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Abstract 
 

Aim: To simplify the complexity in design, modeling and analysis of Fixed Partial Dentures (FPD) and to evaluate the maximum stress 

and deformation developed using Finite-Element Method. 

Materials and Methods: The specimen was created based on monoblock concept. The monoblock concept assumes that the total FPD 

unit, i.e., Abutment, pontic, connector and retainer together will act as a single unit. Monoblock castings do not differ from those made in 

segments and later welded as regard to the distribution of stresses. The Specimen of dimension 30 X 5 X 5mm were made of the three 

commonly used FPD materials such as feldspathic ceramics, Lithium di silicate and Zirconia. Rectangle shape was considered with 

notches at 1 X 450 as a close approximation of actual FPDs. The modeling was done using Solid Works 2012, and analysis was carried 

out using ANSYS Mechanical APDL R14.5. The maximum stress and deformations corresponding to various masticatory loads (100 N, 

500 N, 600N, 800 N & 1000 N) were found out, and the results were compared with previous studies in FPD. 

Results: The results revealed that the maximum principal stress and deformation are found at the centre of the pontic. Furthermore, it 

was found that for all masticatory loads, the maximum stress and deformation were encountered in Feldspathic ceramic and least for 

Zirconia. 

Conclusion: A less complex model using the monoblock concept was developed to design and analyze FPD, so that the meshing com-

plexities, computational time and cost can be reduced drastically. The results could well be considered as a benchmark in FPD-related 

studies. 
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1. Introduction 

There are various treatment modalities available to replace a miss-

ing posterior tooth. The conventional removable prosthesis, 

crown retained - Fixed Dental Prostheses (FDP’s) and the recently 

booming implant therapy (Fradeani et al., 1997). A wide range of 

new materials are available nowadays: hybrid micro filled or 

fiber- reinforced composites (FRC), ceramics with a high content 

of glass particles (i.e., lithium disilicate, glass-infiltrated zirconia. 

Alternatively, alumina), or high-strength ceramics (densely 

sintered zirconia/alumina polycrystal) to be used as frameworks 

for subsequent veneering or to fabricate monolithic restorations 

(Edelhoff et al., 2001; Wolfart et al., 2006). Due to the complex 

shape of FPD, experimentation and modeling of the specimen is a 

tedious task. So a simplified model is required to analyses and 

design. In this study, FPD was assumed to be a monoblock of 

dimension 30 x 5 x 5mm (Figure 1). 

The monoblock concept assumes that the total FPD unit i.e., 

Abutment, pontic, connector and retainer together will act as a sin-

gle unit. It helps the researcher and dental practitioner to simpli-

fy the complex FPD unit for the design and analysis. 

The finite element method (FEM) is a useful tool when investigat-

ing complex systems (Chen et al., 1994; Lanza et al., 2005). 

Little research has been done on ‘monoblock concept’, and the 

interpretation of FEM results particularly in FPD. 

Different failure theories were employed to analyses the mechani-

cal behavior of dentures. The various theories include: Von Mises 

(VM), Rankine (R), Coulomb-Mohr (CM), Modified Mohr (MM) 

and Christensen (C). Many of the previous works had analysed the 

results of FE simulations from Von-Mises stresses (Kamposiora et 

al., 1996; Fischer et al., 2004 Eraslan et al., 2005; ; Andréa et al., 

2008; Oguz et al., 2010). 

Von Mises criterion is the normal criteria used by most engineers 

since it deals with ductile materials such as aluminum or steel and 

so most of the commercial FE programs use this criterion as a de-

fault output. Moreover, this criterion helps us to compare tensile 

strength in terms of Von Mises stress, which is a simple example 

of failure criteria. For brittle materials, however, it is impossible 

to obtain an equivalent stress from the stress tensor, regardless 

of the material strengths, so that it can be compared to a strength 

value, because the compressive strength is normally different 

and greater than the tensile strength (Antonia et al., 2011). In 

case of ductile material, the failure under uniaxial tensile stress 
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occurs along plane inclined at 450 due to shearing (Rajendra, 

2006). Due to this reason, The Von Mises criterion is widely used 

to analyses ductile materials with equal compressive and tensile 

strength (De et al., 1987). 

