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“O sabio que tudo sabe € aquele que sabe que
nada sabe”

Platao

“Uma experiéncia nunca € um fracasso, pois

sempre vem demonstrar algo.”

Thomas A. Edison



RESUMO

O objetivo desse estudo foi avaliar os efeitos das fontes de ativacdo e de
materiais restauradores apds desafio acido in vitro por meio de microdureza de
esmalte humano e o grau de polimerizacao indireto dos materiais restauradores.
Dentes humanos foram seccionados em trinta e seis blocos. Cavidades de 1,6mm
foram realizadas com pontas diamantadas. Os dentes foram divididos em 2 grupos
de acordo com o material restaurador (n=18): ionébmero de vidro modificado por
resina- CIVRM (Vitremer-3M ESPE; A3) e resina composta - RC (Z250-3M ESPE;
OAB). Cada grupo foi dividido em trés subgrupos e ativados por uma fonte halégena
(QTH - 700mW/cm? durante 40s), laser de fon Argdnio (LA - 200mW durante 20s) ou
luz emitida por diodo (LED - 1200mW/cm? durante 20s) (n=6). A microdureza dos
materiais restauradores foi avaliada no topo das restaurag¢des na regido central. Os
blocos de esmalte restaurados foram termociclados e submetidos a 10 ciclos de
desmineralizagédo-remineralizagédo a 37°C para indugéo de lesdes cariosas artificiais.
A avaliagdo quantitativa do desenvolvimento da lesdo de cérie através de ensaio de
microdureza Knoop superficial foi relizada através de quatro identacées a 100um da
margem cavitaria em cada fragmento de esmalte. Os dados foram avaliados por two-
way ANOVA e teste de Tukey (p<0,05) para a analise dos materiais restauradores e
da avaliacdo de esmalte superficial. Os corpos-de-prova foram seccionados
longitudinalmente para avaliacdo das lesGes de carie subsuperficiais por meio da
microdureza Knoop realizada em sete indentagdes localizadas a 30, 60, 90, 120,
150,180 e 210 um da superficie e 100um da cavidade restaurada. Os dados foram
avaliados por three-way ANOVA e teste Tukey (p<0,05). ANOVA nao mostrou
diferengas estatisticamente significantes entre a microdureza dos materiais
restauradores. Na avaliacao das lesbes de carie superficial o fator “material” foi
significante (p=0,0001). Os resultados encontrados foram: IVMR: 272,8A e RC:
93,3B. O fator “fonte ativadora” e as interacoes entre os fatores nao foram
estatisticamente significantes. Os resultados encontrados foram: IVMR-QTH:
275,8A; IVMR-LED: 267,6A; IVMR-LA: 272,5A; RC-QTH: 115,4B; RC-LED: 80,7B;
RC-LA: 82,7B. ANOVA mostrou diferencas estatisticamente significantes para os
fatores “material”, “fonte ativadora” e “profundidade” (p< 0,0001) para avaliacdo de
lesdo de cérie subsuperficial. Houve diferencas estatisticamente significantes para a
interacdo entre os fatores “fonte ativadora” e “profundidade” (p<0,0001). Os



resultados para RC foram estatisticamente menores do que IVMR para avaliacdo do
esmalte superficial: IVMR-QTH: 456,3Aa; IVMR-LED: 380,8Aab; IVMR-LA: 351,7Ab;
RC-QTH: 177,3Ba; RC-LED: 212,1Ba; RC-LA: 46,7Bb. Os resultados (KHN) para
diferentes profundidades foram: 30um: 166,6A; 60um: 204,4AB; 90um: 225,7ABC;
120um: 241,8ABC; 150um: 292,6AC; 180um: 304,5C; 210um: 314,4C. A fonte
ativadora nao influenciou o desenvolvimento das lesbées de caries secundarias ao
redor das restauracoes superficialmente. A ativacdo com laser de ion argbnio
proporcionou mais lesdes de carie subsuperficiais para os materiais avaliados.
Houve um menor desenvolvimento de lesdes de carie ao redor das restauracdes de
IVMR do que RC. A profundidade das lesdes de carie foi similar para os materiais

restauradores avaliados.

PALAVRAS-CHAVES
cimento de iondmero de vidro; resina composta; laser de ion Argbnio; luz halégena;

caries secundarias



ABSTRACT

The objective of this study was to evaluate the effects on caries development
of light-activation mode and restorative materials after in vitro pH challenge by Knoop
microhardness profile of human enamel and the indirect degree of polymerization of
restorative materials. Human teeth were sectioned in thirty six blocks and cavity
preparations of 1.6mm were performed with diamond burs. Teeth were distributed
into 2 groups according to restorative material (n=18): resin-modified glass ionomer
material-RMGI (Vitremer-BMESPE; A3) and composite resin-CR (Z250-3MESPE;
OAB). Each group was divided in three subgroups and activated by quartz-tungsten-
halogen lamp (QTH - 700mW/cm? for 40s), argon-ion laser (AL - 200mW for 20s) or
Light Emitting Diode (LED - 1200mW/cm? for 20s) (n=6). The restorative materials
microhardness was evaluated at the top of the restoration at the central region.
Restored enamel blocks were thermocycled and submited to 10 demineralization-
remineralization cycles at 37°C to induce caries-like lesions. The quantitative
evaluation by Knoop microhardness (KHN) profile of the superficial enamel caries-
like lesions development was carried out by four indentations located 100um from the
restored cavity in each enamel block. Data were evaluated by 2-way ANOVA and
Tukey tests (p<0.05) for restorative material and superficial enamel evaluation. The
specimens were sectioned to evaluate caries-like lesions development by
subsuperficial Knoop microhardness which was carried out by seven indentations
located at 30, 60, 90, 120,150, 180 and 210 um from surface and 100um from the
restored cavity. Data were evaluated by 3-way ANOVA and Tukey tests (p<0.05).
ANOVA did not show statistical significant differences among the KHN for superficial
restorative material evaluation. Superficial enamel caries evaluation was different to
the factor “material” (p=0.0001). KHN results were: RMGI: 272.8A; CR: 93.3B. The
factor “photoactivation source” and interactions between factors was not statistically
significant. KHN results were: RMGI-QTH: 275.8; RMGI-LED: 267.6; RMGI-AL:
272.5; CR-QTH: 115.4; CR-LED: 80.7; CR-AL: 82.7. ANOVA showed statistical
significant differences to factor “material”; “photoactivation-source” and “depth”
(p<0.0001) for subsuperficial enamel caries evaluation. There was a statistical
significance for interactions between “photoactivation source” and “depth”
(p<0.0001). KHN results of subsuperficial enamel caries evaluation around resin
composite were statistically lower than resin-modified glass ionomer cement: RMGI-



QTH: 456.3Aa; RMGI-LED: 380.8Aab; RMGI-AL: 351.7Ab; CR-QTH: 177.3Ba; CR-
LED: 212.1Ba; CR-AL: 46.7Bb. KHN results for different depths were 30um: 166.6A;
60um: 204.4AB; 90um: 225.7ABC; 120um: 241.8ABC; 150um: 292.6AC; 180um:
304.5C; 210um: 314.4C. The photoactivation source did not influence secondary
caries development around dental restoration superficially but argon ion laser led to
higher subsuperficial caries to the restorative materials evaluated. There was less
development of caries lesion around RMGIC restoration than CR. The depth of

enamel caries lesions was similar for the restorative materials evaluated.

KEY WORDS

glass ionomer material; composite resin; Argon ion laser; halogen light, light emitting

diode; secondary caries
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1. INTRODUGAO E JUSTIFICATIVA

A prevencao da progressao de lesées de carie poderiam reduzir a taxa de
substituicdo de restauracdes, reduzindo assim a necessidade de tratamento
restaurador e custos adicionais. Agentes fluorterapicos em forma de dentifricios, gel,
verniz, ou materiais restauradores, como os cimentos de ionémero de vidro
apresentam potencial inibidor do processo de desmineralizagdo, € aumentam a
remineralizacdo da estrutura dental, atuando como importante fator na prevencao e
controle das lesdes de carie na superficie dental. O uso de materiais restauradores
que liberam fluoretos é indicado para prevenir o desenvolvimento de caries
secundarias em pacientes de alto risco. O potencial cariostatico dos materiais
restauradores € descrito por pesquisas que demonstraram um alto efeito cariostatico
nos cimentos de iondbmero de vidro convencionais, efeito moderado nos hibridos de
ionébmero de vidro e resina composta como também efeito insignificante nas resinas
compostas e sistemas adesivos (JORGE et al., 2010).

