
  

 
Received: 02 DEC 2020 | Reviewed: 12 DEC 2020 | Accept: 20 DEC 2020 | Published: 31 DEC 2020 
How to cite: Matos, F. S., Cunha, T. C., Correia, A. M. O., Tribst, J. P. M., Caneppele, T. M. F., & Borges, A. L. S. (2020). Impact of 
different restorative techniques on the stress distribution of endodontically-treated maxillary first premolars: a 2-
dimensional finite element analysis. Journal of Research and Knowledge Spreading, 1(1), e11761. 
https://doi.org/10.20952/jrks1111761 
*Corresponding author: Felipe de Souza Matos. E-mail: felipe_smatos@hotmail.com 

e-ISSN 2675-8229 
Journal Section: Health Sciences 

Publication Type: Research  

Journal of R E S E A R C H  and  
K N O W L E D G E  S P R E A D I N G  

 

 
 

Impact of different restorative techniques on the stress 
distribution of endodontically-treated maxillary first 

premolars: a 2-dimensional finite element analysis 
 

Impacto de diferentes técnicas restauradoras na 
distribuição de tensões em primeiros pré-molares 

superiores tratados endodonticamente: uma análise 
bidimensional de elementos finitos 

 
Impacto de diferentes técnicas de restauración en la 
distribución de la tensión en primeros premolares 

tratados endodónticamente: un análisis bidimensional de 
elementos finitos 

 
Felipe de Souza Matos 

ORCID: https://orcid.org/0000-0001-5619-3831  
Federal University of Uberlândia, Uberlândia, Minas Gerais, Brazil 

E-mail: felipe_smatos@hotmail.com 
Thaís Christina Cunha 

ORCID: https://orcid.org/0000-0001-8292-4511  
Federal University of Uberlândia, Uberlândia, Minas Gerais, Brazil 

E-mail: christina.thais@gmail.com 
Ayla Macyelle de Oliveira Correia 

ORCID: https://orcid.org/0000-0001-8342-9846  
São Paulo State University, São José dos Campos, São Paulo, Brazil 

E-mail: aylamacyelle@hotmail.com 
João Paulo Mendes Tribst 

ORCID: https://orcid.org/0000-0002-5412-3546  
São Paulo State University, São José dos Campos, São Paulo, Brazil 

E-mail: joao.tribst@ict.unesp.br 
Taciana Marco Ferraz Caneppele 

ORCID: https://orcid.org/0000-0003-0521-7922  
São Paulo State University, São José dos Campos, São Paulo, Brazil 

E-mail: taciana@ict.unesp.br 
Alexandre Luiz Souto Borges 

ORCID: https://orcid.org/0000-0002-5707-7565  
São Paulo State University, São José dos Campos, São Paulo, Brazil 

E-mail: aleborges@ict.unesp.br 

https://orcid.org/0000-0001-5619-3831
https://orcid.org/0000-0001-8292-4511
https://orcid.org/0000-0001-8342-9846
https://orcid.org/0000-0002-5412-3546
https://orcid.org/0000-0003-0521-7922
https://orcid.org/0000-0002-5707-7565


https://doi.org/10.20952/jrks1111761 
 

 
Journal of Research and Knowledge Spreading, 2020, 1(1): e11761 
 
 

2 

ABSTRACT 
 
The aim of this study was to investigate, through finite element analysis, the impact of different 
restorative techniques on stress distribution in endodontically-treated maxillary first 
premolars. A human maxillary first premolar was modeled following the real anatomical 
dimensions, through a periapical radiography, using the Rhinoceros software, version 4.0SR8. 
The model was then replicated to compose the groups according to the coronary restorative 
technique: C (coltosol), GI.C (glass ionomer + coltosol), GI (glass ionomer), CR.GI (conventional 
resin + glass ionomer) and BR.GI (Bulk Fill resin + glass ionomer). After the models were 
finished, they were imported as IGES files into ANSYS software, version 17.2. Fixation was 
defined at the base of the cortical bone and the load was applied with 300 N axially to the buccal 
and palatal cusps. The results generated were in maximum principal stress (MPS), with the 
CR.GI and BR.GI groups presenting the lowest values of tension concentration and more 
homogeneous stress distribution, followed by GI, GI.C and C. All restorative techniques affected 
the stress distribution in endodontically-treated maxillary first premolars, promoting greater 
tension in the occlusal third, at the interface with the buccal wall, and in the cervical third. 
Conventional or Bulk Fill resins associated with a glass ionomer base have a superior 
biomechanical behavior in relation to coltosol or glass ionomer. 
Keywords: Dental stress analysis; Endodontic access; Finite element analysis; Permanent 
dental restoration; Temporary dental restoration. 
 
