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RESUMO

Este trabalho teve como objetivo avaliar a influéncia de diferentes
parametros de densidade de energia de laser de Er:YAG (2,94um) na resisténcia
de unido por microtragdo (RU) e na morfologia de dentes bovinos clareados em
esmalte (artigo 1) e dentina (artigo 2) a resina composta. Para a avaliacdo em
esmalte, dentes bovinos foram clareados (n=30) ou ndo (n=30) com perdxido de
carbamida 16%, em seguida foram lixados e divididos em dois subgrupos de
acordo com a irradiacdo de Er:YAG: 25,56 J/cm? (ablativo, modo contato, LA) ou
4,42 J/lem? (sub-ablativo, modo ndo-contato, LB). Os fragmentos foram
restaurados com adesivo Adper Single Bond 2 e resina Filtek Z250 (3M/ESPE),
seccionados em forma de ampulhetas e submetidos ao teste de RU. Para a
avaliagdo da dentina 40 fragmentos foram divididos em 2 grupos, clareados
(n=20) ou nao (n=20), que foram desgastados até dentina, sendo um grupo
irradiado com laser de Er:YAG (25,52 J/cm?, modo focado) e preparados para
ensaio de RU. Os valores de RU foram analisados por two-way ANOVA e teste
Tukey (a=0.05). O modo da fratura foi determinado em aumento de 100X usando
lupa estereomicroscépica e um fragmento tratado foi avaliado em microscopia
eletrénica de varredura (MEV). Alta porcentagem de falha adesiva foi encontrada
para superficie de esmalte clareado e irradiado. Com base nos resultados
concluiu-se que a superficie de esmalte clareado ndo foi estatisticamente
diferente da superficie de esmalte nao clareado para os valores de RU. A
irradiacdo com Er:YAG (LA) antes do procedimento adesivo na superficie de
esmalte ndo teve influéncia na RU e promoveu ablacdo com base nas analises de
MEV. Por outro lado, a irradiagdo com laser de Er:-YAG (LB) antes do
procedimento adesivo nao alterou os valores de RU e ndo promoveu ablacao
observada em MEV. O procedimento clareador nao afetou os valores de RU para
adesdo em dentina. A irradiagdo com laser de Er:YAG com densidade de energia
de 25,52 J/cm? antes do procedimento adesivo ndo afetou a RU a dentina de
dentes clareados mas diminuiu a RU de dentes ndo clareados e promoveu
ablacao na superficie observada sob MEV.
PALAVRAS-CHAVES
Ablagdo com laser, Laser Er:YAG, Microscopia eletrénica de varredura,

Microtracdo, Resisténcia de uniao, clareamento dental



ABSTRACT

The aim of this study was to evaluate the influence of different energy
parameters of Er:YAG laser (A= 2.94um) on microtensile bond strength (UTBS)
and morphology of bleached bovine teeth in enamel (manuscript 1) and dentin
(manuscript 2) to resin composite. For enamel evaluation bovine teeth were
bleached (n=30) or not (n=30) with 16% carbamide peroxide, afterwards flattened
and divided in two subgroups according Er:YAG irradiation: 25.56 J/cm? (ablative,
contact mode, LA) or 4.42 J/cm? (sub-ablative, non-contact mode, LB). The slabs
were restored with Adper Single Bond 2 and Filtek Z250 (3MESPE), sectioned in
hour-glass shape and were subjected to uTBS test. For dentin evaluation, 40
slabs were divided and 2 groups bleached (n=20) or not (n=20) that were flattened
to expose dentin, being one group Er:YAG laser irradiated (25.52 J/cm?, focused
mode), prepared for uTBS test, failure type. uTBS data were analyzed by two-way
ANOVA and Tukey test (a=0.05). Failure mode was determined at a magnification
of 100X using a stereomicroscope and one treated slab of each group was
selected for scanning electron microscope (SEM) analysis. A high amount of
adhesive failure was recorded for bleached and lased enamel surface tested.
Based on the results, one can conclude that bleached enamel surface did not
show statistical difference from the non-bleached enamel surface for uTBS
values. Er:YAG laser irradiation (LA) prior to adhesive procedure on bleached
enamel surface had no influence on uTBS and promoted ablation as observed
using SEM. On the other hand, Er:YAG laser irradiation (LB) prior to adhesive
procedure did not affect the uTBS and did not promote ablation observed under
SEM. Bleaching procedure did not affect uTBS values on dentin. Er:YAG laser
irradiation with 25.52 J/cm? prior to bonding did not affect pTBS on dentin of
bleached teeth but impaired uTBS of non-bleached teeth and promoted ablation
observed under SEM.

KEY WORDS

Laser ablation, Er:YAG Laser, Scanning electron microscope, Microtensile bond
strength, Dental Bleaching
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1. INTRODUCAO E JUSTIFICATIVA

Desde o inicio da vida humana, a boca é o 6rgao de ligacao do bebé com o
mundo externo, na vida adulta ela é o 6rgao da expressdo e comunicacao social.
Desta forma, as pessoas procuram dentes brancos por diversas razbes e essas
podem ser: sociais, profissionais e psicologicas (Baratieri et al., 2004).

