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RESUMO

O objetivo deste trabalho foi avaliar a resisténcia de unido entre uma ceramica e agentes de
cimentacao, utilizando diferentes tratamentos de superficie. Foram confeccionados cento e vinte
amostras de ceramica a base de di-silicato de litio(7 x 5 x 0,5 mm) e divididos em dois grupos:
Metade para cimentagdo com cimento resinoso (n=60) (Variolink Esthetic LC, na cor neutral) e
outra metade (n=60) com resina composta aquecida (Z100 Al). As amostras foram subdividas em
grupos (n=20) conforme tratamento de superficie da ceramica: Grupo 1 — acido hidrofluoridrico
(HF) 10% e silano (HF + Sil); Grupo 2 — HF 10% e adesivo universal (Single BondUniversal - 3M
ESPE) (HF + Un) e Grupo 3— HF 10%, silano e adesivo de esmalte (Optibond- KERR) (HF+ Sil +
Ad). Uma matriz de silicone por adicdo com 2 orificios de 1mm de didmetro e 1mm de altura foi
posicionada sobre a superficie ceramica. Os orificios foram preenchidos com os agentes de
cimentacao citados acima e fotoativados com fonte de luz LED. Em seguida a matriz foi removida.
Metade das amostras foram submetidas ao ensaio de resisténcia de unido ao microcisalhamento
apos 24 horas, em maquina de ensaio (EMIC DL3000, Sdo Jos¢ dos Pinhais, PR) com velocidade
de Imm/min, com auxilio de um cinzel. A metade remanescente foi submetida ao ensaio de
resisténcia de unido, apds 10.000 ciclos térmicos de 5° e 55° C. Os dados foram gerados em MPa
e submetidos a andlise estatistica com teste de normalidade de Shapiro-Wilk, ANOVA 2 fatores, e
post hoc de Tukey, p < 0,05. O grupo de resina composta aquecida e HF + Sil + Ad foi
estatisticamente superior aos demais, mas ndo diferiu estatisticamente do grupo HF + Sil com resina
composta. Os corpos de prova foram avaliados quanto ao modo de falha em microscopio 6ptico
40X. O modo de falha foi predominantemente adesivo com exce¢do do grupo de cimento resinoso
e HF + Sil. Apos a ciclagem térmica, apenas HF + Sil e HF + Sil + Ad para a resina composta
apresentaram modos de falha mista. Os outros grupos exibiram predominantemente modos de falha
adesiva. Nao foram observados modos de falha coesiva na ceramica ou no cimento. Com o presente
estudo foi possivel concluir que a resina composta aquecida, em conjunto com o ataque acido
hidrofluoridrico e o silano, melhora a fluidez, a adaptacdo e a resisténcia de unido a ceramica,
mesmo ap6s o envelhecimento. No entanto, sdo necessarios mais estudos clinicos para validar sua

eficacia e aprimorar os protocolos de adesao, garantindo maiores vantagens.

PALAVRAS-CHAVE: Adesivos Dentarios; Ceramica; Cimento Resinoso; Envelhecimento;

Resisténcia de Unido; Silano.






ABSTRACT

The aim of this study was to evaluate the bond strength between a ceramic and luting agents
using different ceramic surface treatments.One hundred and twenty samples of lithium disilicate-
based ceramics (7 x 5 x 0.5mm) were made and divided into two groups: If were cemented with
resin cement (n=60) (Variolink Esthetic LC, in neutral shade), and the other half (n=60) were
cemented with heated composite resin (Z100 A1). The samples were further subdivided into three
groups (n=20) according to the ceramic surface treatment: Group 1 — 10% hydrofluoric acid (HF)
and silane (HF + Sil); Group 2 — 10% HF and universal adhesive (Single Bond Universal - 3M
ESPE) (HF + Un); and Group 3 — 10% HF, silane, and enamel adhesive (Optibond - KERR) (HF +
Sil + Ad). A silicone matrix with five holes, each measuring 1 mm in diameter and 1 mm in height,
was placed on the ceramic surface. The holes were filled with the luting agents and light-cured
using an LED light source. The matrix was then removed. Half of the specimens underwent micro-
shear bond strength testing after 24 hours, using a testing machine (EMIC DL3000, Sao José dos
Pinhais, PR) at a speed of 1 mm/min with the aid of a chisel. The remaining were tested after 10,000
thermal cycles at temperatures of 5°C and 55°C. The data, expressed in MPa, were analyzed
statistically using the Shapiro-Wilk normality test, two-factor ANOVA, and Tukey's post hoc test
(p < 0.05). The heated composite resin group treated with HF + Sil + Ad showed statistically
superior results compared to the others, but it was not statistically different from the HF + Sil group
with composite resin. The specimens were evaluated for failure mode under a 40x optical
microscope. Adhesive failure was predominant, except for the resin cement group treated with HF
+ Sil. After thermal cycling, only the HF + Sil and HF + Sil + Ad groups for the composite resin
exhibited mixed failure modes. The remaining groups predominantly exhibited adhesive failure
modes. No cohesive failure modes in the ceramic or luting agents were observed in any group or
test condition. The present study concluded that heated composite resin, in combination with
hydrofluoric acid etching and silane, enhances fluidity, adaptation, and bond strength to ceramics,
even after aging. However, further clinical studies are necessary to validate its effectiveness and
refine adhesion protocols, ensuring greater benefits.

KEYWORDS: Aging, Bond Strength; Ceramics; Dental Adhesives; Resin Cement; Silane;
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1. INTRODUCAO

A autoestima, valorizada na sociedade moderna, relaciona-se com a aparéncia fisica,
especialmente ao sorriso e aos dentes. Nesse contexto, a odontologia estética transcende a saude
bucal, focando na estética. (BERSEZIO et al., 2018; ZAID et al., 2020).