RESUMO 
 
O objetivo deste estudo foi investigar, através da análise por elementos finitos, o impacto de 
diferentes técnicas restauradoras na distribuição de tensões em primeiros pré-molares 
superiores tratados endodonticamente. Através de uma radiografia periapical, um primeiro 
pré-molar superior humano foi modelado seguindo as dimensões anatômicas reais, utilizando 
o programa CAD Rhinoceros, versão 4.0SR8. O modelo foi então replicado para compor os 
grupos de acordo com o material restaurador coronário: C (coltosol), GI.C (ionômero de vidro 
+ coltosol), GI (ionômero de vidro), CR.GI (resina convencional + ionômero de vidro) e BR.GI 
(resina Bulk Fill + ionômero de vidro). Após o término dos modelos, os mesmos foram 
exportados em formato IGES para o software CAE ANSYS, versão 17.2. A fixação foi definida na 
base do osso cortical e a carga foi aplicada com 300 N de maneira axial nas cúspides vestibular 
e palatina. Os resultados gerados foram em tensão máxima principal, com os grupos CR.GI e 
BR.GI apresentando os menores valores de concentração de tensão e distribuição de tensão 
mais homogênea, seguido por GI, GI.C e C. Todas as técnicas restauradoras afetaram a 
distribuição de tensão em primeiros pré-molares superiores tratados endodonticamente, 
promovendo maior tensão no terço oclusal, na interface com a parede vestibular, e no terço 
cervical. Resinas convencionais ou Bulk Fill associadas a uma base de ionômero de vidro 
apresentam um comportamento biomecânico superior em relação ao coltosol ou ionômero de 
vidro. 
Palavras-chave: Acesso endodôntico; Análise de elementos finitos; Análise do estresse 
dentário; Restauração dentária permanente; Restauração dentária temporária. 
 
RESUMEN 
 
El objetivo de este estudio fue investigar, a través del análisis de elementos finitos, el impacto 
de diferentes técnicas restauradoras sobre la distribución de tensiones en primeros premolares 
superiores tratados endodónticamente. A través de una radiografía periapical, se modeló un 
primer premolar superior humano siguiendo las dimensiones anatómicas reales, utilizando el 
programa CAD Rhinoceros, versión 4.0SR8. Luego se replicó el modelo para componer los 
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grupos según el material restaurador coronario: C (coltosol), GI.C (ionómero de vidrio + 
coltosol), GI (ionómero de vidrio), CR.GI (resina convencional + ionómero de vidrio) y BR. GI 
(resina Bulk Fill + ionómero de vidrio). Una vez terminados los modelos, se exportaron en 
formato IGES al software CAE ANSYS, versión 17.2. La fijación se definió en la base del hueso 
cortical y la carga se aplicó con 300 N axialmente a las cúspides bucal y palatina. Los resultados 
generados fueron en tensión máxima principal, siendo los grupos CR.GI y BR.GI los que 
presentaron los valores más bajos de concentración de tensión y la distribución de tensión más 
homogénea, seguidos de GI, GI.C y C. Todas las técnicas restauradoras afectaron la tensión. 
distribución en primeros premolares tratados endodónticamente, promoviendo una mayor 
tensión en el tercio oclusal, en la interfaz con la pared bucal y en el tercio cervical. Las resinas 
convencionales o Bulk Fill asociadas con una base de ionómero de vidrio tienen un 
comportamiento biomecánico superior en relación al coltosol o ionómero de vidrio. 
Palabras clave: Acceso endodóntico; Análisis de elementos finitos; Análisis del estrés dental; 
Restauración dental permanente; Restauración dental provisional. 
 
INTRODUCTION 
 

The loss of structural integrity of teeth, related to the preparation for endodontic access, 
as well as different coronary restorative materials and inadequate rehabilitation can increase 
the occurrence of fractures of endodontically-treated teeth (Sendhilnathan et al., 2008). 
Available scientific evidence corroborates the argument that the healthy survival of these teeth 
is influenced by the amount of remaining structure and tooth strength and by the occlusal and 
functional way in which the applied load is distributed within the tooth structure (Gulabivala, 
2004). 

It is estimated that 4.6 to 7.5% of endodontically-treated teeth, predominantly molars and 
premolars, are extracted within 4 to 5 years after therapy (Chen et al., 2008; Ng et al., 2011) 
and 47% of these post-treatment extractions are due to coronary fractures (Vire, 1991; Touré 
et al., 2011; Tzimpoulas et al., 2012). Thus, the knowledge of stress distribution is important 
for understanding the development and effects of fatigue (Magne et al., 2002). 

