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Os objetivos deste estudo foram: a) avaliar o efeito do condicionamento seletivo do
esmalte cavosurperficial e da fonte de luz LED na resisténcia a microtracdo em dentina de
restauracoes Classe | em compdsito utilizando adesivos autocondicionantes; b) avaliar a
dureza Knoop (KHN) de restauracées de cavidades Classe | em compdsito utilizando
adesivos autocondicionantes fotoativados com diferentes fontes de luz LED; c) Avaliar a
formacao de fendas antes e ap6s ciclagem termomecénica de restauracdées em compdsito
fotoativadas por LED e utilizando adesivos autocondicionantes em diferentes protocolos
de aplicacdo. No experimento 1, noventa e seis cavidades Classe | foram preparadas em
molares humanos, e restauradas com compésito micro-hibrido. Os espécimes foram
distribuidos em 12 grupos (n=8), de acordo com a fonte de luz LED (Radii-Cal - RD, Flash
Lite 1401 - FL e Ultra-Lume 5 - UL), sistema adesivo autocondicionante (Clearfil SE Bond
— CSE e Clearfil S* Bond — S3) e condicionamento seletivo do esmalte com acido fosférico
(com e sem). Apds o acabamento e polimento das restauracées as mesmas foram
submetidas a fadiga termo-mecéanica e os palitos para o ensaio de microtracdo foram
obtidos da interface de unido entre a parede pulpar dentinaria e a restauracao. Apds o
teste mecanico os dados foram submetidos a anélise estatistica (ANOVA trés fatores e
teste de Tukey com a=0.05). O condicionamento seletivo do esmalte para o S3 diminuiu a
resisténcia de uniao em dentina e ndo afetou o desempenho do CSE. Além disso, o LED
de terceira geracdo promoveu maiores valores de resisténcia a microtracdo para o
adesivo de dois passos. Para o S3 as fontes de luz promoveram resisténcia adesiva
semelhante em dentina. No estudo 2, utilizou-se 0 mesmo método de preparo das
amostras do primeiro estudo, formando-se 6 grupos (n=16) pela interacdo entre os fatores
em estudo, LED (RD, FL e UL), sistema adesivo autocondicionante (CSE e S3). As
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parcelas subdivididas foram diferentes profundidades (superficial, média e profunda).
Apbs a confecgdo das restauragdes, as mesmas também foram submetidas a fadiga
termo-mecénica e em seguida, seccionadas no sentido longitudinal para avaliagdo da
KHN nas diferentes profundidades. ApoOs analise estatistica (ANOVA dois fatores com
parcela subdividida e teste de Tukey com a=0.05), observou-se que o LED de terceira
geracao promoveu valores de KHN semelhante aos aparelhos de pico Unico e que a
regido superficial, em geral, apresentou melhor qualidade de polimerizacdo. No estudo 3,
utilizou-se 192 terceiros molares, onde cavidades Classe | foram preparadas e
restauradas com o mesmo método utilizado no primeiro estudo, 12 grupos (n=16) pela
interacdo entre os fatores em estudo, LED (RD, FL e UL), sistema adesivo
autocondicionante (CSE e S3) e condicionamento seletivo do esmalte com acido fosférico
(com e sem), antes e apds a termociclagem. Apds a restauracdo, réplicas em resina
epoxica foram confeccionadas e as margens foram analisadas em microscopio eletrénico
de Varredura (MEV). Apds submeter os espécimes da restauracdo a fadiga termo-
mecanica, novamente réplicas em resina epodxica foram feitas e analisadas em MEV.
Apos andlise estatistica (Kruskal Wallis e teste de Wilcoxon pareado, a=0.05), observou-
se que o condicionamento seletivo do esmalte promoveu maior integridade marginal para
0 S3, mostrando ser um passo adicional eficiente na técnica de aplicacdo desse adesivo
em restauracoes Classe | em compdsito. Além disso, a formagao de fendas para adesivo
autocondicionante de dois passos nao foi influenciado pelo condicionamento acido prévio

do esmalte, nem pelo LED utilizado para fotoativagao.

Palavras-chave: Adesivo autocondicionante, LED, esmalte dental, acido fosférico,

resisténcia da unido, dureza Knoop,adaptacao marginal
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Alstract

The aim of this work was to: a) evaluate the effect of enamel selective enamel

etching and LED curing units on dentin microtensile bond strength of Class | composite
restorations; b) evaluate the effect of different LED light units and self-etch adhesives on
the Knoop hardness profile (KHN) of Class | composite restorations; c) evaluate the gap
formation before and after thermomechanical loading of Class | composite restorations
photocured by LED and using different application protocols of self-etch adhesives
systems. In experiment 1, ninety-six Class | cavities were made in human molars and
restored with a microhybrid composite. For the restorative procedure, teeth were assigned
in 12 groups (n=8) formed by the studied factors interactions, LED curing unit (Radii-Cal -
RD, Flash Lite 1401 -FL and Ultra-Lume 5 - UL), self-etch adhesives (Clearfil SE Bond -
CSE and Clearfil S® Bond — S3) and selective enamel acid etching (with and without).
After finishing and polishing approach, specimens were submitted to thermo-mechanical
ageing and sticks were obtained from the bonding interface between adhesive and pulpal
wall which were submitted to a microtensile load in a universal testing machine. After
statistical analysis, (three-way ANOVA and Tukey test with a=0.05) it was shown that the
pre-etched enamel approach for Clearfil S® decreased dentin bond strength while it did not
affect the bond performance of Clearfil SE. Thus, the polywave LED promoted higher
microtensile bond strength values for the two-step adhesive. When Clearfil S® was used,
the light curing units yielded similar dentin bond strength. In the experiment 2, 96 Class |
cavities were prepared in the same way as the previous experiment. Teeth were assigned
to 18 groups (n=8) by the interaction among the studied factors, LED curing source (RD,
FL and UL), self-etch bond system (CSE and S3), depth (superficial, medium and deep).
After the restorative procedure, specimens were submitted to thermo-mechanical ageing
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and then sectioned in the longitudinal direction for the Knoop hardness
measurement in the different depths. Data were submitted to three-way ANOVA and
Tukey test with a pre-set alpha of 0.05). The results showed that the third generation LED
promoted similar KHN values to the single-peak ones and the superficial surface, in
general, presented greater cure quality compared to the others surface depths. In the
experiment 3, 192 third molars were used and Class | preparations were restored in the
same way as the first study. Specimens were assigned to 12 groups (n=16) formed by the
studied factors interaction, LED (RD, FL and UL), self-etch adhesives (CSE and S3),
selective enamel acid etching (with and without) and before and after thermomechanical
loading. After the restoration procedure, epoxy resin replicas were made and the marginal
adaptation was analyzed in a scanning electron microscope (SEM). Then specimes were
submitted to thermalmechanical loading and again, epoxy resin replicas were made and
analyzed by SEM. After statistical analysis (Kruskal Wallis and Wilcoxon matched-pairs
signed-ranks test, with a pre-set alpha of 0.05), it was shown that selective enamel etching
yielded higher marginal integrity for S3, showing to be an efficient additional step for the
bonding technique of this adhesive in Class | composite restorations. Also, the two-step
self-etch adhesive gap formation was not influenced by the selective enamel etching,

neither by the LED curing light.

Key-words: Self-etch adhesive, LED, dental enamel, phosphoric acid, bond strength,

Knoop hardness, gap formation.
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Para se obter unido adequada aos substratos dentais podem ser utilizadas duas

técnicas para a formacao da camada hibrida, condicionamento total do esmalte e dentina
e adesivos autocondicionantes (BRACKETT et al., 2008; PERDIGAO, LOPES e GOMES,
2008). Os adesivos autocondicionantes possuem técnica mais simplificada, requerem
menor tempo clinico para aplicacdo, nao necessitam de condicionamento acido prévio do
esmalte e dentina, além de nao promover a completa remocao da smear layer
(PERDIGAO et al., 2006; PERDIGAO, LOPES e GOMES, 2008).

Os primeiros sistemas autocondicionantes foram desenvolvidos através do aumento
da concentracdo dos mondémeros resinosos acidos no primer (WATANABE et al., 1994).
Esses sistemas apresentam dois passos de aplicacdo: primer autocondicionante seguido
da aplicacao de resina hidr6foba (KNOBLOCH et al. 2007; UEKUSA et al., 2007; BAGIS
et al., 2008). Por outro lado, os adesivos autocondicionantes de passo Unico podem ser
apresentados em dois frascos, em que os liquidos sdo misturados antes da aplicacao, e
em frasco unico. Estes sistemas possuem simplicidade da técnica e tém mostrado
inadequada penetragdo dos mondmeros resinosos na estrutura dental, podendo resultar
em degradacdo acelerada da interface de unido compésito/esmalte (PERDIGAO et al.,
2006; KNOBLOCH et al. 2007; UEKUSA et al., 2007; BAGIS et al., 2008).

Com o intuito de aumentar a longevidade e qualidade da unidao dente/restauracao,
tem-se sugerido o condicionamento seletivo do esmalte cavosuperficial antes da
aplicacdo de adesivos autocondicionantes. (WATANABE et al., 2008; ERICKSON et al.,
2009; ERMIS et al, 2010; PEUMANS et al, 2010). A baixa capacidade de

desmineralizagdo da estrutura do esmalte pelos adesivos autocondicionantes de acidez



média torna-se insuficiente para promover um aumento da energia livre de superficie do
esmalte e permitir uma maior penetracdo dos mondmeros das resinas adesivas. Dessa
maneira, a aplicacdo prévia do acido fosférico como passo adicional na utilizacdo de
adesivos autocondicionantes permite uma mais profunda desmineralizacdo dos prismas e
regides interprismaticas do esmalte dental, promovendo maior resisténcia da uniéo e,
conseqlentemente, integridade marginal (WATANABE et al., 2008; ERICKSON et al.,
2009; ERMIS et al., 2010; PEUMANS et al., 2010).

No entanto, em restauracdes Classe |, em compésito, a dentina também pode ser
afetada por este passo técnico adicional, ja que o aumento da resisténcia da unidao no
esmalte pode gerar maior tensdo na interface de unido em compdsito/dentina
(BORTOLOTTO et al., 2007; TASCHNER et al., 2010). Com isso, torna-se importante
avaliar a influéncia do condicionamento acido seletivo do esmalte cavosuperficial em
restauracdes Classe | em compdsito na interface de uniao em dentina.

Por outro lado, a qualidade da unido entre compoésito e dente depende de muitos
fatores, dentre os quais, a tensdo gerada durante a polimerizagdo do compdsito
(CALHEIROS et al., 2007; CUNHA et al., 2008). Se a tensao de contracao for maior que a
resisténcia de uniao entre sistema adesivo e substrato dental, podera haver falha precoce
da mesma, ocasionando formacédo de fendas e infiltracdo marginal de produtos do
metabolismo bacteriano, além de sensibilidade pés-operatéria (SILVA et al., 2006;
CALHEIROS et al., 2007; BRANDT et al., 2008).

Assim, para o compésito, a tensdo gerada durante a polimerizacdo depende do
fotoiniciador, geometria da cavidade, composicdo do mondmero, concentracdo de
catalisador e ainda do tipo e quantidade de particulas de carga, além da técnica

restauradora e da fonte de luz (ALONSO et al., 2007; CUNHA et al., 2008).



Existem diferentes fontes de luz utilizadas para a polimerizacdo de compdsitos
fotoativados, como a luz de ldmpada halégena, LED, arco de plasma e Laser de argonio
(CUNHA et al., 2008). O fotoiniciador mais utilizado nos materiais ativados pela luz é a
canforoquinona, que possui seu pico de absorcao luminosa em 468nm (ANTONSON,
ANTONSON E HARDIGAN, 2008). Por isso foram desenvolvidas as fontes de luz LED
gue emitem luz com comprimento de onda préximo a essa faixa de absorcao de luz pela
canforoquinona (455-480 nm), além de possuirem algumas vantagens clinicas como
durabilidade, leveza, ergonomia, menor aquecimento e nao requererem filtros
(AVARAMUDHAN et al., 2006; OWENS e RODRIGUEZ, 2007; ANTONSON, ANTONSON
E HARDIGAN, 2008; BRANDT et al., 2008).

As primeiras unidades emissoras de luz LED, chamadas de primeira geracao,
possuiam varias lampadas LED sem intensidade luminosa satisfatéria, em torno de 150
mW/cm? (CAMILOTTI et al., 2008). Por isso, foram desenvolvidos LED de segunda
geracado, com intensidade luminosa mais alta resultando em maior qualidade de
polimerizacdo dos materiais resinosos a base de canforoquinona (PRICE, FELIX e
ANDREOU, 2003; AVARAMUDHAN et al., 2006; OWENS e RODRIGUEZ, 2007;
ANTONSON, ANTONSON E HARDIGAN, 2008; CAMILOTTI et al., 2008).

Por outro lado, as diferentes cores das resinas compostas podem influenciar a
qualidade da fotoativacdo, devido a quantidade de canforoquinona presente em cada
material (GOMES, et al., 2006). Como a canforoquinona possui cor amarelada ela é
substituida e/ou reduzida pela adicdo de outros fotoiniciadores, como a 1-fenil-1,2-
propanodiona (PPD) que séo excitados por luz com comprimentos de onda menor, como
a luz violeta, com 405 nm (PRICE, FELIX e ANDREOU, 2005; GOMES, et al., 2006).
Assim foi desenvolvido o LED de terceira geracdo que possui maior efetividade de

fotoativacao para os compdsitos com cores claras indicados para restauracéao de dentes



clareados. Este aparelho usa dois diferentes tipos de LED e possuem comprimentos de
onda que variam de 350 a 500 nm (comprimentos de onda da luz azul e violeta), com o
intuito de excitar todos os fotoiniciadores, e ndo apenas a canforoquinona (ANTONSON,
ANTONSON E HARDIGAN, 2008; CAMILOTTI et al., 2008).