Um dos motivos responsaveis pelo desenvolvimento de lesdes de caries
secundarias e a falha nas restauragées € a microinfiltragdo. As fendas entre a
restauracdo e as paredes cavitarias permitem a invasdao de fluidos e bactérias
levando a formacao de caries secundaria (PEREIRA et al.,1998).

Mesmo que a unido do compoésito ao esmalte seja considerada um
procedimento duradouro e eficaz, a microinfiltracdo pode ocorrer e ser prejudicial
para a longevidade das restauracbes. A capacidade de eliminar microespacos ao
redor da interface esmalte-restauracao é fundamental, para diminuir a probabilidade
de desenvolvimento de carie secundaria (HICKS et al., 2003). E bem sabido que
microespagos na superficie e ao longo da interface esmalte-restauracao permitem o
acesso de acidos produzidos pelas bactérias cariogénicas para esta interface, e
pode levar a desmineralizacao na fase inicial da lesdo de cérie. Ao longo do tempo,
a interface desmineralizada ser4d aumentada, em largura e proporcionara um nicho
protetor para as bactérias acidogénicas (HICKS et al., 2003).

A estrutura do dente imediatamente adjacente a restauracao é suscetivel
a carie secundéaria devido a falta de adaptacdo dos materiais restauradores e
subsequente microinfiltracdo. Outros fatores, tais como: a composicao quimica do
esmalte e da dentina, na parede da cavidade e as caracteristicas do material
restaurador utilizado também afetam a progressao deste tipo de leséo de carie.
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Com o intuito de identificar os métodos de prevencao de cérie secundaria
e aumentar a durabilidade das restauragdes dentarias clinicas, diferentes
tecnologias séo introduzidas e aplicadas na clinica odontolégica (KLEIN et al., 2005).
Apesar dos progressos das pesquisas in situ e de estudos in vivo em cariologia, as
pesquisas laboratoriais sdo amplamente utilizadas para avaliar o desenvolvimento
da cérie dentaria, principalmente o efeito do flior na inibicdo da desmineralizacao do
esmalte e dentina e ativacao da remineralizagao (QUEIROZ et al., 2008).

A avaliacdo in vitro da inducdo de lesdo de cérie artificial em torno de
cavidades restauradas é importante para analisar o comportamento dos materiais
restauradores sobre o desenvolvimento das lesGes de céaries (PEREIRA et al.,
1998). Entre eles a microdureza é o Unico que considera alteragcbes no contetudo
organico e inorganico da dentina (HARA et al., 2003). A ciclagem térmica simula as
condicbes extremas de temperatura que sdo encontradas na cavidade oral
(MAGALHAES et al., 2005). O método de inducéo de carie artificial é adequado para
estudos de céarie de esmalte (MENDES et al., 2004). Magalhdes et al. (2005)
avaliaram a microdureza do esmalte ao redor de restauragdes em compdsitos e
verificaram que a diferenga encontrada foi referente a técnica restauradora.
Obtiveram menor desmineralizacdo quando houve selamento marginal eficiente.

A formulacdo e o desenvolvimento dos cimentos de ion6mero de vidro na
década de 70 teve por objetivo combinar as boas propriedades do cimento de
silicato e do policarboxilato de zinco: liberacao de fllor e a capacidade de adesao a
estrutura dentéria. A apresentacdo dos ionébmeros convencionais geralmente € em
forma de p6 e liquido e devem ser aglutinados. Os ion6meros modificados por resina
Sa0 na sua versao mais basica, um cimento convencional com pequena quantidade
de componentes resinosos, como o HEMA e o Bis-GMA (McCABE et al., 1998).
Varios dos componentes aquosos dos ionédmeros convencionais foram inseridos na
mistura agua/HEMA (LOGUERCIO et al., 2007). Uma resina hidrofilica foi adicionada
como co-solvente (CATTANI-LORENTE et al., 1999).

Estudos demonstram que a inclusao de resina no ionébmero de vidro
produziu um aumento na resisténcia a flexdo e tracdo melhorando suas
propriedades mecanicas. Por outro lado, ndo € claro se a incorporacdo destes
monOmeros aumenta a dureza superficial e resisténcia a compressao (ELLAKURIA
et al., 2003). llie e Hickel (2007) em um recente estudo sobre a manipulacdo do

cimento de ion6bmero de vidro apresentaram as propriedades mecanicas melhoradas
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do ionébmero de vidro modificado por resina comparados ao convencional. Os
iondbmeros de vidro modificados por resina possuem a vantagem do controle do
tempo de trabalho pela possibilidade de fotoativacdo (NAVARRO e PASCOTTO,
1998) além de apresentarem um comportamento mecanico superior (PEREIRA et
al., 2002; ILIE e HICKEL, 2007) e sensibilidade a umidade menor do que o0s
cimentos de ionémero de vidro convencionais (BERZINS et al., 2010). O seu
desenvolvimento ocorreu em 1988 com o intuito de melhorar a sensibilidade a
umidade e aumentar a resisténcia mecanica inicial dos cimentos de ionémero de
vidro (ELLAKURIA et al., 2003; CATTANI-LORENTE et al., 1994).

Materiais do grupo dos cimentos de iondmero de vidro apresentam reacao
acido-base entre o acido poliacrilico e o ion livre do vidro. Pereira et al. (1998)
compararam a capacidade de liberacao de flior de materiais para inibir a formacéao
de céries in vitro, e mediram a largura e a altura das zonas de inibicdo nas lesdes de
carie. Os resultados mostraram que o cimento de ionédmero de vidro convencional
produziu uma maior zona de inibicao, seguido do iondbmero de vidro modificado por
resina (Vitremer-3M ESPE).

Desde o desenvolvimento por Bowen (apud ANUSAVICE, 2005) em 1962,
uma nova resina foi criada. A composicao da inovacéao foi constituida de bisfenol A-
glicidil metacrilato (Bis-GMA), uma resina de dimetacrilato, e agente de ligagéo
composto por um silano orgénico. As resinas compostas odontoldgicas sao
formadas estruturalmente por trés componentes fundamentais: pela matriz que é
constituida de um material resinoso plastico que se une as particulas de carga, pela
prépria carga que se constituem em particulas e proporcionam reforco, pois se
encontram dispersas na matriz e pelo agente de unido o qual promove a adesao
entre a carga e a matriz resinosa. A morfologia das resinas compostas tem influéncia
sobre diversas propriedades das resinas assim como na qualidade de polimerizacao
(ANUSAVICE, 2005).

Sabe-se que as resinas compostas sdao materiais poliméricos com
ligacbes cruzadas sustentadas por dispersdo de cristais ou particulas de carga
organica. Os materiais compoésitos contendo mondémeros dimetacrilato séo
amplamente utilizados, como agentes de unido de resinas compostas, para
restauracdo dentaria, e para selantes de fissuras simplesmente devido a estética
superior e propriedades fisico-mecanicas (KHOSROSHAHI et al., 2008).
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O fotoiniciador é um dos componentes mais importantes da composi¢ao
das resinas compostas, porque ele inicia a fotopolimerizagdo. Um exemplo é a
utilizacdo de canforoquinona como um fotoiniciador quando exposto a luz de
comprimento de onda correto e a densidade de poténcia adequada, inicia a geracao
de radicais livres que precipitam a polimerizacado (KHOSROSHAHI et al., 2008).
Diferentes fontes de luz com um comprimento de onda na faixa da cor azul séo
encontradas atualmente e sdo capazes de ativar a canforoquinona presente na
composicao de resinas compostas odontolégicas.

As lampadas de quartzo tungsténio halégena (QTH) para polimerizacao
foram os equipamentos mais utilizados para a polimerizacado das resinas compostas.
A lampada halégena convencional de quartzo-tungsténio emite comprimento de
onda entre 400-500 nm (RUEGGEBERG et al., 2000; KNEZEVIC et al., 2005) capaz
de ativar a canforoquinona (RUEGGEBERG et al., 2000; PRICE et al., 2003) que
possui espectro de absor¢do no comprimento de onda de 468 nm (STANSBURY,
2000). Quando o pico de absorcao da canforoquinona é atingido na presenca de
uma amina organica ocorre a formacao de radicais livres necessarios para iniciar a
reacao de polimerizacdo (PRADHAN et al., 2002).

