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Abstract: In this study, the effect of the implant shape on fatigue behavior was investigated with the 

finite element method. The implant material used was Ti6Al4V.  The examination focus on the effect on 

the implant life with respect to changes in the crest and root dimension, thread depth, thread pitch, 

implant length, implant diameter, chamfer length, chamfer radius, and groove length to implant length 

ratio. Models were subjected to fatigue analysis according to ISO 14801 standard with ANSYS finite 

element software. The mean stress correction theory is chosen in fatigue life solutions.  As a result, the 

parameters seen to have the most effect on dental implant fatigue behavior were the implant length and 

diameter. The parameters with the most effect on the implant screw fatigue were pitch and the height of 

the tooth. 
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Dental İmplant Ölçülerinin Yorulma Davranışına Etkisi: Sayısal Bir Yaklaşım 

 

Öz: Bu çalışmada implant şeklinin yorulma davranışına etkisi sonlu elemanlar metoduyla araştırılmıştır. 

İmplant malzemesi olarak Ti6Al4V kullanılmıştır. Çalışmada diş dibi kalınlığı, diş üstü kalınlığı, diş 

yüksekliği, diş hatvesi, implant boyu, implant çapı, pah boyu, pahın yarıçapı ve oyuk boyu değerlerinin 

değişiminin implant ömrüne etkisi araştırılmıştır. Modeller ISO 14801 standardında belirtilen kriterlere 

göre ANSYS programında yorulma analizine tabi tutulmuştur. Sonuçta dental implantların yorulma 

davranışını en çok etkileyen boyut değerlerinin implant çapı ve implant boyu olduğu görülmüştür. 

İmplant vidası yorulma ömrü üzerindeki en etkili parametreler hatve ve diş yüksekliğidir. 

 

Anahtar Kelimeler: Dental İmplant, Yorulma, Sonlu Elemanlar Metodu, ISO 14801. 

1. INTRODUCTION 

Dental implants are used throughout the day and are exposed not only to damage by static 

force, but also to dynamic loading during chewing. Besides dynamic loading, bone quality, 

implant design, the structure of the implant surface and clinical applications all affect the 

success of implant treatment (Dilek et al., 2008). In addition, as chewing forces vary between 

genders and age groups, the loads affecting implants and dental prosthesis also show variations 

(Daas et al., 2008). Therefore, awareness of the fact that implant life depends on the conditions 

of use is of great importance.  At this point, there is a need to select the appropriate geometry 

and materials associated with the fatigue life for the ideal dental implant application.   

Experimental methods are important techniques used for the definition of the fatigue life of 

implant systems. The ISO 14801 standard is used to examine fatigue behaviour of dental 
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implants (ISO 14801 2007). This standard includes detailed information on how the load is 

applied to the implant, the position of the implant, and test procedures. In a study by Silva 

(Silva et al. 2008), fatigue experiments were conducted on forty eight ceramic implants. No 

procedure was applied to twenty four, while the other twenty four were covered with an acrylic 

resin crown according to the ISO 14801 standard.  A load of 600 N at 50000 cycles was applied 

with a Weibull curve and at the end of the study there was shown to be no difference between 

the two groups.  

Dittmer (Dittmer et al. 2011) compared the load–bearing capacity and the failure resistance 

of six different forms of implant-abutment connection. As a result of the fatigue experiments 

applied according to ISO 14801, it was seen that the form of the implant-abutment connection 

had an important effect on load-bearing capacity and the damage created on the implant.  Park 

(Park et al. 2008) investigated the fatigue behavior of five different combinations of implant and 

abutment. The fatigue resistance of zirconium abutment was found to be higher than that of the 

titanium abutment.  In studies which have investigated fatigue behavior of dental implants 

experimentally, it has been reported that a decrease in lingual components of the forces 

affecting dental implants increased implant stability and therefore the life of the implant 

(Barbier et al. 1998, Moraes et al. 2015, Figueiredo et al. 2014). 

