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ABSTRACT 

 

In this study, the effect of different abutment materials on the stress distribution in bone tissue around the 
dental implant was investigated using ANSYS packet program based on finite element method. The study 

aims to examine the stresses, strains and deformations that will occur in the bone, dental implants and 

abutments with the replacement of abutment materials on the titanium dental implant. Modeling has been 
prepared in Solidworks program. Titanium was chosen as the dental implant material. Abutment materials 

were selected as titanium, zirconium, chrome-cobalt and polyetheretherketone. After modeling, necessary load 

was applied to the abutments and analyzed. This process was repeated for each abutment material. As a result 
of the analyzes, the stresses, strains and deformations that occurred in the bone, dental implants and abutments 

were combined into tables. In the conclusion, the differences between the abutment materials were evaluated. 

Generally, it was found that the lowest values were obtained in the group that chrome-cobalt was used as an 
abutment material. Therefore, chrome-cobalt can be preferred as an abutment material among all tested 

materials.  

Keywords: Biomechanics, dental implant, finite element method. 
 

 

1. INTRODUCTION 

 

Since the existence of humanity, there has always been a research for new and artificial 

materials to replace different kinds of tissues because of the failure or loss of any part of the 

human body for various reasons. [1]. Similarly, endosteal dental implants are needed to restore 

the chewing system of patients suffering from tooth loss. With the development of techniques and 

materials used in dentistry, implants are used to rehabilitate cases of total, partial and single 

edentulism by using removable or fixed prosthodontic dentures [2-3].  

Dental implants exhibit different biomechanical features compared to natural teeth because 

implants do not have periodontal ligaments and are in direct contact with surrounding bone. 
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Consequently, dental implants transfer functional chewing forces directly to the surrounding 

tissues [4]. These functional forces can be affected by the direction of the load, prosthetic 

superstructure materials, denture design, number of implants, macro and micro design of the 

implant and host bone characteristic [5]. Therefore, prosthetic design and material selection 

affects the stress distribution in implants and surrounding bone, which is one of the major factors 

determining implant su ccess. Most of the prosthetic superstructure materials such as implant 

abutments are made from titanium or chromium-cobalt alloys produced by using digital 

processing methods. However, the main disadvantage of these materials as an implant abutment 

material in implant dentistry is their grayish color which may cause aesthetic problems in areas 

with thin gingival tissue especially in the anterior region of the mouth [6].  To overcome such 

aesthetic problems polyetheretherketone (PEEK) polymer and zirconia based implant abutments 

which are having more tooth-like color than titanium become popular and their use in dental 

implantology are widespreading [1-2]. Therefore, biomechanical behavior of different types of 

implant abutment materials in dental implant system must be further investigated. 

The finite element method is based on the principle of "going from piece to whole". The 

method can be defined as a form of solution that is achieved by dividing complex problems into 

simpler sub-problems and solving each problem in itself. With the development of technology 

over time, it has been used in medicine, orthopedics, aesthetic surgery, as well as various 

engineering fields such as machinery, construction, electricity, hydrodynamics, atoms, and spread 

to different fields [7]. The finite element method is a theoretical method used in mechanical 

system simulations to estimate the stresses that occur within the model. This computerized 

mathematical method is used as an important tool to evaluate these effects and to understand the 

biomechanical characteristics of implants [8]. Important preliminary information is obtained when 

planning treatment in dental implantology with finite element method. Many studies conducted to 

date have examined the amount of stress that occurs in the bone around the implant. Studies 

examining the amount of stress occurring in the implant and the bone around it with the finite 

element method are summarized below. 

Jafarian et al. [9] examined the stress distribution around implants of different lengths and 

diameters with finite element analysis. Djebbar et al. [10] examined the stress distribution of the 

variable dynamic load in the dental implant using three-dimensional finite element analysis. 

Robau Porrua et al. [11]  investigated the effect of the diameter, length and elasticity module in a 

dental implant on the stress and strain distribution in the implant bone by three-dimensional finite 

element analysis. The structural analysis of dental implants were examined by Karaman [12]. 