A fonte de luz visivel halégena consiste em um bulbo de luz de halogénio-
tungsténio-quartzo. A qualidade de luz que emana das fontes de luz visivel € um
fator importante. No entanto, estas lampadas tém uma série de limitagdes tais como:
degradacao do bulbo, filtro refletor assim como uma vida util limitada (YAZICI et al.,
2007). Podem apresentar problemas atribuidos a quebra da fibra ética, a
degradacao dos filtros, problemas com a lampada ou alteragdes de voltagem
(KELSEY et al.,1992).

O termo dureza significa “resisténcia a penetracdo” e é resultado da
interacdo de varias propriedades. Os ensaios mais utilizados para medir a dureza
superficial sdo os de Brinell, Rockwell, Vickers e Knoop, e sdo baseados na
habilidade do material de resistir a penetragdo por uma ponta, sob uma carga
especifica (RODE, 2001). O teste de avaliagao de microdureza é um método indireto
para avaliar o comportamento mecéanico da polimerizagdo das resinas compostas
que esta cada vez mais utilizada na Odontologia (RUEGGEBERG et al., 2000;
PRICE et al., 2003; RODE et al., 2009).

A palavra laser € um anacrébmio para light amplification by stimulated

emission of radiation. Luz é uma forma de energia eletromagnética que viaja em
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ondas e em uma velocidade constante. A unidade basica da energia radiante é
chamada de féton, ou particula de luz. A onda dos fétons pode ser definida por duas
propriedades basicas: a primeira € a amplitude, que é definida como a altura de
oscilacao total de onda do topo até embaixo, sendo o joule uma unidade de energia,
uma quantidade util para dentistica € o milijoule que é 1/1000 de joule; a segunda
propriedade da onda é o comprimento de onda que € a distancia entre qualquer dois
pontos correspondentes na onda. O comprimento de onda é mensurado em metros,
menores unidades dessa mensuracéo sdo os microns (10°m) ou nanémetro (10-
°m). Uma propriedade das ondas que é relacionada ao comprimento de onda é a
frequéncia, que € a mensuragao do numero de oscilagées da onda por segundo. A
frequéncia é inversamente proporcional ao comprimento de onda: quanto menor o
comprimento de onda, maior a frequéncia e vice-versa (PICK, 1993; PRADHAN et
al., 2002).

O laser foi uma tecnologia que cresceu muito nos ultimos anos. O laser de
ion Argbnio é uma alternativa de fonte de luz utilizada para polimerizacéo de resinas
compostas (CASSONI e RODRIGUES, 2007; CASSONI et al., 2008) devido ao seu
comprimento de onda de 488nm (KHOSROSHAHI et al., 2008; TIELEMANS et al.,
2009), muito préximo a ativacdo da canforoquinona. Esta, na presenca de uma
amina organica, resulta na formagdo de radicais livres necessarios para iniciar a
reacao de polimerizagdo (PRADHAN et al., 2002).  Varios estudos foram
realizados com laser de ion Argbnio com colagem de braquetes na ortodontia
(LALANI et al., 2000; ANDERSON et al., 2002; NOEL et al., 2003; JAMES et al.,
2003; HILDEBRAND et al., 2007). H& evidéncias de resisténcia a desmineralizacao
do esmalte e tempo reduzido, quando comparada com luz halégena (LALANI et al.,
2000; ANDERSON et al, 2002; NOEL et al., 2003; JAMES et al., 2003;
HILDEBRAND et al., 2007). Resisténcia a carie foi observada em estudos in vitro
(LALANI et al. 2000; NOEL et al., 2003; JAMES et al., 2003) e in vivo (ANDERSON
et al., 2002). O esmalte humano irradiado com laser de ion Argbnio apresenta
diminuida suscetibilidade a carie (WESTERMAN et al., 2006; WESTERMAN et al.,
2004).

A maior diferenga entre a polimerizagao com luz visivel (halégena) e laser
de ion Argbnio de resinas compostas e ionébmero de vidro modificados por resina
observadas em estudo de Hicks et al. (2003) foi a mudanga topografica na superficie
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adjacente as restauracoes. Acredita-se que as alteragdes na estrutura mineral e
componentes organicos, produzem uma superficie menos susceptivel a formacao de
caries. Hicks et al. (2004) investigaram o papel da radiagédo com /aser de ion Argdnio
e sua combinacao com aplicacao tépica de fluor na reducdo da formacao de lesdes
de cérie in vivo. Somente a aplicagao prévia de laser de Argbnio com baixa fluéncia
(12J/cm?2) reduziu em 44% a profundidade das lesdes. Quando associada a
aplicacéao tépica de fluor houve uma reducgéo das lesées de carie na ordem de 62%.
Existe pouca informagéo na literatura sobre a influéncia da ativagédo com laser de ion
Argbnio, especialmente para materiais de ionémero de vidro modificados por resina.

Tanto a luz visivel quanto o /aser de Argbnio possuem distribuicido de
emissdo espectral, na faixa de comprimento de onda da absor¢cdo da
canforoquinona (KHOSROSHAHI et al.,, 2008, PICK, 1993; POWELL E
BLANKENAU, 2000; PRADHAN et al., 2002;; TIELEMANS et al., 2009). Toda
energia de luz produzida por meio do laser de Argbnio contem a energia Util (o
maximo comprimento de onda da canforoquinona € entre 468 e 492nm, e o
comprimento de onda do /aser de Argbnio é 488nm) e seu fluxo de energia € maior
(VERHEYEN, 2001).

Em 1991 a U.S. Food and Drugs Administration (FDA) aprovou para o
comércio e uso clinico o primeiro laser de Argbnio, para polimerizacao e fotoativacao
de materiais e cirurgias de tecidos moles (CASSONI e RODRIGUES, 2007;
CASSONI et al. 2008; POWELL e BLANKENAU, 2000). Existe evidéncia de que a
distancia da fonte de luz do /aser de ion Argbnio até a superficie de amostras de
resina composta nao influencia nos valores de microdureza do material (RODE,
2001). O mesmo nao ocorre com a fonte halégena que é negativamente pela maior
distancia (AGUIAR et al., 2005). O fato do laser de ion Argdnio ser significativamente
influenciado pela distancia clinica tem uma grande importancia uma vez que, € muito
comum restauracbes com grande profundidade proximal em dentes posteriores
terem dificil acesso, para a fonte polimerizadora (RODE, 2001).

Em 1998, Vargas et al. demonstraram através da microdureza que a
polimerizacao de resinas compostas ativadas com /aser de ion Argbnio versus fonte
halégena nado apresentou diferenca em dureza superficial. Por outro lado, Cassoni et
al (2008) demonstraram maiores valores de microdureza apés ativagdo com fonte
halégena. Além disso, Turbino et al. (2010) apresentaram valores de microdureza
inferiores a partir de 1 mm de profundidade apos ativagao com /aser de ion Argdnio.
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Também foi reportado que a dureza Vicker's de uma resina composta ativada por luz
visivel e laser de ion Argdnio atingiu valores maiores de acordo com o aumento nos
valores de grau de conversao (SOARES et al., 2004).

A maior diferenca entre a polimerizacdo com luz visivel (halégena) ou
laser de Argbnio de resinas compostas e cimento de vidro resino-modificado
observada em estudo de Hicks et al. (2003) foi notada por meio de mudancgas
topograficas na superficie adjacente as restauracdes. Acredita-se que as alteracoes
na estrutura mineral e componentes organicos produzem uma superficie menos
susceptivel a formagéo de lesdes de caries.

Hicks et al. (2004) investigaram o papel da radiagao com /laser de Argbnio
e sua combinag¢do com aplicacao tépica de fluor na redugéo da formacgao de lesbes
de carie in vivo. Somente a aplicacdo prévia de laser de ion Argbnio com baixa
fluéncia (12J/cm2) reduziu em 44% a profundidade das lesdes. Quando associada a
aplicacéao tépica de fluor houve uma reducgéo das lesées de carie na ordem de 62%.
Um estudo de 6 meses in vivo investigou se a irradiacao de laser de ion Argdnio do
esmalte poderia aumentar a retencao de fluor (Nammour et al., 2003). Os resultados
mostraram que o esmalte irradiado pelo laser reteve fluor quatro vezes mais do que
o esmalte ndo irradiado (Nammour et al., 2003). O processo de retencao de fluor
ainda é desconhecido. Ele pode ser induzido por uma mudanc¢a na polarizacao dos
componentes do esmalte devido ao efeito do /aser.

A introducdo no mercado odontolégico dos LEDs (light-emitting diode)
teve como objetivo o desenvolvimento de uma tecnologia para polimerizacao das
resinas compostas baseada na concentrada producao de luz com comprimento de
onda azul especifico entre 450 e 470 nm (KRAMER et al., 2008; HUBBEZOGLU et
al., 2007; D’ALPINO et al., 2006) coincidente com o comprimento de onda que
permite uma maior possibilidade de excitacdo dos fotoiniciadores.

