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Cavalcanti KGBA. Influéncia da Irradiancia e do tempo de exposig¢ao nas
propriedades mecanicas e na estabilidade da interface adesiva de adesivos
universais [tese]. Sao Luis. Universidade Ceuma; 2023.

RESUMO

A descoberta e o aprimoramento dos sistemas adesivos representaram uma
conquista nas praticas odontologicas tendo a possibilidade de se conseguir um
substrato dentario conservado. Recentemente, surgiram os adesivos Universais
para simplificar o conceito de ambas as estratégias adesivas existentes (ER ou
SE) ou para associar a técnica “seletiva do esmalte” a fim de que o protocolo
clinico de unido ao substrato dentario seja mais rapido e menos vulneravel aos
problemas decorrentes de sua sensibilidade técnica. Porém os adesivos
simplificados podem ter uma polimerizagdo insuficiente. Novos aparelhos
fotopolimerizadores surgiram no mercado atual que foram langados como uma
solugdo para realizar restauragdbes com maior incremento de resina e
potencialmente permitir que se diminua o tempo de polimerizag&o atingindo uma
polimerizacao ideal de materiais restauradores. Assim, o presente estudo foi
dividido em dois capitulos que abordaram a influéncia da irradiancia e do tempo
de exposicado nas propriedades mecanicas e adesivas de adesivos Universais
em dentina imediatamente e apds dois anos de armazenamento. No
experimento 1, Dois adesivos universais, Clearfil Universal Bond Quick (CUQ) e
Scotchbond Universal (SBU), foram fotopolimerizados usando diversas
Irradidncias e tempos de exposi¢cado: 1400mW/cm2 por 5s (1400*5); e por 10s
(1400*10); 3200mW/cm2 por 5s (3200*5); e por 10s (3200*10). Discos de cada
adesivos foram utilizados para medir a KHN e PCLD. 128 molares humanos
foram distribuidos aleatoriamente para 16 grupos de acordo com as variaveis:
sistema adesivo vs. estratégias adesivas vs. Irradiancia e tempo de exposigéo.
ApOs a restauracao, os dentes foram seccionados em palitos e testados por
MTBS, NL e DC. Os dados do PCLD (%), KHN, uTBS (MPa), NL (%), e DC (%)
foram submetidos a ANOVA e Teste de Tukey (5%). Redugdes significativas na
dureza (KHN), resisténcia de unido (uTBS), e grau de conversao (DC) (p > 0.002)
e um aumento na nanoinfiltragao (NL) e na densidade de reticulagdo de polimero



(PCLD) (p>0.003) foram observados por 3200*10 (32J/cm2) quando
comparados com outros grupos. Maiores valores de KHN, yTBS e DC (p>0.002)
foram observados para 3200*5 (16J/cm2) em comparagao com 0s outros grupos.
Os grupos 1400*5 (7J/cm2) e 1400*10 (14J/cm2) mostraram valores
intermediarios (p=0.001). No experimento 2, 128 dentes foram divididos em 16
grupos (n = 8 espécimes) baseados na combinagdo das variaveis: 1. Adesivo:
CUQ e SBU; 2. Estratégias adesivas: condicionamento total (ER) e
autocondicionante (SE); 3. Irradiancia/Tempo de exposigao: 1400 mW/cm2 por
5s (7 J/lcm2) e por 10 s (14 J/cm2), e 3200 mW/cm2 por 5 s (16 J/lcm2) e por
10s (32 J/cm2). Os espécimes produzidos do mesmo dente foram randomizados
e testados apds 24 horas ou apds 2 anos de armazenamento. Os dados do uyTBS
(MPa) e NL (%) foram submetidos a ANOVA 3-fatores e Teste de Tukey 5%.
Maiores valores de uyTBS foram observados para 3200*5 (16 J/cm2) e 1400*10
(14 J/cm2) enquanto menores valores de uTBS foram observados para 3200*10
(32 J/lcm2) e 1400*5 (7 J/cm2) para ambos os adesivos universais testados.
Apesar da diminuicdo nos valores de uTBS e do aumento de NL, ambos
significativos, para todos os grupos apés 2 anos de armazenamento em agua,
3200*5 (16 J/cm?2) ainda apresentou os maiores valores de uTBS; e 1400*10 (14
J/cm2) e 3200*5 (16 J/cm2) apresentaram os menores de NL enquanto 3200*10
(32 J/cm2) apresentou menores valores de yTBS e os maiores de NL quando
comparado aos outros grupos, para ambos o0s adesivos universais testados.
Concluiu-se que o uso de alta irradiancia (3200 mW/cm2) por 5 s mostrou os
melhores resultados em termos de propriedades mecanicas e adesivas para
ambos os adesivos universais a dentina como promoveu maior estabilidade da
interface adesiva, enquanto o tempo de exposicdo prolongado (10s) na
irradiancia mais alta (3200 mW/cm2) mostrou piores resultados apés 24 h e 2

anos de armazenamento.

Palavras-chave: Adesivos dentinarios. Fotopolimerizagao. Infiltragao Dentaria.

Degradacao.



Cavalcanti KGBA. Influence of irradiance and exposure times on the mechanical
properties and adhesive interface stability of universal adhesives [thesis]. S&o
Luis: Universidade CEUMA,; 2023.

ABSTRACT

The discovery and improvement of adhesive systems represent an achievement
in dental practices with the possibility of attaining a preserved dental substrate.
Recently, universal adhesives have emerged to simplify the concept of both
adhesive strategies existing (ER ou SE) or to associate the “selective enamel”
technique so that the clinical protocol of bonding to the dental substrate turns out
to be faster and less vulnerable to problems arising from its technical sensitivity.
However, simplified adhesives may have insufficient polymerization. New light-
curing devices have emerged in the current market that were launched as a
solution to perform restorations with a greater resin increment and potentially
allowing the reduction of polymerization time so that an ideal polymerization of
restorative materials is achieved. Thus, the present study has been divided into
two chapters that addressed the influence of irradiance and exposure time on the
mechanical and adhesive properties of Universal adhesives on dentin
immediately and after two years of storage. In experiment 1, two universal
adhesives, Clearfil Universal Bond Quick (CUQ) and Scotchbond Universal
(SBU), were light-cured using different Irradiances and exposure
times:1400mW/cm2 for 5s (1400*5); and for 10s (1400*10); 3200mW/cm2 for 5s
(3200*5); and for 10s (3200*10). Discs of each adhesive were used to measure
KHN and PCLD. 128 human molars were randomly assigned to 16 groups
according to the variables: adhesive system vs. adhesive strategies vs.
Irradiance and exposure time. After restoration, the teeth were sectioned into
sticks and tested by pTBS, NL and DC. The data of PCLD (%), KHN, uTBS
(MPa), NL (%), and DC (%) were submitted to ANOVA and Tukey’s Test (5%).
Significant reductions in Knoop hardness (KHN), microtensile bond strength
(MTBS), and in situ degree of conversion (DC) (p > 0.002) and an increase in

nanoleakage (NL) and polymer cross-linking density (PCLD) (p>0.003) were



observed by 3200*10 (32J/cm2) when compared to other groups. Higher values
of KHN, uTBS and DC (p>0.002) were observed for 3200*5 (16J/cm2) compared
to the other groups. The 1400*5 (7J/cm2) and 1400*10 (14J/cm2) groups showed
intermediate values (p=0.001). In experiment 2, 128 teeth were divided into 16
groups (n = 8 specimens) based on the combination of variables: 1. Adhesive:
CUQ and SBU; 2. Adhesive strategies: etch-rinse (ER) and self-etching (SE); 3.
Irradiance/Exposure time: 1400 mW/cm2 for 5 s (7 J/cm2) and for 10 s (14
J/icm2), and 3200 mW/cm2 for 5 s (16 J/cm2) and for 10s ( 32 J/cm2). The
specimens produced from the same tooth were randomized and tested either
after 24 hours or after 2 years of storage. The yTBS (MPa) and NL (%) data were
submitted to 3-way ANOVA and 5% Tukey’s test. Higher pyTBS values were
observed for 3200*5 (16 J/cm2) and 1400*10 (14 J/cm2) while lower uyTBS values
were observed for 320010 (32 J/cm2) and 1400*5 (7 J /cm2) for both universal
adhesives tested. Despite the decrease in uTBS values and the increase in NL,
both significant, for all groups after 2 years of storage in water, 3200*5 (16 J/cm2)
still showed the highest uyTBS values, and 1400*10 (14 J/cm2) and 3200*5 (16
J/cm2) showed the lowest NL values while 320010 (32 J/cm2) showed the
lowest uTBS values and the highest NL values when compared to the other
groups, for both universal adhesives tested. It was concluded that the use of high
irradiance (3200 mW/cm2) for 5 s showed the best results in terms of mechanical
and adhesive properties for both universal adhesives to dentin as it promoted
greater stability of the adhesive interface, while prolonged exposure time (10s) at
the highest irradiance (3200 mW/cm2) showed worse results after 24 h and 2

years of storage.

Keywords: Dentin-bonding agents. Light-curing. Dental Leakage. Degradation.
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1. INTRODUGAO GERAL

Adesivos Universais foram desenvolvidos para simplificar o conceito
de ambas as estratégias adesivas existentes, seguindo a abordagem adesiva
convencional (ER) ou autocondicionante (SE)' e permitindo a aplicagdo de cada
estratégia de acordo com a preferéncia do cirurgido-dentista ou da necessidade
clinica.? Esses adesivos podem também serem utilizados realizando o
condicionamento acido seletivo do esmalte, que € uma combinagao da estratégia
ER no esmalte e da estratégia SE na dentina.?®> Na verdade, é sabido que as
alteracdes nas formulacdes e nos mecanismos de agao dos sistemas adesivos,
ao longo dos anos, tem o objetivo de aumentar os valores de resisténcia de unido
e melhorar a estabilidade dessa uni&o, principalmente em dentina.’

No entanto, técnicas mais simplificadas utilizando em sistemas
adesivos de um unico frasco alteraram a composicdo desses adesivos,
principalmente compostos por agua, solventes, fotoiniciadores, mondmeros
hidrofilicos e hidrofobicos® que podem comprometer a adequada polimerizagao,
principalmente pela presenca de solventes remanescentes’? e pela agua,® uma
vez que a completa evaporagcdo dos solventes apds a aplicacdo é dificil,
aumentando assim a degradacg&o da interface adesiva.’®

Algumas pesquisas tém mostrado que uma alternativa para melhorar
a adesédo, bem como reduzir o fluxo de fluidos através da interface adesiva, é o
aumento do tempo de exposicao durante a fotopolimerizagéo do adesivo.''-16 No
entanto, isso ndo traz nenhum tipo de beneficio no atendimento clinico uma vez
que o cirurgiao dentista prefere técnicas mais simplificadas.

Por outro lado, o surgimento de novos aparelhos de fotopolimerizagao
de alta poténcia tem sido uma alternativa para aumentar a quantidade de
incrementos de resina em cada aplicacdo e permitir tempos mais curtos de
polimerizagao. Tais aparelhos LED multionda, de terceira geragdo, capazes de
atingir mais de 3000 mW/cm?, foram langados com o intuito de poder realizar
uma polimerizacao ideal através da aplicacdo de um tempo de polimerizagao

mais curto, devido ao aumento de irradidncia,’ promovendo assim, uma
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eficiente polimerizacdo de materiais restauradores e consequentemente
aumentar as perspectivas de durabilidade clinica.’®

Embora exista uma padronizagdo de um unico tempo de exposicao
dos adesivos odontoldgicos, na maioria das vezes, n&o coincide com o tempo de
fotopolimerizagdo  recomendado  pelos fabricantes dos  aparelhos
fotopolimerizadores.'®

Vale ressaltar até o momento que pesquisas que abordam o efeito de
diferentes irradiancias/tempo de exposi¢cdo nas propriedades mecanicas e
adesivas dos adesivos universais usando um aparelho LED de alta poténcia tem
sido algo novo.?° Estudos clinicos mostram que uma alta irradiancia associado
ao aumento do tempo de exposicdo pode melhorar a adesédo e reduzir a
permeabilidade, porém interfere no tempo de consultério e na preferéncia pela
simplificagdo da técnica.''-16

Desta forma, o objetivo do presente estudo, foi avaliar a influéncia da
irradiancia/tempo de exposigcao na dureza em Knoop (KHN) e na densidade de
reticulacédo de polimero (PCLD), como também das propriedades adesivas da
dentina (resisténcia de uniao por microtracao [uTBS], nanoinfiltracdo [NL], e grau
de conversdo in situ [DC]) de dois sistemas adesivos universais no tempo

imediato e apds 2 anos de armazenamento.
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2 CAPITULO 1: artigo 1

Artigo publicado na Operative Dentistry

Influence of irradiance and exposure times on the mechanical and

adhesive properties of universal adhesives with dentin

Running title: Influence of irradiance/exposure time on mechanical and
adhesive properties

Clinical relevance: Better mechanical and bonding performance to dentin was
observed when a universal adhesive was light-cured using a high irradiance
(3200 mW/cm?) for only 5 s, which is in agreement with clinician preference for

simplification.

Summary

Objectives: This study evaluated the influence of irradiance/exposure time on
the Knoop hardness (KHN) and polymer cross-linking density (PCLD), as well as
microtensile bond strength (uTBS), nanoleakage (NL), and in situ degree of
conversion (DC) of universal adhesives.

Methods & Materials: Two universal adhesive systems, Clearfil Universal Bond
Quick (CUQ) and Scotchbond Universal Adhesive (SBU), were light-cured using
various Irradiance/exposure times: 1400mW/cm? for 5s (1400*5); 1400mW/cm?
for 10s (1400*10); 3200mW/cm? for 5s (3200*5); 3200mW/cm? for10 s (3200*10).
Adhesive disks from each group were used to measure PCLD by KHN. One
hundred and twenty-eight human molars were randomly assigned to 16 groups
according to the following variables: adhesive system vs. adhesive strategies vs.
radiance/exposure times. After restoration, specimens were sectioned into
beams and tested for uTBS, NL, and DC. The data from PCLD (%), KHN, yTBS
(MPa), NL (%), and DC (%) data were subjected to ANOVA and Tukey's test
(0=5%).

