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ABSTRACT: 

Aim: The purpose of this finite element analysis (FEA) was to compare and evaluate the fracture 

resistance and stress distribution of endodontically treated teeth restored with endocrown in 

different materials and types of luting cement. 

Material and Methods:Four endodontically treated teeth first mandibular molar restored with 

an endocrown was modeled by using CAD software and imported into an FEA software. The 

models were duplicated and the first model received restoration in lithium disilicate with 

RelyXUltimate (3M ESPE USA) cement, the second model in lithium disilicate with Panavia F 

2.0 (Kuraray Noritake), the third model in zirconia with RelyX Ultimate (3M ESPE USA) and 

fourth model in zirconia with Panavia F 2.0 (Kuraray Noritake). Stress distribution under axial 

(90
o
) and non-axial degree(0

o
 and 45

o
) by loading 225 Newton (mastication force) and 600 

Newton (biting force) were analyzed. Results were determined by colorimetric von mises of 

maximum total deformation, equivalent elastic strain, and equivalent stress on a tooth, cement, 

and restoration.The results indicated that zirconia endocrown with Rely X and Panavia F.20 

cement has better fracture resistance than the other model.The critical area of total deformation 

and the equivalent elastic strain was on the occlusal and the equivalent stress was in the cement-

dentin interface. 

Keywords: Fracture resistance, endocrown, lithium disilicate, zirconia, resin cement, finite 

element analysis 
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INTRODUCTION 

Restoration of endodontically treated teeth (ETT) still exists a challenge because they are 

affected by higher risks of biomechanical failure
1
. Clinicians should reduce the risk of tooth 

fracture by the following methods choose the most suitable design and material to enhance the 

function and appearance of teeth
2
. ETT with extensive coronal hard tissue defecttraditionally 

restored with post-core supported crown, but this procedure may involve the mechanical 

resistance of the tooth structure and increase risk of root perforation
1,3

. Conversely, when a 

minimum amount of dental remnantexists, it allows for an adhesive interface between enamel 

andcement, enabling an endocrown restoration to be used
4
.  

In 1995, Pissis
5
 presented the first article on ceramic restorations with macroretention and 

adhesive microretention in the pulp chamber of endodontically treated teeth. He called this the 

‘monobloc technique,’ and fabricated the restorations with a ceramic press procedure. Mörmann 

et al
6 

transferred this process to generate Cerec CAD/CAM posterior restorations called 

‘endocrowns
7
.With the advances in adhesive technique andminimally invasive dentistry, 

preparation to preserve a maximumamount of tooth structure is considered the gold standardfor 

restoring teeth. Endocrowns, with a decay-orientateddesign concept, have become increasingly 

popular becauseof their advantages in preserving the maximum tooth tissue,reducing the need for 

auxiliary retentive geometry, and savingtreatment time and expense as fewer operation steps 

areinvolved
8
.Apart from adhesion, retention of endocrown is based on macromechanical fixation 

in the pulpchamber. Strong bonding between ceramics and tooth structure using adhesive cement 

increases the fracture resistance of the restorations and consolidates and stabilizesweakened 

tooth structures at the same time
3
.It is also known thatendocrowns prevent bacterial 

microleakage by blocking the root canal entrances
2
. 

Various ceramics have been used as endocrown restorativematerial. In terms of 

mechanical strengthand physicalproperties.there is no doubt about the superiority ofzirconia.The 

continual development of zirconia materials hasimproved the ability to obtain the desired color 

and moreesthetic translucent results
9
. Recent studies have confirmed the use of such a technique 

formanufacturing restorations in lithium disilicate (LD) glass-ceramic
4
. LD glass-ceramics are 

widely used because of their highly successful aestheticappearance and mechanical properties, 

their adhesive abilities, and superior marginal edge matching. Zirconia is more resistant to 

fracture than ceramics, it is preferred in many clinical applications such assole and multi-unit 

restorations, implant abutments, implant-supported prostheses,and endodontic posts.Besides, the 

physicalproperties of zirconia material, such as elastic modulus, are very different from tooth 

structures. Therefore, theprognosis of long-term monolithic zirconia is problematic
2
. 

The only technique of study that eliminates operator factors and uses materials 

underneath ideal conditions is finite element analysis (FEA)
7
. The finite element analysis (FEA) 

simulates the stress distribution process, showing how the design andproperties of restorations 

and restorative materials affect the teeth
10

. The analysis associated with mathematicalmodeling 
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that evaluates the deformations under-sample unit loads is related to a network of elements 

withmechanical features
2
.Thus the FEA has become a reliable technique for dental applications 

that allows the calculation of load distribution and also the influence of model parameter 

variations once the associate correct 3D model is made
9
. 