 

 
Fig. 1: Isometric View of the Specimen (All Dimensions Are in ‘Mm’). 

 

This study involves analysis of brittle materials such as feld-

spathic ceramics, Lithium Di silicate and Zirconia. For brittle ma-

terials, authors suggest the use of the Rankine or Maximum 

Normal Stress criterion to evaluate the failure in dentine, using 

the maximum principal stress to analyse the results (Ichim et al., 

2006; Nakamura et al., 2006). The theory considers the maxi-

mum normal stress as the criterion for strength. 

Using this theory, modeling was done in ANSYS, and the results 

were analysed to study the stress distribution and deflection of 

the specimen. 

The main objectives of the study are (a) Simplify the complexi-

ty design, modeling and analysis of Fixed Partial Dentures (FPD) 

using monoblock concept, (b) Evaluate the maximum principal 

stress and deformation developed in the three commonly used 

Fixed Partial Dentures (FPD’s) using Finite-Element Method 

(FEM), (c) Arrive at benchmark for the future FPD related stud-

ies from the obtained results. 

2. Numerical analysis 

Three commonly used denture materials such as feldspathic 

ceramics, Lithium disilicate and Zirconia with similar dimensions 

were considered. For 3D modeling CAD software (Solidworks; 

Dassault Systèmes) and for the analysis part ANSYS software 

were used. 

2.1. Modeling 

Modeling of the specimen was done with the help of well-

known parametric software Solid works. The first step in the para-

metric part modeling process is to create the two dimensional (2D) 

sketch of the specimen. The approach of creating two-dimensional 

sketches of the three-dimensional feature is the most effective and 

simplest way to construct solid models. After the two-dimensional, 

sketch was created the model is extruded to 5mm (width) to 

create the 3D model as shown in Figure 1. Then the model was 

defined in parasolid format and then fully rendered to the AN-

SYS software to do the analysis part. 

2.2. Analysis 

The mechanical properties of the specimen were obtained 

from different authors (Fradeani et al., 1997; Edelhoff et al., 2001; 

Wolfart et al., 2006; Charlton et al., 2008; Li et al., 2013; Saifang 

et al., 2013; Natal et al., 2014; Low, 2014) and tabulated in Table 

1. The analysis was done in ANSYS Mechanical APDL R14.5. 

The model used in this study involves several assumptions. The 

model is assumed to be isotropic, homogeneous and linearly elas-

tic. 

The meshing was done (Figure 1), and each mathematical 

model contains 28727 nodes and 6140 elements. The size of the 

element is 0.0005 meter, and the type of the element is SOLID 

e-type. The SOLID e-type is a three-dimensional finite element 

with three degrees of freedom at each node (translations in the 

nodal x, y, and z directions). 

 

Table 1: Mechanical Properties of Materials Used in Tthe Analysis 

Material Young’s Modulus [GPa] Poisson’s ratio 

Feldspathic ce-

ramic 
63 – 68 0.23 

Lithium Disilicate 95 – 100 0.23 

Zirconia 210 0.27 

 

 
Fig. 2: Meshed Model. 

 

The points B and C (Figure 2) are the supporting point which is at 

a distance of 5mm from the adjacent edges. These points were 

fixed (all displacements are restricted) in all directions as the 

boundary conditions. The force loading during biting is reported to 

be 50-250N, and 500-800 N in para functions like bruxism (Kelly, 

1995) moreover, it might reach to 1000 N in some conditions 

(Lundgren et al., 1984). In the present study 100N, 500N, 800N 

and 1000N (Gerami et al., 2006; Serkan et al., 2012; Mansour et 

al., 2014; Lakshmi et al., 2015) were selected as the extreme 

case of bite forces and were applied orthogonal downwards at 

the centre of the model (Point A). 

3. Results 

The FEM results are presented in terms of Principal stress val-

ues. Figure 3 shows the Principal stress distribution of Lithium 

Disilicate when the above-mentioned bite forces are applied, and 

the stress values of all mentioned ceramics are summarized in 

Table 2. Similarly, the total deformations of the corresponding 

specimen under the above specified conditions are shown in 

Figure 4. The total deformations of all ceramics are summarized in 

Table 3. 

