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RESUMO

Objetivo: Avaliar, in vitro, a influéncia dos acidos utilizados para microabraséo e,
in situ, o efeito do tempo de contato com a saliva na microdureza e morfologia do
esmalte abrasionado. Metodologia: In vitro: Setenta blocos dentais bovinos foram
divididos em 7 grupos (n=10). Os grupos experimentais foram tratados com
aplicacao ativa/passiva dos acidos H3zPO, 35% (E1/E2) ou HCI 6,6% (E3/E4); e
controles, tratados com microabrasdo com HzPO4+pedra-pomes (C5), HCl+silica
(C6) ou nenhum tratamento (C7). In situ: Nove grupos (n=19) de blocos dentais
bovinos foram divididos de acordo com o tratamento e o tempo de exposi¢cao
salivar, sendo 4 grupos tratados com H3zPOg+pedra-pomes, 4 com HCl+silica e 1
grupo controle. Os grupos tratados foram subdivididos em: sem exposicéo salivar,
1 hora, 24 horas ou 7 dias de exposicdo em ambiente intrabucal. A microdureza
superficial (SMH) foi avaliada antes e apds a microabrasdo, e apds exposicado
salivar (in situ). A microdureza subsuperficial (CSMH — 10, 25, 50 e 75 um) foi
analisada ap0s a microabrasdo (in vitro) e apds a exposi¢cdo salivar (in situ).
Espécimes representativos foram selecionados para a avaliacdo da morfologia do
esmalte por meio da microscopia confocal de varredura a laser (MCVL - in vitro) e
por microscopia eletrénica de varredura (MEV - in situ). Para a analise estatistica
foi realizada analise de variancia para medidas repetidas (Proc Mixed), e os testes
de Tukey-Kramer e Dunnet (SMH) e ANOVA (parcelas subdivididas) e Tukey-
Kramer (CSMH — in situ) (p<0.05). Resultados: In vitro: Ndo foram encontradas
diferencas entre as analises pré e pds-microabrasdo entre 0s grupos controles
para SMH. Entre 0s grupos experimentais, a aplicacdo ativa demonstrou os
maiores valores de SMH, sem diferenca entre os acidos, com a mesma forma de
aplicacdo. A maioria dos grupos apresentou reducao do valor de CSMH conforme
aumento da profundidade, com diferencas entre os grupos com microabrasao (C5
e C6) e o0 C7; e entre todos os grupos experimentais e o C7. Comparando a
aplicacéo dos &cidos, a aplicagédo ativa do HzPO,4 (E1) mostrou maior CSMH com

diferenca estatistica em relagcdo ao HCl (E3). A MCVL demonstrou diferentes
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padrées de condicionamento para cada grupo. In situ: Para as analises de SMH,
todos os grupos tratados apresentaram reducdo na microdureza, com diferengas
em relacdo ao controle e a leitura inicial. Apds exposicdo salivar, os resultados
demonstraram que o tratamento com HCl+silica foi mais propenso a
remineralizagéo, ja que, com 1 hora foi verificado aumento na SMH, com diferenca
significante em relacdo a andlise pds-microabrasdo. Apenas o tratamento com
HCl+silica foi eficiente em reestabelecer tal propriedade em relacdo ao controle. A
analise de CSMH confirmou a maior capacidade de remineralizacdo do esmalte
tratado com HCl+silica, uma vez que ap6és 7 dias de exposicdo salivar, os valores
de microdureza foram restabelecidos para as camadas mais superficiais do
esmalte (10 e 25 um). A MEV demonstrou o efeito remineralizador da saliva para
ambos os tratamentos. Conclusfdes: Os acidos utilizados para microabraséo
apresentaram alto poder erosivo quando aplicados individualmente. O tratamento
com HCl+silica resultou em uma superficie de esmalte mais propensa a

remineralizacao.

Palavras-chave: Microabrasédo do esmalte, microdureza, saliva, microscopia.
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ABSTRACT

Objective: To evaluate, in vitro, the effect of acids used in microabrasion on
enamel microhardness, and, in situ, the effects of remineralizing time on enamel
surface after microabrasion. Methods: In vitro: Seven groups (n=10) of enamel
blocks from bovine incisors were divided in: Experimental groups treated by
active/passive application of 35% H3PO,4 (E1/E2) or 6.6% HCI (E3/E4); and control
groups treated by microabrasion with HzPO4+pumice (C5), HCl+silica (C6), or no
treatment (C7). In situ: Nine groups (n=19) of same specimens were divided in
according to microabrasion and salivary exposition being 1 control (no treatment)
and 4 groups with microabrasion using 35% H3;PO,+pumice and 4 groups using
6.6% +silica. One group of each treatment was submitted to 4 frames of salivary
exposition, being without exposition and with 1 hour, 24 hours or 7 days of
presence on in situ regimen. Surface microhardness (SMH) was evaluated before
and after microabrasion, and after salivary exposition (in situ). Cross-sectional
microhardness (CSMH) was analyzed after microabrasion (in vitro) and after
salivary exposition (in situ). For confocal laser scanning microscopy (CLSM - in
vitro) and scanning electron microscopy (SEM - in situ), representative specimens
group were selected. Statistical analysis used Proc Mixed, Tukey-Kramer and
Dunnet tests (SMH) e ANOVA (subdivided parcels) and Tukey-Kramer tests
(CSMH — in situ) (p<0.05). Results: In vitro: For SMH, it was not found statistically
differences between the control groups after treatment. Active application resulted
in significantly higher microhardness results than passive application, with no
difference between acids. For most groups, the CSMH decreased as the depth
increased, with differences between the groups treated with microabrasion (C5 and
C6) and C7; and between all of experimental groups and C7. A significantly higher
mean CSMH result was obtained with active application of Hz3PO, compared to
HCI. CLSM revealed the conditioning pattern for each group. In situ: For SMH, the

groups treated with microabrasion presented reducing in mineral content, with
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statistical difference in relation to the control and to the initial analysis. The
treatment HCl+silica presented lower reduction and was statistically different from
the treatment with H3PO4+pumice. After salivary exposition SMH results revealed
that surface treated with HCl+silica was more prone to remineralizing effect of
saliva, once it was verified since with 1 hour of presence in in situ regimen, with
significant differences between the treatments after 7 days of salivary exposition.
Just for SMH, the HCl+silica reached values obtained in control group. CSMH
analysis showed that 7 days of salivary exposition were efficient in reestablish de
values for the outer layers (10 e 25 um) of enamel treated with HCl+silica. SEM
analysis presented the remineralizing effect in the course of the time.
Conclusions: Acids used for enamel microabrasion presented a higher erosive
action when solely applicated. Data suggested that enamel surface treated with
HCl+silica presented more susceptibility for remineralizing action of saliva than that
treated with phosphoric acid and pumice.

Keywords: Enamel microabrasion, saliva, microscopy.
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INTRODUCAO GERAL

A microabrasdo € considerada uma técnica conservadora para a
eliminacdo de manchas ou defeitos superficiais no esmalte dental (Loguercio et
al., 2007a; Sundfeld et al., 2007b). O procedimento consiste na realizacédo de
desgaste no esmalte com auxilio de um agente abrasivo associado a um &cido,
utilizando aplicagdo mecanica com micromotor de baixa velocidade (Mondelli et
al., 1995; Schmidlin et al., 2003; Benbachir et al., 2007). Como vantagens, a
técnica propicia a obtencéo de resultados estéticos imediatos e permanentes com
remocado de pequena quantidade de esmalte, quando comparada ao preparo
cavitario para restauracdes adesivas (Zuanon et al., 2006).

A indicacdo primordial para a técnica microabrasiva € para a remocao
de defeitos e manchas que se atenham a superficie do esmalte (Marson et al.,
2007; Sundfeld et al., 2007a). Tais indicacbes sdo de origem intrinseca,
destacando-se, entre elas, a fluorose dental, amelogénese imperfeita e hipoplasia
de esmalte (Lovadino et al., 1989; Sundfeld et al., (1995, 2002). A remocao de
manchas brancas remineralizadas, comum em pacientes apds o tratamento
ortodéntico, também compreende uma indicacao para a técnica (Sundfeld et al.,
2007b). Ha casos de pigmentacdo intrinseca ou extrinseca, em que a
microabrasdo pode ser indicada em associacdo com o clareamento dental
(Sundfeld et al., (1995, 2007a, 2010); Murphy et al., 2007). Outra indicacdo da
microabrasédo é para a remocao de remanescentes de resina apos a retirada do
aparelho ortodontico (Sundfeld et al., (2002, 2007b). Nesses casos, a associacao
da microabrasdo a remocéo de resina composta com pontas diamantadas se faz
viavel, uma vez que a microabrasdo resulta em uma superficie lisa e polida,
evitando as cicatrizes ou a permanéncia de resquicios dos materiais adesivos
(Sundfeld et al., 2002).

A eficacia da microabrasdo depende, entre outros fatores, da coloragéo,
da localizacdo e da profundidade da mancha ou do defeito do esmalte, pois a

espessura deste varia conforme a regiao ou superficie do dente (Tong et al., 1993;



Zuanon et al., 2006). A profundidade da mancha é o fator determinante para a
indicacdo da técnica (Allen et al., 2004; Ritter et al., 2005; Paic et al., 2008).
Manchas muito profundas em esmalte, como as resultantes de hipoplasia, ndo sao
resolvidas com a microabraséo, sendo, nestes casos, necessario a realizacao de
um tratamento restaurador (Ribeiro et al., 2005). Dessa forma, fica evidente a
necessidade de se estabelecer um correto diagnéstico para o planejamento e
sucesso do caso clinico (Lovadino et al., 1989; Silva et al., 2000; Catelan et al.,
2012).