Dentes claros contribuem para um sorriso agradavel, com uma aparéncia
jovem mantendo-os dentro dos padrées de beleza, ja o escurecimento dental pr
problemas estéticos para a grande maioria dos pacientes (Goldstain & Garber,
1996).

As preocupacgdes com dentes escurecidos sdo de longa data. Nos tempos
modernos, pesquisadores vém usando substancias para clarear os dentes desde a
década de 1860. Varias substancias tém sido empregadas para clarear os dentes
como Acido Oxalico, Cloreto de Calcio, Solugdo Clorada, Cloreto de Aluminio,
Diéxido de Enxofre, Hipoclorito de Sédio, entre outras (Fasanaro, 1992)

Somente em 1989, Haywood & Heymann introduziram o sistema de aplicacéao
de Perdxido de Carbamida a 10% com a utilizagdo de moldeiras individuais para
clareamento de dentes vitais, técnica denominada “caseira”. Nesta técnica utiliza-se
moldeiras individuais para a aplicagdo de agentes clareadores a base de peréxido
de hidrogénio ou perdxido de carbamida sobre os dentes escurecidos, promovendo-
se o clareamento dos mesmos (Potocnik et al., 2000; Rodrigues et al., 2007).

Haywood & Heymann desenvolveram este estudo com base nos estudos de
um Ortodontista de Arkansas, o Dr. Bill Klusmier no final da década de 1960,
através da observacao de seus pacientes que tinham quadro de gengivite. Sendo
assim, o0 mesmo prescrevia um anti-séptico bucal, de nome Gly-Oxide, para ser
utilizado durante a noite em uma moldeira semelhante a um protetor bucal esportivo
de silicone.

Com o passar dos anos a técnica evoluiu, moldeiras individuais
confeccionadas em plastificadoras a vacuo com silicone de fina espessura sao
utilizadas, a concentracao de Perdxido de Carbamida aumentou para 16% e 22%,
como forma de acelerar o processo clareador, diminuindo o tempo de tratamento
para o paciente (Gurgan et al., 2009).

Assim, como alternativa eficaz para o tratamento do escurecimento dental e

considerado um tratamento conservador estético, simples e de custo relativamente
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baixo, tem-se o clareamento dental, sendo que o clareamento caseiro de dentes
vitais & a mais utilizada dentre as técnicas existentes, (Baratieri et al., 1993; Ritter et
al., 2002; Rodrigues et al., 2005).

Os mecanismos com que os perdxidos atuam no processo de clareamento
ndo sdao completamente compreendidos, mas especula-se que envolvem uma
reacao de oxi-reducao, na qual as moléculas de peréxido de hidrogénio se quebram
formando radicais livres de oxigénio, hidrogénio e peridroxil, que provocardo a
quebra sucessiva das macromoléculas de pigmentos, transformando-as em
moléculas menores, que sao eliminadas da estrutura dental por um processo de
difusdo, promovendo o clareamento dental (Goldstain & Garber,1996).

O peréxido tem baixo peso molecular, caracteristica que facilita sua
penetracdo nas estruturas dentais, que associado a permeabilidade dental, permite
a difusdo do oxigénio pelo esmalte e dentina, age sobre as estruturas organicas do
dente e desta forma efetuam o clareamento (Haywood & Robinson, 1997).

Clinicamente, o processo nao apresenta efeitos colaterais que contra-
indiguem este tratamento (Goldstain & Garber,1992; Potocnik et al., 2000;
Rodrigues et al., 2005, Rodrigues et al., 2007), porém, diversos trabalhos
demonstram que microscopicamente pode-se observar o desenvolvimento de
porosidades, erosdes, perda de microdureza e aumento da rugosidade superficial
(Toko et al., 1993; Potocnik et al., 2000; de Oliveira et al,. 2003; Worschech et al.,
2003; Rodrigues et al., 2005, Rodrigues et al., 2007).

Além disso, os radicais livres presentes no esmalte e dentina logo apés o
tratamento clareador podem ser responsaveis por prejudicar a adesdao de materiais
resinosos, n0s casos que exigem a substituicdo de restauracdes estéticas (Titley et
al., 1991; Haywood 1992; Stokes et al., 1992; Potocnik et al., 2000; Shinohara et al.,
2001; de Oliveira et al., 2003; Shinohara et al., 2004).

Os agentes a base de peroxido de carbamida ou peréxido de hidrogénio nao
tém poder clareador sobre a cor dos materiais restauradores. Freqlentemente apds
o tratamento ha necessidade de troca das restauragdes pré-existentes, com a
utilizacdo de procedimentos restauradores estéticos adesivos (da Silva Machado et
al., 2007).

Testes de cisalhamento de resinas compostas com dentes humanos tratados
previamente com agentes clareadores e nao tratados, revelaram uma queda

significativa na resisténcia de uniao (Titley et al., 1988; Torneck et al.,1990; Titley et
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al.,, 1991; Toko et al.,, 1993; Potocnik et al., 2000), devido a alteracbes no
mecanismo de adesado da resina-dente o qual foi atribuido a uma inibicdo no
processo de polimerizagdo das resinas pela presenca de oxigénio (Gurgan et al.,
2009), entretanto, a resisténcia adesiva retorna ao normal apés 15 a 21 dias (Titley
et al., 1988; Crim et al., 1992; Basting et al., 2004; Shinohara et al., 2004).

