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Dental restorations that successfully bind to dental tissue and cosmetically mimic the 

tooth are in higher demand. Dental professionals can reconstruct posterior teeth using 

inlays/onlays, which combine functional and anatomical factors with aesthetic 

considerations. Inlays/onlays are made of porcelain and resin with no metallic basis. In 

this research, cases of deformation and the distribution of different stresses and strains 

for a tooth second upper molar crown were studied by designing four two dimensional 

mathematical models, the first for a tooth made of natural materials, and for the other 

three mathematical models of teeth with fillings from different materials (Zirconia, 

Titanium, Ceramic), and impact force was applied in three places, the first in the middle 

the filling and the second in the contact area between the filling and the tooth, and the 

third force shed between the first force and the second force. The results showed that the 

least deformation was in the model containing the zircon filler, while the highest 

deformation was in the model containing the ceramic filler. As well as from the important 

results, it was found that the model containing the ceramic filler is in a suitable fit with 

the model of the natural tooth in terms of the distribution of stresses, strains and 

deformation. 
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1. INTRODUCTION

Is there anything more beautiful than a bright white smile? 

Is there anything that makes you more charming and attractive 

than healthy, clean teeth? All people dream of having a smile 

like the smile of movie stars, but there are many problems that 

must be solved first to reach that dream. The most important 

and widespread of these problems is the problem of tooth 

decay, which, if not treated early, may develop and form voids 

and collapses, what is the solution to fill these gaps and restore 

full teeth? They are dental fillings. Cosmetic fillings are one 

of the most common cosmetic procedures used in dentistry, 

whether for therapeutic or cosmetic purposes. Dental fillings 

not only help restore teeth and restore their attractive shape, 

but also play a role in fighting bacteria, as the filling clogs the 

places where colonies of bacteria that cause decay and erosion 

used to live. The materials used in cosmetic dental fillings 

include a number of possibilities such as gold, porcelain, 

composite, and amalgam (an alloy of mercury, silver, copper, 

tin, and zinc). Composite fillings are the most beautiful type 

of fillings at all, in order to match their color with the color of 

your original teeth, making a subtle invisible. Dental 

composites chemically interact with the teeth, increasing the 

level of support and strengthening the tooth structure. This 

type is not used only when tooth decay. Cob set fillings are 

used to repair decayed teeth and fill voids or in front tooth 

fillings. This type of coating does not require large particles of 

tooth enamel like amalgam fillings, which increases safety. 

This study's objective was to assess how the sintering 

temperature affected the mechanical characteristics of PICN 

dental zirconia and to compare those mechanical 

characteristics to those of other PICNs. In comparison to 

conventional dental ceramic materials, PICN dental materials' 

mechanical properties, such as bending strength, elastic 

modulus, fracture toughness, and stiffness, were more akin to 

those of natural teeth and were influenced by density and 

sintering temperature. SEM showed that the porous ceramic 

network became coherent and that the incision length in the 

PICN dental material was reduced [1-5]. Restoration systems 

that use these materials are based on dental adhesive [6-8]. An 

alternate approach to the dental restoration issue is to simulate 

the procedure mathematically using finite element analysis [9, 

10]. Different Various studies were performed to investigate 

the failure behavior of individual repair materials and the 

stress distribution pattern using finite element analysis (FEA) 

[11-17]. 

According to the finite element models, resin restorations 

experience higher levels of stress than porcelain restorations 

when subjected to coupled thermomechanical loading. 

Therefore, when selecting the material for aesthetically 

repairing posterior teeth, clinical practitioners should bear this 

aspect in mind [18]. Different Various studies were performed 

to investigate the failure behavior of individual repair 

materials and the stress distribution pattern using finite 

element analysis (FEA) [19-28]. 

In this research, five mathematical models of ceramic dental 

fillings with different densities will be designed to find out the 

amount of deflection and stresses and distribute them on these 

fillings using a program SNSYS 15.0. The reason for choosing 

this topic is to find new materials to be used in fillings instead 
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of traditional materials, in addition to creating materials that 

have high resistance and are compatible with the human body. 

After that, the article is continued in the other paragraphs: 

Materials and Model Analysis, Results and Discussion, 

Conclusions and future work, Acknowledgment, and 

References. 

This study came to several key conclusions, one of which is 

that varied fillings allowed for the identification of 

deformation cases and the distribution of stresses and strains 

across the dental crown. In addition, the tooth containing the 

ceramic filler and when a vertical force was applied in the area 

of contact of the tooth with the filling were the two places in 

the models with fillings that experienced the maximum 

deformation. 