O desejo por um sorriso harmonioso tem aumentado a busca por tratamentos como
clareamento dental e aparelhos ortodonticos, combinando estética e saude bucal
(STOJILKOVIC et al., 2024; VERVACK et al., 2024). A odontologia estética, em particular,
evoluiu significativamente com uma valorizagao crescente dos conceitos de qualidade de vida
e bem-estar, amplamente difundidos desde o final do século XX. (FERREIRA et al., 2016).

O principal objetivo de todo tratamento estético odontoldgico ¢ a obtengdo de um
sorriso harmdnico, considerando que a beleza do sorriso estabelece a diferenca que caracteriza
o resultado estético agradavel ou aceitavel. Neste sentido, dois materiais sdo muito importantes
e utilizados na Odontologia Estética que sdo as resinas compostas e as ceramicas, sendo que as
ceramicas se destacam por serem mais estaveis quimicamente, degradarem muito menos e
possuir maior longevidade (SANTOS et al., 2017; BERSEZIO et al., 2018;).

As ceramicas odontoldgicas t€ém passado por uma evolugao significativa ao longo dos
anos, impulsionada pela busca continua por materiais estéticos, duraveis e biocompativeis para
restauragdes dentarias (SHI HY et al.,2022). Os primeiros passos no uso de cerdmica em
odontologia ocorreram na década de 50, quando a ceramica feldspatica foi explorada como um
material de revestimento para estruturas metalicas, mas ao longo dos anos a busca pela estética
fez com que a estrutura metalica fosse cada dia menos usada. Com o passar do tempo surgiram
as ceramicas refor¢cadas. Todavia, o conhecimento sobre adesdo era limitado e a aplicacao das
ceramicas sem subestrutura metélica foi pouco difundida (GOMES et al., 2008). No ano de
1965, McLean e Hughes foram responsaveis pelo desenvolvimento pioneiro da primeira
cerdmica odontologica aluminizada refor¢ada, que consistia na incorporagdo de 40% em peso
de alumina a fase vitrea, produzida em um aumento da fase cristalina (LIU et al., 2024; NAJI;
OMAR; YAHYA, 2018). Essas ceramicas possuiam uma resisténcia a flexdo duas vezes maior
em comparacdo com as ceramicas feldspaticas convencionais. Nesta mesma década em 1962,
foi desenvolvida a resina composta, € em 1955 o condicionamento acido do esmalte, o que
trouxe entdo a possibilidade de adesdo. Nos anos de 1980, mais precisamente em 1982 o estudo
pioneiro do Prof. Nakabayashi na 4rea de sistemas adesivos e as suas pesquisas €

desenvolvimentos ajudaram a transformar a maneira como os dentistas lidam com restauracdes
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dentarias, que foi a descoberta da “camada hibrida" ou "camada hibrida de Nakabayashi", que
¢ um componente fundamental em sistemas adesivos usados em odontologia restauradora, a
partir dai ja se comega a falar em adesao a dentina (ALVES et al., 2021).

Apesar das facetas ja terem sido usadas no final de 1920, por um dentista da Califérnia
(Dr. Charles Picuns) que encontrou um método para melhorar o sorriso de algumas das estrelas
de Hollywood. O sistema incluia uma capa de acrilico que se colocava sobre o dente natural,
estas capas seriam apenas usadas durante a gravacao das cenas e depois removidas, possuindo
assim aproximadamente 100 anos, € ao longo desse periodo passaram por mudangas
significativas. Desde algo com uma aparéncia artificial que se desprendia em algumas horas,
até o progresso das ldminas dentarias se revela marcante no cenario da Odontologia, emergindo
como uma das tecnologias estéticas mais impressionantes da era contemporanea. Mas, apesar
disso s6 em 1983, Simonsen e Calamia fizeram um trabalho mostrando a adesdo da Ceramica
Vitrea, que possui Dioxido de Silicio ao silano, e a partir deste momento, ja teriamos a adesao
em esmalte, descoberta pelos japoneses. (GOMES et al., 2008; CADENARO et.al., 2023).

Os cimentos que surgiram apos a descoberta das ceramicas que visavam estética, foram
os cimentos ativados quimicamente, 0s quais por possuirem uma amina terciaria aromatica que
que oxida com o tempo, leva a alteragdo de cor da restauragdo. Nessa perspectiva surgiram
cimentos foto-ativados, sendo os de dupla ativagdo com os mesmos problemas causados pela
amina terciaria aromatica. Por outro lado, os cimentos resinosos foto-ativados ndo se alteram
de cor, se corretamente foto-ativados, e isso melhorou significativamente a seguranga para a
cimentacdo de restauragdes estéticas. Mais recentemente comegou-se a ser usada a resina
composta aquecida, que tem demonstrado boa fluidez com o aquecimento, melhor escoamento,
resultando em boa adaptacdao, o que comprovou que elas podem e devem ser utilizadas, no
entanto, precisam ter cuidado mais especial com a fotoativagdo, desde a intensidade da luz até
o aparelho que se usa. (OLIVEIRA etal., 2021).

Neste ponto de vista, varios aspectos sdo considerados, a unido entre a cerdmica € o
material de cimentacdo e entre o material de cimentacdo e o dente, as chamadas interfaces.
Hoje existem varios protocolos de cimentagao, sendo alguns baseados em aplicacdo de agente
de unido silano. Nao obstante, ha divergéncia sobre a necessidade ou ndo de aplicagdo de
sistema adesivo, sobre o tipo de adesivo a ser empregado (VERVACK et al., 2024). Obviamente
que os objetivos de qualquer protocolo de cimentagdo ¢ a longevidade e o sucesso clinico da
restauracdo. Nesse sentido, dada a consideravel controvérsia na literatura, o objetivo deste

trabalho foi avaliar a resisténcia de unido de uma ceramica a base de di-silicato de Litio sob
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diferentes protocolos de tratamento superficial da ceramica, aplicacdo de sistema adesivo, e
agentes de cimentagdo. A hipdtese nula ¢ que ndo haveria diferenga na resisténcia de unido
entre a ceramica e os diferentes agentes de unido testados, independentemente do tipo de

tratamento de superficie ou envelhecimento.
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2. OBJETIVO
2.1. GERAL
e Verificar a resisténcia de unido de uma ceramica a base de di-silicato de litio

com diferentes protocolos de adesdo e agentes de cimentacao.