In parallel with current developments in technology, there is increasing use of numerical 

methods to define the stress in dental implant systems. One of the most widely-used of these 

methods is the finite element method (Meriç et al., 2011, Şahin et al., 2002). As a result of force 

applied to the implant, stress can be calculated with the finite element method, and the fatigue 

life and failure can be examined. In this method, volumes are divided into small parts and stress 

and strain values are calculated more easily. Then, with the totals of the stress and strain of the 

small areas, the values for the whole are calculated (Ekici, 2002). 

Lin (Lin et al. 2010) made a numerical examination of a 2-Dimensional model of the stress 

distribution occurring in the cortical and trabecular bone, and as a result of using Functionally 

Graded Material (FGM) and titanium as implant material, it was determined that stress was 

distributed in a more homogenous form by FGM. It was also shown in the study that the 

placement of FGM had better compatibility with the bone tissue, which then recovered more 

quickly. In another study, Djebbar (Djebbar et al. 2010) examined stress distribution on dental 

prostheses using the finite element method. The effects on stress of a change in load intensity 

and direction were investigated and it was demonstrated that an increase in the lingual 

component of loading increased stress on the implant and led to more intense stress in the area 

where the implant and abutment connected. Tao Li (Li et al. 2011) applied stress analysis to 

define the optimum dimensions of implant diameter and length for a weak jaw bone using a 3-

dimensional finite element method on implants 3-5 mm in diameter and 6-16 mm in length. It 

was determined that under occlusal loading, increasing diameter and length decreased von Mises 

stress on the cortical and trabecular bone at a rate of 76 % and the most suitable implant 

diameter and length was determined to be 4 mm and 12 mm, respectively. 

In a study by Ausiello (Ausiello et al. 2012), the pitch, width, angle and thickness values of 

the tooth in the implant geometry were changed in sixteen different implant models and the 

degree of bone damage under 350N loading was examined using the finite element method.  

Karl and Kelly (Karl and Kelly 2009)  examined fatigue behaviour for sixty six implant samples 

by applying loading of 20-420 N and 20-500 N at 10
6
 cycles at 2 Hz and 30 Hz frequencies to 

acrylic, glass-fiber, reinforced epoxy resin and aluminum materials according to the ISO14801 

standard. The study’s results showed that at 420 N damage was caused to thirteen of the 

eighteen samples at 2 Hz and six of the eighteen samples at 30 Hz.   

Sevilla (Sevilla et al. 2010)  applied fatigue analysis according to ISO 14801 to two groups 

of zirconium implant samples, one group with a 4 mm diameter, 11 mm length and 6 mm crest 

module and the other group with a 3.8 mm diameter, 10 mm length and 4.2 mm crest module.  

Kayabasi (Kayabasi et al. 2006) examined the static and dynamic fatigue behaviour of dental 
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implants.  Dynamic loading was applied to the occlusal surface for 5 minutes and the fatigue life 

was calculated according to the Goodman, Soderberg, Gerber and Mean Stress theories. 

Schiefer (Schiefer et al. 2009) designed implant systems with CATIA v5 software and applied 

fatigue analysis according to ISO 14801 using ANSYS Workbench software.  

There are increasing numbers of numerical studies on stress distribution in dental implants 

under static and dynamic loading. Research done on fatigue life has generally been an 

examination from the experimental aspect with some new numerical applications (Geringer et 

al. 2014, Prados-Privado et al. 2015). There are many studies on the effects of dental implant 

dimensions on stress and fatigue distributions of dental implants. The most important 

contribution of the current study to the literature is the investigation of the effects of whole 

dental implant design parameters on stress and fatigue life. In the current study, fatigue life was 

researched numerically with the effects of repeated forces on an implant system and the effect 

was examined on the implant life of a change in the dimension parameters of the implant model. 