 

 

2. MATERIALS AND MODEL ANALYSIS 

 

In order to investigate the stresses, strains, and deformations 

of the various fillings that occur when a large load is imposed 

on them, four two-dimensional models of fillings for the 

second coronary tooth were created using the finite element 

method and the ANSYS 15.0 program. The materials that 

make up the first model are Enamel, the second model is made 

of Zircon, the third model is made of Titanium, and the fourth 

model is made of Ceramics. Comparisons will be made 

between the four models' outcomes. 

Figure 1 shows the dimensions of these models and the 

places of vertical forces imposed on the composite fillings on 

the tooth. According to the formula for calculating flexural 

strength (ISO 6872) [2]. 

Four two-dimensional mathematical models were designed 

consisting of a crown upper second molar tooth with a filling, 

the first mathematical model is a natural tooth made of natural 

materials, in the second mathematical model the filling was 

made of zircon, and in the third mathematical model the filling 

was made of titanium, and in the fourth mathematical model 

the filling was made of ceramic. In each model, an impact 

vertical force was applied in three different places on each 

filling, the first force was applied (F1) in the middle of the 

filling, and the second force (F2) was applied between the 

middle and end of the filling, while the third force (F3) was 

applied at the point of contact of the filler with the crown upper 

second molar tooth. The mechanical characteristics of the 

materials chosen for the construction of the three two-

dimensional mathematical models are shown in Table 1. A 

force of magnitude (300 N) was applied perpendicular to the 

composite filling on the crown upper second molar tooth.    

 

 
Figure 1 The three mathematical models used in the test 

 

Table 1. Modulus of elasticity and poisson’s ratio of materials used in creating mathematical models for dental crowns and 

fillings [3, 4, 5, 18, 19, 20] 

 

NO. Material 
Modulus of Elacity 

E, GPA 
Poisson’s Ratio 

1 Bone 13.7 0.3 

2 Gold Alloy 96.6 0.3 

3 Titanium 110 0.35 

4 Dentin 18.6 0.31 

5 Ceramic 96 0.29 

6 Composite Resin 8.3 0.28 

7 Enamel 84 0.33 

8 Zirconia 210 0.34 

 

 

3. RESULTS AND DISCUSSION 

 

After completing the four models, which consisted of three 

different materials (natural tooth, Zirconia, Titanium, 

Ceramic), the forces in each model were applied in three 

different places on the fillings. After that, the necessary tests 

were carried out for the four models using the ANSYS 15.0 

program to study the deformation and stress and strain states 

in all the models and compare them. All models were designed 

to two-dimensional and the thickness was considered one unit 

in all models. 
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Figures 2, 3, 4, 5 and Table 2 show the results of the 

deformation tests in mathematical models. 

From the Figures 2, 3, 4, 5 and Table 2, we note that the 

maximum deformation in teeth that have fillings was in the 

fourth model, the component in its composition is a ceramic 

filler and at the force exerted on the contact area between the 

enamel filler and the tooth crown second molar (F3) and its 

value (9.56 µmm), while the minimum deformation was in the 

second model, which is present in its zirconium filling 

composition and at the exerting force in the middle of the 

filling (F1) and its value (2.62 µmm). 

 

 
A.                                                              B.                                                         C.  

 

Figure 2. Results of test first model (Enamel) by using ANSYS -15.0 program, Deformation when applying: A. First force, B. 

Second force, C. Third force 
 

 

 
A.                                                              B.                                                         C. 

 

Figure 3. Results of test second model (Zircon) by using ANSYS -15.0 program, Deformation when applying: A. First force, B. 

Second force, C. Third force 

 

 

 
A.                                                              B.                                                         C. 

 

Figure 4. Results of test third model (Titanium) by using ANSYS -15.0 program, Deformation when applying: A. First force, B. 

Second force, C. Third force 
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A.                                                              B.                                                         C. 

 

Figure 5. Results of test fourth model (Ceramic) by using ANSYS -15.0 program, Deformation when applying: A. First force, B. 

Second force, C. Third force 

Table 2. The results of the deformation in the fourth models and the force applied on each model, by using ANSYS -15.0 

program 

 

NO. Model Material Filling 

Deformation 

First Force, F1 

µmm 

Second Force, F2 

µmm 

Third Force, F3 

µmm 

1 M1 Enamel 11.3 12.1 14.0 

2 M2 Zirconia 2.62 3.02 4.33 

3 M3 Titanium 4.97 5.76 8.39 

4 M4 Ceramic 5.72 6.66 9.56 

 

 
A.                                                              B.                                                         C. 

