http://dx.doi.org/10.1590/1981-863720170001000033062 O Rl G | NAI_ | OR/G/NAL

Effect of restoration technique on stress distribution in extensively
destroyed premolars: a finite element analysis study
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ABSTRACT

Objective
The objective of this study by the finite element method was to analyze the stress distribution on a single-rooted mandibular premolar tooth
restored in two different ways.

Methods

Laboratory simulation considered the following situations: 1) premolar restored with gold cast post and ceramic crown, 2) premolar restored
with glass fiber post, composite resin core and ceramic crown. For this we used a two-dimensional model of a premolar with load application
of 300N in the axial and oblique directions within the ANSYS program for Windows.

Results

Under the axial load, a higher concentration of stresses was observed around the cast post (166 MPa). In the oblique load simulation, there
was a concentration of stresses on the buccal root wall, internally and externally, in the tooth restored with cast post (222 MPa). In both load
directions, the glass fiber post dissipated the stress received with greater uniformity (55 to 111 MPa).

Conclusion
These data suggested that from the biomechanical point of view, the use of a glass fiber post and composite resin core could be more
advantageous than the cast post technique for a mandibular single-rooted premolar tooth.

Indexing terms: Dental prosthesis. Dental restoration failure. Laboratory research. Post and core technique.

RESUMO

Objetivo
Analisar, por meio do método dos elementos finitos, a distribuicdo de tensdes em elemento dental pré-molar inferior unirradicular restaurado
de duas maneiras distintas.

Métodos

A simulacao laboratorial considerou as seguintes situacdes: 1) pré-molar restaurado com nucleo metélico fundido em liga durea e coroa em
ceramica; 2) pré-molar restaurado com pino de fibra de vidro, ntcleo de preenchimento em resina composta e coroa em ceramica. Para isso
foi utilizado um modelo bidimensional de um pré-molar com aplicacdo de carga de 300N nas direcdes axial e obliqua com uso de programa
ANSYS para Windows.

Resultados

Diante da carga axial, foi observada uma maior concentracdo de tensdes na regido do nucleo fundido (166 Mpa). Na simulacao de carga
obliqua, observou-se uma concentragao de tensdes na parede radicular vestibular, interna e externamente, no dente restaurado com nucleo
fundido (222 Mpa). Nas duas situacdes em estudo, o pino de fibra de vidro e nicleo de preenchimento dissipou, com maior uniformidade, a
tensdo recebida (55 a 111 Mpa).

Conclusédo
Esses dados sugerem que o uso de pino de fibra pré-fabricado e nucleo de preenchimento em resina composta pode ser mais vantajoso que a
indicacao de nucleo fundido, sob o ponto-de-vista biomecanico, em dente pré-molar inferior unirradicular.

Termos de indexacdo: Prétese dentéria. Falha de restauracao dentéria. Investigacdo laboratorial. Técnica para retentor intrarradicular.
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INTRODUCTION

In the scientific literature there are still controversies
about the increase in susceptibility to fracture of teeth, and
the use of intracanal retainers to increase the strength of
debilitated roots after endodontic therapy'“. Clinically, it
has been verified that when teeth without intraradicular
retainers have been restored with total crowns, their
longevity was shown to be greater that of teeth restored with
these retainers. However, in the restoration of extensively
debilitated teeth, it is certain that they commonly require
the use of an intracanal system with the main purpose of
providing the prosthetic part with retention and stability.
Generically, the use of intraradicular retainers may be
classified into two categories: Cast cores and prefabricated
posts>®. In certain clinical situations, the selection of the
type of retainer depends on various factors, among them:
The degree of tooth destruction; localization of the tooth
in the arch; root morphology; periodontal conditions;
extension of the dental prosthesis and occlusal stress’.

Various scientific studies have endeavored to
observe the biomechanical behavior of anterior teeth after
restoration with intraradicular retainers and submitted to
oriented loads®™°. The use of cast metal retainers has been
associated with the more frequent occurrence of irreparable
failures as opposed to the indication of prefabricated glass
fiber and carbon posts''. Nevertheless, very little is known
about the biomechanical behavior of posterior teeth
restored with intraradicular retainers'>'3. In the present
study, the authors sought to evaluate the stress distribution
on extensively destroyed premolars that were restored
with a metal core cast with gold alloy, or with a glass
fiber post and resin composite filling core. Understanding
of the stresses induced on the retainer, dental tissue and
surrounding bone tissue may determine the success of the
restorative therapy, and these aspects may be elucidated by
the finite element methodology'*">.

METHODS

For this study, the finite element method was
used in a two dimensional analysis (axes of the X and Y
coordinates), from a geometric drawing of a uniradicular
mandibular premolar, with anatomic dimensions similar to
those of the human tooth'®, performed by means of the
Rhinoceros® 3.0 software (NURBS Modeling for Windows,
USA). In this drawing the biologic dental structures and
surrounding tissues were delimited in different colors:
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enamel, dentin, periodontal ligament, cortical bone and
spongy bone. The cement was not differentiated because
it presents properties similar to those of dentin. The main
materials used in the restoration were also defined: gutta
percha, glass fiber post, resin composite, core cast in gold,
and ceramic. The agent for cementing the intracanal
retainer could be considered the same in both restorative
situations, and was therefore not discriminated in this study.