The implant system was created with the SolidWorks software, imported to ANSYS Workbench 

software, then fatigue analysis was applied with the stress-life method approach. To define 

fatigue life, dental-implant system and loading conditions were modeled according to ISO 

14801.  The effects of the implant dimensions on fatigue behaviour were examined and the 

results were presented in graphic form. 

2. MATERIALS AND METHODS 

A typical dental implant system consists of three main parts:  the implant, the abutment, and 

the screw that holds the implant and abutment together. The abutment is used to create a 

connection between the implant, which is placed into the bone, and the upper structure 

(framework, prosthesis etc.), which is placed on the implant. 

 

Figure 1.  

Implant dimensions. 

The aim of the study was to investigate the effect of dental implant dimensions on fatigue 

life numerically. Therefore, models of different measurements were created and the analysis 

was repeated for each model. Two basic changes were taken as the basis for the models. The 

first of these was the dimensional properties of length, diameter and groove length of the 

implant (L, D, K,) and the second was the thread dimensions, thread pitch, and the length and 

radius of the chamfer (A,B,C, H, P, R) (Figure 1).  

The implant dimensions used in the analysis are shown in Figure 1 and Table 1. Each time 

only one of these dimensions was changed, the analysis was repeated and the failure loads and 

fatigue lives were calculated for the models. The properties sought in implant materials are 

primarily that it does not harm the bone tissue and is biologically compatible. Thus, titanium 
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alloys are the leading materials in the manufacture of dental implants. In the current study, the 

titanium alloy Ti6A14V was selected as the material for the implant, abutment and for the screw 

used to fix the implant to the abutment.  

Table 1. The dimensions of the implant used in the analyses. 

Dimensions (mm) 

A 0.10 0.20 
0.30(Yang and 

Xiang, 2007) 
0.40 

B 
0.10(Yang and 

Xiang, 2007) 
0.15 0.30 0.45 

C 0.10 0.15 0.30 
0.45(Yang and 

Xiang, 2007) 

D 3.00 
3.10(Yang and Xiang, 

2007) 
3.20 3.30 

H 0.85 1.00 
1.15(Yang and 

Xiang, 2007) 
1.30 

K/L 0.00 0.30 0.40 0.50 

L 12.00 
13.00(Yang and Xiang, 

2007) 
14.00 15.00 

P 0.00 
0.20×45°(Yang and 

Xiang, 2007) 
0.40×45° 0.60×45° 

R 0.00 0.50 1.00 1.55 

The Young’s Modulus of Ti6A14V was 110000 MPa, yield stress 880 MPa and Poisson's 

ratio was 0.35 (Kayabasi et al. 2006). The trabecular and cortical bone, which function as the 

jawbone and to which the implant system is connected, were modeled separately. The hard and 

resistant section of cortical bone and the trabecular bone, which remains inside, were accepted 

as linear isotropic. For these bones, the Young’s moduli were 13700 MPa and 1370 MPa, 

respectively and Poisson's ratio was 0.3 (Kitagawa et al. 2005).  As the bone/ implant system 

was connected, the substructure was defined as a rigid material.  

The fatigue analyses were applied with the approach of the stress life method. According to 

this method, the load is applied to the values which will not exceed the yield stress of the 

material being tested. The stress-life method is also known as high cycle fatigue with cycles 

selected in the range 10
3
- 10

6
.  Stress-life is concerned with total life and does not distinguish 

between initiation and propagation.  Since the fatigue analysis applied in the study was on a 

stress basis, the definition of the stress-cycle number (S-N) of the implant material graph was 

sufficient.  

The graph (S-N) used in the fatigue analyses is shown in Figure 2-c.  During the fatigue 

analyses, loading was applied according to the ISO 14801 standard.  The implant was tested by 

attaching a hemispherical load part to it.  The load was applied to the implant axis at an 

inclination of below 30° and the implant was fixed 3 mm from the nominal bone level. The 

centre of the load element in hemispherical form is defined for the loading point to be 11 mm 

from the level of the connection to the bone. The load application and the boundary conditions 

are shown in Figure 2-a and 2-b (l=11 mm, y=4 mm) (Topkaya, 2014).  While conducting the 

fatigue analysis R=σmin/σmax was selected as 0.1.  

