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RESUMO

Os sistemas adesivos atuais apresentam resultados satisfatorios no que concerne a
adesdo ao esmalte ¢ a dentina, entretanto, a maior causa de falhas em restauragoes estéticas
ainda ¢ a ocorréncia de recidiva de cérie ao longo de suas margens. Desta forma, este estudo
avaliou a a¢do de sistemas adesivos com fluor e/ou com um novo monomero, brometo de
metacriloiloxidodecilpiridinio (MDPB) na composi¢do microbiologica do biofilme dental e
no processo de desmineralizagdo do esmalte adjacente a restauracdo de resina composta,
mediante um delineamento in sifu, cruzado e duplo-cego. Durante duas fases de 14 dias, dez
voluntarios utilizaram dispositivos palatinos, contendo, cada um, quatro blocos de esmalte
dental humano, restaurados extra-oralmente com resina composta Z250 e um dos seguintes
sistemas adesivos: Adper™ Single Bond 2 (condicionamento total, G1), All-Bond SE™
(autocondicionante, G2), One-Up Bond F Plus (autocondicionante com fluor, G3) e Clearfil
Protect Bond (autocondicionante com flior e MDPB, G4). Os voluntarios foram
aleatoriamente divididos entre os grupos, sendo que os que receberam os sistemas adesivos
referentes aos grupos G1 e G2, na 1* fase, receberam os tratamentos referentes aos grupos G3
e G4 na 2° fase e vice-versa. Todos os voluntarios foram instruidos a gotejar sobre os blocos,
oito vezes por dia, uma solu¢dao de sacarose a 20%, simulando um desafio cariogénico, ¢ a
utilizar um dentifricio fluoretado padronizado trés vezes por dia na higienizagdo dentéria.
Ap6s o término de cada fase o biofilme formado sobre cada bloco foi coletado e utilizado para
a contagem de estreptococos totais, estreptococos mutans e lactobacilos. A perda de mineral
foi analisada por meio do teste de microdureza em corte longitudinal do esmalte adjacente a
restauracdo. Aplicou-se a andlise de variancia, ANOVA, ndo sendo observada diferenca
estatisticamente significante para a composi¢do microbioldgica ou desmineralizacdo do
esmalte entre os adesivos estudados. Concluiu-se que a incorporagdo de MDPB e/ou flior nos
sistemas adesivos autocondicionantes ndo foi capaz, nas condi¢des deste estudo, de prevenir a

ocorréncia da carie secundaria.

Palavras-chave: Ciarie Dentinaria. Prevencdo. Adesivos Dentinarios. Agentes

Antibacterianos. Testes de Dureza.



ABSTRACT

Contemporary adhesives systems present satisfactory bonding to enamel and dentin.
However, replacement of the restorations due to secondary caries formation is still a major
problem and of great concern in Dentistry. Thus, this study assessed in situ the effects of
adhesive systems containing or not fluoride and/or the antibacterial monomer 12-
methacryloyloxydodecylpyridinium bromide (MDPB) on the microbiological composition of
dental biofilm and on enamel demineralization. During two phases of 14 days each, ten
volunteers wore palatal appliances containing four human enamel slabs, which were extra-
orally restored using a resin composite (Z250 3M-ESPE) and one of the following adhesive
systems: Adper™ Single Bond 2 (total etch, G1); All-Bond SE™ (self-etch, G2); One-Up
Bond F Plus (self-etch containing fluoride G3) and Clearfil Protect Bond (self-etch containing
fluoride and MDPB, G4). The volunteers were randomly allocated to treatments, and those
who received G1 and G2 in the first phase received G3 and G4 in the second one, and vice
versa. The volunteers were asked to drop a 20% sucrose solution onto the slabs eight times
per day and to use fluoridated dentifrice 3 times per day. The biofilm formed on the slabs was
analyzed with regard to total and mutans streptococci as well as lactobacilli counts.
Demineralization was determined on enamel around the restorations by cross-sectional
microhardness. The data were analyzed by analysis of variance, ANOVA. No differences
were found for microbiological composition or enamel demineralization among the studied
adhesive systems. It can be concluded that that fluoride or MDPB addition to adhesives
systems presented no effect in controlling caries around resin restorations in this in situ

model.

Keywords: Dentinal Caries. Prevention. Dentinal Adhesives. Antibacterial Agents. Hardness

Tests.
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1 INTRODUCAO GERAL

A procura crescente por tratamentos cosméticos restauradores, associada a uma
maior exigéncia estética por parte dos pacientes, revolucionou a pratica da Odontologia
restauradora nas ultimas duas décadas (VAN MEERBEEK et al., 1998). Este fato leva
empresas e pesquisadores a aperfeicoarem cada vez mais os materiais restauradores estéticos
de uso direto. Seguindo o mesmo caminho, os sistemas adesivos passaram por um grande
avanco tecnoldégico e demonstram, atualmente, resultados satisfatorios na adesdo ao esmalte e
dentina (INOUE et al., 2001; DE MUNCK et al., 2003a). Mesmo apds minimizados os
problemas relacionados a adesdo, entretanto, a ocorréncia de caries secundarias ao longo das
margens das restauragdes configura-se, ainda, como o principal motivo para substitui-las
(TYAS, 2005; MIJOR, 2005).