2.2. ESPECIFICOS

e Avaliar a resisténcia de unido de um cimento resinoso foto-ativado, e da resina
composta aquecida com a ceramica a base de di-silicato de litio.

e Avaliar autilizacao de diferentes tratamentos superficiais da ceramica, divididos
em grupos utilizando ou ndo o Silano e utilizando adesivo de esmalte ou adesivo
universal.

e Avaliar a resisténcia de unido ao microcisalhamento apds 24 horas da
cimentacao e apds o envelhecimento térmico durante 10.000 ciclos com variagao
de 5° e 55°.

e Avaliar o de modo de falha utilizando microscépico otico de 40x, classificando

em coesiva, mista ou adesiva.
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3. ARTIGO: Bond strength between glass-ceramic and resins material with different

adhesion protocols, before and after thermocycling

3.1. ABSTRACT
Objective: To evaluate the bond strength of lithium disilicate ceramic under various surface
treatments, adhesive systems, and luting materials to determine optimal protocols for long-term
success. Materials and Methods: Lithium disilicate ceramic specimens (7 x 5 x 0.5mm) were
divided into groups based on surface treatment: Hydrofluoric Acid (HF): HF-silane, HF-
Universal, and HF-silane-Bond, and luting agents: resin cement and preheated composite resin.
Half of the specimens were tested after 24 hours, and the other half underwent thermocycling
(10,000 cycles, 5-55°C). Bond strength was assessed using a micro-shear test, and failure
modes were classified. Statistical analysis was performed using two-way repeated measures
ANOVA (p < 0.05). Results: At 24 hours, HF+Sil+Bond with preheated composite resin
demonstrated the highest bond strength. Thermocycling significantly reduced bond strength
(66.3% for resin cement, 20.9% for preheated composite resin). Preheated composite resin
combined with HF+Sil or HF+Sil+Bond maintained superior bond strength compared to resin
cement. Adhesive failure predominated across all groups, with mixed failures observed only in
select preheated composite resin groups after thermocycling. Conclusion: Preheated composite
resin combined with HF-silane treatments offers superior bond durability, maintaining higher
bond strength under aging conditions. These findings highlight the clinical potential of
preheated composite resin for enhancing ceramic restoration longevity, encouraging further

research on optimized bonding protocols.

3.2. INTRODUCTION

The significance of self-esteem in modern society increasingly involves aspects of
physical appearance, where a person’s smile and teeth play a pivotal role. As a result, esthetic
dentistry has gained prominence, extending beyond health-focused treatments to address
esthetic needs as well (1). This has driven many individuals to seek dental treatments like tooth
whitening or orthodontics, with esthetic dentistry successfully meeting its goals of improving
oral health and enhancing individuals’ self-confidence. The evolution of esthetic dentistry has
been notably accelerated by growing awareness of quality of life and well-being concepts,
especially since the late 20th century. The aim of all esthetic dental treatments is to achieve a

harmonious smile, as the beauty of a smile often determines an esthetically pleasing result (2).
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Among the essential materials used in esthetic dentistry are composite resins and dental
ceramics, with ceramics standing out for their chemical stability, reduced degradation, and
long-term durability (3).

Dental ceramics have undergone substantial advancements in response to the demand
for esthetic, durable, and biocompatible materials for dental restorations. Originally explored
in the 1950s with feldspathic ceramics as metal-coated materials, dental ceramics have evolved
to reduce metal use due to esthetic concerns, resulting in reinforced ceramics. A pioneering
moment came in 1965 with McLean and Hughes’s development of alumina-reinforced dental
ceramics, which offered twice the flexural strength of conventional feldspathic ceramics (4,5).
The introduction of acid etching for enamel in 1955, the development of composite resins in
1962, and later, the groundbreaking research of Professor Nakabayashi in 1982, all laid the
foundation for adhesive techniques, revolutionizing restorative dentistry (6).

Ceramic laminates, initially conceived in the late 1920s, evolved significantly. Although
they began as short-term solutions for Hollywood stars, the subsequent development of
adhesive techniques allowed these restorations to become a long-lasting esthetic option. In
1983, Simonsen and Calamia demonstrated the bonding potential of silicate-based ceramics to
silane, which, combined with advancements in composite resins and resin cements, created
stable, durable bonds between ceramic and tooth surfaces (7).

Resin cements, introduced following the need for esthetic ceramic restorations, were
initially chemically activated, which caused discoloration due to aromatic tertiary amines. This
challenge led to photo-activated cements, with the latter offering color stability when
appropriately polymerized, greatly enhancing the security of esthetic cementation. More
recently, preheated composite resins have gained attention, as heating improves their
flowability, leading to better adaptation in the cementation process, though requiring careful
photoactivation (8).

Given the importance of durable bonding interfaces between ceramics, luting agents,
and teeth, various cementation protocols are now available, including the use of silane coupling
agents and silane-infused products. However, literature often disagrees on whether an adhesive
system is necessary and on the most appropriate adhesive type. There are studies that defend
that resin cements are more appropriated as they result in better marginal adaptation, but when
correctly heated and applied, the composite resin also has shown reliable results (8-10). Thus,
this study aimed to evaluate the bond strength of a lithium disilicate ceramic using different

surface treatments, adhesive application, and luting agents to determine the protocol best suited
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for long-term success. The null hypothesis is that there would be no difference in bond strength
between the ceramic and the different bonding agents tested, regardless of the type of surface

treatment or aging.