Shinohara et al., em 2001, demonstraram em seu estudo que ha um aumento
da microinfitracdo marginal em dentina, em restauracées classe V, ap6s o
clareamento com peroxido de carbamida 37% e perborato de sédio, por 21 dias,
porém nao houve diferenca quando analisadas as margens em esmalte.

Lai et al., em 2002, demonstraram que dentes clareados com peréxido de
carbamida 10%, por 8 horas e restaurados apds 10 minutos, sofrem uma diminuicao
da adesdo ao esmalte, quando submetidos ao teste de microtragdo. Em 2004,
Shinohara et al., mostraram que ha uma diminuicdo da forca de adesao em dentina,
nos dentes clareados com perborato de sodio e submetidos ao teste de
cisalhamento, e ndo houve diferenca com o controle, quando analisada a adesao
em esmalte. Também em 2004, Turkln & Tdrkin clarearam dentes com peréxido de
carbamida 10%, por 8h diarias por 7 dias, realizaram teste de microinfiltracdo e
constataram um aumento da microinfiltracdo nos dentes clareados em relacdo ao
grupo controle. Em 2006, Cadenaro et al., utilizaram peréxido de hidrogénio a 38%
por 30 minutos e analisaram imediatamente o grau de conversdo de adesivos em
dentina, constataram uma queda no grau de conversao nos dentes clareados.
Porém, Loretto et al., em 2004, nao obtiveram resultados diferentes, com relacéo ao
grupo controle, quanto a adesdo em esmalte, em dentes clareados com peroxido de
carbamida a 10%, por 4 horas, por 14 dias e submetidos ao teste de cisalhamento.
Do mesmo modo Basting et al.,, em 2004, ndo obtiveram resultados diferentes de
adesdo em dentina, quando submeteram dentes clareados com perdxido de
carbamida a 10%, por 42 dias, ao teste de cisalhamento.

Chuang et al., em 2009, utilizaram perdxido de carbamida 10% por 8 horas
diarias, por 14 dias. ApOs este periodo o0s espécimes foram restaurados
imediatamente e foi realizado teste de microtracdo. Os dentes clareados tiveram
uma diminuicdo da forca de adesdo com relagdo ao grupo néo clareado. Eldin et al.
(2006) obtiveram resultados que mostraram que ha queda nos valores de adeséo
em esmalte, em dentes clareados com perdxido de carbamida a 10% e submetidos
ao teste de cisalhamento, obtiveram também 100% de falhas adesivas na andlise
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dos padroes de fratura. Bulut et al. (2006) clarearam dentes com peréxido de
carbamida a 10%, por 8 horas, por 7 dias e realizaram as restauracdes
imediatamente, estes dentes demonstraram queda em MPa, quando submetidos ao
teste de cisalhamento.

Estudos realizados com dentes bovinos, considerados substitutos eficazes
dos dentes humanos na avaliacdo in vitro da adesdo dos compdésitos
(Haywood,1992; Saleh & Taymour, 2003, Reis et al., 2004), mostraram resultados
semelhantes aos de dentes humanos. Os dentes clareados restaurados com resinas
compostas apresentaram uma queda na forca de adesao (Nakamichi et al., 1983;
Kantorowitz et al., 1998; Meister et al., 2006), devido a presenca de residuos de
peroxido préximos a superficie do esmalte, alterando a adesao da resina (Titley et
al., 1988; Torneck et al.,1990; Stokes et al., 1992; Toko et al., 1993).

A perda da resisténcia adesiva logo apdés o tratamento clareador esta
relacionada ao tempo do tratamento clareador, da concentracdo aplicada e do
periodo da realizacdo dos procedimentos adesivos apds o clareamento dental.
(Leonard et al., 2002; Marson et al., 2008). A maioria dos estudos aponta para a
necessidade de se aguardar de 2 a 3 semanas para a troca de restauracdes,
periodo necessario para que os radicais livres sejam eliminados (Perdigao et al.,
1988; Titley et al., 1991; Crim et al., 1992; Barkhodar et al., 1997; Shinohara et al.,
2001; de Oliveira et al., 2003; Basting et al., 2004; Shinohara et al., 2004; Shinohara
et al., 2005).

Com base na premissa de que os radicais livres atrapalham o processo de
polimerizacao e consequentemente a adesao, e a remoc¢ao destes pode promover
uma adesdo similar ao dente ndo clareado e que estes radicais sao altamente
instaveis e reativos, o aumento de energia térmica liberada pela irradiacao de laser
poderia levar a reducédo e total eliminacdo dos mesmos (Dishman et al., 1994;
Cassoni & Rodrigues, 2007).

Laser € o acrbnimo de “Light Amplification by Stimulated Emission of
Radiation”, que significa “Ampliagdo de Luz por Meio da Emissdo Estimulada de
Radiacao”, ou seja, o laser é uma luz que quando emitida promove fenémenos
fisicos e interage com os tecidos, a diferenga € que é uma luz com comprimento de
onda especifico emitida em um feixe monocromatico (uma anica cor), coerente (0s

fotons se movem em sincronia) e colimado (feixes paralelos de luz) que pode ser
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facilmente focado para aplicacdo no tecido desejado obtendo interacdo ou efeito
terapéutico (Perito et al., 2009).

