stress occurred in 
the neck of the implant when the implant was 
placed at a right angle and the models a applied 
force in the oblique direction, and the minimum 
stress occurred in the apical 1/3 region of the 
implant. 

According to the stress analysis obtained 
from the implants with a length of 5 mm and a 
diameter of 4.7 mm, the maximum stress was 
observed at the junction of the implant abutment 
when the implant was placed at an angle of 30º 
and the models used a vertical force, and the 
minimum stress occurred in the apical 1/3 region 
of the implant. The maximum stress occurred 
between the implant and the abutment when the 
implant was placed at an angle of 30º and the 
models applied a force in the oblique direction, 
and minimal stress occurred at the apical region. 
According to the stress analysis obtained from 

implants with a length of 10 mm and a diameter 
of 3.7 mm, the maximum stress occurred just 
below the neck of the implant when the implant 
was placed at a right angle and the models used 
a vertical force, and the minimum stress occurred 
in the apical 1/3 region of the implant. The 
maximum stress occurred in the neck of the 
implant when the implant was placed at a right 
angle and the models applied a force in the 
oblique direction, and the minimum stress 
occurred in the apical 1/3 region of the implant. 
The maximum von misses stress was seen at the 
junction of the implant abutment when the 
implant was placed at an angle of 30º and the 
models used a vertical force, and the minimum 
stress occurred at the apical region of the implant. 
The maximum stress occurred between the 
implant and the abutment when the implant was 
placed at an angle of 30º and the models applied 
a force in the oblique direction and minimal 
stress occurred at the apical region. 

According to the stress analysis obtained 
from the implants with a length of 10 mm and a 
diameter of 4.7 mm, the maximum stress 
occurred in the neck of the implant when the 
implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred in the apical 1/3 region of the 
implant. The maximum stress occurred in the 
neck of the implant when the implant was placed 
at a right angle and the models applied a force in 
the oblique direction, and the minimum stress 
occurred in the apical 1/3 region of the implant. 
The maximum stress was observed in the neck 
of the implant when the implant was placed at an 
angle of 30º and the models used a vertical force, 
and the minimum stress occurred in the apical 
1/3 region of the implant. The maximum stress 
occurred between the implant and the abutment 
when the implant was placed at an angle of 30º 
and the models applied a force in the oblique 
direction, and the minimum stress occurred in the 
apical 1/3 region of the implant. 

According to the stress analysis obtained 
from the implants with a length of 13 mm and a 
diameter of 3.7 mm, the maximum stress 
occurred in the neck of the implant when the 
implant was placed at a right angle and the 
models used a vertical force, and the minimum 
stress occurred at the apical region of the implant. 
The maximum stress occurred in the neck of the 
implant when the implant was placed at a right 
angle and the models applied a force in the 
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oblique direction, and the minimum stress 
occurred in the apical 1/2 region of the implant. 
The maximum stress was observed in the neck 
of the implant when the implant was placed at an 
angle of 30º and the models used a vertical force, 
and the minimum stress occurred at the apical 
region of the implant. The maximum stress 
occurred between the implant and the abutment 
when the implant was placed at an angle of 30º 
and the models applied a force in the oblique 
direction, and minimal stress occurred at the 
apical region of the implant. 

According to the stress analysis obtained 
from the 13 mm long and 4.7 mm in diameter 
implants, the maximum stress occurred in the 
neck of the implant when the implant was placed 
at a right angle and the models used a vertical 
force, and the minimum stress occurred at the 
apical region of the implant. The maximum stress 
occurred in the neck of the implant when the 
implant was placed at a right angle and the 
models applied a force in the oblique direction, 
and the minimum stress occurred in the apical 
1/2 region of the implant. The maximum stress 
was observed in the neck of the implant when the 
implant was placed at an angle of 30º and the 
models used a vertical force, and the minimum 
stress occurred in the apical 1/3 region of the 
implant. The maximum stress occurred between 
the implant and the abutment when the implant 
was placed at an angle of 30º and the models 
applied a force in the oblique direction, and 
minimal stress occurred at the apical region of 
the implant. 

Statistical analysis 
In this study, the stress caused by 

endosteal implants with different diameters and 
lengths placed in the maxilla and mandible was 
compared using the 3D finite element stress 
analysis method. Since the numerical values 
obtained with the mathematical models used in 
the study were constant and had no variance, a 
statistical analysis was not performed to evaluate 
the findings. 
 

Discussion 
 

Many finite element stress analysis 
studies have been conducted to examine the 
stress distribution in the bones surrounding 
implants.17,18 Recently, two-dimensional (2D) and 
3D finite element stress analyses have been 
performed to investigate how prostheses 

supported by implants affect the stress 
distribution in bones.19 Therefore, with the 
possibilities and conveniences of today's 
technology, our working models are prepared in 
detail and meticulously in 3D in accordance with 
the real anatomy. 