The aim of this study was to investigate, through finite element analysis (FEA), the impact 
of different restorative techniques (temporary and permanent) on stress distribution in 
endodontically-treated maxillary first premolars. 

 
METHODOLOGY 
 

This study was conducted using the 2-dimensional (2D) FEA method and the Ansys 17.2® 
software (Ansys Inc, Houston, TX) to perform a structural mechanical analysis. A human 
maxillary first premolar was modeled following the real anatomical dimensions, through a 
periapical radiography, using the Rhinoceros software (version 4.0 SR8, McNeel North America, 
Seattle, WA, USA). A 0.30 mm thick layer surrounding the root was modeled to represent the 
periodontal ligament, which finished 1.5 mm from the cemento-enamel junction (Yuan et al., 
2016; Dal Piva et al., 2017). A human maxilla (São Paulo State University Database, Institute of 
Science and Technology, São José dos Campos, São Paulo, Brazil) was used to assist the bone 
tissue model (Dal Piva et al., 2017). 

A conventional access cavity design was simulated in the dental crown so that the entire 
roof of the pulp chamber was removed, keeping the walls converging to the occlusal surface, 
and obtaining at the end of the preparation a straight-line access from the crown opening to the 
coronal third of the canal. A size #35/.04 taper instrumentation space was created in the root 
canals to simulate the mechanical preparation up to 1 mm short of the canal orifices. The model 
was then replicated to compose the groups according to the coronary restorative technique: C 
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(coltosol), GI.C (glass ionomer + coltosol), GI (glass ionomer), CR.GI (conventional resin + glass 
ionomer) and BR.GI (Bulk Fill resin + glass ionomer) (Figure 1). 

 
Figure 1. Simulation of study groups according to the coronary restorative technique. 

 
Source: The authors (2020). 

 
The models were then imported as IGES files into ANSYS software (ANSYS 17.2, ANSYS 

Inc, Houston, TX, USA), and the mesh of each mathematical model was created with tetrahedral 
quadratic elements. All materials were considered isotropic, linear, and homogenous. Their 
mechanical properties are described in table 1. All surface contacts were modeled as co-nodes 
and perfectly bonded, without relative movement. 
 
Table 1. Mechanical properties of the materials. 

Material Elastic modulus (GPa) Poisson’s ratio Reference 
Enamel 84.1 0.33 Versluis et al. (2004) 
Dentin 18.6 0.32 Rees et al. (1994) 

Ligament 0.069 0.45 Singh et al. (2015) 
Gingiva 0.003 0.45 Singh et al. (2015) 

Cortical bone 13.7 0.30 Soares et al. (2010) 
Spongy bone 1.37 0.30 Soares et al. (2010) 

Coltosol 14.6 0.30 The authors* 
Glass ionomer 8 0.25 Nothdurft et al. (2008) 

Conventional resin 13.45 0.17 Correia et al. (2018) 
Bulk Fill resin 13.46 0.18 Correia et al. (2018) 

* Data obtained in laboratory tests described previously (Correia et al., 2018). 

 
A 300-N static load was applied vertically to the oclusal surface on the buccal and palatal 

cusps for calculating stress distributions (Figure 2). The maximum principal stress (MPS) was 
conducted to discriminate the compressive and tensile stress fields. The results of the stress 
distributions are presented in graphics with a color scale in megapascals.  

 
RESULTS 
 

The stress distribution in dentin and restorative material for all models simulating 
different restorative techniques is presented in figure 3. All restorative techniques affected the 
stress distribution in endodontically-treated maxillary first premolars, promoting greater 
tension in the occlusal third, at the interface with the buccal wall, and in the cervical third. It is 
possible to observe (through the red color) that the higher MPSs in dentin were observed in the 
C, GI.C and GI groups and the lowest stress were observed in the CR.GI and BR.GI groups. 
Compared to the other techniques, the CR.GI and BR.GI restorative techniques resulted in a 
more homogeneous stress distribution at the tooth/restoration interface. 
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Figure 2. Schematic illustration of the load application. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: The authors (2020). 

 
Figure 3. Stress distribution in the healthy maxillary first premolar, in the remaining 

dentin and in the coronary restorative material. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: The authors (2020). 

 
DISCUSSION 
 

This study aimed to investigate, through finite element analysis (FEA), the impact of 
different restorative techniques on stress distribution in endodontically-treated maxillary first 
premolars. 