Results: Significant reductions in KHN, pTBS, and DC (p > 0.002) values and an
increase in NL and PCLD (p>0.003) values were observed for 3200*10 when
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compared with other groups. Higher KHN, uTBS, and DC (p>0.002) values were

observed for 3200*5 in comparison with the other groups. The 1400*5 (7J/cm?)
and 1400*10 (14J/cm?) groups showed intermediate values (p=0.001).

Conclusion: The use of higher irradiance (3200 mW/cm?) for only 5 s showed
better results in terms of mechanical and bonding properties for both universal
adhesives to dentin, while prolonged exposure time (10s) at the higher irradiance

(3200 mW/cm?) showed the worst results.

INTRODUCTION

Current bonding strategies are classified according to how adhesive
systems interact with the smear layer, and they are divided into the etch-and-
rinse (ER) strategy and self-etch (SE) strategy. ' However, there is a trend among
manufacturers to simplify bonding procedures to satisfy the demand for adhesive
procedures that are faster, less technique-sensitive, and more user-friendly.

In this sense, several manufacturers launched in the market
“Universal” adhesive systems, which provide dentists with the choice of selecting
the adhesion strategy — ER, SE, or an alternative “selective enamel etching”,
which is a combination of ER strategy on enamel and SE strategy on dentin. 2
Universal adhesives are a single one-bottle, no-mix adhesive system that
performs equally well with any adhesion strategy and bonds adequately to tooth
structure as well as to different restorative materials. 35

However, all simplified one-bottle adhesives are very complex blends
of hydrophilic and hydrophobic monomers, water, solvents, and photoinitiators. ©
Consequently, the polymerization of simplified one-bottle adhesives may be
adversely affected by the remaining solvent 78 and water, ® mainly because the
complete evaporation of solvents after application is clinically difficult. °
Therefore, simplified one-bottle adhesives are associated with a lower
polymerization pattern as compared with multi-step adhesives, which usually
include a solvent-free adhesive as the final step. '

Although little attention has been given to the polymerization of
adhesive systems, 2 some studies have shown that it is possible to increase the
adhesive performance as well as reduce the permeability by applying a prolonged

exposure time during adhesive light-curing. ' 137 However, this increases the
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chairside time, which does not comply with the clinician’s preference for

simplification. Recently, high-irradiance third-generation polywave LED curing
units were introduced, capable of reaching more than 3000 m\W/cm?2. These new
light-curing devices were launched as a solution to increase the restoration
thickness and potentially allow shorter polymerization times to achieve optimal
photocuring of restorative materials.'®

The manufacturers of these polywave devices based the effective
polymerization process on the exposure reciprocity law, 120 and suggest using
a curing light that emits a high irradiance could reduce the exposure time. Thus,
it is possible that these polywave devices achieve sufficient polymerization using
a shorter curing time, because of the increased irradiance.?’ However, most
dental adhesive manufacturers indicate a single exposure duration regardless of
the material type, shade, or clinical distance from the tip, recommending the
specific exposure times for their products that often do not match those of the
light manufacturers.'?

To the best of our knowledge, no study was found to address the effect
of different radiant exposures on the mechanical and bonding properties of
universal adhesives using a high-power polywave device. Thus, the aim of this
study was to evaluate the influence of radiant exposure on the Knoop hardness
(KHN) and polymer cross-linking density (PCLD), as well as the dentin bonding
properties (microtensile bond strength [uTBS], nanoleakage [NL], and in situ
degree of conversion [DC]) of universal adhesives. The null hypothesis to be
tested was that irradiance should not affect (1) the Knoop hardness, (2) polymer
cross-linking density, in addition to (3) uTBS, NL, and DC.

METHODS & MATERIALS

Two commercial universal adhesive systems were used: Clearfil
Universal Bond Quick (CUQ, Kuraray Noritake; Tokyo, Japan) and Scotchbond
Universal Adhesive (SBU, 3M Oral Care; St Paul, MN, USA). The detailed
composition and batch number of the adhesives are described in Table 1. An
LED light-curing unit (Valo Ultradent Products, Salt Lake City, UT, USA) was used
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at an irradiance of 1400 mW/cm? or 3200 mW/cm? for 5 or 10 s, resulting in

different delivered energy levels (7 — 32 J/cm?).

These values were determined using a laboratory grade
spectroradiometer (USB 2000, Ocean Optics, Dunedin, FL, USA) previously
calibrated using a NIST-traceable light source and connected to a 6” integrating
sphere (Labsphere, North Sutton, NH, USA). For this purpose, the light-emitting
area tip end was positioned at the entrance of the integrating sphere, so that all
light emitted from the unit was captured. The spectral power measurements were
obtained using software (SpectraSuite, v2.0.146, Ocean Optics), where the
integrated area between 350 and 550 nm, which also provided the total emitted
power value for that wavelength range. Radiant emittance values of each
exposure mode (mW/cm?) were determined as the total measured power value
was divided by the light-emitting area of light-emitting area distal tip end. This
value was then multiplied by the light exposure duration in order to derive the
value of radiant exposure applied to each tooth surface for each light output mode
(Jlcm?).

Knoop hardness test for polymer cross-linking density

The adhesive disks for the KHN and PCLD tests were produced based
on the combination of the main variables, that is, 1. Adhesives: CUQ and SBU;
2. Irradiance/exposure times: 1400 mW/cm?for 5 s (7 J/cm?), 1400 mW/cm? for
10 s (14 J/cm?), 3200 mW/cm? for 5 s (16 J/cm?), and 3200 mW/cm? for 10 s (32
7 Jlcm?), and 3. Immersion in ethanol: measurement was performed before and
after immersion in ethanol (APPENDIX A).

Five adhesive disks of each material were produced in a brass mold
5.0 mm in diameter and 1.0 mm in height (Odeme Prod. Odont; Joagaba, SC,
Brazil).?? The adhesive was dripped into the mold, until filling it completely. The
air bubbles trapped in the adhesives were removed with a microbrush. Following,
the solvent was evaporated using an air-water syringe for 40 s. A polyester mylar
strip was placed on top of the adhesive, which was light cured according to each
irradiance, time, and adhesive group. After light-curing, the specimens were
stored in a dry environment at 37 °C for 24 h (APPENDIX B).
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For measurement of Knoop hardness, indentations were made in the

light-curing top surface with a Knoop indenter (KHN; Shimadzu; Kyoto, Japan)
using a 10 g load for 15 s. Three indentations were made in each specimen, and
these values were averaged for statistical purposes. After the first KHN
measurement, specimens were stored in a 100% ethanol solution at 37 °C for 24
h, and then the second KHN measurement was performed. The polymer cross-
linking density was estimated by the softening effect of the ethanol, that is, by the
decrease in hardness (APPENDIX C).?2

Selection and Preparation of Teeth

One hundred and twenty-eight extracted, caries-free human molars
were used. The teeth were collected after obtaining the patients’ informed
consent. The ethics committee of the local university approved this study under
protocol #3.542.383. The teeth were disinfected in 0.5% chloramine, stored in
distilled water, and used within 6 months after extraction. The teeth were
sectioned parallel to the occlusal surface using a low-speed diamond saw
(Isomet, Buehler; Lake Bluff, IL, USA) under water-cooling to expose the mid-
coronal dentin. A smear layer was standardized for all specimens by grinding
each flat dentin surface with #600-grit silicon carbide paper (SiC) under running
water for 60 s (APPENDIX D).

Experimental Design

The teeth were then randomly assigned to 16 groups (n = 8 dentin
specimens for uTBS, NL, and DC) based on the combination of the main
variables, that is, 1. Adhesive: CUQ and SBU; 2. Adhesive strategies: two-step
etch-and-rinse (ER) and one-step self-etch (SE) approaches; 3.
Irradiance/exposure times: 1400 mW/cm?for 5 s (7 J/cm?), 1400 mW/cm? for 10
s (14 J/cm?), and 3200 mW/cm? for 5 s (16 J/cm?), and 3200 mW/cm? for 10 s (32
J/icm?). The composition, application mode, and batch numbers are listed in Table
1.
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Restorative procedures

For the ER strategy, a 37% phosphoric acid gel (Condac, FGM Dental
Products; Joinville, SC, Brazil) was applied to the dentin surfaces for 15 s,
followed by rinsing with water for 30 s and air-drying for 5 s (APPENDIX E). For
the SE strategy, the dentin was not conditioned. For both strategies, the
adhesives were applied according to the manufacturer’s instructions, and light-
cured according to each irradiance/exposure time. To achieve the exposure times
when the device was in high irradiance mode and considering which Valo was
set to 3 s, the curing time was setto 5 (3 + 2) and 10 (3 x 3 +1) s, with the light
spot performed immediately in sequence (APPENDIX F).

The resin composite buildups (Opallis; FGM, Joinville, Brazil) were
then constructed incrementally (three 1.5-mm increments) and each increment
was light-cured for 40 s each using the same LED light-curing unit (Valo Ultradent
Products) at 1000 mW/cm? (40 J/cm?). A single operator performed all the
bonding procedures.

After storage in distilled water at 37 °C for 24 h, the specimens were
sectioned longitudinally in the mesio-distal and buccal-lingual directions across
the bonded interface, using the low-speed diamond saw to obtain resin-dentin
bonded sticks with a cross-sectional area of approximately 0.8 mm?, as measured
with digital calipers (Digimatic Caliper, Mitutoyo; Tokyo, Japan). The number of
sticks showing pretest failure (PTF) during specimen preparation was recorded
for each tooth. The resin-dentin bonded sticks were distributed as follows: three
and two resin-dentin bonded sticks from each tooth and from each experimental
condition were evaluated respectively for NL and DC within adhesive/hybrid

layers; the rest of the specimens were tested for pTBS testing (APPENDIX G).

Microtensile Bond Strength Testing

Resin-dentin bonded sticks were attached to a Geraldeli’s jig 2% with
cyanoacrylate adhesive and tested under tension (Kratos Dinamometros; Cotia,
SP, Brazil) at 0.5 mm/min until failure. The uyTBS values (MPa) were calculated
by dividing the load at failure by the cross-sectional bonding area. The failure

modes of the resin-dentin bonded sticks were classified as either cohesive ([C],
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failure exclusively within the dentin or the resin composite) or adhesive/mixed

([A/M], failure at the resin-dentin interface or failure at the resin-dentin interface
with partial cohesive failure of the neighboring substrates). This classification was
performed under a stereomicroscope (Olympus SZ40; Tokyo, Japan) at 100x
magnification. The number of specimens with PTF was low, and because of this,
it was not included in the average (APPENDIX H).

Nanoleakage Evaluation

The resin-dentin bonded sticks were immersed in ammoniacal silver
nitrate solution according to the protocol previously described by Tay et al. 4 The
sticks were placed in the solution in the dark for 24 h, rinsed thoroughly in distilled
water, and immersed in photodeveloping solution for 8 h under a fluorescent light
to reduce silver ions to metallic silver grains within the spaces along the bonded
interface. The specimens were polished with wet 600-, 1000-, 1200-, 1500-,
2000-, and 2500-grit SiC paper using a polishing cloth. They were then
ultrasonically cleaned, air dried, mounted on stubs, and coated with carbon-gold
(MED 010, Balzers Union; Balzers, Liechtenstein). Resin-dentin interfaces were
analyzed using a field-emission scanning electron microscope operated in
backscattered mode (VEGA 3 TESCAN, Shimadzu, Tokyo, Japan). Three
images of each resin-dentin bonded stick were captured.?> %6 The relative
percentage of NL within the adhesive and hybrid layers in each specimen was
measured in all images using Image J software (National Institutes of Health;
Bethesda, MD, USA) (APPENDIX [).2”

In Situ Degree of Conversion (in situ DC) Within Adhesive/Hybrid Layers

The resin-dentin bonded sticks were wet polished, ultrasonically
cleaned, and positioned in a micro-Raman microscope (XploRA ONE, HORIBA
Scientific; Piscataway, NJ, USA), which was first calibrated to zero and then to
coefficient values using a silicon sample. The samples were analyzed using a
532-nm diode laser through a 100x air objective. The Raman signal was acquired
with 600 lines/mm on a graft centered between 400 and 2000 cm-'. The employed

parameters were 100 mW, spatial resolution 3 um, spectral resolution 1 cm', and
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accumulation time 30 s with 5 co-additions. Spectra were obtained at the

adhesive-dentin interface at three random sites per bonded stick, within the
hybrid layer in the intertubular-infiltrated dentin. Post-processing of the spectra
was performed using Opus Spectroscopy Software version 6.5. The average of
the values was used for statistical analysis, and the spectra of the uncured
adhesives were considered as references (APPENDIX J).

The ratio of the double-bond content of monomer to polymer in the
adhesive was quantified by calculating the ratio derived from the aliphatic C=C
(vinyl) absorption (1638 cm™") to the aromatic C=C absorption (1608 cm') signals
for both polymerized and unpolymerized samples (n=5). The DC was calculated
according to the following formula:

In situ DC (%) = (1-[Recured/ Runcured]) * 100

Where “R” is the ratio of aliphatic and aromatic peak intensities at 1639
cm™and 1609 cm™' in cured and uncured adhesives, respectively.?® In addition,
the more intense peaks observed and the corresponding chemical bonds were

recorded for all materials.

Statistical analysis

The mean values of the KHN test were subjected to three-way
repeated measures ANOVA (adhesive vs. irradiance/exposure times vs.
immersion in ethanol), with the measurements performed before and after
immersion in ethanol as the repeated measure. In addition, the PCLD (%) data
were evaluated by two-way ANOVA (adhesive vs. irradiance/exposure times).