O laser quando incide sobre um material pode sofrer, em combinagéo ou néo,
quatro fendmenos fisicos: reflexdo, quando a luz é refletida em outra direcéo;
transmissdo, quando a luz atravessa diretamente o material € ndo causa nenhum
efeito; difusdo, quando a luz penetra no material, mas se difunde no mesmo e
absorcdo, quando a luz € absorvida. Desses, a absorcdo é o fenbmeno mais
desejado sobre os tecidos dentais, pois é através deste que a energia do laser se
transforma em calor e promove alteragcdes nos tecidos dentais (Aoki et al., 2004).

Um dos primeiros relatos encontrados na literatura com relagdo aos lasers
utilizados na Odontologia foi com laser de rubi em alta densidade de energia (9.000
J/cm?) que carbonizavam a estrutura dental (Goldman et al., 1964). Em 1989, Hibst
& Keller foram os pioneiros na utilizagdo do laser de Er:YAG para realizacao de
preparos cavitarios sem efeitos térmicos indesejaveis (Hibst & Keller, 1989). Desde
entado, lasers que possuem boa interacdo com o esmalte e dentina e pouca difusao
de calor, como os de Er,Cr:-YSGG e Er:YAG, podem ser utilizados para preparos
cavitarios (Hadley et al., 2000; Apel et al., 2003), para o condicionamento do
esmalte e dentina (Botta et al., 2007; Bevilacqua et al., 2008) e para prevencéao de
carie (Perito et al., 2009a; Perito et al., 2009b).

O laser de Er:YAG apresenta como meio ativo sélido, o cristal de itrio-
aluminio-granada dopado com érbio, com comprimento de onda de 2,94um, infra-
vermelho e invisivel que coincide com o espectro de absor¢do da agua com
completa transformagdo em energia térmica (Lee at al., 2007). Os lasers de érbium
promovem ablacdo de estruturas dentais efetivas devido a sua alta absorcao pela
agua e baixa penetracao térmica (Delme et al., 2007). A evaporacao da agua ocorre
qguando atinge a temperatura entre 100 e 650°C junto com o inicio da perda de
carbonato (Bevilacqua et al., 2008).

Os lasers de Erbio possuem a caracteristica de serem altamente absorvidos
pela superficie dental e muito pouco difundidos para as superficies adjacentes.
Quando utilizado para preparo cavitario, portanto utilizando uma poténcia ablativa,
gera uma temperatura intrapulpar semelhante a proporcionada por uma ponta
diamantada montada em alta rotacao refrigerada a spray de agua (Mollica et al.,
2008).
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Geraldo-Martins et al., em 2005, irradiaram dentina bovina com laser de
Er:YAG refrigerado a spray de agua e constataram uma variagdo de temperatura
intrapulpar entre 0,03 e 2,5 “C, concluindo que este procedimento é aceitavel para a
estrutura pulpar, estando abaixo do valor critico de 5,5 °C (Zach & Cohen, 1965).

Er:YAG em baixa densidade de energia atua na dentina criando uma
superficie livre de esfregaco dentinario e com os tdbulos dentinarios abertos (Soares
et al., 2006; Chousterman et al., 2009), pela afinidade do laser Er:-YAG com a agua
a dentina intertubular é mais marcantemente ablasionada do que a dentina
peritubular, mais mineralizada, e um padrao rugoso pode ser observado por meio de
microscopia (Soares et al., 2006; Raucci-Netto et al., 2009).

Os lasers de alta poténcia como os de CO, e Argbnio sao utilizados durante o
clareamento em consultério como fonte de energia, pela liberacdo de calor, para
favorecer a decomposicao dos peroxidos e acelerar os resultados clinicos (Cassoni
& Rodrigues, 2007). Sabe-se que os lasers indicados para preparo cavitario e
alteracdo morfolégica dos tecidos dentais sdo os mais absorvidos pela agua e pela
hidroxiapatita (Eversole & Rizoiu, 1995; Kantorowitz et al., 1998; Hossain et al.,
2002; Hossain et al., 2003; Hossain et al., 2003; Liu et al., 2006; Meister et al., 2006;
Metz et al., 2007; Soares et al., 2007) e quando a energia do laser é absorvida pelos
tecidos dentais, hd um grande aumento de temperatura, o que pode favorecer a
eliminagcéo dos radicais livres.

Alguns autores tém afirmado que, mesmo quando o laser de Erbio é utilizado
com energia abaixo do limiar de ablacdo, & observada uma reducdo na
desmineralizagcdo de dentes submetidos a desafio cariogénico (Fowl & Kuroda,
1986; Apel et al., 2000; Young et al., 2000; Perito et al., 2009a; Perito et al., 2009b).
Hossain et al., em 2003, demonstraram que ap6és a irradiacdo com o laser de
Er:YAG observa-se um aumento na proporcao de calcio e fésforo no tecido dental,
sem modificar a razdo entre estes minerais e esta de acordo com o estudo de Liu &
Hsu, em 2007, que relatam que a quantidade de minerais ap6s a irradiacdo com
este laser € a mesma, 0 que ocorre é a diminuicdo do conteudo organico e
consequentemente um aumento na propor¢ao do conteldo mineral em relacdo ao
organico. Teoria esta denominada “organic blocking theory” (Ying et al., 2003).

