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Abstract 
In partial fixed dental prostheses/bridge crowns, to create an adequate aesthetic; composition specification must be realistic, 

reflects individuality and visual harmony. On the other hand, it must be biocompatible, non-toxic and must be fulfill mechanic 

specifications of the mandible and teeth. Many materials have been used for restorative purposes in dentistry until today.  In this 

study, a three-dimensional mandible model was obtained from computed tomography (CT) images, and partial fixed dental 

prostheses/bridge crowns are created in the frontal region of mandible. For both (healthy mandible and prosthesis) models, the 

prosthesis geometries were designed with three different biocompatible materials (Titanium Alloy, Chrome Cobalt, Stainless 

Steel) and their mechanical analyzes were completed separately for each one, and compared with ANSYS® WORKBENCH 

software. 
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1. Introduction 

 

Although aerodynamics is a part of gas dynamics and 

has Many materials have been used in fixed prostheses 

until today for restorative purposes. For this purpose, the 

use of acrylic resins, rubber and animal teeth did not 

give the desired results. As a result of the researches, it 

is focused on porcelain, where color harmony with 

natural teeth is also provided. The most important 

feature of porcelain is that it is tolerated by mouth 

tissues and does not absorb water. The word porcelain 

comes from the Greek word “Keramikos”. The exact 

equivalent is burnt substance. When we look at the 

history of humanity, it is seen that they have been used 

for centuries to serve various purposes [1]. Porcelain is 

now an indispensable material for increasing the quality 

of life every day in the modern world. 

 

Today, porcelain is the only material that is functionally 

closest to the natural tooth, which can imitate the color 

of the natural tooth and is used for many purposes. It 

was supported by a metal substructure due to its fragility 

in the early days. In the following times, as the aesthetic 

demand increased, the research turned towards metal-

free dental prostheses. In 1965, McLean and Hughes 

gained a new dimension with the proposal to strengthen 

the dental porcelain with alumina. After this stage, many 

studies were carried out to develop full ceramic systems. 

In order to strengthen the material; High resistance 

Ceramic infrastructures, ion exchange, controlled 

crystallization and the addition of resistant crystals into 

the glassy structure have been used. Nowadays, the 

aesthetic expectations of the patients are high and this 

necessitates the use of newly found and improved 

methods [2,3]. Metal-free dental prostheses have 

become prominent today because of the limited 

aestbridhetic conditions that need to be compromised 

[2-4]. In addition, since the metal part in the metal 

supported porcelain applications is gray, it is covered 

with a coating that will prevent the reflection of the 

metal. However, even if this coating is applied on the 

front teeth, the desired results cannot be achieved [6-

10]. In metal-backed porcelain applications, in order for 

the coating to be fully successful, the main tooth needs 

to be cut and reduced too much. This causes the tooth to 

reach its nerves and the need for canal treatment. In 

some cases, hot-cold sensitivity is encountered [11-15]. 

In this study, a crown designed with a non-metallic 

ceramic material was evaluated biomechanically and its 

mechanical analyzes were performed. 

 

2. Material and method 
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2.1. 3D modeling from CT and MR images 

The models to be used in the study were obtained in 

Visualization and Medical Image Control System 

(MIMICS) software with visualization and 

segmentation processes after CT and MR images. In 

order to edit the models, it is necessary to use reverse 

engineering software as well as MIMICS software. 

GEOMAGIC. Software was used to edit undesirable 

geometries in the CT and MR images of the lesions and 

various non-bony structures formed in the models. The 

MIMICS software has different modules for editing CT 

and MR images [16-18]. 

 

Depending on the number of CT or MR layers, layer 

resolution, geometric and dimensional differences occur 

in the 3D bio-model geometries obtained. Therefore, 

arrangements are required with the help of reverse 

engineering software on 3D models obtained with the 

help of MIMICS. These adjustments are required in 

bone structures, the length of which does not exceed 5 

mm (when CT sacan is not micro CT). Geometry 

arrangements of solid models converted to point cloud 

data have been realized with GEOMAGIC reverse 

engineering software. The edited 3D models are suitable 

for finite element analysis. Data transfer in 

steriolithography (STL) format takes place between 

GEOMAGIC and MIMICS in either ASCII or binary 

format [19-21]. Flow chart can be seen at Figure 2.1. 