 

Figure 6. Results of test first model (Enamel) by using ANSYS -15.0 program, normal stress (δy) when applying, A. First force, 

B. Second force, C. Third force 

 

    
  A.                                                              B.                                                         C.                                               

 

Figure 7. Results of test second model (Zircon) by using ANSYS -15.0 program, normal stress (δy) when applying, A. First force, 

B. Second force, C. Third force 
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A.                                                              B.                                                         C.  

Figure 8. Results of test third model (Titanium) by using ANSYS -15.0 program, normal stress (δy) when applying, A. First 

force, B. Second force, C. Third force 

 

Figures 6, 7, 8, 9 and Table 3 show the results of the normal 

stress (δy) tests in mathematical models. 

From the Figures 6, 7, 8, 9 and Table 3, we note that the 

maximum normal stress (δy) was in the third model, the 

component in its composition is a titanium filler and at the 

force applied on between the middle and end of the filling (F2) 

and its value (160.8 KPa), while the minimum normal stress 

(δy) was in the first model, which is present in its ceramic 

filling composition and at the exerting force in the middle of 

the filling (F2) and its value (-363.1 KPa). 

 

     
A.                                                              B.                                                         C. 

 

Figure 9. Results of test fourth model (Ceramic) by using ANSYS -15.0 program, normal stress (δy) when applying, A. First 

force, B. Second force, C. Third force 

 

Table 3. It shows the results of the normal (δy) in the three models and the force applied on each model, by using ANSYS -15.0 

program 

NO. Model 
Material 

Filling 

Normal Stress (δy) 

First Force, F1 

KPa 

Second Force, F2 

KPa 

Third Force, F3 

KPa 

Minimum Stress 

(SMN) 

Maximum 

Stress 

(SMX) 

SMN SMX SMN SMX 

1 M1 Enamel -1880 120.4 -1940 181.1 -2040 155.8 

2 M2 Zirconia -381.9 56.5 -370.7 160.5 -488.7 75.8 

3 M3 Titanium -380.7 66.4 -372.9 160.8 -507.9 71.1 

4 M4 Ceramic -370.9 63.1 -363.1 159.3 -496.5 71.3 

 

    
A.                                                              B.                                                         C. 

Figure 10. Results of test first model (Enamel) by using ANSYS -15.0 program, Stress intensity (δi) when applying: A. First 

force, B. Second force, C. Third force 
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  A.                                                              B.                                                         C.                                               

 

Figure 11. Results of test second model (Zircona) by using ANSYS -15.0 program, Stress intensity (δi) when applying: A. First 

force, B. Second force, C. Third force 

 

 

Figures 10, 11, 12, 13 and Table 4 show the test results for 

the stress intensity distribution of the models. 

From the Figures 10, 11, 12, 13 and Table 4, we note that 

the maximum stress intensity (δi) was in the third model, the 

component in its composition is a titanium filler and at the 

force (F3) and its value (510.27 KPa), while the minimum 

stress intensity (δi) was in the second model, which is present 

in its zirconium filling composition and at the exerting force 

(F3) and its value (0.06 KPa). 

Figures 14, 15, 16, 17 and Table 5 show the test results for 

the shear stress (τxy) distribution of the models. 

 

 
A.                                                              B.                                                         C.  

 

Figure 12. Results of test third model (Titanium) by using ANSYS -15.0 program, Stress intensity (δi) when applying: A. First 

force, B. Second force, C. Third force 

 

 

 
A.                                                              B.                                                         C. 

 

Figure 13. Results of test fourth model (Ceramic) by using ANSYS -15.0 program, Stress intensity (δi) when applying: A. First 

force, B. Second force, C. Third force 
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Table 4. It shows the results of the Stress intensity (δi) in the fourth models and the force applied on each model, by using 

ANSYS -15.0 program 

 

NO. Model Material Filling 

Stress Intensity (δi) 

First Force, F1 

KPa 

Second Force, F2 

KPa 

Third Force, F3 

KPa 

Maximum 

Stress 

(SMN) 

Minimum 

Stress 

(SMX) 