Nao se encontram trabalhos que descrevam o efeito do laser de Er:YAG na
superficie de tecidos dentais clareados, com o objetivo de melhorar a adesdo em

esmalte e dentina.
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Desta forma, se os radicais livres absorverem a energia do laser de Er:YAG e
forem completamente eliminados do esmalte e dentina, poderia ser possivel obter-
se valores de adesdo em dentes clareados semelhantes aos dentes néo clareados,
visto que com o grande emprego do clareamento dental e da necessidade de se
realizar restauracdes estéticas definitivas, é importante determinar se o uso do laser
de Er:YAG, pode reverter a perda de adesao temporaria, causada pelos agentes

clareadores sobre a estrutura dental, aos materiais restauradores.
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2. PROPOSICAO

O objetivo deste estudo in vitro foi investigar a influéncia do laser de Er:-YAG
em dois diferentes parametros, na resisténcia de uniao em esmalte e um parametro
na dentina de dentes bovinos, clareados com peréxido de carbamida 16% por meio
de 2 artigos:

1- Effect of Er:YAG laser on the microtensile bond strength of resin composite
to bleached enamel.

2- Microtensile bond strength of resin composite to dentin treated with Er:-YAG
laser of bleached teeth.
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EFFECT OF Er:-YAG LASER ON THE MICROTENSILE BOND STRENGTH OF
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ABSTRACT

The objective of this study was to evaluate the influence of different energy
parameters of Er:-YAG laser (A= 2.94um) on microtensile bond strength (uTBS) and
morphology of bovine enamel bleached with 16% carbamide peroxide. Sixty enamel
blocks (7x3x3mm?®) were randomly assigned to six groups (n=10): G1- bleached and
irradiated with Er:-YAG laser (Kavo Key Il Laser Il — KaVo, Biberach, German) with
25.56 J/cm?(LA); G2- bleached and irradiated with Er:-YAG laser with 4.42 J/cm?(LB);
G3- bleached and restorated; G4- non-bleached and irradiated with Er:YAG laser
(LA); G5- non-bleached and irradiated with Er:YAG laser (LB); G6- control, non-
treated. G1 to G3 were bleached for 6h during 21 days. Afterwards all blocks were
abraded with 600grit abrasive papers and G1, G2, G4 and G5 were irradiated
according to their groups. Blocks were immediately restored with 4-mm thick
composite resin (Adper Single Bond 2; Z-250-3M/ESPE). After 24hs of storage at
37°C in relative humidity, the restored blocks (n=9) were sectioned and trimmed to
an hour-glass shape of approximately 1 mm? area at the bonded interface tested in
tension with a cross-head speed of 1mm/min. uTBS data was analyzed by Two-way
ANOVA (0=0.05) and no statistical differences were found. Failure mode was
determined at a magnification of X100 using a stereomicroscope. One treated block
of each group was selected for scanning by electron microscope (SEM) analysis.
Results: Mean bond stregths (SD) in MPa were: G1- 30.4 (6.2); G2- 27.9 (8.5); G3-
32.3 (3.9); G4- 23.7 (5.8); G5- 29.3 (6.0); G6- 29.1 (6.1) (P>0.05). A high amount of
adhesive failures was recorded for bleached and lased enamel surface tested.
Conclusions: The bleached enamel surface did not present significant difference
from the non-bleached enamel surface for uTBS values. Er:YAG laser irradiation
with LA prior to adhesive procedure of bleached and non-bleaching enamel surface
had no influence on uTBS. In the same way, Er:YAG laser irradiation with LB prior to
adhesive procedure of bleached and unbleached enamel surface had no influence
on the microtensile bond strength. The LA promoted ablation of enamel surface
observed under SEM and LB did not promote ablation.

KEY WORDS

Er:YAG Laser, Scanning electron microscope, Microtensile bond strength, bleached

enamel
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INTRODUCTION

Dental bleaching is an esthetic procedure that changes tooth color as it
becomes lighter. The oxygenating agents, like hydrogen peroxide, diffuses through
enamel and dentin." After bleaching procedures is very frequent the replacement of
old restoration. However, it has been reported that dental bleaching treatment
reduces immediate bond strength of composite resin to enamel®® and dentin due to
the presence of residual bleaching agent.*® The residual oxygen in dental tissue
may inhibit the polymerization and reduces the bond strength of composite resin
restorations.®

Bond strength of restoration on enamel can be reestablished to standard
values up to 3 weeks after bleaching an elapsed time is needed for oxygen

release,>’®

several authors inquire about a technique to revert this side effect and to
enable the replacement of esthetic restoration as soon as possible.