Em virtude da complexa interacdo entre estabilidade marginal, forca de unido e
efetividade de polimerizacao em cavidades classe | em compésitos, se faz necessaria a
avaliacdo desses parametros para se obter uma técnica clinica com prognéstico mais
previsivel. Dessa forma, o condicionamento &cido seletivo do esmalte cavosuperficial
pode influenciar na integridade da unido dos adesivos autocondicionantes com o
substrato dental em restauragcdes Classe | que, se inadequada, pode ocasionar

sensibilidade pds-operatoria e subsequente falha na uniao entre adesivo e dente.



Capitula 1

Influence of selective enamel etching and LED curing source on dentin bond

strength of self-etch adhesives in Class | composite restorations
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Summary

The aim of this study was to evaluate the influence of selective enamel etch and
LED curing unit on dentin microtensile bond strength (UTBS) for self-etch adhesive
systems in Class | composite restorations. Thus, on 96 human molars, a box-shaped
Class | cavity was made maintaining enamel margins. Self-etch adhesives (Clearfil SE —
CSE and Clearfil S® — S3) were used to bond a microhybrid composite. Before the
application of the adhesives, half of the teeth were enamel etched for 15s with 37%
phosphoric acid; the other half was not etched. The adhesives and composite curing was
achieved with three light curing units (LCUs): one polywave (UltraLume 5 - UL) and two
single-peak (FlashLite 1401 - FL and Radii Cal - RD) LEDs. After, specimens were
submitted to thermo-mechanical aging and longitudinally sectioned in the “x” and “y”
directions to obtain bonded sticks (0.9 mm?) to be tested in tension at 0.5 mm/min. The
failure mode then was recorded. The uTBS data were submitted to a three-way ANOVA
and Tukey’s (0=0.05). The double interactions enamel etching/adhesive system and
LCU/adhesive system were statistically significant (p < 0.05). For S3, the selective enamel
etching provided lower uTBS values (20.7 £ 2.7) compared to the non-etched specimens
(26.7 = 2.2). UL yielded higher uTBS values (24.1 + 3.2) in comparison to the
photoactivation approach with FL (18.8 +3.9) and RD (19.9 +1.8) for CSE. The two-step
CSE was not influenced by the enamel etching (p = 0.05). In conclusion, enamel acid
etching in Class-I composite restorations affects the dentin uTBS of the ultra-mild one-step
self-etch adhesive Clearfil S*; however, they do not alter the two-step self-etch bond
system Clearfil SE retention. The polywave LED promoted better bond strength for the
two-step adhesive compared to the single-peak ones.

Keywords: Acid etching, Enamel, Self-etch adhesives, Light curing units, bond strength



Introduction

Resin composites have been widely used in direct aesthetic restorative procedures.
Self-etching bond systems were introduced in order to reduce the sensitivity of techniques
that affect the bonding ability of adhesive systems; they also decrease the number of steps
in the bonding approach because they include acidic monomers that simultaneously
condition and prime both enamel and dentin."? The absence of the rinsing approach and
partial removal of the smear layer and smear plugs with these adhesives leads to less
technique-sensitive, time-consuming procedures, and consequently, a possible reduction
of postoperative sensitivity results.?345

Moreover, a recent study has shown that the enamel smear layer compromises
bonding by mild self-etch adhesives.® Separate preliminary etching is known to remove the
smear layer created by instrumentation and to demineralize the dental substrate. The prior
enamel phosphoric acid etching as an additional step for self-etch adhesives has been
proposed to improve the durability of the enamel bond.”®*'® Hence, the selective enamel
increases marginal adaptation of self-etch adhesives as evidenced by numerous
studies.4’5'”’12’13‘14
While it is clear that selective enamel etching may have some beneficial effects on

marginal integrity in Class-V cervical lesions,>'"®

the literature provides no evidence for
the bonding performance of self-etching adhesives in Class | cavities for direct composite
restorations in vitro. Since Class-V cervical lesions restorations present smaller amounts
of dental enamel, it may not be the best model for understanding the real effects of enamel
etching on dentin substrate and the stress development on the tooth/adhesive interface,
like Class | restorations.’™'® In this sense, the literature gives no evidence regarding the

role of prior enamel acid etching on the bond strength of self-etch adhesives to dentin in

Class | cavities in vitro.



Another important fact to consider in restoring class | cavities with self-etch bond
systems is the selection of an efficient light curing unit (LCU). The LCU should guarantee a
satisfactory monomer conversion of the adhesive and composite. Consequently, it may
improve physical and mechanical properties, such as ultimate tensile strength and bond
strength to dental substrate. '®'7181920 | jght emitting diodes (LEDs) have been shown to
effectively cure composites and dental adhesives, emitting unfiltered blues light.'”'82!
These LCUs generate a narrow spectral range that targets the absorption wavelength of
camphorquinone, vyielding low amounts of wasted energy and minimum heat
generation.?>2®

Previous studies have shown that current LED curing units can replace, in most
situations, the conventional QTH light units.?*?>*® Some adhesive systems are not well
cured with single-peak LEDs?' due to alterative photoinitiators content; to overcome this

t.242526  These

problem, polywave third generation LEDs were introduced in the marke
LEDs emit light wavelengths targeting the absorption peak of camphorquinone. However,
they deliver additional light output at the UV-Vis region of the electromagnetic spectrum
(400 - 415 nm). The second peak in the UV-VIS region may promote a satisfactory cure of
these adhesives, containing alternative photoinitiators systems, such as phenyl
propanedione (PPD), bis-alquyl phosphinic oxide (BAPO) and Trimethylbenzoyl-diphenyl-
phosphine Oxide (TPO).?® This point is crucial because some manufacturers do not state

2527 and the selection of

all of the photoinitiators systems used in their proprietary products,
an adequate LCU is primordial to yielding an adequate adhesive polymerization and
resin/dentin bond strength.

Thus, this study aimed to investigate the influence of selective enamel acid etching

and different LED curing units on dentin microtensile bond strength (UTBS) of self-etching

bond systems in class | composite restorations. The first tested hypothesis was that the



previous enamel etching would not affect microtensile bond strength values of the tested
adhesive systems. The second hypothesis was that the third generation polywave LED

would present higher dentin bond strength values for the tested bond systems.

Materials and Methods
LED Curing Units

Three light-emitting diodes (LEDs) were tested: FlashLite 1401 (FL) (Discus Dental,
Culver City, CA, USA), Radii-Cal (RD) (SDI Limited, Victoria, Australia) and UltraLume
LED 5 (UL) (Ultradent, South Jourdan, Utah, USA). Characteristics of the LCUs used in
this work are presented in Table 1. Irradiance (mW/cm?) was measured dividing the output
power (measured by a calibrated power meter - Ophir Optronics, Har — Hotzvim,
Jerusalem, Israel) by the tip end area of the LCUs. The Spectra of the LED units was
measured with a calibrated spectrometer (USB2000, Ocean Optics, Dunedin, FL, USA), as
shown in Figure 1. The energy dose was standardized to approximately 11 J/cm? for the
bonding systems curing approach and 22 J/cm? for the cure of each composite increment.
Because the RD light source mandatorily operates in ramp mode for 5s, these initial
seconds were discarded and further application was realized in order to maintain the
standardized irradiance, consequently equaling the energy density obtained for each of the
LCUs.
Specimen’s Preparation

Ninety-six freshly-extracted, sound human molars were selected. This study had the
approval of the Ethical Committee of the State University of Campinas, Piracicaba Dental
School. The teeth were cleaned, their roots inserted in polystyrene resin and the occlusal
surfaces wet polished with 320-grit SiC paper under running water (Politriz, AROTEC —

Séao Paulo, SP) in order to expose a flat enamel surface without exposing dentin. Box-



shaped class | cavities were prepared using #56L carbide burs (KG Sorensen, Barueri,
SP, Brazil) at high-speed, under air-water cooling. A custom-made preparation device
allowed the standardization of the cavity dimensions to 5 mm mesio-distal length, 5 mm
bucco-lingual width and 3 mm depth, all cavity margins on enamel substrate. The used bur
was replaced after four cavity preparation.

After cavity preparation, teeth were assigned to 12 groups (n=8) according to the
three studied factors: selective enamel etching, bond system and curing light (2
conditioning protocols x 2 adhesives x 3 LEDs). Two self-etch adhesive systems (two-step
and one-step) were used for the bonding procedure: Clearfil Tri-S Bond (pH= 2.7; Kuraray
Medical Inc., Tokyo Japan) or Clearfil SE Bond (pH = 2.0; Kuraray Medical Inc., Tokyo
Japan). The composition, application mode and batch number of the adhesive systems are
presented in Table 1. All groups were restored with B1-shade Charisma microhybrid
composite (Heraeus Kulzer, Hanau, Germany) using an incremental oblique technique
with increments of approximately 2mm thick. Then, the finishing and polishing procedures
were performed with medium-, fine-, and extra fine- grit aluminum oxide disks (SoftLex —
3M/ESPE), respectively. After polishing, the specimens were submitted to 200.000
mechanical loading (2Hz) and 500 thermal cycles (ranging from 5 to 55°C with a dwell time
of 60s in each bath with an interval of 5s) at a thermo-mechanical device ER-11000
(ERIOS, Sao Paulo, Brazil) in order to simulate similar ageing ofto the composite
restorations in oral environment conditions.
Microtensile Bond Strength

After storage in distilled water at 37°C for 24h, specimens assigned to the MTBS
test were longitudinally sectioned in both “x” and “y” directions across the pulpal wall
bonded interface. This sectioning was done with a diamond saw (Isomet 1000, Buehler

Ltd, Lake Bluff, IL, USA) at 300 rpm to obtain sticks with a cross-sectional area of
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approximately 0.9 mm?. The cross-sectional area of each stick thus was measured with
the digital caliper to the nearest 0.01 mm and recorded for the bond strength calculation.
Sticks were individually attached to a jig for microtensile testing with cyanoacrylate resin
(Super Bond gel, Loctite, Henkel, Brazil) and subjected to a tensile force in a universal
testing machine (EMIC DL500, S&o José dos Pinhais, Brazil) at a crosshead speed of 0.5
mm/min until failure.

Bond failure modes were evaluated with a scanning electron microscope (JEOL,
JSM-5600LV, Scanning Electron Microscope, Japan) and classified as: 1) cohesive (failure
exclusive within dentin or resin composite, 2) adhesive (failure at resin/dentin interface or
cohesive in adhesive resin) or 3) mixed (mixed with cohesive failure of the neighboring
substrates). The obtained data were subjected to a three-way ANOVA and Tukey’s test at

a pre-set alpha of 0.05.

Results
Microtensile Bond Strength

Approximately 16 sticks could be obtained per tooth, including those with premature
debonding. Pre-test failures were included in the statistical analysis as half of the minimum
bond strength measured for each tooth.?” The results of pTBS are shown in tables 3, 4
and 5. The double interactions between the factors adhesive x selective etching (p < 0.05)
and adhesive x LED light (p < 0.05) were statistically significant.

Phosphoric acid etching pre-treatment of enamel prior to application of S3 led to
lower dentin uTBS values (p < 0.05). However, for CSE, the pre-etched enamel yielded a
similar dentin yTBS mean compared to the non-etched specimens. Dentin bond strength
of CSE did not statistically differ from S3 when prior etching was used before the adhesive

application. Moreover, when these adhesives were applied following the conventional
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approach, S3 presented higher bond strength mean in comparison to the two-step self-
etch adhesive.

All LED curing units promoted similar dentin uTBS for the one-step self-etch bond
system S3 (p = 0.05). In contrast, the two-step CSE showed higher dentin uTBS (24.1 +
3.2) when UL was used in comparison to the single-peak LEDs FL (18.8 = 3.9) and RD
(19.9 £ 1.8).

SEM evaluation of the fractured surfaces showed predominant adhesive failures for
CSE when the enamel prior acid etching was used for the bonding approach (Figure 3). A
similar failure mode was found for S3 in the same condition. However, when the self-etch
adhesives were conventionally used, mixed failures were present (Figure 4), and one

cohesive failure was shown on composite for CSE when photocured with FL.

Discussion

The selective enamel etching is related to increased bond performance of self-etch
adhesives to ground enamel.®® However, the influence of this additional procedure on the
bond strength to pulpal dentin in Class-I composite restoration has not been clarified. In
this sense, the pre-etching increases the surface energy of the enamel substrate and
favors mechanical interlocking with the bonding resin.?® In this study, the bonding ability of
self-etch adhesives to pulpal dentin with different application approaches was evaluated in
Class | restorations. These Class | preparations frequently present enamel in the following
manner: on the cavossurface, some internal margins and dentin on the pulpal wall, and on
the angle formed by the lateral wall and pulpal floor, with different bonding substrates,
compared to a Class V or a Class lll cavity. In contrast, there are many studies evaluating
the bonding performance of self-etch adhesives and prior acid etching on flat enamel

29,30,31

surfaces. These circumstances do not simulate clinical situations for direct

12



composite application because the bond performance of dental adhesives occurs with the
shrinkage stress influenced by the cavity configuration and presented dental substrates.
32,33

Based on the results, the first hypothesis was partially validated, since for CSE, the
previous acid etching did not influence the uTBS results. In contrast, S3 adhesive showed
lower dentin uTBS when this additional etching step was performed. The conventional
application of the self-etch adhesive implies a good retention performance for dentin and a
poor bonding approach for enamel.>?3" Thus, the slightly inferior enamel bonding
performance may yield minor stress at the margins, resulting in fewer gaps and
paramarginal enamel fractures.' However, when enamel is pre-etched before the self-
etch adhesive application, higher bond strength between enamel/adhesive and resulting
stress may occur and affect dentin bond performance. The selective etching for the S3
application may have caused higher stress while the adhesive layer bonded to dentin
might have disrupted and decreased the dentin uTBS.

