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Aim: The aim of this study was to investigate the stress distribution in models of maxillary central incisors restored with different post and core
systems. Materials and Methods: A finite-element model of a maxillary central incisor was simulated in four different configurations — model
1: an intact tooth, Model 2: received gold cast metallic post and core, Model 3: received a fiberglass post and core, and Model 4: had a fiberglass
post and the composite resin core. The restored tooth models were assumed to receive a ceramic crown simulating a clinical situation. After
the preparation, the geometric models were exported in mesh to the analysis software (ANSYS 10.0, ANSYS Inc., Houston, USA). A 100 N
static force at a 130° angle with respect to the longitudinal axis of the tooth was applied to the palatine surface of the model along equally
distributed on the element nodes. The values and stress distribution were analyzed. Results: The stress distribution in the radicular structure
of the models restored with three different post and core systems was like each other, but the gold cast metallic post and core system slightly
improved the pattern of the stress distribution. Conclusions: The placement of post changes the stress distribution behavior, and the material

with the highest elastic modulus showed the best performance in the stress distribution.
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INTRODUCTION

The posts and cores are the materials of choice to restore
endodontically treated teeth with partial or total loss of
coronary structure.l'l Despite this, the professional can be
in doubt among which the best material to be used since
that the posts can be made by different systems, among
them, cast metallic post systems obtained by molding the
patient’s radicular canal, or even, prefabricated metallic
or nonmetallic post systems.?! Prefabricated posts require
coronary reconstruction after cementation inside the radicular
canal, to rebuild the core. This coronary portion will offer
resistance to restorative material and can be build out of direct
restorative materials.?®! Alternatively, there are prefabricated
cores with different anatomical designs, corresponding to the
tooth to be restored and that can be installed over the posts.™!
Although there are a lot of materials used in the reconstruction
of endodontically treated teeth, mechanical and biological
failures can occur. The failures range from the debonding
of the post, which allows a new attempt to restore the tooth,
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until the fractures of the teeth, which makes any attempt to
recover this tooth impossible. The analysis of the behavior of
these restorative materials is carried out with several in vitro
and in silico methodologies, to elucidate the clinical behavior
of these materials. The intention is to obtain a mechanically
homogeneous structure, minimizing the stress distribution at
the tooth/post interface.!

According to previous research, better performance is expected
when the posts and cores present a modulus of elasticity close
to that of the dentin, which are found in the fiberglass posts.
The metallic posts, because they have a different modulus of
elasticity, tend to make the stress distribution within the root
more adverse.[%”
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Using the finite-element analysis, the difference in stress
distribution between an intact tooth model and restored
teeth models with post and core systems was found. This
was related to the use of restored materials with a different
modulus of elasticity also found that the posts could change
the pattern of stress distribution in dental structure.® In this
numerical study, the restored model with carbon fiber post had
the best biomechanical behavior. The tooth models restored
with reinforced glass fiberglass post had higher stress in the
coronal third of the radicular dentin from the buccal aspect.
These posts showed in their structure a more homogeneous
stress distribution with lower values.?!

As described previously, the system for cementing the cores
on the posts is available for clinical applications. However,
few information is available in the literature on the behavior
of these materials whether in laboratory or clinical trials. In
this sense, research that evaluates the behavior of different
restorative materials is fundamental for a better understanding
of'its clinical performance and even for the purpose of assisting
in the elaboration of new materials.['*1?]

Thus, the aim of the study is to investigate the stress distribution
in a three-dimensional (3D) mathematical model of maxillary
central incisors restored with different post and core systems,
through the finite-element analysis.

MareriaLs AND METHODS

The 3D models were performed using the Rhinoceros
software (version 4.0 SR8, McNeel North America, Seattle,
WA, EUA), to carry out a stress distribution analysis. Model
1: a maxillary central incisor healthy tooth was modeled, and
the dental tissues were individually shaped containing enamel,
dentin, and pulp. A 0.3 mm layer between the root and the
socket bone simulated the periodontal ligament [Figure 1].
This 3D model was then modified to simulate three models
with endodontic treatment containing a tapered root canal
preparation. The gutta-percha was removed maintaining 4 mm
in the apex region. The enamel was substituted by a ceramic
crown, and the coronal dentin was replaced by the core. Each
model received a different restoration modality. Model 2
received a gold cast metallic post and core. Model 3 received
a fiberglass post and core and Model 4 had a fiberglass post
and the composite resin core.