On the other hand, due to a wavelength of 2.94um the use of Er:-YAG laser
with low parameter may promote a chemical and/or morphological alteration of

enamel surface,>'®"

which coincides with the water absorption spectrum results in
thermal energy and surface temperature rise due to absorption by water molecules.'?
Therefore, hydrogen peroxide and free oxygen are highly reactive and an increase in
temperature may release them. Er:YAG used in low energy density may increase the
surface temperature in the replacement of a restoration. The Er:YAG laser irradiation
could accelerate the removal of bleaching residual agents and free oxygen by
treating the target surface to improve adhesion resulting in standard bond strength
values.

Since there is no report in literature of a study that evaluated the treatment
with Er:-YAG laser in low energy density after enamel bleached with 16% carbamide
peroxide prior to adhesive restoration of dental resin composite, the objective of this
study was to evaluate the effect of two parameters of Er:YAG irradiation on the
adhesion to bleached enamel.

2- MATERIAL AND METHODS

Sixty extracted bovine incisors stored in 0.1% thymol solution at 4°C were
used in this study. Blocks with 7x3x3 mm?® were sectioned from the buccal surface of
bovine teeth with double-faced diamond disks (n° 7020; KG Sorensen, Barueri, SP,
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Brazil) used at a low speed (Kavo, Joinville, SC, Brazil). The samples were randomly
assigned to six experimental groups according to the bleaching and laser treatment
performed (Table 1).

Bovine Dental Fragments Bleaching

Dental bleaching has been performed during 21 days in G1 to G3. An
individual tray for each block was manufactured using 0.4mm thick ethyl vinyl
acetate (EVA, Bio Art Equipaments Odontologicos Ltda., Sdo Carlos, Brazil) polymer
in a vacuum forming machine. The vital bleaching agent, 16% carbamide peroxide
(Whiteness Perfect 16%, FGM, Denstcare Ltda, Joinville, Brazil) was applied for 6
hours a day by covering the dental block with 0.04ml of bleaching material and the
individual custom tray. The blocks were stored in 14 ml of artificial saliva at 37°C that
was changed daily. The artificial saliva contained calcium and phosphate in a known
degree of saturation to mimic the remineralizing properties of natural saliva (50
mmol/l KCI, 1.5 mmol/l Ca, 0.9mmol/l PO* 20 mmol/l tri-hydroxymethil-
aminomethan, pH 7.0)."3*

To simulate the cavity preparation and obtain a flat standardized surfaces for
microtensile bond strength test, the blocks were abraded with 600-grit silicon carbide
sandpaper disks (Carburundum Abrasivos Ltda, Vinhedo, Brasil) using a polishing
machine Teclago (PL02 RB LAB Com. Técnica Ltda, Sao Paulo, Brasil).

Laser Irradiation

The Er:YAG laser (KaVo KEY Laser Il — KaVo, Biberach, German), which
presents a wavelenght of 2.94 ym, and pulsed duration of 250-400 us, was used to
irradiate the blocks with the handpiece no. 2055, fiber 50/10 with beam diameter of
0.47 mm, intput power of 100mJ, and repetition rate fixed at 2 Hz with a transmitting
factor of 0.54 without refrigeration in all specimens. The output power was 82mJ. It
was measured with a power meter (Coherent, Newport, United States).

Blocks of G1 and G4 were irradiated in “contact mode” with 25.52 J/cm?. All
area of enamel was irradiated uniformly by hand in a grid pattern for 40s by a single

trainned operator.
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In G2 and G5 the handpiece was positioned 3mm away from target surface to
decrease the energy density at the surface, and they were irradiated in “non-contact”
mode resulting in irradiation with 4.42 J/cm? of energy density. The standardization

of the distance was achieved with an endodontic K-file fixed to the laser hand-piece.

Table 1- Experimental groups according to bleaching procedure and laser treatment.

Experimental Bleaching Laser treatment
Groups Treatment (n=10)

G1 Yes Er:-YAG laser — contact
G2 Yes Er:-YAG laser - non-contact
G3 Yes -

G4 No Er:-YAG laser — contact
G5 No Er:YAG laser - non-contact
G6 No -

Microtensile Bond Strength Test

After surface treatment, an etch-and-rinse adhesive system Adper Single
Bond 2 (3M/ESPE) was used according to the manufacturers’ instructions. Table 2
lists composition, lot number, and application instructions of the selected materials.
The adhesive system was applied in all groups with microbrush disposable tips to
avoid excess and pooling of adhesive at teeth surface and air dried gently for 5s.
After bonding procedure, restorations were made at 4-mm height with micro-hybrid
resin composite Filtek Z250 — A2 (SM/ESPE). The activation of adhesive and resin
composite was performed with quartz-tungsten halogen lamp with a 700mW/cm?
output (Optilux, Demetron/Kerr, Danbury, CT, USA) according to manufacturers’
instructions. The bonded specimens were placed in relative humidity at 37°C for 24h.
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Table 2. Composition, lot number and application mode of the selected materials

P Composition et
roduct P Directions for use

Adper Single Bond
2
(B3M-ESPE, Irvine,

HEMA, bis-GMA, DMAs, methacrylate

) . Two coats were consecutively
functional, copolymer of polyacrylic and

applied, gently air-dried and

polyitaconic acids, water, ethanol, L
Lc?tAQ\bJV%AB)R nanofilller, photoinitiator light-cured for 10 seconds
7250 — A2
(BM-ESPE, Irvine, Bis-GMA, Bis-EMA, UDMA e Light activate for 20 seconds
CA, USA) camphorquinone. Fillers: Zirconia-silica each increment
Lot: 9EP