The mean uyTBS (MPa), NL (%), and DC (%) of all bonded sticks from
the same tooth were averaged for statistical analyses, ensuring that the
experimental unit in the study was the tooth. The number of specimens with PTF
was low, and because of this, it was not included in the average. The uyTBS, NL,
and DC means for each group were obtained from the average of the eight teeth
used per group. For the bonding properties, data were subjected to three-way
ANOVA (adhesive strategy vs. adhesive vs. irradiance/exposure times). Finally,

for all tests, Tukey's test with a level of significance of 5% was applied.
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RESULTS

Knoop hardness test for polymer cross-linking density

The KHN and the estimation of the PCLD are shown in Table 2.
Regarding the Knoop values, the cross-product interaction was not significant, as
was the main factor adhesive (Table 2; p = 0.67 and p = 0.52, respectively).
However, the primary factors of irradiance/exposure times and immersion in
ethanol were considered statistically significant (Table 2; p = 0.001 and p =
0.0001, respectively). Higher KHN values were observed for the 3200*5 (16
Jicm?) and 1400*10 (14 J/cm?) groups, while lower KHN values were observed
for 3200*10 (32 J/cm?) when compared to the other groups (Table 2; p = 0.001).
The 1400*5 (7 J/cm?) group showed intermediate KHN values (Table 2; p =
0.001). In contrast, for all groups, a significant decrease in KHN was observed
after ethanol immersion (Table 2; p = 0.0001).

However, a significant decrease in PCLD was observed after ethanol
immersion in all groups (Table 2; p = 0.001), with a higher percentage of reduction
observed in the 3200*10 (32 J/cm?) group. In contrast, a lower percentage of
reduction in the PCLD was measured for the 3200*5 (16 J/cm?) and 1400*10 (14
J/icm?) groups. The 1400*5 (7 J/cm?) group showed intermediate PCLD reduction
values (Table 2; p = 0.001).

Microtensile bond strength (uTBS)

The majority of the fracture pattern was adhesive and mixed failures
(not shown data). Regarding the uTBS values, the cross-product interaction was
not significant, as well as the main factor adhesive strategy (Table 3; p = 0.42
and p = 0.54, respectively). However, the primary factors, that is, adhesive and
irradiance/exposure time, were considered statistically significant (Table 3; p =
0.01 and p = 0.002, respectively).

Higher uyTBS values were observed for 3200*5, while lower uTBS
values were observed for 3200*10 (32 J/cm?) when compared to the other groups
(Table 3; p = 0.002). Regarding the other groups, for CUQ, there was no
significant difference between 1400*5 (7 J/cm?) and 1400*10 (14 J/cm?). In
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contrast, for SBU, 1400*5 (7 J/cm?) showed lower yTBS values when compared

to 1400*10 (14 J/cm?) (Table 3; p = 0.002). Overall, SBU showed higher uTBS
values when compared to CUQ (Table 3; p = 0.002).

Nanoleakage analysis (NL)

The cross-product interaction as well as the main factors of adhesive
strategy and adhesive were not significant (Table 4; p = 0.62, p = 0.71, and p =
0.34, respectively). However, the primary factor of irradiance/exposure time was
considered statistically significant (Table 4; p = 0.001). A significantly higher NL
value was observed for the 320010 group than in the other groups (Table 4 and
Figure 1; p = 0.003). In addition, a closer view regarding the NL of the ER strategy
values showed that significant and lower NL values were observed when 1400*10
(14 J/cm?) was compared to 1400*5 (7 J/cm?) (Table 4 and Figure 1; p = 0.003).
Figure 1 showed the representative photomicrographs obtained for all
experimental groups. Hand indicators exhibit the increase of silver nitrate

infiltration for 3200*10 groups.

Degree of conversion inside the hybrid layer measurements (DC)

Regarding the DC values, the cross-product interaction was not
significant, in addition to the main factor adhesive strategy (Table 5; p = 0.63 and
p = 0.26, respectively). However, the primary factors, that is, adhesive and
irradiance/exposure time, were considered statistically significant (Table 5; p =
0.001 and p = 0.005, respectively).

Higher DC values were observed for 3200*5, while lower DC values
were observed for 3200*10 (32 J/cm?) when compared to the other groups (Table
5; p = 0.005). When 1400*5 (7 J/cm?) and 1400*10 (14 J/cm?) were compared,
no significant difference was observed for DC. However, overall, SBU showed a
majority of higher DC values when compared to those of CUQ (Table 5; p =
0.001).
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DISCUSSION

Adhesive systems are considered resin-based materials and therefore
require light-curing to achieve maximum mechanical properties.'?> However, only
a few studies have been carried out to evaluate the effect of polymerization on
improving the adhesive properties to dentin.' 13-17 |t seems that, due to the non-
opaque yellowish color aspects of the adhesive systems arising from the low
amount of filler added,?® dentists and manufacturers tend to neglect the
polymerization time or the irradiance necessary to achieve the correct adhesive
polymerization when applied to the cavity.'> Some studies have reported that the
exposure time recommended for dental adhesives is not adequate to obtain an
optimal polymerization, even under in vitro conditions.'? 13-17

The polymerization reaction of adhesive systems requires a certain
amount of quantum energy to activate the photoinitiator so that it can react with
a co-initiator to produce free radicals.?® 3° Therefore, the increase in the amount
of quantum energy, through higher irradiance or by increasing the exposure
times, leads to the formation of more free radicals, which initiates
polymerization.?® This may provide room for the formation of a high-molecular-
weight cross-linked polymer.® 13 This better polymerization leads to a less
permeable & ''- 4 and more resistant hybrid layer.3. 16

It was observed that an increase in irradiance (3200*5) or exposure
time (1400*10) that result in very similar delivered energy (16 and 14 J/cm?),
when compared to the 1400*5 group, significantly improved the DC inside the
hybrid layer along with the immediate microhardness (as an indirect
measurement of the DC), in agreement with previous studies published with an
older generation of adhesive systems.' 1317 This could be attributed to a higher
amount of quantum energy delivered when an increase of irradiance (3200*5) or
exposure time (1400*10) was applied. The greater the amount of quantum
energy, the better the polymer formed.'% 30

Despite all groups experiencing a considerably decreased percentage
of PCLD after immersion in ethanol, a significantly higher percentage of PCLD
was observed for the 1400*5 (7 J/cm?) group when compared to the 3200*5 (16
J/icm?) or 1400*10 (14 J/cm?) groups. The PCLD is considered an indirect test to
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measure a polymer network by softening.??> 3! 32 This is accepted as an

appropriate test, because highly cross-linked polymers are more resistant to
degradation and solvent uptake, whereas linear polymers present more space
and pathways for solvent molecules to diffuse within their structure.®® When an
inadequate curing time is applied, there is a risk of lower cohesion in the network
due to less cross-linking and secondary forces.'? Therefore, the results obtained
in the 1400*5 (7 J/cm?) group could be attributed to a lower cross-linking density,
due the insufficient energy delivered.

Another factor that cannot be ruled out is the increase in the
temperature produced by the high-energy polywave light-curing units,' 34-36
maximized by an increase in irradiance (3200*5 - 16 J/cm?) or by prolonged
exposure time (1400*10 - 14 J/cm?). Mouhat et al. 3* (2017) measured the
superficial temperature of different radiant exposures. At 7 J/cm?, a radiant
exposure similar to that obtained for the 1400*5 group, the temperature values
measured were around 39.6 °C. Otherwise, an increase of 3.2 to 4.1 °C was
observed when radiant exposure ranged between and 14—15 J/cm?. These last
radiant exposures are similar to those produced by the 3200*5 (16 J/cm?) and
1400*10 (14 J/cm?) groups.

In addition, the increase in temperature can be responsible for favoring
the evaporation of solvents from the material,’® as is known from the benefits of
heat in the evaporation of solvents, mainly when using warm-air drying for solvent
evaporation.’”> 38 Reis et al.,’”® 2010 based on thermogravimetric analysis,
hypothesizes that the extra heat and energy produced by the increase in the light
exposure could have favored the evaporation of solvent and water, but also
increased the degree of conversion of the material,® 3. 14. 16 thereby reducing the
amount of residual low molecular weight monomers and oligomers.

All of these together might be considered sufficient reasons for the
higher resin—dentin bond strengths observed in the present investigation, when
an increase in irradiance (3200*5 - 16 J/cm?) or prolonged exposure time
(1400*10 - 14 J/cm?) was applied in comparison to the 1400*5 (7 J/cm?) group
for both universal adhesives and adhesive strategies, leading the authors to reject
all null hypotheses.

Despite a very close radiant exposure for the 3200*5 (16 J/cm?) and

1400*10 (14 J/cm?) groups, the former showed a higher DC value inside the
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hybrid layer and a higher yTBS when compared to the latter. For both adhesives

and adhesive strategies, the irradiance was more important for improving the
adhesive properties than the increase in polymerization time. In other words, for
both adhesive systems used, it seems that the higher irradiance led to an
optimum rate of initiation that produced the highest quantum vyield and,
consequently, better mechanical properties. On the other hand, this may not be
enough to form a highly cross-linked polymer, as both groups showed a similar
percentage of PCLD. Future studies need to be conducted to confirm the present
hypothesis.

However, the most unexpected result was obtained for the 320010
group. All properties evaluated were negatively influenced by the higher radiant
exposure used (32 J/cm?). It is known that during the photopolymerization of
monomers, a significant increase in temperature occurs in a short exposure time,
even in thin films such as adhesive systems, especially when ultrafast
polymerization is used.3® As a result, the molecular mobility increases, particularly
in the gelation stage, thus lifting some of the migration restrictions of the reactive
species, which are known to be primarily responsible for the premature ending of
the polymerization.3°

Independently of the radiant exposure, among high-power light-curing
units, the Valo device produces the greatest increase of temperature ' 34-36 which
seems to directly affect the results of the 320010 group. The use of radiant
exposure at approximately 32 J/cm? significantly increased the superficial
temperature to 48.2 °C, while an increase of 5 °C was seen for 14—16 J/cm? and
8.6 °C for 7 J/cm?, when compared with the superficial temperatures evaluated
in the other groups of this study.3* Thus, we speculate that this increase in
temperature, due to the large amount of heat received in the 3200*10 group,
substantially impaired the adhesive system polymerization, leading to low KHN
values and a greater reduction in the percentage of PCLD as well as low uyTBS
and higher NL values, leading to further rejection of all null hypotheses.

Moreover, the increased irradiance of the 3200*10 group not only
produced adhesive interfaces with a high number of potential failures, but the
elevated temperature during polymerization may also result in the generation of
heat within the tooth, pulp chamber, and surrounding tissues.'® 34-36 For example,

a higher temperature has been observed in the pulp chamber when an adhesive
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was light-cured in comparison with light-curing of composite or base/liner

materials.3% 4° Therefore, when an adhesive is applied as the first layer in medium
or deep cavities, during the light-curing procedure, the tooth should be air-cooled
during the photocuring procedure, or an interval of 1-2 s should be included after
every 5-10 s of light exposure, as indicated by Strassler and Price et al.,*' 2014.
It is worth mentioning that the manufacturer of Valo, did not recommend 10 s for
light-curing any resin-based material when applied in a “plasma/turbo” mode.

In this study, two universal adhesive systems were tested, with SBU
demonstrated to have higher values in terms of bond strength and DC values
when compared to CUQ. The former is the only universal adhesive to be
previously evaluated, which contains two functional monomers: 10-MDP (10-
methacryloyloxydecyl dihydrogen phosphate) and methacrylate-modified
polyalkenoic acid copopolymer 4% 43 which potentiate the chemical interaction of
the SBU with the tooth structure.** In addition, the application procedures
between both materials are different. CUQ is used without waiting for the
adhesive to interact with the bonding substrate (the “no-waiting” concept).4® This
can influence the DC results, due to the low time for solvent evaporation, as well
as observed in the present study, even with increasing radiant exposure (7 to 14—
16 mW/cm?). However, the increase in the DC only affected the bond strength
results, since no significant difference was observed in the NL or PCLD results
when both adhesives were evaluated.

Finally, it is worth mentioning that, according to a review published by
Cadenaro et al.,’?> 2019, the adequate polymerization of an adhesive has been
clearly correlated with its stability. Therefore, future studies need to be conducted
to evaluate the effectiveness of increasing the radiant exposure on the long-term

bonding performance for universal bonding adhesives to dentin.

CONCLUSIONS

The use of higher irradiance (3200 m\W/cm?) for only 5s showed better
results in terms of mechanical and bonding properties for both universal
adhesives to dentin, while prolonged exposure time (10s) at the higher irradiance

(3200 mW/cm?) showed the worst results.
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Figure 1. Photomicrographs obtained by backscattered SEM mode of all experimental groups.

Independent of the adhesive system used, it is possible to observe a mild silver deposit at the
resin-dentin interface for 1400*10 and 3200*5 groups (hand indicator). For both adhesive
strategies and adhesive systems used, the 3200*10 groups demonstrated a more pronounced
silver nitrate infiltration (hand indicator). Rc, resin composite; AL, adhesive layer; HL, hybrid layer;

De, dentin.



Table 1. Adhesive systems, batch number, composition, groups and application mode
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Adhesive
systems/Batch
number

Composition

Groups

Application mode

Etch-and-rinse

Self-etch

Clearfil Universal
Bond Quick
(CUQ)
Kuraray/ CD0012

Scotchbond
Universal (SBU)
3M Oral
Care/638367

10-MDP, BisGMA,

HEMA, hydrophilic amide

resin monomers,

colloidal silica, silane
coupling agent, NaF,

camphorquinone,
ethanol, water

10-MDP, dimethacrylate

resins, HEMA,

methacrylate- modified

polyalkenoic acid

copolymer, nandfiller,
ethanol, water, initiators,

silane

1400 mW/cm?for 5 s
(1400*5 = 7 Jicm?)

1400 mW/cm? for 10
)
(1400*10 = 14
J/icm?)

3200 mW/cm2for5 s
(3200*5 = 16 J/cm?)

3200 mW/cm? for 10
s
(3200*10 = 32
Jlcm?)

1. Apply etchant for 15 s.

2. Rinse thoroughly.
3. Blot excess water;

4. Apply adhesive as for the

self-etch mode

1. Apply etchant for 15 s.

2. Rinse thoroughly.

3. Blot excess water.
4. Apply adhesive as for the

self-etch mode.

1. Apply adhesive to the entire
surface with a microbrush and
rubbing. No waiting time is required.
2. Dry by blowing mild air for 5 s
until the adhesive did not move.

3. Light cure according to
experimental groups

1. Applied the adhesive to the
entire preparation and left
undisturbed for 20 s.

2. Direct a gentle stream of air over
the liquid for about 5 s until it no
longer moves and the solvent
evaporates completely.

