Open Access Library Journal

Effect of Implant Diameter and Length on
Stress Distribution for Titanium and
Zirconia Implants by Using Finite
Element Analysis (FEA)

Ruhi Yesildal?, Filiz Karabudak?!*, Funda Bayindir2, Hamid Zamanlou?,
Melike Pinar Yildirimz, Nurdan Polat Sags6z2, Sadri Sen?

'Department of Mechanical Engineering, Faculty of Engineering, Ataturk University, Erzurum, Turkey
’Faculty of Dentistry, Ataturk University, Erzurum, Turkey
Email: filizkbudak@atauni.edu.tr

Received 11 November 2014; revised 19 December 2014; accepted 5 January 2015

Copyright © 2015 by authors and OALib.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Purpose: The purpose of this study was to analyze stress distribution patterns in implant res-
torations created in different length and diameter made of titanium and zirconia by using three
dimensional finite element analysis (FEM) with straight and 15° angled abutment. Materials and
Methods: For titanium models; Ti-6Al-4V for implant fixture, connection element and abutments
(straight and 15° angled abutment), yttrium tetragonal zirconium polycrystal (Y-TZP) for zirco-
nium framework, Felds phatic porcelain for superstructure material and for zirconia models;
Y-TZP for implant fixture, connection element, abutments (straight and 15° angled abutment) and
zirconium framework, Felds phatic porcelain for superstructure material were used. The implants
and their superstructures were modeled using CAD software Creo Elements-Pro5.0 and the man-
dibula was modeled using MIMICS 13.1 software. Optimum finite element modelled was obtained
using 3-matic segmentation of MIMICS. The solid models of mandibular incisors were transferred
to mesh model in FEM (ANSYS/Workbench 12.1) to analyze. The models simulated implants were
placed in vertical position in the lost incisor of anterior mandible. First model simulated the tita-
nium and zirconia implants with a diameter of 3.8 mm and lengths of 9.0 mm, 10.5 mm, 12.0 mm
and 15.0 mm for each model. Second model simulated titanium and zirconia implants with a di-
ameter of 4.6 mm and lengths of 9.0 mm, 10.5 mm, 12.0 mm and 15.0 mm for each model. Third
model simulated titanium and zirconia implants with a diameter of 5.8 mm and lengths of 9.0 mm,
10.5 mm, 12.0 mm and 15.0 mm for each model. This process was repeated for implants with 15°
angled abutment. Loading of implants, respectively in an axial, a lingual and a mesio-distal direc-
tion with average masticatory forces of 114.6 N, 17.1 N and 23.4 N simulated in an oblique direc-
tion. The values of equivalent Von Mises Stress at the implant-bone interface were calculated for
all variations using finite element analysis. Results: A comparison between titanium and zirco-
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nium implants with maximum stress for implants of the same length but different diameters, same
diameters with different lengths and straight and 15° angled abutment showed nearly similar
variances. Conclusion: With in the limitations of this study, increasing implant diameter is better
than decreasing implant diameter both for titanium and zirconium models but raising implant
length is worse than decreasing implant length with applied masticatory forces.
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1. Introduction

For centuries, people have practiced with missing teeth implantation for removal [1]. Expectation from implant
supported dentures increased over the time and now implant supported restorations in the absence of a single
tooth have gained importance [2].

Implantation refers to non-living materials into the body and placed in living tissue. Dental implants which open
a socket in the jaw bone for missing tooth are generally made of titanium materials; the use of zirconia (Y-TZP) is
concerned with the durability, corrosion resistance and aesthetics expectations. It is extremely a reactive material.
In the air and the liquid, they are almost coated with oxides and have corrosion-resistant. Responding to the aes-
thetic expectations in front teeth zirconium is more useful than titanium. Due to the light permeable of zirconium
teeth, creation of the aesthetic appearance is very similar to natural tooth structure, even in metal porcelain which
has been made very good, it has a matte artificiality. Therefore, zirconium is particularly preferred in the front
teeth. Zirconia has been proven highly bio-compatible in many studies [3], and the accumulation of bacteria has
been reported less than titanium [4]. In this sense, the implant material should provide the needs of the patient
mechanical resistance, aesthetic appearance and should have biocompatibility and Osseointegration of dental
implant.