3.3. MATERIALS AND METHODS

3.3.1. Study Design

CAD/CAM lithium disilicate ceramic blocks were prepared with a thickness of 7
x 5 x 0.5 mm. The study groups were divided based on the type of ceramic surface treatment
method and further subdivided according to the cementation material and bond strength
evaluation time (before and after thermal aging). Therefore, the study groups are presented in
the flowchart (Figure 1). After 24 hours of storage or thermal aging, the bond strength
was assessed using a micro-shear test, followed by failure mode analysis of the specimens and

evaluation of the bonding interface between the materials.

CAD lithium disilicate ceramic

(n=120)
[
I | I
HF+Sil HF+Un HF+Sil+Bond
(n=40) (n=40) (n=40)

I I I I | I I I |
ResCem PreComRes ResCem PreComRes ResCem PreComRes
(n=20) (n=20) (n=20) n = 20) (n=20) n =20)

171 1T 1 1T 1 1T 1T
24h Thermal 24h Thermal 24h Thermal 24h Thermal 24h Thermal 24h Thermal
(n=10) aging (n=10) aging (n=10) aging (n=10) aging (n=10) aging (n=10) aging
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10)

Figure 1. Flowchart of the study groups. HF: hydrofluoridric acid; Sil: silane coupling agents;
Un: adhesive universal; Bond: enamel adhesive; ResCem: Resin Cement; PreComRes:

Preheated Composite Resin.

3.3.2. Ceramic Specimens Preparation

Lithium disilicate ceramic blocks (IPS e.max CAD, Ivoclar Vivadent, Schaan,
Liechtenstein) were sectioned using a precision cutting machine (IsoMet 1000, Buehler, Lake
Bluff, IL, USA) under abundant cooling, resulting in a thickness of 0.5 mm and subsequently
divided into four parts, yielding four similar specimens. A total of 120 samples were obtained

(7 x 5 x 0.5 mm). The ceramics were then crystallized according to the manufacturer’s
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instructions in a ceramic furnace (Programat EP 5010, Ivoclar Vivadent, Schaan,
Liechtenstein).

After crystallization, one surface (representing the external portion of the restoration)
was finished and polished using abrasive rubber points for ceramics (Exa-Cerapol 0310UM and
0316UM ceramic polishers) and cleaned in an ultrasonic bath for 3 minutes. A thin layer of
glaze paste (IPS Ivocolor Glaze Paste, Ivoclar Vivadent, Schaan, Liechtenstein) was applied to
the same ceramic surface, followed by the glaze firing procedure. The final dimensions were

confirmed using a digital caliper (Mitutoyo Corp, Kawasaki, Japan) (11).

3.3.3. Surface Treatment for Cementation
Regardless of the cementation material used, after the fabrication of the ceramic
samples, the surface considered internal (surface that has not been glazed) were preparate as

follows:

. Group 1: etching with 10% hydrofluoric acid (Condicionador de Porcelanal (0%,
Dentsply Sirona, Pirassununga — SP, Brazil) for 20s, followed by rinsing for the
same time, and applying one layer of silane (Prosil, FGM, Joinvile — SC, Brazil)
for 15s. After a complete 60s of the silane action, a water- and oil-free air jet
was applied for 5s (HF + Sil).

. Group 2: etching with 10% hydrofluoric acid (Condicionador de Porcelanal (0%,
Dentsply Sirona), followed by applying one layer of the universal adhesive
(Single Bond Universal, 3M ESPE, Oral Care Solutions Division, Sumaré — SP,
Brazil). Excess was removed, and the adhesive was polymerized using an LED
light source) for 10s (HF + Un).

. Group 3: etching with 10% hydrofluoric acid (Condicionador de Porcelanal(0%,
Dentsply Sirona), followed by applying one layer of silane (Prosil, FGM), in the
same mode as Group 1, and applying one layer of the enamel adhesive (Optibond
FL, Adhesive — step 2, Kerr, Orange, USA). Excess was removed, and the

adhesive was polymerized using was light curing for 10s (HF + Sil + Ad).

3.3.4. Cementation Procedure
A polyvinyl siloxane extra light body (Panasil, Initial Contact Light, Impression
material, Kettenbach, Eschenburg, Hesse, Germany) matrix with two holes, each measuring 1

mm in diameter and 1 mm in height, was fabricated in a plastic mold. The matrix was positioned
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on the treated surfaces and filled with the resin cement (Variolink Esthetic LC, Neutral, Ivoclar
Vivadent) or preheated composite resin (Z100 Universal Composite Resin, 3M ESPE). The
preheated composite resin was heated at 68° C for 15min before use with a header device
(Hotron, Biotron, Santa Rita do Sapucai — MG, Brazil). (12) A polyester strip and a glass slab
were placed over the loaded matrix, and pressure was applied to remove the excess material.
The materials were polymerized with an LED curing unit (Bluephase, Ivoclar Vivadent) at
approximately 800 mW/cm? intensity for 40s, with the intensity measured before each light
activation. After 10min, the matrix was removed, and the resin material cylinders were carefully
examined with the help of a magnifying glass to check for any changes in the bonding area.

Figure 2 provides an overview of the cementation procedures.

(A)

Resin luting cement

(®)

Glass slab —

Polyester strip ——

Elastomeric matrix ———

e ©
Ceramic —————— / - ‘ ‘ P /

Materials position Resin materials photoactivation Specimen

Figure 2. Cementation Procedures. (A) Arrangement of each material used, (B) photoactivation

of the cementation material, and (C) the resulting final specimen.

Half of the specimens within each group were stored for 24h before the bond strength
test, while the remaining half underwent thermal aging in distilled water using a thermal cycling
machine (Delta, Marcelo Nucci)) with 10,000 cycles between 5 and 55°C, with a 20s in each
bath and a 10s interval between baths. (13).

