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ABSTRACT

Objective: Evaluating the stress distribution pattern and failure risk of post retained crown 
restorations using e.max CAD), Lava ultimate, and ZirCAD restorative crown materials.

Materials & methods: Endodontically treated human molar with fiber post and composite 
core was digitized after CBCT, CAD software (Catia) were used to create FEA model imbedded in 
alveolar bone and 3 crown material: (1) EM; (2) LU; (3) ZC, A static components of 600 N loads 
were applied on the occlusal surface , analysis program by ANSYS 2021 were used for Finite 
element analysis (FEA), calculated the VMs distributions values and the total deformation values 
to detect the failure risk.

Results: There was difference on both VMs values at restorative crown and the remaining tooth 
structure and the surrounding tissues. The results showed that the greater elasticity modulus of ZC 
restorative material was been proportional to the higher VMs distribution values. While the lower 
elasticity modulus of LU was proportional to the low VMs values and remaining tooth structure. 
VMs values of stress distribution on composite resin core and fiber post in the ZC model were lower 
than LU restorative material. For the total deformation values, the risk of failure of the three models 
was nearly the same.

Conclusions: LU showed lower stress distribution profile and superior mechanical response 
that grants LU to be used as a good dental restoration.
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INTRODUCTION 

Tooth decay, previous restorative procedures, 
or endodontic access preparation tends to weaken 
endodontically treated teeth due to loss of tooth 
structure. To prevent further damage to these teeth, a 
restoration must create retention and resistance. An 
optimal approach for construction of endodontically 
treated teeth in a manner that protects the remaining 
dental structure is the post and core.1

Traditionally, metal alloy post-core systems are 
preferably chosen for the restoration of the tooth 
in such status, because they are easily customized 
to the various shapes of the root canal and have 
superior mechanical strength.2,3,4

Many dentists prefer to use prefabricated post 
systems because they are less expensive, less time-
consuming, and, in some situations, less invasive 
than customized post and cores.5

It is argued that these posts have an elastic 
modulus (45.7 to 53.8 GPa) closer to the dentin, 
which provides a uniform stress distribution on 
the post/cement/dentin interfaces and on the dental 
remnant structure under masticatory intermittent 
loading, thus minimizing the risk of catastrophic 
root fracture.6,7

However, the prefabricated posts associated with 
direct cores when exposed to the clinical intermittent 
cyclic loading are subject to gaps or debonding 
of the post/core interface, increasing the failure 
potential of this system over the clinical service (for 
instance, loss of retention of the assembly). Such 
posts might not adequately adapt to the anatomy or 
specific conditions of root canals (oval shape, flared 
roots), resulting in a larger cement line which might 
cause an increase in the risk of loss of post retention 
so the thickness of the resin cement that shows the 
best stress distribution is up to 0.3mm.8-10

Also, removing a dental structure to enable 
the placement of rigid dental materials devoid of 
mechanical behaviors like those of the tooth, the 

remaining tooth is weakened. The preparation of 
a molar for a post in relatively narrow root canals 
also involves a risk of accidental root perforation 
and fracture.11

Metal-free restoration has become a standard 
alternative treatment option due to aesthetics and 
metal allergies. With the advancement in digital 
technologies of CAD/CAM systems and the 
availability of ceramic blocks, alternative esthetic 
restorations have been introduced. Currently CAD/
CAM systems allow machining of a wide range 
of dental materials, such as the glass-ceramics 
(feldspathic, leucite-reinforced feldspar, and lithium 
disilicate), laboratory resins, yttria stabilized 
zirconia and more recently the polymer infiltrated 
ceramic, known as hybrid ceramics. This allows the 
clinician to choose the best material according to 
the need of each clinical case.12

In addition, these systems allow the restoration 
to be designed by a particular software, which gives 
the dentist better control of the characteristics of the 
restorations, such as controlling the thickness, shape, 
marginal features, occlusion of the restoration, as 
well as thickness of the resin cement.13,14

Materials with mechanical properties like 
those of sound teeth improve the reliability of the 
restorative system 15. The new polymer infiltrated 
ceramic material combines the properties of ceramic 
and polymer. It consists of a hybrid structure 
with two interpenetrating networks of dominating 
ceramic and a reinforcing composite forming the 
so-called double network hybrid ceramic material. 
One of the main advantages of this material as a 
new dental restorative material is the reasonable 
brittleness index. The material also shows lower 
hardness compared with traditional veneering 
porcelains which may better protect the opposing 
teeth from excessive wear and should enable more 
rapid machining in CAD/CAM machines. Similar 
creep response as enamel and low hardness grants 
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the material lower contact stresses and good 
stress redistribution ability when used as a dental 
restoration. 16,17

Knowledge of the stress distribution pattern 
within endodontically treated teeth and within 
crown restorations is a key factor for understanding 
root fracture, which is well-known problem. It 
has been proposed that molars restored with some 
crown materials are less prone to fracture.

Little information about the biomechanical per-
formance when associating different materials for 
restoration of weakened endodontically treated 
teeth. The studies usually evaluate tooth perfor-
mance under excessive loading using destructive 
mechanical testing. However, a non-destructive 
method (FEA) has been widely used as an excellent 
tool for analysis of internal structural performance 
to predict long-term failures in specific regions 
and provide additional data to in vitro destructive 
testing. The FEA allows to numerically simulating 
the behavior of several materials, techniques and 
designs and the stress distribution under specific  
loading. 18,19

Combination of crown prosthetic CAD/CAM 
materials with preferable elastic modulus might 
affect the stress distribution on crown/root assembly, 
influencing the clinical performance overtime in 
endodontically treated teeth and preventing future 
complications like root fracture. Therefore, to 
evaluate the performance of different materials 
for restoration of endodontically treated teeth, the 
aim of this study was to assess stress distribution in 
endodontically treated teeth restored with different 
CAD/CAM restorative materials using the 3D FEA. 
The null hypotheses assumed that: 1- There is no 
significant difference in stress distribution among 
the different restorative materials, and 2- There is no 
significant difference in stress distribution between 
the different tooth parts and surrounding structures.