The different implant systems, with the dimensions given in Table 1, were created with 

SolidWorks software.  Next, the solid model was imported into ANSYS Workbench software.  

The connection type between interfaces of the implant components was defined as bonded.  At 

this point the solid model formed and the material properties defined were meshed.  Tetrahedron 
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element type was used for meshing the parts. A tetrahedron has ten nodes and each of these has 

six degrees of freedom and can be used for isotropic materials.  

 

 

Figure 2.  
a-Finite element model and boundary conditions of the numerical analysis study, b-Geometrical 

dimensions of dental implant system (ISO 14801 2007), c-The S-N graph for the Ti6Al4V 

material (Lin et al., 2010). 

 

Figure 3. 
 The change in strain with number of nodes. 

The analyses were applied to determine the optimum number of nodes and elements in the 

created mesh structure.  A change was observed with the number of nodes of the strain in the 

whole of the created model.  The starting point of the horizontal course of the curve gives the 

most appropriate number of nodes.  For the models used in the analyses for this study, the most 

appropriate number of nodes was in the range of 28860-29000 (Figure 3).  The meshed implant 

system and the boundary conditions are shown in Figure 2-a.  

In summary, process steps of numerical fatigue analysis for dental implant applications can 

be listed as follows;  

 Step-1:  Numerical, three dimensional models for dental implants are prepared in 

SolidWorks and then converted to the ANSYS Workbench finite element program. 

 Step-2:  Material properties (Young’s Modulus, Poisson's ratio, yield stress) are entered 

into the program.  The model is meshed using tetrahedrons finite elements.  
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 Step-3:  Boundary conditions (all edges, area of substructure, ux= ux= uy=0) and loads 

are applied to the numerical model.  Bonded type contact properties are chosen for all 

parts of dental implant automatically.  

 Step-4:  The numerical problem solved statically and stress and deformation values are 

obtained. 

 Step-5:  In this step, fatigue analysis begins.  The loading frequency is selected as 10 Hz 

and the constant amplitude load option is R=σmin/σmax=0.1, as fully reversed.  Mean 

stress correction theory is chosen for equivalent (von Mises) stress component in fatigue 

life solutions.  Fatigue strength factor (Kf) is using for reducing the fatigue strength of 

test sample due to harsh conditions etc. (Kf) is taken as 1.0 for all analysis.  Next, 

fatigue tool box solves the problem according to the von Mises stress values in the 

nodes which are obtained from static analysis. 

 Step-6: As a result, fatigue life results are obtained numerically.  Initially, random large 

force values are applied to the head of the implant in order to obtain the finite fatigue 

life value.  Then, force values are decreased for every numerical fatigue solution, until 

infinite fatigue life is obtained. 

3. RESULTS AND DISCUSSION 

In this study, a dental implant system made with Ti6A14V material was examined with the 

finite element method according to the fatigue analysis found in the ISO 14801 standard. The 

effect that the implant dimensions had on fatigue life was investigated. The analysis applied in 

the ANSYS Workbench program was applied in two stages.  The first stage was static analysis 

and the second stage was the determination of the fatigue life.  

Initially, for validating the method an experimental fatigue investigation and a static stress 

problem of dental implant systems, which was solved in literature, were examined and the 

results were compared. 

Problem dimensions and boundary conditions can be obtained from References 4 and 28.  

Ti6Al4V was used as the implant material and the mechanical properties of all the materials 

were as specified in the materials and methods section (Figure 4).  Evaluation was made of the 

von Mises stress distribution created in the implant according to the different loading angles for 

the modeled implant system.  The maximum von Mises stress values, obtained in accordance 

with literature for loading angles θ = 0º and 15
o
, are shown in Table 2. The nearest studies were 

chosen for validating the current study. Especially Yang and Xiang’s study and Kaman et al.’s 

study has same boundary conditions and geometrical values. The main difference between Chun 

et al.’s study and current study is implant length. While 13 mm implant length was chosen in 

current study, Chun et al. selected as 10 mm length. 