The purpose of the present study was to compare and evaluate the fracture resistance and 

stress distribution of endodontically treated teeth restored with endocrown in different materials 

and types of luting cement. 

MATERIAL AND METHODS 

This study was conducted using a CAD modeling system from the scanning results of a 

first mandibular molar, which was in form of external models. Then, the form models were 

reconstructed in terms of the solid materials by using AutoCAD software (AutoCAD 2016). The 

obtained external shapes were then simulated using Ansys Program (Ansys 16.0 Inc., Houston, 

TX, USA) that was used to create the 3D models. The volume and size of the models were 

prepared consequently from the references of molar mandibula, that were previously conducted 

by Wheeler(2015). 

 

Fig. 1 Schematic illustration of the modelling endocrown 

To simulate an endodontically treated molar, the pulp in the root canal was replaced with 

gutta-percha. A flat endocrown cavity was designed with a 2.5-mm-high reduction from the 

occlusal cusp and 5.0-mm intracoronal extension for the model. The angle of the sloping wall in 

the pulp chamber was 6
o
. The preparation of cervical margin which is shaped into 

circumferential butt joint surrounded by tooth with 2.0 mm of width  
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Table 1. Material properties 

Material 

Elastic 

Modulus 

(GPa) 

Poisson 

Ratio 
Reference 

Dentin 18.6 0.31 Binwen.,2013 

Cementum 18.6 0.31 Desai.,2012 

PDL 0.05 0.49 Desai, 2012 

Cortical 

bone 
13.7 0.3 Prina, 2016 

Gutta 

percha 
0.14 0.28 

da Fonseca, 

2018 

RelyX 

Ultimate 
7.4 0.3 

Nakamura, 

2010; 

Radovic, 

2008 

Panavia 

F2.0 
7.2 0.3 

Radovic, 

2008 

Lithium 

disilicate 
95 0.35 

da Fonseca, 

2018 

Zircon ia 205 0.19 
Jie et al., 

2019 

 

and 5.0 mm of height from the cervices(Fig. 1). The model was imported into the Finite Element 

Analysis Program (Ansys 16.0 Inc., Houston, TX, USA) and divided into a mesh composed of 

381,937 nodes and 223,466 tetrahedral elements (Fig.2). The 3D model was duplicated and then 

restored with an endocrown by using two materials: lithium disilicate, and zirconia, and resin 

cement: RelyX Ultimate (3M ESPE, USA), and Panavia F2.0 (Kuraray Noritake, Japan). In this 

process, four different models were fabricated for the different materials and cement types. 

 Model 1: Lithium disilicate, RelyX Ultimate 

 Model 2: Lithium disilicate, Panavia F2.0 

 Model 3: Zirconia, RelyX Ultimate 

 Model 4: Zirconia, Panavia F2.0 

The mechanical properties of the material (elastic modulus and Poisson ratio) were 

determined from published values (Table 1). All structures were assumed to be linear-elastic, 

isotropic, and homogenously distributed1. 

As the stress distribution varies with the loading direction, 2 situations were examined: an 

axial (90 degrees) and non-axial (0 degrees and 45 degrees) load of 225 N applied as the normal 
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mastication force and 600 N as the maximum biting force. Consequently, the simulation was set 

up to obtain real conditions within the oral cavity. The fixed support was assumed in the apical 

area. For all models, total deformation, equivalent elastic strain, and equivalent von Mises stress 

of dental structures and restorations were evaluated by color  

 

Fig. 2-(A) ANSYS 16.0 report. (B) Mesh generation 

contours that were plotted in von Mises graph andMpa separately by using the FEA software 

program1. The colorcontours plotting that were displayed confirmedthe value numbers of shear/ 

stress, in which thered colors were the maximum peaks and theblue colors were the minimum 

peaks. 

RESULTS 

Total deformation, equivalent elastic strain, and equivalent von Mises stress data for the 

endocrown, cement layer, and dental remnant structures were obtained.Colorimetric graphs were 

used to summarize the data. High-stress concentration was seen for zirconia endocrown, which 

was even better when the lithium disilicate was utilized. Less stress concentration was also seen 

on the tooth surfaces and cement layer for the zirconia endocrown. Regarding restorative 

material, lithium disilicate presented less stress concentration in the restoration and cement layer. 