Tuzlalı et al. [13] compared the stress distribution in screw and cemented implant top fixed 

restorations using finite element analysis. Aksan et al. [14] gave general information about stress 

analysis techniques, finite element analysis used in dental research for a long time and their use in 

implant supported prostheses. Karabudak et al. [15] examined the stress and displacement 

distributions of implants placed on the lower jaw in a solid model made of titanium and zirconium 

materials. The effect of biomechanical markers and bone-implant interface properties on the 

stability of dental implants was investigated by Mathieu et al. [16]. Subaşı and Karataş [17] 

examined the general characterization of titanium and titanium alloys, application types, surface 

and interface properties of implants and various implant production techniques. Liu et al. [18] 

investigated the effect of the number of implants on the biomechanical behavior of latency times 

supported by a mandibular implant using three-dimensional finite element analysis. The effects of 

a quarter implant design in the mandible on implants and the surrounding bone have been 

explored by a three-dimensional finite element analysis by Deste and Durkan [19]. Different 

heights of prosthetic crowns supported by ultra-short implant were evaluated by three-

dimensional finite element analysis by Elias et al. [20]. The effect of using four direct loaded 

implants in supporting a fixed prosthesis instead of two and secondarily the impact of straight and 

208-angled abutment designs was investigated by Hasan et al. [21]. Batista et al. evaluated the 

influence of pontic and cantilever designs on 3-unit implant-retained prosthesis at maxillary 
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posterior region verifying stress and strain distributions on bone tissue and stress distribution in 

abutments, implants and fixation screws, under axial and oblique loadings by finite element 

analysis [22]. Junior et al. examined to assess the effect of different dental implant designs, bone 

type, loading, and surface treatment on the stress distribution around the implant by using the 

finite element method [23]. 

When the studies conducted are examined, it is seen that many studies have been done about 

the stress distributions occurring in dental implants. On the other hand, although many different 

materials are used as the abutment material, it is seen that there is no study related to the stress, 

strain and deformation that will occur in the bone, dental implants and abutments after the change 

of these materials. In this context, in this study, Titanium, Chromium-Cobalt alloy, Zirconium and 

PEEK polymer were selected as the abutment materials and finite element based analyzes were 

performed. 

 

2. MATERIAL METHOD 

 

In this section, a 3.9 mm diameter prosthesis system is designed on bone tissue taken from a 

healthy person and this prosthesis is mounted. The geometry of the underlying system is 

introduced. The prosthesis and abutment system designed on the obtained bone tissue is 

connected under the first minor molar-second minor molar and first major molar teeth. 

Solidworks 2018 program was used to create the geometry. After the design of the three-

dimensional model, the finite element method was used and analyzed. Stress, strain and 

deformation values were compared on the model by changing the selected material on the same 

model. In this study, ANSYS Workbench program (ANSYS, 2016) was used for finite element 

analysis [24]. 

The first step to be taken when starting finite element analysis; It is the creation of a three-

dimensional model of the object to be worked on. While preparing these models, different 

imaging methods can be used depending on the complexity of the object. Computerized 

tomography and magnetic resonance imaging methods are examples. While transferring such 

images to the computer environment and creating the model, models can be created by scanning 

each detail of the object to be modeled with 3D scanners and transferring it to the computer 

environment or drawing the object by the researcher using three-dimensional modeling programs. 

Creating a mathematical model provides the researcher with easy controllability, test conditions, 

model parameters and geometry. The desired answers can be simulated through the mathematical 

model and test simulations can be repeated at any time. Therefore, a well-tested and validated 

mathematical model offers researches a very powerful tool for analysis [25]. 

The geometric model prepared in finite element analysis is divided into simple geometric 

infrastructures called element. Elements are classified according to certain features. As an 

example of these features, geometric shape; triangle, parallel edge, quadrilateral, size; one-

dimensional, two-dimensional, three-dimensional and number of nodes can be given. Element 

types are shown in Figure 1. These elements are fully compatible with the geometry of the 

existing main structure. They show the desired mechanical properties in each region of the main 

structure. 