A técnica de microabrasdo foi proposta, inicialmente, utilizando &cido
cloridrico 36% (Croll & Cavanaugh, 1986; Croll, 1989), aplicado com a utilizacédo
de calor, por meio de instrumento metélico aquecido em sua extremidade, sobre
as superficies dos dentes afetados ou do aquecimento direto dos dentes com
lamparina, com a finalidade de aumentar o poder de penetracdo do &acido na
estrutura dental (McCloskey, 1984; Croll & Cavanaugh, 1986; Croll, 1989) e
acelerar a reacdo quimica que propiciava a dissolucdo da superficie manchada
(Mondelli et al., 1995). Croll & Cavanaugh (1986) propuseram a utilizacao de acido
cloridrico a 18%, considerado erosivo nessa concentracao (Sundfeld et al., 2007),
associado a pedra-pomes como abrasivo. Kamp (1989) prop6s a substituicdo do
acido cloridrico pelo é&cido fosférico a 37% na mistura microabrasiva. Essa
associacdo, em forma de pasta, se apresenta como alternativa viavel aos
profissionais, por serem produtos de facil acesso e também de uso rotineiro em
outros procedimentos odontolégicos (Mondelli et al., 1995). Ainda, o acido
cloridrico vem sendo utilizado em menores concentragdes associado ao abrasivo
carbeto de silicio (Zuanon et al., 2006; Sundfeld et al., 2007a) em formulacdes
comerciais.

O efeito que mais corrobora o sucesso clinico da técnica foi
denominado “Efeito Abrasdo” (Donly et al., 1992; Croll & Segura, 1996; Croll,
1997), ao qual se relacionam a lisura e brilho no esmalte conseguido pela técnica,
gue se acentuam com o passar do tempo (Loguercio et al., 2007; Sundfeld et al.,

2007). Tal efeito foi explicado devido a possivel alteracdo da camada mais



superficial do esmalte (aprismatica), em que parte da estrutura defeituosa €&
removida e uma grande porcdo mineral € compactada sobre a superficie,
resultando em uma camada prismatica, densa e polida, que apresenta graus de
reflexdo e refracdo da luz diferentes de uma superficie que néo foi tratada, a qual
seria responsavel pela camuflagem de manchas da camada superficial. A
hidratacdo com a saliva favorece ainda mais esse fenébmeno Optico (Donly et al.,
1992; Schmidlin et al., 2003). Outro beneficio oriundo da microabraséo, € que a
superficie tratada se apresenta mais resistente a colonizacdo bacteriana e aos
desafios &cidos advindos da placa dental (Segura et al., 1997), ou até mesmo ao
condicionamento acido necessario para restauragfes adesivas (Hoeppner et al.,
2010), se comparado ao esmalte ndo tratado com a técnica.

Apesar dos bons resultados clinicos que vém sendo obtidos com a
microabraséo (Sundfeld et al., 2007a), ha pouca informacdo sobre a quantidade
de perda mineral ocasionada pela realizacdo da técnica, em detrimento da acéo
desmineralizante dos acidos empregados, da acdo abrasiva e da combinacao de
tais efeitos. Estudos mostram que a perda de estrutura de esmalte € maior pela
microabrasdo, quando comparada as técnicas de clareamento, uma vez que
acidos sdo utlizados (Tong et al, 1993). No entanto, a perda mineral
eventualmente ocasionada na superficie dental, pela microabrasdo ou por outros
fatores, pode ser restituida pela acdo da saliva, que contém em sua composi¢ao
calcio e fosfato, entre outros, que sdo agentes protetores do esmalte e da dentina
(Ribeiro et al., 2006; Grazziotin et al., 2011; De Vasconcelos et al., 2012;). A acéo
coadjuvante do fldor a saliva também ¢é um artificio potencializador da
remineralizacdo do esmalte, frente aos desafios acidos (Paes Leme et al., 2004).

A fim de quantificar alteracbes nas propriedades fisicas da estrutura
dental, testes de microdureza e rugosidade, que se correlacionam com a avaliacéo
de perda mineral do esmalte, sdo comumente empregados (Paic et al. 2008;
Delben et al., 2009; Attin et al., 2009; Schlueter et al., 2011; Gonzalez-Cabezas et
al., 2012). Estudos mostram que as técnicas de microabrasdo ndo resultam em

alteracdes significativas de microdureza, mas provocam aumento significante na



rugosidade do esmalte (Fragoso et al., 2011; Bertoldo et al., 2011), sendo ainda
desconhecido os efeitos da técnica na camada subsuperficial do esmalte apés a
microabrasdo. Tais estudos também avaliaram, in vitro, a propriedade de
remineralizacdo do esmalte microabrasionado, utilizando saliva artificial (Fragoso
et al., 2011; Bertoldo et al., 2011). No entanto, a literatura carece de estudos que
relacionem os efeitos da saliva sobre o esmalte apos diferentes técnicas de
microabrasédo, como possivel em um regime de estudo in situ.

AvaliacGes histoldgicas em microscopia tém mostrado que, apos a
microabraséo, a superficie de esmalte aparece como uma camada desprovida da
sua morfologia natural aprismatica, como efeito resultante da técnica (Donly et al.,
1992). A analise superficial do esmalte é possivel de ser realizada por meio da
Microscopia Eletronica de Varredura (MEV). O método permite a caracterizacao
microestrutural do esmalte (Ferreira et al.,, 2011) em diferentes tamanhos,
podendo, dessa forma, ser caracterizado o efeito de diferentes substancias, como
0S agentes microabrasivos, sobre a morfologia do esmalte dental. De acordo com
alguns estudos (Meireles et al., 2009; Fragoso et al., 2011), a microabrasdo com
acido fosférico ou cloridrico associado aos abrasivos pedra-pomes ou silica,
respectivamente, resultam em caracteristicas superficiais semelhantes aquelas
visualizadas no esmalte apds o condicionamento com &cido fosférico e cloridrico,
respectivamente, sendo que o tratamento de microabrasdo com este acido resulta
em desmineralizacdo acentuada com evidéncia dos espacos interprismaticos
(Tong et al., 1993; Paic et al., 2008).

A Microscopia Confocal de Varredura a Laser (MCVL) é também um
método eficaz para a avaliagdo dos efeitos da microabraséo, visto que permite
uma avaliacdo qualitativa da extensdo e profundidade da desmineralizacdo do
esmalte (Paris et al., 2009; Behamn et al.,, 2010). Esta técnica microscopica
proporciona analises de espécimes dispensando procedimentos como
desidratacdo, embebicdo e fixacdo dos mesmos. Assim, a arquitetura e
organizacao estrutural do corpo de prova sao mantidas, e por meio de diferentes

profundidades de foco, os detalhes da amostra podem ser visualizados de



maneira tridimensional (Arends & Bosch, 1993; Watson, 1997). Estudos recentes
vém utilizando esta metodologia para avaliar a profundidade de desmineralizagao
do esmalte em lesGes de carie (Paris et al., 2009; Behnan et al., 2010; Meyer-
Lueckel et al., 2011). Entretanto, ndo ha na literatura estudos que avaliem se a
técnica de microabrasao seria capaz de levar a uma desmineralizacdo do esmalte
em profundidade, uma vez que substancias acidas séo utilizadas.

Considerando a importancia da técnica de microabrasdo, como
tratamento estético conservador, e a manutencdo das propriedades fisicas do
esmalte apos este procedimento (Paic et al.,, 2008), este estudo teve como
objetivo avaliar, in vitro, a influéncia dos acidos utilizados para a microabrasao na
dureza superficial e de subsuperficie do esmalte. Ainda, foi avaliado, in situ, o

efeito da saliva no esmalte abrasionado em diferentes tempos.



CAPITULO 1

Effects of acids used in the microabrasion technique: microhardness and

confocal microscopy analysis

ABSTRACT

Aims: This study evaluated the effects of the acids, with different applications,
used in the microabrasion technique on the enamel microhardness and
morphology. Methods: Seventy enamel/dentine blocks (25 mm?) from bovine
incisors were divided into 7 groups (n = 10). Experimental groups were treated by
active/passive application of 35% H3PO, (E1/E2) or 6.6% HCI (E3/E4). Control
groups were treated by microabrasion with HzPO4+pumice (C5), HCl+silica (C6), or
no treatment (C7). The superficial (SMH) and cross-sectional microhardness
(CSMH; depths of 10, 25, 50, and 75 um) of enamel were analyzed. Enamel
morphology was evaluated by confocal laser-scanning microscopy (CLSM). Data
were analyzed by variance analysis of repeated-measures (PROC MIXED), Tukey,
and Dunnet tests (a = 5%). Results: For the control groups, SMH was statistically
different after treatment only for C5. Active application (E1 and E3) resulted in
significantly higher microhardness results than passive application (E2 and E4),
with no difference between acids. For most groups, the CSMH decreased as the
depth increased. The CSMH results of the microabrasion groups (C5 and C6) were
significantly lower than the CSMH of the untreated control (C7). All experimental
groups showed significantly reduced CSMH values compared to the control
groups. A significantly higher mean CSMH result was obtained with the active
application of H3PO4 (E1) compared to HCI (E3). Passive application did not result
in CSMH differences between acids. CLSM revealed differences in the conditioning
pattern for each group. Conclusion: Although the acids displayed an erosive

action, use of microabrasion with an acid led to less damage to the enamel layers.



Keywords: enamel microabrasion, enamel microhardness, confocal laser

scanning microscopy.

INTRODUCTION

Enamel microabrasion involves the application of an abrasive coupled
with an acid to the affected area. This process allows the outer layer of enamel
and, consequently, the stain to be removed through the association between the
erosive and abrasive effects’™®. This technique is used to treat intrinsic stains, such
as fluorosis spots®, inactive white spots due to demineralization?, and localized
hypoplasia®. The success of the technique depends on the depth of the stained
enamel*®’. In general, microabrasion seems to be more efficient when the spots
are located on the outermost layers of the dental enamel®®.

The microabrasion technique has been modified over the years. Initially,
the procedure was performed with 36% hydrochloric acid® (HCI), a concentration
considered erosive and toxic*®. Heat was applied by a metallic instrument to
increase the acid diffusion in the dental structure®. Croll and Cavanaugh® (1986)
proposed the mechanical application of a lower concentration of the same acid
(18% HCI) in association with pumice as an abrasive. This concentration of acid
was able to decalcify the enamel and the stain contained within it. The application
of pumice as an abrasive agent with HCI increased the loss of enamel™. In 1989, it
was proposed the use of phosphoric acid (H3PO,4) under the same conditions as an
efficient technique for enamel microabrasion'. Currently used microabrasive
mixtures include 6% HCI in association with silicon carbide in a commercial
presentation and 35% Hs;PO, together with pumice as an accessible combination®,
with mechanical application by low-speed rotation*>'***, These protocols employ
lower concentrations of HCI and H3zPO, than have been used in previous protocols,
and they use lower pH values, resulting in higher enamel erosion.