Due to the high risks and costs, the ethical difficulties related to in vivo studies and the 
anatomical variability between natural teeth used in in vitro studies (Ausiello et al., 2001), in 
silico tests with mathematical models of finite elements and bi or three-dimensional analyzes 

BR.GI CR.GI CONTROL GI.C GI C 

BR.GI CR.GI GI.C GI C 
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have been widely used to evaluate biological systems and devices (Magne et al., 2002; Magne 
et al., 2010; Bilhan et al., 2015; Jiang et al., 2018). This methodology allows the numerical-
computational analysis of stress distributions and provides characteristics of the 
biomechanical behavior of the tooth-restoration complex (Versluis & Tantbirojn, 2009), 
explaining ultrastructural phenomena that cannot be detected with other methodologies 
(Ausiello et al., 2011). 

In the present study, teeth treated endodontically and restored with glass ionomer and 
conventional resin (CR.GI) or glass ionomer and Bulk Fill resin (BR.GI) had less dentin stress 
and more homogeneous load distribution at the tooth/restoration interface when compared to 
teeth restored with coltosol (C), glass ionomer (GI), or glass ionomer and coltosol (GI.C). This 
result can be justified by the similarity of the mechanical properties of the glass ionomer (E = 8 
GPa) and resin (E-CR = 13.45 GPa / E-BR = 13.46 GPa) restorative materials with the dental 
hard tissues of the posterior teeth formed by enamel with high elastic modulus (E = 80 GPa) 
combined with a more complacent dentin (E = 18 GPa) (Yoshikawa et al., 2001; Aggarwal et al., 
2014; Ausiello et al., 2019 ). In addition to reducing cusp deformation and increasing fracture 
resistance of teeth, the combination of glass ionomer with resin is also indicated because, in 
cases of retreatment, the ease of wear of the glass ionomer prevents unnecessary wear of dentin 
from the pulp chamber (Xie et al., 2000). 

The stress concentrations in the restorative materials depend on the intensity of the 
applied load, the geometry and the mechanical properties of the material, which can generate 
elastic and plastic deformations capable of promoting intrinsic and extrinsic failures (Soares et 
al., 2006; Magne et al., 2010; Schaefer et al., 2012). Teeth stress values are directly related to 
the elastic modulus of restorative materials (Costa et al., 2014). 

Coltosol is a temporary restorative material with hydraulic sealing, which takes prey by 
hydration. It has a high degree of linear expansion through water absorption, which increases 
its sealing capacity, promoting a purely mechanical bond with dentin (Zaia et al., 2002.; Salazar-
Silva  et  al., 2004; Laustsen et al., 2005, Ogura et al., 2008). However, despite having an elastic  
modulus similar to that of dentin (coltosol = 14.6 GPa and dentin = 18.6 GPa), this expansion 
suffered during its setting increases the stress on the walls of the remaining tooth, which may 
cause cusp fractures and even coronary fracture, intensified with load application. This fact 
contraindicates its use in weakened teeth and justifies the results found in this study (Laustsen 
et al., 2005; Ferraz et al., 2009). 

Glass ionomer cement is the material commonly indicated as a substitute for dentin lost 
during endodontic access due to its good clinical performance and the similarity of 
characteristics and properties to dentin (Brito et al., 2010;  Ausiello et al., 2017; Jones et al., 
2018; Santos et al., 2019). Due to its low elastic modulus, its use can attenuate the stresses 
generated during the polymerization shrinkage process and loading when associated with the 
resin (Krejci et al., 2000). The limitation of its use is due to the inferiority of mechanical 
properties when compared to composite resins, with fracture and marginal defects as the main 
failures in restorations (Xie et al., 2000). 

Due to their structural design (Campodonico et al., 2011), posterior teeth suffer, under 
masticatory loads (Moorthy et al., 2012), cusp deformation mainly when weakened by 
endodontic treatment (Soares et al., 2008). In this study, the use of maxillary first premolars 
was based on the inferior clinical performance of these teeth when treated endodontically and 
restored, which showed a greater tendency to adhesive failure than the molar teeth (Bindl et 
al., 2005; Koseoglu et al., 2020). 

Finally, it is noteworthy that, despite the results found in this work, it has limitations 
because it is a computer simulation, in which the clinical effects of cyclic fatigue, slanting and 
sliding loads on restoration (Tribst et al., 2019), and the thermal aging (Heikkinen et al., 2013) 
were not considered. In addition, the variation in pH, defects and bubbles in the restorative 
material have not been reproduced in this methodology as it assumes the ideal conditions of a 
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homogeneous and isotropic material. Thus, despite the validity of the results, they must be 
carefully extrapolated and used as a basis for future clinical studies, in order to outline the best 
clinical conduct. 
 
CONCLUSION 
 

Conventional or Bulk Fill resins associated with a glass ionomer base have a superior 
biomechanical behavior in relation to coltosol or glass ionomer. 
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