 

Figure 4.  
The implant problem associated with the trabecular and cortical bone system loaded with a 100 

N single load (Yang and Xiang et al., 2007, Chun et al., 2002). 
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Table 2. Comparison of the static stress results of the current study and previous studies 

in literature. 

θ=0º θ =15º 

Study 

Maximum  

von Mises stress 

(MPa) 

Study 

Maximum  

von Mises stress 

(MPa) 

Yang and Xiang 2007 (3D) 10.580 Yang and Xiang 2007 (3D) 41.034 

Chun et al. 2002 (2D) 14.461 Chun et al. 2002 (2D) 29.926 

Kaman et al. 2012 (3D) 12.437 Kaman et al. 2012 (3D) 39.709 

Current study (3D) 12.416 Current study (3D) 38.277 

 

 

 

Figure 5. 

 Experimental validation a- experimental setup, b-comparison of FEM results with experimental 

results. 

For experimental validation fatigue experiments applied to Tekka brand 3.1 mm diameter 

and 13 mm length dental implant. Fatigue tests were made with Shimadzu brand servo hydrolic 
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test equipment. Test frequency was selected as 10 Hz and R=0.1. Experimental setup and 

comparison with finite element analysis is given in Figure 5. 

Damage starts to occur in the implant from the fatigue that begins from the loading. 

Together with the emergence of damage, the safety factor falls below the value of 1.  In the 

fatigue analysis made using the data given for (Yang and Xiang, 2007) in Table 1, the minimum 

life occurred at the first contact point of the implant with the cortical bone.  The point at which 

fatigue starts in the implant is the same point at which damage starts.  

By just changing one of the dimensions given as (Yang and Xiang, 2007) in Table 1, and 

holding the other parameters fixed, the loads were defined which started fatigue in the models 

and the fatigue life values were calculated.  The graphs showing the load changes applied with 

the fatigue life for the changes in different implant dimension parameters are shown in Figures 

5-6.  

The effect of changes in thread depth on implant life are shown in Figure 6-a.  The smallest 

value of A, 0.1mm, was taken at the lowest value of implant life.  With an increase in the value 

of A, the implant life increased and the highest implant life was seen to be 0.4 mm for A in the 

model.  The fatigue limit was taken as the value 430 N in the model, where A was 0.1 mm.  As 

A increased, so did the fatigue limit. For the models at 0.2 mm, 0.3 mm and 0.4 mm, the fatigue 

limit was 460 N, 505 N and 520 N, respectively. A change in the dimension of the crest was 

seen to have less effect than the thread depth (Figure 6-b).  For the same load values, the model 

with B of 0.45 mm had higher fatigue life than the other models. In all the applied loads, the 

implant life and fatigue limit increased with an increase in B.  

Fatigue analysis was made for four different values of the helical thread root used to fix the 

implant to the bone (Figure 6-c).  An increase in the value of C caused an increase in the 

implant life.  While the fatigue limit was 465 N for C=0.1 mm, at C=0.45 mm this value was 

505 N.  

When the graphs of Figure 6 are examined, it can be seen that the parameter which changed 

fatigue behaviour the most was thread depth. Ao (Ao et al., 2010) reported that thread depth 

played a more significant role than the length of crest in terms of the stress created in the bone 

and abutment implant stability. 

At the highest pitch value of 1.3 mm, the minimum implant fatigue life occurs.  A large 

thread pitch value means that less of the implant will be held by the screw tooth side in the 

jawbone.  A reduction in pitch increases the implant strength to fatigue (Figure 5-d).  The 

highest fatigue life value was seen in the model with pitch of 0.85 mm.  Kong (Kong et al., 

2009) reported optimum pitch length of 0.8 mm in respect of stress created in the bone and 

implant abutment stability.  At large pitch values (H=1.3 mm) at the fatigue limit, sudden drops 

are observed and H becomes as important as thread depth in fatigue life.  