MATERIAL AND METHODS

Tooth preparation

This study by the aid of single human tooth for 
experimental purposes was approved by the Ethics 
Committee of Faculty of dentistry, Alexandria 
University /Egypt. The approval code of this study 
is (Ethics code number: 0602-1/2023). A situation 
of severely compromised molar tooth was simulated 
where no adequate coronal tooth structure, which 
has been restored with CAD/CAM restorative 
crown on fiber post and composite core system. 

Access cavity preparation of an extracted human 
single lower left first molar was prepared using 
high-speed diamond round burs and Endo-Z burs 
(Dentsply Maillefer, Ballaigues, Switzerland). 
Complete de-roofing of the pulp chamber using 
sharp endodontic explorer.

The working length was determined by placing 
a number 10 K-file into the canals. Root canals 
were instrumented with K-files numbers 10-20 
and enlarged by nickel-titanium rotary instruments 
(ProTaper, Dentsply Maillefer, USA) according to 
the manufacturer’s instructions. After each file, the 
canals were rinsed with 1% NaClO. Obturation with 
gutta percha (Dentsply Maillefer, USA) and sealer 
(AH-Plus, Dentsply Maillefer, USA) in lateral 
condensation technique. The specimens were kept 
in saline at 37°C for one week.

Post space was prepared in the distal root canal, 
the gutta-percha were removed from the root 
canals, leaving a 3-5 mm apical gutta-percha seal. 
The root canals were enlarged with burs included 
in the post system. A glass fiber post (RTD Post 
#1.2, St. Egreve, France) was tried in and cut to 
adequate length to keep 3 mm buried later in the 
composite core. The canal walls and the exposed 
portion of the coronal dentin were etched, and the 
bonding agent (Adper Single Bond Plus, 3M ESPE) 
was applied. The post was cemented using dual 
resin cement (RelyX ARC; 3M ESPE) according 
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to manufacturer’s instructions. Then a 3 mm-high 
core was built up with a resin core (MutiCore flow, 
Ivoclar Vivadent). Tooth prepared with reduction of 
1.5 mm at buccal and lingual surfaces and 2 mm at 
the occlusal surface, then a 1.5 mm-high ferrule at 
the CEJ.

Model generation

A Dental 3D Scanner [Medit i 600(Medit Co.)] 
was used to scan the surface details of the post alone 
and the prepared tooth with cemented post. The 
tooth was then inserted into a wax block for cone 
beam computed scanning (CBCT) [Vatech green 
X (capital dental equipment)] to identify the dental 
hard tissues and pulp boundaries and to recognize 
them with finite element analysis (FEA) software 
with a tube voltage of 60 Kv, voxel dimension of 
100 µm, and exposure time of 10.8 seconds.20

The obtained data were converted to Digital 
Imaging and Communications in Medicine 
(DICOM) format, exported and superimposed 
to an interactive medical image control and a 
reverse engineering program (Mimics Medical 
20.0; Materialize NV and Geomagic Studio 12.0; 
Geomagic Inc)  that translated the scanned data into 
full 3D CAD models.

The scans were processed using 3Shape Dental 
Designer CAD software (inLab 3D software).  A 
composite resin core was simulated in all models to 
restore the coronal region. For prosthetic restoration, 
it was simulated a full veneered crown, designing of 
a three models according to the crown restorative 
materials: model (1) IPS e.max CAD {Ivoclar/
Vivadent, Schaan/Liechtenstein (EM)}; model (2) 
Lava ultimate {3M ESPE, St Paul, MN, USA (LU)}; 
model (3) IPS e.max ZirCAD {Ivoclar/Vivadent, 
Schaan/Liechtenstein (ZC)}. The cementation lines 
were standardized with a 0.2 mm uniform film of 
resin cement (RelyX™ Ultimate). All parameters 
were standardly set including insertion axis, margin 
placement, occlusal and wall thickness, and cement 
gap Fig(1). 21,22,23  

Rapid phototyping STL data into a 3D solid 
model (STP format) was then reconstructed with 
computer-aided design software (CATIA V5R28; 
Dassault Systèmes).

3D model in STP file extension, containing 
surfaces of examined tooth were entered into finite 
element program by ANSYS 2021R2 (ANSYS INC, 
Canonsburg, Pennsylvania, United States). Points 
on the tooth outer surface perimeter were connected 
by curves which later were transformed into surfaces 
that enclosed the solid volume. On that basis, cross-
section areas allowed creating the three solid study 
models of the left lower molar. A STP format of 
posterior mandible block (10×14×16 mm cuboid) 
from a patient previously recorded scanned CBCT 
and generated (scale of 1:1) to represent the alveolar 
bone (trabecular bone covered with 2mm of cortical 
bone) 2 mm below the margin of the restorations. 
The tooth was connected to the model by a 0.2 mm 
thick periodontal ligament. 24,25   The coordinate axis 
system for all the models was arranged as follows: 
The Z axis was directed upwards with molar long 
axis, while the XY plane was indicated the molar 
mesial, buccal and lingual surfaces Fig(2). 

 Mesh generation

This process provides a precise representation of 
the actual model’s geometries. All the models were 
obtained from the same mesh design to prevent 

Fig. (1) showing the 3D modeling of endodontically treated  
lower left human molar with post and core and crown 
restoration.
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variabilities in stress levels among the models. In 
order to accurately achieve the actual representation, 
a different quadratic element (with each node 
containing 6 degrees of freedom) was used.

The finite element mesh was constructed using 
linear tetrahedral elements and the final models 
presented a specific number of nodes and elements 
(1,297,447 nodes and 891,996 elements).

Mesh refinement was based on an average 
Skewness factor varies between (0.21- 0.3). 26

Boundary condition and load application

Boundary condition is an important factor in 
FEA, reflecting the manner of movements occurring 
at the nodes and their relationships. The following 
were considered for all models: 27

(1) All model materials were isotropic, homogenous, 
and linearly elastic.

(2) FEA models were securely placed in the alveolar 
bone without any movement in any direction.

(3) The boundary conditions were applied on the 
nodes of the outer cortical bone surface to give 
them 0° of freedom in all the directions.

(4) No flaw was present in any of the components. 