Many studies have been conducted on 
implant material, implant design, superstructure 
material, implant-crown ratio, and the implant 
bone interface mechanism, which are the factors 
that affect stress distribution.20,21 The stress 
distributions the occur in implants are also widely 
used in tensile meters and photoelastic methods 
as well as the finite element stress analysis 
method. Clelland et al. stated that although the 
photoelastic method provided qualitative 
information about the stress concentration and 
location, it provided limited quantitative data.22 

It has been emphasized that finite 
element stress analysis provides any detailed 
quantitative feeder on a mathematical model.22 In 
this stress analysis method, although 3D studies 
can be performed on the bone using the 
photoelastic method, it is not preferred, because 
it is difficult to reduce the size of the implant 
model originals and the stress at the depth 
cannot be reached in the tension meter. For this 
reason, the finite element stress analysis method, 
which is preferred by many researchers, was 
used in our study. 

Bone modeling has been done in a variety 
of ways in the literature. For example, Wang et al. 
used a 42 mm long, 11 mm wide, and 21 mm 
high bone block and determined the cortical bone 
thickness as 2 mm.23 In another study, a bone 
block with a height of 23.4 mm, a width of 12.8 
mm, and a thickness of 9 mm and cortical bone 
of 1.3 mm thickness were modeled.24 In our 
study, maxilla and mandible models of 30 mm x 
20 mm x 10 mm were obtained. 

In 2014, Cıccıu et al. conducted another 
finite element stress analysis study and analyzed 
the masticatory forces of implants with 4 different 
designs. They reported that changing the implant 
neck geometry caused resorption in the alveolar 
bone due to the increase in stress in the implant 
neck region.25 Furthemore, Tao Li et al. applied 
the finite element stress analysis technique in a 
study they conducted in 2011 to detect the most 
ideal diameter and size implant in the posterior 
mandible. As a result of this study, it was 
determined that the primary stability in the 
posterior mandible increased with the increase in 
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the diameter of the implant. It has also been 
shown that increasing the diameter of the implant 
in the posterior mandible reduces the stress on 
the neck of the implant. Another result obtained 
is that the optimum implant is 4.0 mm in diameter 
and 12 mm in length.4 In addition, according to 
the results of the stress analysis conducted by 
El-Anwar et al. on implant design in 2011, the 
increase in the length or diameter of the implant 
did not significantly change the stress values in 
the neck region of the implant.26 However, in the 
study conducted by Santiago et al. in 2013, 
increasing the implant diameter with oblique 
forces caused less resorption in the bone. In 
addition, they reported that oblique forces caused 
more resorption in bone compared to vertical 
forces.27 In yet another study conducted by 
Giuseppe et al. in 2013, the effect of the thread 
shape, diameter, and length of the implant on 
stress was compared. The change in the implant 
diameter is more significant than the change in 
implant length and thread shape. In other words, 
as the diameter of the implant increases, the 
stress in the neck area will decrease. In this 
respect, similar results were obtained in our 
study.28 Moreover, in 2019, Yalcin et al. 
concluded that increasing the implant length is 
not enough to reduce the stress distribution in the 
neck area of the implant. In other words, by 
increasing the implant length, the stress in the 
neck area of the bone has not been sufficiently 
reduced. This is a result parallel to our study. In 
addition, it has been emphasized that not 
choosing the correct thread design of the implant 
is the most effective parameter in the failure of 
the implant.29 Guven et al., in 2015, reported that 
the stress values  in an angled implant are higher 
than in an implant placed vertically. This means 
that implants placed at an angle cause more 
stress in the neck area. This supports the data 
we obtained in our study.30 Furthermore, in a 
study conducted by Wang et al. in 2016, the 
change of the implant angle in the model bone 
revealed that the implant affects the amount and 
distribution of stress in the neck region and 
alveolar bone.31 

According to our results, the stress values 
in the maxilla reached higher values than the 
mandible. There are many implant companies in 
the market now, and the dental implants 
produced by these companies have very different 
diameters and lengths. In our study, a stress 
analysis was performed by selecting implants of 

different lengths and diameters. When modeling 
the implant diameter, an implant diameter (3.7 
mm and 4.7 mm) close to the average diameter 
of the most commonly used implant brands was 
preferred. The implant length was modeled in 
three dimensions by selecting 5 mm, 10 mm and 
13 mm. We observed that the stresses in the 
implants with a diameter of 3.7 mm were greater 
than in implants of the same size but with a 
diameter of 4.7 mm. 
 

Conclusions 
 
Taken together, in all models, under each 

loading condition, as the implant diameter and 
length increased, the stress levels in the bone 
and implant decreased. Thus, implant diameter is 
more effective than implant length at changing 
the stress values. There was a significant 
increase in the stress levels of the cortical bone 
and implants in the oblique loading models 
compared to the vertical loading models. In 3D 
models with cortical bone, the highest stress 
values in the bone were detected in the parts 
(neck region) where the implant first touches the 
cortical bone. For the angled implants, there was 
less stress accumulation in the implant in the 3D 
models where the force was applied vertically 
compared to the models where the force was 
applied obliquely. Thus, we concluded that thin-
diameter implants cause more stress on oblique 
placement and loading than thick-diameter 
implants. However, additional studies are needed 
for more accurate results.  
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