In 2008, Paic et al.'* reported that the use of pumice alone was not
sufficient to remove the outer (stained) layer of enamel. This finding showed the

importance of the acid in the microabrasion technique. They presumed that the



erosive action of the acid was the main factor in enamel removal'®. Although
studies have attempted to quantify the enamel alterations that are elicited by
microabrasion'*'%%¢_Jittle is known about the effects of the acids that are used in
this process on the superficial and deeper layers of enamel. Moreover, in addition
to the type, concentration, and pH of the acid, other parameters affect the erosive
potential during microabrasion, including the type of abrasive, time of
instrumentation, application mode, and force applied**. Unfortunately, these
important factors are poorly described in most studies®*%**,

To address these shortcomings in the literature, the purpose of the
present study was to evaluate the effects of the acid used in the microabrasion
technique on the morphology and the superficial and cross-sectional

microhardness values (SMH and CSMH, respectively) of the enamel.

MATERIAL AND METHODS
Preparation of specimens

Seventy bovine incisor teeth were selected. After the coronary portion
had been separated with a double-faced diamond disc (KG Sorensen, Ind. Com.
Ltda.; Barueri, SP, Brazil), enamel blocks of 25 mm? were obtained with a precision
saw (Isomet 1000; Buehler, lllinois, USA) and a high-concentration diamond disc
(4” x 012 x 5, Buehler, lllinois, USA). To obtain flat and standardized enamel
surfaces, the blocks were planned by using silicon carbide (SiC) papers of
decreasing granulation, and the surfaces were polished in a circular polishing
machine under water cooling with felts (TOP, RAM, and SUPRA - Arotec, Cotia;
SP, Brazil) associated with a diamond paste (6, 3, and 1 um granulation) and
greased with a specific oil (Arotec, Cotia; SP, Brazil). Between the polishing steps
and after the final polishing, all slabs were sonicated for 15 min in an ultrasonic
bath (Marconi, Piracicaba, SP, Brazil), to remove any rubbish present on the
enamel surface. The specimens were stored in distilled water at 37 °C until the

beginning of the experiment.



Enamel surface treatment

The samples were divided into seven groups (n = 10) according to the

microabrasive system or the acid used and its form of application.

Experimental groups:

El: Active application of 35% HsPO, (Ultra Etch™ - Ultradent
Products Inc, Utah, USA), performed with a low-rotation electric
micromotor;

E2: Passive application of 35% HsPO,4 (Ultra Etch™ - Ultradent
Products Inc, Utah, USA);

E3: Active application of 6.6% HCI (Drogal, Piracicaba, SP, Brazil),
performed with a low-rotation electric micromotor;

E4: Passive application of 6.6% HCI (Drogal, Piracicaba, SP, Brazil).

Control groups:

C5: Microabrasion with 35% H3PO, (Ultra Etch™ — Ultradent
Products Inc, Utah, USA) associated with pumice (SS White Ltda; Rio
de Janeiro, RJ, Brazil), performed with a low-rotation electric
micromotor (LB-2000, Beltec Industria e Comércio de Equipamentos
Odontolégicos Ltda, Sédo Paulo, SP, Brazil);

C6: Microabrasion with 6.6% HCI associated with silica (Opalustre™
— Ultradent Products Inc, Utah, USA), performed with a low-rotation
electric micromotor (LB-2000, Beltec Indlstria e Comércio de
Equipamentos Odontolégicos Ltda, S&o Paulo, SP, Brazil);

C7: No treatment.

For the microabrasive system composed of H3PO, and pumice (C5),

equal parts of each component were measured with a dosage spoon (0.240 g) and

mixed. All of the components were placed on the enamel surface with a syringe

until the sample was covered; the amount required corresponded to 0.0200 g for

the groups treated with acid and abrasive and 0.0150 g for the groups treated with

acid only. All of the surface treatments were performed with 10 applications of 10 s



each. After each application, the enamel surface was rinsed and dried for 10 s with
a dental sprayer and compressed air, respectively. The microabrasion treatment
and active application of the acids were performed with a lower rotation micromotor
with padronized rotation (nearly 12000 rpm). All of treatments were performed for

the same operator.

Microhardness test

The Knoop surface microhardness (SMH) and cross-sectional
microhardness (CSMH), at a load of 25 g with an indentation time of 10 s, of the
enamel were determined with a microhardness tester (Shimadzu HMV-2000,
Shimadzu Corp., Kyoto, Japan). The SMH was tested twice, before (initial) and
after (final) the microabrasion procedure. For the SMH analysis, five indentations
spaced 100 um apart were made in the center of the enamel block. For the CSMH
tests, the blocks were longitudinally sectioned through the center. One of the
halves had its cut face exposed and gradually polished with SiC papers, felts, and
diamond paste, as previously explained. Four rows of three indentations spaced
100 um apart were made at 10, 25, 50, and 75 um from the outer enamel surface.
The length of each indentation was measured with an optical analysis system
coupled with the microhardness tester. The mean values at all three measuring

points at each distance from the surface were averaged (Figure 1).
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Figure 1. Experimental design for SMH and CSMH analyses
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Confocal laser-scanning microscopy (CLSM)

Slices were obtained from the other half of the cut samples that were not
used for the CSMH analysis (Figure 1). These slices were polished with SiC
papers of decreasing granulation, surface-polished with felts (TOP, RAM, and
SUPRA - Arotec, Cotia; SP, Brazil) associated with a diamond paste of decreasing
granulation (6, 3, and 1 um, respectively), and greased with a specific oil (Arotec,
Cotia; SP, Brazil). This process resulted in 0.3-um-thick slices. The specimens
were washed for 15 min in an ultrasonic tub (Marconi, Piracicaba, Sdo Paulo,

Brazil) between each of these procedures and after the final polishing step.
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For CLSM analysis, the specimens were stored in freshly prepared 0.1
mM rhodamine B (Aldrich Chem. Co., Milwaukee, Wisc., USA) for 1 h, without
further rinsing'”?*. They were examined with a Leica TCS SP2-SE microscope
(Leica Microsystems Gmbh, Manhein, Germany) in fluorescent mode. A HeNe 543
gas laser was used as the light source. The intensity of the excitation light and the
amplification of the photomultiplier were kept constant during the investigation
period. The detected light was conducted through a 543-mm long-pass filter; thus,
the emitted fluorescent light was discriminated from the reflected and the scattered
light. The visualized layer was selected 10 ym below the sample surface, and
images were recorded with an oil immersion objective (40X, numerical aperture
1.25).

Statistical analysis
The data obtained were submitted to statistical analysis. After
exploratory data analysis, PROC MIXED was used for repeated measures,

followed by the Tukey-Kramer and Dunnett tests. The significance level was 5%.

RESULTS
SMH analysis

The results of the SMH analysis are shown in Table 1. In relation to the
control groups, the treatments with H3PO4 and pumice (C5) or HCI and silica (C6)
did not resulted in significantly reduced enamel SMH means compared to the initial
measurement and the group without treatment (C7). For the groups treated by
active application of HsPO,4 (E1) and HCI (E3), the SMH values were statistically
different from those of all other groups; however, no differences in SMH between
E1 and E3 were observed. Groups with the passive application of H3PO, (E2) and
HCI (E4) showed the lowest SMH results. The SMH values of E2 and E4 were
significantly different compared to the experimental groups with active application
and the control groups; however, no significant differences in SMH between E2

and E4 were observed.
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Table 1. Results for Knoop surface microhardness (SMH) according to the

treatment group (mean = SD, n = 10)

Groups Controls Acid Aplication Enamel Microhardness (um)
Initial Final
E1l HsPO,  Active 479,60 (58.92) Aa  *+313,46 (55.70)Ba
E2 Passive 503,0 (55.57) Aa  *%*118,3 (19.15) Bb
E3 HCI Active 470,40(55.70) Aa  ***305,06 (52.58)Ba
E4 Passive 516,9 (59.89) Aa  *%*134,01 (33.93)Bb
C5  HsPO,+Pumice 488,80 (47.94) A 451,76 (51.64)A
C6 HCI+Silica 485,60 (59.96) A 469,70 (55.30) A
C7 No treatment 457,10 (59.10)A 463,08 (55.93)A

There was not difference between the acids in relation to the type of application (p=0,4986). Means followed by
different letters (uppercase in horizontal and lowercase in vertical comparing time within each category of
microabrasion) differ (p<0.05). * Differ from control with no treatment at the same time (p<0.05).* Differ from
HCI + silica at the same time (p<0,05). $ Differ from HzsPO4+Pumice at the same time (p<0.05).

CSMH analysis

Figures 2 and 3 show the results of the CSMH analysis. The groups
treated by microabrasive systems with acid, abrasive, and rotation (C5 and C6)
showed reduced CSMH values in all of the deeper layers of the enamel (10, 25,
50, and 75 pm), with statistical differences compared to the group with no
treatment (C7). The group treated with HCI and silica (C6) showed significantly
lower CSMH values at 75 um than the group treated with HzPO4 and pumice (C5)
and the control without treatment (C7). In C5, no differences in CSMH between the
analyzed depths were observed, whereas C6 showed differences in CSMH
between the deeper layers (50 and 75 um) and the superficial layers.

For the groups with active application of HzPO, (E1) and HCI (E3), the
mean CSMH was reduced in all of the enamel layers, with statistical differences
compared to the control groups (C5, C6, and C7). In all of the layers analyzed, the
reduction of CSMH was significantly higher with active application of H3PO4
compared to that of HCI. The groups with passive application presented significant
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differences in CSMH compared to the controls, but no significant differences in
CSMH between the acids were observed.

For both acids and application types (active/passive), there were
significant differences in CSMH between the superficial and deeper layers. All of
the mean CSMH values of experimental groups treated with HCL (E3 and E4)
differed from those of the group treated with HCI and silica (C6). Similarly, the
mean CSMH values of experimental groups treated with H3PO, (E1 and E2)
differed from that of the control treated with H3PO, and pumice (C5). The
experimental groups showed greater reduction of the CSMH as compared to the
corresponding positive control group. All of experimental group treatments resulted

in differences in CSMH compared to the control group without treatment (C7).

Figure 2: Mean Knoop cross-sectional microhardness (CSMH) values according to
the treatment and distance (um) from the surface for the control groups (bars
denote SD, n = 10).
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Figure 3: Mean Knoop cross-sectional microhardness (CSMH) according to the

treatment and distance (um) from the surface (bars denote SD, n = 10).
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Star sign, significantly different compared to controls; Pentagon, significantly different compared to actively
applied HCI.