For the same load value, when implant diameter, D, is reduced, a higher level of stress is 

expected to be created. At the lowest value of implant diameter, at 3 mm, the fatigue life of the 

implant was lower than at other diameter values (Figure 7-a).  As the implant diameter 

increased, the fatigue life of the implant increased.  At the same time, although the rate of 

increase of the diameter was the same for each model, the fatigue values became closer to each 

other.  The highest fatigue life values were observed in the model with the implant diameter of 

3.3 mm.  Li (Li et al., 2011) showed that with increased implant diameter, the stress created in 

the bone decreased.  In the ISO 14801 standard, when the implant is placed with a 30° vertical 

angle, the increased implant length (L) will create an amount of a moment and thus by 

increasing the amount of stress when the implant length is increased, the implant life was 

decreased (Figure 7-b).  
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Figure 6. 
The changes in fatigue life with the load applied for different a-implant thread depth (A) values, 

b-implant thread crest length (B) values, c-implant tooth root thickness (C) values, d-implant 

thread pitch (H) values.     

Figure 7. 
The change in fatigue life with the load applied for different a-implant diameter (D) values, b-

implant length (L) values, c-groove length (K) values.     
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The lowest fatigue life values were observed in the model with an implant length of 15mm, 

and as implant length decreased, fatigue life increased.  In clinical applications, when it is 

necessary to have vertical placement of implants, the likelihood of creating a moment is very 

low.  However, because of the torque which could be created from non-occlusal forces on 

vertically placed implants that are not placed vertically, the lowest possible length value would 

be more useful in terms of implant life.  Additionally, the parameters specified for the implant 

diameter and length conforms to the structure of the jaw of the patient.  Therefore selection of 

the ideal implant for the patient will be the largest diameter possible, which will then prolong 

the implant life.  

In order for the implant to be held by the jawbone, there should be as much osseointegration 

as possible.  The use of different implant materials, different surface coatings, different surface 

smoothness values and expanding the grooves at different lengths of the implant can all be 

applied to help increase osseointegration.  As a result of the analyses it was seen that expanding 

the grooves to increase osseointegration between implant and bone decreased implant life 

(Figure 7-c).  The implant life values against the applied load were highest in the ungrooved 

model.  It was determined that as the length of the opened grooves increased, the implant life 

decreased. 

 

4. CONCLUSIONS 

In this study, a numerical examination was made of the fatigue behaviour of dental 

implants.  Fatigue analyses were applied to models created in the SolidWorks program using 

ANSYS Workbench software according to the criteria specified in the ISO14801 standard. When 

creating the implant models three things were investigated:  the changes that can be made by 

implant manufacturers to create different implant models, the dimension parameters and the 

effect of these differences on fatigue behaviour.  Evaluations, made in the light of the results 

obtained for each of the above parameters, are provided below: 

 When considering the helical screw used to fix the implant to the jawbone, an increase 

in the thread depth, the length of crest and thread root thickness increases implant life 

and an increase in pitch causes a decrease in implant life.  

 An examination of the analyses applied in this study showed that a decrease in implant 

diameter, and an increase in implant length and groove length deceased implant life. 

 The most effective of the implant screw parameters on fatigue life were pitch and thread 

depth.  Conversely, the least effective were thread root thickness and crest length. When 

the effects of implant diameter and length on fatigue life were compared, diameter was 

seen to be a more effective parameter than length.  The length of the grooves to be 

opened in the implant is an important variable with as much effect on fatigue life as the 

diameter. There are some limitations, such as full-bonded contact between implant 

components, stress ratio, parallel force to the implant axis et cetera, in this numerical 

solution that affects real implant life. The ideal implant dimensions should be selected 

by reviewing the clinical applications under optimum conditions. 
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