3.3.5. Microshear Bonding Test

All specimens (cylinders bonded to the ceramic) were subjected to a micro-shear test
using a universal testing machine (EMIC DL3000, Sao José dos Pinhais — PR, Brazil) with a
50 kgf'load cell, at a cross speed of | mm/min equipped with a device securely fixed to the base
of the machine and using a chisel specially designed to apply the force as close as possible to

the bonding interface. The test was conducted until specimen failure.
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3.3.6. Determination of The Mode of Failure

The samples were analyzed under a 40x optical microscope (Ken-a-vision, 4424, USA)
to examine the mode of failure, which was classified as adhesive (clean ceramic surface without
cement residues), cohesive in the cement (cement layer covering the ceramic surface), cohesive

in the ceramic (failure in the ceramic surface), and mixed (more than one type of failure).

3.3.7. Determination of The Actual Bonded Areas of The Specimens

The ceramic specimens were examined using an optical imaging microscope (Axiostar
Plus Microscope, Carl Zeiss Microlmaging GmbH). The ceramics were positioned on the
microscope stage, and an image of the bonded area was captured at 5x magnification. The
obtained images were then analyzed using ImagelJ software (Schneider, C. A., Rasband, W. S.,
& Eliceiri, K. W. (2012). NIH Image to ImagelJ: 25 years of image analysis. Nature Methods,
9(7), 671-675. doi:10.1038/nmeth.2089), which was used to measure the actual bonded area of

each tested specimen.

3.3.8. Statistical Analysis

The 24-hour and post-thermocycling micro-shear bond strength (uSBS) data were
obtained in MPa and statistically analyzed using Jamovi 2.5 software (14). The mean and
standard deviation were subjected to the Shapiro-Wilk test. After the normality confirmed (p >
0.05), the data were analyzed using Two-way repeated measures ANOVA, followed by Tukey's
post hoc test. A significance level of p < 0.05 was adopted. To analyze only the type of luting
agent (resin cement or preheated composite resin), the means and standard deviations of all data

from the treatments used in each luting agent group were considered.

3.4. RESULTS

The combination of different ceramic surface treatments with different luting resin
agents resulted in varying uSBS values, both within each testing time and between them (Tables
1 and 2). At 24 hours, the preheated composite resin combined with HF + Sil + Bond exhibited,
statistically significant, the highest uSBS (p <0.05) among all groups. HF + Un for resin cement
showed, statistically significant, the lowest uSBS (p < 0.05). However, this group was
statistically like HF + Sil + Bond for resin cement (p = 0.407) and HF + Un for preheated
composite resin (p = 0.926). HF + Sil demonstrated the highest uSBS for resin cement but was
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statistically like HF + Sil + Bond (p = 0.731). The lowest uSBS for preheated composite resin
was observed with the HF + Un treatment, although this was statistically like HF + Sil (p =
0.061).

After thermocycling, pSBS decreased significantly (p < 0.001) (Table 2), by 60.25%
for resin cement and 23.49% for preheated composite resin. Preheated composite resin showed,
statistically, the highest uSBS values then resin cement, both at 24h (p = 0.002) and after
thermocycles (p < 0.001). For each treatment (Table 1) preheated composite resin with HF +
Sil and HF + Sil + Bond showed, statistically, the highest uSBS values (p < 0.05) among all
groups. HF + Sil resulted in the best uSBS, statistically significant (p < 0.05), for resin cement.
HF + Un resulted in the lowest value (p < 0.001) for both resin cement and preheated composite
resin (Table 1).

Adhesive failure mode predominated with HF + Un treatment combined with preheated
composite resin at 24 hours and was the majority for other treatments. However, the HF + Sil
treatment with luting resin showed a split between adhesive and mixed failure modes. After
thermocycling, only the HF + Sil and HF + Sil + Bond treatments for composite resin presented
some mixed failure modes. The other groups predominantly exhibited adhesive failure modes.
None of the cohesive failure modes in ceramic or resin cement were observed for either ceramic

or at any testing time (Table 3).

Table 1. Mean and () standard deviation of micro-shear bond strength (MPa) for different

ceramic surface treatments and luting resin agents at different times.

Luting Resin

Treatments 24h After thermocycles
Agents
HF+Sil 21.15+6.13 Ab 12.26 £+ 4.37 Bb
Resin Cement HF+Un 14.22 £5.34 Ac 1.47+0.68 Bd
HF+Sil+B 18.00 £ 6.09 Abc 7.49 £3.96 Be
HF+Sil 22.08 £6.57 Ab 22.95+6.15 Aa
Preheated HF+Un 16.27 +3.52 Abc 8.68 + 2.52 Bbe
Composite Resin
HF+Sil+B 28.70 £5.03 Aa 20.60 + 6.22 Ba

Note: Different uppercase letters indicate statistically significant differences between testing times (same row),

and different lowercase letters indicate statistically significant differences between luting agents (same column).
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Table 2. Mean and () standard deviation of micro-shear bond strength (MPa) for only luting

resin agents, independent of surface ceramic treatment, before and after thermocycling.

Luting Resin Agents 24h After Thermocycles p
Resin Cement 17.79 £ 6.49 Ab 7.07 £ 5.58 Bb <0.001
Preheated - 22354723 Aa 17.10 £ 7.93 Ba <0.001
Composite Resin
p 0.002 <0.001

Note: Different uppercase letters indicate statistically significant differences between testing times (same row),

and different lowercase letters indicate statistically significant differences between luting agents. p = p Tukey.