Morphology analysis by CLSM

Figure 4 shows the results of the CLSM analysis. The subsurface
structures remained unchanged after all of the treatments. All of the groups treated
with acids or with microabrasive systems showed different surface conditioning
patterns compared to the group without treatment (C7). In the case of the groups
treated with microabrasive systems (H3PO4 + Pumice — C5 and HCI + Silica — C6),
localized surface microwear was observed. Surface microwear was also seen in
the groups with active application of H3PO4 (E1) and HCI (E3). CLSM images for
the groups with passive application of H3PO, (E2) and HCl (E4) showed
transversal exposure of the enamel prisms, which was a result of the acid
conditioning. The light-colored seam observed at the top of the specimens in
almost all of the images demonstrated the light-reflecting properties of the
uppermost surface regions of the enamel slabs. This effect might be due to a

smear layer induced by surface polishing.
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Figure 4: Representative images of the groups by confocal laser-scanning
microscopy (CLSM).

C7

E1 and E2: Groups treated with 35% HsPO, and pumice with active and passive application, respectively; E3 and E4:

Groups treated with 6.6% HCI with active and passive application, respectively; C5 and C6: Groups treated with
microabrasion using 35% H3;PO, and pumice and HCI and silica, respectively. Images show points of localized surface

microwear (active application groups) and transversal exposure of the enamel prisms (passive application groups).
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DISCUSSION

No statistically significant difference was observed between the SMH
results before and after enamel microabrasion with 35% H3PO4 and pumice (C5) or
6% HCI and silica (C6), as previously described™®. Studies have suggested the
existence of an “abrosion effect”, whereby the erosive action of the acid couples
with the abrasive action to compact the mineralized tissue within the organic area.
Through this process, the outer layer of prism-rich enamel is replaced with a
densely compacted, prism-free region*®, creating a fluorapatite-rich surface layer®.
The Knoop CSMH means were significantly lower in all enamel layers in the
positive control groups treated with microabrasion (C5 and C6) compared to the
group with no treatment (C7). This finding demonstrates the erosive power of the
acids. The only significant difference in CSMH means between the positive control
groups (C5 and C6) was observed between the 75 um layer from C5 and C6. This
result reflects the higher erosive power of HCI compared to H3PO,4 and its action in
deep layers, which could be related to the lower pH value of HCI (-0.14) compared
to H3PO4 (0.79)Y.

The experimental groups with active application of H3PO, (E1) and HCI
(E3) showed significantly reduced SMH results compared to the control groups
with (C5 and C6) and without (C7) treatment. This finding shows the importance of
the presence of the abrasive agent for preventing the erosive action of the acids. At

the same time, the combined use of abrasive and erosive actions is key*>*°,

as
studies have shown that the use of pumice alone is insufficient to remove the outer
enamel layer®. The mean CSMH results progressively decreased with increasing
depth, with differences between the acids. This finding was probably due to enamel
topography, because enamel layers nearer to the dentin-enamel junction are more
susceptible to demineralization than other layers'®*°.

For the experimental groups with active application, the CSMH results
were lower for HCI (E3) than those for H3PO,4 (E1), probably due to the lower pH of
HCI*. Thus, the low pH values of both acids coupled with mechanical application

(and, consequently, pressure) led to considerable enamel erosion”?°. The groups
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treated by passive application of the acids (E2 and E4) presented the lowest
values of SMH (Table 1) and CSMH (Figure 3). In all of the enamel layers, the
microhardness values in E2 and E4 were significantly different from those of the
other experimental and control groups. This finding suggests that the use of
mechanical application helps to guarantee the scattering and renovation of the acid
on the enamel, without allowing the erosive substance to remain on the tooth
surface for too long.

No significant differences were observed between the acids after
passive application, consistent with previous findings that the use of 35% H3PO4 or
6.6% HCI does not result in differences with respect to mineral loss'’?!. With
passive application, the lowest mean microhardness results were observed in the
outermost layer (Table 1), indicating that the effect of the acid on the surface
microhardness is stronger than that in the deeper layers. Similarly, Honério et al.??
(2010) stated that erosive demineralization is restricted to the surface until enamel
loss from this surface occurs. Therefore, acids can reach the deepest layers of the
enamel only after they cause changes in the surface. In the absence of mechanical
application, the viscosity of the acidic gels retards their penetration into the enamel
and, therefore, the erosion effect®’.

The effect of the acids on enamel morphology was analyzed by CLSM.
This microscopy technique can reveal the enamel ultrastructure through the light
reflection and transmission properties of the dental structure. CLSM provides a
tremendous complementary technique to surface observation'’?3, but it has limited
sensitivity to detect lesions of less than approximately 15 um in depth?*%*. Based

on previous findings'’?*2°

, rhodamine B fluorescent dye was used in this study
because it can penetrate into the enamel voids created during demineralization®®.
The CLSM images showed that the subsurface enamel was unchanged
after treatment with microabrasive systems or acids, but the experimental groups
displayed differences in the structural changes. The CLSM images for groups with
mechanical application showed evidence of potential microwears in the remaining

surface, which were possibly the result of the use of an abrasive agent (C5 and
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C6) or mechanical application (E1, E3, C5, and C6) during the treatment. Previous
studies have also shown that increased pressure'” and the presence of

abrasive!®*

result in increased enamel loss. The images from the groups with
passive application of the acids (E2 and E4) showed the transversal exposure of
the enamel prism, which was possibly due to the diffusion of the acid through the
enamel.

The clinical success of the microabrasion technique has been well-

documented*®**. As related in previous studies’®**4

and in the present study,
when planning the microabrasion procedure, the clinician should consider the
effects of the techniqgue on the enamel. Although there were no significant
differences between the microabrasive systems used with respect to the enamel
microhardness, when the acids were applied alone, both H3PO4 and HCI showed
an erosive action that was able to reduce the mineral content of the tooth structure.

Overall, the results of this study showed that the preventive action of the
abrasive was useful for preventing further damage to the dental enamel. Additional
investigations of the proportion between the acid and abrasive agent in
microabrasive systems should be performed. Such studies should focus on the
development of an ideal system that allows the effective removal of the changed
superficial enamel, while safety preserving the enamel characteristics in the deeper

layers.

CONCLUSION

The results of this study verify the erosive power of H3PO,; and,
especially, HCI. Compared to H3PO4, the active application of HCI resulted in
significantly greater reductions in the microhardness results in the deeper enamel
layers. The use of microabrasive systems containing acid and abrasive compounds
combined with mechanical application can allow the efficient reduction of enamel
damage in the superficial and deeper layers of the remaining enamel after

treatment, thereby maintaining the enamel integrity as such as possible.
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CAPITULO 2

In situ investigation of salivary exposition time on tooth enamel following

microabrasion treatments

Running tittle: Salivary effect on enamel after microabrasion

Clinical Relevance

The enamel surface treated with microabrasion using 6.6% hydrochloric
acid and silica was more prone to remineralizing action of saliva in 7 days than the

treatment with 35% phosphoric acid and pumice.

SUMMARY

Objective: This study examined the effect of remineralizing time on the
enamel surface of teeth after various microabrasion techniques under in situ
conditions. Methods: Enamel blocks (16 mm?), from bovine incisors, were divided
into nine groups (n=19): G1, no treatment (control); G2, G3, G4 and G5,
microabrasion with 35% phosphoric acid (HsPO,4) and pumice without, 1 hour, 24
hours or 7 days of , respectively; G6, G7, G8 and G9, 6.6% hydrochloric acid (HCI)
and silica without; 1 hour, 24 hours, and 7 days of saliva exposure, respectively.
Nineteen volunteers wore a palatal appliance containing the blocks for 7 days.
Enamel surface microhardness (SMH) and cross-sectional microhardness (CSMH)
were tested before and after treatment, and after saliva exposure. Scanning
electron microscopy (SEM) was used to qualitatively evaluate enamel morphology.
SMH was analyzed variance analysis of repeated-measures (PROC MIXED),
Tukey and Dunnet tests. CSMH was analyzed with ANOVA with subdivided
parcels and tukey (p<0.05). Results: According to the SMH analysis, all the

microabrasion-treated groups presented significantly reduced mineral content
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compared to the control. Regarding saliva exposure, HCl+silica was more prone to
the remineralizing effect of saliva, even in CSMH analysis, because saliva
exposure efficiently reestablished the mean microhardness values for the most
superficial layers. These results were confirmed by SEM, which presented the
remineralizing effect over time. Conclusion: Enamel surface treated with 6.6%
HCI and silica was more susceptible to the remineralizing action of saliva than that
treated with H3PO,4 and pumice.

Keywords: Enamel, microabrasion, microhardness, saliva.

INTRODUCTION

Enamel microabrasion is used to improve surface texture, remove
superficial intrinsic stains, and repair enamel decalcifications and defects'™,
leading to color and surface regularization of the tooth™ °. This technique is

considered a conservative and esthetic treatment* 7 8

and consists of removing a
thin layer of the superficial enamel with a combination of an acid and an abrasive”®.
Nowadays, the common products used are 35% phosphoric acid (H3zPO,) with
pumice and 6.6% hydrochloric acid (HCI) coupled with silica® * °.

The type and concentration of the acid employed in the microabrasion
technique play a role in the amount of enamel reduction®*. The acid component of
the microabrasion system may cause mineral loss in the enamel surface 3. In
addition, the abrasive component may increase mineral loss, which is

characterized by tooth wear***°.

Moreover, the mechanical application
recommended for the microabrasion technique can emphasize these effects.
Enamel microhardness is a property that can be influenced by a combination of the
abovementioned factors, as described in previous studies" ***®. However, most of
these studies have not considered the protective capacity of the oral environment
due to the presence of saliva and its components.

In situ studies are considered as an intermediate between in vitro and in

vivo studies because they allow some clinical variables to be controlled*? *°. These
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types of studies are important because saliva acts against the demineralization
process and may be able to recover the slight mineral loss of enamel®®. The
presence of fluoride in the oral environment is another factor that may cause
remineralization of the enamel surface®’. Besides the fluoride present in saliva,
fluoride from toothpaste can prevent demineralization by forming a layer of calcium
fluoride on the enamel surface'® 2. Most investigations of enamel alterations due

11, 15,17, 18, 23 and have not

to the microabrasion technique have an in vitro design
considered the protective properties of the oral environment, mainly related to
saliva'®. Thus, an in situ model may simultaneously simulate intraoral events and
standardize the experimental conditions®® **. Analysis of the enamel surface by
microhardness determination is a very sensitive method to assess the mineral

content level®*

at a specific site where most of the mineral exchanges are likely to
occur in the de- or remineralization process of enamel.