The dimensions of the post and core systems were kept constant
in the three restored models (2, 3, and 4). The posts were
modeled according to the product specifications (Reforpost®
n°® 3, Angelus, PR-Brazil). The fabricated post is slightly
conic with retentive design in its surface. The retentions were
neglected in geometric modeling because the objective was
to analyze the mechanical behavior of the material used and
not its geometric design.

The models were then imported into computer-aided
engineering software (ANSYS 10.0, ANSYS Inc., Houston,
TX, USA). The material properties such as elastic modulus

and Poisson’s ratio were applied based on the respective
restored materials of each model [Table 1]. It was still
assumed that all models of the study had the same final mesh
combination, and the results with tetrahedral element SOLID
45 showed a better behavior. Tetrahedral element edge was
chosen as approximately 0.8 mm, which is close to 1/10%" of
the largest dimension found in the mesiodistal measure in
the tooth model.

A static structural analysis was used with the principal stress
(in GPa) criteria which showed stress regions to evaluate the
stress distribution in the posts, cores and roots. All interfaces
were considered perfectly bonded and the materials considered
linearly elastic, homogeneous, and isotropic. Loading was
considered as static and applied to the palatal surface of the
tooth model. A load of 100 N (130°) was applied on four
element nodes along the occlusal line, 3.2 mm away from the
incisal edge. Principal stress values were evaluated through
colorimetric graphs.

ResuLts

The principal stress distribution in the roots and the principal
stress distribution in the post and core systems of the models are
shown in Figures 1 and 2, respectively. To better demonstrate
the difference between the groups, the colorimetric graphs
showed the same range of stress (GPa). Comparing the stresses
of the four models, a difference in the stress distribution in the
roots was observed. The study showed that the placement of a
gold cast metallic post and core system improves the pattern of
the stress distribution in the dental structure, and the fiberglass

Table 1: Mechanical properties of the materials used in
the analysis

Material Elastic Poisson References
modulus (GPa) coefficient

Enamel 84.1 0.33 Sun et al. (2018)
Thiagarajan et al.
(2017)

Dentin 18.6 0.31 Kantardzi¢
et al. (2018)

Gold Cast 77.0 0.33 Verri et al. (2017)

Glass fiber post 40.0 0.22 Helal M; Wang
Z.(2017)

Glass fiber core 40.0 0.22 Savychuk et al. (2017)

Composite resin 21.0 0.30 Elsharkasi et al.

7100 (2018) Li et al. (2015)

Feldspathic 58.0 0.25 Trindade et al. (2016)

ceramic (VM7)

Gutta-percha 6.9¢—04 0.45 Aslan et al. (2018)

Periodontal 68.9¢—03 0.45 Otani ef al. (2018)

ligament

Cortical bone 14.7 0.30 Yoda et al. (2018)
Langsetmo et al.
(2018)

Marrow bone 49.0e—02 0.30 Sandino et al. (2017)
Singhal et al. (2018)

Dental pulp 2.0e—03 0.45 Ausiello et al. (2017)
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Figure 1: (2) Distribution of the principal stress on the healthy natural
tooth (distal plane). (b) Gold cast metallic post and core. (c) Fiberglass
post and core. (d) Fiberglass post and a composite resin core

post and core model showed a higher stress distribution in the
dental structure.

In fiberglass post and core, Model 3, slightly higher
stresses were developed in the region around the palatal
post surface than Model 2 and Model 4. Analyzing only
the coronary portion of the models, it was verified that the
composite resin core showed a similar stress distribution
to the intact tooth.

The voltage distribution at the internal interface is more
uniform, reducing the variability of the test, which is a great
advantage of the evaluation method when comparing the
different posts, thus allowing a reliable evaluation of the
behavior of each pin within the channel, with this observing a
significant decrease in the number of cohesive failures.