3. Light cure according to
experimental groups.

"10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate; bis-GMA: bisphenol glycidyl methacrylate; HEMA: 2-hydroxyethyl methacrylate.
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Table 2. Knoop hardness values (KHN + standard deviation) as an estimation of polymer
cross-linking density (A %) after immersion in absolute ethanol for all experimental
groups ()

Groups Clearfil Universal Bond Quick Scotchbond Universal
5s 10s 5s 10s
Before | After A Before | After a Before | After a Before | After A
(%) (%) (%) (%)
5.4 8.8 6.2 9.3

1400 10.2 + * 46 | 13.6 % * 354 | 101 % * 44 | 142+ * 35
mW/cm? | 0.5b 1.5 B 12a 1.4 A 1.7b 11 B 14a | 0.8 | A

c b c b
8.9 2.0 8.9 17
3200 13.3 ¢ * 33 | 82+ * 751 | 13.7 + 35 | 64+ + 73
mW/cm2 | 1.1a 1.2 A 1.3b 0.6 C 0.8a 14 A 1.7¢c - C
b d b 0.4d

(*) Different lower case letters indicate statistically different means in KHN (three-way repeated
measured ANOVA and Tukey’s test; p < 0.005); Different capital letters indicate statistically
different means in estimation of polymer cross-linking density (two-way ANOVA and Tukey’s test;
p < 0.005)
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Table 3. Means of microtensile bond strength values (MPa + standard deviation) for all
experimental groups (*)

Clearfil Universal Bond Quick

Scotchbond Universal

Groups Etch-&-rinse Self-etch Etch-&-rinse Self-etch
5s 10s 5s 10s 5s 10s 5s 10s
1400 | 3392 | 3687 | 3192 | 35145 | 3644 | 4658 | 3539 | 45.23
mW/cm? od +39c od +39c | +37c | +t45b | +t41c | 40D
3200 47.27 | 25.83 | 47.03 | 23.24 54.79 ::’_14852 53.38 %_7;’3
mW/cm? | +45b | +39e | +39b | t44e | +t45a _C d +3.3a _d é

(*) Different letters indicate statistically different means (three-way ANOVA and Tukey’s test; p <

0.005)
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Table 4. Means of silver nitrate deposition (% + standard deviation) for all experimental
groups ()

Clearfil Universal Bond Quick Scotchbond Universal
Groups Etch-&-rinse Self-etch Etch-&-rinse Self-etch
5s 10s 5s 10s 5s 10s 5s 10s

1400 | 1120 | 823% | %0 | 7.35% | 11.00 | 631 | 7% | 526+

mW/cm? | £+19b 1.6 a - 19a +18b 1.7 a ) 1.1a
a,b a,b

3200 9.54 + 16.38 | 7.27 15.73 | 8.39+ 1533 | 6.11+ | 13.29

mW/cm? | 1.8ab | +1.6¢c 1.6 a +15c | 16ab | +17c| 1.8a | £+19c

(*) Different letters indicate statistically different means (three-way ANOVA and Tukey’s test; p <
0.005)
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Table 5. Means of in situ degree of conversion values (% * standard deviation) for all
experimental groups

Clearfil Universal Bond Quick

Scotchbond Universal

Groups Etch-&-rinse Self-etch Etch-&-rinse Self-etch
5s 10 s 5s 10 s 5s 10s 5s 10 s
1400 | 904 | 60.34 | %290 | 5980 | 6421 | 6514 | 5833 | 59.22
mW/cm? _cd +19c _cd +12c | +£18b | +x14b | £17Cc | £22cC
3200 67.25 | 51.29 | 65.38 | 50.31 | 71,36 | 45.32 | 69.60 | 45.56
mW/cm? | +1.0b | +13d | +14b [ +17d | +10a | +13e | +13a|t11e

(*) Different letters indicate statistically different means (three-way ANOVA and Tukey’s test; p <

0.005)
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3 CAPITULO 2: artigo 2

A irradiancia e o tempo de exposicao influenciam as propriedades

adesivas de adesivos universais apds dois anos de armazenamento?

The irradiance and the exposure time influence the adhesives properties

of universal adhesives after 2 years of water storage?

RESUMO

Objetivo: Avaliar se a irradiancia e o tempo de exposicao influencia a resisténcia
de unido (WTBS) e na nanoinfiltragdo (NL) de adesivos universais apos dois anos
de armazenamento. Materiais e Métodos: Cento e vinte e oito molares humanos
foram distribuidos aleatoriamente para 16 grupos de acordo com as seguintes
variaveis: sistema adesivo: Clearfil Universal Bond Quick (CUQ) e Scotchbond
Universal (SBU) vs. estratégias adesivas: (condicionamento total e
autocondicionante) vs. Irradiancia e tempo de exposigdo: (1400mW/cm? por 5s
(1400*5); 1400mW/cm? por 10s (1400*10); 3200mW/cm? por 5s (3200*5);
3200mW/cm? por 10s (3200*10). Apds a restauracéo, os espécimes produzidos
do mesmo dente foram randomizados para serem testados apods 24 horas ou
apods dois anos de armazenamento. Espécimes foram testados sob tensédo a 0.5
mm/min até a falha para obter os valores de yTBS (MPa). Ja 3 espécimes de
resina-dentina por dente e por cada tempo de armazenamento, foram imersos
em uma solugcdo de nitrato de prata amoniacal em um ambiente escuro, e
testados pelo teste de NL (%). Os dados do uTBS (MPa) e NL (%) foram
submetidos a ANOVA 3-fatores e Teste de Tukey (0=5%). Resultados: Em
relacdo aos valores tanto de uyTBS quanto de NL, a interacao tripla do produto
cruzado nao foi significativa, assim como o principal fator estratégia adesiva para
ambos os adesivos universais testados (p>0,34). No entanto, a interagdo dupla
do produto cruzado irradiancia/tempo de exposi¢ao Vs. tempo, bem como os

fatores primarios, ou seja, irradiancia/tempo de exposicdo e tempo de



43

armazenamento, foram estatisticamente significativos para ambos os adesivos
universais testados (p<0,0001, p<0,00001 e p<0,000001, respectivamente).
Maiores valores de uTBS foram observados para 3200*5 (16 J/cm?) e 1400*10
(14 J/cm?) enquanto menores de uTBS foram observados para 3200*10 (32
Jicm?) e 1400*5 (7 J/cm?) para ambos os adesivos universais testados. Apesar
da diminui¢ao nos valores de uTBS e do aumento de NL, ambos significativos,
para todos os grupos apos 2 anos de armazenamento em agua, 3200*5 (16
J/cm?) ainda apresentou os maiores valores de uTBS, e 1400*10 (14 J/cm?) e
3200*5 (16 J/cm?) apresentaram os menores de NL enquanto 3200*10 (32 J/cm?)
apresentou menores valores de uTBS e os maiores de NL quando comparado
aos outros grupos, para ambos os adesivos universais testados. Os grupos
1400*5 (7 Jicm?) e 1400*10 (14 J/cm?) apresentaram resultados intermediarios
para ambos o0s adesivos universais testados. Conclusao: Uma maior
estabilidade da interface adesiva foi obtida quando uma irradidncia mais alta
(3200 mW/cm?) com um menor tempo de fotopolimerizagao foi utilizado. Ja o
tempo de exposigdo prolongado (10s) a uma irradidncia mais alta (3200

mW/cm?) promoveu uma maior degradagao da interface adesiva.

Palavras-chave: longevidade, resistencia adesiva, nanoinfiltracao.

ABSTRACT

Objective: To evaluate whether irradiance and exposure time influence
microtensile bond strength (uTBS) and nanoleakage (NL) of universal adhesives
after two years of storage. Materials and Methods: One hundred and twenty-
eight human molars were randomly assigned to 16 groups according to the
following variables: adhesive system: Clearfil Universal Bond Quick (CUQ) and
Scotchbond Universal (SBU) vs. adhesive strategies: (etch-rinse and self-etch)
vs. Irradiance and exposure time: (1400mW/cm2 for 5s (1400*5); 1400mW/cm2
for 10s (1400*10); 3200mW/cm2 for 5s (3200*5); 3200mW/cm2 for 10s
(3200*10). After restoration, specimens produced from the same tooth were

randomized to be tested either after 24 hours or after two years of storage.
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Specimens were tested under tension at 0.5 mm/min to failure to obtain yTBS
(MPa) values. In the other hand, 3 resin-dentin specimens per tooth and for each
storage time were immersed in an ammoniacal silver nitrate solution in a dark
environment, and tested by the NL test (%), yTBS (MPa) and NL (%) data were
submitted to 3-way ANOVA and Tukey’s Test (a=5%). Results: Regarding the
values of both yTBS and NL, the triple interaction of the cross product was not
significant, as well as the main factor adhesive strategy for both universal
adhesives tested (p>0.34). However, the dual interaction of the
irradiance/exposure time Vs. time, as well as the primary factors, that is to say,
the irradiance/exposure time and storage time, were statistically significant for
both universal adhesives tested (p<0.0001, p<0.00001 and p<0.000001,
respectively). Higher yTBS values were observed for 3200*5 (16 J/cm2) and
1400*10 (14 J/cm2) while smaller uyTBS values were observed for 320010 (32
J/cm2) and 1400*5 (7 J/cm2). cm2) for both universal adhesives tested. Despite
the decrease in yTBS values and the increase in NL, both significant, for all
groups after 2 years of storage in water, 3200*5 (16 J/cm2) still showed the
highest yTBS values, and 140010 (14 J/cm2) and 3200*5 (16 J/cm2) showed
the lowest NL values while 320010 (32 J/cm2) showed the lowest uTBS values
and the highest NL values when compared to the other groups, for both universal
adhesives tested. The 1400*5 (7 J/cm2) and 1400*10 (14 J/cm2) groups showed
intermediate results for both tested universal adhesives. Conclusion: A greater
stability of the adhesive interface was obtained when a higher irradiance (3200
mW/cm2) with a shorter light-curing time was used. In the other hand, longer
exposure time (10s) to a higher irradiance (3200 mW/cm2) promoted greater

degradation of the adhesive interface.

Keywords: longevity, microtensile bond strength, nanoleakage.

1 INTRODUGAO

O interesse por sistemas adesivos mais simplificados e menos

sensiveis a técnica levou ao desenvolvimento de materiais mais versateis e



45

amigaveis. Atualmente, os sistemas adesivos podem ser classificados em duas
categorias basicas: estratégia de condicionamento total (ER) ou estratégia de
autocondicionamento (SE). No entanto, essa demanda incitou os fabricantes a
desenvolverem o0s mais novos adesivos “universais” ou “multi-modo de
aplicagao”, que oferecem aos dentistas a opg¢ao de selecionar a estratégia de
adesao ER ou SE ou uma estratégia alternativa de condicionamento seletivo do
esmalte, que é a combinagéo de ER no esmalte e SE em dentina.2425:3443

No entanto, apesar das enormes melhorias feitas nos sistemas
adesivos, a estabilidade e durabilidade da interface dentina-adesivo gerada
pelos adesivos universais ainda continua sendo questionada.??** Uma das
maiores preocupacgdes destes sistemas adesivos esta relacionado com o
aumento da nanoinfiltragdo apds um certo periodo de envelhecimento,?® levando
assim a uma durabilidade limitada da interface adesiva.?

Um outro problema esta relacionado com o tempo de polimerizacéo
dos sistemas adesivos.?® Embora alguns estudos tenham demonstrado um bom
desempenho dos adesivos quando o tempo de exposicao ¢é
prolongado,®7:9.193241 jsso vai de encontro com o processo de simplificagdo e a
reducdo do tempo clinico. Assim, Aparelhos de fotopolimerizacdo capazes de
atingir mais de 3000 mW/cm? foram langados com o intuito de permitir tempos
de polimerizagdo mais curtos e obter uma polimerizacdo ideal dos materiais
restauradores.’

De fato, os fabricantes destes aparelhos baseiam o processo de
polimerizagao na lei de reciprocidade®38 e sugerem que o uso de um aparelho
fotopolimerizador que emite alta irradidncia poderia reduzir o tempo de
exposicao. No entanto, apesar de ser uma possivel solucdo para obter uma
adequada adesdo em um curto periodo, os fabricantes dos adesivos indicam um
unico tempo de exposi¢cdo, independentemente do tipo de adesivo, cor ou
distancia da ponta fotopolimerizadora, sem recomendar tempos especificos de
€eXxposicao.

Embora Cardenas et al.’® demonstraram que um prologando tempo

de exposi¢ao, associado a uma alta irradiancia pode ser prejudicial para o
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desempenho adequado de sistemas adesivos universais, até o presente
momento ndo ha nenhum estudo que avalie o efeito de diferentes tempos de
exposic¢ao nas propriedades adesivas de adesivos universais apos dois anos de
armazenamento. Por tanto o objetivo do presente estudo é avaliar o efeito do
tempo de exposi¢cdo e irradidncia nas propriedades adesivas de sistemas
adesivos universais apds dois anos de armazenamento. A hipoteses nula
testada € que a irradiancia e o tempo de exposicdo nao afeta a resisténcia de

unido e nanoinfiltracdo imediatamente ou apds dois anos de armazenamento.

2 MATERIAIS E METODOS

2.1 Selegao e Preparo dos Dentes

Cento e vinte e oito molares de humanos, extraidos e sem caries,
foram utilizados. Os dentes foram coletados apds a obtencdo do consentimento
dos pacientes. O comité de ética da universidade local aprovou este estudo
através do protocolo #3.542.383. Os dentes foram desinfetados em cloramina
0.5%, guardados em agua destilada, e usados dentro do periodo de 6 meses
ap6s a extragdo. Todas as superficies oclusais de todos os dentes foram
seccionados paralelamente a superficie oclusal usando um disco de corte
diamantado de baixa rotagdo (Isomet, Buehler; Lake Bluff, IL, USA) sob
refrigeracdo com agua para expor a dentina médio-coronal, seguido da
padronizagao do smear layer lixando a superficie de dentina com lixa de carbeto

de silicio #600 (SiC), sob agua corrente por 60 s.