Estudos de microdureza superficial de resinas compostas (OKTE et al.,
2005) e compbmeros (CEFALY et al., 2005) apontam uma adequada polimerizacao
com a fonte LED mas valores de microdureza reduzidos em 2mm de profundidade
para o material Dyract (CEFALY et al., 2005). Por outro lado, Cefaly et al. (2006)
encontrou maior sorpcdo de agua para cimento de vidro resino-modificado
fotoativados com LED do que para os fotoativados com lampada halégena. A

avaliacao da forca de cisalhamento de amostras polimerizadas com halégena e LED
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demonstrou uma diminuicdo da forga de cisalhamento para o ionémero de vidro
modificado por resina apos a ativacao com LED (SFONDRINI et al., 2006).

Um vez que trabalhos relacionados com diferentes fontes ativadoras ao
redor de restauracées de cimento de ion6bmero de vidro modificados por resina e
resina composta apods desafio acido in vitro sdo escassos na literatura, faz-se

necessario e importante que estudos sejam conduzidos para esclarecer esse tdpico.
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2. PROPOSICAO

O objetivo desse estudo foi avaliar o potencial cariostatico e o grau de
polimerizacao indireto de dois diferentes materiais restauradores odontolégicos
(cimento de vidro resino-modificado - Vitremer-3M ESPE e resina composta - Z350-
3M ESPE) ativados com fonte halégena (700mW/cm? durante 40s), laser de fon
Argdnio (200mW durante 20s) e LED (1200mW/cm? durante 40s) apés ciclagem de
pH in vitro em esmalte humano adjacente as cavidades restauradas através da

microdureza por meio de 1 artigo:

1- Light-activation source influence on secondary-caries prevention around
restorative materials.



METODOLOGIA E RESULTADOS
3.1 CAPITULO 1

22

Light-activation source influence on secondary-caries prevention around

restorative materials

AUTHORS INFORMATION
JULIANA DE OLIVEIRA FERLA, DDS

Guarulhos University, Sdo Paulo, Brazil
Department of Restorative Dentistry, School of Dentistry

JOSE AUGUSTO RODRIGUES, DDS, MS, Ph.D

Guarulhos University, Sdo Paulo, Brazil
Department of Restorative Dentistry, School of Dentistry

CESAR AUGUSTO GALVAO ARRAIS, DDS, MS, Ph.D

Guarulhos University, Sao Paulo, Brazil
Department of Restorative Dentistry, School of Dentistry

PAULA MACARINI

Guarulhos University, Sao Paulo, Brazil
Department of Restorative Dentistry, School of Dentistry

ANA CECILIA CORREA ARANHA, DDS, MS, Ph.D

University of Sao Paulo
Department of Restorative Dentistry, School of Dentistry

Special Laboratory of Lasers in Dentistry (LELO)
ALESSANDRA CASSONI, DDS, MS, Ph.D

Guarulhos University, Sao Paulo, Brazil
Department of Restorative Dentistry, School of Dentistry

Dr. Ferla is a master student, Department of Restorative Dentistry, School of Dentistry,

Guarulhos University

Miss Macarini is a student of the Graduate Program, School of Dentistry, Guarulhos

University, Brazil



23

Dr. Aranha is an assistant professor, Department of Restorative Dentistry, School of
Dentistry, University of Sdo Paulo, Special Laboratory of Lasers in Dentistry (LELO)

Dr. Cassoni, Dr. Rodrigues and Dr. Arrais are assistant professors of the Dental Research
and Graduate Studies Division, Department of Restorative Dentistry, School of Dentistry,
Guarulhos University, Brazil

Address reprint requests to:

Alessandra Cassoni

Universidade Guarulhos

P6s Graduagao em Odontologia

Praca Teresa Cristina, 229

Centro - Guarulhos - SP, Brazil - CEP 07023-070
Phone (Fax): 55(11) 2464-1758
Email:acassoni@prof.ung.br

ABSTRACT

The objective of this study was to evaluate the effects on caries development
of light-activation mode and restorative materials after in vitro pH challenge by Knoop
microhardness profile of human enamel and the indirect degree of polymerization of
restorative materials. Human teeth were sectioned in thirty six blocks and cavity
preparations of 1.6mm were performed with diamond burs. Teeth were distributed
into 2 groups according to restorative material (n=18): resin-modified glass ionomer
material-RMGI (Vitremer-BMESPE; A3) and composite resin-CR (Z250-3MESPE;
OAB). Each group was divided in three subgroups and activated by quartz-tungsten-
halogen lamp (QTH - 700mW/cm? for 40s), argon-ion laser (AL - 200mW for 20s) or
Light Emitting Diode (LED - 1200mW/cm? for 20s) (n=6). The restorative materials
microhardness was evaluated at the top of the restoration at the central region.
Restored enamel blocks were thermocycled and submited to 10 demineralization-
remineralization cycles at 37°C to induce caries-like lesions. The quantitative
evaluation by Knoop microhardness (KHN) profile of the superficial enamel caries-
like lesions development was carried out by four indentations located 100um from the
restored cavity in each enamel block. Data were evaluated by 2-way ANOVA and
Tukey tests (p<0.05) for restorative material and superficial enamel evaluation. The
specimens were sectioned to evaluate caries-like lesions development by
subsuperficial Knoop microhardness which was carried out by seven indentations
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located at 30, 60, 90, 120,150, 180 and 210 um from surface and 100um from the
restored cavity. Data were evaluated by 3-way ANOVA and Tukey tests (p<0.05).
ANOVA did not show statistical significant differences among the KHN for superficial
restorative material evaluation. Superficial enamel caries evaluation was different to
the factor “material” (p=0.0001). KHN results were: RMGI: 272.8A; CR: 93.3B. The
factor “photoactivation source” and interactions between factors was not statistically
significant. KHN results were: RMGI-QTH: 275.8; RMGI-LED: 267.6; RMGI-AL:
272.5; CR-QTH: 115.4; CR-LED: 80.7; CR-AL: 82.7. ANOVA showed statistical
significant differences to factor “material’; “photoactivation-source” and “depth”
(p<0.0001) for subsuperficial enamel caries evaluation. There was a statistical
significance for interactions between “photoactivation source” and “depth”
(p<0.0001). KHN results of subsuperficial enamel caries evaluation around resin
composite were statistically lower than resin-modified glass ionomer cement: RMGI-
QTH: 456.3Aa; RMGI-LED: 380.8Aab; RMGI-AL: 351.7Ab; CR-QTH: 177.3Ba; CR-
LED: 212.1Ba; CR-AL: 46.7Bb. KHN results for different depths were 30um: 166.6A;
60um: 204.4AB; 90um: 225.7ABC; 120um: 241.8ABC; 150um: 292.6AC; 180um:
304.5C; 210um: 314.4C. The photoactivation source did not influence secondary
caries development around dental restoration superficially but argon ion laser led to
higher subsuperficial caries to the restorative materials evaluated. There was less
development of caries lesion around RMGIC restoration than CR. The depth of
enamel caries lesions was similar for the restorative materials evaluated.

KEY WORDS

Resin-modified glass ionomer cement; composite resin; argon ion laser; halogen

light, light emitting diode; secondary caries

INTRODUCTION

The longevity of dental restorations is related to durable bond and sealing of
the cavity margins." Microspaces and gaps at the surface and along the restoration-
enamel interface allow the invasion of fluids and cariogenic microorganisms
penetration,? as well as the progression of secondary caries.?>® Secondary caries are
frequent in patients with high caries risk and are responsible for replacement of

dental restorations.*
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Glass-ionomer restorative materials were introduced in dentistry as a
preventive material since their fluoride releasing capacity inhibits secondary caries.>®
The resin-modified glass ionomer materials were developed so as to improve the
mechanical characteristics of glass-ionomer conventional for example increased
flexural resistanceand decrease the surface wear.” The handling characteristic is also
improved since the resin-modified glass ionomer materials are light activated.