To imitate the natural 3D occlusal load, an 
oblique, total force of 600 N in magnitude that 

simulates average occlusal load was directed 
toward the occlusal surfaces. The oblique force is 
a resultant of 3 major forces, mesial, buccal and 
vertical forces.28

Materials’ mechanical properties

Modulus of elasticity, Poisson’s ratio of various 
materials were determined from published values 
and entered to ANSYS software including: tooth 
tissues, PDL, composite luting cement, and 
composite core, gutta-percha, glass fiber post and 
bone Table (1). 

TABLE (1) Represents Modulus of elasticity, 
Poisson’s ratio of various materials in the 
FEA models

Material Elastic modulus (GPa) Poisson ratio

Enamel29 84.10  0.33  

Dentin30 18.60 0.32    

Periodontal ligament29 0.15  0.45  

Cortical bone31 13.70    0.30      

Trabecular bone31 1.37     0.30      

Resin cement29 7.5  0.30  

Composite resin32 7     0.3   

Gutta-percha33 0.14    0.45    

Fiber post32 37     0.26    

IPS e.max CAD34 102.7  0.22     

Lava ultimate34 12      0.45   

IPS e.max zirCAD 34 206.3 0.32    

Finite element analysis method

Computer-aided mechanical software ANSYS 
2021 (ANSYS Inc., Canonsburg, Pennsylvania, 
United States) was used in this study. To calculate 
the stress patterns for different models, a linear static 
FEA was done. To assess the materials’ strength 
under complex stress conditions, the maximum von 
Mises (mvM) stress, which constantly has a positive 
value, was used. Different values in various dental 
tissues, glass fiber post, gutta percha and composite 

Fig. (2) Aligment of the model tooth in produced STP file of 
a human mandible from CBCT liberary representing 
cancellous bone covered with the cortical bone.
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core, and in different crown restorative materials.28, 35

The results obtained by solution were viewed 
graphically using “graphical user interface” showing 
VMs results. The output for each material was 
obtained as the color-coded diagrams where similar 
colors show the same range of stresses generated and 
warmer colors represent higher stresses.36 After the 
results were calculated, midsection of all the models 
in mesio-distall direction were made to evaluate the 
stress patterns generated within the whole model. 
The components of the models were also separated 
to obtain the individual components Fig(3).

Figure (3) Evaluation of the stress patterns generated within the 
whole model by separatedion of each component.

RESULTS

This study concentrated on the maximum VM 
stress (mVM) stress values and total deformation 
(TD) values in different surfaces were visualized and 
tabulated using colour images to demonstrate stress 
distributions. The red zone indicates the highest 
stress levels, while the dark blue zone indicates the 
lowest stress levels Table (2, 3).

Model (1)

When EM was used, the highest mVM stress 
value was in the restorative crown 107.67 MPa, 
while the TD value of the EM crown was 0.048 
MPa concentrated around the outer inclined planes 
of the buccal and lingual cusps Fig(4), whereas the 
highest mVM stress value in the Periodontium 4.43 
MPa and the TD value was 0.011 MPa that located 
at the cervical region of the bifurcation area Fig(5).

For the alveolar bone the mVM values were 8.12 
MPa 258.39 MPa for cancellous bone and cortical 
bone respectively, whiles the TD  values were 0.011 
MPa 0.014 MPa for cancellous bone and cortical 
bone respectively Fig(6).

The mVM stress value in the fiber post was 52.56 

TABLE (2) Showing the VMs values (MPa) at different areas of crown/root assembly with different 
restorative crown materials.

Restorative 
crown

Periodontium
Cancellous 
bone 

Cortical boneFiber post
Remaining tooth 
structure

Inner canal 
walls

Composite 
core

IPS e.max CAD 107.67 4.43 8.12 258.39 52.56 212.81 22.74 29.49

Lava ultimate 38.84 4.43 8.08 260.31 67.16 145.21 22.72 35.98

ZirCAD 141.78 4.44 8.13 257.95 47.09 233.86 22.73 26.75

TABLE (3) Showing the TD (mm) at different areas of of crown/root assembly with different restorative 
crown materials

Restorative 
crown

Periodontium
Cancellous 
bone 

Cortical 
bone

Fiber post
Remaining tooth 
structure

Inner canal 
walls

Composite 
core

IPS e.max CAD 0.048 0.011 0.011 0.014 0.027 0.035 0.0084 0.034

Lava ultimate 0.062 0.011 0.011 0.014 0.029 0.037 0.0084 0.036

ZirCAD 0.047 0.011 0.011 0.014 0.027 0.034 0.0084 0.033
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MPa, while the TD value was 0.027 MPa that was 
concentrated at the interface of the fiber post with 
the composite core Fig(7).

In the remaining coronal tooth structure, the 
mVM stress value was 212.81 MPa, while TD value 
was 0.035 MPa that located at the upper most buccal 
area of the preparation Fig(8).

The mVM stress value at the inner dentinal 
canal walls was 22.74 MPa, while the TD value was 
0.0084 MPa Fig(9).

The mVM stress value at the composite core 
was 29.49 MPa, while the TD value was 0.034 MPa 
Fig(10). 

Fig. (4) a) Model 1 mVM stress values in the restorative crown, 
b) TD values of the EM crown.

Fig. (7) Model 1 mVM stress values at glass fiber post, b) TD 
values of the glass fiber post. 

Fig. (8) Model 1 mVM stress values at the remaining tooth 
structure, b) TD values in the remaing tooth structure.

Fig. (9) Model 1 mVM stress values at the inner dentinal canal 
walls, b) TD values at the inner dentinal canal walls.

Fig. (5) a) Model 1 mVM stress values at the Periodontium, 
b) TD values that located at the cervical region of the 
bifurcation area.

Fig. (6) Stress distribution pattern in alveolar bone in model 
1 a) mVM stress values of the cancellous bone, b) TD 
values in cancellous bone, c) mVM stress values of the 
cortical bone, d) TD values in cortical bone.
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Model (2)

When LU was used, the highest mVM stress 
value was in the restorative crown 38.84 MPa, 
while the TD value was 0.062 MPa concentrated on 
the lingual cusps Fig(11), whereas the mVM stress 
value in the Periodontium was 4.43 MPa and the TD 
was 0.011MPa that located at the cervical region of 
bifurcation area Fig(12).