After the desired model is transferred to the computer environment, division of the elements 

is called the creation of a network structure so that the model analysis can be made most 

realistically and reduced to a simpler model. Corner contact points between the elements are 

called knot points. In the second step; Data such as elasticity module, Poisson ratio of the material 

used, and the model that is formed and divided into elements are defined in the program. The 

boundary conditions of the object and where the force is applied to the object are defined during 

analysis. After entering this information, the analysis is performed by adjusting the direction, 

intensity and angle of the force for the loading conditions to be applied to the object. As a result 

of the analysis, after the analysis of the sub-elements of each object, the entire structure is 
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analyzed. The result is reached by interpreting all the values obtained. These operations are done 

with computer programs. In the interpretation of the analysis made using the finite element 

method, the values that directly affect the results of the analysis are used. These; The geometry of 

the bone and implant, material properties, boundary conditions, force properties, properties of the 

implant-bone interface can be listed. 

 

 
 

Figure 1. Finite element types (one-dimensional, two-dimensional and three-dimensional) 

 

2.1. FINITE ELEMENT ANALYSIS 

 

In this study, solid models of dental implants, abutments and mandible were drawn with the 

SolidWorks program. Then, these models were transferred to ANSYS Workbench software and 

analyzed. 

In Figure 2, the bone tissue image obtained using a computerized tomography device was 

cleaned in a computer environment, and solid body was transferred to SolidWorks software by 

preserving three-dimensional coordinates and a bone tissue was designed in accordance with this 

image [26]. 

 

 
 

Figure 2. Mandible design 
 

The abutments act as a fastener for dental implants. In this study, Nobel Active implants 

produced by Nobel Biocare company and supports suitable for implants were used. In Figure 3, 

the basis and dental implant design used in this study are given in SolidWorks software. 
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Figure 3. (a)Bone design, (b)Abutment design, (c) Dental implant design 

 

After the solid model of each part was created, these parts were transferred to the assembly 

page. Bone, dental implants, abutments are combined by placing them in suitable positions for 

assembly. Firstly, the mandible and dental implants created in the SolidWorks software were 

transferred to the ANSYS Workbench program for analysis, as shown in Figure 4. 

 

 
 

Figure 4. Importing geometry into ANSYS Workbench  

 

Table 1. Material properties 
 

Material Elasticity Module (MPa) Poisson Ratio Literatures 

Chrome-Cobalt (CoCr) 218000 0.33 [28] 

Zirconium (Zr) 205000 0.22 [28] 

Titanium (Ti) 110000 0.35   [29] 

Polyetheretherketone  

(PEEK) 

3500 0.36 [28] 
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Certain properties must be present in the material selected in the construction of dental 

implants. Required properties in the selected material; It can be listed as to be compatible with 

soft and hard tissues around it, be resistant to corrosion, be non-allergic, be able to form 

mechanical, functional, resist thermal stresses, be shaped, coated on the surface, be easy to build 

and apply, and be biocompatible [27]. 

In this study, four different materials were used. These materials are; It has been chosen as 

Titanium, Chrome-Cobalt, Zirconium, Polyether-Ether-Ketone (Table 1). 

In Figure 5, the mesh structure of the solid model is given on ANSYS Workbench. After the 

mesh structure was created, 50 N load was applied on the abutments. 191622 elements and 

321422 nodes are used in the model. 

 

 
 

Figure 5. Mesh structure of the 3D  
 

After all the necessary data such as boundary conditions and downloads are defined in the 

ANSYS Workbench software, the analysis phase has been started and the obtained results are 

described in the numerical results. 

 

3. NUMERICAL RESULTS 

 

Finite element method was used in this study to obtain stress, strain and deformation values in 

each region of the bone, dental implant and abutment. Titanium was used as a dental implant 

M. Terzi, Y. Güvercin, S.M. Ateş, M. Yaylacı, et.al.,      / Sigma J Eng & Nat Sci 38 (3), 1495-1507, 2020 



1501 

 

material on all models. Titanium, Zirconium, Chromium-Cobalt and Polyetheretherketone 

materials were chosen as the abutment material. The analysis images and results of the stress, 

strain and deformation in the bone when using CoCr, Zr, Ti and PEEK as abutment materials are 

shown in Figure 6 and Table 2, respectively. As can be seen from the table, the greatest values in 

the stress, strain and deformation amounts occurred in the bone when PEEK material was used as 

the abutment material. The reason for this is that PEEK material has the lowest modulus of 

elasticity among the 4 materials used as the abutment material. Similarly, the lowest values in 

stress, strain and deformation were obtained when CoCr material with the highest modulus of 

elasticity was used as an abutment material. 