Vitremer is a hybrid material of glass ionomer restorative material and
composite resin with an acid-base and photocure reaction. This type of material is
reportedly set via “triple-cure” mechanisms.? Setting reaction of Vitremer occurs with
an acid-base neutralization and free-radical methacrylate. A third setting reaction was
incorporated to ensure that remaining monomer that is not affected by irradiation
continued to polymerize. It contains microencapsulated potassium persulfate and
ascorbic acid which makes up the patented redox catalyst system that provides the
methacrylate cure of the glass ionomer in the absence of light but also contains
photinitiators.®

There is evidence that argon laser provides a preventive effect by reducing the
depth of lesions in sound enamel, which was submitted to cariogenic challenge. %
It has been claimed that the surface coating created with argon laser might result
from alterations in mineral structure and organic component, and produces a reactive
surface that is less susceptible to caries formation. The synergistic effect between
topical fluoride and argon irradiation has been demonstrated'?'*and it has been
reported increased fluoride retention (400%) for enamel irradiated with low energy
density of argon laser (10.72 J/cm?)."™ The exact mechanism of caries resistance
provided by argon laser irradiation is still unknown.®

Induced caries-like lesions around restorations is an in vitro evaluation that
provides information of clinical behavior of restorative materials in these
conditions.®'” It is reasonable to speculate that activation with argon ion laser would
prevent secondary caries formation especially when cavities were restored with a
fluoride releasing dental material.

The objective of this study was to evaluate cariostatic potential of light-
activation source and restorative materials after in vitro pH challenge by superficial
and cross-sectional Knoop microhardness profile of human enamel around
restorative materials and the indirect degree of conversion in superficial area of

restorative materials.
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The null hypothesis tested was: (1) superficial enamel microhardness around
two restorative materials cured by different light-curing devices is not different; (2)
cross-sectional enamel microhardness around two restorative materials cured by
different light-curing devices is not different; and (3) there is no difference between

two restorative materials in Knoop microhardness values.

2. MATERIALS AND METHODS

2.1 Ethical Aspects
This study protocolwas approved by the Guarulhos University Research Ethics
Committee (CEP-UnG, process N° 104/2009).

2.2 Experimental design

The experimental units consisted of 36 dental blocks (n=6 per group) obtained
from 18 unerupted human third molars stored in 0.1% thymol solution at 4°C. Blocks
with 4x4x2 mm were sectioned from third molars with double-faced diamond disks
(no. 7020; KG Sorensen, Barueri, SP, Brazil) used at low speed (Kavo, Joinville, SC,

Brazil) and under water irrigation.

2.2.1 Restorative Material
The factors under study were material (at two levels); photo-activaction source
(at three levels) in a factorial design 2x3 . The response variable was microhardness

in Knoop hardness number

2.2.2 Enamel Evaluation
Superficial Enamel Evaluation:

The factors under study were material (at two levels); photo-activaction source
(at three levels) in a factorial design 2x3 The response variable was microhardness
in Knoop hardness number.

2.2.3Cross-sectional Enamel Evaluation:
The factors under study were material (at two levels); photo-activaction source
(at three levels) and “Depth” in 7 levels (30, 60, 90, 120, 150, 180 and 210um) in a
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factorial design 3x2x7 . The response variable was microhardness in Knoop

hardness number.

2.3 Specimens preparation
Cavity preparation and restoration:

Cavity preparations of approximately 1.6mm diameter and 1.6mm depth were
performed with n° 2292 diamond burs (KG Sorensen, Barueri, SP, Brazil) under
water spray. Teeth were distributed into 2 groups according to restorative material:
resin-modified glass ionomer material (RMGI) and composite resin (CR). Each group
was divided in three subgroups according to Table 1.

Table 1 — Experimental groups

Groups Sub-Groups Energy n=

Activation source and activation time density Samples
(J/cm2)

1.1 Quartz-tungsten halogen lamp — 40s 28 6

RMGI 1.2 Argon Laser — AL (200mW) — 20s 12.8 6

1.3 Light Emitting diode - LED — 20s 24 6

2.1 | Quartz-tungsten halogen lamp — 40s 28 6

CR 2.2 Argon Laser — AL (200mW) — 20s 12.8 6

2.3 Light Emitting diode - LED — 20s 24 6

All cavities were prepared and restored by the same calibrated operator. Table
2 lists composition, lot number, and application instructions of the selected materials.
A commercial RMGI (Vitremer, 3M ESPE, St. Paul, Minnesota, USA — A3) was tested
in this study (Table 2). RMGI was mixed according to manufacturer’s instructions in
proportion of 1:1 and inserted in single increment with a Centrix Syringe (Centrix Inc.,
Shelton, CT, USA) with previous utilization of Vitremer Primer (3M ESPE, USA) for
30s, dried for 5s and light activated for 20 s. Groups 1.1; 1.2 and 1.3 were activated
according to each activation source. After RMGI insertion Vitremer Finishing Gloss
was applied and light activated for 20s with an LED (Radii Cal - SDI Limited,
Bayswater, Victoria, Australia).
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Table 2. Composition, lot number and application mode of the selected material.

Material
Manufacturer

Composition

Directions for use

Adper Single Bond 2
(BM-ESPE, Irvine, CA,
USA) Lot: 9XL

HEMA, bis-GMA, DMAs, methacrylate functional,
copolymer of polyacrylic and polyitaconic acids,
water, ethanol, nancfilller, photoinitiator

Two coats were consecutively
applied, gently air-dried and light-
cured for 10 seconds

Conditioner
3M-ESPE, Irvine, CA,
USA) Lot: 060808

Conditioner: etchant (37% phosphoric acid)

Etch cavity for 15 s, wash and dry
(do not desiccate)

Z350 — OA3
(BM-ESPE, Irvine, CA,
USA) Lot: 7CN

Bis-GMA, Bis-EMA, UDMA e camphorquinone.
Fillers: Zirconia-silica

Light activation for 40 s each
increment for QTH source

Vitremer
3M ESPE

St. Paul, MN, USA
Lot: 8HP and 8HH

Powder: fluoroaluminosilicate glass,
microencapsulated potassium, Persulfate, ascorbic
acid and pigments

Liquid: aqueous solution of a polycarboxylic acid
modified with pendant methacrylate groups,
copolymer, water, HEMA and photoinitiators

Light activation for 40 s each
increment for QTH source with
2mm maximum thickness

Vitremer Primer
3M ESPE

St. Paul, MN, USA
Lot: 8CB

Vitrebond copolymer, HEMA, ethanol and
photoinitiators.

Primer is applied with a brush for
30 seconds to both dentin and
enamel and air dried.

The primer is then light cured for
20 seconds.

Vitremer Finishing
Gloss

3M ESPE

St. Paul, MN, USA
Lot: 8FC

Unfilled resin, TEGMA, Bis-GMA, photoinitiators

Apply and light activate for 20s

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

A two-step etch-and-rinse adhesive system (Adper Single Bond 2, SM/ESPE)

was used according to manufacturer’s instructions (groups 2.1; 2.2 and 2.3). Enamel
surfaces were etched with 37% phosphoric acid for 15 s, rinsed with water and dried
with an air-stream. After application of the adhesive system with disposable
microbrush tips, excess solvent was evaporated with a gentle air-stream for 5s and
the adhesive was light-cured for 10s. Light-activation of adhesive was performed with
LED with 1,200mW/cm? (Radii Cal - SDI Limited, Bayswater, Victoria, Australia) for
all groups. After the bonding procedure a nano-filled resin composite (Filtek Z350,
OA3, SM/ESPE) was selected. RC was inserted in a single increment and activated
by respective source (Table 1). Restored enamel blocks were placed in 100%
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relative humidity at 37°C for 24h and then polished using the Sof-lex (3M ESPE)
disks system for 15 s with each disk.

An 11 mm diameter light tip was placed in an Optilux 501 halogen machine
(Demetron/Kerr, Danbury, CT, USA) and it had its power density measured by the
radiometer which confirmed 700mW/cm? (+ 58mW/cm?) of irradiance. LED source
with 1,200mW/cm? (Radii Cal - SDI Limited, Bayswater, Victoria, Australia) and 8 mm
diameter light tip was used. The argon ion laser (Accucure 3000, LaserMed, Salt
Lake City, UT, USA) has a display that regulates the power at 100, 150, 200 or
250mW and the power selected was 200mW for 20s. The spot of 6.3 mm in diameter
was measured with knife-edge method and Table 1 presents the energy density

(J/lcm?) calculated after multiplying the power density by the exposure time.

Restorative Material Evaluation

The restorative material quantitative evaluation was carried out by five central
indentations with 100um distance at restorative material surface. By means of a
microhardness tester (PanTec — Panambra Ind. e Técnica SA, Sdo Paulo, Brazil) a
259 load was applied for 20s. The restorative material evaluation was performed 24
hours after photoactivation.