In addition, the stress might have been enhanced due to the thermal and
mechanical ageing promoted to the class | restorations, favoring the decrease in the
retention values. The failure mode was mainly adhesive when the previous acid etching
was performed for S3; therefore, mixed failures were more present when this adhesive
was used in the conventional way. For the CSE, the application of the hydrophobic resin
layer may have supported the stress promoted by enamel selective etching, but did not
affect the dentin uTBS when compared to the unique layer applied for the S3. It is
suggested that previous enamel etching be considered for S3 in restorations whose
retention primarily depends on a strong bond to the enamel surface, such as large Class I

and IV or veneer restorations.
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In recent studies,>! 143

selective enamel etching was shown to improve marginal
integrity of composite restorations using either a two-step or a one-step self-etching
adhesive. The decrease in marginal gaps therefore is an important bonding behavior
because gap formation represents the first sign of restoration failure, which can be
clinically evidenced by marginal staining.>®''**3% However, the S3 can promote a
decrease in the bonding ability of this single-step adhesive to the retention on the pulpal
dentin. Therefore, for a gold-standard CSE, it is assumed that prior acid etching can
promote better marginal sealing without compromising the dentin uTBS.

The impact of the adhesive bonds to the dental substrate of composite restorations
is strongly related to LCU efficacy, which will promote a satisfactory materials
polymerization.?' LED technology has been used for resinous materials polymerization as
a substitute for conventional QTH curing lights.®**” However, the conventional single-peak
second generation LEDs still harm the cure of dental resins due to the narrower spectra
emitted to the camphorquinone initiator.>3%%° They do not allow an optimal cure for other
photosensitizes, like phenil propanedione and TPO, present in some dental materials.?
Polywave LEDs were introduced in order to overcome these concerns, promoting the
conversion of this UV-Vis photoinitiator content.?+252¢

In the present work, the second hypothesis was partially validated, because for
CSE, the polywave third generation LED UL promoted higher dentin uTBS values
compared to the single-peak second generation ones. However, S3 presented similar
dentin bond strength regardless of the LCU used. For CSE, the results are in accordance

with authors 2"*!

who observed that single-peak LEDs promoted a lower degree of cure for
CSE compared to a LCU with a large spectrum range distribution, comprising the UV-Vis
wavelength. This finding may be attributed to the photoinitiator content of CSE; the

manufacturer may omit the presence of other photosensitizers. Another possible
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explanation is that the absorption peak of camphorquinone can be moved to lower
wavelengths. The LED unit continues to deliver shining light because the structural part of
this initiator, responsible for the short-wavelength absorption, remains unchanged while
the photoreaction at the initial maximum absorption peak (468 nm) ends.* It may
contribute to better bond strength values with the polywave LED UL, which have broader
emission spectra, and it may have promoted a better monomer conversion compared to
the single-peak ones. However, it is questionable whether 10 to 20 seconds of light
activation is sufficient to enable this effect.

The dentin bond strength of S3 was not affected by the LCU used. A thin adhesive
layer was applied on the enamel and dentin surface of the Class | preparation, and the
curing light may have excited the material’'s photoinitiator content. Nevertheless, the
energy dose for all LEDs was standardized at approximately 11 J/cm? for the bonding
system, which may have delivered the same quantity of photons to allow the satisfactory
cure of S3. Consequently, similar dentin bond strength values were achieved, regardless
of the spectrum range and irradiance of the LCUs.

Although the etching approach for self-etch adhesives is recommended by many

authors,4’5’11’12’13’14

the inclusion of an additional step for these bond systems may be
controversial, since these adhesives intend to represent a clear simplification of the clinical
application of bond systems. In this sense, the adverse points of this selective approach
include the increase of the bonding steps and the technique sensitivity. '

Although some in vitro studies exist, final conclusions regarding the role of the
enamel selective acid etching for self-etch adhesives in Class | composite restorations will
depend on the outcomes of clinical trials. Clinical long-term studies and investigations of

this approach’s retention ability for bond systems in the oral environment can best

evaluate the quality and durability of these restorations.
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Conclusion

The additional enamel acid etching in Class-I composite restorations affects the

dentin bond strength of the ultra-mild one-step self-etch adhesive Clearfil S°. However, this

selective step should be indicated for two-step self-etch bond systems, since it did not alter

Clearfil SE retention. The polywave LED promoted better bond strength for the two-step

adhesive compared to the single-peak ones. Moreover, the LCUs presented similar cure

potential for the one-step self-etch adhesive.
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LEGENDS

Figure 1. The spectrum range distribution of each LCU used in this study.

Figure 2. Specimen preparation for the microtensile bond strength test. (A) Sound human
molar. (B) Box-shaped class | cavity on the flat enamel tooth surface. (C) Sections in both

“X” and “y” directions across the composite restoration to obtain rectangular sticks. (D)
Rectangular stick with a cross-sectional area of approximately 0.9 mm?. (E) Stick attached
to a jig for microtensile testing.

Figure 3. SEM of the fractured specimen showing mixed failure within cohesive in
adhesive layer and adhesive failure.

Figure 4. SEM of the fractured specimen showing a pure adhesive failure within the
bonding interface.

Figure 5. SEM observation of Clearfil S® - osmosis induced droplets due to the adhesive
hydrophilicity, especially because of the presence of HEMA. It is not a phase separation
droplets, because this adhesive do not present phase separation — Clearfil S3

Figure 6. SEM observation of the interface between the bond system and dentin at 350X
magnification in the mixed failure mode.

Figure 6. SEM observation of the adhesive failure mode in 950X of the dentin surface in

the adhesive failure mode.
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Table 1. Characteristics of the LCUs used in this study.

Radiant
Tip Diameter | Irradiance exposure
LCU Manufacturer Type (mm) (mW/cm?) (J/cm?)
FlashLite Discus Dental, Culver
1401 City, CA, USA Single-peak 7 1077 22
SDI Limited, Victoria,
Radii Cal Australia Single-peak 7 731 22
Ultradent products Inc,
UltraLume South Jourdan, Utah,
LED 5 USA Polywave 11 x7 800 22

Table 2. Composition, application mode and manufacturer’s information for the adhesive

systems tested.

Adhesive
systems

Composition

Application mode

Clearfil SE Bond

Primer (Batch #00896A): water, MDP,
HEMA,
dimethacrylate.

camphorquinone, hydrophilic

Apply Primer for 20s.
Mild air stream. Apply
Bond.

Gentle air

(Kuraray Adhesive (Batch #01320A): MDP, bis- | stream. Light cure at a
Medical Inc., GMA, HEMA, camphorquinone, | energy density of 11J.
Tokyo Japan) | hydrophobic dimathacrylate, N,N-

diethanol p-toluidine bond, colloidal

silica.

Adhesive (Batch #00116A): MDP, Bis- | Apply the bond system
Clearfil S3 GMA, HEMA hydrophobic | for 20s. Gentle air

Bond (Kuraray
Medical Inc.,
Tokyo, Japan)

dimethacrylate, dl-camphorquinone,
silanated colloidal silica, ethyl alcohol

and water.

stream for 10s. Light
cure at a energy

density of 11J.
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Table 3. Overall microtensile bond strength means and standard deviations (MPa)

Adhesive
system Light curing unit
FlashLite 1401 Radii Cal UltraLume 5
No
Etching etching Etching No etching Etching No etching

Clearfil SEBond 19.0 (3.6) 18.7(3.9) 19.0(4.1) 20.8(3.0) 23.0(3.7) 25.3(2.4)

Clearfil S°  21.8(2.0) 26.9(2.9) 202(26) 26.2(3.2) 20.2(3.8) 26.9(3.6)

obtained in each experimental condition.

Table 4. Means and standard deviation of the microtensile bond strength for the interaction

between adhesive system and selective etching.

Adhesive System Selective acid etching
Etching No etching
Clearfil SE Bond  20.3 (3.3)Bb 21.6 (3.2)Bb
Clearfil S® 20.7 (2.7)Bb 26.7 (2.2)Aa

Mean values followed by different small letters in the column and capital letters in the row differ statistically
among themselves for the Tukey test at the level of 5%.

Table 5. Means and standard deviation of the microtensile bond strength for the interaction

between adhesive system and light curing unit.

Adhesive system Light curing unit
FlashLite 1401 Radii Cal UltraLume 5
Clearfil SE Bond 18.8 (3.9) Bb 19.9 (1.8) Bb 24.1 (3.2) Aa
Clearfil S® 24.1 (2.8) Aa 23.2 (3.4) Aa 23.5(3.8) Aa

Mean values followed by different small letters in the column and capital letters in the row differ statistically
among themselves for the Tukey test at the level of 5%.

24



Table 6. Percentage of specimens (%) from Clearfil SE Bond adhesive distributed

according to the failure mode.

Without prior phosphoric acid

LCU Prior phosphoric acid etching etching

A M C A M C
FlashLite 1401 75 25 0 64 24
Radii Cal 100 0 0 100 0 0
UltraLume LED
5 60 40 0 70 30 0

A: adhesive failure and cohesive failure within the adhesive; M: mixed failure; C: cohesive
failure within dentin or composite resin.

Table 7. Percentage of specimens (%) from Clearfil S* adhesive distributed according to

the failure mode.

Without prior phosphoric acid

LCU Prior phosphoric acid etching etching

A M C A M C
FlashLite 1401 80 20 0 50 50 0
Radii Cal 70 30 0 66 34 0
UltraLume LED
5 85 15 0 60 40 0

A: adhesive failure and cohesive failure within the adhesive; M: mixed failure; C: cohesive
failure within dentin or composite resin.
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Summary

Aim: to evaluate the effect of polywave and single-peak LEDs and self-etch
adhesive systems on the Knoop hardness of resin composites in Class | restorations.
Methods: One polywave (UltraLume 5 - UL) and two single-peak (FlashLite 1401 - FL and
Radii Cal - RD) light-emitting diodes (LEDs) were evaluated in association with two self-
etch bond systems (Clearfil SE Bond - CSE and Clearfil S* Bond — S3) in Class |
composite restorations. The energy dose of cure was standardized at 22J/cm? for
composites and 11J/cm? for the adhesive. Ninety-six Class | cavities were prepared in
human molars (n=16) and restored incrementally using a microhybrid resin composite
(Charisma). After finishing and polishing, specimens were bisected in the buccal-lingual
direction and submitted to the Knoop microhardness test. The indentations were made on
the internal composite surface of each half-crown at different depths (superficial, medium
and deep) and the Knoop hardness number of each tooth was taken in each depth. Data
were submitted to a two-way ANOVA with subdivided parcels and Tukey test (a=0.05).
Results: The single-peak LED FL presented similar KHN values compared to UL and RD.
There was no difference between the two bond systems evaluated (p = 0.05). Composite
hardness decreases when the distance between the LCU tip end and the material’s
surface increases, except for FL when the Clearfii SE Bond was used. Conclusions:
Knoop hardness of the tested composite is dependent of the curing distance. Regardless
of the LCU, similar composite hardness was obtained when S3 was applied. When Clearfil
SE Bond was used, the single-peak LED FL yielded similar hardness means for all
composite depths. The polywave LED promoted higher KHN values in the superficial
compared to the other surface depths. The single-peak LED FL yielded higher hardness

means for all depths measurements compared to the polywave device.
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Introduction

Resin composites have been widely used in direct aesthetic restorative procedures.
However, many factors limit the performance of resin-based materials, especially depth of
cure and monomer conversion."? Due to the fact that most current resin composites are
light-activated materials, the curing light needs to pass through the composite mass and
yield an adequate degree of conversion.®*° The light curing unit (LCU) should permit a
satisfactory polymerization even in deeper areas rather than only the superficial composite
irradiated increments.? Consequently, the top composite surface generally is better
polymerized than the surfaces distant to the curing light tip end due to light attenuation,
dispersion and absorbance when it passes through the composite mass.® Therefore, poor
polymerized composites can compromise the final mechanical properties of the
restorations, decreasing the color stability.® and increasing the residual monomers content,
which can cause pulpal damage.’

In this sense, choose a correct light curing source is important to achieve a
satisfactory degree of conversion and consequently, improved mechanical properties,
such as hardness.®® Light emitting diodes (LEDs) units has been shown to effectively cure
resin-based materials using gallium nitride semiconductors, emitting unfiltered blues
light.'®"12'3 These LCUs generates a narrow spectral range that targets the absorption
wavelength of camphorquinone, with a peak value of 468 nm allowing low amounts of
wasted energy and minimum heat generation.'*'® It was claimed that this could provide
higher monomer conversion efficiency and reduce the required exposure time.'® Studies
have shown that current LED curing units can replace, in most situations, the conventional
QTH light units.'”18:19

Because some esthetic resinous materials do not have camphorquinone as the

photoinitiator due to yellowing, polywave LEDs were introduced in the market to overcome
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this problem (Camilloti et al., 2008, Brandt et al., 2010; Price et al., 2010). These third
generation LEDs emits light wavelength in the visible region, targeting the absorption peak
of camphorquinone, however they deliver additional light output at the UV-Vis region of the
electromagnetic spectrum (400 - 415 nm).?>2"#2 This secondary short wave violet light
may yield the adequate polymerization of resins that contains an alternative photoinitiators
found in some specific types of resin-based dental materials, such as phenyl
propanedione.?? It is especially important in the curing procedure of resin composite for
bleaching teeth or for value characterization because other photosensitizers are present
on material’s composition, however, manufacturers do not state all of the photoinitiators
systems used in their proprietary products.®®

The interaction with the adhesive system also has a significant influence on the
hardness values.?® Faria e Silva et al. ? showed that the conventional one-bottle bond
system provided higher composite Knoop hardness values compared to a two-step self-
etch one, especially when modulated curing methods are used. Hence, adhesive system
composition and acidity may influence the degree of conversion of the composite
restorative assessed by Knoop microhardness. Most of the previous studies measured
composite Knoop hardness outside a tooth cavity, with no adhesive influence of hardness
values.??' This may be a limitation of these works because in dental practice, the resin
composite would be surrounded by an adhesive layer. So, evaluating whether the
composite hardness is affected by the subjacent adhesive layer inside tooth cavities need
further investigation.