 

 
 

Figure 6. Analysis images of the stress, strain and deformation in the bone when using; a) CoCr, 

b) Zr, c) Ti and d) PEEK as the abutment material. 

 

Table 2. Results of the stress, strain and deformation in the bone when using CoCr, Zr, Ti and 

PEEK as abutment material 
 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm) (10-4) 

Chrome-Cobalt  1.3952 1.0122 7.3662 

Zirconium 1.3976 1.0140 7.4660 

Titanium 1.3981 1.0144 7.4699 

PEEK 1.4333 1.0940 7.8799 
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The analysis images and results of the stress, strain and deformation in the different position 

implants when using CoCr, Zr, Ti and PEEK as abutment material are shown in Figure 7 and 

Table 3, respectively. As can be seen, stress, strain and deformation values for all 3 implant 

values were obtained when PEEK was used as the abutment material. The reason that the highest 

values are obtained by using PEEK is that this material has a very low modulus of elasticity 

compared to the other 3 materials. 

 

 
 

Figure 7. Stress, strain and deformation in the dental implant: (a)CoCr, (b)Zr, (c)Ti, (d)PEEK. 

 
The analysis images and results of the stress, strain and deformation in the different position 

abutment when using CoCr, Zr, Ti and PEEK as abutment material are shown in Figure 8 and 

Table 4, respectively. As can be seen from the results, the highest values in stress, strain and 

deformation were achieved when used PEEK material with the lowest modulus of elasticity, 

while the highest values were achieved when CoCr material with the highest modulus of elasticity 

was used as the abutment material. 
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Table 3. Results of stress, strain and deformation in the different position implants when using 

CoCr, Zr, Ti and PEEK as abutment material 
 

       For Third Dental Implant 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm)(10-4) 

Chrome-Cobalt  8.4159 0.7949 6.0387 

Zirconium 9.5685 0.9081 6.0502 

Titanium 9.6140 0.9130 6.1572 

PEEK 10.2310 0.9742 6.5811 

For Second Dental Implant 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm)(10-4) 

Chrome-Cobalt  8.8579 0.8188 7.2957 

Zirconium 8.8016 0.8145 7.3733 

Titanium 8.8032 0.8147 7.3773 

PEEK 10.3380 0.9622 7.7397 

For First Dental Implant 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm) (10-4) 

Chrome-Cobalt  16.0560 1.5297 6.9627 

Zirconium 16.7060 1.5343 7.0537 

Titanium 16.7090 1.5345 7.0567 

PEEK 17.0300 1.5640 7.4305 

 

Table 4. Results of the stress, strain and deformation in the different position abutments when 

using CoCr, Zr, Ti and PEEK as abutment material 
 

       For Third Dental Abutment 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm)(10-4) 

Chrome-Cobalt  16.0880 0.8028 7.9698 

Zirconium 12.2100   0.9189 8.1666 

Titanium 10.5810 1.0424 7.4376 

PEEK 9.4477 27.4950 96.6000 

For Second Dental Abutment 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm)(10-4) 

Chrome-Cobalt  18.7850 0.9345 9.2252 

Zirconium 11.9250 1.1713 10.6080 

Titanium 11.9320 1.1721 10.6140 

PEEK 9.4323 27.4490 97.3290 

For First Dental Abutment 

Material Max. Von-Mises 

Stress (MPa) 

Max. Strain (10-

4) 

Max. Deformation 

(mm)(10-4) 

Chrome-Cobalt  17.3240 0.8733 8.2668 

Zirconium 11.6300 1.1094 9.5786 

Titanium 11.6700 1.1098 9.5823 

PEEK 9.4481 27.4970 96.1230 
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Figure 8. Stress, strain and deformation in the abutment: (a)CoCr, (b)Zr, (c)Ti, (d)PEEK. 