It is unclear how much time is necessary for enamel to reestablish its
natural properties after microabrasion with exposure to the oral environment.
Therefore, the aim of this in situ study was to investigate the effects of different
periods of saliva exposure on enamel treated with microabrasion techniques using

two different agents.

MATERIAL AND METHODS

This in situ study was approved by the Research and Ethics Committee
(037/2011), and all volunteers signed an informed written consent form. Nineteen
volunteers wore acrylic palatal appliances containing seven bovine dental enamel
specimens, representing different experimental groups. The study had just one

experimental phase of 7 d, as represented in Figure 1.
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Figure 1. Experimental design of the study.
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(a2) Enamel blocks; (b-c) Microhardness analysis before treatment; (d) Enamel microabrasion treatment; (e)

Microhardness analysis after treatment; (f) Intraoral appliance; (g) Microhardness analysis after salivary
exposition; (h) Sectioning of the specimens; (i-j) Cross-sectional microhardness analysis after salivary
exposition; (k-1) Analysis in scanning electron microscopy.

Preparation of specimens

Bovine incisor teeth were selected and stored in formaldehyde solution
for at least 1 month, and enamel/dentin slabs (4 mm x 4 mm x 2 mm) were
obtained from them using a precision saw (Isomet 1000; Buehler, lllinois, USA)
and a high-concentration diamond disc (4” x 012 x ¥, Buehler, lllinois, USA). The
enamel surface of the blocks was planned and flattened using silicon carbide
papers of decreasing granulation (#300, #600 and #1200), felts, and diamond
paste of 6, 3, and 1 um granulation; greased with a specific oil(Arotec, Cotia; SP,
Brazil); and coupled to a circular polishing machine, under water cooling (Aropol E,
Arotec, Cotia; Sado Paulo, SP, Brazil). Between the polishing steps and after the
final polishing, all slabs were placed in an ultrasonic device (Marconi, Piracicaba,
SP, Brazil) containing distilled water for 15 min to remove polish debris. The
specimens were sterilized by ethylene oxide (ACECIL — Central de Esterilizagao,
Comeércio e Industria LTDA, Campinas, Sao Paulo, Brazil — ISO 9001:2000).
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Volunteers

Nineteen volunteers, 10 males and 9 females, aged 21-30 years old,
who fulfilled the exclusion criteria (i.e., no use of a fixed or removable orthodontic
appliance, good general and oral health, nonsmoking, not pregnant or nursing, and
no antibiotic use during 2 months prior to the study) took part in this study. For
standardization reasons, volunteers were instructed to use fluoridated toothpaste
(Colgate Total, 12—-1450 ppm of fluoride, Colgate-Palmolive, Sao Paulo, Brazil) and
manual toothbrushes (Colgate Professional Clean, Colgate-Palmolive, Sao Paulo,

Brazil) for 7 d prior to and during the course of the experiment.

Surface treatment

Enamel microabrasion was performed with an equal amount of 35%
HsPO, (Ultra Etch™ — Ultradent Products Inc, Utah, USA) and pumice (SS White;
Rio de Janeiro, RJ, Brazil) measured with a measuring spoon (0.240 g); or 6.6%
HCI associated with silica (Opalustre™ — Ultradent Products Inc, Utah, USA). The
products were placed on the enamel surface with a syringe until the sample was
covered (0.0200 g). The procedure was achieved with specific rubber cups
(OpalCups - Ultradent Products Inc, Utah, USA) coupled with an electric
micromotor set at low rotation (LB-2000, Beltec Industria e Comércio de
Equipamentos Odontologicos Ltda, Sdo Paulo/Brazil). Ten applications of 10 s
each were performed. After each application, the enamel surface was rinsed and

dried for 10 s using a dental sprayer and compressed air, respectively.

Groups
The samples were divided into nine groups (n=19) in randomized order
according to the microabrasion technique and the time of storage in human saliva

(in situ phase).
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Table 1. Groups of study

Salivary
Groups Treatment Exposition

Gl No treatment (control) 7 days
G2 H3POg4 - 35 % + Pumice Without
G3 H3PO,4 - 35 % + Pumice 1 hour
G4 H3PO4 - 35 % + Pumice 24 hours
G5 H3PO, - 35 % + Pumice 7 days
G6 HCI + Silica - Opalustre™ Without
G7 HCI + Silica - Opalustre™ 1 hour
G8 HCI + Silica — Opalustre™ 24 hours
G9 HCI + Silica — Opalustre™ 7 days

Palatal appliances

Custom-made acrylic palatal appliances, containing seven cavities (5
mm X 5 mm x 3 mm; three at each side and one in the center of the appliance),
were made for each volunteer. In these cavities, the slabs were fixed with wax and
remained in the cavity for the previously determined time. The enamel surface of
the specimen was maintained at the same level as the appliance. After 1 h and 24
h, the respective specimens of each group were removed and the cavities were
filled with wax. With the appliances placed in their mouths, the participants were

instructed not to eat and only were allowed to drink water.

Microhardness analysis
The surface microhardness (SMH) of the enamel was analyzed three
times: before and after the microabrasion treatment, and after the specified saliva

exposure time. A Knoop indenter at a load of 25 g and an indentation time of 10 s
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in a microhardness tester (HMV-2000 Shimadzu, Tokyo, Japan) was used. Five
indentations, spaced 100 um apart, were made in the center of the enamel block,
and the mean values of the measuring points were then determined. For the cross-
sectional microhardness (CSMH) tests, the blocks were longitudinally sectioned
through the center. One of the halves had its cut face exposed and gradually
polished with silicon carbide papers, felts, and diamond paste, as previously
explained. Four rows of three indentations spaced 100 um apart were made at 10,
25, 50, and 75 um from the outer enamel surface. The mean values at all three

measuring points at each distance from the surface were then determined.

Scanning Electron Microscopy (SEM)

For SEM analysis, representative specimens of each group were placed
in an acrylic stub under aluminum tape (3M Adhesives Ltd., St. Paul, MN, USA)
and subjected to vacuum in a sputter (Balzers — SCD 050 sputter coter, Germany)
by the deposit of a thin layer of gold, equivalent to 10° mm, in order to increase the
surface reflectance. Then, photomicrographs (4000x) of representative areas of the
specimens under a SEM (JEOL.JSM 5600LV, Tokyo, Japan) were obtained.

Statistical Analysis

The data obtained were submitted to statistical analysis. For SMH data
analysis, PROC MIXED for repeated measures was used, followed by Tukey’s and
Dunnett’s tests. For CSMH data analysis, analysis of variance (Split Plot) of
subdivided parcels and Tukey’s test were used. The parcels under evaluation were
the type of microabrasion treatment and the time of saliva exposure; the
subdivided parcels were the layer depths analyzed. The control group was
considered as an additional treatment in the respective layers analyzed. For both

analyses, the significance level was 5%.
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RESULTS

Based on the SMH analysis (Table 2), both microabrasion treatments,
HsPO, + pumice and 6.6% HCI + silica, significantly reduced the enamel
microhardness (p<0.05) after microabrasion compared to the initial measurement
and the control group (Group 1). The SMH analysis after saliva exposure showed
that all groups treated with HCI + silica were the most effective at reestablishing the
original enamel microhardness means. With the H3PO,4 and pumice treatment, only
the groups exposed to saliva for 24 h and 7 d presented increasing values of
enamel microhardness, which were statistically different compared to the values
after the microabrasion treatment. With the HCI + silica treatment, all of the groups
with saliva exposure demonstrated greater microhardness means with significant
differences compared to the means after treatment. In addition, the HCI + silica
treatment groups exposed to saliva for 24 h and 7 d did not have statistically
different microhardness values than the initial microhardness values. Furthermore,
the groups treated with HCI + silica and with 7 d of saliva exposure did not have
statistically different microhardness values than that of the control group at the
same time. Comparing the salivary effect for both microabrasion systems, the
group treated with HCI + silica and with 1 h of exposure to the intrabucal
environment presented significant enamel microhardness than the group treated

with H3PO,4 and pumice and the same saliva exposure.
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Table 2. Results for Knoop surface microhardness (SMH) according to the

treatment groups (mean + SD, n = 19)

_ _ Salivary Time
Microabrasion N
Exposition Before treatment After treatment After saliva
Without ~ 541.06 (31.75) Aa "475.48 (31.36) Ba "470.63 (28.06) Bc
H,PO,+ 1 hour 560.59 (23.53) Aa “466.52 (23.50) Ba *477.99 (37.26) Bbc
Pumice 24 hours 553.53 (25.65) Aa "466.25 (29.83) Ca "507.62 (30.49) Bb
7 days 537.83 (30.89) Aa "473.42 (22.34) Ca "577.38 (30.51) Ba
Without  530.68 (15.69) Aa "463.81 (29.97) Bb  "468.09 (17.17) Bb
HCl+silica 1 hour 548.69 (15.69) Aa "478.24 (17.40) Cab *514.85 (32.03) Bb
(Opalustre™) 24 hours 542.25 (23.90) Aa “501.42 (32.03) Ba "533.82 (26.77) Ab
7 days 541.58 (30.90) Aa #495.72 (38.14) Bab 607.10 (27.92) Aa
Control 525.38 (30.56) A  537.49 (24.10) A  616.85(32.28) A

Means followed by different letters (uppercase in horizontal and lowercase in vertical comparing time within
each category of microabrasion) differ (p<0.05). *Differ from the group treated with HCl+silica with the same
time of salivary exposition. #Differ from the control in the same time of analysis.