 
Figure 2.1. Flow chart of bio-model generating. 

CT and MR image layers can be used in the MIMICS software as long as the DICOM (The Digital Imaging and 

Communications in Medicine) format. The CT and MR sections are given in Figure 2.5. With this solid surface 

modeling tool, which is integrated into the MIMICS content, a 3D solid model of the CT or MR image is obtained 

[22,23]. 

 

2.2. Creating mandible and partial fixed dental prosthesis/bridge crowns models 
Computed Tomography (CT) images of a healthy 

person of average face style and shape were used for 

modelling mandible model, used in this study. CT 

images were obtained with the Toshiba Aquilion CT 

scanner device. Since it is appropriate to make a CT 

scan as often as possible for modeling that can be a one-

to-one reference, a CT scan with a resolution of 512 x 

512 pixels with 500 parallel layers with a cross section 

range of 0.2 mm has been performed. The images were 

recorded from the CT device in DICOM (Digital 

Imaging and Communications in Medicine) format. 

DICOM layers are used to generate bio-model of the 

whole mandible. These images have been processed 

with the MIMICS® (Materialise's Interactive Medical 

Image Control System) [39] software for exacted 

mandible geometry [24-28]. 

The bio-model geometry was recorded as a point cloud. 

The arrangement of the measurement and surface lines 

suitable for the real model was transferred to 

GEOMAGIC® (Raindrop Inc.), a reverse engineering 

program, via this point cloud data to eliminate the 

surface errors [29,30]. All the surface errors on the 

mandible bio-model (surface coating to the point cloud, 

surface roughness removal, detection and closure of 

open holes, wiping of excess surfaces, etc.) eliminate 

with the strong one to one surface design tool with 

GEOMAGIC®. Bio-model of mandible were 

transferred to Solid Edge19® (Siemens 3D Design 

System Corp.) software for front teeth modelling [31-

34]. 3D modeling procedure chart and models can be 

seen on Figure 2.2.  
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Figure 2.2: 3D Bio-modeling procedures and mandible model. 

 
Figure Hata! Belgede belirtilen stilde metne rastlanmadı..3. Teeth removed mandibular and partial fixed dental 

prosthesis/bridge crown mandibular models. 

 

Front teeth were deleted and designed suitable partial 

fixed dental prosthesis/bridge crown application in Solid 

Edge software. Figure 2.3 shaped chin and ceramic 

bridge crown models.After the model design finalizing 

phase the partial fixed dental prosthesis/bridge crowns 

were designed in accordance with the section where the 

teeth were taken. Three different material details were 

designed and defined. 

 

2.3 Mesh and material properties 
In the finite element analysis (FEA), the mathematical 

model definition to be defined with the help of mesh 

assignment (mesh). This assignment is obtained by 

dividing the model by the number of corners and edges 

as a mathematical expression. For this study, the 

volumetric mesh was defined with 10 node quadratic 

tetrahedron (solid187) elements. As far as the 

characteristics of the computer where finite element 

analyses are performed, all models have been analyzed 

with an average of 517,000 nodes and 356,000 elements 

(geometry evaluations of the models). A mesh was laid 

on the crown in the same way as the mandible [35-38]. 

The meshed of the partial fixed dental prosthesis/bridge 

crown and mandible is given in Figure 2.4. 

 
Table Hata! Belgede belirtilen stilde metne rastlanmadı..1. Material properties 

 Poisson rate (ν) Modulus of Elasticity (E) 

GPa  

Yield Strength (MPa) 

Ti-6Al-4V  0.342  113.8  782 

Stainless Steel 0,30 195 170 

Aluminum 0.25  375  2600 

Zirconium 0.31  200  4100 

Cortical Bone 0.3  14  

 

2.4 Loading and boundary conditions 

Stress values on the mandible increase with the opening 

and closing of the chewing, eating and drinking 

activities. The partial fixed dental prosthesis/bridge 

crowns must be able to respond to situations where 

stress reaches a maximum. The biting force cause 

higher effect on the anterior teeth so partial fixed dental 

prosthesis/bridge crown effected as well. Our 

experiments have been carried out on the basis of 

loading biting force. It is applied on the front teeth as a 

single load that based on the chewing force of 150 

Newton (N) in the vertical direction (-z) due to the 

mechanical loading direction of mandible [39,40]. The 

loading and boundary conditions of mandible model 

can be seen on Figure 2.5. The boundary conditions 

are determined to be in the medial condyle region 

(A) as seen in Figure 2.5.  