O completo selamento da interface adesiva ¢ um pré-requisito para o sucesso das
restauragoes, todavia, mesmo os sistemas adesivos que apresentam alta forca adesiva ndo se
apresentam capazes de evitar a ocorréncia de microfendas entre o remanescente dental e a
restauragdo (CHIGIRA et al., 1994). Soma-se a este fato a tendéncia atual a utilizacdo de
sistemas adesivos simplificados, que, ao serem utilizados em dentina, formam uma camada
hibrida mais hidrofilica, que pode, ao longo do tempo, apresentar maior degradagao
hidrolitica, tornando-se mais permeével aos fluidos orais e, conseqiientemente, a bactérias
cariogénicas (DE MUNCK et al., 2003b). Tais bactérias, ao infiltrarem entre a restauracdo e a
parede cavitaria, podem induzir a formagdo de carie secundaria, sensibilidade pulpar, ou, até
mesmo, danos irreversiveis a polpa IMAZATO et al., 1998b; OZER, et al., 2005).

A simplifica¢do da técnica adesiva diminuiu a ocasido para erro no que se refere
ao controle de umidade, por conseguinte, reduziu a probabilidade da ocorréncia de falhas na
camada de unido e de sensibilidade pos-operatoria (BURROW; TYAS, 1998; TAY et al.,
2001). No entanto, quando da utilizacdo desses adesivos simplificados, denominados
autocondicionantes, a hibridizacdo ocorre sem que seja necessaria a remogao da lama
dentinaria, que permanece incorporada a camada hibrida (PRATI et al., 1998; YOSHIYAMA,
et al., 1998). Desta forma, surgiu o questionamento sobre a presenca e atividade de bactérias
remanescentes nesta regido e a proposta de incorporacdo de agentes antibacterianos nos
sistemas adesivos e materiais restauradores.

Uma destas possibilidades foi a de incorporacdo de um mondmero antibacteriano,

MDPB (brometo de metacriloiloxidodecilpiridinio), ao “primer” de um sistema adesivo
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autocondicionante experimental (IMAZATO et al., 1997). Este mondmero ¢ um composto de
amonia quaternaria, com efeito antibacteriano e capacidade de co-polimerizar com outros
mondmeros presentes no material (IMAZATO et al., 1994). Segundo Imazato et al. (1997), o
efeito antibacteriano ocorreria por agao do contato com as bactérias (efeito bactericida) antes
da polimerizacdo e dificultando o crescimento bacteriano sobre o material, apds a
polimerizagdo. Acredita-se que a acdo antibacteriana ocorra em virtude de uma unido da
amonia quaternaria a parede bacteriana, alterando o seu funcionamento, permitindo a saida de
conteudo citoplasmatico (SCHEIE et al., 1989 apud IMAZATO et al., 2006; KOURALI et al.,
1994 apud IMAZATO et al., 2006).

Estudos in vitro demonstram que esse monomero incorporado a um “primer” ou a
uma resina composta ¢ capaz de inibir o crescimento bacteriano sobre a superficie desses
materiais (IMAZATO et al., 1998a; IMAZATO et al., 1998c; IMAZATO et al., 2003a).
Adicionalmente, um estudo in vivo, realizado em animais, avaliou o efeito bactericida de um
“primer” adicionado de 5% de MDPB em cavidades dentinarias infectadas com s. mutans,
observando, também, o comportamento histopatolégico da polpa. Os resultados
demonstraram que o “primer” experimental com MDPB pode apresentar efeito antibacteriano
in vivo, sugerindo possiveis beneficios clinicos (IMAZATO et al., 2004). Por conseguinte,
alguns autores sugerem que a utilizagdo de materiais restauradores com agentes
antibacterianos em sua composi¢ao pode aumentar a longevidade das restauragdes e ajudar a
prevenir o desconforto pos-operatorio (OZER et al., 2005). A liberagdo desses agentes pode,
entretanto, apresentar sérias desvantagens, como a reducao de suas propriedades mecanicas,
menor duragdo do efeito antibacteriano e o possivel efeito toxico (OZER et al., 2005). O
MDPB, por ter a capacidade de se polimerizar com os outros mondmeros presentes no
material, permanece imobilizado dentro da matriz polimérica (IMAZATO et al., 1998a).
Dessa forma, esse agente nao ¢ liberado para o meio, ndo diminuindo as propriedades
mecanicas do material e aumentando a longevidade do seu efeito antibacteriano.

A integridade marginal de uma restauracdo, seja ela direta ou indireta, ¢ de grande
importancia para sua longevidade, e, no caso das restauracdes diretas, a manutengao dessa
integridade estd diretamente relacionada a qualidade da camada de unido. Desta forma,
estudos in vitro e in vivo, realizados em cobaias, também avaliaram o efeito da incorporagao
do MDPB a sistemas adesivos quanto as propriedades adesivas do material. Os resultados nao
mostraram diferenga estatisticamente significante quando comparados a outros sistemas

adesivos, demonstrando que a incorporagcdo de MDPB ao “primer” desses sistemas nao
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interferiu em suas propriedades adesivas (IMAZATO et al., 2003b; IMAZATO et al., 2006;
IMAZATO et al., 2007).