For the alveolar bone the mVM values were 8.08 
MPa-260.31 MPa for cancellous bone and cortical 
bone respectively, while the TD values were 0.011 
MPa-0.014 MPa for cancellous bone and cortical 
bone respectively Fig(13).

The mVM stress values in the fiber post was 
67.16 MPa, while the TD was 0.029 MPa that was 
concentrated at the interface of the fiber post with 
the composite core Fig(14).

In the remaining coronal tooth structure, the 
mVM stress value was 145.21 MPa concentrated at 
the cervical region, while TD value was 0.037 MPa 
that located at the upper most buccal area of the 
preparation Fig(15).

The mVM stress value at the inner canal walls 
was 22.72 MPa, while the TD value was 0.0084 
MPa Fig(16).

The mVM stress value at the composite core 
was 35.98 MPa, while the total TD was 0.036 MPa 
Fig(17).

Fig. (10) a)Model 1 mVM stress values at the composite core, 
b) TD value at the composite core.

Fig. (11) a) Model 2 mVM stress values in the restorative 
crown, b) TD values of LU crown.

Fig. (13) Stress distribution pattern in alveolar bone in model 
2 a) mVM stress values of the cancellous bone, b) TD 
values in cancellous bone, c) mVM stress values of the 
cortical bone, d) TD values in cortical bone.

Fig. (12) a) Model 2 mVM stress values at the Periodontium, 
b) TD values that located at the cervical region of the 
periodontal bifurcation area. 

Fig. (14)  a) Model 2 mVM stress values at glass fiber post, b) 
TD values of the glass fiber post.
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Model (3)

When ZC was used, the highest mvM stress 
value in restorative crown was 141.78 MPa, while 
the TD value was 0.047 MPa concentrated on buccal 
and lingual cusps Fig(18), whereas the mVM stress 
value in the Periodontium was 4.44  MPa and the 
TD value was 0.011 MPa that located at the cervical 
region of bifurcation area Fig(19).

For the alveolar bone the mVM values were 8.13 
MPa-257.95 MPa for cancellous bone and cortical 
bone respectively, while the TD values was 0.011 
MPa-0.014 MPa for cancellous bone and cortical 
bone respectively Fig(20).

The mVM stress values in the fiber post was 
47.09 MPa, while the TD value was 0.027 MPa that 
was concentrated at the interface of the fiber post 
with the composite core Fig(21).

In the remaining coronal tooth structure, the 
mVM stress value was 233.86 MPa concentrated 
at the finish line area of the preparation, while TD 
value was 0.034 MPa that located at the upper most 
buccal area of the preparation Fig(22).

The mVM stress value at the inner canal walls 
was 22.73 MPa, while the TD value was 0.0084 
MPa Fig(23).

The mVM stress values at the composite core were 
26.75 MPa, while the TD was 0.033 MPa Fig(24).

Fig. (15) a) Model 2 mVM stress values at the remaining tooth 
structure, b) TD values in the remaing tooth structure.

Fig. (16) a) Model 2 mVM stress values at the inner dentinal ca-
nal walls, b) TD values at the inner dentinal canal walls.

Fig. (17) a) Model 2 mVM stress values at the composite core, 
b) TD values at the composite core.

Fig. (18) a) Model 3 mVM stress values in the restorative 
crown, b) TD values of the ZC crown.

Fig. (19) a) Model 3 mVM stress values at the Periodontium, 
b) TD values that located at the bifurcation area of the 
periodontium.

Fig. (20) Stress distribution pattern in alveolar bone in model 
3 a) mVM stress values of the cancellous bone, b) TD 
values in cancellous bone, c) mVM stress values of the 
cortical bone, d) TD values in cortical bone.
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DISCUSSION

This in- vitro 3D computerized study simulated 
the compromised biomechanical condition of 
endodontically treated mandibular molars. The 
classical treatment option was a post and core 
covered by a classical crown constructed from three 
different restorative materials.

For endodontically treated teeth with partial 
or complete loss of coronal structure, intracanal 
retention by post and cores are needed in order to 
provide retention for prosthetic crowns. Several 
materials have been offered for intracanal and 
coronal restoration that must provide adhesion to 
dentin and core and properly distribute masticatory 
forces along root long axis.37

Previous studies have demonstrated that glass 
fiber posts associated with composite resin cores are 
an excellent approach compared to metallic post-
and-core and prefabricated metallic posts as a result 
of excellent clinical performance. They are more 
esthetic, practical, efficient and less invasive.38,39 
They are presented with good mechanical properties, 
such as elasticity modulus, similar to dentin which 
reduces the risk to catastrophic vertical root 
fracture.40

Intra-orally, post and core retained restorations 
are subjected to masticatory forces. Thus the stress 
distribution within the structure is multi‑axial, non-
uniform, and depends on the magnitude and direc-
tion of the applied external loads. Thus according to 
the study by Lanza et al, the ideal materials of post-
core systems should be sufficiently elastic to accom-
pany the natural flexural movements of the tooth.41

Nondestructive finite element analysis method 
has been widely used as an excellent tool for analysis 
of internal structural performance in order to predict 
long-term failures in every specific region of the 
crown, tooth, fiber post and surrounding tissues. The 
FEA allows numerically simulating the behavior 
of several materials, techniques and designs about 
displacement and stressing distribution under 
specific loading.42,43

Fig. (21) a) Model 3 mVM stress values at glass fiber post, b) 
TD values of the glass fiber post.

Fig. (22) Model 3 mVM stress values at the remaining tooth 
structure, b) TD values in the remaing tooth structure.

Fig. (23) a) Model 3 mVM stress values at the inner dentinal canal 
walls, b) TD values at the inner dentinal canal walls.

Fig. (24) a)Model 3 mVM stress values at the composite core, 
b) TD value at the composite core.
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In the present study CBCT was used in order 
to construct a 3D model thus it is undeniable 
that the 2D model has its limitations. It can only 
reflect a simplified plane that has not reflected the 
3D structure of teeth, which is not complete in 
mechanics.