Discussion

This study evaluated the stress distribution in endodontically
treated maxillary incisors with three different rehabilitation
approaches.!'*!# The simulation of the periodontium in the
models between the tooth and the alveolar bone allowed
the tooth movements, improving the stress distribution.
(151 New dimensions were also defined for the buccal and
lingual cortical bone to better represent the tooth anatomy
in jaws. !¢

In masticatory, the load is applied on the crown of the tooth
and subsequently transmitted to the underlying structures.!”
In the present study, it was observed that the highest stresses
were located at the load application site.!'¥! Because it was a
maxillary central incisor, the load was applied over four nodes
of the lingual surface of the tooth model trying to simulate
an area of contact with a mandibular central incisor.'®!”) The
distance between each node was 0.8 mm; regarding the contact
angle, the mean value of the interincisal angle found in a study
was used.’

Figure 2: (a) Distribution of the principal stress on the gold cast metallic
post and core (Model 2). (b) Fiberglass post and core (Model 3). (c)
Fiberglass post and a composite resin core (Model 4)

Regarding the mechanical properties of materials and biological
structures, the values that were most frequently described in
experimental scientific works were used.?'?? To simplify the
3D model, the cementation line, both in the prosthetic crowns
and the posts, was neglected since its thin thickness will not
change the biomechanical behavior. For this same reason, the
cement, which covers the root portion of the tooth, was also
disregarded too. In addition, cement has mechanical properties
similar to dentin, so did not appear to be so significant to
include cement in the study.!**?% As for post and core models,
all of them were restored in a standardized way.

In all models, slightly higher stress levels were identified in
the cervical area, mainly on the lingual surface, in addition
to the load application sites (control model). The authors
have demonstrated that in the presence of posts, the loads are
transmitted by them and not by the dentin.! The change in the
pattern of stress distribution was also identified by others."!

The rigidity of the metallic posts restricts the tooth displacement,
and the stresses are concentrated in the interior of the root,
especially in the cervical third.?” The metallic posts have
a high modulus of elasticity, and the stress distribution is
concentrated in the structure with the highest modulus of
elasticity when they are subjected to a functional load, that is, at
the postcement interface.”® However, the present study showed
that the gold cast metallic post showed better performance and
a homogeneous stress distribution, what is more similar to the
intact tooth than the fiberglass posts. Possible differences in the
performances between metallic and nonmetallic posts may be
explained when using reduced length posts since this reduction
is more deleterious to metallic posts.[?>3%

The ideal restorative system would be the one that had the post
with a modulus of elasticity equal to or close to the dentin,
and the fiberglass posts have a modulus of elasticity similar
to the tooth.B! This allows lower flexion and a lower stress
distribution inside the root.*3% Nevertheless, the fiberglass
posts of the present study present a worse performance than
the gold cast metallic posts.*>*¢! The modulus of elasticity

.Journal of International Oral Health | Volume 11 | Issue 3 | May-June 2019 129




[Downloaded free from http://www.jioh.org on Monday, December 11, 2023, IP: 150.164.180.111]

Lopes, et al.: Stress distribution in dental roots

of the fiberglass posts is approximately 40 GPa with the
incidence of oblique loads; however, because it is an
anisotropic material, its properties vary depending on the load
application.’” Depending on the angle of incidence of the load,
the mechanical properties of the fiberglass posts may exceed
the modulus of elasticity of the metallic posts.©®]

The results indicate that there were differences in stress
distribution in the tooth structure when different post and core
systems are analyzed.® The finite-element method requires
basic knowledge of mechanics, computer science, and the
domain of analysis for the study of stresses, deformations,
and displacements in an extremely complex virtual model
such as the tooth.*4!

Therefore, clinical decisions should not be taken based solely
on in silico studies, and hence to evaluate the behavior of
maxillary central incisors restored with different post and core
systems under load, more laboratory and clinical studies should
be conducted to improve the knowledge of these restorative
proposals evaluated.

CoNCLUSIONS

The use of a post and core system changes the pattern of
stress distribution along the tooth; the stress distribution in
the radicular dentin of the restored models and the intact tooth
was similar to each other. Although the current literature says
the opposite, the gold cast metallic post, the material with the
highest elastic modulus, showed the best performance in the
stress distribution.
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