Outra proposta, na tentativa de solucionar o problema da carie secundaria, foi a de
incorporagdo de flior nos materiais restauradores, uma vez que este reduz a severidade dos
desafios cariogénicos, quando disponivel durante o ataque dos &acidos produzidos por
bactérias do biofilme dental (FEATHERSTONE, 1994; ITOTA et al., 2002; SAVARINO et
al.,2004).

A utilizagao de sistemas adesivos que contenham flior em sua composicao parece
interessante, pois, além da camada adesiva apresentar-se em intimo contato com as paredes
cavitarias, ele também ¢ difundido para o interior da dentina (FERRACANE; MITCHEM,;
ADEY, 1998). Para muitos autores, o fluor presente nos sistemas adesivos possui atividade
anticariogéncica, pois diminui a desmineraliza¢ao e potencializa a remineralizagao durante o
ataque dos acidos presentes na cavidade bucal (ITOTA et al., 2002; SAVARINO et al., 2004).
Segundo Ferracane et al. (1998), estes sistemas liberam ions fltor para as paredes do preparo
cavitario, estes ions sdo difundidos para a parede dentinaria, agindo durante a
desmineralizagdo ¢ a remineralizacao.

A influéncia dos materiais restauradores e dos sistemas adesivos com possivel
potencial anticariogénico na dindmica do processo de carie dental tem sido estudada,
principalmente, em modelos in vitro, que simulam o desafio cariogénico, com o objetivo de
induzir lesdes com caracteristicas comparaveis as encontradas in vivo (GROSSMAN;
MATEIJKA, 1999). Estes modelos podem ser do tipo quimico: estatico — imersao do substrato
dental em solucdes ou géis acidos (PEREIRA et al, 1998), ou dinamico — ciclos de
desmineralizacdo e remineralizagdo (TEN CATE, 2001) ou, ainda, ter natureza
microbiologica — exposigdo do substrato a uma ou mais espécies de microrganismos
cariogénicos (FRANCCI et al., 1999; TORII et al., 2001). Embora esses modelos de indugao
de carie se aproximem do desenvolvimento natural dessas lesdes, nenhum ¢é capaz de copiar
na integra todas as caracteristicas presentes no meio bucal humano. Por isso a importancia de
estudos que sejam realizados na propria cavidade bucal, utilizando os modelos denominados

in situ.

O primeiro estudo in situ foi desenvolvido por Koulorides et al. (1964) e descrito
na literatura pelos mesmos autores, em 1974, o qual foi utilizado para avaliacdo do efeito do
flior em um ensaio de carie experimental. Modelos de carie in situ envolvem o uso de

aparelhos ou dispositivos outros que criam condi¢des definidas na boca humana que simulam
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o processo da carie dental. Servem como uma ponte entre a situacdo clinica natural nao
controlada e a laboratorial altamente controlada. Esses modelos incluem um substrato dental
(esmalte ou dentina), biofilme dental com potencial cariogénico (presenga ou formagao),
desafio cariogénico (controlado experimentalmente ou fornecido pela dieta do individuo) e
tempo (periodo do experimento). A inten¢do desses modelos ¢ transcrever o que ocorre no
processo natural da cérie e ainda prover informagdes clinicas relevantes em um curto periodo

de tempo sem causar danos irreversiveis aos dentes naturais (ZERO, 1995).

Diante do exposto, o presente estudo teve como objetivo avaliar a influéncia de
sistemas adesivos autocondicionantes com MDPB e/ou flior na composi¢do do biofilme
dental e no processo de desmineralizagdo perante um alto desafio cariogénico em um modelo

de estudo in situ.
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2 PROPOSICAO

Os objetivos do presente trabalho foram:

2.1 Objetivo Geral

Avaliar, por meio de um estudo in situ, a influéncia da utilizacao de diferentes

sistemas adesivos no desenvolvimento da carie secundaria em esmalte dental humano.

2.2 Objetivos Especificos

- Avaliar, por meio do ensaio de microdureza, o efeito do flior e do monomero
antibacteriano, MDPB, presentes em sistemas adesivos autocondicionantes, no processo de

desmineraliza¢do do esmalte adjacente a restauracao;

- Avaliar a influéncia do flior e do monomero antibacteriano, MDPB,
presentes em sistemas adesivos autocondicionantes, na composi¢do microbioldgica do

biofilme dental formado sobre o material restaurador.
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3 CAPITULO