Osseointegration is a process of bone formation, a function of adaptation that provides a lifetime of repair [5].

“Biocompatibility” is capable of representing the appropriate response according to the official definition at
the end of a specific application of a material [6]. Biomaterials used as the material’s tensile strength, modulus
of elasticity and percentage elongation values as well as compatibility with bone. According to scientific studies
different titanium (Ti) alloys are preferred because of their high strength in spite of its low density and modulus
of elasticity excellent biocompatibility close to the bone biomaterial [7].

In this study, on a mandible obtained from the solid model of titanium and zirconium material with a missing
central incisor using straight abutment and angled abutment, the localization was formed in bone implants in
order to examine the amount of stress distribution and displacement using finite element method. CreoElements-
Pro5.0 and MIMICS 13.1 software is used for solid models.

The finite element method is a numerical method, especially in the mechanics of solids, fluid mechanics, heat
transfer and vibration to solve complex engineering problems, such as an advanced method used in the computer
environment [8]. The method is based on modeling; the calculations can be done on a smaller structure of com-
plex structures. The basic idea of the finite element method and the problem is to find a solution by simplifying
a complex problem. The benefits of FEM include increased accuracy, enhanced design and better insight into
critical design parameters, virtual prototyping, fewer hardware prototypes, a faster and less expensive design cy-
cle, increased productivity, and increased revenue [9].

Mimics calculates surface 3D models from stacked image data such as Computed Tomography (CT), Micro
CT, Magnetic Resonance Imaging (MRI), Confocal Microscopy and Ultrasound, through image segmentation.
Solid models are taken from MIMICS and are separated to finite element model in 3-matic and are transferred to
ANSYSS software to analysis.

3-Matic is truly unique software able to combine CAD tools with pre-processing (meshing) capabilities. To
do this, it works a triangulated (STL) files; it is extremely suitable for organic/freeform 3D data such as the ana-
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tomical data resulting from the segmentation of medical images (from MIMICS). With 3-matic you can conduct
3D measurement and analysis, design an implant or surgical guide, or prepare a mesh for finite element model-

ing.
2. Materials and Methods

In this study, on a mandible obtained from the solid model of titanium and zirconium material with a missing
central incisor using straight abutment and 15° angled abutment, the localization formed in bone implants in or-
der to examine the amount of stress distribution and displacements using the finite element method with differ-
ent length and different diameters of implants.

For the creation of geometric models of a patient’s mandible (New Tom FP, Quantitative, Radiology, Verona,
Italy) were screened using cone beam computed tomography. Three-dimensional digital images scanned from
the patient received MIMICS 13.01 software after performing the necessary procedures and a smooth surface
modelling process was completed in the mandible. The process allows you to fix 3-D models accurately and
provides a flexible way to build easily. Powerful segmentation tools are medical CT/MRI images to segment,
parsing, 3-dimensional data in a large range of facilities, the opportunity to transform the output formats and en-
gineering applications. At this stage, the mandible bone model was modelled using the software MIMICS 13.1
CT imaging (MRI) data.

Regarding the size of the dental implants placed in the mandible, the implants will be placed depending on the
region. Modelled dental implants depending on the height of the bone in mandible for first model simulating the
titanium and zirconia implants with a diameter of 3.8 mm and lengths of 9.0 mm, 10.5 mm, 12.0 mm and 15,0
mm for each model. Second model simulating titanium and zirconia implants with a diameter of 4.6 mm and
lengths of 9.0 mm, 10.5 mm, 12.0 mm and 15.0 mm for each models. Third model simulating titanium and zir-
conia implants with a diameter of 5.8 mm and lengths of 9.0 mm, 10.5 mm, 12.0 mm and 15.0 mm for each
models. This process was repeated for implants with 15° angled abutment (UMG: BioHorizons AG, Birming-
ham, Alabama/America).