Despite hardness is considered a measure of material’s resistance to bending,
scratching and abrasion, it is a reliable method to determine how well a resin composite is

cured, and a good correlation between the DC of the resin and Knoop hardness has been
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reported.>*?42>25 A composite resin may be considered well cured when the hardness of
the opposing surface is equivalent to at a least 80-90% of the top surface hardness.?’
Thus, the aim of this study was to investigate the influence of different LED curing
units and the self-etching bond systems on the Knoop microhardness depth profile of a
microhybrid composite in class | restorations. The first tested hypothesis was that the
polywave LED would present higher Knoop hardness values regarding the composite
depth. The second hypothesis was that the one-step self-etch bond system would affect

the Knoop hardness of the tested composite.

Materials and methods
Light Curing Units (LCUs)

Three light-emmiting diodes (LEDs) were tested: FlashLite 1401 (FL) (Discus
Dental, Culver City, CA, USA), Radii-Cal (RD) (SDI Limited, Victoria, Australia) and
UltraLume LED 5 (UL) (Ultradent, South Jourdan, Utah, USA). Details of the LCUs used in
this study are shown on Table 1. The output power (mW) of each light curing unit (LCU)
was measured with a calibrated power meter (Ophir Optronics, Har — Hotzvim, Jerusalem,
Israel). Then, irradiance (mW/cm?) was determined by dividing the output power by the tip
end area. Spectral distributions were measured with a calibrated spectrometer (USB2000,
Ocean Optics, Dunedin, FL, USA). So, beam distribution and irradiance data were
integrated using the Origin 6.0 software (OriginLab Northampton, MA, USA). The LCUs
spectrum range distribution is shown on Figure 1. Energy density was standardized to
approximately 11J for the bonding system curing and 22J for each composite increment
photoactivation. Since the Radii-Cal light source mandatorily operates in ramp mode

during 5s, these initial seconds were discarded and further application was realized in
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order to maintain the standardized irradiance and consequently equaling the energy dose

obtained for each of the units.

Specimen’s preparation

Ninety six sound human third molars were selected. This study had the approval of
the Ethical Committee of the State University of Campinas, Piracicaba Dental School. The
teeth were cleaned, root inserted in polystyrene resin and the occlusal surfaces were wet
polished with 320-grit SiC paper under running water (Politriz, AROTEC — Séao Paulo, SP)
to expose a flat enamel surface without exposing dentin. Box-shaped class | cavities were
prepared using #56L diamond burs (KG Sorensen, Barueri, SP, Brazil) at high-speed,
under air—water cooling. A custom-made preparation device allowed the standardization of
the cavity dimensions to 5 mm mesio-distal length, 5 mm bucco-lingual width and 3 mm
depth, remaining all cavity margins on enamel substrate. The bur was always replaced
after five cavity preparation.

After cavity preparation, teeth were assigned to 6 groups according to the curing
light and bond system (3 LEDs x 2 Adhesives). Two self-etch adhesive systems (two-step
and one-step) were used for the bonding procedure: Clearfil Tri-S Bond (pH= 2.7; Kuraray
Medical Inc., Tokyo Japan) or Clearfil SE Bond (pH = 2.0; Kuraray Medical Inc., Tokyo
Japan). The composition, application mode and batch number of the adhesive systems
presented in Table 2. All groups were restored with Bi-shade Charisma microhybrid
composite (Heraeus Kulzer, Hanau, Germany) using incremental oblique technique with
increments with approximately 2mm thick. After, the finishing and polishing procedures
were performed with medium-, fine-, and extra fine- grit aluminum oxide disks (SoftLex —
3M/ESPE), respectively. After polishing, the specimens were submitted to 200.000

mechanical loading (2Hz) and 500 thermal cycles (ranging from 5 to 55°C with a dwell time
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of 60s in each bath with an interval of 5s) at a thermo-mechanical device ER-11000
(ERIOS, Séao Paulo, Brazil) in order to simulate similar ageing of the composite

restorations in the oral environment conditions.

Knoop hardness measurement

Each restored tooth after thermo-mechanical ageing was half-sectioned in buccal-
lingual direction using a slow-speed diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL,
USA), parallel to the long axis. Each half was embedded in polystyrene resin to facilitate
handling and Knoop microhardness measurements. The included halves were wet
polished with 600, 1200 and 2000 grit abrasive SiC papers and then polished with
diamond pastes (Arotec Ind. Com., Sdo Paulo, Brazil) in a polishing machine under water
cooling.

For the Knoop hardness measurement, three indentations were made under 50 ¢
load at 15 seconds in a microhardness tester (HMV-2000, Shimadzu, Japan), at three
different depths (superficial, medium and deep). Indentations were made at twelve
positions on each half specimen (Figure 2). Lateral indentations were performed at 30 um
from the adhesive layer. For curing depth profile, the readings obtained in the
microhardness test were transformed into Knoop Hardness Number (KHN). Data were
submitted to a two-way ANOVA with subparcels and Tukey’s test at a pre-set alpha of

0.05.

Results

Statistical significant differences of the KHN values were found for the independent

factors curing unit (p < 0.05) and surface depth (p < 0.05) and for the triple interaction of
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the factors (curing unit x bond system x surface depth) (p < 0.05). Means and standard
deviations of KHN for the studied factors and the interaction are shown on table 3.

The polywave and single-peak LEDs presented similar curing performance,
presenting no statistically different in the KHN values. There was no difference between
the two bond systems evaluated (p = 0.05). Composite hardness decreases when the
distance between the LCU tip end and the material’s surface increases, except for FL
when the Clearfil SE Bond was used, presenting similar KHN values (67.7 + 3.4, 63.8 +

3.3 and 62.1 + 4.6 for superficial, medium and deep surfaces respectively).

Discussion
Microhardness measurements have been shown a well correlation with the degree

4,24,25,28,29

of conversion of resinous materials provided that these composites do not have

different formulations.® In this sense, microhardness was used by some authors 242°:28:30:31
to study composite cure as a function of depth. LCUs can have the performance evaluated
by hardness depth profile.*>*' The present study used the Knoop hardness depth profile to
investigate the curing efficacy of different LEDs in dental confinement at class |
restorations, bonded with self-etch bonding systems.

The first hypothesis tested was rejected, since the polywave LCU did not presented
higher KHN values in comparison to the single-peak LEDs units for the curing of the
microhybrid B1 shade composite. This can be explained by the energy dose that was
standardized at 22J/cm?, despite of the irradiance differences among the LCUs tested. FL
presented higher irradiance (1077 mW/cm?), followed by UL (800 mW/cm?) and RD (731
mW/cm?). Due to the fact that RD and UL presented almost similar irradiance values they
presented similar KHN values. For FL, the similar KHN values observed in all depths when

CSE was used may be explained by the higher irradiance, even if the energy dose was

standardized. Thus, higher the emitted irradiance, higher the KHN values for the LCUs
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studied. This is in accordance to some studies %%

that evaluated the effect of light
curing irradiance on composite curing, in which higher irradiance values promoted higher
composite cure and increased mechanical properties, such as cross-link density, DC,
KHN.%23334 |n contrast, higher irradiance yields higher composite shrinkage stress and
consequently increases the marginal gap formation on the bonding interface.'3* Thereby,
the secondary beam of the third generation LED did not provide better hardness
performance of the B1 shade composite, which should have less yellowing characteristic
and had allowed higher light energy transmission through the composite mass.®* It may be
explained due to the UV-Vis LEDs location at the UL light tip. These accessory LEDs are
located in each corner of the tip with 11 mm of length. The Class | cavity prepared on the
human molar had 5 x 5 mm of area and maybe these accessory LEDs might not have
satisfactory irradiated the composite surfaces and promoted the lower KHN values. These
fact is not in agreement with a previous study, which found that polywave LEDs promote
better composite Knoop hardness values compared to single-peak ones, even when the
light curing tip end is located at long distance.®

Many studies did not standardize the energy dose, % which can have influenced
the final results of composite properties and did not tested the emitted light, but only the
LCUs brands.®?* Some LCUs works in ramp and soft-start curing modes, yielding different
light output and energy density, compared to LCUs that work in the continuous light.323%%
Modulated light emission influences composite’s selected properties, like hardness, cross-
linking of the polymer network and wear resistance.?**?%% |n this study, only LCUs
irradiance and light characteristics were tested, since the energy dose was the same for all
conditions.

In the present work, the self-etch bond systems did not influence the resin

composite KHN in the tested conditions, rejecting the second hypothesis. The similar
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adhesives pH values may explain the similar hardness values for both self-etch bond
system. Acidic pH can decrease resin microhardness, due to the light polymerization
inhibition, affecting the composite final cure.?®> However, the results of the present study
showed that both adhesive systems (one-step and two-step) promoted similar composite
Knoop hardness. Hence, it would be expected that the most hydrophilic adhesive Clearfil
S® Bond would decrease the Knoop hardness of the tested composite. The aqueous
content of the adhesive systems may have not have influenced the composite cure under
confinement, at the box-sapped class | cavity, despite some studies state that an oxygen-
inhibited layer can decrease composite cure.®’® However, the adhesive layer is distant
from the majority of the composite mass and its pH did not influence the final hardness
evaluation.

Curing depth profile of the composite resin is greatly affected by the light
attenuation caused by the distance of the LCU tip end and the material’s surface.?'*
Despite the energy dose emitted at the 0 mm distance from the tip end and the composite
surface is considered the corrected one, in the initial composite increments inside a class |
cavity do not absorb the maximum energy density due to irradiance reduction.®?' The
single-peak with high irradiance FL, when the class | was restored with a two-step self-
etch bond system could provide an uniform resin composite cure at al depths. It may be
explained since high irradiance promotes higher photons penetration through the
composite mass, polymerizing the initial increments, even under long distance between
the restorative material and the tip end. It also was accomplished by the RD, for superficial
and medium depth, compared to the deep composite portion. Therefore, the polywave
LED promoted similar deep and medium KHN values, lower than the superficial ones. So,
the polywave light spectra did not yielded increased KHN values, showing that for

camphorquinone-based composites, the narrower spectrum peaks at approximately 467
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nm, could provide better composite cure, compared to the polywave LED studied, which
has an additional light peak ranging from 454 nm to 403 nm and can contribute to the final
irradiance emission of this LCU.

The composite used in the present study, Charisma (Heraeus Kulzer, Germany), has
high inorganic filler volume content (64%) and monomeric system based on a component
with high molecular weight (BisGMA), that leads to a low volumetric shrinkage (about 2%)
and a satisfactory conversion, according to manufacturer’s information. However, the B1
shade still may present only camphorquinone/amine as the unique photoinitiator system.
This might be the reason that the polywave LED did not promoted higher KHN values for
this composite. In addition, FL showed higher KHN performance, compared to third
generation polywave LCU, due to the narrow spectral range that targets the absorption
wavelength of camphorquinone and the higher emitted irradiance.

Clinical trials evaluating the LED efficacy for resin composite polymerization should
be encouraged, since the in vitro laboratorial conditions are not the same as the presented
on clinical practice. Some important cautions should be taken, such as LED periodic light
irradiance measurement, in order to guarantee a correct energy dose delivered and some
technical attention are needed to guarantee a correct composite polymerization in Class |

restorations.

Conclusion

All LCUs promoted similar composite Knoop hardness when the one-step and two-
step self-etch adhesives were used. When Clearfil SE Bond was used, the single-peak
LED FlashLite 1401 vyielded similar hardness means for all composite depths. The
polywave LED promoted higher KHN values in the superficial compared to the other

surface depths.
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LEGENDS

Figure 1. The spectrum range distribution of each LCU used in this study.

Figure 2. Specimen preparation for the Knoop hardness test. (A) Sound human molar. (B)
Box-shaped class | cavity on the flat enamel tooth surface. (C) Slice made in the buccal-
lingual direction of the restored specimen. (D) Two halves of the restored specimen with

the Knoop depth profile indentations designs.
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Table 1. Characteristics of the LCUs used in this study.

Radiant
Tip Diameter | Irradiance exposure
LCU Manufacturer Type (mm) (mW/cm?) (J/cm?)
FlashLite Discus Dental, Culver
1401 City, CA, USA Single-peak 7 1077 22
SDI Limited, Victoria,
Radii Cal Australia Single-peak 7 731 22
Ultradent products Inc,
UltraLume South Jourdan, Utah,
LED 5 USA Polywave 11 x7 800 22

Table 2. Composition, application mode and manufacturer’s information for the adhesive

systems tested.