Esta dissertagcdo esta baseada no Artigo 46 do Regimento Interno do Programa de Pos-
Graduagdao em Odontologia da Universidade Federal do Ceard, que regulamenta o formato
alternativo para dissertagdes de Mestrado e permite a inser¢do de artigos cientificos de autoria
e co-autoria do candidato (Anexo A). Por se tratarem de pesquisas envolvendo seres humanos,
ou parte deles, o projeto de pesquisa deste trabalho foi submetido a apreciagao do Comité de
Etica em Pesquisa da Universidade Federal do Ceard, tendo sido aprovado sob o Protocolo
COMEP n° 138/06, conforme o Oficio n° 627/06 de 09 de outubro de 2006 (Anexo B). Assim
sendo, esta dissertacdo ¢ composta de um capitulo contendo um artigo submetido para
publicacdo no periddico “Journal of Biomedical Materials Research Part B: Applied

Biomaterials”, (Anexo C) conforme descrito abaixo:
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In situ evaluation of secondary caries inhibition promoted by self-etch adhesive systems

containing antibacterial agents

Suyane M.L. Cruz, DDSI; Jodo Paulo S. Wenceslaul; Lidiany K.A. Rodrigues, DDS, MS,
PhD'; Haroldo C.P. Beltrio, DDS, MS, PhD'; Iriana C.J. Zanin, DDS, MS, PhD?*; Paulo C. de

Almeida, MS, PhD?; Carlos A.O. Fernandes, DDS, MS, PhD'
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Abstract: This in situ study assessed the effects of adhesive systems containing or not
fluoride and/or the antibacterial monomer 12-methacryloyloxydodecylpyridinium bromide
(MDPB) on the microbiological composition of dental biofilm and on enamel
demineralization. During two 14-day phases, ten volunteers wore intraoral palatal appliances
containing four slabs of human enamel in a double-blind, crossover study design. The slabs
were randomly restored using a composite resin and one of the following adhesive systems:
Adper™ Single Bond 2 (total etch, G1); All-Bond SE™ (self-etch, G2); One-Up Bond F Plus
(self-etch containing fluoride, G3) and Clearfil Protect Bond (self-etch containing fluoride
and MDPB, G4). The biofilm formed on the slabs was analyzed with regard to total and
mutans streptococci as well as lactobacilli counts. Demineralization (AS) was determined on
enamel by analysis of cross-sectional microhardness, at 20 and 70 um from the restoration
margin. Data were analyzed by ANOVA. No statistically significant difference was found
either in enamel demineralization or in the microbiological composition of dental biofilm. All
adhesive systems containing or not fluoride and/or MDPB tested were unable to inhibit

secondary caries in the in situ model used in the present research.

Keywords: secondary caries; adhesive systems; in situ, antibacterial agents, MDPB, fluoride.
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INTRODUCTION

Contemporary adhesives systems present satisfactory bonding to enamel and dentin'.
However, caries development adjacent to restorations has been considered the main cause of
clinical restoration replacement’. Additionally, dentin adhesive systems showing high bond
strength have been reported to be incapable of preventing the occurrence of microgaps
between the tooth and restoration®”. Therefore, dentin bonding systems with anticariogenic
activity, even after applied in the cavity, would be beneficial to eliminate the harmful effect
caused by residual bacteria or bacterial microleakage™®.

Previous in vitro studies have reported that incorporation of the antibacterial monomer
12-methacryloyloxydodecylpyridinium bromide (MDPB), is an efficient method of providing
dentin primer with antibacterial activity before and after curing”®’. MDPB is a monomer
synthesized by combining an antibacterial agent and a methacryloyl group and shows
antibacterial activity against oral bacteria'®. The main advantage of MDPB is its capacity to
copolymerize with other resin monomers being immobilized within the polymer matrix,
which assigns safety and prolonged antibacterial action to this agent. This characteristic also
ensures a good survival rate for the restoration, since MDPB, different from soluble
antibacterial agents, is not deleterious to the physical and mechanical properties of materials
to which it is incorporated”'*!"',

In addition, fluoride represents an important role in the control of secondary caries,
since it may interfere with physicochemical’® and microbiological® processes, not only
reducing the caries progress rate but also allowing the arrestment of active lesions'. Thus,
with the intention of providing fluoride to the specific site at risk of secondary caries,

fluoride-releasing restorative materials were developed, since fluoride-containing materials
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may induce an anticariogenic activity by increasing the dentin resistance to acids present in
the oral cavity'®.

Although the benefits of MDPB-containing adhesive systems in inactivating in vitro
residual bacteria inside the cavity have been previously reported'”'*!, the potential for in situ
and in vivo enamel and dentin caries inhibition of these systems remains unknown.
Furthermore, many of the cariostatic effects of fluoride-containing adhesive systems have
been previously evaluated only by in vitro caries models. The purpose of this study was to
assess in situ the anticariogenic activity of adhesive systems containing or not fluoride and/or

MDPB on the microbiological composition of dental biofilm and on enamel demineralization.

MATERIAL AND METHODS

Study Population and Ethical Aspects

The study was approved by the Institutional Review Board of the Hospital Complex of
Federal University of Ceara (protocol # 138/2006). Ten volunteers (aged 18 to 28 years) who
met the inclusion criteria (normal salivary flow rate, good general and oral health, not using
fixed or removable orthodontic appliances, not having used antibiotics during the 2 months
prior to the study, ability to comply with the experimental protocol) were invited to take part

in this study and those who agreed to participate signed an informed written consent form.