For the CSMH analysis (Table 3), the groups treated with microabrasion
systems and without saliva exposure presented lower enamel microhardness
values in all layers, with statistically significant differences compared to those of
the control group. However, there were no statistically significant differences in
CSMH values between the two treatments. Regarding the saliva exposure, for
enamel microabrasion using H3;PO, + pumice, all groups had statistically lower
CSMH values than the control in all layers tested. In addition, for this treatment, it
was not verified that the microhardness values increased over time because there
were no significant differences in CSMH values compared to the group without
exposure to the oral environment. In general, there were statistical differences
between the mean microhardness values in the deeper (50 um and 75 pum) and the
outer (10 um and 25 um) layers analyzed. For the groups treated with HCI + Silica,

saliva exposure for 1 h, 24 h, and 7 d resulted in increasing microhardness values
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in all layers with statistically significant differences compared to the group without
saliva exposure. For the same treatment, being in the presence of the in situ
regimen for 7 d led to mean microhardness values that were statistically similar to
those of the control group for the most superficial layers (10 pum and 25 pm).
Comparing the layers tested for these groups, statistical differences were
visualized in the 75 pm and 50 um layers, and between these layers and the outer
layers (10 um and 25 pm), as found in the control group. Comparing both
microabrasion treatments, saliva exposure for 24 h and 7 d showed greater mean
microhardness values with HCI + silia treatment, which were statistically different
from the same groups treated with H3PO,4 + pumice, for the most superficial layers
(10 um and 25 pm).

Table 3. Results for Knoop cross-sectional microhardness (CSMH) according to

the treatment groups (mean + SD, n = 19)

. . Salivary Layer
Microabrasion .
Exposition 10 pm 25 pm 50 um 75 pm
Without €413,98(29.68)Aa %424,65(33.13)Aa ¥368,88(20.99)Ba  “312,24(23.98) Ca
HsPO, + 1 hour €439,68(22.10)Aa 4445,30(31.66)Aa 4379,54(26.73)Ba €336,16(29.28)Ca
Pumice 24hours  %442,30(30.78)Aa  “*437,70(34.88)Aa 4386,00(25.71)Ba 4340,30(28.23)Ca
7 days %447,07(30.17)Aa  **460,28(28.49)Aa £392,18(25.39)Ba  “340,63(27.91)Ba
Without €414,14(26.02)Ab €412,96(25.10)Ac 360,35(20.89)Bb #304,35(21.55)Cb
HCI + Silica 1 hour €473,70(32.84)Aa  “470,74(29.55)Ab “411,28(30.57)Ba  “343,28(28.99)Ca
Opalustre™ 24hours  %482,65(30.05)Aa  “479,95(31.65)Aab 4401,33(33.55)Ba  “339,74(38.60)Cab
7 days 505,19(34.64)Aa 515,39(25.76)Aa “430,53(35.18)Ba  “356,44(27.87)Ca

Control

520,21(40.55) A

528,65(43.00) A

462,21(26.09) B

421,91(28.99) C

Means followed by different letters (uppercase in horizontal and lowercase in vertical comparing time within
each category of microabrasion) differ (p<0.05). *Differ from the group treated with HCI + silica with the same

time of salivary exposition. “Differ from the control in the same layer of analysis.

SEM analysis showed that microabrasion treatment generated

alterations in morphological patterns when compared with the control group (Figure

2). Figure 3 shows the conditioning pattern using only H3PO, and HCI, for
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comparison with the microabrasion systems using these acids. The H;PO, and
pumice treatment presented characteristics of etching patterns with 35% H3zPO,,
demonstrating dissolution of the prisms on the periphery and in the interprismatic
spaces (Figure 4A). However, these spaces were progressively filled over the
course of time of saliva exposure (Figure 4B-D). Based on the SEM analysis of the
HCI + Silica-treated samples, exposure of the interprismatic region of the enamel
was evident, although the dissolution was less evident than that produced by the
HsPO, and pumice treatment (Figure 5A). Likewise, this dissolution was
progressively reduced over time, i.e. with 7 d of saliva exposure, the enamel was

similar to that of the control group (Figure 5B-D).
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Figure 2. SEM analysis of the control group (G1)

SEM analysis of the control group (G1), without treatment, and with 7 d of saliva exposure shows the
characteristics of a healthy enamel surface.

Figure 3. SEM analysis of the application of only acid on the enamel surface.

(A) 35% H3PO4 and (B) 6.6% HCI treatment. Exposure of the interprismatic spaces is more evident in (A).
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Figure 4. SEM analysis of the groups treated with HsPO,4 and pumice.

X4, 888 Swm 4, 806 Sam

SEM images for the groups treated with HzPO4 + pumice according to the time of the in situ regimen: (A)
without (G2), (B) 1 h (G3), (C) 24 h (G4), and (D) 7 d (G5) of saliva exposure, showing the evolution of the
filling of interprismatic spaces over time.

35



Figure 5. SEM analysis of the groups treated with HCI + Silica.

Opal 1h

SEM images for the groups treated with HCI + Silica according to the time of the in situ regimen: (A) without
(G6), (B) 1 h (G7), (C) 24 h (G8), and (D) 7 d (G9) of saliva exposure, showing the evolution of the filling of
interprismatic spaces over time and the full filling with 7 d of saliva exposure.

DISCUSSION

The microabrasion treatments with HsPO,4 + pumice as well as with HCI
+ Silica raised the decreasing SMH values, with statistically significant differences
in comparison with the analysis performed before the microabrasion treatments.
Although enamel microabrasion resulted in a compact mineralized surface due to

14-16, 25

the “Abrosion Effect’ % *, the erosive and abrasive challenges arising from

the products used caused mineral loss, reducing the mean microhardness values.
SMH analysis after different times of saliva exposure showed that it was

14, 24

possible to observe the remineralizing action of saliva , since the exposed
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surface was less mineralized. There was a significant increase in the SMH value,
which varied according to the amount of time in the presence of the in situ regimen
and the microabrasion system used. The HCI + silica treatment results showed that
saliva exposure was able to improve the SMH value in only 1 h, and, over the
course of the time, the remineralizing action of saliva efficiently reestablished the
control SMH level. For the H3PO,4 + pumice treatment, only after 24 h of saliva
exposure was the decrease of mineral loss observed. Not even with the 7 d in situ
regimen did the mineral composition match that of the control group.

Since dental erosion results in surface softening and subsurface
damage® ?’, knowledge of the subsurface changes in hardness could help to
clarify which aspect of lesion formation is predominant in each microabrasion
system used. The results showed that both microabrasion techniques efficiently
reached the deeper layers of enamel and caused a reduction in their
microhardness values. These results could be explained by the presence of acid,

which presents a low pH*3, and the abrasive agent*® %°

, Whose action is potentiated
by mechanical application and consequently pressure®* 2%, For both microabrasion
systems, there were differences between the deeper and outer layers of the
enamel. A reduction of microhardness values was observed with increasing depth,
which occurs due to the greater susceptibility to demineralization events that the

29.30 45 it was also found in

enamel layers near the dentin-enamel junction present
the control group.

The CSMH results showed that HCI + silica treatment was more prone
to the remineralizing action of saliva than the H3PO,4 + pumice treatment. For the
group with 7 d of in situ regimen, only the outer layers of 10 and 25 um presented
mean microhardness values that were statistically similar to the control group.
These results indicate that the remineralizing process occurs first in the outer
layers, possibly due to the topographic characteristics of this region, where Retzius
lines have a regular periodicity®: 2. Probably, the complete remineralization of
enamel, mainly in the deeper layers, would occur in a few days, as reported in

several in situ studies with an experimental phase of 15 d, when cariogenic
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challenges were evaluated'® *°. On the other hand, treatment with HsPO, + pumice
did not present increasing CSMH values with statistical differences in relation to
the control. In addition, only for 7 d of saliva exposure did the layers of 10, 25, and
50 um reach mean microhardness values that were statistically similar to those
found at the same time for the group treated with HCI + Silica. Clinically, this
difference between the microabrasion systems might be even greater because
enamel microabrasion with HzPO, and pumice is more sensitive to formulation
variations as this mixture can have varying proportions of abrasive and acid
agents, strengthening the action of the one of these compounds.

The greater susceptibility of enamel treated with HCI + Silica to the
remineralizing action of saliva may be related to its composition of HCI and silica.
The amount of chloride and sodium ions in dental enamel has been found to be
associated with the suppression of hydroxyapatite dissolution®®. It could be
correlated with this study, since it was possible to occur on the enamel treated with
HCI + Silica. These ions account for more than 60% of the ionic strength of saliva®®
3 Another possible reason for the greater susceptibility of enamel treated with HCI
+ Silica may be that HCI has a lower pH value (-0.14) than H3sPO, (0.71)**, which

favors surface rehardening and fluoride uptake®* 34

. Once silica (SiOy) is a
compound from HCI + Silica, it may be also incorporated on enamel after
microabrasion, and this component is known to compose a bioactive material
(CasSiOs) that efficiently induces a new apatite layer on acid-etched enamel®®. So,
the presence of this component on enamel may enhance the mineralization
process once it can link with the calcium from hydroxyapatite and from saliva®,
leading to the formation of new apatite crystals that can reduce the
demineralization process from early stages>> . This hypothesis was supported by
the 1 h of saliva exposure data in the HCI + Silica - treated group, which showed
significantly greater enamel microhardness values compared to the values
immediately after microabrasion and compared to the group with the same

treatment but without saliva exposure.
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In the present study, the specimens submitted to enamel microabrasion
were exposed to an oral environment that simulated all conditions present in an in
vivo treatment, such as the presence of fluoride (e.g. from toothpaste); in addition,
the volunteers used the same fluoridated dentifrice and used the appliance all the
time, except while eating. Treatment with acidic compounds and enamel
microabrasion, combined with acidic challenges from the oral environment, not
only increases the porosity of the enamel but also enhances the possibility for

fluoride uptake®" ?°

. Since this exposed surface was less mineralized, saliva had a
remineralizing action, causing a significant decrease in mineral loss; therefore, this
eroded surface was more prone to chemically receiving minerals (calcium and
phosphate) from saliva, allowing the enamel to recover minerals* ?°. Moreover,
these findings suggest that daily use of fluoridated dentifrice probably potentiated
the reduction of enamel demineralization, as described by Paes Leme et al.*®.
Fluoride has been reported to draw free mineral ions from the erosive lesion body
towards the surface, a process that results in redistribution of the mineral in the
lesion?! 24,

The quantitative findings were also confirmed by SEM images, which
showed various demineralizing patterns in different levels, depending on the
microabrasion technigue and the saliva exposure time employed. Although a
conditioning pattern with exposure of interprismatic spaces was determined, this
observation was more evident for the groups treated with H3PO, and pumice than
for the groups treated with HCI + Silica. Over time, the filling of these spaces was
observed; however, HCI + Silica treatment was more successful as shown by the 7
d in situ regimen data, which presented the same surface characteristics as found
in the control group. Thus, remineralization had already occurred in the oral
environment that simulated the clinical situation, which was evident by the SEM
images?®’.