The focus of this study was stress distribution 
and deformation in different parts of the crown/root 
assembly, so it needs a clear and definite conclusion 
of the vertical and oblique components of forces 
analysis on the molar with two roots. Posterior teeth 
are subjected to various directions and quantities 
of both functional and para-functional loads. The 
highest masticatory load in the posterior region for 
normal adults is 580 N according to Tortopidis et 
al.44 In another study Bakke et al reported that the 
average magnitude of highest masticatory load 
varies among females (441 N) and males (522 N).45

In the present study, the applied axial load was 
600 N (maximum masticatory force) in a vertical 
and oblique components as much as simulating 
maximum complex masticatory load.28, 46

Compared with the incisor and canine, the force 
on the molar is relatively vertical, and many molar 
related studies use vertical force. If there is lateral 
non axial force, it should also be in bucco-lingual 
direction.47, 48

In order to assess the influence of restorative 
crown material on endodontically treated teeth, the 
magnitudes of stresses (mVM) under functional 
loading conditions were examined among the core, 
post and dentin, periodontium and surrounding 
alveolar bone with the use of different crown 
restorative materials at the analyzed models.

The effect of the periodontal ligament and 
alveolar tissues, which affected by the transmitted 
occlusal force, was considered in this study so 
decrease the limitations of the laboratory conditions.

Under the analytical processing of this study, 
the results were largely dependent on the Young’s 
modulus and Poisson ratio of the materials and 

so these data should be considered for each study 
material. 

Although several materials can be indicated 
for prosthetic restoration of endodontically 
treated teeth, there is little information about the 
biomechanical performance of different prosthetic 
crown restoration for resistance to fracture and 
compression, success and survival. The present 
study analyzed the null hypothesis that no significant 
difference would be found in stress distribution in 
different parts of the simulated lower endotreated 
molar or there is no significant difference in stress 
distribution in the three models that restored with 
three different crown restorative materials.

Regarding the stress distribution results in 
model (1) where EM was used and model (3) 
where ZC was used; the greater mVM stress values 
were concentrated at the remaining coronal tooth 
structure, followed the restorative crown, then the 
fiber post, composite core and inner canal walls and 
the least VMs values were at root dentin. 

Regarding the stress distribution profile in model 
(2) where LU was used; the greater mVM stress 
values were concentrated at the remaining coronal 
tooth structure, followed by the fiber post, then 
restorative crown, composite core and inner canal 
walls and root dentin.  

So the first part of null hypothesis was rejected 
since there was difference in stress distribution and 
values between the different components of the 
same simulated model.

In the present study, the mVM stresses values were 
induced at the outer labial region of the root cervical 
area in all three models. Studies have suggested that 
high stresses generated on the facial aspect of the 
coronal third of the root indicated that there was 
an increased chance of failure of the post and core 
interface therefore every effort should be made to 
reduce the stress in the coronal third of the root.49,50

In comparing the stress distribution for the digi-
tized three model, the results were: in model (2) with 
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the LU, showed lower stress distribution profile and 
superior mechanical response along the restorative 
crown (38.83 GPa) and the remaining coronal tooth 
structure (145.21 GPa) and in the composite core 
(35.98GPa) and along the fiber post (67.164GPa) 
than its corresponding locations when using higher 
elastic modulus ZC and EM crown restorative ma-
terial. In EM and ZC models, the stress distribution 
profiles were generally high this may be attributed 
to the similar elasticity modulus of LU material and 
the surrounding structures, reasonable brittleness 
index and low hardness that grants LU the lower 
contact stresses and good stress redistribution abil-
ity when used as a dental restoration.15,16,17 

Santos-Filho et al stated that there should be a 
similarity between the mechanical properties of 
the restorative material and dental tissues to allow 
better stress distribution.40

As previously stated, LU which is a resin Nano 
Ceramic is the direct result of ideal nanotechnology 
that is coupled with resin technology to achieve a 
combination of strength and esthetic beyond what 
current e.max ceramics or zirconia blocks can 
offer.51

The  influence of  adhesion  at  the  interface  
between different  materials  on  the  distribution  
of stresses should be considered,  thus bonding 
between the resin cement and LU  restorations  is  
much  better  than that to ZC.52This is related to  the 
similarity  in  the  mechanical properties  of both  
the  resin  cement  and the LU which might have 
resulted in better  stress  distribution  along  the 
interfaces. Thus, further study is needed to compare 
the influence of resin cement chemical nature and 
bonding mechanism and the stress distribution.

In the present study for the ZC, it was found 
direct relation between the highest elasticity 
modulus, transferring the load with higher intensity 
to the surrounding structures. Therefore, a part of 
the second null hypothesis was rejected. This result 
was in agreement with Moris et al who stated that 
highest elasticity modulus material, absorbing the 

greatest amount of stress in the whole system. In 
clinical scenario, it can be predicted that the highest 
VMs values in those structures would increase the 
risk to mechanical failure.21

As concluded by Veríssimo et al; when body 
or structure is subjected to load, the stresses will 
concentrate on the structure with a higher elastic 
modulus, transferring the load with more intensity 
to the adjacent structures.53

Almost there was similarity in the values of 
stress distribution profile for the supporting alveolar 
bone and the remaining inner walls of root dentin 
and in the periodontium in the models despite great 
variations in crown material properties, these results 
showed that the lower elastic modulus of the fiber 
post and composite core material favored in the 
stress distribution profile at the interface region of 
dentin to cemented post. These results were similar 
to Sun Lee et al that emphasized the importance of 
the stress distribution at the interface of dentin and 
the post.46,54 So the second part of the null hypothesis 
was partially accepted.

Concerning the deformation that could occur 
in the 3 models; the study demonstrated that when 
Young’s modulus approaching that of dentin a 
more desirable decrease in stresses transmitted to 
the remaining tooth structure and the  root, thus 
reducing the risk of root fracture. The ideal root 
canal post must be sufficiently elastic to accompany 
the natural flexural movements of the structure of 
the tooth 55, also the restorative crown material with 
low elasticity modulus as LU offer less maximum 
deformation on the crown restorative material, 
remaining tooth structure and on the post and 
assumed as a monoblock system that provided 
uniform stress distribution than the material with 
high elasticity modulus as ZC.