Experimental Design

The study involved a cross-over design for caries induction by biofilm accumulation
and sucrose exposure, conducted in two distinct phases of 14 days each’®?' with a 7-day
wash-out period. Each group comprised 20 restored enamel slabs in duplicates of 10

experimental units (n=10). The volunteers wore a palatal appliance containing four enamel



24

slabs (Figure 1), which were extraorally restored using a composite resin (Filtek™ Z250,
shade Al, 3M ESPE Dental Products, St. Paul, USA) and one of the following adhesive
systems: Adper™ Single Bond 2 (3M ESPE Dental Products, St. Paul, USA), total etch — G1,;
All-Bond SE™ (Bisco, Shaumburg, USA), self-etch - G2; One-Up Bond F Plus (J. Morita
USA Inc, Irvine, USA), self-etch containing fluoride - G3; and Clearfil Protect Bond (Kuraray
Medical Inc, Okayama, Japan), self-etch containing fluoride and MDPB - G4 (Table 1). The
slabs were randomly assigned to the 10 volunteers, who were considered as experimental
blocks. In phase 1, five volunteers wore appliances with specimens of groups 1 and 2 and five
with groups 3 and 4, avoiding a possible carry-across effect®” of adhesives containing fluoride
and/or MDPB on control adhesives. In phase 2, volunteers that had worn appliances with
specimens of groups 1 and 2 wore appliances loaded with specimens of groups 3 and 4 and

vice versa (Figure 2).

Specimen Preparation

Freshly extracted, sound third molars with more than 2/3 of root formation were
cleaned of gross debris, stored in supersaturated 0.1% thymol solution and maintained under
refrigeration until they were used, approximately 1 month later. Eighty enamel slabs (4 x 4 x
2 mm’) were cut using a water-cooled diamond saw and a cutting machine (IsoMet™ Low
Speed Saw, Buehler, Lake Bluff, USA) and were randomly assigned to each phase and
treatment. Box-shaped standardized cavities (£ 1.8-mm diameter and = 1.5-mm depth), were
prepared at the center of each slab with a cylindrical diamond bur (# 2294, KG Sorensen, Sao
Paulo, Brazil, replaced after 10 preparations) that provides a stop to limit the depth of
penetration, used in high-speed turbine with air-water spray cooling. Afterwards the slabs
were autoclaved®” (121°C, 20 min), randomly divided into four groups and restored in

duplicate for each adhesive system, according to the manufacturers’ instructions. Cavities
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were restored in one increment of composite resin and light-cured using a halogen light curing
unit (Optilux 400- Demetron Research Corp, Danbury, USA). The light output was tested
(480 + 20mW/cm?) before each use with a Demetron Model 100 radiometer (Demetron
Research Corp, Danbury, USA). After finishing and polishing with a sequence of abrasive
discs (Sof-Lex — 3M ESPE Dental Products Division, St. Paul, USA) applied for 15 seconds
each, all specimens were analyzed using a stereomicroscope at 40X magnification to ensure

that there was no excess material overlying the restoration/tooth interface.

Palatal Appliance Preparation

Acrylic custom-made palatal appliances were made with four sites (5 x 5 x 4 mm”), in
which the dental slabs were positioned and fixed with wax!. In order to allow plaque
accumulation and to protect it from mechanical disturbance, a plastic mesh was fixed to the
acrylic resin, leaving a 1-mm space above the surface of the specimen®***. Within each side of

the palatal appliance, the positions of the specimens of each group were randomly determined.

Intraoral Phase

Volunteers followed a 1-week lead-in period before inserting the palatal appliances.
During this period and throughout the experimental phases, they brushed their teeth with a
silica-based dentifrice (Colgate, Maxima prote¢ao anticaries, Colgate-Palmolive, Ind. Com.
LTDA, Sao Bernardo do Campo, Brazil), containing monofluorophosphate (MFP; 1,450 ppm
F). The cariogenic challenge was provided by dripping a 20% sucrose solution onto all slabs 8
times a day (at 8.00, 10.00, 12.00, 14.00, 16.00, 18.00, 20.00, 22.00 h) (Figure 2). Before
replacing the palatal appliance in the mouth, a 5-min waiting time was allowed for sucrose
diffusion into the dental biofilm**. Tooth brushing with the fluoride dentifrice was performed

after the main mealtimes, 3 times a day (7.30, 12.30, 22.30 h). Volunteers were instructed to
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use a pea-size amount of dentifrice and to start brushing the buccal surface of maxillary teeth
with the appliance still in the mouth. After the slurry of dentifrice and saliva reached the
plastic mesh over the specimens, the appliance was removed and kept without rinse until the
volunteers finished their routine oral hygiene. After that, the device was washed in tap water,
removing all dentifrice/saliva slurry, and re-inserted in the mouth. Volunteers were instructed
to wear the intraoral appliances for the whole intraoral phase, except during meals. At these
times, the appliances were kept moist in boxes that were provided®’. Volunteers lived in an
optimally fluoridated city and drank and consumed foods prepared with this water. No

restriction was made with regard to the volunteers’ diet.