In the ANSYS for Windows software (SIMULIA,
Providence, RI, USA) a vectorized image (mesh) was
created from the original drawing, enabling it to be used
for the finite element analysis by means of mathematical
calculations. Thus, two dental models were generated for
the biomechanical study: Model 1 - mandibular premolar
restored with core cast in gold and ceramic crown; Model
2 - mandibular premolar restored with glass fiber post,
resin composite filling core and ceramic crown. The force
applied was 300N according to Ou et al.", in the axial (long
axis of the tooth in the central groove) and oblique (at
45° to the internal slope of the vestibular cusp) directions.
The two models studied were considered isotropic, elastic
and continuous. For effect of the mathematical tests, the
modulus of elasticity (GPa) and Poisson coefficient of the
biologic structures and restorative materials contained in
Table 1 were used. Qualitative and quantitative analyses
were performed by means of visual observation of the
graphic images of the Von Mises stresses and their color
gradients, generated and printed by the ANSYS software.

Table 1. Modulus of elasticity (GPa) and poisson coefficient.

Material Moduluzggal)ilasticity Poisson Coefficient
Dentin 18.6 0.31
Enamel 41 0.30

Gutta percha 0.00069 0.45
Periodontal
Ligament 0.0689 0.45
Cortical Bone 13.7 0.30
Spongy Bone 1.37 0.30
Porcelain 69 0.28
Resin composite 22.2 0.30
Glass Fiber Post 33 0.33
Gold 78 0.44
RESULTS

When the force of 300N was applied in the axial
direction, a greater accumulation of Von Mises stresses was
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observed in the region of the cast metal core (166 MPa)
(figure 1), in contrast with a greater dissipation of stresses
on the dental tissues surrounding the glass fiber post (55
MPa) (figure 2). When the same force was applied at a slope
of 45°, peaks of stresses were observed on the vestibular
root wall, both internally and externally, on the tooth
restored with the cast metal core (222 MPa) (figure 3) in
contrast with the glass fiber post condition that presented
a more uniform stress distribution on the post itself and
surrounding dentin tissue (111 MPa) (figure 4).

27,778 8 3. 138,889 001 194.444
Figure 1. Stress distribution on premolar restored with cast metal core, after axial load.
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Figure 2. Stress distribution on premolar restored with glass fiber post and resin com-

posite filling core, after axial load.
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Figure 3. Stress distribution on premolar restored with cast metal core, after oblique
load.
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Figure 4. Stress distribution on premolar restored with glass fiber post and resin com-
posite filling core, after oblique load.

DISCUSSION

The use of cast metal cores has been documented
for over 50 years. The easily obtained technique;
precise fit to root walls; possibility of selecting alloys,
and clinical longevity have made this the standard
procedure (control group) in intractable retention in the
majority of experimental trials. Nevertheless, commercial
prefabricated retainers, with additional properties and
interest to clinicians have appeared: Maintenance of the
aseptic chain after endodontic therapy; esthetics; need for
less conservative preparation, flexibility similar to that of
dentin, and compatibility with adhesive cements'®'°,



In the present study, the authors verified that
in the simulation of vertical load, the cast metal core
(Figure 1) accumulated higher internal stresses than those
of the glass fiber post (Figure 2), which were uniformly
dissipated throughout the root; This phenomenon may be
understood as a benefit of metal cores in the face of loads
of low magnitude; however, it is possible for peaks of
stresses to occur at points located in the root (non uniform
stresses) that generate “catastrophic” fracture in the face
of excessive occlusal stress?®?'. This aspect of alloys with
higher modulus of elasticity, may be potentiated, if alloys
such as Cobalt-chrome (CoCr) or Nickel-chrome (NiCr)
were used'0?2,

Considering the simulation of oblique load,
the authors verified a concentration of stresses on the
vestibular root wall, both internally and externally, on
the tooth restored with the cast core (Figure 3), with
higher potential for the occurrence of root fracture
than in the condition with the use of the glass fiber
post (Figure 4).In the latter situation, the compatibility
existent between the modulus of elasticity of the glass
fiber post and dentin tissue allowed greater dissipation
of forces throughout the entire root, reducing the peaks
of stresses in localized areas'®?3.

Investigations into the opinions of clinical dental
surgeons regarding the indication of retainers have shown
preference for the use of cast cores rather than prefabricated
posts?3. To the contrary, a recent trend has been perceived
in the use of materials with biomechanical properties
similar to those of the dental structures, particularly those
supported by a body of scientific laboratory evidence?.
Nevertheless, the clinical performance of these two types
of retainers was similar after 3 years of follow-up?*, with
comparable success rates in systematic reviews*??. In
addition to selecting the correct retainer, clinical procedures
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must always be adopted to reduce the stress arising from
occlusal loading, such as the correct occlusal adjustment
and reduction in cusp height of posterior teeth?.

Two dimensional analysis by means of the finite
element method is the best indicated for extremely
thin or extensively thick bodies from the mechanical
engineering point of view. In effect, the study of stresses
induced on a tooth may be best elucidated in the three
dimensions of space (also considering the Z axis), and
this was one of the limitations of this study. However,
under the conditions proposed, it was possible to discuss
the restoration of a mandibular uniradicular premolar
and its biomechanical implications.

CONCLUSIONS

Considering the limitations of this laboratory
study, the authors were able to observe greater uniformity
in the distribution of stresses on a premolar tooth restored
with a glass fiber post and resin composite filling core, in
comparison with the other, restores with a cast core. This
datum suggested that the use of intracanal retainers with a
module of elasticity closest to that of dentin could be more
advantageous, from the biomechanical point of view, in
mandibular uniradicular premolar teeth.
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