 

When Table 5 is considered, it is seen that the stress values for bone are close to each other 

when using Chrome-Cobalt, Zirconium and Titanium as the abutment material, but it has a higher 

value when using PEEK. In dental implants, the stress values are found to be close to the second 

and third dental implants in all materials, but the stress values in the first dental implant are higher 

than other implants. Maximum von-Mises stress values for all abutments are obtained when using 

PEEK, while minimum stresses are obtained when using CoCr alloy. 

As can be seen from the data in Table 5, deformation values were obtained when using PEEK 

as the basis for the highest value in bone and dental implants, and the lowest values when using 

CoCr. The results obtained when using Zirconium and Titanium abutments were close to each 

other. The maximum strain values for the abutments were obtained when PEEK was used as the 

abutment material. 

When the numerical data in Table 5 are examined, the maximum deformation values are 

obtained when using PEEK as abutment material in bone, dental implants and abutments, while 

the lowest values are obtained in CoCr using as abutment. These values were found to be close to 

each other in Titanium and Zirconium abutment using. 

When all the results are examined the lowest stress, strain and deformation results among the 

analyzed materials were generally seen in the CoCr alloy. The reason for this is that this material 

has the highest modulus of elasticity among the materials analyzed. According to the results 
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obtained, it is possible to say that the most suitable of these 4 materials as a prosthetic material is 

the CoCr alloy. 

 

Table 5. Stress, strain and deformation values occurred in the bone, implant and abutment when 

different abutment materials are used. 
 

Maximum Von-Mises stress values (MPa) 

 CoCr Zr Ti PEEK 

Bone 1.3952 1.3976 1.3981 1.4333 

1.Dental implant  16.0560 16.7060 16.7090 17.0300 

2.Dental implant 8.8579 8.8016 8.8032 10.3380 

3.Dental implant 8.4159 9.5685 9.6140 10.2310 

1.Abutment 17.3240 11.6300 11.6700 9.4481 

2. Abutment 18.7850 11.9250 11.9320 9.4323 

3. Abutment 16.0880 12.2100 10.5810 9.4477 

Maximum strain values (10-4) 

 CoCr Zr Ti PEEK 

Bone 1.0122 1.0140 1.0144 1.0940 

1.Dental implant  1.5297 1.5343 1.5345 1.5640 

2.Dental implant 0.8188 0.8145 0.8147 0.9622 

3.Dental implant 0.7949 0.9081 0.9130 0.9742 

1.Abutment 0.8733 1.1094 1.1098 27.4970 

2. Abutment 0.9345 1.1713 1.1721 27.4490 

3. Abutment 0.8028    0.9189 1.0424 27.4950 

Maximum deformation values (mm10-4) 

 CoCr Zr Ti PEEK 

Bone 7.3662 7.4660 7.4699 7.8799 

1.Dental implant  6.9627 7.0537 7.0568 7.4305 

2.Dental implant 7.2957 7.3733 7.3773 7.7397 

3.Dental implant 6.0387 6.0502 6.1572 6.5811 

1.Abutment 8.2668 9.5786 9.5823 96.1230 

2. Abutment 9.2252 10.6080 10.6140 97.3290 

3. Abutment 7.9698 8.1666 7.4376 96.6000 

 

4. CONCLUSION 
 

In this study, the stress, strain and deformation distributions caused by replacing the abutment 

materials in the dental implant supported prosthesis were examined. A model with three implants 

was designed as the implant layout. The model obtained was subjected to stress tests with 

ANSYS Workbench finite element software. The results obtained are described below. 

It has been observed that the maximum von-Mises stress, strain and deformation values for 

bone tissue occur in PEEK, while the minimum values occur in the Chromium-Cobalt alloy. 

Considering the results of titanium dental implants, the greatest stress, strain and deformation 

values were seen in PEEK; the smallest stress, strain and deformation values were observed in the 

Chrome-Cobalt alloy. The results were similar to the evaluation of bone tissue. 

For Abutment, CoCr received the highest stress values while PEEK received the lowest 

values. The Elasticity Modules of the materials affected the stress values on the abutment. 

When the maximum strain and maximum deformation results in the abutments were 

examined, all maximum values were seen in PEEK; all minimum values were observed in 

Zirconium. Volume change is associated with the Poisson ratio. As the Poisson ratio increases, 

the material stiffness increases. This view supports the results obtained. 
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