2.2 Calculo amostral

O desfecho principal que foi tomado em consideragao para o
presente estudo foi a resisténcia de unido da dentina. Os valores médios
de resisténcia de unido dos adesivos universais aplicados a dentina foram

considerados no célculo do tamanho da amostra.2'2®> De acordo com a
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literatura anterior, a média de resisténcia de unido (x desvio padrado) de
um adesivo universal avaliado foi de 37 + 4,0 Mpa.?"?>* Para detectar
uma diferenca de 6 Mpa entre os grupos testados, utilizando a = 0,05,
poder de 80% e teste bilateral, o tamanho amostral minimo estimado foi

de 8 dentes em cada grupo.

2.3 Desenho experimental

Os dentes foram, entéo, aleatoriamente divididos em 16 grupos (n =
16 espécimes) e baseados na combinacdo das variaveis: 1. Adesivo: CUQ e
SBU; 2. Estratégias adesivas: condicionamento total (ER) e autocondicionante
(SE); 3. Irradidncia/Tempo de exposi¢do: 1400 mW/cm? por 5 s (7 J/cm?), 1400
mW/cm? por 10 s (14 J/cm?), e 3200 mW/cm? por 5 s (16 J/cm?), e 3200 mW/cm?
por 10 s (32 J/cm?). Os espécimes produzidos do mesmo dente foram
randomizados para serem testados apds 24 horas ou apods dois anos de
armazenamento, em agua destilada a 37 °C. A composicao, modo de aplicacao,

longevidade e numero do lote estao listados na Tabela 1.

2.4 Procedimentos restauradores

Para o presente estudo, um aparelho de fotopolimerizagcédo LED (Valo
Ultradent Products, Salt Lake City, UT, USA) foi utilizado com uma irradiéncia de
1400 mW/cm? ou 3200 mW/cm? por 5 ou 10 segundos, resultando em diferentes
niveis de energia entregues (7 — 32 J/cm?). Estes valores foram determinados
usando espectroradidmetro laboratorial (USB 2000, Ocean Optics, Dunedin, FL,
USA) previamente calibrado utilizando uma fonte luminosa rastreavel NIST e
conectada a esfera integrada de 6” (Labsphere, North Sutton, NH, USA).

Para a estratégia ER, gel de acido fosférico a 37% (Condac, FGM
Dental Products; Joinville, SC, Brazil) foi aplicado as superficies da dentina por
15 s, seguidos de lavagem com agua por 30 s e secagem com ar por 5 s. Para
a estratégia SE, a dentina nao foi condicionada com acido fosforico
(APENDICES K e L). Para ambas as estratégias, os adesivos foram aplicados
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de acordo com as instrugdes do fabricante, e fotopolimerizados de acordo com
cada Irradiancia/Tempo de exposi¢cado. Para atingir os tempos de exposicéo
quando o aparelho fotopolimerizador Valo estava em modo de alta irradiancia, a
configuracédo do tempo foi definida para 5s: (3s + 2s); e para 10s (3s x 3s +1s),
com o aparelho sendo ativo de forma seguida.

Restauragbes em resina composta (Opallis; FGM, Joinville, Brasil)
foram, entdo, construidas em incrementos (trés incrementos de 1.5-mm) e cada
incremento foi fotopolimerizado por 40 s cada um, utilizando a mesma unidade
fotopolimerizadora de LED (Valo Ultradent Products) a 1000 mW/cm? (40 J/cm?).
Um unico operador realizou todos os procedimentos de adesao.

ApoOs armazenamento em agua destilada a 37 °C por 24 h, os
espécimes foram seccionados longitudinalmente nas dire¢des mesio-distal e
vestibulo-lingual através da interface adesiva, usando o disco de corte
diamantado de baixa velocidade para obter palitos de resina-dentina colados
com uma area transversal de aproximadamente 0,8 + 2,0 mm?, medidos com
ajuda de um paquimetro digital (Digimatic Caliper, Mitutoyo; Tokyo, Japan). O
numero de palitos que apresentaram falhas prematuras (FP) durante a
preparacao do espécime foi anotado para cada dente. Os palitos de resina-
dentina foram distribuidos para os diferentes testes de acordo com: trés
espécimes de resina-dentina de cada dente e de cada condicdo experimental
foram testados apés 24 horas ou 2 anos de armazenamento para nanoinfiltracao
(NL). O restante dos espécimes foi testado para resisténcia de unidao (UTBS)

apo6s 24 horas ou 2 anos de armazenamento. A agua foi trocada mensalmente.

2.5 Teste de Resisténcia de Unidao por microtragao (uTBS)

Apods 24 horas ou 2 anos de armazenamento, espécimes de resina-
dentina foram colados a um dispositivo para microtragdo “Geraldeli"'® com
cianoacrilato em gel e testados sob tensédo (Kratos Dinamometros; Cotia, SP,
Brazil) a 0.5 mm/min até a falha. Os valores de uTBS (Mpa) foram calculados
dividindo a carga total da falha pela area de seccédo transversal de cada
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espécime. Os tipos de falha dos palitos de resina-dentina foram classificados
como coesivas ([C], falha exclusivamente dentro da dentina ou da resina
composta) ou adesivo/misto ([A/M], falha na interface de resina-dentina com
falha parcial coesiva dos substratos vizinhos). Esta classificagao foi realizada
com ajuda de um estereomicroscépio (Olympus SZ40; Tokyo, Jap&do) em um
aumento de 100x. Para realizar a analise estatistica, amostras com falhas

prematuras (PF) ndo foram incluidas na média (APENDICE M).27:45
2.6 Avaliagao de Nanoinfiltragao (NL)

Trés espécimes de resina-dentina por dente e de cada tempo de
armazenamento, foram imersos em uma solugéo de nitrato de prata amoniacal
em um ambiente escuro, por 24h, de acordo com o protocolo previamente
descrito por Tay et al.*> Em seguida, os palitos foram lavados rigorosamente com
agua destilada e imersos em solugao reveladora por 8 h, sob luz fluorescente
para reduzir os ions de prata a grados metalicos de prata dentro dos espagos ao
longo da interface adesiva. Apos isto, os espécimes foram polidos com lixa de
carbeto de silicio de granulagao #600-, 1000-, 1200-, 1500-, 2000-, 2500. Eles
foram, entao, limpos ultrassonicamente, secados com ar, montados em “stubs”
metalicos e revestidos com uma camada de liga de carbono-ouro (MED 010,
Balzers Union; Balzers, Liechtenstein). Todas as interfaces de resina-dentina
foram analisadas utilizando um microscépio eletrénico de varredura por campo
de emissao operado em modo de retroespalhado (veja 3 TESCAN, Shimadzu,
Tokyo, Japdo) e 3 imagens de cada espécime de resina-dentina foram
capturadas.?’#2 A porcentagem relativa de NL dentro da camada hibrida em cada
espécime foi medida em todas as imagens utilizando o software Image J
(Instituto Nacional de Saude; Bethesda, MD, Estados Unidos) (APENDICE N).33

Analise estatistica
A média de uTBs (MPa) e NL (%) de todos os palitos de resina-dentina

do mesmo semi-dente (fator tempo) foram calculados para analises estatisticas,

garantindo que a unidade experimental no estudo foi o dente. O numero de
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espécimes com FP foi baixo (Tabela 2), e por isso n&o foi incluido na média. As
médias de uTBS e NL para cada grupo foram obtidas a partir da média dos oito
hemi-dentes utilizados por grupo. Os dados obtidos foram submetidos a ANOVA
medida repetida de trés fatores (estratégia adesiva Vs. irradiancia/tempos de
exposicao Vs. tempo de armazenamento). A medida repetida foi o tempo de
armazenamento do fator. Por fim, para todos os testes, foi aplicado o teste de

Tukey com nivel de significancia de 5%.

RESULTADOS

Resisténcia de Uniao (uTBs)

O padréo de fratura mais observado foram falhas de tipo adesiva e
falhas mistas (Tabela 2). Em relagao aos valores de pTBS, a interagao tripla do
produto cruzado nao foi significativa, assim como o principal fator estratégia
adesiva para ambos os adesivos universais testados (p>0,34). No entanto, a
interacao dupla do produto cruzado irradiancia/tempo de exposicao Vs. tempo,
bem como os fatores primarios, ou seja, irradiancia/tempo de exposicao e tempo
de armazenamento, foram considerados estatisticamente significativos para
ambos os adesivos universais testados (p<0,0001, p<0,00001 e p<0,000001,
respectivamente) (Tabela 3 e 4).

Maiores valores de uTBS foram observados para 3200*5 (16 J/cm?) e
1400*10 (14 J/cm?) enquanto menores valores de yTBS foram observados para
3200*10 (32 J/cm?) e 1400*5 (7 J/cm?) para ambos os adesivos universais
testados (Tabelas 3 e 4). Apesar da diminuicao significativa nos valores de yTBS
para todos os grupos, apos 2 anos de armazenamento em agua, 3200*5 (16
Jicm?) ainda apresentou os maiores valores de uTBS, enquanto 3200*10 (32
Jlcm?) apresentou os menores valores de uTBS para ambos os adesivos
universais testados. Os grupos 1400*5 (7 J/cm?) e 1400*10 (14 J/cm?)
apresentaram resultados intermediarios para ambos os adesivos universais
testados (Tabelas 3 e 4). Nenhuma diferencga significativa foi observada quando
a estratégia adesiva foi comparada levando em consideragédo quando a mesma
irradiancia/tempos de exposicdo e tempo de armazenamento para ambos os
adesivos universais testados (p>0,32).



51

Nanoinfiltragao (NL)

A interacdo do produto triplo cruzado néo foi significativa, assim como
o fator principal estratégia adesiva para ambos os adesivos universais testados
(p > 0,34). No entanto, a interagdo dupla do produto cruzado irradiancia/tempo
de exposicdo Vs. tempo, bem como os fatores primarios, ou seja,
irradiancia/tempo de exposi¢ao e tempo de armazenamento, foram considerados
estatisticamente significativos para ambos os adesivos universais testados
(p<0,001, p<0,001 e p<0,0001, respectivamente; Tabelas 5 e 6). Valor de NL
significativamente maior foi observado para o grupo 3200*10 (32 J/cm?) do que
nos outros grupos para ambos os adesivos universais testados (Tabelas 5e 6 e
Figura 1). Apesar de aumento significativo nos valores de NL para todos os
grupos, apds 2 anos de armazenamento em agua, 3200*10 (32 J/cm?) ainda
apresentou os maiores valores de NL quando comparado aos outros grupos
(Tabelas 5 e 6 e Figura 1). No entanto, apds 2 anos de armazenamento em agua,
1400*10 (14 J/cm?) e 3200*5 (16 J/cm?) apresentou os menores valores de NL
quando comparado aos outros grupos (Tabelas 5 e 6 e Figura 1). Nenhuma
diferenca significativa foi observada quando a estratégia adesiva foi comparada
levando em consideracdo quando a mesma irradiancia/tempos de exposig¢ao e
tempo de armazenamento para ambos os adesivos universais testados (p >
0,32). A Figura 1 mostra as fotomicrografias representativas obtidas para todos
os grupos experimentais. Os indicadores exibem o aumento da infiltragdo de
nitrato de prata para o grupo 3200*10. Além disso, os indicadores mostraram
menor infiltracdo de nitrato de prata para o grupo 1400*10 e 3200*5 quando
comparado aos outros grupos apos 2 anos de armazenamento em agua.

DISCUSSAO

O processo de fotopolimerizagao é importante para todos os materiais
resinosos, especialmente pensando na possibilidade de atingir excelentes
propriedades mecanicas. De fato, alguns estudos anteriores relataram que
falhas na interface adesiva podem ser decorrentes da falha no processo de

polimerizagcdo.?® e este tema vem se tornando preocupante especialmente
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porque o tempo de exposi¢do recomendado pelos fabricantes dos sistemas
adesivos ndo é o adequado para obter uma polimerizagéo efetiva.t.7.9.19.32.41

Uma outra caracteristica envolvida no processo adequado de
polimerizacdo dos adesivos esta relacionada com a quantidade de energia
quantica para ativar o fotoiniciador (Canforoquinona) para que ele entao reaja
com o co-iniciador e comece a produzir radicais livres.'63¢ Portanto, o aumento
na quantidade de energia quantica através de irradidncia mais alta ou pelo
aumento do tempo de exposicao, leva a formacao de mais radicais livres, o que
inicia a polimerizag&o.'® Isto pode dar espago para a formag&o de um polimero
reticulado de alto peso molecular,®'* e consequentemente, essa melhor
polimerizacao leva a formagéao de uma camada hibrida mais resistente e menos
permeéve|_9,14,19,32,41

De fato, foi observado por Cardenas et al.'® um aumento significativo
do grau de conversao dentro da camada hibrida quando houve um aumento da
irradiancia (3200*5) ou do tempo de exposi¢cado (1400*10) que resulta em uma
energia entregue muito similar (16 e 14 J/cm?). No presente trabalho, os grupos
(32007%5) e (1400*10) apresentaram maiores valores de uTBs e menores valores
de NL, mesmo apds dois anos de armazenamento. Estas caracteristicas estao
relacionadas a uma quantidade maior de energia quantica entregue quando é
aplicado um aumento de irradiancia (3200*5) ou do tempo de exposigéo
(1400*10), induzindo a formagao de um polimero mais reticulado.?®-3¢ Por tanto,
um polimero mais reticulado e bem estruturado proporciona uma melhor
estabilidade da interface adesiva ao longo do tempo.%°32 Embora os grupos
(3200%5) e (1400*10) tenham apresentado os melhores resultados, ndo foram
estatisticamente semelhantes, nés hipostenizamos que na longevidade, a
diferenca de 2 J/cm? absorvida pelo grupo (3200*5) foi determinante para
conservar os melhores valores e promover uma melhor estabilidade da interface.

Por outro lado, um fator importante que pode afetar o processo de
reticulacdo de um polimero € o aumento da temperatura produzido pelos
fotopolimerizadores de alta poténcia “polywave”.’17:31.35 Embora o aumento da
temperatura possa favorecer a evaporagdo de solventes e agua do material,®

aumentado o grau de conversdo,®'43241 e reduzindo a quantidade de
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monémeros e oligbmeros residuais de baixo peso molecular, um aumento
excessivo pode acarretar resultados contraditérios. Cardenas et al.”
demostraram que o aumento da irradiancia e do tempo de exposigéo prolongado
(3200*10 — 32 J/cm?) diminuiu as propriedades adesivas e mecanicas de
diferentes sistemas adesivos universais.