SMN SMX SMN SMX 

1 M1 Enamel 1.05 1880 0.34 1940 0.03 2040 

2 M2 Zirconia 0.60 383.25 0.16 370.81 0.06 491.385 

3 M3 Titanium 0.61 380.71 0.16 372.41 0.09 510.27 

4 M4 Ceramic 0.70 370.97 0.17 387.64 0.78 498.87 

 

    
A.                                                              B.                                                         C.                                               

 

Figure 14. Results of test first model (Enamel) by using ANSYS -15.0 program, shear stress (τxy) when applying: A. First force, 

B. Second force, C. Third force 

 

    
A.                                                              B.                                                         C.                                               

 

Figure 15. Results of test second model (Zircona) by using ANSYS -15.0 program, shear stress (τxy) when applying: A. First 

force, B. Second force, C. Third force 

 

 
A.                                                              B.                                                         C.  

 

Figure 16. Results of test third model (Titanium) by using ANSYS -15.0 program, shear stress (τxy) when applying: A. First 

force, B. Second force, C. Third force 

 

189



 

   
A.                                                              B.                                                         C. 

 

Figure 17. Results of test fourth model (Ceramic) by using ANSYS -15.0 program, shear stress (τxy) when applying,:A. First 

force, B. Second force, C. Third force 

 

Table 5. It shows the results of the shear stress (τxy) in the fourth models and the force applied on each model, by using ANSYS -

15.0 program 

 

NO. Model Material Filling 

shear Stress (τxy) 

First Force, F1 

KPa 

Second Force, F2 

KPa 

Third Force, F3 

KPa 

Maximum 

Stress 

(SMN) 

Minimum 

Stress 

(SMX) 

SMN SMX SMN SMX 

1 M1 Enamel -276.29 252.42 -438.32 239.76 -426.11 249.54 

2 M2 Zirconia -55.33 55.94 -106.58 40.22 -160.39 79.54 

3 M3 Titanium -42.43 40.01 -105.94 40.95 -132.03 83.5 

4 M4 Ceramic -43.26 40.58 -86.30 53.83 -133.99 83.71 

 

From the Figures 14, 15, 16, 17 and Table 5, we note that 

the maximum shear stress (τxy) was in the third model, the 

component in its composition is a ceramic filler and at the 

force (F3) and its value (83.71 KPa), while the minimum shear 

stress (τxy) was in the first model, which is present in its 

titanium filling composition and at the exerting force (F1) and 

its value (- 42.43 KPa). 

 

4. CONCLUSIONS  

 

One of the most important conclusions of this study is that 

cases of deformation and the distribution of stresses and strains 

in all parts of the tooth crown were identified with different 

fillings. The results showed that the least deformation was in 

the tooth that contains a zircon filler, and its value was (2.62 

μmm) when a force was applied in the middle of the filling 

fixed on the tooth crown (F1), and if it was compared to the 

deformation of a normal tooth, its resistance to deformation 

was much higher (99.82%). The highest deformation in the 

models with fillings was in the tooth containing the ceramic 

filler and when a vertical force was applied in the area of 

contact of the tooth with the filling (F2), and when compared 

to the resistance to deformation of a normal tooth, its 

resistance is slightly better (31.62%). Another conclusion is 

that the state of different stresses and strains of the 

mathematical model of the tooth that contains zircon filling is 

much better than the cases of different stresses and strains in a 

normal tooth, and this may be bad for preserving the tooth 

when the tooth is exposed to a high vertical force in the area 

of contact of the tooth with the filling, because that It may lead 

to the breakage of the tooth in the contact area with the zircon 

filling (i.e. the lack of a fit in terms of the endurance value 

because there is a large difference between the resistance of 

zircon and the resistance of the natural tooth), but the results 

showed that the tooth that contains the ceramic filling is in a 

suitable fit with the natural tooth in terms of bearing different 

stresses and strains, hence we can say ceramic fillings are 

better than zircon or titanium in terms of deformation and 

resistance to various stresses and strains. 

The other conclusion is that the lowest stress intensity (δi) 

in the mathematical model of normal tooth is very little 

compared to the models that contain different fillings, while 

the highest tress intensity (δi) in the mathematical models 

containing fillings (Zirconia, Titanium, Ceramic) is less than 

(75%) the highest tress intensity (δi) in normal teeth. 

Future proposals for this subject should concentrate on the 

practical side, the use of these materials, the creation of models 

from these materials, and the comparison of practical and 

theoretical outcomes, as this is how high-quality materials 

with high strength and resistance to loads are produced. 
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