Abbreviations: bis-GMA=bisphenol glycidyl methacrylate; Bis-EMA= bisphenol A
polyethylene glycol diether dimethacrylate; UDMA=urethane dimethacrylate
DMA=dimethacrylates; HEMA=2-hydroxyethyl methacrylate

The specimens were sectioned mesiodistally to serial slabs using a diamond
saw (IsoMet 1000; Buehler Ltd, Lake Bluff, IL, USA) under water cooling into 1.0mm-
thick sections. The adhesive interface was trimmed at the interface to an hour-glass
shape (‘trimmed’micro-specimens) with approximately 1 mm? of bonded area which
were subjected to uTBS test using an universal testing machine (EZ Test, Shimadzu,
Kyoto, Japan) at a cross-head speed of 1mm/min." The specimens were attached to
a microtensile apparatus, using a cyanoacrylate adhesive (Loctite Super Bond Gel;
Henkel, Dusseldorf, Germany). Dimensions of each side of the debonded specimen
were measured using a digital micrometer (Mitutoyo Co., Tokyo, Japan) and the
values of uTBS in MPa were calculated for each specimen by the ratio of the
fractured load and measured surface area. The mean of the five uTBS values of
each specimen was used as the specimen microtensile value. A two-way ANOVA
method was used to evaluate the statistical significance of mean pTBS (MPa) data
and was compared at the 95% level of confidence.

The failure mode was observed at a magnification of 100X using a
stereomicroscope (PanTec, Panambra Ind. e Técnica SA, Sdo Paulo, Brazil) and
scored according to standardized criteria into 1 of 3 types: cohesive failure in enamel
(CE), adhesive failure between enamel and resin (AD) and cohesive failure in resin
(CR). Instead of classifying failure as mixed, the area percentage of each type of
failure in each hour glass was recorded. The failure modes were given as
percentage. A statistical descriptive method treatment was given to debonded
sample analysis.
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Scanning electron microscopy analysis of the enamel surface

The samples were cleaned on ultrasonic bath for 10 minutes and fixed in
Karnovsky solution for 1 hour. The samples were rinsed with distilled water and then
dehydrated in a graded series of alcohol solutions [70, 90, and (2x) 100%] for 10
minutes at each concentration. These samples were sputtered with 15 um thick
platinum.

One treated block of each group was kept for SEM evaluations and one
representative failure type was selected during failure mode analysis. Photographs
were taken at 200, 500 and 2,000X magnifications (Figures 2 to 8) and
representative failure modes selected among fractured specimens and enamel
surface were examined with a scanning electron microscope (FEI; Quanta 600F,
Nederland, NE).

RESULTS

Microtensile Bond Strength Test

As data presented normal distribution they were submitted to two-way ANOVA
(a=0.05) considering the factors of bleaching and laser treatment and their
interaction. Table 3 presents the mean uTBS values of each experimental group and
studied factors, the standard deviation and pre-test failures.

No statistically significant differences were observed for bleaching (p=0.08),
laser treatment (p=0.20) or for the interaction bleaching and laser treatment
(p=0.13).



25

Table 3. Mean Microtensile bond strength values (MPa) of each experimental group

and studied factors, standard deviation [SD] and pre-test failures.

Groups Bleaching Laser treatment MTBS (MPa) Prt_e-test

Treatment (n=10) (n=9) Failures
G1 Yes Er:-YAG laser — contact 30.4 [16.2] 5%
G2 Yes Er:YAG laser - non-contact 27.9 [£8.5] 8%
G3 Yes 32.3 [+3.9] 1%
G4 No Er:YAG laser - contact 23.7 [£5.8] 36%
G5 No Er:YAG laser - non-contact 29.3 [16.0] 8%
G6 No 29.1 [+6.1] 0%

The distribution of failure modes among adhesive interface is shown in Figure

0%

20%

40% 60%
OCE ®mAD CR

80% 100%

Figure 1. Distribution of failure modes within groups. CE, cohesive failure in enamel,;

AD, adhesive failure between enamel and adhesive; CR, cohesive failure in resin

composite.

The predominant fracture in control group G6 (60%) and G4 (46%) was CR,
but G6 showed 4% of CE and G4 (35%). In the other groups, the predominant
fracture was AD (G1- 50%; G2- 62%; G3- 68%; and G5- 40%), however the least
predominant type of fracture was different and to G1 (16%) and G2 (11%) was CE
and CR to G3 (14%).

The pre-test failure recorded was G1- 5%, G2- 8%, G3- 11%, G4- 36%, G5-
8% and G6- 0%.



26

Scanning electron microscopy evaluation

A representative SEM image of each failure mode is shown in Figure 2. Figure
2A is a SEM image of cohesive failure in enamel (CE); Figure 2B is the SEM image
of adhesive failure between enamel and resin (AD) and Figure 2C is the SEM image
of 50% cohesive failure in resin (CR) and 50% adhesive failure.