Adhesive Composition Application mode
systems
Primer (Batch #00896A): water, MDP, | Apply Primer for 20s.
HEMA, camphorquinone, hydrophilic | Mild air stream. Apply
Clearfil SE dimethacrylate. Bond. Gentle  air

Bond (Kuraray

Adhesive (Batch #01320A): MDP, bis-

stream. Light cure at a

Medical Inc., GMA, HEMA, camphorquinone, | energy density of 11J.
Tokyo Japan) | hydrophobic  dimathacrylate, N,N-

diethanol p-toluidine bond, colloidal

silica.

Adhesive (Batch #00116A): MDP, Bis- | Apply the bond system
Clearfil S* GMA, HEMA hydrophobic | for 20s. Gentle air
Bond (Kuraray | dimethacrylate, dl-camphorquinone, | stream for 10s. Light
Medical Inc., silanated colloidal silica, ethyl alcohol |cure at a energy

Tokyo, Japan)

and water.

density of 11J.
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Table 3. Means and standard deviation of Knoop hardness number (KHN) for the tested

conditions.
FlashLite 1401 Radii Cal UltraLume 5
Surface
depth CSE cs® CSE cs® CSE cs®
Superficial 67.7 (3.4) Aa 68.5(3.9) Aa 65.4(2.5) Aa 66.9 (3.7) Aa 69.9 (4.9) Aa 67.4 (3.3) Aa
Medium 63.8 (3.3) Aa 59.5(3.4) Ab 59.5(4.8) Aab 59.6 (5.0) Ab 58.2 (4.3) Ab 59.6 (3.8) Ab

Deep 62.1 (4.6) Aa 57.9 (3.5 Ab 57.9(3.5) Ab 55.8 (4.1) Ab 56.0 (5.2) Ab 57.3 (5.8) Ab
Mean values followed by different small letters in the column and capital letters in the row

differ statistically among themselves for the Tukey test at the level of 5%. () — Standard

Deviation.
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Summary

The aim of this study was to evaluate the influence of previous enamel etch and
LED curing unit (LCU) on gap formation of self-etch adhesive systems in Class |
composite restorations after thermomechanical ageing (TMA). Thus, on 192 human
molars, a box-shaped Class | cavity was prepared maintaining enamel margins. Self-etch
adhesives (Clearfil SE — CSE and Clearfil S* — S3) were used to restore the preparation
with a microhybrid composite. Before adhesives application, half of the teeth were enamel
etched for 15s with 37% phosphoric acid; the other half was not etched. For the
photoactivation of the adhesives and composite, three light curing units (LCUs) were used:
one polywave (UltraLume 5 - UL) and two single-peak (FlashLite 1401 - FL and Radii Cal -
RD) LEDs. After this, epoxy resin replicas of the occlusal surface were made and the
specimens were submitted to thermomechanical aging. Then, replicas were made again
from the aged specimens for marginal adaptation analysis by scanning electron
microscopy (SEM). Data were submitted to Kruskal-Wallis and Wilcoxon test (a=0.05).
Before TMA, when enamel was etched before the application of S3, no gap formation was
observed; however, there were gaps at the interface for the other tested conditions, with
statistical difference (p<0.05). After TMA, the selective enamel etching previous to S3
application, regardless of the LCU, promoted higher marginal adaptation compared to the
other tested groups (p<0.05). Prior to TMA, higher marginal integrity was observed, in
comparison with specimens after TMA (p<0.05). SE and S3 cured with FL, no differences
of gap formation were found between before and after ageing (5.3 £+ 3.8 and 7.4 £ 7.5
respectively, especially when the S3 was used in the conventional protocol. When cured
with RD or UL and was not etched, Clearfil Tri-S presented the higher gap formation. In
conclusion, the previous enamel etching promote better marginal integrity for Clearfil Tri-S,

showing to be an efficient additional step for class | composite restorations. The two-step
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self-etch adhesive was not influenced by the selective enamel etching neither by the LED
curing unit.
Keywords: Acid etching, Enamel, Self-etch adhesives, Light curing units, gap

formation

Introduction

Composite restorations have been widely used in clinical practice, due esthetic and
some biomechanical properties similar to dental hard tissues.! For the bonding procedure
of these adhesive restorations, self-etching bond systems were introduced in order to
decrease the number of bonding technical steps, since the presence of acidic monomers
in their composition yields etching and priming simultaneously of the dental hard tissues.
23 |t promotes a partial removal of smear layer and consequently, the formation of smear
plugs, decreasing tooth postoperative sensitivity and leading the adhesive protocol less
time-consuming. 3#°¢

Self-etching adhesives are known to exhibit a good bonding performance to dentin
and a poor bonding behavior to enamel. ** In order to remove the smear layer created by
instrumentation, demineralize the enamel substrate and increase bond quality and
durability, a selective enamel phosphoric acid etching before the application of a self-etch
adhesive has been proposed. "#%1%1" Some studies evidenced that this additional enamel
etching decreases gap formation when self-etch adhesives are used. °61213.1415.16
However, this additive step for direct composite restoration procedure was only evaluated
in Class II, Il and V restorations. 5613141516 Gince the Class | preparation exhibits a high C
factor configuration and enamel surrounding the superficial margins, it is considered the
best model for understanding the real effects of enamel etching and the stress

development on the tooth/adhesive interface.'*"”
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An adequate bond system cure is another important fact to consider in restoring
class | cavities to ensure a good bond performance and marginal integrity. An efficient light
curing unit (LCU) should guarantee a satisfactory adhesive and composite degree of
conversion, which may improve their physical and mechanical properties, yielding a good
marginal sealing.'®'92°2"22 Quartz-tungsten halogen (QTH) lamps have been largely used
in restorative procedures; however it presents some drawbacks like bulb, filter and
reflector degradation over time and lifetime approximately 40 to 100 hours.'®'%2 |n this
sense, light emitting diodes (LEDs) have been shown to overcome these problems,
promoting an adequate cure of resin composites and dental adhesives, emitting unfiltered
blues light.'®'°2° These LCUs generate a narrow spectral range that targets the absorption
wavelength of camphorquinone, yielding low amounts of wasted energy and minimum heat
generation, with higher lifetime and less decrease of light intensity.'®'%2° Thus, the curing
potential of current LED curing units has been shown to be similar of the presented by
conventional QTH light units.?*242°

It is known that some resinous materials, like resin cements and some adhesive
systems are not well cured with conventional single-peak LEDs due to alterative
photoinitiators content.?® In this sense, LEDs with an additional wavelengths (polywave
third generation LEDs) were developed, emitting light wavelengths at the spectra that
targets the absorption peak of camphorquinone and another one at the UV-VIS region
(400 — 415 nm).22*% This polywave behavior is expected to yield an adequate cure of
adhesives and composites that contain alternative photoinitiators systems, such as phenyl
propanedione (PPD), bis-alquyl phosphinic oxide (BAPO) and Trimethylbenzoyl-diphenyl-
phosphine Oxide (TPO).?® Since manufacturers did not state all the photoinitiators content

is it important to choose an adequate LCU that would polymerize all resinous
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materials,?>2%:2

yielding a great marginal seal, improving the composite restorations’
durability.

Thus, this study aimed to investigate the influence of prior enamel etching and LED
curing lights on gap formation of self-etch bond systems in class | composite restorations.
The first tested hypothesis was that the selective enamel etching would improve the
marginal adaptation of the adhesive systems in the Class | composite restorations. The
second hypothesis was that the third generation polywave LED would present lower gap
formation for the tested bond systems. Moreover, the third hypothesis was that the

thermomechanical fatigue would increase interfacial debonding, promoting higher gaps at

the superficial margins.

Materials and methods

One hundred and ninety-two healthy human third molars were selected. The teeth
were collected after obtaining the patient’s informed consent under a protocol approved by
the State University of Campinas ethical review board (#057/2009). The teeth were
cleaned, included in polystyrene resin and their occlusal surfaces were wet polished with
320-grit SiC paper under running water (Politriz, AROTEC — Sao Paulo, SP) to expose a
flat enamel surface area without exposing dentin. Then, typical Class | cavities were
prepared using #56L carbide burs (KG Sorensen, Barueri, SP, Brazil) at high-speed, under
air—water cooling. After five cavity preparation, the bur was always replaced. Preparations
had a standard size, with cavity dimensions of 5 mm mesio-distally length, 5 mm buccal-
orally width and 3 mm deep, remaining all cavity margins on enamel substrate. Two self-
etch adhesive systems were used for the bonding protocols: Clearfil Tri-S Bond (One-step
self-etch, pH= 2.7; Kuraray Medical Inc., Okayama Jp), Clearfil SE Bond (Two-step self-
etch, pH = 2; Kuraray Medical Inc.). The composition, application mode and batch number

of the adhesive systems presented in Table 1. After cavity preparation, teeth were
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assigned to 12 groups (n=16) according to the three studied factors: selective enamel
etching, bond system and curing light (2 conditioning protocols x 2 adhesives x 3 LEDs).

For the photoactivation procedure three light-emmiting diodes (LEDs) were tested:
FlashLite 1401 (FL) (Discus Dental, Culver City, CA, USA), Radii-Cal (RD) (SDI Limited,
Victoria, Australia) and UltraLume LED 5 (UL) (Ultradent, South Jourdan, Utah, USA).
Prior to the restorative procedure, the output power (mW) of each light curing unit (LCU)
was measured with a calibrated power meter (Ophir Optronics, Har — Hotzvim, Jerusalem,
Israel). Then, irradiance (mW/cm?) was determined by dividing the output power by the tip
end area. Spectral distributions were measured with a calibrated spectrometer (USB2000,
Ocean Optics, Dunedin, FL, USA). So, beam distribution and irradiance data were
integrated using the Origin 6.0 software (OriginLab Northampton, MA, USA). The spectrum
range distribution of each LCU is shown on figure 1 and the characteristics of the LCUs
are presented in Table 2. Also, Energy density was standardized to approximately 11J for
the bonding system curing and 22J for each composite increment photoactivation. For RD,
due to the fact that it mandatorily operates in ramp mode for 5s, these initial seconds were
discarded and a continuous light was delivered in order to keep the irradiance
standardized, consequently equaling the energy density obtained for each of the LCUs.

All groups were restored with B1-shade Charisma microhybrid composite (Heraeus
Kulzer, Hanau, Germany) using an incremental oblique technique with 6 increments, of
approximately 2mm thick. The first layer was applied horizontally and light cured, followed
by two oblique layers. Next, another 3 layers were placed in the same way as described
before, until the cavity was completely filled. Then, the finishing and polishing procedures
were performed with medium-, fine-, and extra fine- grit aluminum oxide disks (SoftLex —
3M/ESPE), respectively. After polishing, impressions with a low viscosity vinyl polysiloxane

material (Express XT, 3M ESPE, St Paul, MN, USA) of the teeth were taken and a first set
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of epoxy resin replicas (Epoxicure Resin, Buehler, Lake Bluff, IL, USA) was made for SEM
evaluation. In sequence, specimens were submitted to 200.000 mechanical loading (2Hz)
and 500 thermal cycles (ranging from 5 to 55°C with a dwell time of 60s in each bath with
an interval of 5s) at a thermo-mechanical device ER-11000 (ERIOS, Sao Paulo, Brazil) in
order to simulate similar ageing ofto the composite restorations in oral environment
conditions.

Further, new impressions of the teeth were made and another set of replicas was
made for each restoration. All replicas were mounted on aluminum stubs, sputter coated
with gold and were evaluated with a scanning electron microscope (JEOL, JSM-5600LV,
Scanning Electron Microscope, Japan) as before at 200X magnification. SEM analysis of
the composite/enamel marginal adaptation was performed by one operator having
experience with quantitative margin examination and was blinded to the restorative
procedures. The marginal integrity between resin composite and enamel was expressed
as a percentage of the entire superficial margin length.

Enamel Etching patterns

Eighteen half-teeth (n = 3 for the two self-etch adhesives with and without prior
enamel etch and negative and positive controls) were grounded and randomly assigned
into 12 groups. For the positive control a 37% phosphoric acid treatment was realized and
for the negative, the enamel surface did not receive any treatment. The experimental
groups were treated with the two tested bond systems using manufacturer’s information
with or without the prior enamel etching. Then, the treated surfaces with the bond systems
were thoroughly rinsed with alternate baths of acetone (20s) and ethanol (20s), in an
attempt to remove the self-etch primers and the monomer components. All specimens

were dehydrated in ascending grades of ethanol (25%, 50%, 75%, 90%) for 10 min each
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and immersion in 100% ethanol for 30 min. After storage at 37°C for 24 hours, specimens
were sputter coated with gold and analyzed by SEM.
Statistical analysis

For the statistical analysis, as the data did not exhibit normal data distribution
(Kolmogorov-Smirnov test), nonparametric tests were used (Kruskal-Wallis for groups’
comparison and Wilcoxon matched-pairs signed-ranks test for pairwise comparisons

before and after thermomechanical ageing) with a pre-set alpha of 0.05.

Results
Marginal adaptation analysis

The results of the marginal adaptation analysis are shown on table 3. Before the
termomechanical loading, when enamel was etched before the application of Clearfil Tri-S,
no gap formation was observed; however, there were gaps at the interface of the Clearfil
SE Bond regardless the energy source, with statistical difference (Kruskal Wallis test; p <
0.05). After ageing, also the selective etching previous to the Clearfil Tri-S application,
when RD or UL were used, promoted higher marginal adaptation compared to the other
tested groups (Kruskal Wallis test; p < 0.05).

Prior to thermomechanical loading, higher marginal integrity was observed, in
comparison with after ageing (Wilcoxon test; p < 0.05). Also, when the bonding systems
were cured with FL, only when Clearfil Tri-S was used in the conventional way there were
no differences between the restoration before and after ageing (5.3 £+ 3.8 and 7.4 £ 7.5
respectively). When cured with RD or UL and was not etched, Clearfil Tri-S presented the

higher gap formation.