Microbiological Analysis

On day 14 of the intraoral phase, approximately 10 h after the last exposure to the
sucrose and dentifrice, the volunteers stopped wearing the intraoral appliance. The mesh was
removed and the biofilm formed was collected with a sterilized plastic stick. The biofilm was
weighed in sterile pre-weighed microcentrifuge tubes and 0.9% NaCl solution was added (1
ml/mg biofilm). The tubes were agitated during a 2-min period in a Disrupter Genie Cell
Disruptor (Precision Solutions, Rice Lake, USA) with three glass beads (0.6-mm diameter) to
disperse bacterial cells. Afterwards, the suspension was serially diluted (1:10, 1:100, 1:1000,
1:10000) with 0.9% NaCl solution and three drops of 10ul were inoculated in mitis salivarius
agar to determine total streptococci (TS); in mitis salivarius agar plus 0.2 units of
bacitracin/ml to determine mutans streptococci (MS); and in Rogosa agar to assess the
number of lactobacilli (LB). The plates were incubated for 48 h at 37°C using a candle jar,
obtaining a 5-10% carbon dioxide atmosphere. Representative colonies with typical

morphology of MS, TS and LB were counted using a colony counter. The results were
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expressed in CFU/mg dental biofilm (wet weight) and the percentage of mutans streptococci

group (%MS) in relation to total streptococci was also obtained.

Microhardness Analysis

The enamel specimens were removed from the appliance and longitudinally sectioned
in their central area. One half of each enamel slab was randomly selected and embedded in
acrylic resin (Arotec, Sdo Paulo, Brazil), exposing the cut surface®, for subsequent flattening
and polishing with Al,O3 paper grit 100, 400, 600 and 1200 and polishing cloths with 1-um
diamond paste (Buehler, Lake Bluff, USA), respectively. Microhardness was measured using
a Knoop indenter with 25 g load for 5 s and a Future-Tech FM microhardness tester coupled
to the software FM-ARS. Two rows of twelve indentations each were made at depths: 10, 20,
30, 40, 50, 60, 80, 100, 120, 140, 160 and 180 um from the outer enamel surface. The
distance from the first row to the restoration margin was 20 um, and 50 um between the rows
(Figure 1).

The mean Knoop hardness number (KHN) values, at each position from the surface
and at 20- and 70-um distances from the enamel-restoration interface were obtained. Thus,
KHN was plotted against depth for each specimen and the integrated hardness profile of
demineralization was calculated relative to the underlying sound enamel. The mean sound
enamel values of KHN for computation of integrated demineralization were obtained from
the inner sound enamel under the lesion in the same tooth. To compute AS (integrated
demineralization), the integrated hardness profile of demineralization was subtracted from
the value obtained for sound enamel. Data were expressed in Knoop hardness number to
calculate AS since there is discrepancy in the literature to convert the values in mineral

26,2
volume percent”®*’.
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Statistical Analysis

In order to assess the effect of treatments, the dependent variables TS, MS, LB counts,
%MS and AS parameter were analyzed; the assumptions of equality of variances (Levene
Test) and normal distribution (Koulmogorov-Smirnov Test) were tested. Normal distributions
were found for all variables on the equality of variances, then the ANOVA (p < 0.05) was
applied. The relationship between microhardness and depth values was checked by linear

regression analysis (p < 0.05).

RESULTS

With regard to microbiological composition of the biofilm formed on slabs restored
using the different adhesive systems, no significant differences were found between
treatments (Table 2).

For the AS parameter, no significant differences were found between treatments (Table
3), even though the self-etch adhesive systems without MDPB or fluoride showed the highest
demineralization in most depths at both distances (Figures 3 and 4).

The relationship between microhardness and depth showed significant correlation,

being directly proportional (p = 0.0001) (Figures 3 and 4).

DISCUSSION

Antibacterial activity is a desired property for adhesive systems, especially for self-
etch adhesive systems, since the prepared dentin is treated with an acidic primer, without
being previously etched and washed. These antibacterial properties would discourage the
presence of bacteria inside the dentinal tubules’, decreasing the possibilities of caries
recurrence. Besides, occurrence of microgap formation has been reported between the

adhesive resin and the primed dentin surface, as well as between the adhesive resin and the
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hybrid layer, which implies that a great deal of the formed space is to be surrounded by
adhesive resin, thus most invading bacteria would have contact with cured adhesive’. In this
way, MDPB-containing adhesives may inhibit the growth of invading bacteria, consequently
inhibiting bacterial leakage even when marginal sealing is not complete or destroyed after
restoration’. However, the effects of these antibacterial adhesive systems on the inhibition of
secondary caries are still unknown.

The present study used an in situ caries model to simulate a caries challenge to test the
anticariogenic effect of adhesive systems, given that this model appears to be more analogous
to in vivo conditions than chemical-based and bacterial in vitro caries models'>*®. The in situ
caries model used in the current study, based on biofilm accumulation and sucrose exposure,

was previously reported to be cariogenic to human dental enamel*"*

, which was confirmed
by our linear regression analysis, which showed that hardness increased significantly and
progressively with the enamel depth. Fluoride-containing dentifrice was chosen, since over
95% of all dentifrices sold in the U.S., Brazil and Western Europe contain fluoride®®>%.
Additionally, it has been demonstrated that, in the presence of fluoridated toothpaste,
demineralization is evident with a frequency of carbohydrate consumption equal or higher
than 7-times/day™".