 

 

 

 

 

 

 

B A 
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Table 2. The comparison of total deformation of 4 endocrown models based on all loads 

withaxial (90
o
) and non-axial angles (45

o
 and 0

o
) 

 

The 225 N and 600 N load (Table 2) shows the highest maximum total deformation in the LD 

endocrown and a load of 0
o
 angle. At the same time, the highest maximum total deformation was 

observedin the buccal cusps of the endocrown (Fig.3). 

 

 

Fig. 3- The highest maximum of total deformation given a load of 225 N (A) and 600 N (B) 

The equivalent elastic strain of 0
o
 load revealed that zirconia had the highest value both at 225 N 

and 600 N (Table 3). The highest values were observed in the cement-dentin interface(Fig.4). 

The highest equivalent elastic stress was observed in zirconia endocrown among the 225 N and 

600 N (Table 4). Similar elastic strain values were observed in the cement-dentin interface 

(Fig.5). 

Table 3. The comparison of equivalent elastic strain of 4 endocrown models based on all 

loads withaxial (90
o
) and non-axial angles (45

o
 and 0

o
) 

 

B 

A 
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Fig. 5- The highest maximum of equivalent elastic stress given a load of 225 N (A) and 600 

N (B) 

 

Table 4. The comparison of equivalent elastic stress of 4 endocrown models based on all 

loads withaxial (90
o
) and non-axial angles (45

o
 and 0

o
) 

 

 

Fig. 4- The highest maximum of equivalent elastic strain given a load of 225 N (A) and 600 

N (B) 

 

 

B A 

B A 
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DISCUSSION 

Endodontic treatmentweakens the tooth structure and has a high risk of fracture, 

especially the posterior teeth, so it must be strengthened with a full-crown restoration. The load-

absorption capability of a full crown restoration depends on proper preparation design and choice 

of material with good fracture resistance and adequate residual dentin thickness (Nabil et al., 

2019). Endocrown is considered as an alternative method for post-endodontic restoration of 

posterior teeth.Endocrowns appear to be a valuable option for endodonticallytreated molar teeth 

with extensive loss of coronal structurethat does not readily allow for the use of the ferruleeffect 

in crown preparation.This concept is built on the combination ofmicroretention through dentin 

bonding and gains macroretentionand stability through the utilization of the availablespace inside 

the pulp chamber
7
. 

The simulation results have shown thatthe lower modulus elasticity material (LD) has a 

higher maximum deformation value.Bycontrast, the highest modulus elasticity material 

(zirconia) mm has the lowestmaximum deformation values.This is in line with the simulations of 

Tribst et al., (2018)
4
, who concluded that materials with a higher Young's modulus showed less 

total deformation. Materials with a high modulus of elasticity have a higher stress concentration, 

so there is a lower stress concentrationin the cement layer. This suggests that materials with a 

high modulus of elasticity have a lower risk of adhesive failure.The angle of the load affects the 

value of the deformation. This simulation uses masticatory force and bites pressure that mimics 

the situation in the mouth. Masticatory force in the mouth can occur from various angles, namely 

0
o
, 45

o
, and 90

o
 angles. The 90

o
angle (vertical force) has a lower total deformation value than the 

45
o
(oblique force) and 0o (horizontal force) angle. According to Cheng et al., (2017)

11
 this 

occurs due to the symmetrical distribution of stress on the tooth axis and will decrease at the 

center of the tooth axis and the forces exerted in the occlusal vertically will be transmitted in the 

apical direction studied through photoelastic media. 

Kois et al., (2013)
12

concluded that fracture resistance and the risk of fracture of a 

posterior partial coverage restoration are influenced by the choice of material. Lithium disilicate 

has higher fracture resistance and stress concentration; however, the risk of restoration failure is 

lower than for other materials. This is in accordance with the results of this study where the 

model with LD material showed higher total deformation values than zirconia for both 225 N 

and 600 N loads. The same thing was also stated by El Sayed et al., (2013)
13

, which stated that 

the high stiffness materials such as zirconia have a negative effect on the biomechanical ability 

of an endocrown restoration system, on the other hand, low stiffness materials have a flexural 

movement level similar to that of natural teeth which can reduce stress increases in the 

endocrown structure. 