Table 3. Failure modes (*) analysis of the deboned specimens (%) among groups and (number

of cylinders).
Times Luting Failure Modes
Resin Treatments
Agents Model Mode2 Mode3  Mode 4
HF+Sil 55(11) - - 45 (9)
Resin
Cement HF+Un 90 (18) - - 10 (2)
it HF+Sil+B 85 (17) - - 15(3)
HF+Sil 85 (17) - - 15 (3)
Composite
Resin HF+Un 100 (20) - - -
HF+Sil+B 85 (17) - - 15(3)
HF+Sil 100 (20) - - -
Resin
Cement HF+Un 100 (20) - - -
After HF+Sil+B 100 (20) - - -
Thermocycles HF+Sil 80 (16) ) _ 20 (4)
Composite
Resin HF+Un 100 (20) - - -
HF+Sil+B 90 (18) - - 10 (2)

* Failure modes: 1 = Adhesive (failure within the adhesive layer). 2 = Cohesive in ceramic (failure within the
ceramic body). 3 = Cohesive in cement (failure within the cement material). 4 = Mixed (more than one type of

failure combined).

3.5. DISCUSSION
The results show that the thermal aging affected all combinations of surface treatment
and cement agents, except when the heated composite resin was applied after HF and silane

agent followed bond. Regarding to the aged situation, composite resin with HF-silane and with
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HF-Silane-Bond were superior to all remaining combination. When plotted all the results heated
composite resin showed higher values than resin cement. Thus, the null hypothesis was rejected.
Many studies have been done evaluating the interaction between dental ceramic and agent
cement materials, and several surface treatment, chemical agents and adhesive have been
studied (15,16).

The findings from this study underscore the influence of thermocycling on the durability
of resin-ceramic bonds, particularly with respect to different combinations of surface treatments
and cementation materials. Thermocycling, a standard method to simulate oral temperature
changes, showed a substantial impact on bond strength, as evidenced by significant uSBS
(micro-shear bond strength) reductions across most groups. However, the combination of
preheated composite resin with hydrofluoric acid (HF) etching followed by silane was notably
resistant to aging, indicating a superior bond stability compared to other resin-based agents.
This aligns with existing research, suggesting that HF and silane enhance the surface
topography and chemical compatibility with resin-based adhesives, thus facilitating a robust
bond that withstands thermal stress (17,18).

In the context of aged specimens, the superiority of HF-silane and HF-silane-bond
treatments when used with preheated composite resin suggests that combining these treatments
optimizes the retention and longevity of the restoration, even under simulated aging conditions.
In this way, it could be inferred that, clinically the behavior would be similar. This outcome
further demonstrates that surface conditioning via silane—known for its ability to create a stable
siloxane network—enhances bond durability, particularly when paired with composite resins
preheated to improve flow and adaptability. Such findings are consistent with studies showing
that preheated composite resins combined with and adhesive increase monomer infiltration and
facilitate a better interfacial bond with treated ceramic surfaces (19).

Furthermore, preheated composite resin consistently yielded higher bond strength
values compared to conventional resin cement, suggesting that the thermal manipulation of
composite resins could be a promising approach for enhancing bond stability. Preheating raises
the temperature and reduces the viscosity of composite resins, which in turn may allow for
deeper penetration and improved contact with ceramic surfaces—especially when coupled with
HF and silane treatments (20). These observations support a growing body of literature
evaluating various surface treatments, chemical agents, and adhesive protocols to maximize
ceramic bond durability (21,22). The results suggest that HF etching combined with silane

application remains a reliable protocol to improve bond strength, and that preheating composite
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resin could be advantageous for clinical applications requiring robust adhesive performance
under long-term functional loading (23).

This study’s outcomes provide valuable insights for optimizing ceramic bonding
strategies, highlighting the importance of tailoring surface treatments to specific cementation
systems for improved restoration longevity.

However, as resin cements are widely used clinically worldwide, it is important to
consider the results after thermocycling, where HF + Sil was the treatment that resulted in the
least decrease in bond strength. This finding aligns with most studies, which show that this
treatment is the most reliable. Recently, universal adhesive systems have gained increasing
popularity, leading many dentists to adopt them for cementing ceramic restorations (22).
However, the present findings raise concerns about their performance compared to the more
traditional HF + Sil method. Therefore, we advise dentists to exercise caution and await more
robust and reliable evidence in the literature before transitioning to universal adhesive systems
for cementation procedures. It is important to note that this opinion is based on our study, which
utilized a specific universal adhesive. Thus, further studies are necessary to achieve a more
comprehensive and reliable understanding.

The present results highlight the potential advantages of using heated composite resin
as a luting agent, particularly when combined with hydrofluoric acid etching and silane
application. Heating the composite resin enhances its flowability, allowing for better adaptation
to the ceramic surface and facilitating improved mechanical interlocking and chemical bonding.
This process results in superior bond strength values, even after aging conditions such as
thermocycling, compared to conventional resin cements. These findings suggest that the
thermal manipulation of composite resins could provide a reliable alternative for achieving
durable ceramic-resin bonds, especially in cases requiring high resistance to thermal and
mechanical stresses. However, it is important to note that while heated composite resin
demonstrates promising results in controlled laboratory settings, further clinical studies are

needed to validate its long-term performance and assess its feasibility in routine dental practice.

3.6. CONCLUSION
In conclusion, this study demonstrates that the use of heated composite resin as a
cementing agent, combined with hydrofluoric acid and silane application, improves fluidity and

adaptation to ceramics, providing greater bond strength, even after aging. However, further
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clinical studies are needed to confirm its warming efficacy, thus optimizing adhesion protocols

for greater restorative success.
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4. CONCLUSAO

Em conclusdo, este estudo demonstra que o uso de resina composta aquecida como
agente de cimentacdo, aliado ao ataque &cido hidrofluoridrico e silano, melhora a fluidez e a
adaptagao a ceramica, proporcionando maior resisténcia de unido, mesmo apos envelhecimento.
Contudo, mais estudos clinicos sdo necessarios para confirmar sua eficicia, aquecimento,

otimizando assim os protocolos de adesdo para maior sucesso restaurador.
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APENDICE - Metodologia

Lista de materiais e equipamentos utilizados no estudo.