 

 

https://tureng.com/tr/turkce-ingilizce/yield%20strength
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Figure Hata! Belgede belirtilen stilde metne rastlanmadı..5. Loading and boundary conditions. 

 

3. Results and discussion 

 

In this study, the models are an approximation to 

clinical conditions, and to this end, modeling the exact 

geometry of the mandible was designed, including the 

prosthesis quality. However, a whole true designed 

model with computer aided designed was assumed and 

this does not simulate exact clinical conditions. In the 

three-dimensional finite element analyses, the results 

depend on many important factors, including the 

biological structure, border conditions, and definition of 

the material properties and its' techniques [41,42]. 

In this study, different suitable material determinations 

for natural appearance were made in place of the 

weakened front teeth in the mandible fracture. Partial 

fixed dental prosthesis/bridge crowns were compared 

with the metallic and ceramic materials using with the 

finite element method. The re-designed partial fixed 

dental prosthesis/bridge crowns have different material 

properties, the amount of deformation and the stress 

amounts for the combination of different biomaterials of 

each geometry have been examined separately.

 

3.1 Zirconia alloy partial fixed dental prosthesis/bridge crown 
In the partial fixed dental prosthesis/bridge crown 

model with zirconia, maxium Von-misses stress 

value was obtained 390.21 MPa. In the frontal region 

of the mandible, maximum value of 33.7 MPa was 

occurred. When the zirconia partial fixed dental 

prosthesis/bridge crowns were placed, there was no 

change in the maximum Von-misses stress in the 

entire model. FEA results can be seen at Figure 3.1.  

 

 
Figure 3.1. Zirconia Alloy FEA results. 

 

The maximum Von-misses stress was measured as 

365.7 MPa when force was applied alone on the 

zirconia alloy bridge crown. The tension on the 

product is based on the force applied, since the yield 

strength value of Zirconia is less than 900 MPa. 

 

3.2 Alumina partial fixed dental prosthesis/bridge crown 

In the model with alumina partial fixed dental 

prosthesis/bridge crowns, the maximum Von-misses 

stress value 561.74 MPa on the whole application 

was obtained. The maximum stress was occurred on 

near the fixed areas the value of 99.7 MPa. The 

model is based on the applied force since the alumina 

is within the boundary limit of 2600 MPa. Maximum 

von misse stress on the mandible in the alumina 
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bridge crown application was measured as 391.5 

MPa. The maximum von misses stress in the alumina 

alloy bridge crown model was 561.74 MPa. This 

value is less than the Alumina yield limit value of 

2600 MPa. For this reason, it has been determined 

that the selected material is based on the applied 

force.  

 

 
Figure 3.2. Alumına Alloy FEA results. 

 

3.3 Titanium alloy partial fixed dental prosthesis/bridge crown 

Titanium alloy (Ti-6Al-4V) crown model belongs to 

the group defined as metal supported model. Natural 

tooth color coatings are made on titanium alloy. As a 

result of the porcelain coating, an appearance close to 

the natural tooth color is obtained. In this study, it 

was exposed to the same loads with the same metal-

free crown under the same conditions. The results are 

examined in detail below. In the titanium alloy 

bridge crown model, the maximum Von misses stress 

value on crown application was achieved as 127.65 

MPa. The maximum strain on the bone near the fixed 

areas was 113.47 MPa. The model is based on the 

applied force since the titanium mechanical 

properties limit is within the maximum value of 782 

MPa.

 

 
Figure 3.3. Titanium Alloy FEA results. 

 

3.4 Stainless steel partial fixed dental prosthesis/bridge crown 

Stainless steel partial fixed dental prosthesis/bridge crown model falls into the group defined as metal 

supported model. In this study, it was selected for comparison and analyzed according to the applied force. As 

a result of the porcelain coating, an appearance close to natural tooth color is obtained. In this study, it was 

exposed to the same loads with the same metal-free crown under the same conditions. The results are 

examined in detail below. The total stress on the whole model was found to be max.180.52 MPa. Min. The 

amount of stress was determined to be 3.06 MPa. Max. The place where it was measured was measured as the 

lower part of the anterior palate. The max. stress value was determined to be 157.47 MPa.  
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Figure 3.4. Stainless Steel Alloy FEA results. 