The result with 225 N load is the same as with a load of 600 N at 0
o
, 45

o
, and 90

o
 angles, 

the maximum value of the highest equivalent elastic strain was in the cement layer and the 

intaglio endocrownthat at the base of the pulp chamber. The results of thesimulation show that 
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the load angle influences the value of the equivalent elastic strain of material.  Gulec et al., 

(2017)
14

research establish that materials with a high elastic modulus can protect healthy enamel 

structuresthroughminimal stress distribution.The statement is consistent with this simulation 

where the LD material endocrown transmits greater stress to the tooth structure. It is shown that 

the overall models experience the maximum stress distribution in the cement layer at the base of 

the pulp chamber.In this study, the simulation used four 3D endocrown models of mandibular 

first molars with different luting materials and types of cement. The simulation uses a load of 

225 N and 600 N which is the normal and maximum bite force
15

. The simulation results on these 

four 3D models do not fracture because the stress and strain are still within the elastic limit, this 

is following the opinion of Kishen (2006)
16

 which states that if a material is stressed, the material 

will experience strain and if when the stress is lost, the material will return to its original shape. 

This means that the elasticity of this material is in the elastic region and has not reached the yield 

point and if the material is still at the elastic point, the material will return to its original shape if 

the load is removed
16

. 

In the equivalent elastic stress simulation with loads of 225 N and 600 N and 0
o
, 45

o
, and 

90
o
 angles, the highest maximum equivalent elastic stress value was found in the endocrown 

with zirconia material and RelyXUltimate cement. The maximum value is in the cement layer 

and intaglio endocrown at the base of the pulp chamber. The results of this equivalent elastic 

stress simulation are in accordance with the study of Tribst et al., (2018)
4
 which compared the 

endocrown with lithium disilicate and leucite ceramic materials and with different conditions of 

the remaining wall height of the tooth structure, and stated that materials with a higher modulus 

of elasticity tend to have the ability to concentrate stresses compared to materials with a lower 

modulus of elasticity.Full coverage restorations such as endocrownwill receive masticatory force 

and bite pressure in the interfacial area of the toothrestoration which will then be distributed 

along with the tooth structure
17

. After the adhesion process occurs, the occlusal stresses that 

occur when the tooth is functioning will spread towards the pulp chamber so that the 

transmission of stress to the tooth structure will cause a low-stress concentration in the material
2
. 

This is following the simulation results in this study where the highest equivalent elastic stress 

value is located in the pulp chamber area, namely the interfacial area of the tooth with the 

intaglio endocrown. Endocrown has less amount of interfacial in the restorative unit to give a 

monoblock effect, so stress concentration is reduced due to homogenized material 
18

. It is very 

important for the mechanical characterization of restorative materials especially in post-

endodontic teeth to understand the functional biomechanical behavior. When forces are applied 

to a tooth structure or restoration, stress and strain are generated. These stresses and strains 

cannot exceed the elastic limit of the material to maintain the integrity of the structure and 

biological components to avoid structural failure.Oyar et al., (2006) suggested that the rigid 

endocrown material results in an accumulation of stress at the cervical margin, which is the site 

of force transfer, and the occlusal area are an anatomical part that has good ability in stress 

distribution
19

. 
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Aslam et al., (2017)
20

 stated that the high modulus of elasticity of the material causes the 

material to be stiffer and will be able to withstand deformation when applied stress and increase 

the fracture resistance of the material.El Sayed et al., (2013)
13

 concluded that high stiffness 

materials such as zirconia can significantly resist deformation, resulting in high-stress 

concentrations at the interface. As a consequence, the material negatively modifies the 

biomechanical behavior of the endocrown itself. On the other hand, lower stiffness materials 

such as lithium disilicate can mimic the natural flexural strength of teeth, thereby reducing 

stresses at the interface. Thus, a restorative material with mechanical properties similar to that of 

natural teeth allows the restoration to mimic the mechanical behavior of the natural tooth 

structure in the form of a monoblock structure.The simulation results are total deformation, 

equivalent elastic strain, and equivalent elastic stress as criteria to see fracture resistance and 

stress distribution is influenced by the modulus of elasticity of the material, the magnitude, and 

the direction of the force applied. Although finite element analysis is a good research simulation, 

further studies on the material, varying cement thickness and the effect of temperature should be 

carried out to complete this research. 

CONCLUSION 

This study indicates that zirconia as an endocrown material undergoes a smaller total 

deformation than lithium disilicate so that it can increase the fracture resistance of teeth after 

endodontic treatment. The stress concentration on the endocrown with zirconia material is better 

than the lithium disilicate material, causing the stress concentration in the cement layer to 

decrease so that the risk of adhesive failure is reduced. Endocrown with lithium disilicate 

material has a better stress distribution than zirconia so that if there is a large pressure, the 

restoration will be released without damaging the remaining tooth structure. The direction of the 

different loading forces gives a difference to the stress distribution but the use of different 

cement does not affect the stress distribution. 
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