Implant and superstructure models which is created by the Creo Elements-Pro5.0 software in STL format
transferred to MIMICS 13.01 and embeded to mandible bone to make them ready for analysis. Defining the
physical properties of the each materials’ values are presented in Table 1 (elastic modulus and poission ratio).

The finite element model (mesh) of all the structures obtained with the aid of Mimics 3-Matic programs and
mesh models analysis was performed by transferring the models to ANSYS software.

The mandible, the implant, abutment, zirconium implant and superstructure and the crown have been ac-
knowledged that the materials are connected with each other without interruption. Implants in the mandible are
assumed to be 100% osseointegrated.

Models of four node tetrahedron elements formed as possible. Close to the center of regions of structure in
models, mesh density was increased appropriately. With this modelling technique in order to facilitate the best
possible computing nodes and to form a network structure the highest quality components were decided on.
Mandible models make it difficult to process and analyses the steep and narrow regions that have become more
organised. Solid models (Figure 1, Figure 2), each with three degrees of freedom are modelled according to the
type SOLID 72 of ANSYS element library, which is divided into finite elements (Figure 3).

They are connected to fixed points in space, and define the boundaries of the model analysis should be carried
out. All of the models used in this study, are in contact with the mandible to maxilla points at zero degrees of
freedom and fixed contact points. Contacts during chewing for each model, the upper surface of the crown is
chosen to mimic the anterior region. Respectively, 114.6 N in the axial direction, 23.4 N in the vestibule direc-
tion and 17.1 N in the mesiodistal direction loading were applied as shown in Figure 4 (Kayabasi et al., 2006)
[14].

Table 1. Mechanical properties of materials used in the study.

Material Young’s modulus (GPa) Poission ratio (v) Yield strength (MPa)
Ti-6Al-4V [10] 115 0.33 830
Y-TZP [11] [12] 210 0.23
Felds phatic porcelain [13] 82.8 0.35 500
Bone (Mandibula) [14] 14.7 0.30 130
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Figure 1. Solid models of (a) implant; (b) connection element; (c) straight abutment; (d) angled
abutment; (e) zirconia framework; (f) crown; (g) mandibula; (h) mandibula-implant complex.
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Figure 3. Finite element models of (a) mandibula; (b) mandibula-implant complex; (c) im-

plant; (d) straight abutment; (e) angled abutment; (f) connection element; (g) zirconia
framework; (h) crown.

Figure 4. Masticatory forces applied to bone.
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In this study, a flat implant placed in the anterior mandible in place of the missing tooth straight or angled abut-
ments (abutment) was prepared. As a result of force on the implant, abutment, zirconium sub-structure, crown
and mandible at axial, vestibule and mesiodistal direction maximum Von Misses stress values s that occurred

were the findings (Table 2, Figure 5, Figure 6).

Table 2. Von Misses stress values that occurred.

Titanium implant (Max. stress MPa)

Diameter
3.8 mm 4.6 mm 5.8 mm
9.0 32.386 25.31 28.264
Straight abutment 105 27.24 19.796 21.854
length (mm) 12.0 30.118 28.69 72.547
15.0 41.088 29.641 24.792
9.0 21.305 23.972 26.143
Angled abutment 105 21.061 23.979 22.798
length (mm) 120 21.01 24488 22.235
15.0 38.188 23.851 24.679

Zirconium implant (Max. stress MPa)

Diameter
3.8 mm 4.6 mm 5.8 mm
9.0 52.083 34.723 40.646
Straight abutment 105 43.971 27.454 31.157
length (mm) 12,0 48.983 45318 101.76
15.0 65.04 45.853 35.993
9.0 33.479 38.969 38.899
Angled abutment 105 37.86 36.525 35.194
length (mm) 12.0 29.236 35.982 32278
15.0 46.563 36.658 38.985

.7175
6.5056
4.3553
2.9158
1.952
1.3068
0.87488 Min

21.305 Max
15.822
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Figure 5. Stress distribution located at the implant for two Ti-6Al-4V models. (a) Straight

abutment; (b) 15° angled abutment.
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Figure 6. Stress distribution located at the implant for two Y-TZP models. (a) Straight abutment;
(b) 15° angled abutment.

