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Demachkia AM. Restauragfes endocrown em pré-molares: influéncia das
paredes remanescentes da estrutura dentaria e materiais restauradores na
resisténcia a fadiga [tese]. Sdo José dos Campos (SP): Universidade Estadual
Paulista (Unesp), Instituto de Ciéncia e Tecnologia; 2023.

RESUMO

Este estudo teve como objetivo avaliar o efeito da estrutura dentaria
remanescente e dois materiais diferentes de restauracdo CAD/CAM no
desempenho a fadiga e no modo de falha de pré-molares tratados
endodonticamente restaurados por endocrowns. Um total de 90 pré-molares
superiores foram tratados endodonticamente e divididos aleatoriamente de
acordo com o numero de paredes axiais remanescentes, e 0S materiais
restauradores foram divididos em 6 grupos (n = 15); quatro paredes restantes
restauradas com zirconia ultratranslicida 5Y-PSZ (grupo Fo-Z) e dissilicato de
litio (grupo Fo-L), trés paredes restantes restauradas com 5Y-PSZ (grupo Th-2)
e dissilicato de litio (grupo Th-L) e duas paredes restantes restauradas com 5Y-
PSZ (grupo Tw-Z) e dissilicato de litio (Tw-L). As restauracdes foram
cimentadas adesivamente e os espécimes foram submetidos a cargas de fadiga
gradual em seu longo eixo (carga inicial: 200 N, frequéncia: 20 Hz). Uma carga
incremental de 100 N por 10.000 ciclos foi aplicada com um pistdo metalico de
@ 6 mm até a falha. A carga de falha por fadiga (FFL) e o nimero de ciclos de
falha (CFF) no momento da falha foram registrados e analisados estatisticamente
por ANOVA 2 fatores e teste de Kaplan-Meier (o = 0,05). Os espécimes
fraturados foram examinados em estereomicroscopio em 8x e 25% e 0s modos
de falha foram determinados como reparaveis ou catastroficos. FFL e CFF foram
significativamente influenciados pelo material restaurador (p < 0,05). As
restauracOes de 5Y-PSZ apresentaram FFL (Fo-Z = 1487 N, Tw-Z = 1427 N,
Tw-Z = 1533 N) e probabilidade de sobrevivéncia significativamente maiores
guando comparadas com dissilicato de litio (Fo-L = 1060 N, Th-L =940 N, Tw-
L = 1000 N). O numero de paredes remanescentes ndo afetou 0 comportamento
de fadiga ou modo de falha dos corpos de prova. Das restauragdes de dissilicato
de litio, 51% tiveram falhas reparaveis, enquanto 95% das restauracdes de
zirconia ultratranslicida 5Y-ZP tiveram falhas catastréficas. Endocrowns de
zircOnia apresentaram melhor desempenho em fadiga do que endocrowns de
dissilicato de litio, independentemente do nimero de paredes remanescentes do
eixo. Endocrowns de pré-molares de dissilicato de litio e 5Y-PSZ apresentaram
maior FFL do que as cargas mastigatdrias normais.

Palavras-chave: Ceramicas. CAD/CAM. Fadiga. Falha de restauracoes
dentarias. Analise de elementos finitos.



Demachkia AM. Endocrown restorations in premolars: influence of remaining
axial walls of tooth structure and restorative materials on fatigue resistance
[doctorate thesis]. Sdo José dos Campos (SP): Universidade Estadual Paulista
(Unesp), Instituto de Ciéncia e Tecnologia; 2023.

ABSTRACT

This study aimed to evaluate the effect of the remaining tooth structure and two
different CAD/CAM restoration materials on the fatigue performance and
failure mode of endodontically treated premolars restored with endocrowns. A
total of 90 maxillary premolars were endodontically treated and divided
randomly according to the number of remaining axial walls, and the restorative
materials were divided into 6 groups (n = 15); four remaining walls restored
with ultratranslucent zirconia 5Y-PSZ (group Fo-Z) and lithium disilicate
(group Fo-L), three remaining walls restored with 5Y-PSZ (group Th-Z) and
lithium disilicate (Group Th-L), and two remaining walls restored with 5Y-PSZ
(group Tw-Z) and lithium disilicate (Tw-L). The restorations were cemented
adhesively and the specimens were subjected to stepwise fatigue loading along
the long axis (initial load: 200 N, frequency: 20 Hz). An incremental step load of
100 N per 10,000 cycles was applied with a @6-mm metallic piston until failure.
The fatigue failure load (FFL) and number of failure cycles (CFF) at the time of
failure were recorded and statistically analyzed with two-way ANOVA and the
Kaplan-Meier test (¢ = 0.05). Fractured specimens were examined under a
stereomicroscope at 8x and 25x and failure modes determined as reparable or
catastrophic. FFL and CFF were significantly influenced by restorative material
(p < 0.05). 5Y-PSZ endocrowns showed significantly higher FFL (Fo-Z = 1487
N, Th-Z = 1427 N, Tw-Z = 1533 N) and survival probability when compared
with lithium disilicate (Fo-L = 1060 N, Th-L = 940 N, Tw-L = 1000 N). The
number of remaining walls did not affect the fatigue behavior or failure mode of
the specimens. Of the lithium disilicate restorations, 51% had repairable
failures, while 95% of ultratranslucent zirconia 5Y-ZP restorations had
catastrophic failures. Zirconia endocrowns showed better fatigue performance
than lithium disilicate endocrowns, regardless of the number of remaining axis
walls. Lithium disilicate and 5Y-PSZ premolar endocrowns showed higher FFL
than the normal masticatory loads.