The SEM appearances of each group of surface treatment are present in
figures 3 to 7. Contact Er:-YAG laser irradiation promoted ablation of enamel surface
observed under SEM for bleached (Figure 3) and unbleached teeth (Figure 6). Non-
contact Er:YAG laser irradiation prior to adhesive procedure promote no ablation of
bleached enamel surface (Figure 4). There were no morphological alterations on the
enamel surface of bleached and flattened teeth (Figure 5) compared with control that
was covered by smear layer (Figure 7).

DISCUSSION

Vital dental bleaching is a conservative and safe procedure to solve
tooth discoloration.'®'” The clinical use of 10% carbamide peroxide has been
described by Haywood and Heymann (1989) and it is widely used in modern
dentistry.'® This agent is effective for bleaching procedure,’” and the use of peroxide
with higher concentration has grown.'®?° The residual oxygen of bleaching
procedure may reduce the bond strength of composite resin restorations.®
Carbamide peroxide agent demineralizes the enamel?'? and even with the strength
on bleached teeth reversed, the bonding quality is decreased.’ It has been reported
reduced penetration of adhesive system in enamel after dental bleaching.® However;
our study showed no statistical differences among the studied groups.

The absence of differences in the uTBS may be due the selected study design
model, which simulated 21 days of bleaching treatment. Also in the study model the
bleaching treatment was performed on the enamel surface and the bond strength
test in the inner enamel. Due to the low molecular weight of peroxides, it was
expected a penetration of the bleaching in the inner enamel that was exposed after
21 days by wearing the enamel to simulate a cavity preparation with smear layer
(Figure 5). This way, the accumulation of residual peroxide and free oxygen in the
area prepared for the adhesion test could be smaller than the superficial surface

directed exposed to bleaching agents and it did not impair the uTBS values.
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However, the failure mode clearly demonstrated that the bleaching procedure
damaged adhesive procedure, even with no differences in uTBS. Bleached group
(G3) recorded a high percentage of adhesive failure (68%) compared with control
group (G6- 36%). It is also important to note that group 4 recorded the highest pre-
test failure (36%).

The group bleached and treated with Er:YAG laser in contact mode (G1)
showed no difference of uTBS compared with the group treated with non-contact
mode (G2) and both groups presented a predominant adhesive failure mode pattern
with more percentage in the G2 but less cohesive failure in enamel and adhesive
failures than the group bleached and non-irradiated (G3). Even though the uTBS
was not statistically different among the bleached and control groups; a high
percentage of cohesive failure in enamel in irradiated groups was observed.

By the SEMs microphotographs it can be observed that the contact mode
irradiation with 25.52 J/cm? lead to total removal of the smear layer creating a non-
homogeneous surface with some evidence of ablation with cracks and few melted
enamel (Figure 3). In the non-contact irradiation mode, it was observed a partial
removal of the smear layer with a flat surface without ablation or melting (Figure 4).
In both groups, the laser energy must have been absorbed by enamel and changed
into thermal energy. This thermal energy may change enamel chemical composition
even in subablative or by temperature diffusion in ablative energy densities.?*

In contrast to the groups irradiated in contact mode (G1 and G4) which had no
statistical difference in the uTBS value they presented different failure pattern. The
bleached group showed less cohesive enamel failure (16%) than unbleached group
which showed 33% of cohesive enamel failure. This is probably due to the
interaction of Er:YAG laser with the enamel under the treated surface which caused
detrimental effects. Structural defects on enamel can be responsible for this fact
because Figure 3 and 6 showed morphological alteration with evidence of ablation.

Also, Chuang et al. (2009) related low microtensile bond strengh values after
bleaching treatment with 10% carbamide peroxide 8h/day during 14 days.' However,
in Chuang et al. (2009) study, adhesive procedure was performed without flattening
enamel surface and this fact can explain the decreased uTBS values. In the same
way, Gurgan et al. (2009) related decreased shear bond strength after bleaching
procedure with 16% carbamide peroxide to a self-etching adhesive system

compared with conventional adhesive technique and Er,Cr:YSGG laser treatment.?
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In the present study the enamel flattening step intention was to create a clinical
condition of restoration replacement and the removal of superficial enamel could be
favorable to adhesive condition.

There are no comparable studies analysing the influence of Er:YAG laser
irradiation in subablasive energy density on the puTBS in enamel after dental
bleaching when the tooth will be restored with an adhesive procedure. In addition,
the hypothesis that Er:-YAG laser treatment with two different energy densities, by
contact or non-contact mode was evaluated.

In summary, since no statistical significant damage in uTBS of enamel after
bleaching treatment was observed, the surface treatment with Er:-YAG laser
irradiation with contact and non-contact mode also had no improvement on uTBS of
bleached and unbleached enamel. Contact mode laser irradiation promoted ablation

of enamel surface observed under SEM.
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CONCLUSIONS

Adhesive procedures may be performed in margins of cavities prepared soon
after vital dental bleaching without damaging on microtensile bond strength. Er:YAG
laser irradiation with 25.52 J/cm? prior to adhesive procedure had no influence on
uTBS and promoted ablation of enamel surface observed under SEM. On the other
hand, Er:-YAG laser irradiation with 4.42 J/cm? prior to adhesive procedure did not

promote ablation.
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