From the stress distribution (Figure 3) we can see that the stress pat-

tern is same for all the loads (bite force), only the magnitude 

varies. The stress distribution is maximum at the center of the 

pontic, i.e. where the load is applied and minimum at both ends. 

In this 3D FE study, when the load is applied, it is found that 

the maximum principal stress is nearly same for Feldspathic ce-

ramic and Lithium Disilicate. Slightly lesser value was obtained 

for Zirconia (Table 2) due to the change in the Poisson’s Ratio. 

From the analysis, clearly the maximum stress occurs in the center 

of the pontic. 

From Table 3 we also understand that when the static mastica-

tory forces are applied, the total deformation is found to be max-

imum for Feldspathic ceramic, and the minimum deformation for 

the same load is found in Zirconia. This is due to the variation in 

the Young's Modulus, i.e., the larger the Young’s modulus the lesser 

will be the deformation. 

4. Discussion 

The finite-element analysis is a computer-aided mathematic tech-

nique for obtaining accurate numerical solutions used to predict the 

response of physical systems that are subjected to external 
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stress. The stress distribution in FE analysis will differ depending 

on the materials and properties of the material assigned to each 

model. FEM analysis has been extensively used to determine 

the stress and deformation of FPDs du e  to  its complex struc-

ture. In the present study, the monoblock concept was introduced 

in FPD to simplify the complexity into the structure. Using FEM 

software it is possible to use a simplified model to identify the 

critical areas with a maximum stresses and deformation. 

 

 
Fig. 3: Principal Stress Distribution of Lithium Disilicate Under Various 

Bite Forces Obtained from Finite-Element Analysis. 

 

 
Fig. 4: Total Deformation of Lithium Disilicate Under Various Bite Forces 
Obtained from Finite-Element Analysis. 

 

A maximum bending stress in the FPD is induced when the load 

is applied at the central part of the pontic (Low, 2014). FEM 

analysis presented here shows that all static masticatory forces 

are combined together and loaded orthogonal at the centre of 

the pontic. It is impossible to reproduce all masticatory forces 

that are induced on the tooth considering a natural course. The 

program assumes the model as homogeneous, linear, elastic and 

isotropic. Due to the above assumptions, the values obtained in 

this study might show a little variation from the actual values. 

Several studies have analyzed the stress distributions in Fixed Den-

tal Prostheses using principal stress theory (Fischer et al., 2003; 

Nils et al., 2003; Eraslan et al., 2005; Paul et al., 2006; Andreia 

et al., 2007; Sepideh et al., 2008; Alvaro et al., 2013; Wen et al., 

2011; Lakshmi et al., 2015). In one of the studies, a vertical load 

of 500 N was applied directed occlusally over a surface area of 5 

mm2 and the results were analyzed (Lakshmi et al., 2015). In this 

study, the lower-right molar was fabricated with connectors of 

dimension 3mm x 3mm and 4mm x 4mm. The maximum prin-

cipal stress observed in this case was 135.2 MPa and 147.5 MPa 

for Lithium Disilicate and Zirconia respectively. Additionally, the 

corresponding total deformation was 0.001782 mm and 

0.00144 mm. The study shows that there is significant improvement 

in stress distribution when the dimension of connector is in-

creased to 4mm x 4mm in both materials. 

In another study (Fischer et al., 2003), three different designs 

as connector areas between the abutments and the pontic was con-

sidered. In the first model, (basic model) the size of the cross-

sections of the connecting areas was 14 mm2. In a second 

model, this connecting crosspiece length was again 0.1 mm as in 

the basic model, but the size of the cross-sections of the connectors 

was decreased from 14 to 8.75 mm2 (2.5 x 3.5 mm). The connect-

ing areas of a third model were of a size identical to that of the 

basic model (3.5 x 4.0 mm), but the length of the connecting 

crosspieces was increased from 0.1 to 0.5 mm. The bridges were 

loaded by 600 N (half-bridge model: 300 N) on the occlusal 

surface at 90° in the middle of the pontic component. The load was 

distributed onto three nodes of adjoining finite elements. The 

observations made in the study indicate that FE stress distribution 

is very similar for all 4 ceramics used as bridge materials. The max-

imum principal stress that occurred for all 4 ceramic bridges on the 

lower side of the area connecting the bridge abutment and the 

pontic component was 125 MPa for ZrO2. 