The results was in agreement with Gomes et 
al who illustrated that the maximum deformation 
pattern on the root surface of the tooth, periodontal 
ligament and alveolar bone were nearly the same 
when restoring with different protocols .56 
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This result is similar to the previous study of 
Sorrentino et al, which conducted an FEA with a 
tooth model composed of a post, core, and crown, 
and it revealed that the crown component protects 
the whole system in the entire post-core restored 
tooth model so stresses is normally  distributed.57

In the present study, only the restorative crown in 
model 2 where LU crown restorative material was 
used the MD (0.062mm/s)  was much more than for 
the EM ( 0.049mm/s) and the ZC (0.047mm/s). So 
the lower elasticity modulus of the material render it 
to become more susceptible to deformation although 
better distribution of stresses in the crown/root and 
alveolar tissues assembly. That may suggest that 
the LU restoration may tend to develop retrievable 
failure and protect the tooth tissue and a favorable 
prognosis. 58

The results were in agreement with  Meng et al; 
28 they stated that; the elastic modulus of the LU 
restoration was significantly lower than the EM 
restorations, and the low elastic modulus of the 
materials absorb more stresses and reduce the stress 
distribution of tooth tissue, which is consistent with 
the Yamanel et al.59

As postulated by Magne, et al a lower flexural 
modulus correlates to increased deformation under 
load, suggesting that Lava Ultimate restorative is 
more likely to absorb the stress than glass-ceramics. 
In addition, the combination of high strength with 
low modulus translates to greater resilience.60

The modulus of resilience of Lava Ultimate 
restorative is statistically significantly higher  
IPS e.ma CAD. This means that Lava Ultimate 
restorative can absorb significantly more stress 
than these materials without suffering permanent 
deformation or failure.61

All information in the present study was 
illustrating the influence of crown restorative 
material on the mechanical behavior of 
endodontically treated tooth with post and core 
using FEA. However, in reality there will be other 
factors that consider limitation of this present study, 

it is impossible for a computer simulation to include 
the factors in oral environment. Since all structures 
were assumed as isotropic, homogeneous, linearly 
elastic, while the properties of tooth structures are 
not isotropic and homogeneous due to capillary 
morphology of dentin and prismatic structure of 
enamel so, liability for micro-crack at the interface, 
damage  for the hard tissues and the restorative 
materials may occur. Computer simulation cannot 
reproduce the dehydration and loss of collagen after 
endodontic treatment; which affects the resistance 
to tooth fracture. Therefore, further laboratory and 
clinical studies, including aging effects, are required 
to verify and supplement the present study.62

CONCLUSION

1.	 Post/core material with similar biomechanical 
properties to dentin could be advantageous in 
reducing the risk of root fractures. 

2.	 The stress concentration at endodontically 
treated molars restored with post and core could 
be lowered by the use of crown restorative 
material has low elastic modulus as the resin 
nano ceramic material.

3.	 The highest values of VMs were recorded at the 
remaining tooth structure, and at the restorative 
crown materials with different types of crown 
restorative material.

4.	 Although high values of VMs were more 
detected at the ZC crown restorative material 
that not predicts its failure.

REFERENCES

1.	 D. Okada, H. Miura, C. Suzuki et al., “Stress distribution 
in roots restored with different types of post systems with 
composite resin,” Dental Materials Journal, vol. 27, no. 4, 
pp. 605–611, 2008.

2.	 R. C. Fraga, B. T. Chaves, G. S. B. Mello, and J. F. Siqueira 
Jr., “Fracture resistance of endodontically treated roots 
afer restoration,” Journal of Oral Rehabilitation, vol. 25, 
no. 11, pp. 809–813, 1998.



(1542) Rewaa Abo Elhassan, et al.E.D.J. Vol. 69, No. 2

3.	 B. Akkayan and T. Gulmez, “Resistance to fracture of 
endodontically treated teeth restored with different post 
systems,” Journal of Prosthetic Dentistry, vol. 87, no. 4, 
pp. 431–437, 2002.

4.	 A. Mart´ınez-Insua, L. da Silva, B. Rilo, and U. Santana, 
“Comparison of the fracture resistances of pulpless teeth 
restored with a cast post and core or carbon-fber post with 
a composite core,” Te Journal of Prosthetic Dentistry, vol. 
80, no. 5, pp. 527–532, 1998.

5.	 Newman MP, Yaman P, Dennison J, Rafer M, Billy E. 
Fracture resistance of endodontically treated teeth restored 
with composite posts. J Prosthetic Dent 2003;89;360-7

6.	 Ambica K, Mahendran K, Talwar S, Verma M, Padmini G, 
Periasamy R. Comparative evaluation of fracture resistance 
under static and fatigue loading of endodontically treated 
teeth restored with carbon fiber posts, glass fiber posts, and 
an experimental dentin post system: an in vitro study. J 
Endod. 2013;39:96-0.

7.	 Silva GR, Santos-Filho PC, Simamoto-Júnior PC, Martins 
LR, Mota AS, Soares CJ. Effect of post type and restorative 
techniques on the strain and fracture resistance of flared 
incisor roots. Braz Dent J. 2011;22:230-7.

8.	 Fernandes AS, Shetty S, Coutinho I. Factors determining 
post selection: a literature review. J Prosthet Dent. 
2003;90:556-62.

9.	 Dal Piva AMO, Tribst JPM, Souza ROAE, Borges ALS. 
Influence of alveolar bone loss and cement layer thickness 
on the biomechanical behavior of endodontically treated 
maxillary incisors: A 3-dimensional Finite Element 
Analysis. J Endod. 2017;43:791-5.

10.	 Souza RO, Alves ML, De Sousa RS, Dal Piva AM, 
Gondim LD, Ribeiro IL, et al. Resin bonding to root 
dentin: influence of the alveolar bone level and thickness 
of the cement layer. Minerva Stomatol. 2014;63:239-48.

11.	 Ferrari M, Vichi A, Grandini S. Efficacy of different 
adhesive techniques on bonding to root canal walls: an 
SEM investigation. Dent Mater. 2001;17(5): 422–9.