In the present study the tested self-etch adhesives containing MDPB/Fluoride were not
able of inhibiting secondary caries, since the microhardness results showed no statistical
differences between groups. To our knowledge, no other in situ studies have evaluated the
anticariogenic effects of these types of adhesives on enamel demineralization inhibition or on
biofilm formed over restorations. However, our results corroborate those found by Lobo et
al**, which used an in vitro microbiological caries model to evaluate the anticariogenic

potential of a fluoride-containing adhesive system (Reactemer Bond) and another containing

MDPB/F (Clearfil Protect Bond).
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Conversely, the present microbiological results neither showed statistical differences

9T8ILI2 that found bacterial inhibition

between groups, nor confirmed earlier in vitro studies
by MDPB. One possible explanation may be due to experimental differences between these
studies, which did not evaluate the antibacterial potential of MDPB in a microbiological
caries model, but only its capacity of inhibiting bacterial growth on surfaces with MDPB-
containing materials. Moreover, MDPB incorporation in a composite resin may be favorable
to decrease bacterial growth over restorative materials®, since a bigger contact area with the
microorganisms is obtained by means of MDPB immobilization in the polymeric matrix. This
fact is not observed in adhesive systems, because MDPB is restricted only to the resin-tooth
interface.

The fluoride-releasing adhesive systems used this study (One-up Bond F Plus and
Clearfil Protect Bond) were expected to reduce carious lesions formation, because minimal
amounts of fluoride have been shown to reduce demineralization and enhance
remineralization®. However, this was not evidenced by the microhardness results. It can be
suggested that, as the adhesive systems One-up Bond F Plus and Clearfil Protect Bond were
used in small amounts, the fluoride released might not have been sufficient to control the
cariogenic challenge, as previously demonstrated by in vitro studies™**%".

Though not significant, the microhardness values for the adhesive All Bond SE were
lower than all other groups in most evaluated depths at both distances from the restoration
margin. This inferior performance can be partially explained by the presence of MDPB and/or
fluoride in the self-etch adhesives, the latter presenting a trend to inhibit demineralization
around restorations. However, when All Bond SE™ is compared to total etch adhesive system,
it can be speculated that this adhesive system may present lower bond strength in enamel,

which could be worsened by the high c-factor of the cavity, resulting in more failures at the

interface and consequently more microleakage and demineralization. Another possible reason
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is that the incomplete polymerization of the acidic monomer might increase the
demineralization.

One limitation of the current study was the lack of evaluation of presence of wall
lesions, since microhardness analysis was performed to access enamel demineralization.
Another limitation is the impossibility to study the characteristics of biofilms formed within
the interfacial spaces adjacent to restorations, due to the difficulties of sampling procedures
for such microspaces. This is an important point because the major benefit from antibacterial
adhesive systems over secondary caries could be the inhibition of wall lesion formation. Itota
et al.'’, using a microbial caries system and microradiography, studied the effect of fluoride
present in an adhesive system on secondary caries inhibition. The authors observed that,
instead of wall lesions, an acid-resistant layer was formed adjacent to the restoration, but there
was only a modest inhibition of the outer lesion formation.

In the condition of this in situ study, the following conclusion may be drawn: the
incorporation of fluoride or MDPB to adhesive systems was not able to inhibit enamel
demineralization around composite resin restorations, neither to kill cariogenic bacteria in the
biofilm formed over restorations. However, further clinical studies are necessary to evaluate
the impact of the anticariogenic efficacy of MDPB or fluoride incorporation to adhesives
systems on secondary caries development, mainly in patients with low compliance with

prophylactic measures or limited access to other sources of fluoride.
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Table 1. Materials used in the study.
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Adhesive

Batch /
Validity

Composition

Manufacturer

Adper™ Single Bond 2

All -Bond SE™

One-up Bond F
Plus

Clearfil Protect
Bond

Part |

Part IT

Agent A

Agent B

Primer

Bond

6JA

0700006661

0700006662

036M

530M

00032B /
2009-03

00050B /
2009-03

Ethyl Alcohol

Bisphenol A Diglycidyl Ether Dimethacrylate
Silane-treated Silica

2-Hydroxyethyl Methacrylate

Copolymer of Acrylic and Itaconic acids
Glycerol 1,3-Dimethacrylate

Water

Diurethane Dimethacrylate

Ethanol
Sodium benzene sulfinate dihydrate
2-Hydroxyethyl Methacrylate

Bis(glyceryl 1,3 dimethacrylate) phosphate
Biphenyl dimethacrylate

Methacryloyloxyalkyl Acid Phosphate

Methacryloxy-1,1-um-Decanedicarboxylic Acid

Methyl Methacrylate
Bisphenol A Polyethoxy Methacrylate

2-Hydroxyethyl Methacrylate
Methyl Methacrylate
Fluoroaluminosilicate Glass Filler
Borate Catalyst

Purified Water

10-Methacryloyloxydecyl dihydrogen phosphate
12-Methacryloyloxydodecylpyridinium bromide

2-Hydroxyethyl Methacrylate
Hydrophilic dimethacrylate
Water

2-Hydroxyethyl Methacrylate
Sodium Fluoride
Bisphenol A diglycidylmethacrylate

10-Methacryloyloxydecyl dihydrogen phosphate

Hydrophobic aliphatic dimethacrylate
Silanated colloidal silica

dl-Camphorquinone
N,N-Diethanol-p-toluidine

3M ESPE, St Paul, USA.