E conhecido que, durante a fotopolimerizacdo de monémeros, um
aumento significativo da temperatura ocorre em um curto periodo de tempo,
especialmente quando polimerizagao ultrarrapida é utilizada.'® Como resultado,
a mobilidade molecular aumenta, particularmente no estagio de gelificacao,
levantando, assim, algumas das restricbes de migracdo de moléculas reativas,
que sao conhecidas por serem primariamente responsaveis pela finalizacao
prematura do processo de polimerizagéo.'® Assim, a alta temperatura superficial
(48.2 °C)%* associada a uma alta irradiancia (32 J/cm?) levou a uma taxa de
iniciagdo acelerada, produzindo um menor rendimento quantico e,
consequentemente, uma diminuicdo da resisténcia de unido imediatamente e
apods dois anos de armazenamento.

Por outro lado, considerando a mesma irradiancia/tempos de
exposicdo, uma diminuicao significativa nos valores de yTBS e aumento da
nanoinfiltracdo para ambos os adesivos universais testados foi observada apés
dois anos de armazenamento em todos os grupos. Os sistemas adesivos s&o
compostos por monémeros hidrofobicos e hidrofilicos tais como uretano,
hidroxila, fosfatos, éster e grupos carboxila,’> que sdo mais suscetiveis a
hidrélise no meio oral,?? devido a absorgdo de agua na camada adesiva que pode
se comportar como uma membrana permeavel.3420 Assim, difusdo de agua
através dos polimeros pouco reticulados leva a formacéo de canais na camada
adesiva,'"3" nos quais a agua é capaz de fluir mais livremente, causando uma
rapida degradagao dos mondmeros hidrofébicos presentes na interfase adesiva
e potencialmente romper as ligagdes éster dos monémeros de metacrilato.3%40

Adicionalmente a plastificagdo da camada hibrida induzida pela agua
pode aumentar ainda mais a penetragdo de ésteres salivares, acelerando o
processo hidrolitico,*® que é considerado uma das principais razdes para falha

da camada hibrida ao longo do tempo.2430:46
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Por outro lado, os resultados deste estudo ndo demonstraram
diferenga significativa entre as estratégias ER e SE, independentemente da
irradiancia/tempos de exposicéo e do adesivo usado. Esses resultados estdo de
acordo e foram consistentes com o conceito universal por tras dos
adesivos'822.25 yma vez que, os adesivos universais foram desenvolvidos para
simplificar ambas as estratégias adesivas existentes (adesivos SE de um passo
e adesivos ER de dois passos), permitindo a aplicagado de cada estratégia de
acordo com a preferéncia ou demanda clinica do clinico.2%43

Embora o aumento da irradiancia ou um prolongado tempo de
exposicao tenham melhorado a estabilidade da interface adesiva, os resultados
desta pesquisa in vitro devem ser analisados com cautela e outros ensaios in
vitro e clinicos avaliando outros sistemas adesivos precisam ser conduzidos para

auxiliar nas tomadas de decisdes clinicas.

CONCLUSOES

Uma maior estabilidade da interface adesiva foi obtida quando uma
iradiancia mais alta (3200 mW/cm?2) com um menor tempo (5s) de
fotopolimerizagao foi utilizado. Ja o tempo de exposi¢ao prolongado (10s) a uma
irradiancia mais alta (3200 mW/cm?) promoveu uma maior degradagdo da

interface adesiva.
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Figura 1. Analise de microfotografias de diferentes grupos através do MEV

CLEARFIL UNIVERSAL BOND QUICK SCOTCH BOND UNIVERSAL
Etch-and-rinse Self-etch Etch-and-rinse Self-etch
5seg 10 seg 5seg 10 seg 5seg 10 seg 5 seg 10 seg

Figura 1. Microfotografias representativas dos diferentes grupos experimentais. Independente
do adesivo, o acumulo de particulas de prata foi mais evidente para o grupo 3200*10. Apds

dois anos de armazenamento, independente do adesivo e da estratégia utilizada, foi possivel
observar um aumento da deposi¢ao de particulas de prata ao longo da interface adesiva para

todos os grupos experimentais.

1400

After 2y

3200

After 2y
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Tabela 1. Sistemas adesivos, numero do lote, composigao, longevidade, grupos e modo de aplicagao

10-MDP, BisGMA,
HEMA, monémeros
de amido de resina
hidrofilica, silica
colloidal, agente de
ligacao de siilano,
NaF, canforoquinona,
etanol, agua

Scotchbond Universal
(SBU)
3M Oral Care/638367

10-MDP, resinas de
dimetacrilato, HEMA,
copolimero de acido
polialquendico
modificado com
metacrilato,
nanocargas, etanol,
agua, iniciadores,
silano

Imediato

Apos 2 anos

Imediato
ApOds 2 anos

Imediato

ApOds 2 anos

1400 mW/cm? por 10
s
(1400*10 = 14 J/cm?)

3200 mW/cm2 por 5 s
(3200*5 = 16 J/cm?)

3200 mW/cm?2 por 10
s
(3200*10 = 32 J/icm?)

3. Limpe o excesso de
agua;

4. Aplique o adesivo
como no modo
autocondicionante

1. Aplique o acido por
15s

2. Lave completamente
3. limpe o excesso de
agua

4. Aplique o adesivo
como no modo
autocondicionante

Sistemas Modo de Aplicacdo
Adesivos/Numero do Composigéao Longevidade Grupos Condicionamento Total Self-etch
Lote
Clearfil Universal Bond 1. Aplique o acido por 1. Aplique o adesivo na
Quick (CUQ) Imediato 1400 mW/cm?por5s  15s superficie inteira com
Kuraray/ CD0012 Ap6s 2 anos (1400*5 = 7 J/cm?) 2. Lave completamente microbrush. Nao requer

tempo de espera.

2. Seque com jato de ar
moderado por 5s até que o
adesivo ndo se movimente
3. Faca fotopolimerizagéo de
acordo com 0s grupos
experimentais

1. Aplique o adesivo em toda
area e deixe descansar por
20s

2. Direcione um suave jato
de ar sobre o liquido por
aproximad amente 5s até
que ele ndo mais se mova e
o solvente evapore por
completes

3. Faca a polimerizagao de
acordo com 0s grupos
experimentais

"10-MDP: 10-metacriloiloxidecil di-hidrogenofosfato; bis-GMA; metacrilato de bisfenol glicidil; HEMA: 2-metacrilato de hidroxietila
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Tabela 2. Modo de fratura (%) dos espécimes dos diferentes grupos experimentais

Grupos Clearfil Universal Bond Quick Scotchbond Universal
Condicionamento Total Autocondicionante Condicionamento Total Autocondicionante
5s 10's 5s 10s 5s 10s 5s 10s
A/M C PF | AIM C PF | AIM C PF | AIM C PF | AIM C PF | AIM C PF | AIM C PF | AIM C PF
1400 | Imediato 115 0 1 110 0 2 108 0 120 0 4 115 2 1 116 0 0 124 0 0 123 0 0
(99) (0 | (1) [(98) [(0) [(2) | (100) | (0) | (O) [ (97) | (O) [ (3) | (97) [(2) | (1) | (100) | (0) | (O) | (100) | (O) | (O) | (100) | (O) | (O)
Apds 2 120 1 1 106 0 2 105 0 4 103 0 3 117 0 0 123 0 0 121 0 1 105 0 5
anos 99) | (M 1 (1) [(98) [(©)[(2) [(96) [(©O) &) [(O7) [(0)|(3)|(1060) | () |(0) |(160) | (0) | (©) [ (99) | () | (1) |995) 0) | (5
3200 | Imediato 100 2 2 121 0 0 117 0 3 114 0 2 118 0 0 116 2 1 124 0 0 119 0 1
(96) | (2) | (2 [(100) [ (O) [(O) | (97) [ (O) | (3) [ (98) |(0) [(2) |(100) [ (0) | (O) | (97) | (2) | (1) [(100) | (©) [ (O) [ (99) [(O) | (1)
Apos 2 128 0 0 100 0 0 105 0 2 110 0 0 107 0 1 103 0 1 115 0 0 110 0 5
anos (100) | (0) | (0) [ (100) [ (0) [ (O) [ (98) | (0) | (2) | (100) | (O) [ (0) | (99) [(0) | (1) [(99) | (0) | (1) [(100) | (O) [ (O) | (95) [(O) | (5)
Tipos de fraturas: (A/M) Adesiva/Mista; (C) Coesiva; (FP) Falhas prematuras.
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Tabela 3. Valores das médias de resisténcia de unidao uyTBs (MPa + Desvio
padrdo) dos espécimes de resina-dentina para Clearfil Universal Bond Quick (*)

Imediato Apds 2 anos
Condicionamento o Condicionamento .
Grupos Total Autocondicionante Total Autocondicionante
5s 10s 5s 10s 5s 10s 5s 10s

1400 321+ 372+ 332+ 36.1+ 221+ | 296+ 223+ 29.2

mW/cm? | 3.6 B,.C | 3.1B 2.9B,C 3.1B 3.7D 31C 3.3D 26C

3200 452+ | 273 ¢ 443 258 + 35.1¢+ 18.1 31.0% 189+

mW/icm? | 3.9A 41D 3.2A 34D 3.6B 3.1E 3.5B,C 34E
(*) Letras diferentes indicam diferengas estatisticamente significativas (ANOVA trés fatores de

medidas repetidas e teste Tukey; p<0,005).
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Tabela 4. Valores das médias de resisténcia de unidao uyTBs (MPa + Desvio
padrdo) dos espécimes de resina-dentina para ScotchBond Universal (*)

Imediato Apods 2 anos
Condicionamento . Condicionamento .

Grupos Total Autocondicionante Total Autocondicionante
5s 10s 5s 10s 5s 10s 5s 10s

1400 374+ | 443+ 372+ 46.7 + 253+ | 421+ 259+ 415+

mW/icm? | 2.7C 348B 3.1C 3.1B 24E | 32B,C 31E 3.0B,C
3200 52.1+ 33.2+ 511+ 31.2¢+ 379+ | 241+ 384+ 210+
mW/icm? | 29A | 41CD 39A 32D 3.3C 21E 35C 3.2E

(*) Letras diferentes indicam diferencas estatisticamente significativas (ANOVA trés fatores de

medidas repetidas e teste Tukey; p<0,005).
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Tabela 5. Valores das médias de Nanoinfiltracdo (% + Desvio padrdo) dos
espécimes de resina-dentina para Clearfil Universal Bond Quick (*)

Imediato

Apéds 2 anos

Condicionamento

Grupos T Autocondicionante Condicionamento Autocondicionante
otal Total
5s 10s 5s 10s 5s 10s 5s 10s
1400 112+ 8.2+ 104 + 7.4+ 167+ | 123+ | 179+ 114 +
mW/cm? 19B 16 A | 19AB 19A 22C 1.9B 26C 1.8B
3200 95+ | 164+ | 73+ | 157+ | 131+ | 223+ | 133+ | 233+
mW/cm? | 1.8AB | 16C | 16A 15c | 19B | 20D | 1.2B 20D

(*) Letras diferentes indicam diferengas estatisticamente significativas (ANOVA trés fatores de
medidas repetidas e teste Tukey; p<0,005).
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Tabela 6. Valores das medias de Nanoinfiltracdo (% * Desvio padrdo) dos
espécimes de resina-dentina para ScotchBond Universal (*)

Imediato Apods 2 anos
Grupos Condicionamento Autocondicionante Condicionamento Autocondicionante
Total Total
5s 10s 5s 10s 5s 10s 5s 10s
1400 | 1225 | 74% | 89x | 61x | 1o0F | 128x | AN3x | 129%
mW/cm? 218B 22A | 27AB 1.8 A C.D ' ' ’
3200 66+ | 147+ | 6.8+ | 131+ | 125+ | 21.8+ | 11.7+ | 229+
mW/cm2 | 24A | 27C | 23A | 21C | 21B | 13D | 14B | 21D

(*) Letras diferentes indicam diferencgas estatisticamente significativas (ANOVA trés fatores de

medidas repetidas e teste Tukey; p<0,005).
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4 CONSIDERAGOES FINAIS

O uso de irradiancia mais alta (3200 m\W/cm?) por apenas 5 s mostrou
melhores resultados em termos de propriedades mecanicas e adesivas como
uma maior estabilidade da interface para ambos os adesivos de ligagdo a
dentina, enquanto o tempo de exposigdo prolongado (10s) a uma irradiancia
mais alta (3200 mW/cm?) mostrou piores resultados, dentre eles, promoveu uma
maior degradacao da interface resina-dentina, tanto imediatamente como apés
dois anos de armazenamento em agua.

Destaca-se que a polimerizacdo adequada de um adesivo foi
claramente correlacionada com estabilidade e que embora o aumento da
irradidancia ou um prolongado tempo de exposi¢cao tenham melhorado o
desempenho da interface adesiva, os resultados desta pesquisa in vitro devem
ser analisados com ateng¢ao e outros ensaios “in vitro” e clinicos, avaliando
outros sistemas adesivos, devem ser realizados para auxiliar nas tomadas de

decisodes clinicas.
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APENDICE A - PREPARO DAS AMOSTRAS PARA OS TESTES DE DUREZA E
DENSIDADE DE RETICULAGAO DE POLIMERO

Dispositivo para confec¢do  Mensuragdo para obtengio da Inser¢ao do adesivo para o
dos corpos de prova altura necessdria para a amostra preenchimento da cavidade
do dispositivo

Adesivo preenchendo a
cavidade do dispositivo

Fotopolimerizacdo da amostra [ ———

Figura 1 - Preparo das amostras para os testes de dureza e densidade de reticulagdo de
polimero. (A) Dispositivo para confecgédo dos corpos de prova; (B) Mensuragéo para
obtencédo da altura necessaria para a amostra; (C) Insercdo do adesivo para o
preenchimento da cavidade do dispositivo; (D) Adesivo preenchendo a cavidade do
dispositivo; (E) Fotopolimerizagdo da amostra; (F) Amostra obtida.