12.	 Investigation of stress distribution within an endodontically 
treated tooth restored with different restorations. journal of 
dental science Volume 17, Issue 3, July 2022, Pages 1115-
1124

13.	 Beuer F, Schweiger J, Edelhoff D. Digital dentistry: an 
overview of recent developments for CAD/CAM generated 
restorations. Br Dent J. 2008;204:505-11.

14.	 Lawson NC, Bansal R, Burgess JO. Wear, strength, 
modulus and hardness of CAD/CAM restorative materials. 
Dent Mater. 2016;32:e275-83.

15.	 Dirxen C, Blunck U, Preissner S. Clinical performance of 
a new biomimetic double network material. Open Dent J 
2013;7:118–22.

16.	 He LH, Swain M. A novel polymer infiltrated ceramic 
dental material. Dent Mater 2011;27:527–34.

17.	 Soares PV, Santos-Filho PC, Martins LR, Soares CJ. 
Influence of restorative technique on the biomechanical 
behavior of endodontically treated maxillary premolars. 
Part I: fracture resistance and fracture mode. J Prosthet 
Dent 2008;99:30–7.

18.	 Silva NR, Castro CG, Santos-Filho PC, Silva GR, Campos 
RE, Soares PV, et al. Influence of different post design 
and composition on stress distribution in maxillary 
central incisor: Finite element analysis. Indian J Dent Res 
2009;20:153-158

19.	 Ausiello P, Franciosa P, Martorelli M, Watts DC. 
Mechanical behavior of post-restored upper canine teeth: a 
3D FE analysis. Dent Mater 2011;27:1285-1294.

20.	 Taskin Gurbuz. Finite element stress analysis of short 
post-core and over restorations prepared with different 
restorative materials. Dent materials journal 2008.

21.	 Izabela C. M. Moris, Carolina Alves Moscardini, Luana 
Kelle Batista Moura, Yara Teresinha Corrêa Silva-Sousa, 
Erica Alves Gomes. Evaluation of Stress Distribution in 
Endodontically Weakened Teeth Restored with Different 
Crown Materials: 3D-FEA Analysis. Brazilian Dental 
Journal (2017) 28(6): 715-719.

22.	 El-Damanhoury HM, Haj-Ali RN, Platt JA. Fracture 
resistance and microleakage of endocrowns utilizing three 
CAD-CAM blocks. Oper Dent 2015;40(2):201– 10.

23.	 Fonseca GF, Andrade GS, Dal Piva AM, Tribst JP, Borges 
AL. Computer-aided design fnite element modeling of 
different approaches to rehabilitate endodontically treated 
teeth. J Indian Prosthodont Soc 2018;18:329-35.

24.	 Junxin Zhu,Qiguo Rong,  Xiaoyan Wang and Xuejun Gao. 
Influence of remaining tooth structure and restorative 
material type on stress distribution in endodontically 
treated maxillary premolars: A finite element analysis. J 
Prosthet Dent 2017;117:646-655

25.	 A.N. Natali, P.G. Pavan, C. Scarpa. Numerical analysis 
of tooth mobility: formulation of a non-linear constitutive 
law for the PDL. Dent. Mater., 20 (2004), pp. 623-629.



STRESS ANALYSIS AND FAILURE RISK OF ENDODONTICALLY TREATED (1543)

26.	 https://mechanicalland.com/skewness-of-mesh-structures-
in-ansys-meshing/

27.	 Darendeliler SY, Alacam T, Yaman Y: Analysis of stress 
distribution in a maxillary central incisor subjected to 
various post and core applications. J Endod 1998;24:107-
111.

28.	 Qingzhen Meng, Yuejiao Zhang, Danlu Chi, Qimei 
Gong, Zhongchun Tong. Resistance fracture of minimally 
prepared endocrowns made by three types of restorative 
materials: a 3D finite element analysis Journal of Materials 
Science: Materials in Medicine (2021) 32:137.

29.	 Dal Piva AMO, Tribst JPM, Borges ALS, Souza ROAE, 
Bottino MA. CAD-FEA modeling and analysis of 
different full crown monolithic restorations. Dent Mater. 
2018;34(9):1342-50.

30.	 Craig R, Peyton F. Elastic and mechanical properties of 
human dentin. J Dent Res. 1958;37(4):710-8.

31.	 Borchers L, Reichart P. Three-dimensional stress 
distribution around a dental implant at different stages of 
interface development. J Dent Res. 1983;62(2):155-9

32.	 Pegoretti A, Fambri L, Zappini G, Bianchetti M. Finite 
element analysis of a glass fibre reinforced composite 
endodontic post. Biomaterials. 2002;23(13):2667-82.

33.	 Friedman CM, Sandrik JL, Heuer MA, Rapp GW. 
Composition and mechanical properties of gutta-percha 
endodontic points. J Dent Res. 1975;54(5):921-5.

34.	 Aleksandra Piszko, Pawel Piszko, Maria Szymonowicz, 
Zbigniew Rybak, Maciej Dobrzynski. Review on polymer, 
ceramic and composite materials for CAD/CAM Indirect 
Restorations in Dentistry. Materials 14(7) march 2021.

35.	 Asmussen E, Peutzfeldt A, Sahafi A: Finite element 
analysis of stresses in endodontically treated, dowel-
restored teeth. J Prosthet Dent 2005; 94:321-329.

36.	 Upadhyaya V, Bhargava A, Parkash H, Chittaranjan B, 
Kumar V. A finite element study of teeth restored with post 
and core: Effect of design, material, and ferrule. Dent Res 
J 2016;13:233‑8.

37.	 Figueiredo FE, Martins-Filho PR, Faria-E-Silva AL. Do 
metal postretained restorations result in more root fractures 
than fiber postretained restorations? A systematic review 
and meta-analysis. J Endod 2015;41:309-316.

38.	 Chuang SF, Yaman P, Herrero A, Dennison JB, Chang CH. 
Influence of post material and length on endodontically 

treated incisors: an in vitro and finite element study. J 
Prosthet Dent 2010;104:379-388.

39.	 da Costa RG, de Morais EC, Leão MP, Bindo MJ, Campos 
EA, Correr GM. Three-year follow up of customized glass 
fiber esthetic posts. Eur J Dent 2011;5:107-112.