Based on the results of this study, special attention must to be given in
choosing the most adequate microabrasion system. The microhardness

determination and SEM analysis revealed that enamel microabrasion with HCI +
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silica reestablished the enamel characteristics, displaying similar morphology as
the sound enamel (control) at the end of the experiment. Because saliva plays an
important role in reestablishing microhardness and the morphological
characteristics of the enamel surface, clinicians should use adequate treatment

conditions to preview and control the microabrasive effects on the enamel.

CONCLUSION

The findings of this in situ study demonstrated that enamel after
microabrasion with HCI + silica and saliva exposure for 7 d showed a greater
increase of microhardness values than with H3PO,4 and pumice treatment. Saliva
was able to remineralize the enamel treated with HCI + silica, reaching the mean
microhardness values found in the sound enamel (control) at the surface (0 um)
and outer layers (10 um and 25 pm) of the enamel. Thus, HCI + silica should be

considered the best choice as a microabrasion system to repair tooth enamel.
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CONCLUSAO

De acordo com os resultados obtidos e dentro das limitacdes dos

estudos realizados, pode-se concluir que:

1. Os sistemas microabrasivos testados, acido fosférico + pedra pomes e acido
cloridrico + silica (Opaluste®) causaram injdrias ao tecido dental, uma vez que foi
observada reducéo de microdureza superficial e subsuperficial do esmalte dental

apos o tratamento de microabrasao.

2. A acéo erosiva dos acidos foi comprovada, j4 que, quando aplicados sozinhos,
seja com aplicacdo ativa (mecéanica) ou passiva, eles causaram alteracéo
significante na microdureza do esmalte, tanto em superficie quanto em
profundidade. Comparando as duas formas de aplicacdo, ainda foi possivel
observar que a aplicagdo mecanica é importante para diminuir o tempo de contato
do acido sobre o esmalte, o que resulta em menor reducdo nos valores de

microdureza do esmalte remanescente.

3. Comparando as alteracGes de microdureza resultantes da aplicacdo dos
sistemas abrasivos e dos acidos, fica evidente que a presenca do componente
abrasivo é importante para evitar perda mineral em excesso pelo esmalte durante

a técnica de microabrasao.

4. Em relagdo ao processo de remineralizacdo do esmalte microabrasionado,
pode-se perceber que a saliva apresentou acdo efetiva em restituir as
caracteristicas da estrutura dental no decorrer do periodo experimental (7 dias),
uma vez que pbde-se observar aumento da microdureza superficial e
subsuperficial (10 e 25 um), e mudancas microscopicas nas caracteristicas do

esmalte dental.

5. O tratamento com acido cloridrico 6,6 % e silica (Opalustre®) mostrou-se mais

by

propenso a agao remineralizante da saliva, uma vez que com uma hora de
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exposicao ao regime in situ, ja foi observado resultado significante em relacdo a

andlise apos a microabraséo.

6. Ambos os tratamentos demonstraram reducao das alteracdes de microdureza
superficial, sendo que, apenas para o tratamento com acido cloridrico 6,6 % e
silica (Opalustre®) com exposicdo salivar de 7 dias, foi possivel restituir a
microdureza do esmalte e as caracteristicas morfoldgicas, sem diferencas em

relalcdo ao grupo controle (sem tratamento).
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APENDICE

Detalhamento das Metodologias

1. Delineamento Experimental

Capitulo 1:

Unidades experimentais: 70 fragmentos de dentes bovinos

Fatores em estudo:

- Sistemas erosivos/ abrasivos em cinco niveis:

- Acido fosférico a 35% (Ultra-Etch, Ultradent Products Inc. Utah,
USA) associado a pedra-pomes (Quimidrol LTDA, Joinvile, SC, Brasil);

- Acido cloridrico a 6,6% e carbeto de silicio (Opalustre, Ultradent
Products Inc. Utah, USA);

- Acido fosférico a 35% (Ultra-Etch, Ultradent Products Inc. Utah,
USA);

> Acido cloridrico 6,6% (Drogal Medicamentos, Piracicaba, SP,
Brasil);

- Sem tratamento — Controle.

- Formas de aplicacdo em dois niveis:

- Ativa: aplicacdo com taca de borracha especifica para
microabrasdao (Opalcups, Ultradent Products Inc. Utah, USA) acoplada a um
micro-motor elétrico de baixa rotacado (LB-2000, Beltec Industria e Comércio de
Equipamentos Odontolégicos Ltda, Sdo Paulo, SP, Brazil);

- Passiva: Apenas colocagéo do produto sobre a amostra.
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- Profundidade em relagdo a superficie em 5 niveis: 0, 10, 25, 50, 75
micrometros.

Variavel de resposta:

—>Dureza de Knoop pelo Teste de Microdureza (KHN).

Forma de designar o tratamento das unidades experimentais: processo aleatorio,

por meio de sorteio.

Tabela I. Grupos de Estudo:

Grupos Tratamento
Gl Nenhum tratamento
G2 Acido fosforico 35 % associado & pedra-pomes
G3 Acido cloridrico 6,6 % associado a carbeto de silicio (Opalustre)
G4 Acido fosférico 35 % - aplicacéo ativa
G5 Acido cloridrico 6,6 % - aplicag&o ativa
G6 Acido fosforico 35 % - aplicagéo passiva
G7 Acido cloridrico 6,6 % - aplicag&o passiva
Capitulo 2:

Unidades experimentais: 171 fragmentos de dentes bovinos — 19 voluntéarios (21-

30 anos) selecionados a partir dos seguintes critérios de inclusao:

- Pacientes sem utilizacdo de aparelho ortodéntico (fixo ou

removivel);

- Pacientes que nao apresentassem doenca periodontal e atividade

de cérie;
- Pacientes livres de doenca sistémica;

- Pacientes nao fumantes;
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- Pacientes em uso de medicamentos que alterem o fluxo salivar.

Fatores em estudo:

- Sistemas microabrasivos em trés niveis:
> Acido fosférico a 35% (Ultra-Etch, Ultradent Products Inc. Utah,
USA) associado a pedra-pomes (Quimidrol LTDA, Joinvile, SC, Brasil);
- Acido cloridrico a 6,6% e carbeto de silicio (Opalustre, Ultradent
Products Inc. Utah, USA);
- Sem tratamento — Controle.
- Tempo em quatro niveis:
->Sem exposicao a saliva (controle);
- 1h de exposicéo a saliva;
- 24h de exposicao a saliva;
- 7 dias de exposicao a saliva.
- Profundidade em relacdo a superficie, em 4 niveis: 10, 25, 50, 75

micrometros.

Variavel de resposta:

—>Dureza de Knoop pelo Teste de Microdureza (KHN);

Forma de designar o tratamento das unidades experimentais: Randomizado.
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Tabela Il. Divisdo dos grupos:

Grupos Tratamento Exposicao Salivar
G1 Nenhum tratamento 7 dias
G2 Acido fosférico 35 % associado a pedra-pomes Sem exposicao
G3 Acido cloridrico a 6,6 % e carbeto de silicio Sem exposicao
G4 Acido fosférico 35 % associado a pedra-pomes 1 hora
G5 Acido fosférico 35 % associado a pedra-pomes 24 horas
G6 Acido fosférico 35 % associado a pedra-pomes 7 dias
G7 Acido cloridrico a 6,6 % e carbeto de silicio 1 hora
G8 Acido cloridrico a 6,6 % e carbeto de silicio 24 horas
G9 Acido cloridrico a 6,6 % e carbeto de silicio 7 dias

*Acido cloridrico a 6,6 % e carbeto de silicio (Opalustre).

2. Preparo dos espécimes

Para a realizacdo dos estudos, foram utilizados incisivos bovinos
(Figura 1-a) que, apos a coleta, foram armazenados em solucdo aquosa de timol a
0,1 % (Dinamica, Piracicaba, Sdo Paulo, Brasil), tamponado. Apés a desinfeccéo,
os dentes foram submetidos a raspagem manual com cureta periodontal para
remocao de debris organicos e foram polidos com tacas de borracha e pasta de
pedra-pomes (SS White Ltda; Rio de Janeiro, RJ, Brasil) e agua. Apds este
procedimento, os dentes foram armazenados em &agua destilada e mantidos em
estufa até o momento de sua utilizacdo. A porcdo coronaria (Figura 1-b) foi
separada da porc¢ao radicular a 1 mm da juncdo cemento-esmalte por meio de um

disco diamantado dupla face (KG Sorensen, Ind. Com. Ltda., Barueri, SP, Brasil)

acoplado a contra angulo de baixa rotacao.
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Figura 1: Incisivos bovinos utilizados no estudo: (a) dentes selecionados ap6s

desinfeccao; (b) porcao coronaria apés a separacao da porcao radicular.

A partir da porgcéo coronaria, foram obtidos blocos de esmalte/dentina
de 25 mm? (Artigo 1) e de 16 mm? (Artigo 2) utilizando disco diamantado de alta
concentracdo (4 "x 012 x %, Buehler, lllinois, EUA) acoplado a cortadeira

metalogréfica de precisdo (Isomet 1000, Buehler, lllinois , EUA) (Figura 2).

Figura 2: Obtencao de blocos de esmalte/dentina: (a) cortadeira
metalografica; (b) cortes realizados na por¢ao coronaria; (c) bloco de

esmalte/dentina.
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Para planificacao, regularizacdo e polimento da superficie de esmalte,
os espécimes foram posicionados em discos de acrilico de modo que a superficie
do esmalte ficasse paralela a base do disco e, assim, permitisse 0 posicionamento
do conjunto (espécime e disco de acrilico) paralelamente a superficie da lixa ou

feltro utilizado (Figura 3).

Figura 3: Polimento dos espécimes: (a-b) posicionamento e fixacdo do espécime

sobre o disco de acrilico; (c) polimento da superficie de esmalte.