Bisco Inc, Schaumburg,
USA.

J. Morita A Inc, Irvine,
USA.

Kuraray Medical Inc,
Okayama, Japan.
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Table 2. Microbiological analysis of dental biofilm (Mean values with their standard
deviation and p-value for each analysis).

Treatment
Microorganism p-
G1-SB G2-AB G3-0OB G4-CB
value
Total streptococci 1.2240.93 1444401  1.8742.02 1894199  0.74

(CFU/mg x 107)

Mutans streptococci

04=0. 21435, 25+1. 1.03+£1. )
(CFU/mgx107) 0.04+0.07 11.21+£35.31 1.25+£1.95 03+1.70 0.67

%SM 7.62+11.34 21.27430.01  34.55+£39.29 26.97+£33.05 0.98

Lactobacilli

(CFU/mg x 107) 1.37+1.54 1.39+1.57 2.00+2.35 3.93+6.86 0.61

CFU, colony-forming units; %SM, percentage of mutans streptococci group in relation to total streptococci.



Table 3. Demineralization (AS), for each treatment at studied distances.

Distance from the restoration margin (pm)

Groups/ Treatment 20 70

AS
Gl -SB 9642.18 + 6641.1 8901.13 £ 6229.29
G2 -AL 12004.90 + 7688.33 9375.88 £ 7253.54
G3 - OUB 8642.33 + 5634.32 7801.3 +5052.82
G4 - CPB 9038.57+ 6992.42 8455.41 + 7428.5

Data were expressed as mean value + standard deviation (n=10).

39



| TUTEAIY

EEEEEEEEEEE

22 8 ] e 8

Tt

Superficie de Esmalte Exposta

Lactobacilli

FASE LABORATORIAL

Q
TR\ g
| | [}
o £ S
= B
1 5 g
. ) ?
| o s
[ ° o
Jee/ © ‘ =
2
=) \
ke
o
g 3 \;
o o f
o Ny N
3 L e N
8 = (=
S 2
‘@
() [ =}
° <
3
@2
G @
C R
<

DELINEAMENTO EXPERIMENTAL
FASE CLINICA
(14 Dias)

FASE LABORATORIAL

Figure 1. Representation of the experimental design used in the study
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Figure 2. Representation of the cross-over design used in the study.
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Figure 3. Relationship between microhardness and depth values (AB y = 124.6 + 18.8x / #*
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0.681; SB y=143.9+21.4x// =0.711; CPB y = 140.4 +22.6x / ¥’ = 0.698; OUB y = 157.3

+20.4x / ¥ = 0.732).
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4 CONCLUSAO GERAL
Da avaliagdo dos resultados obtidos neste trabalho, pode-se concluir que:

Nas condig¢des desse estudo in situ, os sistemas adesivos utilizados ndo influenciaram no
surgimento e desenvolvimento da cérie secundéaria no esmalte dental humano adjacente as

restauragoes de resina composta.

- A presenca do fliior ou do mondémero antibacteriano, MDPB, nos sistemas adesivos, nao

apresentou efeito no processo de desmineralizagdo do esmalte adjacente as restauragdes.

- A presenga do flior ou do mondmero antibacteriano, MDPB, nos sistemas adesivos nao

alterou a composi¢@o microbioldgica do biofilme dental formado sobre as restauracdes.
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ANEXO B - Protocolo de Aprovacio COMEP

Universidade Federal do Ceara
Comité de Etica em Pesquisa

Of. N° 627/06 Fortaleza, 09 de outubro de 2006
Protocolo COMEPE n° 138/06

Pesquisador responsavel: Suyane Maria Luna Cruz de Vasconcelos
Dept®./Servigo: Departamento de Odontologia/ UFC

Titulo do Projeto: "Avaliagcdo in situ da influéncia da utilizagcdo de
sistemas adesivos no desenvolvimento da carie secundaria em esmalte”

Levamos ao conhecimento de V.S2 que o Comité de Etica em
Pesquisa da Universidade Federal do Ceara — COMEPE, dentro das
normas que regulamentam a pesquisa em seres humanos, do Conselho
Nacional de Salde — Ministério da Saude, Resolucdo n® 196 de 10 de
outubro de 1996 e complementares, aprovou o projeto supracitado na
reunido do dia 05 de outubro de 2006.

Outrossim, informamos, que o pesquisador devera se comprometer
a enviar o relatorio parcial e final do referido projeto.

Atenciosamente,/
A
//

Dr. e
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