40.	 Santos-Filho PC, Veríssimo C, Raposo LH, Noritomi PY, 
Marcondes Martins LR. Influence of ferrule, post system, 
and length on stress distribution of weakened root-filled 
teeth. J Endod 2014;40:1874- 1878.

41.	 A. Lanza, R. Aversa, S. Rengo, D. Apicella, and A. 
Apicella, “3D FEA of cemented steel, glass and carbon 
posts in a maxillary incisor,” Dental Materials, vol. 21, no. 
8, pp. 709–715, 2005.

42.	 Mahmoudi M, Amini P, Amini R, Moshrefi PP, Saeed B, 
Darabi R. Effect of Posts Material on Stress Distribution at 
the Endodontic Treated Canine Tooth: A 3D Finite Element 
Analysis. Journal of Dental Materials & Techniques. 2021 
Oct 1;10(4).

43.	 Popescu AD, Popa DL, Nicola AG, Dascălu IT, Petcu C, 
Tircă T, Tuculina MJ, Mocanu H, Staicu AN, Gheorghiță 
LM. Post Placement and Restoration of Endodontically 
Treated Canines: A Finite Element Analysis Study. 
International Journal of Environmental Research and 
Public Health. 2022 Jul 22;19(15):8928.

44.	 Tortopidis D, Lyons MF, Baxendale RH, et al: The 
variability of bite force measurement between sessions, in 
different positions within the dental arch. J Oral Rehabil 
1998;25:681-686.

45.	 Bakke M, Michler L, Moller E: Occlusal control 
of mandibular elevator muscles. Scan J Dent Res 
1992;100:284-291.

46.	 Jie Lin1,2, Zhenxiang Lin3 and Zhiqiang Zheng1. Effect 
of different restorative crown design and materials on 
stress distribution in endodontically treated molars: a finite 
element analysis study.BMC Oral Health (2020) 20:226.

47.	 Dal Piva AMO, Tribst JPM, Borges ALS, Souza ROAE, 
Bottino MA. CAD-FEA modeling and analysis of 
different full crown monolithic restorations. Dent Mater. 
2018;34(9):1342–50.

48.	 Shi L, Fok AS. Structural optimization of the fibre-
reinforced composite substructure in a three-unit dental 
bridge. Dent Mater. 2009;25(6):791–801.

49.	 Durmus G, Oyar P. Effects of post core materials on 
stress distribution in the restoration of mandibular second 



(1544) Rewaa Abo Elhassan, et al.E.D.J. Vol. 69, No. 2

premolars: a fnite element analysis. J Prosthet Dent. 
2014;112:547–554.

50.	 50- Uddanwadiker RV, Padole PM, Arya H. Effect of 
variation of root post in different layers of tooth: linear vs 
nonlinear fnite element stress analysis. J Biosci Bioeng. 
2007;104:363–370.

51.	 “US Nanotechnology Initiative.” http://www.nano.gov/.
www.3MESPE.com/Lava, Technical Bulletin.

52.	 Fracture Resistance of CAD/CAM Endocrowns: Resin 
Nano Ceramic vs Translucent Zirconia Manar Abu-
Nawaregab , Khaled Elbanna c , Hanan Abouelseoudab, 
Ahmed Zidancd, Shereen El Sayedbc. International 
Journal of Health Sciences and Research Vol.12; Issue: 4; 
April 2022.

53.	 Veríssimo C, Simamoto Júnior PC, Soares CJ, Noritomi 
PY, Santos-Filho PC. Effect of the crown, post, and 
remaining coronal dentin on the biomechanical behavior 
of endodontically treated maxillary central incisors. J 
Prosthet Dent 2014;111:234-246.

54.	 Ki-Sun Lee, Joo-Hee Shin, Jong-Eun Kim, Jee-Hwan 
Kim, Won-Chang Lee, Sang-Wan Shin,1 and Jeong-Yol 
Lee. Biomechanical Evaluation of a Tooth Restored with 
High Performance Polymer PEKK Post-Core System: A 
3D Finite Element Analysis.

55.	 Gu XH, Kern M. Fracture resistance of crowned incisors 
with different post systems and luting agents. J Oral 
Rehabil 33:918-923, 2006.

56.	 Gomes ÉA, Gueleri DB, da Silva SR, Ribeiro RF, Silva-
Sousa YT. Threedimensional finite element analysis of 

endodontically treated teeth with weakened radicular 
walls restored with different protocols. J Prosthet Dent 
2015;114:383-389.

57.	 R. Sorrentino, R. Aversa, V. Ferro et al., “Tree-dimensional 
fnite element analysis of strain and stress distributions in 
endodontically treated maxillary central incisors restored 
with different post, core and crown materials,” Dental 
Materials, vol. 23, no. 8, pp. 983–993, 2007.

58.	 Belli R, Wendler M, de Ligny D, Cicconi MR, Petschelt 
A, Peterlik H, et al. Chairside CAD/CAM materials. Part 
1: measurement of elastic constants and microstructural 
characterization. Dent Mater. 2017;33:84–98.

59.	 Yamanel K, Caglar A, Gulsahi K, Ozden UA. Effects 
of different ceramic and composite materials on stress 
distribution in inlay and onlay cavities: 3-D finite element 
analysis. Dent Mater J.2009;28:661–70.

60.	 Magne P, Paranhos MP, Burnett LH Jr, Magne M, Belser 
UC. “Fatigue resistance and failure mode of novel-design 
anterior single-tooth implant restorations: influence of 
material selection for type III veneers bonded to zirconia 
abutments.” Clin Oral Impl Res. 2011 Feb; 22 (2): 195-
200. 157 (University of Southern California).

61.	 Lava ULtimate Technical Product ProfileLava ultimate 
Restorative for CEREC. Available at http://www.3M/
en_US/company-us/all-3m-products/Lava-Ultimate-
Restorative-for -CEREC-?N=5002385.

62.	 Yıkılgan I, Bala O. How can stress be controlled in 
endodontically treated teeth? A 3D finite element analysis. 
ScientificWorldJourna 2013;15;2013:426134.