4. Discussion

In direct proportion all models measured displacements to the stresses have increased. All fixed points of sub-
stitutions made the localization of the implant into the area where the highest value decreased in a linear fashion.
This displacement shows that a fixed point, has emerged, and fixing points for the lower jaw bone and attempts
to indicate strain. However, the value of displacement is very small and is not taken into account. Kayabasi et al.
(2007) [14], static, dynamic and fatigue behavior of the implant investigated. Finite element analysis, implant
supported fixed partial prosthesis, bone tissue and implant-assisted composition on the fatigue behavior of the
stress distributions have been chosen to examine the effect of static and dynamic loads. Small structures of the
upper molar, bone, studies have used three-dimensional model. Implant and abutment for the Ti-6Al-4V alloy,
cobalt chrome metal roof, porcelain occlusal feldsdspatik used for the material. Respectively lingual, axial and
mesiodistal direction, N, 1.17 N, and 23.4 N, 114.6 implant is attributed three-dimensional flat and curved (75°)
in the direction imposed on the average masticatory forces. Evaluate the value of the maximum tensile loading
conditions tested system of implant-abutment abutment and prosthetic screws reached the observed resistance to
flow. As a result, the decision of the implant is resistant to conclude all the static and dynamic conditions.

Kohal et al. (2002) [15], used a type of commercially pure titanium (CPTI) and partially yttrium stabilized
zirconia (YPSZ) implants made from stress distribution patterns used to analyze the 3-dimensional finite ele-
ment analysis method. 2 units of upper jaw implant cortical and cancellous bone surrounded by a 3-dimensional
finite element analyse models of incisor made. For pure titanium metal implant supported porcelain crowns and
partial-yttrium stabilized zirconia (YPSZ) to implant a ceramic crown modelled. As a result, researchers, part-
yttrium stabilized zirconia implants of pure titanium implants is similar to the distribution in the upper jaw, and
in particular emphasized the aesthetic could be an alternative.

In this study, the mandible was used as distinct from the work of one power plant is modelled lost tooth. 17.1
N, the average masticatory forces applied to the model, but the direction of the load affected vestibule.
Ti-6Al-4V implant and Y-TZP is used as the material complex. Angled abutment 15° inclined abutment is used
in the models used. Kayabasi et al. (2007) [14] have carried out work where both static and dynamic loading
were examined in this study, only static analysis.

In our study, the Ti-6Al-4V material as well as Y-TZP was used. Different implant diameters and four differ-
ent variations in implant size were created. Which material would be better in incisors were analyzed. With
Tri-Matic segmentation of MIMICS mesh quality is increased. Cancellous and cortical bone of the mandible
hasn’t been made. Because of cancellous bone has a very low modulus of elasticity and the result will not have
much been effected. Angled abutments during placement of the implant and the correct placement are used for
aesthetic appearance. In our study, the angled abutments stress results could be observed.
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5. Conclusions

According to the loading conditions tested, the maximum values of the yield stress, bending and compressive
resistances cannot be reached.

Low modulus of elasticity of materials with lower stress distributions was observed.

The straight abutment and 15° angled abutment of Y-TZP implants showed similar stress distribution to
straight abutment of Ti-6Al-4V implants and 15° angled abutment. As a result, zirconia implants have been con-
cluded as a viable alternative in the maxilla and mandible especially in aesthetic areas.

With this application, the design and the time that it may be possible to prevent permanent damage from the
loss of the implant were determined.

Before inserting the implant into the patient complex, less cost and time were spent designed by computer and
it was concluded that the desired results can be achieved.

With the limitations of this study, increased implant diameter is better than decreased implant diameter both
for titanium and zirconium models but increased implant length is worse than decreased implant length with ap-
plied masticatory forces.
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