A unit vertical load of 100N was applied at the center of the 

upper surface representing a 3-point-bending loading condition 

similar to associated standard experimental test for analyzing line-

ar elastic stress (Nils et al., 2003). The observed maximum prin-

cipal stress value in this study was 15.48 Mpa for Zirconia. Finite-

element analyses (FEA) were also conducted using 3D images 

from a micro-CT scanner for modeling Zirconia dental crowns 

and three-unit fixed partial dentures (Alvaro et al., 2013). 

In the current study a similar FE stress distribution and defor-

mation pattern was obtained for all the three materials considered, 

so the stress and deformation pattern of Zirconia and Feldspathic 

ceramics are not included in the paper. Comparing the Table 2 and 

the above discussion, the result obtained i.e., Principal stress and 

the total deformation in our study is maximum. 

Since the study is a representation of the worst-case scenario, the val-

ues obtained in the study could be considered as the bench 

mark in all ceramic FPDs. The model considers the maximum 

load that could be applied in the specimen, and the results obtained 

are a representation of maximum stress and deformation values 

that could possibly be developed in any load case. The value of 

maximum stress and deformation obtained in previous studies 

(Ichim et al., 2006) is less than that obtained in the present study 

and so this monoblock concept could be considered as a refer-

ence in any FPD design optimization process. 
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Table 2: Comparison of Principal Stress when Different Bite Forces are 

applied 

Material 

Bite Force 

Feldspathic Ce-

ramic 

Lithium Disil-

icate 
Zirconia 

100 N 

Principal 

Stress 
[Mpa] 

Max 36.265 36.6094 33.5398 

Min 0.708373 0.111831 0.074812 

500 N 

Principal 

Stress 
[Mpa] 

Max 181.325 183.047 167.699 

Min 0.391863 0.559157 0.374059 

600 N 
Principal 
Stress 

[Mpa] 

Max 217.59 219.656 201.239 

Min 0.470236 0.670988 0.448571 

800 N 
Principal 
Stress 

[Mpa] 

Max 290.12 292.875 268.319 

Min 0.62698 0.894651 0.598494 

1000 N 
Principal 
Stress 

[Mpa] 

Max 362.65 366.094 335.398 

Min 0.783726 1.11831 0.748118 

 
Table 3: Comparison of Total Deformation when Different Bite Forces are 

applied 

Material 
Bite Force 

Feldspathic Ceram-
ic 

Lithium Disili-
cate 

Zirconia 

100 N 
Total Defor-

mation [Mm] 

Max 0.004807 0.003032 0.00142 

Min 0 0 0 

500 N 
Total Defor-

mation [Mm] 

Max 0.024034 0.015161 0.007098 

Min 0 0 0 

600 N 
Total Defor-
mation [Mm] 

Max 0.028841 0.018193 0.008517 
Min 0 0 0 

800 N 
Total Defor-

mation [Mm] 

Max 0.038454 0.024258 0.011356 

Min 0 0 0 

1000n 
Total Defor-

mation [Mm] 

Max 0.048068 0.030322 0.014195 

Min 0 0 0 

5. Conclusions 

The complex structure of the FPD makes it difficult for the 

researchers to design model and analyses the structure. In order to 

reduce these difficulties a new approach called ‘monoblock’ is 

introduced. This concept helps the researchers to create and anal-

yses the FPDs easily so that the meshing complexities, computa-

tional time and cost can be reduced drastically. The results 

could well be considered as a benchmark in FPD-related studies. 

Within the limitations of the study the following conclusions can 

be drawn: 

• A less complex model was developed to design and ana-

lyse FPD. 

• Using the monoblock concept, the maximum possible val-

ues of stress and deformation was found and these values 

could be considered as a benchmark in future FPD related 

studies. 

• When the load configuration is changed there is a signifi-

cant change in stress and deformation values. 

• The maximum stress and deformation are found at the 

center of the pontic region. 

• The study also reinforces the fact that zirconium and 

• Lithium Disilicate are the best suitable materials that 

could be used in FPD. 
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