Enamel etching patterns

The SEM enamel etching patterns are show in Figures 3 (a, b) and 4 (a, b) and 5 (a, b, c).
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Discussion

An important factor to promote clinical success of Class | resin composite
restorations is a satisfactory enamel marginal adaptation. The presence of gaps is
considered as the first sign of restoration failure, clinically evidenced by marginal
staining.?® Also, when detectable marginal disrupting is presented, these interface defects
could lead to interfacial leakage.?®? In the oral environment, many pulpal sensitivities and
responses are related when bacterial leakage occurs along the tooth/composite bonding
interface.

In the present work, the first hypothesis was partially validated, since only the gap
formation for the one bottle all-in-one self-etch adhesive Clearfil Tri-S was affected by the
selective enamel etching additional procedure, regardless of the LCU. It may be explained
by some characteristics of this mild one-step adhesive, like its pH and etching potential.®*
As showed by the enamel etching patterns evaluation by SEM, Clearfil Tri-S alone
promotes a smooth enamel demineralization, not increasing the free energy surface and
bond penetration. It's pH of approximately 2.6 could not promote an adequate
demineralization of enamel surface, and consequently, a poor bond strength. This weak
bond interface is easily affected by composite shrinkage stress during the photocuring
procedure.”% In this sense, the selective enamel etch procedure could have promoted a
deeper dissolution of prisms cores and boundaries in a etching patter type Ill, increasing
the free energy surface of this substrate and consequently, increasing the percentual of
gap free margins.

Therefore, for Clearfil SE Bond, the previous acid etching did not affect the gap
formation of the composite restorations. It may be occurred by the lower pH of the
adhesive system, approximately to 2.0, which could have promoted higher enamel

demineralization compared to Clearfil Tri-S alone, regarding the curling light. Also, the
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studied two-step bond system contains a separate hydrophobic resin that is applied after
the acidic primer. This hydrophobic resin coat can improve bond durability, especially due
to the structural polymer network that is not hydrophilic and can maintain optimal bonding
behaviour after fatigue stress.®°

The second hypothesis of this study was rejected because the polywave third-
generation LED did not improve the marginal adaptation of the resin composite
restorations. The photoinitiator's content present on composite and adhesive resin
formulations seems to be camphorquinone, as informed by manufacturer’'s. So, the
polywave LED for camphorquinone based resin exhibit a similar behaviour as like the
single-peak second generation LEDs. This may be explained due to the fact that both
adhesive systems and the microhybrid composite present camphorquinone and did not
have the interfacial integrity affected. Also, they may have presented a similar degree of
cure and consequently, less marginal shrinkage stress, preserving the superficial marginal

adaptation between composite and enamel.

Another fact to discuss is the morphology of the UltraLume 5 tip, in which there is a
central LED that emits visible light at the peak spectra of camphorquinone and four
accessory LEDs in the corner of the tip that emits UV-VIS wavelengths. In a class |
preparation, with 5 mm? as the condition presented in this work, light emitted by the
accessory LEDs would not reach the adhesive resin since the tip dimensions are higher
than the tooth preparation one.?* Consequently, only the central LED with absorption peak
of camphorquinone from UltraLume may have irradiated the adhesive resin, promoting
similar gap formation as FlashLite and Radii Cal. These fact is not in agreement with a
previous study, which found that polywave LEDs promote better resin mechanical
properties compared to single-peak ones, even when the light curing tip end is located at

long distance. %2
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For half of the tested groups the thermomechanical loading promoted higher gap
formation, partially validating the third hypothesis. When specimens were restored using
Clearfil Tri-S without selective enamel etching, the thermomechanical ageing promoted less
marginal integrity, except when FL was used for photopolymerization. The previous enamel
etch may have guaranteed a higher bond performance due to the increase in the enamel
free energy surface caused by a deeper enamel demineralization.**'* The etching pattern
of Clearfil Tri-S with previous acid treatment shows a deeper demineralization of enamel
cores and boundaries, favoring the penetration of the adhesive resin. Consequently, the
thermomechanical effect was not capable to induce higher gaps at the interface, preserving
the enamel/composite bonding. For FL, the ageing may not have affected bonding to
enamel because this LCU emitted higher light irradiance compared to the other curing
devices, even if the energy dose was standardized. This higher irradiance may have cause
a bond disrupting at the interface both before and after thermomechanical fatigue. 323334

Therefore, for Clearfil SE, Ultralume curing light promoted the maintenance of the
marginal integrity even after the thermomechanical ageing, regardless of the additional
enamel etching. It may be explained by the hydrophobic layer of this bond system, which
may have not been influenced by the composite shrinkage stress and consequently
maintained the bond interface with no alterations. This additional layer can promote a
higher monomer conversion and allow a marginal integrity after thermomechanical loading.
Also, when RD was used with enamel etching, the ageing loading did not influence the
percentual of marginal gaps.

Although some in vitro studies exist, final conclusions regarding the role of the
enamel selective acid etching for self-etch adhesives in Class | composite restorations will

depend on the outcomes of clinical trials. Clinical long-term studies and investigations of
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this approach’s retention ability for bond systems in the oral environment can best evaluate

the quality and durability of these restorations.

Conclusion

The previous enamel etching promotes better marginal integrity for Clearfil Tri-S,
showing to be an efficient additional step for class | composite restorations. The two-step
self-etch adhesive was not influenced by the selective enamel etching neither by the LED
curing unit. In general, the mild one-step self-etch bond system preserved the marginal
adaptation integrity when enamel was previous etched, except when the single-peak LED

FlashLite, with higher irradiance, was used.

Acknowledgements
This study was supported by the Fundacdo de Amparo a Pesquisa do Estado de

Sao Paulo — FAPESP (grants # 2009/03953-3) and CAPES.

References

1. FERRACANE JL (2011) Resin composite — state of the art Dental Materials 27, 29-
38.

2. NIKAIDO T, KUNZELMANN K-H, CHEN H, OGATA M, HARADA N, YAMAGUCHI
S, COX CF, HICKEL R, TAGAMI J (2002) Evaluation of thermal cycling and
mechanical loading on bond strength of a self-etching primer system to dentin
Dental Materials 18, 269-275.

3. VAN MEERBEEK B, DE MUNK J, YOSHIDA Y, INOUE S, VARGAS M, VIJAY P,
VAN LANDUYT K, LAMBRECHTS P & VANHERLE G (2003) Buonocore memorial

Lecture. Adhesion to enamel and dentin: Current status and future challenges

64



Operative Dentistry 28 215-235.

. PERDIGAO J, LOPES MM, GOMES G (2008) In vitro bonding performance of self-
etch adhesives: Il — ultramorphological evaluation Operative Dentistry 33 534-549.

. ERMIS RB, TEMEL UB, CELIK EU, KAM O (2010) Clinical performance of a two-
step self-etch adhesive with additional enamel etching in class Il cavities Operative
Dentistry 35, 147-155.

. PEUMANS M, DE MUNK J, VAN LANDUYT KL, POITEVIN A, LAMBRECHTS P,
VAN MEERBEEK B (2010) Eight-year clinical evaluation of a 2-step self-etch
adhesive with and without selective enamel etching Dental Materials 26, 1176-
1184.

. VAN LANDUYT KL, KANUMILLI P, DE MUNK J, PEUMANS M, LAMBRECHTS P,
VAN MEERBEEK B (2006) Bond strength of a mild self-etch adhesive with and
without prior acid-etching Journal of Dentistry 34, 77-85.

. ROTTA M, BRESCIANI P, MOURA SK, GRANDE RHM, HILGERT LA, BARATIERI
LN, LOGUERCIO AD, REIS A (2007) Effects of phosphoric acid pretreatment and
substitution of bonding resin on bonding effectiveness of self-etching systems to
enamel Journal of Adhesive Dentistry 9, 537-546.

. WATANABE T, TSUBOTA K, TAKAMIZAWA T, KUROKAWA H, RIKUTA A,
MIYAZAKI M (2008) Effect of prior acid etching on bonding durability of single-step

adhesives Operative Dentistry 33, 426-433.

10.ERICKSON RL, BARKMEIER WW, KIMMES NS (2009) Bond strength of self-etch

adhesives to pre-etched enamel Dental Materials 25, 1187-1194.

11.PERDIGAO J, MONTEIRO P, GOMES G (2009) In vitro enamel sealing of self-etch

adhesives Operative Dentistry 40 225-233.

12.VAN MEERBEEK B, KANUMILLI P, DE MUNK J, VAN LANDUYT K,

65



LAMBRECHTS P, PEUMANS M (2005) A randomized controlled study evaluating
the effectiveness of a two-step self-etch adhesive with and without selective
phosphoric-acid etching of enamel Dental Materials 21, 375-383.

13.BRACKETT MG, BRACKETT WW, HAISCH LD (2006) Microleakage of class V
resin composites placed using self-etching resins: effect of prior enamel etching
Quintessence International 37, 109-113.

14.FRANKENBERGER R, LOHBAUER U, ROGGENDORF MJ, NAUMANN M,
TASCHNER M (2008) Selective enamel etching reconsidered: better than etch-and-
rinse and self-etch? Journal of Adhesive Dentistry 10, 339-344.

15.KHOSRAVI K, ATAEI E, MOUSAVI M, KHODAEIAN N (2009) Effect of phosphoric
acid etching of enamel margins on the microleakage of a simplified all-in-one and a
self-etch adhesive system Operative Dentistry 34, 531-536.

16.PEUMANS M, DE MUNK J, VAN LANDUYT K, LAMBRECHTS P, VAN
MEERBEEK B (2007) Five-year clinical effectiveness of a two-step self-etching
adhesive Journal of Adhesive Dentistry 9, 7-10.

17.BORTOLOTTO T, ONISOR I, KREJCI | (2007) Proximal direct composite
restorations and chairside CAD/CAM inlays: marginal adaptation of a two-step self-
etch adhesive with and without selective enamel conditioning Clinical Oral
Investigations 11 35-43.

18.WIGGINS KM, HARTUNG M, ALTHOFF O, WASTIAN C, MITRA SB (2004) Curing
performance of a new-generation light-emitting diode dental curing unit Journal of
the American Dental Association 135, 1471-1479.

19.ASMUSSEN E, PEUTZFELDT A (2002) Light-emitting diode curing: influence on
selected properties of resin composites Quintessence International 34, 71-75.

20.HAMMESFAHR PD, O’'CONNOR MT, WANG X (2002) Light-curing technology:

66



past, present and future Compendium of Continuing Education in Dentistry 23, 18-
24.

21.ANTONSON SA, ANTONSON DE, HARDIGAN (2008) Should my new curing light
be an LED? Operative Dentistry 33, 400-407.

22.PRICE RTB, FAHEY J, FELIX CM (2010) Knoop hardness of five composites cured
with single-peak and polywave LED curing lights Quintessence International 41,
e181-e191.

23.CAMILOTTI V, GRULLON PG, MENDONGCA JM, D’ALPINO PHP, GOMES JC
(2008) Influence of different light curing units on the bond strength of indirect resin
composite restorations Brazilian Oral Research 22, 164-169.

24.PRICE RBT, McLEOD ME, FELIZ CM (2010) Quantifying light energy delivered to a
class | restoration Journal of Canadian Dental Association 76, 1-8.

25.BRANDT WC, SCHNEIDER LFJ, FROLLINI E, CORRER-SOBRINHO L,
SINHORETI MAC (2010) Effect of different photo-initiators and light curing units on
degree of conversion of composites Brazilian Oral Research 24, 263-270.

26.SOUZA-JUNIOR EJ, PRIETO LT, SOARES GP, DIAS CTS, AGUIAR FHB,
PAULILLO LAMS (2010) The effect of curing light and chemical catalyst on the
degree of conversion of two dual cured resin luting cements Lasers in Medical
Science, Nov, Epub ahead of print.

27.ALVIM HH, ALECIO AC, VASCONCELLOS WA, FURLAN M, OLIVEIRA JE, SAD
JRC (2007) Analysis of camphorquinone in composite resins as a function of shade
Dental Materials 23, 1245-1249.

28.ALONSO RCB, CORRER GM, CUNHA LG, BORGES AFS, PUPPIN RONTANI RM
& SINHORETI MAC (2006) Dye staining gap test: an alternative method for

assessing marginal gap formation in composite restorations Acta Odontologica

67



Scandinavica 64 141-145.

29.HILTON TJ (2002) Can modern restorative procedures and materials reliably seal
cavities? Part 2 American Journal of Dentistry 15 279-289.

30.FRANKENBERGER R, KRAMER N, LOHBAUER U, NIKOLAENKO SA, REICH SM
(2007) Marginal integrity: is the clinical performance of bonded restorations
predictable in vitro? Journal of Adhesive Dentistry 9, 107-116.

31.BLUNK U, ZASLANSKY P (2010) Enamel margin integrity of class | one-bottle all-
in-one adhesives-based restorations Journal of Adhesive Dentistry Epub ahead of
print.

32.ALONSO RCB, CUNHA LG, CORRER GM, PUPPIN-RONTANI RM, CORRER-
SOBRINHO L, SINHORETI MAC (2006) Marginal adaptation of composite
restorations photoactivated by LED, plasma arc, and QTH light using low-modulus
resin liners Journal of Adhesive Dentistry 8, 223-228.

33.CUNHA LG, ALONSO, RCB, SOUZA-JUNIOR EJC, NEVES ACEC, CORRER-
SOBRINHO L & SINHORETI MAC (2008) Influence of the curing method on the
post-polymerization shrinkage stress of composite resins. Journal of Applied Oral
Sciences 16(4) 266-270.