Keywords: Ceramics. CAD/CAM. Fatigue. Dental restoration failures. Finite

element analysis.
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1 INTRODUCTION

Endodontically treated teeth (ETTs) associated with extensive substance
loss subsequent to trauma, caries, or wide access cavity preparation have a high
risk of fracture (Reeh et al., 1989; Sedgley, Messer, 1992; Dietschi et al., 2008).
Accordingly, any treatment of such teeth should take into account remaining
tooth structure, tooth location, masticatory forces, and restorative material (Faria
et al.,, 2011). Traditionally, the treatment for extensively damaged ETTs has
been a post-and-core and cuspal coverage with a crown. However, in this type of
treatment, post-space preparation of the intact coronal and intracanal tooth
structure is needed, increasing the risk of root perforation and stripping or
weakening of the tooth (Schwartz, Robbins, 2004; El Ghoul et al., 2019;
Hassouneh et al., 2020). Therefore, extreme care should be taken during post-
space preparation to avoid these risks (Kfir et al., 2020).

Contemporary dental treatment emphasizes the preservation of sound
tooth structure as much as possible, even when restoring endodontically treated
teeth. In this context, endocrown restorations (first described by Pissis in 1995)
consisting of a monoblock indirect restoration with a crown extending from the
intaglio surface that represents the core have become popular as an alternative to
conventional post-and-core and crown restorations. The crown covers the
coronal part to protect the remaining tooth structure, and the core occupies the
pulp chamber to provide retention and stability to the restoration after bonding
with adhesive while sealing the obturated canals (Pissis, 1995; Bindl, Mdrmann,
1999). Endocrowns have gained reliability and popularity in the last few years
because of improvements in adhesive systems and ceramic materials (Dietschi et
al., 2008; El-Damanhoury et al., 2015; Fages et al., 2017; Munoz-Sanchez et al.,

2021). A recent systematic review that included 41 articles (8 clinical studies, 33
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in vitro studies) concluded that molar endocrown restorations can be considered
an alternative to conventional crowns; however, additional studies are required
for premolar endocrowns (Govare, Contrepois, 2020).

The  development in  computer-aided  design/computer-aided
manufacturing technologies (CAD/CAM) and ceramic materials has allowed the
fabrication of endocrown restorations from different materials, including resin
nanoceramic, lithium disilicate ceramic, hybrid ceramic, and zirconia. These
materials have different microstructures, esthetic properties and moduli of
elasticity, ranging from 10 GPa for composite resin blocks to 250 GPa for
zirconia (Zhu et al., 2017). The fracture resistance of molar endocrowns from
these materials has been studied, with conclusions that lithium disilicate and
resin nanoceramic endocrowns had higher fracture resistance than zirconia-
reinforced lithium disilicate or hybrid ceramic (Gresnigt et al., 2016; EI Ghoul et
al., 2019). In contrast, EL-Damanhoury et al. (2015) reported that resin nano-
ceramic endocrowns showed higher fracture resistance and a more favorable
failure mode than lithium disilicate or feldspathic ceramic, but Dartora et al.
(2019) reported no difference between the lithium disilicate and hybrid ceramic
(EI-Damanhoury et al., 2015; Dartora et al., 2019). However, studies on the
biomechanical behavior of ultratranslucent yttria-stabilized zirconia when used
as an endocrown to restore premolars are lacking. Translucent zirconia, mainly
4Y- and 5Y-PSZ has become more popular in recent years and, because of their
lower toughness and fracture resistance, are typically indicated in similar clinical
situations as lithium disilicate (Zhang, Lawn, 2018). Translucent zirconias were
developed to overcome the esthetic limitation (high opacity) of 3Y-TZP zirconia
by including a transparent phase. Translucency was achieved by adding 4 mol%
(4Y-PSZ) or 5 mol% (5Y-PSZ) yttria, which is required to stabilize the cubic
phase at room temperature. Although translucent zirconias are weaker than 3Y -

TZP zirconia as the cubic phase does not undergo a stress-induced



13

transformation, they are indicated for use as a monolithic restoration in esthetic
areas. (Pereira et al., 2018; Zhang, Lawn, 2018; Pereira et al., 2019).

Incidence of pulp involvement from extensive interproximal caries is
commonly encountered, leading to endodontic treatment. In this situation, one or
two proximal walls with intact buccal and lingual walls are often destroyed
(Barallat et al., 2022). To our knowledge, information about the effect of
missing proximal walls on the biomechanical behavior of premolars restored
with endocrowns are lacking. Thus, the question remains: Does the number of
remaining walls affect the fatigue behavior of the tooth/restoration complex and
their failure mode?

Therefore, our study aimed to evaluate the effect of the remaining axial
wall number (four, three, and two) and two CAD/CAM materials, lithium
disilicate ceramic and ultratranslucent 5 mol% yttria stabilized zirconia (5Y-
PSZ) on the fatigue resistance and failure mode of endodontically treated
maxillary premolars restored with endocrowns. The null hypotheses of the study
were that the endocrown material would have no influence on the fatigue failure
load and failure mode and that the remaining walls of tooth structure would have

no influence on the fatigue failure and failure mode.
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7 CONCLUSIONS

Within the limitations of the present study, the following conclusions can
be drawn:

a) Ultra-translucent zirconia 5Y-PSZ endocrowns in premolars had a higher
fatigue load to failure than lithium disilicate, regardless of the number of
remaining axial walls.

b) Number of remaining axial walls did not affect the fatigue failure load.

¢) Both tested materials showed acceptable survival probability, but lithium
disilicate failed before zirconia restorations.

d) The failure mode was predominantly non-repairable in 5Y-PSZ

restorations.
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