MATERIAIS MARCA/FABRICANTE
Ceramica Di-silicato De Litio E.max Press - Ivoclar-Vivadent
Cimento Resinoso Variolink Esthetic - Ivoclar-Vivadent

Resina Composta Resina 3M™ Z100™ 3M ESPE

Aquecedor Hotron - Biotron

Adesivo Single bond 3M ESPE
Fotopolimerizador Bluephase N, Ivoclar Vivadent
Silano Monobond Etch Prime - Ivoclar Vivadent
Silicone por adi¢ao Prosil — Ultradent
Acido Hidrofluoridrico Dentsply Sirona

Delineamento do Estudo

Blocos ceramicos de di-silicato de litio CAD foram preparados com espessura de 0,5
mm. Os grupos de estudos foram divididos (Figura 1) conforme tipo de material de cimentacao
e subdivididos de acordo com o tipo de tratamento de superficie da ceramica e tempo de

avaliacdo da resisténcia de unido, antes e apos envelhecimento térmico. Assim, os grupos de

estudos foram:

G1: cimento resinoso

— G1.1: &cido hidrofluoridrico (HF) + silano (Sil)
e Gl.1.1: HF + Sil 24h
e (G1.1.2: HF + Sil_envelhecido

— G1.2: HF + adesivo universal (Un)
e G1.2.1: HF + Un_24h

e (G1.2.2: HF + Un_envelhecido

— G1.3: HF + Sil + adesivo de esmalte (Ad)



e G1.3.1: HF + Sil+Ad _24h
e (G1.3.2: HF + Sil+Ad_envelhecido

(G2: resina composta aquecida
— G2.1: HF +Sil
e G2.1.1: HF + Sil_24h
e (G2.1.2: HF + Sil_envelhecido

— G2.2: HF + Un
e (G2.2.1: HF + Un_24h
e (2.2.2: HF + Un_envelhecido

— G2.3: HF + Sil + Ad
e (G2.3.1: HF + Sil+Ad _24h
e (32.3.2: HF + Sil+Ad_envelhecido

Ceramica dissilicato de litio CAD

(n=120)
[
| I |
HF+Sil HF+Un HF+Sil+Adesivo
(n=40) (n=40) (n=40)

I I I I I I | I I
CimRes ResComPre CimRes PreComRes CimRes PreComRes
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Figura 1. Fluxograma dos grupos de estudo. HF: &cido hidrofluoridrico; Sil: agente de

acoplamento silano; Un: adesivo universal; Bond: adesivo de esmalte; CimRes: cimento

resinoso; ResComPre: resina composta pré-aquecida; EnvTer: envelhecimento térmico.
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Preparo das amostras cerimicas

Blocos ceramicos de di silicato de litio (IPS e.max CAD, Ivoclar Vivadent, Schaan,
Liechtenstein) foram seccionados em maquina de corte de precisao (Isomet 1000, Buehler, Lake
Bluff, IL, EUA) com refrigeracdo abundante na espessura de 0,5 mm e em quatro partes,
resultando em quatro espécimes similares (Figura 2). No total, 120 amostras foram obtidas (7
x 5 x 0,5 mm). Em seguida, as ceramicas foram cristalizadas de acordo com as instrugdes do
fabricante em forno ceramico (Programat EP5010, Ivoclar Vivadent, Schann, Liechtenstein).
Ap6s a cristalizacdo, foram acabadas e polidas com borrachas abrasivas para ceramica (polidor
ceramica Exa-Cerapol 0310UM e 0316UM), lavadas em ultrassom durante 3 min. Uma fina
camada de glaze pasta (IPS Ivocolor Glaze Paste, Ivoclar Vivadent, Schaan, Liechtenstein) foi
aplicada sobre um dos lados da ceramica e em seguida foi realizado o procedimento de queima

do glaze (Figura 3). As dimensdes finais foram confirmadas utilizando um paquimetro digital

(Mitutoyo Corp, Kawasaki, Japao).

Figura 2. Corte do bloco ceramico. (A) Primeiro corte longitudinal, (B) segundo corte
longitudinal, (C) corte de fatias e (D) mensuragdo da espessura das fatias. Fonte: arquivo

pessoal.
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Figura 3. Finaliza¢dao do preparo das amostras ceramicas. (A) Cristalizacdo da ceramica, (B)
acabamento com ponto diamantada (quando necessario), (C) polimento com borracha abrasiva
mais grosseira, (D) polimento com borracha abrasiva de refinamento, (E) aplicacao de glaze e

(F) aspecto da superficie glazeada apds queima do glaze. Fonte: arquivo pessoal.
Tratamento de Superficie Ceramica
Um dos lados das amostras ceramicas foram tratadas de 3 formas distintas:

1) HF + Sil: o acido hidrofluoridrico 10% (HF) (Condicionador de porcelana 10%,
Dentisply Sirona) aplicado na superficie ceramica por 20s e lavado por mais 20s. A superficie
foi secada e em seguida foi aplicado agente de unido silano (Sil) (Prosil, FGM) por 20s, deixado

agir por 40s e secado com jato de ar (Figura 4);
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2) HF + Un: HF 10% aplicado na superficie ceramica por 20s e lavado por mais 20s. A
superficie foi secada e em seguida foi aplicado uma camada de adesivo universal (Scotchbond
Universal, 3M ESPE), os excessos foram removidos, aplicado um jato de ar e a polimerizagao

foi fotoativada durante 10s por fonte de luz LED (Bluephase N, Ivoclar Vivadente) (Figura 5);

3) HF + Sil + Ad: HF 10% aplicado na superficie ceramica por 20s e lavado por mais
20s. A superficie foi secada e em seguida foi aplicado Sil por 20s, deixado agir por 40s e secado
com jato de ar. Uma camada de adesivo de esmalte (Optibond, Ahesive, Kerr) foi aplicado, os
excessos foram removidos e a polimerizagao foi fotoativada durante 10s por fonte de luz LED

(Figura 6).