34.CUNHA LG, ALONSO RCB, PFEIFER CSC, De GOES MF, FERRACANE JL &
SINHORETI MAC (2009) Effect of irradiance and light source on contraction stress,
degree of conversion and push-out Bond strength of composite restoratives

American Journal of Dentistry 22 165-170.

68



LEGENDS

Figure 1. The spectrum range distribution of each LCU used in this study.

Figure 2. A — The white arrows point interfacial gap formed between resin composite and
enamel. B — The white arrows indicate a perfect marginal seal between enamel and
composite. C - Note the composite/resin interface presenting some interfacial gaps. The
white arrows point the correct location of the marginal gaps. D — A high magnification,
showing the interfacial gaps between composite and dental enamel.

Figure 3. A — SEM photomicrography showing the dental enamel without any acid
treatment. B — 37% phosphoric acid etched enamel, showing an etching pattern type II,
with the dissolution of the prisms cores.

Figure 4. A — SEM photomicrography showing the smooth enamel etching promoted by
Clearfil Tri-S, with no dissolution of prisms cores and boundaries. B - SEM
photomicrography showing the smooth primer etching of Clearfil SE, with a etching pattern
type |, with only dissolution of prisms boundaries.

Figure 5. A - SEM photomicrography of Clearfil Tri-S with previous phosphoric acid
etching, showing a deep dissolution of prisms cores and boundaries, with an etching
pattern type Il (characteristics of the type | and IlI). The white arrows point the
characteristics of etching pattern type |, with intact prism core, while the black arrows show
characteristics of the etching pattern type Il, with higher dissolution of prisms peripheries.
B — SEM photomicrography of Clearfil Tri-S with higher magnification 5000x. C — SEM
photomicrography of Clearfil SE with previous acid etching, with an etching pattern type I,

pointed by the white arrows.
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Table 1. Composition, application mode and manufacturer’s information for the adhesive

systems tested.

Adhesive Composition Application mode
systems
Primer (Batch #00896A): water, MDP, | Apply Primer for 20s.
HEMA, camphorquinone, hydrophilic | Mild air stream. Apply
dimethacrylate. Bond. Gentle air
Clearfil SE

Bond (Kuraray

Adhesive (Batch #01320A): MDP, bis-

stream. Light cure at a
energy density of 11J.

Medical Inc., | GMA, ~ HEMA,  camphorquinone,
Tokyo Japan) hydrophobic ~ dimathacrylate,  N,N-

diethanol p-toluidine bond, colloidal

silica.

Adhesive (Batch #00116A): MDP, Bis- | Apply the bond system
Clearfil S° GMA, HEMA hydrophobic | for 20s. Gentle air

Bond (Kuraray
Medical Inc.,

Tokyo, Japan)

dimethacrylate, dl-camphorquinone,
silanated colloidal silica, ethyl alcohol

and water.

stream for 10s. Light
cure at a

density of 11J.

energy
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Table 2. Characteristics of the LCUs used in this study.

Adhesive
Composite | Radiant
Tip Radiant |exposure
Diameter | Irradiance | exposure |(J/cm?)
LCU Manufacturer Type (mm) (mW/cm?) (J/cm?)
Discus Dental,
FlashLite | Culver City, CA,
1401 USA Single-peak 7 1077 22 11
SDI Limited,
Radii Cal | Victoria, Australia | Single-peak 7 731 22 11
Ultradent products
Inc, South
UltraLume | Jourdan, Utah,
LED 5 USA Polywave 11 x7 800 22 11

Table 3. Results of the gap formation analysis (% - SD) of enamel margins before and

after thermomechanical ageing (TMA)

Before ageing

Tested conditions (%) After ageing (%)
Flashlite/no etch/Clearfil SE 2.6 (4.7)B 5.6 (4.5)AB*
Flashlite/etch/Clearfil SE 0.6 (1.3)B 3.0 (2.8)AB*
Flashlite/no etch/Tri-S 5.3 (3.8)B 7.4 (7.5)AB
Flashlite/etch/Tri-S 0A 2.4 (4.9)A"
Radii Cal/no etch/Clearfil SE 3.2(3.9)B 13.1 (14.7)AB*
Radii Cal/etch/Clearfil SE 3.6 (8.2)B 6.2 (8.6)AB
Radii Cal/no etch/Tri-S 3.0 (3.1)B 12.4 (10.7)B*
Radii Cal/etch/Tri-S 0A 2.9 (5.7)A
UltraLume/no etch/Clearfil SE 3.5(4.0)B 3.9 (4.4)AB
UltraLume/etch/ClearfilSE 3.7 (3.7)B 4.8 (4.9)AB
UltraLume/no etch/Tri-S 3.1 (4.3)B 8.6 (7.5)B*
UltraLume/etch/Tri-S 0A 0.9 (2.61)A

Same letters within column indicate no statistically significant difference (p < 0.05, Kruskal
Wallis and Dunn comparison). Asterisks stand for p < 0.05; Wilcoxon matched-pairs
signed-rank test.
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Figure 1. Spectra of the LED light curing units used.




—_— 5 oooe. AATTE wd
ASkEU %z.5868 18mm BEBES enamel -'}5ku K3, BEBR Sum BE8E8 1 RAA

o |

1SkU 1,568 18»m BEBBL1 CSE ; 15kU 1,888 1B8mm BBB3 S3

; B 2
§ . ™
S R

ST SR S o T e WO 12 COSERE T A




74



Conclusiia Geral

De acordo com as condi¢bes experimentais estudadas e baseado nos resultados
encontrados foi possivel concluir que:

¢ O condicionamento acido seletivo do esmalte, em restauragdes Classe | em
compésito, influenciou negativamente a resisténcia a unido em dentina para
o adesivo autocondicionante Clearfil S* Bond, porém, para o Clearfil SE
Bond, o condicionamento prévio do esmalte ndo alterou a performance de
unidao em dentina.

o A fotoativacdo com LED de terceira geracao UltraLume LED 5 acarretou
maiores valores de resisténcia a unido para o Clearfil SE Bond, comparado
ao LED de pico unico. Adicionalmente, o adesivo autocondicionante Clearfil
S® Bond ndo mostrou diferenca estatisticamente significante dos valores de
adeséo, independente da fonte de luz LED utilizada.

e Em geral as fontes LED testadas proporcionaram ao compésito maior dureza
na regiao superficial, ndo havendo diferenca entre as profundidades média e
profunda. Com excecao do FlashLite 1401 quando usado para ativar o
adesivo Clearfil SE Bond, que apresentou dureza uniforme para o compdsito
em todas as profundidades estudadas.

o A fotoativagdo com as fontes LED testadas promoveu valores de dureza
Knoop semelhante para a resina composta quando ambos os adesivos
foram utilizados.

e O condicionamento seletivo do esmalte promoveu menor formacao de

fendas apds envelhecimento da restauracdo por ciclagem termomecanica
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para o adesivo Clearfil S3 bond, exceto quando foi utilizado o LED de pico
unico FlashLite.

e A adaptacdo marginal da restauracao classe | quando utilizado o adesivo
autocondicionante de dois passos Clearfil SE bond nao foi influenciada nem
pelo condicionamento prévio do esmalte, nem pela fonte de luz LED

utilizada.
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Apendice

Materiais e métodos referentes ao capitulo 1

1.Materiais

Foram utilizados 2 sistemas adesivos autocondicionantes (Clearfil S® Bond, Clearfil
SE Bond) (Figuras 1a e 1b), 1 resina composta microhibrida (Charisma) (Figura 2), um
acido fosforico a 37% (Condac 37 — FGM — Figura 3) e 3 fontes de luz LED (Ultra-Lume 5,
Radii-Cal e Flash Lite 1401) (Figuras 4a, 4b e 4c).
Tabela 1. Nome Comercial, composicao e fabricante dos sistemas adesivos e compdsito

utilizados nas restauracdes de cavidades classe |I.

Nome Comercial Composicao Fabricante
2-Hidroxietil Metacrilato (20-30%),

Etanol  (<20%), Bisfenol A

Diglicidilmetacrilato, 10-

Metacriloiloxidecil ~ dihidrogenado Kuraray Medical Inc.
fosfatase,Silica  Coloidal, D1- Okayama, JP
Canforoquinona, Agua, Iniciadores,

Aceleradores, Outros,

pH: 2,7

Primer:

Clearfil S® Bond

10-Metacriloiloxidecil

dihidrogenado fosfatase (MDP),
HEMA, Dimetacrilato Hidrofilico,
Canforoquinona, Amina terciaria,

Agua.
: Kuraray Medical Inc.
Clearfil SE Bond Bond: Okayama, JP
HEMA, 10-Metacriloiloxidecil

dihidrogenado fosfatase (MDP),
Bis-GMA, Dimetacrilato Hidrofilico,
Amina terciaria, Silica Coloidal
silanizada, Canforoquinona.
pH:1.8
Charisma Heraeaus Kulzer
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Vidro Silicato de Fldor-Alumina-
Boro-Bario, silica coloidal, Bis-
GMA, TEGDMA

Tabela 2. Nome Comercial, caracteristicas e fabricante das fontes de luz LED que serao

utilizados nas restauracdes de cavidades classe |I.

Material Densidade de

Fabricante

Comercial

Descrigcao

Poténcia

Ultra-Lume 5

Aparelho fotoativador LED, com
fio, opera na eletricidade.
Apresenta abertura de saida de
11x7mm. Possui lampadas com
onda infravermelho. N&o utiliza
ponteira condutora. LED de
terceira geracgao.

800 mW/cm?

Ultradent

Radii-Cal

Aparelho fotoativador LED, sem
fio, opera com bateria de litio.
N&o utiliza ponteira condutora.
Apresenta protetor descartavel

com abertura de saida de 7mm.

LED de segunda geracao.

731 mW/cm?

SDI
Limited

Flash Lite
1401

Aparelho fotoativador LED, sem
fio, opera com bateria de litio.
N&ao utiliza ponteira condutora.

Radiémetro imbutido Apresenta

protetor descartavel

com abertura de saida de 7mm.

LED de segunda geracao.

1.077
mW/cm?

Discus
Dental
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Figura 1. Sistemas adesivos autocondicionantes.

Figura 2. Composito Charisma Figura 3. Acido fosférico

Figura 4. Fotopolimerizadores LEDs utilizados no estudo.




2. Método

2.1 Selecao e inclusdo dos dentes

Foram utilizados 96 terceiros molares humanos higidos (Figura 5) apds aprovagao
no Comité de FEtica em Pesquisa da Faculdade de Odontologia de Piracicaba,
Universidade Estadual de Campinas, que apés a coleta foram armazenados em solucao
aquosa de timol a 0,1%, tamponado. Os debris foram manualmente removidos com
lamina de bisturi e polidos com tagas de borracha e pasta de pedra-pomes e agua. Apés
este procedimento, os dentes foram armazenados em agua destilada até o momento de

sua utilizacao.

Figura 5. Molares humanos higidos.

Em seguida, os dentes foram posicionados pela raiz em cera utilidade dentro de
matrizes feitas de tubo de PVC medindo 2,5 cm de didmetro interno e 1 cm de altura, para

inclusdo em resina de poliestileno, facilitando o preparo cavitario (Figura 6).
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Figura 6. Dente sendo incluido em resina de poliestireno.

Previamente a confeccao das restauracdes, os dentes foram levados em lixadeira
(Politriz, AROTEC — Sao Paulo, SP) para reducao das cuspides tomando-se o cuidado

para nao expor a dentina subjacente (Figura 7 A, B).

Ao final do desgaste das cuspides, foram confeccionadas cavidades Classe |, com
broca 56L (KG Sorensen) (Figura 8), sob constante refrigeracdo e em alta rotacdo, em
maquina padronizadora de preparos. As cavidades possuiam as medidas: 5 mm mésio-
distal, 4 mm vestibulo-lingual e 3 mm de profundidade com o angulo cavosuperficial em

esmalte.
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Figura 8. Broca em posig&o para o inicio da confecgcdo da cavidade.

Apés o preparo cavitario, os dentes foram divididos nos devidos grupos

experimentais por sorteio:

- Grupo 1 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Ultra-Lume 5;

- Grupo 2 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Radii-Cal;

- Grupo 3 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Flash Lite 1401;

- Grupo 4 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Ultra-Lume 5;

- Grupo 5 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Radii-Cal;

- Grupo 6 - Sem condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Flash Lite 1401;

- Grupo 7 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
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Sistema adesivo autocondicionante Clearfil S* Bond; Fotopolimerizacdo com sistema

Ultra-Lume 5.

- Grupo 8 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com sistema

Radii-Cal;

- Grupo 9 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizacdo com sistema

Flash Lite 1401

- Grupo 10 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com

sistema Ultra-Lume 5.

- Grupo 11 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com

sistema Radii-Cal.

- Grupo 12 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com

sistema Flash Lite 1401.

2.2 Confeccao das restauracoes
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Figura 9. Processo restaurador com o condicionamento seletivo do esmalte (A),

secagem (B) aplicacao e fotoativagao do adesivo (C e D) e polimento da restauracao (E).