 
Figure 3.5. Total Deformation Results 

 

Total deformation values for the 4 materials 

examined are given in Figure 3.5. Comparison of 

total deformation and stress values of the 4 different 

materials examined are given in tables 3.1 and 3.2.

 
Table 3.1. Total Stresses 

Total Stresses 

    Stainless Steel 

(MPa) 

Titanium Alloy (MPa) Alumina (MPa) Zirconia (MPa) 

Mandible Max. 180.52 181.5 391.5 391.21 

Min. 0.048488 0.033654 0.03381 0.029628 

Bridge 

Crowns 

Max 157.47 127.65 561.74 365.7 

Min. 0.010498 0.0083136 0,020517 0,045482 

Man. Bridge 

Crowns 

Max 180.52 181.5 561.74 390.21 

Min 0.010498 0.0083136 0.020517 0.029628 

 
Table 3.2. Total Deformation 

Total Deformation 

    Stainless Steel 

(MPa) 

Titanium Alloy (MPa) Alumina 

(MPa) 

Zirconia 

(MPa) 

Bridge Crowns Max. 0.55118 0.55319 4.4026 4.4348 

Min. 0.35923 0.36027 3.3664 3.381 

Man. Bridge 

Crowns 

Max. 0.6286 0.63089 4.887 4.922 

Min. 0.069844 0.070099 0.543 0.54689 
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4. Conclusion 

 

Crowns with metal support give better results than all 

non-metallic materials. In addition, considering the 

aesthetic and natural appearance, zirconia partial 

fixed dental prosthesis /bridge crown gives better 

results than alumina (Figure 4.1). In Figure 4.2, on 

the whole model, the responses under the force 

created in the same direction with the same value are 

compared. It is understood that the zirconia alloy 

model gives better results. 

 

 

 
Figure 4.1. Stress details between materials used 

 

 
Figure 4.2. Responses of the materials used on the mandible 

 

When comparisons are made for the total 

displacements, it has been observed that the Zirconia 

model gives better results. Displacement comparison 

of other models can be seen in Figure 4.3. The 

tension and total displacement amounts of partial 

fixed dental prosthesis/bridge crowns applications 

with the same material and the same geometry vary 

naturally under the same force. This is also expected 

mechanically. According to these results; It should be 

taken into consideration that the location of the 

geometry, the material and the partial fixed dental 

prosthesis/bridge as well as the strength to be applied 

are very important and the literature studies referring 

to this situation also explain similar expressions in 

general [41-49]. The von-misses stress on the partial 

fixed dental prosthesis/bridge crowns were generally 

found on the surfaces in contact with the mandible. 

The results obtained in this study form a unity of 

expression in this direction. 

 

The tension and total displacement amounts of partial 

fixed dental prosthesis/bridge crowns applications 

with the same material and the same geometry vary 

naturally under the same force. This is also expected 

mechanically. According to these results; It should be 

taken into consideration that the location of the 

geometry, the material and the partial fixed dental 

prosthesis/bridge as well as the strength to be applied 

are very important and the literature studies referring 

to this situation also explain similar expressions in 

general [41-49]. The von-misses stress on the partial 

fixed dental prosthesis/bridge crowns were generally 

found on the surfaces in contact with the mandible. 

The results obtained in this study form a unity of 
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expression in this direction.   

 

 
Figure 4.3. Comparisons of total deformation values 

 

In the light of these explanations, the following 

conclusions have been obtained within the limitations 

of this study; 

 As a result of the bite force applied in the 

application of zirconia alloy partial fixed dental 

prosthesis/bridge crowns, it was observed that 

the stress accumulation was on the mandible 

rather than the partial fixed dental 

prosthesis/bridge crown. 

 It has been revealed that there is not a very high 

strength difference between Alumina alloy 

partial fixed dental prosthesis/bridge crown 

application and Zirconia bridge crown, but 

zirconia based ceramic partial fixed dental 

prosthesis/bridge crown applications give better 

results. 

According to metal supported applications, 

applications without metal support; It has been 

understood that it only gives adequate results and new 

applications must be made with the material 

technology that is developing in the lower backing 

material. Also that is biocompatible derivatives of the 

generation composite 
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