Thermo- and pH Challenge

The specimens were thermocycled 1,000X between distilled water baths held
at 5 and 55°C during 24h. The dwell time was 60 seconds and 5 seconds of transfer
time (MSCT-3e, Elquip, Equipamentos para Pesquisa Odontolégica, Sdo Carlos,
Brazil).

The restored enamel blocks were covered by wax with exception of the
restoration area and 1mm around. The restored enamel blocks were submitted to pH
challenge to induce caries-like lesions. The demineralization/remineralization
dynamic model produced in vitro caries-like enamel lesions using a modified
Featherstone model'® to simulate a high caries risk condition.

Each restored blocks was placed in 15 ml of demineralization solution at 37°C
(2.0mmol/l of calcium, 2.0mmol/l of phosphate in a buffer solution of 74mM of
acetate, pH 4.3). pH-cycling regimen was performed during 14 days with 10 daily
cycles for 6 h in demineralizing solution at 37°C. The remineralization solution
contained calcium and phosphate in a known degree of saturation (50 mmol/l KCI,
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1.5 mmol/l Ca, 0.9mmol/l PO4, 20 mmol/l tri-hydroxymethil-aminomethan, pH 7.0)
that was changed daily. The enamel blocks were washed with distilled water before
the 18h remineralization solution imersion. In the 6™, 7", 13" and 14" days of the
cycle the restorated enamel blocks were kept only in the remineralization solution
according to Rodrigues et al. protocol description.® (ANEXO 1)

Microhardness test:
Superficial Enamel Evaluation:

The quantitative evaluation by Knoop microhardness (KHN) profile of the
enamel caries-like lesions development was carried out by four indentations located
100um from the restored cavity in each enamel block around the restoration margins
in the upper, bottom, left and right sides (Figure 2). By means of a microhardness
tester (PanTec — Panambra Ind. e Técnica SA, Sao Paulo, Brazil) a 25¢g load was
applied for 5s.

Restorated
cavity

- Delimited area
with carie lesion
around

»
IS
&, Identation located
~ 100um of cavity
margin

N

Specimen

Figure 1. Eschematical representation of superficial enamel microhardness and

restorative materials identation location.

Cross-sectional microhardness Analysis:

The specimens were longitudinally sectionated in their central area with
double-faced diamond disks (no. 7020; KG Sorensen, Barueri, SP, Brazil) used at
low speed (Kavo, Joinville, SC, Brazil) and under water irrigation.

The cut surface was exposed for acrylic resin inclusion and flattened. Enamel
surfaces were wet-polished with 400, 600 and 1,200-grit silicon carbide paper
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(Carburundum Abrasivos Ltda., Vinhedo, Brazil) using a polishing machine (PLO2 RB
LAB Com. Técnica Ltda, Sdo Paulo, Brazil). Afterwards that the specimens were
polished with diamond pastes (6um, 3um, 1um and 0,5um — Arotec SA Ind e Com.,
Cotia, Sao Paulo, Brazil) on cloths, under mineral oil lubrification.

The demineralization of the restored enamel blocks was assessed with a
microhardness tester (Pan Tec — Panambra Ind. e Técnica SA, Sao Paulo, Brazil).
One lane of seven identations was made being 100um distant from enamel-
restoration interface. The indentations were made with Knoop indenter using a 259
load applied for 5 s at the following depths: 30, 60, 90, 120, 150, 180 and 210 um

from the outer enamel surface and 100um from the enamel-restoration interface.

Restored Cavity

100 pmm

C—

100 pmm

S

N/

Identation located 30um, 60, 90, 120, 150, 180 e 210 um from enamel surface

Figure 2. Schematic representation of Knoop evaluation location in cross-sectional

enamel evaluation.

Statistical Analysis:
Superficial Enamel Evaluation and Restorative Material Evaluation:

Data were evaluated by two-way ANOVA and Tukey Test (p<0.05) for
superficial enamel evaluation and material evaluation. Two-way ANOVA was
performed to evaluate the influence of the two variables tested: photoactivation
source and material and the means of Knoop microhardness values (KHN) were
compared by a Tukey Hoc post-test (a=0.05). The software employed was SANEST
(EPAMIG, MG, Brazil).
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Cross-sectional Enamel Evaluation:

Data were evaluated by three-way ANOVA and Tukey (p<0.05) for
subsuperficial enamel evaluation. Three-way ANOVA was performed to evaluate the
influence of the three variables tested: photoactivation source; material; and depth.
The means of Knoop microhardness values (KHN) were compared by a Tukey Hoc
post-test (a=0.05). The software employed was SANEST (EPAMIG, MG, Brazil).

Sample size was calculed with software G power 3.1.2 (Heine, Universitat
Dusseldorf, NRN, GE).

RESULTS

RESTORATIVE MATERIAL EVALUATION

For restorative material evaluation ANOVA did not show statistical significant
differences for the factor “material” (p0.05)(ANEXO 2). The factor “photoactivation
source” and interactions between factors were not statistically significant for
restorative material evaluation (p>0.05). Table 3 shows the exploratory values and
the Tukey’s results for factor material and photoactivation source for restorative

material evaluation.

Table 3. Means (standard deviations) of microhardness (Knoop hardness number)

for factors material and photoactivation source.

Restorative QTH AL LED
material 28 J/cm? 12.8 J/cm? 24 Jicm?
RMGIC (n=6) 431 [12.6] 50.8.[11.6] 49.2 [13.3]
RC (n=6) 65.3 [12.6] 55.5 [15.1] 52.5 [24.6]

n=sample number
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SUPERFICIAL ENAMEL EVALUATION
Figure 3 presents the KHN mean values and standard deviation for each

experimental group for superficial enamel evaluation.
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Figure 3. Mean values of Knoop microhardness values (KHN) and standard
deviation for each experimental group for superficial enamel evaluation.

For superficial enamel caries evaluation ANOVA showed statistical significant
differences to factor “material” (p=0.00001). The factor “photoactivation source” and
interactions between factors were not statistically significant for superficial enamel
evaluation (ANEXO 3).

Table 4 shows the exploratory values and the Tukey’s results for factor

material and the means of photoactivation source for superficial enamel evaluation.

Table 4. Means [standard deviations]of enamel microhardness (Knoop hardness
number) for factors material and photoactivation source and results of Tukey test for

superficial enamel evaluation.

Superficial QTH AL LED Material

Enamel 28 J/cm? 12.8 J/cm® 24 J/cm? Factor
RMGIC (n=6) 275.8 [8.5] 272.5[17.4] 267.6[29.0] | 272-8[19.9]A
RC (n=6) 115.4 [74.7] 82.7 [52.9] 80.7 [63.3] 93.3 [62.4]B

Means followed by different upper case letter at columm indicate statistical differences (p<
0.05) n=sample number
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CROSS-SECTIONAL ENAMEL EVALUATION

Data were submitted to three-way ANOVA (a=0.05) considering the factorial
2x3x7 model to observe the factors and their interactions (ANEXO 4). Figure 4
presents the KHN mean values and standard deviation for each experimental group

for cross-sectional enamel evaluation.
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Figure 4. Mean values of Knoop microhardness values (KHN) and standard
deviation for each experimental group for subsuperficial enamel evaluation.

ANOVA showed statistical significant differences to factor “material”
(p=0.00001); “photoactivation source” (p=0.00001); “depth” (0.00007) and double
interaction “material” x “photoactivation source” (p=0.00005) for subsuperficial
enamel caries evaluation. The double interaction; “material” x “depth”;
“photoactivation source” x “depth” and triple interactions between factors were not
statistically significant for subsuperficial enamel evaluation.(p>0.05).

Table 5 shows the exploratory values and the Tukey’s results for factor

material and photoactivation source for cross-sectional enamel evaluation.
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Table 5. Means (standard deviations) of enamel microhardness (Knoop hardness
number) for factors material and photoactivation source and results of Tukey test for

cross-sectional enamel evaluation.

Subsuperficial QTH AL LED
Enamel 28 J/cm? 12.8 J/cm? 24 J/cm?
RMGIC (n=42) 482.6 [171.1]Aa 357.3[84.1]Ab | 393.5[125.9]Aab
RC (n=42) 240.5 [187.4]Ba 55.8 [35.5]Bb 218.4 [71.6]Ba

Means followed by different upper case letter at columm and lower case letter at row indicate
statistical differences (p< 0.05) n=sample number

Table 6 shows the exploratory values and the Tukey’s results for factor depth
for cross-sectional enamel evaluation. From 30um to 120um there were no
significant difference among enamel demineralization. As 150um there was less
demineralization than 30um but there were no differences among 60um to 210um.