Figura 4. Tratamento de superficie ceramica HF + Sil. (A) Aplicacdo de HF e (B) aplicagao de

silano. Fonte: arquivo pessoal.
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Figura 5. Tratamento de superficie ceramica HF + Un. (A) Aplicagdo de HF, (B) aplicagdo de

adesivo universal e (C) fotoativagao de polimerizagdo do adesivo. Fonte: arquivo pessoal.

Figura 6. Tratamento de superficie ceramica HF + Sil + Ad. (A) Aplicagdo de HF, (B) aplicagao

de silano, (C) aplicagdo de adesivo de esmalte e (D) fotoativacao de polimerizagao do adesivo.

Fonte: arquivo pessoal.
Procedimentos de Cimentacao

Para realizagdo dos corpos de prova para ensaio de microcisalhamento foi
confeccionada matriz de silicone com dois orificios cilindros de Imm de didmetro e Imm de
altura. Um dispositivo préprio foi moldado com silicone por adi¢do (Panasil Initial Contact
Fluido Light — Ultradent) e dois orificios da matriz de silicone foram individualizados (Figura

7).
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Figura 7. Confecgdo da matriz de silicone. (A) Dispositivo utilizado, (B) dispensa do material

de impressao sobre placa de vidro, (C) manipulacao do material, (D) inser¢ao do material no
dispositivo, (E) pressionamento do material com lamina de vidro para remog¢ao dos excessos,
(F) remog¢do de excessos da impressao, (G) recorte da moldagem para individualizagdo dos

orificios e (H) matriz de silicone finalizada para uso. Fonte: arquivo pessoal.

Em seguida a matriz (com dois orificios de Imm de didmetro por 1 mm de altura) foi
posicionada sobre a superficie ceramica, previamente tratada, ¢ o material de cimentacao
(Variolink Esthetic LC, Ivoclar Vivadent) ou a Resina Composta (Z100) foram introduzidos
nos dois orificios da matriz de silicone. Sobre a matriz foi posicionado uma tira de poliéster e
lamina de bisturi. O conjunto (ceramica/ matriz/ tira/ lamina) foram colocados sobre a ponta de
uma fonte de luz LED (Bluephase) a fim de realizar a polimerizacao do material de cimentagao
através da ceramica, durante 40 s. Em seguida, 1dmina de vidro, tira de poliéster e matriz de
silicone foram cuidadosamente removidas, resultando em dois cilindros de material de

cimentacao sobre a superficie ceramica (Figure 8).
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Figura 8. Procedimento de cimentagdo. (A) Coleta do material resinoso de cimentagdo, (B)
inserc¢ao de tira de poliéster sobre a matriz de silicone, ap6s preenchimento com o material de
cimentacgdo, (C) aplicagdo de pressdo sobre o conjunto (ceramica/matriz se silicone com
material de cimentagdo/tira de poliéster) posicionado sobre ponta do aparelho de fotoativacao
de polimerizagdo e (D) ativacao da polimerizacdo do material de cimentagdo resinoso através

da ceramica. Fonte: arquivo pessoal.
Envelhecimento Térmico

Apos a confecgdo, os espécimes foram armazenados em agua destilada durante 24h a
37° C ou submetidas a envelhecimento térmico. O envelhecimento foi realizado em maquina

de termociclagem durante 10.000 ciclos, com variagao de 5° e 55° C (Figura 9).

Figura 9. Armazenamento e envelhecimento dos espécimes. (A) Imersao em dgua destilada, (B)
configuragdes de envelhecimento térmicos dos espécimes ceramicos ¢ (C) maquina de

simula¢do do envelhecimento térmico. Fonte: arquivo pessoal.
Teste de Resisténcia de Uniio ao Microcisalhamento

Apos 24h em 4agua destilada a 37° C ou termociclagem, cada espécime foi fixado na

base de uma maquina de ensaio universal (EMIC 3000) e o teste de resisténcia de unido ao
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microcisalhamento (RUpC) foi realizado com auxilio de uma ldmina, do tipo cinzel,

posicionada na interface de unido entre ceramica e cilindro de material de cimentagao. O ensaio

foi realizado @ Imm/min com uma célula de carga de 50 kgf até a fratura do espécime (Figura

10).

Figura 10. Teste de resisténcia de unido ao microcisalhamento. (A) Méquina de ensaio universal
(EMIC), (B) posicionamento do espécime para testagem e (C) posicionamento da lamina na

area de unido. Fonte: arquivo pessoal.
Modo de Falha

As amostras foram analisadas em microscopio Optico de 40x para examinar o modo de
falha, que foi classificado como adesivo (superficie ceramica limpa e sem residuos de cimento),
coeso no cimento (camada de cimento cobrindo a superficie ceramica) e misto (areas limpas e

areas com cimento cobrindo a superficie) (Figura 11).
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Figura 11. Andlise do modo de falha. (A) Microscopico Optico utilizado para a andlise e (B)

imagem fornecida para a analise. Fonte: arquivo pessoal.

Mensuracio da Area de Unido

Apos o ensaio de microcisalhamento, os espécimes ceramicos foram levados a um
microscopio Optico de captura de imagem (Microscopio Axiostar Plus, Carl Zeiss
Microlmaging Gmbh). As cerdmicas foram posicionadas na base e a imagem da area de unido
foi obtida em 5x. Em seguida, as imagens obtidas foram analisadas pelo software Imagel
(Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. (2012). NIH Image to Imagel: 25 years of
image analysis. Nature Methods, 9(7), 671-675. doi:10.1038/nmeth.2089), realizando a

mensuragao real da area de unido de cada corpo de prova testado (Figura 12).
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Figura 12. Area de unido analisada pelo software Imagel: circulo em amarelo corresponde a
delimitagdo da area de unido entre ceramica e material de cimentacao resinoso. Fonte: arquivo

pessoal.