75

APENDICE B - TESTE DE DUREZA EM KNOOP

Amostra posicionada no
microdurometro para analise

Ponta realizando a indentacio
para se obter a dureza em Knoop

Obtencao da dureza em Knoop

Figura 1 - Teste de dureza em Knoop. (A) Amostra posicionada no microdurometro para analise;
(B) Ponta realizando a indentagéo para se obter a dureza em Knoop; (C) Teste de
dureza sendo realizado; (D) Obtengéo da dureza em Knoop.
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APENDICE C - TESTE DE DENSIDADE DE RETICULAGAO DE POLIMERO

-y

'
Armazenamento da amostra em
uma solugdo de etanol 100% a Amostra posicionada no

37°Cpor24h microdurometro para uma
nova analise

Ponta realizando a indentacio
para se obter a dureza em Knoop

3 ¢ m s TE

Obtencgdo da dureza em Ko

Teste de dureza sendo realizado

Figura 1 - Teste de densidade de reticulagdo de polimero. (A) Armazenamento da amostra em
uma solugdo de etanol 100% a 37°C por 24h; (B) Amostra posicionada no
microdurometro para uma nova analise; (C) Ponta realizando a indentacdo para se
obter a dureza em Knoop apds imersdo no etanol; (D) Teste de dureza sendo
realizado; (E) Obtengao da dureza em Knoop.
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APENDICE D - PREPARO DOS ESPECIMES

A B C
Remocdo do Remocdo do
Dente higido esmalte esmalte
oclusal lateral

Figura 1 - Preparo dos espécimes. (A) Dente higido; (B) Remogdo do esmalte oclusal; (C)
Remogao do esmalte lateral.
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APENDICE E — PROCEDIMENTO RESTAURADOR - ESTRATEGIA DE
CONDICIONAMENTO TOTAL (ER)

Procedimento restaurador '

Estratégia de condicionamento total (ER)
A ﬂ

™ uam ™~ LSS

Aplicagao do acido Aplicagdo do Fotopolimerizacio

fosforico a 37% adesivo
D i " i

E /._/’
ad " d = JadS

Fotopolimerizagdo Restauracdo da amostra Fotopolimerizacao Restauragio

G

Figura 1 - Procedimento restaurador — Estratégia de Condicionamento Total (ER). (A) Aplicagao
do acido fosférico a 37%; (B) Aplicacdo do adesivo; (C) Fotopolimerizacao; (D)
Fotopolimerizagdo do adesivo; (E) Restauragdo da amostra; (F) Fotopolimerizacéo;
(G) Restauragao.



APENDICE F - PROCEDIMENTO RESTAURADOR - ESTRATEGIA
AUTOCONDICIONANTE (SE)

Procedimento restaurador

»®
A/ B C—

Estratégia autocondicionante (SE)

‘ |

APliC"?fio do Fotopolimerizacio Fotopolimerizacao

adesivo

— E E
D / =
_ » : ‘
‘ -4
T — e

Restauracdo da amostra Fotopolimerizagio Restauracdo

Figura 1 - Procedimento restaurador — Estratégia autocondicionante (SE). (A) Aplicagdo do
adesivo; (B) Fotopolimerizagao; (C) Fotopolimerizagdo do adesivo; (D) Restauragéo
da amostra; (E) Fotopolimerizacdo; (F) Restauracao.
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APENDICE G — CORTE DAS AMOSTRAS

72 @ ‘

™ e = R

Cortadora de precisao Corte com o disco Palitos obtidos

Figura 1 - Corte das amostras. (A) Cortadora de precisdo Isomet 1000; (B) Corte com o disco;
(C) Palitos obtidos.
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APENDICE H - TESTE DE RESISTENCIA DE UNIAO (uTBS)

Palitos obtidos

Palito fixado Magquina de ensaio universal Ensaio de uTBS

Figura 1 - Teste de resisténcia de unido (UTBS). (A) Palitos obtidos; (B) Mensuragao dos palitos;
(C) Garras de Geraldelli; (D) Palito fixado; (E) Maquina de ensaio universal; (F) Ensaio
de uTBS.
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APENDICE | - TESTE DE NANOINFILTRAGAO (NL)

Selecdo dos
palitos D Andlise das amostras no
MEV

Imagens obtidas (ate@lo)

Figura 1 - Teste de nanoinfiltragdo (NL). (A) Selegdo dos palitos; (B) Palitos preparados; (C)
Andlise das amostras do MEV; (D) Imagens obtidas (exemplo).
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APENDICE J - TESTE DE GRAU DE CONVERSAO (GC)

Teste de grau de conversdo (GC)

Selecdo dos
palitos Limpeza em cuba
ultra-sonica Andlise das amostras em

micro-Raman

Figura 1 - Teste de grau de conversao (GC). (A) Selecao dos palitos; (B) Limpeza em cuba ultra-
sonica; (C) Analise das amostras em micro-Raman.
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APENDICE K — PREPARO DOS ESPECIMES, PROCEDIMENTO
RESTAURADOR - ESTRATEGIA AUTOCONDICIONANTEL (SE)-
ARMAZENAMENTO IMEDIATO E POR 2 ANOS

Estrnatégia GE
yF = 4
_ 2
=L g il gl de
Corte oclusal Amostra prc)lnFa Lavagem da Secagem da .Aplicagéo C'|0 Fotopolimerizagdo Restauracio
da amostra para estratégia amostra amostra sistemadesivo de acordo com a pronta
A adesiva C D E poténciascolhida G
B S F

> ;'-P 7
ST 7

Corte da amostra Palitos de Armazenamento porahos
para obtengdo dos resinadentina K
palitos |
H
—

Figura 1 - A-Corte oclusal da amostra; B-Amostra pronta para estratégia adesiva; C-Lavagem
da amostra; D-Secagem da amostra; E-Aplicacdo do sistema adesivo; F-
Fotopolimerizagédo de acordo com a poténcia/T escolhida; G- Restauragao pronta; H-
Corte da amostra para obtengdo dos palitos; |- Palitos de resina-dentina; J-
Armazenamento por 24 horas; K- Armazenamento por 2 anos
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APENDICE L — PREPARO DOS ESPECIMES, PROCEDIMENTO
RESTAURADOR - ESTRATEGIA DE CONDICIONAMENTO TOTAL (ER) -
ARMAZENAMENTO IMEDIATO E POR 2 ANOS

Estratégia ER
P 4 ; s
7’ —
' / / U 7
Corte oclusal Amostra pronta  Aplicagdo do Lavagem da Secagem da Aplicagdo do Fotopolimerizacdo Restauraci
daamostra para estratégia  4cido fosférico amostra amostra sistemadesivo de acordo com a pronta
A adesiva a 3% D E F poténci@scolhida H
B C G

Armazenamento por hbras
K

¥
agliv=lag |

Corte da amostra

I« Palitos de Armazenamento porahos
para obtengdo dos resinadentina L
palitos J
|
—

Figura 1 - A-Corte oclusal da amostra; B-Amostra pronta para estratégia adesiva; C-Lavagem
da amostra; D- Lavagem da amostra; E-Secagem da amostra; F-Aplicagao do sistema
adesivo; G- Fotopolimerizagcdo de acordo com a poténcia/T escolhida; H-
Restauragao pronta; |- Corte da amostra para obtengdo dos palitos; J- Palitos de
resina-dentina; K- Armazenamento por 24 horas; L- Armazenamento por 2 anos
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APENDICE M - FIGURA 4- TESTE DE RESISTENCIA DE UNIAO (uTBS)

Armazenamento
por 24horas
A

Armazenamento
por 2anos
B

Teate de Reaisténcia de Unidwo ( L TBS)

0
i

Execugdo do teste em
maquina de ensaios

Palito de resina/dentina

fraturado
D

&

- [ =-» f:

Andlise da fratura en
microscépio

Figura 1 - A-Armazenamento por 24 horas; B- Armazenamento por 2 anos; C-Execucgao do teste
em maquina de ensaio universal; D-Palito de resina/dentina fraturado; E-Palitos
separados; F-Analise da fratura em microscoépio
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APENDICE N - FIGURA 5- TESTE DE NANOINFILTRAGAO (NL)

Armazenamento
por 24horas
A

Armazenamento
por 2anos
B

N

E

Teate de Naneingiltvagde (NE)

-
- -~

-

=
~

73N\

R e -

Imersdo dos palitos em  |mersdo dos palitos em
solugdo de Nitrato de Prata solugdo reveladora sob luz
por 24h fluorescente pdgh

C D

".

.‘"*"—

: ) 3
P 4 n’\fj
-

Andlise da infiltragdo do
Nitrato de Prata por meio
de Microscépio Eletrénico
de Varredura (MEV
E

Figura 1 - A-Armazenamento por 24 horas; B- Armazenamento por 2 anos; C- Imersido dos
palitos em solugao de Nitrato de Prata por 24h; D-Imersédo dos palitos em solugao
reveladora sob luz fluorescente por 8h; E-Analise da Infiltragdo do Nitrato de Prata

por meio de MEV
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‘@ CENTRO UNIVERSITARIO DO
ceuma MARANHAO - UNICEUMA m

DADOS DO PROJETO DE PESQUISA

Titulo da Pecquica: influéncia dos LEDs que complem um %topoimerizador de miitipios picos nas
propriedades 30esvas de sistemas 33eivOs univerzais contendo dferentes Riciddores

Pecquitador: Ancrés Feipe Mian Cardenas
Area Tematioa:

Vercdo: 1

CAAE: 19438813.3.0000.5034

Inctitulg3o Proponents: CEUMA-ASS0CIACAD DE ENSINO SUPERIOR
Patrooinador Principal: Financaments Proprio

DADOS DO PARECER
Nomero do Parecer: 3.542.333

Aprecentapso do Projeto:

O cbjetivo do presente trabalho sers avalar se 3 posiglo 9oz LED: que comple um ftopolimertzador de
matipios picos € 3 Infuéncia nos

dferentes niciadores 003 SiZemas 30esNOs. A partr de SO dentes que serfo dlstribuicos de acordo com 18
conaigles expermentals (n = S0

especmes para resisténcis de unio (TE2), nanonfraglo (NI) e grau de conversSo In situ (GC). O3 dentes
serSo Azrbultos de 3COordo com 3

combinagio cas varisveis ndependentes: (1) 18 dferentes sistemas 30esivos; (2) dois tpos de estrategia
adesiva e (3) dferentes intensidades de

Iz 0o LED emissor. As superficies oChusals dos dentes serfo cortadas 3 mm = 1 mm, em seguids, serfo
itxadas com lixas de granufaco 600 pany

padronizar © smear layer. ADOs €333 e2ap3 05 Quadrantes o3 dentes ser§o marcados de forma que
corresponda 3 um LED do %otopoiimertzador e

serSo restauracos. A segulr, 03 dentes serSo seccionddos & Marcados para obtenglo de especimes em
formato de “paiko” para andiize da TBS.

Para ansize NI, paitos que nSo foram utitzados no teste de TES sero imersos em uma solugSo de nitrato
e prata por 24 h em ambiente esCuro.

Logo apes, zerSo reveiados sob ka flucrescente por 8 h e Mados em stubs para avaiisglo da
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hgea 1 de U4

89



‘@ CENTRO UNIVERSITARIO DO
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P e LAY Y

Contiruachs 4o Pascar 350 30

Interface por microzcopia eletrdnica de varmedura no

modo de elétrons retroespalhados. Fara avallagio do GC, s paitos de resina-dentina de cada grupe nfo
testados por TES e Nl serfo lmpos e

Ilxados. Logo em segulda eles serSo avalados por espectrozcopia de Raman. Pars analise estatistica, o3
dados serSo submetidos & andise de

varancia e teste de Tukey para comparagdo das médas (alfa=0,05).

Objetivo da Pecquica:

Objetivo Frimario:

Avallar se a posigdo dos LED: que compbe um fotopolimetrizador de moitipios pices Influéncia na
resisténcia de unifo, nanoinfiitraglc e grau de

converz30 In situ de dois sistemas adesivos universals contendo dferentes iniciadores na estratégla adeshva
condiclonamento oty e

autocondicionante.

Objetivo Secundario:

Avaliar 3 eficacia da fotopoimerizacSc a partir do posicionamento flxo do apareiho fotopoimerizador que
apresenta LEDs com posigBes

determinadas em dferentes intensidades (S2SmWoms, 45SmWicm?, 40SmWicm?®) sob sistemas adesivos
com dferentes Inicladores.

Avaliagdo doc Ricoot & Benefioloc:

Riscos:

Riscos do paciente:

Como esta pesquisa serd reaiizads em dentes extraldos por IndicagSo terapéutica, o3 rizcos a sua sadde,
380 03 mesmos que voct teria se nio

consentizze com a participagic/doacio do elemento dental, ou seja 0z mesmos riscos da exodontia
terapéutica (Utlizagdo de anestésico local e

Infeccio localzada).

Riscos do pesquisador: Por se tratar de um estudo laboratorial, 03 riscos seriam orundos das etapas
laboratorials durante manipulagio dos dentes e

confecglo doz espécimes. No entanto, medidas como a utitzaglo de equipamentos de protecSo indvidual
COMOo QOorTo, Mascan, luvas & ocuos sio

Importantes e zerSo ulizadas em todas a3 etapas

Seneficios:

Além da contribuicio & déncia pela procura de novas tacnicas e esratégias que mehore a posicio

Exderwgo: DOS CASTANCENOS

Balrro: JANDIN RENASCENCA CEP: grors10
ur: NA Menkipio: SAD LIS
Tefone: (I &4212 Cmall: cec@@cecra b
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dos LEDs que compBem um fotopolimertzador
de momplos picos, levar qualidade nos procedimentos adesivos sliminando 0 surgimento de probiematicas
com 3 unifo da dentina com o3 sistemas

adeszivos e seus fotoiniciadores.

Comentarioc e Conclderagfec cobre a Pecquica:

Trata-se de uma pesquisa laboratorial 3 ser desenvolvids com dentes extraldos de pacientes com indcagio
terapéutica. A pesquisa esta bem deineada & com estrutura metodoiégica que responde 303 objetivos
propostos. Apresenta equipe quaificada para o desenvolvimento da mesma.