Table 6. Means (standard deviations) of enamel microhardness (Knoop hardness
number) for factor depth and results of Tukey test for cross-sectional enamel

evaluation.

Cross-

Sectional
Evaluation 30 um 60 pm 90 um 120 pm 150 pm 180 pm 210 pm
n=36 213.4 264.1 282.5 283.2 319.3 334.2 337.5
[164.9]c | [187.5]bc | [204.5]abc | [180.5]abc | [169.4]ab | [181.6]a | [180.1]a

Means followed by different lower case letter at row indicate statistical differences (p< 0.05)
n=sample number

DISCUSSION

First argon ion laser was cleared for marketing and clinical use in 1991 by the
U.S. Food and Drug Administration (FDA)." The clinical use of argon ion laser to
light-activate dental materials has been demonstrated'” and argon laser is capable to

polymerize compomers? or composite resin.?>?? It has been reported that the use of
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argon ion laser in dentistry to gain chair time in dental offices. Several studies were
performed with orthodontic brackets adhesion with favorable results reducing
bonding time. %

There is evidence that topical fluoride application presents decreased depth of
enamel primarious caries lesions.'®'* The caries resistance was also demonstrated
in vitro®* and in vivo ?® after argon ion laser irradiation. The human enamel irradiated
with argon ion laser decreased the caries risk.'>2%’

Although several studies showed that argon irradiation provides reduced
caries lesion depth’®'® and increased enamel microhardness'? compared with
control groups, our study found similar results at superficial enamel for all activation
sources evaluated and impaired enamel microhardness after argon ion laser
activation along the cavity wall.

There were no differences in superficial enamel evaluation with different
photoactivation sources after pH challenge. On the other hand, the subsuperficial
enamel evaluation showed that argon ion laser activation impaired the KHN enamel
results. One possible explanation is that the argon ion laser induced the development
of cross-linked networks, forming linear polymers during the initial stages of
polymerization®® as well as there was an increased shrinkage stress in that regions.?
The volumetric shrinkage could stress and produce failure in bond." Marginal gaps
and microspaces could favour pH cycling-induced demineralization of the cavity wall.

The resin composite evaluated presents organic pigments and because of the
dark shade the fabricant recommends 40 s exposure time and this is the same
exposure time recomended to the RMGI for halogen activation. The dark shade
(OAB3) of the composite resin promotes light attenuattion. The present study selected
200mW for 20 s based on previous results with the same resin composite evaluated
(shade A3) that reached similar degree of conversion with halogen and argon ion
laser activation, but decreased KHN superficial for argon ion laser activation with the
exposure time of 10 5.2 The exposure time of 20 s allowed an energy density of 12.8
J/iem? and this low energy density of argon ion laser is sufficient to achieve higher
fluoride retention for enamel as demonstrated by Nammour et al (2005)."°

Turbino et al. (2010) postulated that increments of more than 1mm in
thickness are not recommended for the argon ion laser, as long as the power setting
is 250mW with an exposure time of 30 s.2? It can been speculated that the argon ion
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laser did not adequatelly polymerize composite resin in deeper areas where the
enamel demineralization was more evident.

Roberts et al. (2009) demonstrated that increments above 3mm are not
recommended for the same resin modified glass-ionomer material evaluated in the
present study. The cavity preparation was standardizated with 1.6mm deep to ensure
that setting from ligth activation were maximized.*°

In this study resin composite presented more secondary caries than resin
modified glass-ionomer materials,'® as observed in Table 4 and this result is related
with fluoride release benefit of resin modified glass ionomer material.®*® The fluoride
release reduces demineralization on enamel around restoration and along the cavity
wall.

According to the results, the null hypothesis 1 (superficial enamel
microhardness around two restorative materials cured by different light-curing
devices is not different) was accepted, the null hypothesis 2 (cross-sectional enamel
microhardness around two restorative materials cured by different light-curing
devices is not different) was rejected, and the null hypothesis 3 was accepted (there
is no difference between two restorative materials in Knoop microhardness values).

In conclusion, the argon ion laser activation has no aditional benefitsin

preventing secondary caries for resin composite restorations or RMGI.
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CONCLUSION

The photoactivation source did not influence secondary caries development
around dental restoration superficially but argon ion laser led to higher subsuperficial
caries to the restorative materials evaluated. There was less development of caries
lesion around RMGIC restoration than CR. The depth of enamel caries lesions was

similar for the restorative materials evaluated.
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4. CONCLUSOES

Através dos resultados obtidos e, considerando-se as condicoes

experimentais deste estudo, pode-se concluir que:

Houve menor desenvolvimento de lesdes de carie ao redor das restauracdes
de IVMR do que ao redor da RC.

e O modo de ativagao nao influenciou o desenvolvimento de lesdes de caries

ao redor das restauracgoes.

e A profundidade das lesdes de céries foi similar para os materiais avaliados.

e A ativagcdo com laser de ion Argbnio proporcionou mais lesées de carie

subsuperficiais para os materiais avaliados.
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Anexos

ANEXO 1: Imagens representativas das lesdes incipientes obtidas apds a
ciclagem de pH de acordo com os grupos experimentais.

Grupos
CIVRM RC

1.1 Haldgena 2.1 Halégena

CIVEKA OTH 5

RC_QTH 2

1.2 Laser de 2.2 Laser de

ROl CIVEM_Ar 3 Argbnio

1.3 LED 2.3LED

CIVRM_LED 4 RC_LED_S

Figura 1. Imagens representativas das lesdes incipientes obtidas ap6s a ciclagem de pH de acordo com os
grupos experimentais; 1.1 CIVRM_QTH: fragmento de esmalte do grupo 1.1 (aumento de 10x) ; 1.2
CIVRM_LAR: fragmento de esmalte do grupo 1.2 (aumento de 10x); 1.3 CIVRM_LED: fragmento de esmalte do
grupo 1.3 (aumento de 10x) 2.1 RC_QTH: fragmento de esmalte do grupo 2.1 (aumento de 10x); 2.2 RC_LAR:
fragmento de esmalte do grupo 2.2 (aumento de 10x); 2.3 RC_LED: fragmento de esmalte do grupo 2.3
(aumento de 10x)



ANEXO 2- Analise estatistica para os resultados de microdureza
Knoop para os materiais avaliados
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* SANEST - SISTEMA DE ANALISE ESTATISTICA *
* Autores: Elio Paulo Zonta - Amauri Almeida Machado *
* Empresa de Pesquisa Agropecuaria de Minas Gerais-EPAMIG *
* ANALISE DA VARIAVEL MDUREZA - ARQUIVO: ARGSUPER *

Kok ok ok ok ok ok k ok ok ok k ko k kAR AR KR AR KA Rk Ak kkhkkkkkkkhkkhk kAKX AA KKK R KAk k kK

CODIGO DO PROJETO: ARG CARIE

RESPONSAVEL: ALESSANDRA

DELINEAMENTO EXPERIMENTAL: 2 FATORES

OBSERVACOES NAO TRANSFORMADAS

NOME DOS FATORES

FATOR NOME
A MATERIAL
B FONTE

MATERIAL 1 916.0659292 916.0659292 3.8864 0.05508
FONTE 2 69.8709072 34.9354536 0.1482 0.86312
MAT*FON 2 663.0002003 331.5001002 1.4064 0.25990
RESIDUO 30 7071.3718657 235.7123955
TOTAL 35 8720.3089025
MEDIA GERAL = 52.744446
COEFICIENTE DE VARIACAO = 29.108 %
TESTE DE TUKEY PARA MEDIAS DE MATERIAL
NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 RESINA 18 57.788886 57.788886 a A
2 2 IONOMERO 18 47.700000 47.700000 a A

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 10.45810 - D.M.S. 1% = 14.07682

MEDIAS DO FATOR MATERIAL
DENTRO DE HAL DO FATOR FONTE

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 RESINA 6 65.299998 65.299998
2 IONOMERO 6 43.100001 43.100001

MEDIAS DO FATOR MATERIAL
DENTRO DE LED DO FATOR FONTE

1 RESINA 6 52.533330 52.533330
2 IONOMERO 6 49.200002 49.200002

MEDIAS DO FATOR MATERIAL
DENTRO DE ARG DO FATOR FONTE

1 RESINA 6 55.533330 55.533330
2 IONOMERO 6 50.799998 50.799998

50



TESTE DE TUKEY PARA MEDIAS DE FONTE

NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 HAL 12 54.199999 54.199999 a A
2 3 ARG 12 53.166664 53.166664 a A
3 2 LED 12 50.866666 50.866666 a A