Para se restaurar essas cavidades foram utilizados o compdésito Charisma cor B1 e 2

sistemas adesivos autocondicionantes: Clearfil S Bond e Clearfil SE Bond (Figura 9).
2.2.1 — Condicionamento acido

Para os grupos que receberam o condicionamento do esmalte cavosuperficial, foi
aplicado acido fosférico a 37% por 30 segundos, e posterior lavagem por 30 segundos
com agua. Ja para os grupos sem o condicionamento do esmalte, o condicionamento foi
realizado pelos proprios constituintes do sistema adesivo aplicado durante o tempo

determinado por cada fabricante.
2.2.2 — Aplicagao dos adesivos

1) Clearfil S®> Bond
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Secou-se a dentina com suave jato de ar e posterior aplicacdo ativa do adesivo no
esmalte e dentina por 20 segundos. Apés, realizou-se secagem com suave jato de ar e

fotoativacao.
2) Clearfil SE Bond

Secou-se a dentina com suave jato de ar e posterior aplicagdo de 2 camadas do
primer por 20 segundos em esmalte e dentina. Apés secagem com jato de ar, 1 camada

do adesivo foi aplicada ativamente por 20 segundos e polimerizado por 10 segundos.
2.2.3 — Fotoativacao

A intesidade luminosa foi aferida com um radiémetro previamente a confeccao das
restauracoes. Foi utilizado o método de fotopolimerizacdo com luz continua em todos os
aparelhos de luz LED. Para o Radii obter luz continua, foram dispensados os 5 primeiros
segundos de ativacao luminosa, ja que este aparelho inicialmente opera no modo

rampante de emissao luminosa.
2.2.4 — Insercao e fotopolimerizagao do composito

O compésito Charisma (Heraeaus Kulzer) foi inserido em seis incrementos de no
maximo 2 mm na cavidade confeccionada. A resina foi fotoativada com densidade
energética padronizada de 22 J/cm?. Apés isso, os corpos-de-prova foram armazenados
em agua destilada a 37°C por 24 horas para a realizagdao do polimento com discos Sof-

Lex (83M Espe) nas granulagdes fina e extra-fina.

Apos, as amostras foram submetidas a fadiga termo-mecéanica, com 200.000 ciclos
mecanicos e 500 ciclos térmicos com banhos entre 5 e 55°C £1°C, com 60 segundos em

cada banho em maquina ER-11000 (ERIOS, Sao Paulo, Brazil).
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Ensaio de microtragdo

Cada dente foi posicionado em uma cortadera metalografica de precisédo, utilizando
disco de alta concentracdo de diamante (Buehler, Sdo Paulo, BR) realizando, cinco cortes
no sentido mésio-distal, e apd6s o reposicionamento do dente, foram realizados mais
quatro cortes no sentido vestibulo-ligual paralelos ao longo eixo do mesmo, para se obter
paraleleptidos (palitos) de aproximadamente 0,9 x 0,9 mm?, os quais foram fixados com
cola de cianoacrilato (Super Bond gel, loctite, Henkel, Brasil) ao aparelho de microtracao
fixo a Maquina de ensaio universal (Emic Equipamentos e Sistemas de Ensaio LTDA, Sao
José dos Pinhais. PR - Brasil). O ensaio foi conduzido com uma célula de carga de 5 Kg,
a uma velocidade de 0,5 mm/min, até a ruptura da amostra. Foram anotados os valores
de resisténcia maxima fornecidos pela maquina em kgf. Depois de calculada a area da
interface de unido em cada palito com auxilio de um paquimetro digital (Mitutoyo, Japao),

os valores de resisténcia de uniao foram convertidos em MPa através da féormula: MPa =

kgF * 9,8 (constante)/ area (expressa em mm?). (Figura 10)




Figura 10. A) Amostra fixada na placa de acrilico. B) Espécime sendo seccionado em
cortadeira metalografica. C) Primeiros cortes para a confeccado dos palitos. D) Palitos da
interface resina/dentina obtidos para o ensaio de microtracdo. E) Dispositivo de
microtracdo em maquina de ensaio universal. F) Ensaio de microtracdo finalizado com a

separacao da interface.

Materiais e métodos referentes ao capitulo 2

1. Materiais

Os mesmo utilizados para o capitulo 1, exceto pelo gel de acido fosférico a 37%.
2. Método

Da mesma maneira que no capitulo 1, foram utilizados 96 terceiros molares
humanos higidos apés aprovagdo no Comité de Etica em Pesquisa da Faculdade de
Odontologia de Piracicaba, Universidade Estadual de Campinas, e incluidos em resina de
poliestireno. A superficie oclusal dos dentes foi previamente desgastada até promover
uma superficie plana antes da realizagdo das restauracdes, os dentes foram levados a
lixadeira (Politriz, AROTEC — Sao Paulo, SP) para redugédo das cuspides tomando-se o

cuidado para nao expor a dentina subjacente.

Apbs o preparo cavitario seguindo o mesmo protocolo ja exposto para o capitulo 1,
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os dentes foram divididos nos devidos grupos experimentais por sorteio (adesivo X

fotoativacao):

- Grupo 1 — Sistema adesivo autocondicionante Clearfil S* Bond; Fotopolimerizacdo

com o sistema Ultra-Lume 5;

- Grupo 2 — Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacao

com o sistema Ultra-Lume 5;

- Grupo 3 — Sistema adesivo autocondicionante Clearfil S* Bond; Fotopolimerizacdo

com o sistema Radii-Cal;

- Grupo 4 — Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacao

com o sistema Radii-Cal;

- Grupo 5 — Sistema adesivo autocondicionante Clearfil S* Bond; Fotopolimerizacdo

com sistema Flash Lite 1401;

- Grupo 6 — Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacao

com sistema Flash Lite 1401;

Ensaio de microdureza Knoop

As amostras apdés o polimento da restauragcdo foram levadas a cortadeira
metalografica de precisao e foi realizado apenas um corte no centro da restauragdo, no
sentido mésio-distal paralelo ao longo eixo do dente. As fatias foram inclusas em cilindros
de resina de poliestireno para facilitar a leitura no microdurdmetro. Estas amostras
receberam acabamento com lixas de carbeto de silicio nimeros 600, 1000 e 2000 e

polimento com pasta diamantada de granulacdes de 6, 3, 1, e 0,5 mm (Arotec Ind. Com.,
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Sao Paulo, Brasil) com discos de feltro em politriz giratdéria com refrigeracdo a agua

(Figura 11 A e B).

N‘{‘i@l“‘

Figura 11. A) Dente sendo seccionado em duas metades. B) Amostra incluida e polida,

pronta para a realizacdo do ensaio de microdureza Knoop.

Apos, as leituras foram realizadas em trés profundidades: superficial, média e
profunda. A superficial foi realizada a 100 um do angulo cavosuperficial, a profunda a 20

pum da camada de adesivo e a terceira na metade equidistante entre essas duas medidas,

RESINA COMPOSTA

como mostrado na figura 12: ) LI

Figura 12. Desenho esquematico das indentag6es do teste de microdureza Knoop a

serem realizadas no corpo-de-prova.

A microdureza foi mensurada através de identacdes sob carga de 50g em 15

segundos de penetracdo (HMV-2000, Shimadzu, Japan) (Figura 13 A e B).
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Figura 13. Microdurémetro HMV-2000 (Shimadzu)

Materiais e métodos referentes ao capitulo 3

1. Materiais

Os mesmo utilizados para o capitulo 1, exceto pelo gel de acido fosférico a 37%.
2. Método

Foram utilizados 192 terceiros molares humanos higidos ap6s aprovacao no
Comité de Etica em Pesquisa da Faculdade de Odontologia de Piracicaba, Universidade
Estadual de Campinas, e incluidos em resina de poliestireno.

A superficie oclusal dos dentes foi previamente desgastada até promover uma
superficie plana antes da realizacdo das restauracbes, os dentes foram levados a
lixadeira (Politriz, AROTEC — Sao Paulo, SP) para redugédo das cuspides tomando-se o
cuidado para nao expor a dentina subjacente.
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Apos o preparo cavitario seguindo o mesmo protocolo ja exposto para o capitulo 1,
os dentes foram divididos nos devidos grupos experimentais por sorteio (adesivo X

fotoativacao x condicionamento do esmalte):

- Grupo 1 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Ultra-Lume 5;

- Grupo 2 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Radii-Cal;

- Grupo 3 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com o

sistema Flash Lite 1401;

- Grupo 4 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Ultra-Lume 5;

- Grupo 5 — Sem condicionamento do esmalte cavosuperficial com &cido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Radii-Cal;

- Grupo 6 - Sem condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfil SE Bond; Fotopolimerizacdo com o

sistema Flash Lite 1401;

- Grupo 7 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
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Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizacdo com sistema

Ultra-Lume 5.

- Grupo 8 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizagdo com sistema

Radii-Cal;

- Grupo 9 - Condicionamento do esmalte cavosuperficial com acido fosforico a 37%;
Sistema adesivo autocondicionante Clearfil S® Bond; Fotopolimerizacdo com sistema

Flash Lite 1401

- Grupo 10 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com

sistema Ultra-Lume 5.

- Grupo 11 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com

sistema Radii-Cal.

- Grupo 12 - Condicionamento do esmalte cavosuperficial com acido fosférico a
37%; Sistema adesivo autocondicionante Clearfii SE Bond; Fotopolimerizagdo com
sistema Flash Lite 1401.

Analise da adaptacdo marginal

Apos o polimento das amostras, estas foram armazenadas em 4agua destilada a
37°C por 24 horas. Moldes da superficie oclusal de cada dente foram realizados,
utilizando para isso o material de impressao por adicao Express XT (3M ESPE, St Paul,
MN, USA). Os moldes foram vazados com resina epo6xica (Resina Epdxica Buehler, IL

60044-1699, USA) e as réplicas obtidas foram preparadas para analise em Microscopia
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Eletrénica de Varredura (JEOL, JSM-5600LV, Scanning Electron Microscope, Japao),
através da cobertura com fina camada de ouro (Balzers-SCD 050 Sputter Coater,
Liechtenstein) para avaliagdo da adaptacdo nas margens em esmalte (Figura 14). As
fotomicrografias foram feitas da superficie oclusal em magnitudes de 200X. Logo apéds, as
amostras foram submetidas ao envelhecimento por fadiga termomecanica, constituida de
500 ciclos com banhos entre 5 e 55°C +£1°C, com 60 segundos em cada banho e tempo
de transferéncia de 7 segundos aliada a 200.000 ciclos mecanicos (2Hz) em maquina de
desgaste termomecanico ER — 37000 (Erios, Sao Paulo, Brasil) (Figura 15). Ap6s o
envelhecimento, novos modelos da face oclusal em resina epéxica foram confeccionados
como descrito anteriormente, e nova anéalise em Microscopia Eletrénica de Varredura da
adaptacdo da margem em esmalte das restauracées poéds-ciclagem foram realizadas
(Figura 16). As amostras foram inicialmente visualizadas com 25X de aumento, em
seguida as margens foram observadas com aumentos de até 200X para elucidar
possiveis duvidas na qualidade da margem. Em seguida, a mensuracao das fendas foi
feita diretamente no monitor do microscopio, utilizando a ferramenta Multi point measuring
device, com aumento de 25X, observando-se o perimetro total das cavidades. Regides da
margem cavitaria em que se observava uma transicdo continua e sem fendas entre a
restauracao e a estrutura dentaria foram classificadas coma margem perfeita, enquanto
regides que apresentavam perda de adesao interfacial, com auséncia de continuidade
entre a restauracdo e a estrutura dentaria foram classificadas como fenda marginal e
mensuradas. Adicionalmente, o comprimento total da margem cavitaria foi mesurado para

determinacao da porcentagem de fendas.
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Figura 14. A) Resina epdxica e catalisador. B) Molde em silicone de adigdo vazado com

resina epoxica. C) Reéplicas metalizadas.

Figura 15. Maquina de fadiga termomecéanica ER — 37000.




Figura 16. A) Metalizador. B) Microscopio Eletrénico de Varredura.

Analise do padrao de condicionamento

Para analisar o padrao de condicionamento dos sistemas autocondicionantes foram
utilizados 2 fragmentos dentais em esmalte, para cada condicdo de condicionamento
estudado. Cada fragmento mediu 5 mm X 6 mm e foram extraidos da regido central da
face vestibular da coroa dos dentes. Os fragmentos foram planificados através da
lixadeira (Politriz, AROTEC — Sao Paulo, SP) com lixas de carbeto de silicio 600 e 1200, e
posteriormente armazenados em agua destilada. Foram analisados dois tipos de
condicionamento:

Acido fosférico a 37%

A superficie do esmalte foi condicionada por 30 segundos. Em seguida lavada com

agua por 30 segundos e secada com ar até a visualizacao do aspecto opaco.

Adesivos autocondicionantes

Para os adesivos autocondicionantes, apds a aplicacao sobre a superficie do esmalte,
pelo tempo determinado pelo fabricante, o primer foi removido através de lavagens
alternadas em alcool absoluto (Etanol PA —99,8% F. Maia Ind e Co. Ltda, Sado Paulo — SP
— Brasil) e acetona (Acetona PA —99,8% F. Maia Ind e Co. Ltda, Sdo Paulo — SP — Brasil)
por 10 segundos cada banho, durante 1 minuto, para a dissolucdo dos residuos
remanescentes de mondmero na superficie.

Acido fosférico a 37% + adesivo autocondicionante

A superficie do esmalte foi condicionada por 30 segundos. Em seguida, lavada com
agua por 30 segundos e secada com ar. Posteriormente, aplicaram-se os primers como
descrito anteriormente e removido da mesma maneira.

Apos o condicionamento, todos os espécimes foram submetidos a desidratacao

(imersdo em solucao de alcool a 25%, 50% e 75% por 20 minutos cada, 95% por 30
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minutos e 100% por 60 minutos e visualizados em Microscopia Eletronica de Varredura
(JEOL, JSM-5600LV, Scanning Electron Microscope, Japéo), através da cobertura com
fina camada de ouro (Balzers-SCD 050 Sputter Coater, Liechtenstein) para avaliagdo do
padrdo de condicionamento do esmalte. As fotomicrografias foram feitas da superficie

vestibular em magnitudes de 1500 a 5000X.
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