Concideragdec cobre oc Termoc de apracantagdo obrigatoria:

Todos o3 termos necessarios para apreciagio ética da pesquiza ‘oram apresentados e estio adegquados a3
normativas do sistema CEF CONEP (Res. 466/12 CN2)

Recomendagdec:

1) O TCLE deve aprezentar 3 numeracac nas paginas com o objetivo de garantir a Integridade do
documento, solicita-se que sejam inseridos 03 numercs de cada pagna, bem como a quantidade total delas,
como por exempio: "1 de X” & aszim sucessivamente 3% 3 paging "X de X",
2)Na pagina 2 no ulimo paragrafo, le-ze- “Voce sera INDENIZADA por qualquer despesa que venha a ter
com sua participacao nesse estudo e, tambem, por todos 03 danos Que venha 3 soffer pels mesma razao,
sendo que, Para e3333 despesas estao garantidos o3 recurses” (Destague nossc). O trecho ests
Inadequado, pois Resse Cas0 O que sera oferacido A0 participante sera o reszarcimento, € nac Indentzacao.
Sendo aszim:

Deve ser garantdo 30 participante de pesquiza e seu acompanhante ¢ ressarcimento de despesas
decorrentes da paricipacao no estude nos dias em que for NeCcessaria SU3 Presenca pan consultas ou
exames. Sendo aszim, solcka-se que O trecho seja reescrito garantindo, de forma clara e afirmativa, ©
ressarcimento das despesas Sdas peio participante da pesquisa & seu acompanhante em decorrencla de
SUD participacao na pesquisa, podendo-se Citar como exempio, © transporte & 3 alimentacao, Mmas nNao se
restringindo a eles (Resolucao CN2 no 466 de 2012, itens 11.21 e IV.3.g)

3) E separadamente, solicita-ze Inserir no TCLE a explickacac do drreito do participante de buscar
Indenizacao diante de eventuals danos decorrentes da pesquisa (Resolucao CNS no 456 de 2012, Rem
V3.h.

Conclucdec ou Pendénolac o Licta de Inadequagdec:
Zem pendéncias

Endersgo: DOS CASTANSENOS

Balrro: JANDIN RENASCENCA CEP: saors10
ur NA Menkipgic: SAD LLAS
Tekfone (U442 Cmall: ces@oware b
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Concideragdec Finalc a orttério do CEP:
O pesquizador devera aprezentar 3 este CEP Relattrio Snal da pesquisa

Ecte parecer fol elaborado baceado noc dooumentoc abalxo relacionadoc:

o™
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[ Tipo Documento Arquive Fostagem Auror Skuagio

Informacles Sascas| PE_INFORMAGLES_BASICAS_DO_F | 15082013 Aceito

do P ROJETO _1376577. 154023

TCLE/Termos de  |TCLEpa 15/08/2019 |Ancrés Feilpe MBan | Aceito

Aszentimento / 153533  |Cardenas

Jussficativa de

(Ayziodiy

Qutros anuenca_cinica.pdf 15/02/2019 |Ancrés Felpe Miian | Aceito

. 133524 |Cardenas

Declaragdo de anuencia_thayza.par 1500272019 |Andrés Felpe MBan | Aceito

| Pesguisadores 185540 |Cardenas

Declaragio de anuencia_andres pdf 15002/2013 |Andrds Feips Milan | Acsito

Pesgusadores 185526 |Cardenas

Projeto Detainado / | projeto_de_pesguiza pd’ 1500872019 |Andrés Felpe MEan | Aceito

Brochura 185440 |Cardenas

Inves _

Declaracio de anuencia_ceuma pa’ 15/02/2019 |Ancrés Felpe MBan | Aceito

Ins e 185339 |Cardenas

Infraszinsurs -

Folha de Rosto foiha_de_roso.pdf 15/05/2019 |Ancrés Felpe MEan | Aceito
155312 |Cardenas

Sruagdo do Pareoer:

Aprovado

Neoceccita Apreciagdo da CONEP:

Nic

SAO LIS, 25 de AQosto de 2015

Azzinado por:

RUDYSE RODOLFO DE JESUS TAVAREZ

Endersgo: DOS CASTANSENOZ

Balrro: JANDIN RENASCENCA
Menkipia: SAD LS
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Seg, 20/02/2023 18:06
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De: Operative Dentistry <em@editorialmanager.com>
Data: 10 de setembro de 2021 14:54:20 BRT
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Influence of irradiance and exposure times on the mechanical and adhesive properties

of universal adhesives with dentin
Operative Dentistry

Dear Dra. Reis,



| am pleased to tell you that your work has now been accepted for publication in
Operative Dentistry.

It was accepted on Sep 10, 2021

Comments from the Editor and Reviewers can be found below.
Thank you for submitting your work to this journal.

With kind regards,

Jeffrey Platt, DDS, MS
Editor-in-Chief
Operative Dentistry

Comments from the Editors and Reviewers:

Editor comment: The issues identified by Reviewer #2 and any other questions will be
handled during the copyedit and typeset stages.

Reviewer #1: No further comments.

Reviewer #2:

| thank the authors for addressing all my concerns and recommendations and for
clarifying the sample size. | have 2 minor issues:

1- Page 7 line 34 and Page 9 first line; repeated sentence (For standardize the light-
cured procedures, the Valo unit was fixed in a clamp with the emitting end of the light
guide 1-mm away from the occlusal surface.), also, it is better to change to either For
standardization or To standardize.

2- The figures are still not clear in my pdf file.

Best regards

In compliance with data protection regulations, you may request that we remove your
personal registration details at any time. (Use the following URL:
hittps://na01.safelinks.protection.outlook.com/?

url=https%3A%2F %2Fwww.editorialmanager.com%2Fjopdent%2Flogin.asp%3Fa%3Dr
&amp;data=04%7C01%7C%7C4143793417d24037¢c1ec08d974840323%7C84df9e7fe
9f640afb435aaaaaaaaaaaa% /C1%7C0%7C637668932602953599%7CUnknown%7C

fO0tXo%3D&amp;reserved=0). Please contact the publication office if you have any
auestions.
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ANEXO E — ARTIGO 2 - NORMAS PARA PUBILICAGAO NA REVISTA THE
JOURNAL OF ADHESIVE DENTISTRY

The Journal of
Adhesive Dentistry

GUIDELINES FOR AUTHORS

The Journal of Adhesive Dentistry is a peer-reviewed open
access journal that publishes scientifically sound articles
of interest to practitioners and researchers in the field of
adhesion to hard and soft dental tissues. The Journal
publishes several types of peerreviewed original articles:
1. Clinical and basic science research reports — based
on original research in adhesive dentistry and related

topics.

2. Reviews topics — on topics related to adhesive
dentistry

3. Short - of original hin

ad-hesive dentistry and related topics. Max. 4 printed
pages, including figures and references (max.
characters 18,000). High priority will be given to the
review of these papers to speed publication.

4. Focus articles — presenting a position or hypothesis
on a basic science or clinical subject of relevant
related topics. These articles are not intended for
the presentation of original results, and the authors
of the articles are selected by the Editorial Board.

5. Pi dings of i ksh or confé
— covering topics of relevance to adhesive dentistry
and related topics.

SUBMISSION INSTRUCTIONS
Submission via online submission service
(www.manuscriptmanager.net/jadd). Manuscript texts
should be uploaded as PC-word files with tables and
figures preferably embedded within the PC-word
document. A broad range of file formats are acceptable.
No paper version required but high resolution
photographs or illustrations should be sent to the
editorial office (see below). Online submissions are
automatically uploaded into the editorial office’s

i assignment and are
processed immediately upon upload.

Illustrations that cannot be sent electronically will be
scanned at the editorial office so that they can be sent
to reviewers via e-mail along with the manuscript to
expedite the evaluation process.

Resubmitted manuscripts should also be submitted in
the above manner. Please note that supplying electronic
versions of your tables and illustrations upon
resubmission will assure a faster publication time if the
manuscript is accepted.

Review/editing of manuscripts. Manuscripts will
normally be reviewed by an editor-in-chief and at least
two reviewers with expertise in the article's subject
matter. The journal operates a conventional double-
blind reviewing policy. After review, a decision is made
whether to reject the work or to continue the review
process. Any works where an editor-inchief is a
contributor will be handled by one of the other two
editors-in-chief. We attempt to begin the review process
as rapidly as possible, and a decision is reached as
soon as the 's are re d, typically
within 8 to 10 weeks. (double blind peer review). The
publisher reserves the right to edit accepted
manuscripts to fit the space available and to ensure
conciseness, clarity, and stylistic consistency, subject
to the author’s final approval.

to guidelil M: that are not pre-
pared in accordance with these guidelines will be
returned to the author before review.

MANUSCRIPT PREPARATION
The Journal will follow as much as possible the
recommendations of the Interational C i of

.

.

.

.

contribution to the paper (e.g., idea, hypothesis,
experimental design, performed the experiments in
partial fulfillment of requirements for a degree, wrote
the ipt, proofread the ipt, performed a
certain test, consulted on and performed statistical
evaluation, contributed substantially to discussion, etc.)
and full address of all authors. Phone, fax, and e-mail
address must also be provided for the corresponding
author, who will be assumed to be the first listed author
unless otherwise noted. If the paper was presented
before an organized group, the name of the
organization, location, and date should be included.
3-8 keywords.

Include a 250-word
structured abstract (with headings Purpose, Materials
and Methods, Results, Conclusion).

Introduction. Summarize the rationale and purpose of
the study, giving only pertinent references. Clearly
state the working hypothesis.

Materials and Methods. Present materials and
methods in sufficient detail to allow confirmation of
the observations. Published methods should be
referenced and discussed only briefly, unless
modifications have been made. Indicate the statistical
methods used, if applicable.

Results. Present results in a logical sequence in the
text, tables, and illustrations. Do not repeat in the
text all the data in the tables or illustrations;
emphasize only important observations.

Discussion. Emphasize the new and important aspects
of the study and the conclusions that follow from them.
Do not repeat in detail data or other material given in
the Introduction or Results section. Relate observations
to other relevant studies and point out the implications
of the findings and their limitations.
Acknowledgments. Acknowledge persons who have
made substantive contributions to the study. Specify
grant or other financial support, citing the name of the
supporting organization and grant number.
Abbreviations. The full term for which an abbreviation
stands should precede its first use in the text unless
it is a standard unit of measurement.

Trade names. Generic terms are to be used whenever
possible, but trade names and manufacturer should be
included parenthetically at first mention.

Clinical Relevance. Please include a very brief

(2 sentences or 3 lines) clinical relevance statement.

REFERENCES

Ty

All references must be cited in the text, according to
the alphabetical and numerical reference list.

The reference list should appear at the end of the
article, in alphabetical and numerical sequence.

Do not include unpublished data or personal com-
munications in the reference list. Cite such references
parenthetically in the text and include a date.

Avoid using abstracts as references.

Provide complete information for each reference,
including names of all authors. If the reference is part
of a book, also include title of the chapter and names
of the book's editor(s).

Journal reference style:
1. Turp JC, Kowalski CJ, Stohler CS. Treatment-seeking

patters of facial pain patients: Many possibilities,
limited satisfaction. J Orofacial Pain 1998;12:61-66.

Book reference style:
1. Hannam AG, Langenbach GEJ, Peck CC. Computer

simulations of jaw biomechanics. In: McNeill C (ed).
Science and Practice of Occlusion. Chicago:
Quintessence, 1997:187-194.

ILLUSTRATIONS

.

All illustrations must be numbered and cited in the
text in order of appearance.
Submitted figures should meet the following minimum

Medical Journal Editors (Vancouver Group) in regard to
preparation of manuscripts and authorship (Uniform

— High-resolution images should have a width of
83 mm and 300 dpi (for column size).

requirements for manuscripts i to bi dical
journals. Ann Intern Med 1997;126: 36-47).

Title page. The first page should include the title of

the article (descriptive but as concise as possible) and
the name, degrees, job title, professional affiliation,

- hics (bar di: ic representations,
drawings) wherever possible should be produced in
Adobe lllustrator and saved as Al or EPS files.

— All figures and graphics should be separate files —
not embedded in Word or Power Point documents.

Upon article acceptance, high-resolution digital image
files must be sent via one of the following ways:

1. As an e-mail attachment, if the files are not excessively
large (not more than 10 MB), to our production
department

Via online submission service
(www.manuscriptmanager.net/jadd).

Line drawings — Figures, charts, and graphs should be
professionally drawn and lettered large enough to be read
after reduction. Good-quality computer-generated laser
prints are acceptable (no photocopies); also provide
electronic files (eps, ai) if possible. Lines within graphs
should be of a single weight unless special emphasis is
needed.

Legends — Figure legends should be grouped on a
separate sheet and typed double-spaced.

N

TABLES

* Each table should be logically organized, on a
separate sheet, and numbered consecutively.

¢ The title and footnotes should be typed on the same
sheet as the table.

EXPANDED METHODOLOGICAL AND REPORTING
Requirements — Ethical or Institutional Review Board
Approval. Clearly indicate that the study obtained
appropriate approval (or a statement and explanation of
why it was not required), including the name of the
ethics committee(s) or institutional review board(s) and
the number/ID of the approval(s). For human studies,
please also add a statement that participants gave
informed consent before taking part.

MANDATORY SUBMISSION FORM

The Mandatory Submission Form, signed by all authors,
must accompany all submitted manuscripts before they
can be reviewed for publication. Electronic submission:
scan the signed form and submit as JPG, TIF or PDF file.

PERMISSIONS & WAIVERS

* By submitting an article, the author confirms that all
texts, videos, and images are free of third-party rights
and that the sources are cited correctly according to
German citation methods. The author informs
Quintessence Publishing about any copyright notices
that may be required. In the event of infringement of
third-party rights (copyrights, personal rights, data
protection rights, etc), the author shall indemnify the
publisher against all third-party claims.

In the case of photographs of patients or other
persons, the consent of the patient or the legal
representative must be obtained for the publication of
the photographs on- and offline for the purposes of
publication, dissemination, and making available to
the public in publications of Quintessence Publishing.
Grant support or any other indirect involvement or
commercial interest must be specified.

For clinical studies the approval of the ethics
committee must be presented.

PUBLICATION FEE

After ce of the d article, a pt

fee of 1250 EUR (excluding taxes) is charged. All
information for creating the invoice must be stored on
the Manuscriptmanager platform during submission.
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