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 15.46771 - D.M.S. 1% = 19.76676

MEDIAS DO FATOR FONTE
DENTRO DE RESINA DO FATOR MATERIAL

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 HAL 6 65.299998 65.299998
2 LED 6 52.533330 52.533330
3 ARG 6 55.533330 55.533330

MEDIAS DO FATOR FONTE
DENTRO DE IONOMERO DO FATOR MATERIAL

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 HAL 6 43.100001 43.100001
2 LED 6 49.200002 49.200002

3 ARG 6 50.799998 50.799998



ANEXO 3- Analise estatistica para os resultados de microdureza
Knoop para esmalte superficial ao redor das restauracoes apos o
desafio acido
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* SANEST - SISTEMA DE ANALISE ESTATISTICA *
* Autores: Elio Paulo Zonta - Amauri Almeida Machado *
* Empresa de Pesquisa Agropecuaria de Minas Gerais-EPAMIG *
* ANALISE DA VARIAVEL MDUR - ARQUIVO: ARGCARIE *
Khkkhkkkhkkhhhkhhhkhkhhhhkhkhkhkhkhdhhkhkhkhkhhhhkdkhkhkhkrhhkkhkhkkhkhhhkkkxkkhkkkkx

CODIGO DO PROJETO: ARG CARIE

RESPONSAVEL: ALESSANDRA CASSONI

DELINEAMENTO EXPERIMENTAL: 2 FATORES

OBSERVACOES NAO TRANSFORMADAS

NOME DOS FATORES

FATOR NOME
A MATERIAL
B FONTE

CAUSAS DA VARIACAO G.L. S.Q Q.M VALOR F PROB.>F
MATERIAL 1 288458.4863777 288458.4863777 125.6351 0.00001
FONTE 2 3195.6643798 1597.8321899 0.6959 0.51071
MAT*FON 2 1580.1237790 790.0618895 0.3441 0.71632
RESIDUO 30 68880.0754683 2296.0025156
TOTAL 35 362114.3500048

MEDIA GERAL = 182.463898

COEFICIENTE DE VARIACAO = 26.261 %

TESTE DE TUKEY PARA MEDIAS DE MATERIAL

NUM.ORDEM NUM. TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 2 IONOMERO 18 271.977776 271.977776 a A
2 1 RESINA 18 92.950004 92.950004 b B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 32.63982 - D.M.S. 1% = 43.93388

MEDIAS DO FATOR MATERIAL
DENTRO DE HAL DO FATOR FONTE

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 RESINA 6 115.450002 115.450002
2 IONOMERO 6 275.816671 275.816671

MEDIAS DO FATOR MATERIAL
DENTRO DE LED DO FATOR FONTE

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 RESINA 6 80.683339 80.683339
2 IONOMERO 6 267.566650 267.566650

MEDIAS DO FATOR MATERIAL
DENTRO DE ARG DO FATOR FONTE

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 RESINA 6 82.716670 82.716670
2 IONOMERO 6 272.550008 272.550008

TESTE DE TUKEY PARA MEDIAS DE FONTE

NUM.ORDEM NUM. TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 HAL 12 195.633336 195.633336 a A
2 3 ARG 12 177.633339 177.633339 a A
3 2 LED 12 174.124995 174.124995 a A

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 48.27486 - D.M.S. 1% = 61.69222
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MEDIAS DO FATOR FONTE
DENTRO DE RESINA DO FATOR MATERIAL

NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 HAL 6 115.450002 115.450002
2 LED 6 80.683339 80.683339
3 ARG 6 82.716670 82.716670

MEDIAS DO FATOR FONTE
DENTRO DE IONOMERO DO FATOR MATERIAL

NUM.TRAT NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 HAL 6 275.816671 275.816671
2 LED 6 267.566650 267.566650
3 ARG 6 272.550008 272.550008



ANEXO 4- Andlise estatistica para os resultados de microdureza
Knoop para o esmalte subsuperficial apos o desafio acido
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* SANEST - SISTEMA DE ANALISE ESTATISTICA *
* Autores: Elio Paulo Zonta - Amauri Almeida Machado *
* Empresa de Pesquisa Agropecuaria de Minas Gerais-EPAMIG *
* ANALISE DA VARIAVEL MDUREZA - ARQUIVO: SAND *

Kokok ok ok ok ok ok ok ok ok kkkk Kk kA AKX Ak Ak kkkkkkkkkkkkkkhkkhkkkkk kXXX ARk *k kk* %

CODIGO DO PROJETO: FERLA

RESPONSAVEL: ALESSANDRA CASSONI

DELINEAMENTO EXPERIMENTAL: 3 FATORES

TRANSFORMACAO DAS OBSERVACOES SEGUNDO RAIZ (X + 0)

NOME DOS FATORES

FATOR NOME
A MATERIAL
B FONTE
C PROFUND
D REPET

CAUSAS DA VARIACAO G.L. S.Q Q.M VALOR F PROB.>F
MATERIAL 1 3621.5598250 3621.5598250 216.8091 0.00001
FONTE 2 903.9160250 451.9580125 27.0570 0.00001
PROFUND 6 581.9162620 96.9860437 5.8062 0.00007
MAT*FON 2 427.2909173 213.6454587 12.7901 0.00005
MAT*PRO 6 123.9131543 20.6521924 1.2364 0.28937
FON*PRO 12 111.0627086 9.2552257 0.5541 0.87620
MAT*FON*PRO 12 190.1203814 15.8433651 0.9485 0.50072
RESIDUO 168 2806.2564298 16.7039073
TOTAL 209 8766.0357033

MEDIA GERAL = 15.723589

COEFICIENTE DE VARIACAO = 25.993 %

TESTE DE TUKEY PARA MEDIAS DE MATERIAL

NUM.ORDEM NUM. TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 CIV 105 19.876362 395.069760 a A
2 2 RC 105 11.570816 133.883783 b B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 1.11105 - D.M.S. 1% = 1.46427

TESTE DE TUKEY PARA MEDIAS DE MATERIAL
DENTRO DE QTH DO FATOR FONTE

NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 CIv 35 21.360751 456.281672 a A
2 2 RC 35 13.315054 177.290660 b B

TESTE DE TUKEY PARA MEDIAS DE MATERIAL
DENTRO DE LED DO FATOR FONTE

1 1 CIV 35 19.512575 380.740594 a A
2 2 RC 35 14.563890 212.106895 b B
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TESTE DE TUKEY PARA MEDIAS DE MATERIAL
DENTRO DE LAR DO FATOR FONTE

NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 Civ 35 18.755760 351.778515 a A
2 2 RC 35 6.833504 46.696777 b B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 1.92439 - D.M.S. 1% = 2.53620

TESTE DE TUKEY PARA MEDIAS DE FONTE

NUM.ORDEM NUM. TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS
1 1 QTH 70 17.337902 300.602857 a A
2 2 LED 70 17.038233 290.301373 a A
3 3 LAR 70 12.794632 163.702602 b B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 1.62962 - D.M.S. 1% = 2.03292

TESTE DE TUKEY PARA MEDIAS DE FONTE
DENTRO DE CIV DO FATOR MATERIAL

NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 1 QTH 35 21.360751 456.281672 a A
2 2 LED 35 19.512575 380.740594 ab A
3 3 LAR 35 18.755760 351.778515 b A

TESTE DE TUKEY PARA MEDIAS DE FONTE
DENTRO DE RC DO FATOR MATERIAL

NUM.ORDEM NUM. TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 2 LED 35 14.563890 212.106895 a A
2 1 QTH 35 13.315054 177.290660 a A
3 3 LAR 35 6.833504 46.696777 b B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 2.30463 - D.M.S. 1% = 2.87498

TESTE DE TUKEY PARA MEDIAS DE PROFUND

NUM.ORDEM NUM.TRAT. NOME NUM.REPET. MEDIAS MEDIAS ORIGINAIS 5% 1%
1 7 210 30 17.732271 314.433419 a A
2 6 180 30 17.448556 304.452094 a A
3 5 150 30 17.105463 292.596861 ab A
4 4 120 30 15.548843 241.766530 abc AB
5 3 90 30 15.023895 225.717426 abc AB
6 2 60 30 14.297245 204.411218 bc AB
7 1 30 30 12.908850 166.638401 c B

MEDIAS SEGUIDAS POR LETRAS DISTINTAS DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA INDICADO
D.M.S. 5% = 3.13877 - D.M.S. 1% = 3.68796
[DIFEREM ENTRE SI AO NIVEL DE SIGNIFICANCIA I
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