Para essa etapa, foram utilizadas lixas de carbeto de silicio de
granulacdo decrescente (#320, #600 e #1200 — Carborundum Abrasivos, Sao
Paulo, SP, Brasil) e feltros (TOP, RAM e SUPRA - Arotec, Cotia; Sao Paulo, SP,
Brasil), associados as pastas diamantadas metalogréaficas (6 um — TOP, 3 ym —
RAM, 1 ym — SUPRA - Arotec, Cotia; Sdo Paulo, SP, Brasil), juntamente com o
lubrificante especifico (Arotec, Cotia; Sdo Paulo, SP, Brasil) (Figura 4) acoplados a
politriz giratéria (Aropol E, Arotec, Cotia; S&o Paulo, SP, Brasil) (Figura 5). Entre
cada etapa de planificagcdo e polimento, bem como ao final desta etapa, as
amostras foram lavadas com &gua destilada em cuba ultrassbnica (Marconi,
Piracicaba, SP, Brasil) para que fossem removidos quaisquer debris presentes na

superficie de esmalte (Figura 5).
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qu (a)

Figura 4: Materiais usados para o polimento dos espécimes: (a) lixas abrasivas;

(b) feltros; (c) pasta de diamante.

Figura 5: Politriz giratéria (a) e cuba ultrassonica (b).

3. Esterilizacdo dos espécimes (Estudo in situ — Capitulo 2)

Para a realizacdo do estudo in situ, os espécimes foram submetidos ao
procedimento de esterilizacdo quimica, por meio do composto Oxido de Etileno
(ACECIL — Centro de Esterilizacdo, Comeércio e Industria LTDA — Campinas, S&o

Paulo, Brasil).
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Figura 6. Espécimes embalados em grau cirlrgico para o procedimento

de esterilizacdo quimica.

4. Aplicacédo dos tratamentos

Os tratamentos de microabrasdo (Capitulos 1 e 2) e a aplicacdo ativa
dos acidos (Capitulo 1) foram realizados com taca de borracha especifica para
microabrasdo (OpalCups, Ultradent Products Inc. Utah, USA) acoplada a um
motor elétrico de rotacdo padronizada (LB-2000, Beltec Industria e Comércio de
Equipamentos Odontolégicos LTDA, S&o Paulo, Brasil)) (Figura 7).

Figura 7: Tagas de borracha especificas para microabrasdo (a) e motor elétrico
utilizado (b).
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4.1. Microabrasdo com &cido fosforico associado a pedra-pomes

Para a microabrasdo com &acido fosférico 35% (Ultra-etch, Ultradent
Products Inc. Utah, USA) associado a pedra-pomes (Quimidrol LTDA, Joinvile, SC,
Brasil), partes iguais de cada produto, medidas com auxilio de uma colher
dosadora (0,240 g), foram misturadas para a formacédo do sistema microabrasivo
(Figura 8).

Figura 8: Proporcionamento da mistura microabrasiva: (a) pedra-pomes; (b) acido

fosforico; (c) pasta para microabrasao.

Para o tratamento do espécime, a mistura foi dispensada sobre a
amostra, com auxilio de uma seringa, de maneira que toda a superficie de esmalte
fosse envolvida pelo produto, totalizando uma quantidade de 0,0200 g, mensurada
em balanca de precisdo (Shimadzu AUY, Shimadzu Corp., Kyoto, Japan). Para a
microabrasdo, o conjunto motor elétrico e taca de borracha foram posicionados
perpendicularmente a superficie de esmalte (Figura 9). As aplicacdes foram
realizadas em regime de 10 aplicagbes de 10 segundos cada, com lavagem e

secagem da amostra entre as aplicacdes.
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Figura 9: Tratamento de microabrasdo: (a) pasta microabrasiva; (b-c) aplicacao
da mistura sobre o espécime; (d) posicionamento do motor elétrico sobre o

espécime.
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3.2. Microabras&o com Opalustre

O Opalustre (Ultradent Products Inc. Utah, USA) foi dispensado sobre a
amostra por meio da propria seringa, na qual o produto é comercializado, de
maneira que a superficie de esmalte fosse envolvida pela mistura microabrasiva,
totalizando uma quantidade de 0,0200 g, mensurada em balanca de precisdo
(Shimadzu AUY, Shimadzu Corp., Kyoto, Japan). Para a microabraséo, o conjunto
motor elétrico e taca de borracha foram posicionados perpendicularmente a
superficie de esmalte (Figura 10). As aplicacdes foram realizadas em regime de
10 aplicacdes de 10 segundos cada, com lavagem e secagem da amostra entre as

aplicacoes.

Figura 10: Tratamento de microabrasao: (a) Opalustre; (b-c) aplicacédo do produto

sobre o espécime; (d) posicionamento do motor elétrico sobre o espécime.
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4.3. Aplicacgao ativa do acido fosférico

O &cido fosforico 35% (Ultra-etch, Ultradent Products Inc. Utah, USA)
foi dispensado sobre a amostra por meio da prépria seringa, na qual o produto é
comercializado, de maneira que a superficie de esmalte fosse envolvida pela
mistura microabrasiva, totalizando uma quantia de 0,0150 g, mensurada em
balanca de precisao (Shimadzu AUY, Shimadzu Corp., Kyoto, Japan). A aplicacéo
ativa consistiu simulagédo do procedimento de microabrasdo utilizando a acéo
mecanica realizada com taca de borracha acoplada a um motor elétrico, em
regime de 10 aplicacbes de 10 segundos cada, com lavagem e secagem da

amostra entre as aplicacdes (Figura 11).

l

lltra-Etch’

Figura 11: Aplicacao ativa do acido: (a) acido fosférico; (b-c) aplicacdo do acido

sobre o espécime; (d) posicionamento do motor elétrico sobre o espécime.
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4.4. Aplicagao ativa do acido cloridrico

O é&cido cloridrico foi obtido a partir de manipulacdo em farmécia
especializada (Drogal Medicamentos, Piracicaba, SP, Brasil). O produto continha
acido cloridrico 6,6% (concentracéo utilizada no Opalustre) diluido em 50 g de gel
de natrosol gsp. O produto se apresentava na forma liquida e sua aplicacéo foi
realizada por meio de seringa, de maneira que toda a superficie de esmalte fosse
envolvida pelo produto, totalizando uma quantidade de 0,0150 g, mensurada em
balanca de precisédo (Shimadzu AUY, Shimadzu Corp., Kyoto, Japan). A simulagéo
do procedimento de microabrasdo (aplicacdo ativa) foi realizada com taca de
borracha acoplada a um motor elétrico, em regime de 10 aplicacbes de 10
segundos cada, com lavagem e secagem da amostra entre as aplicagoes (Figura
12).

Figura 12: Aplicacéo ativa do acido: (a) &cido cloridrico; (b-c) aplicacao do

acido sobre o espécime; (d) posicionamento do motor elétrico sobre o espécime.
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4.5. Aplicagao passiva do acido fosfarico

O &cido fosforico 35% (Ultra-etch, Ultradent Products Inc. Utah, USA)
foi apenas dispensado sobre a amostra, sem qualquer acdo mecanica na sua
aplicacdo, com auxilio da seringa no qual € comercializado, em uma porcéo de
aproximadamente 0,0150 g, mensurada em balanca de precisdo (Shimadzu AUY,
Shimadzu Corp., Kyoto, Japan) (Figura 13). Foram realizadas 10 aplicacdes de 10

segundos cada, com lavagem e secagem da amostra entre as aplicagoes.

i
itra-Etch®
FOSFORICO A

Figura 13: Aplicacéo passiva do acido: (a) acido fosforico; (b-c) aplicacdo do &cido

sobre o espécime.
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4.5. Aplicagéo passiva do acido cloridrico

O acido cloridrico 6,6% (Drogal Medicamentos, Piracicaba, Sdo Paulo,
Brasil) foi apenas dispensado sobre a amostra, sem qualquer acdo mecanica na
sua aplicacdo, com auxilio de uma seringa, em uma porcao de aproximadamente
0,0150 g, mensurada em balanca de precisdo (Shimadzu AUY, Shimadzu Corp.,
Kyoto, Japan) (Figura 14). Foram realizadas 10 aplicagbes de 10 segundos cada,

com lavagem e secagem da amostra entre as aplicacdes.

Figura 14: Aplicacéo passiva do acido: (a) acido cloridrico; (b-c) aplicagédo do

acido sobre o espécime.

64



5. Confeccgéo dos dispositivos intrabucais

Os dispositivos intrabucais palatinos foram confeccionados em resina
acrilica autopolimerizavel (VIPIFlash. VIPI Industria, Comércio e Exportacdo de
Produtos Odontolégicos Ltda, Pirassununga, Sao Paulo, Brasil) obtidos a partir
dos modelos em gesso (Asfer Industria Quimica Ltda, Sdo Caetano do Sul, SP,
Brasil) dos voluntarios. Para a confec¢cao dos aparelhos, inicialmente, aplicou-se
isolante para resina acrilica sobre os modelos (Cel-Lac, SSWhite, Rio de Janeiro,
RJ, Brasil). Em seguida, a resina acrilica foi colocada sobre o modelo de modo a
envolver toda a superficie palatina dos dentes e recobrir toda a regido do palato.
Antes mesmo da completa polimerizacdo da resina, moldes de silicone de
condensacdao (Speedex, Vigodent Industria e Comércio, Rio de Janeiro, RJ, Brasil)
com dimensdes 4 x 4 mm foram posicionados simulando os espécimes e, assim,
formando a loja para receber uma amostra de cada grupo, conforme delineado.
Apoés a completa polimerizacéo da resina, foram feitos os ajustes o polimento dos

dispositivos (Figura 15).

Figura 15: Confeccédo dos dispositivos intrabucais: (a) aplicacdo de isolante de
gesso no modelo; (b-c) colocacdo de resina acrilica sobre o modelo e
posicionamento dos moldes de silicone simulando os espécimes; (d) dispositivo

intrabucal ap6s o acabamento e polimento.
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Os espécimes foram fixados com cera pegajosa (Asfer Industria
Quimica Ltda, Sao Paulo, SP, Brasil) em posi¢do previamente determinada de
modo que sua superficie de esmalte ficasse no mesmo nivel da resina acrilica e
em contato com o ambiente bucal durante a utilizacdo do dispositivo pelo

voluntario.

Opalustre — 1 hora
Opalustre — 24 horas

H3PO +Pomes — 1 hora
H;PO, +Pomes — 24 horas

H3PO,+Pomes — 7 dias Opalustre - 7 dias

Figura 16: Posicionamento dos espécimes no dispositivo intrabucal.

Os dispositivos foram distribuidos aos voluntérios, e, conforme o tempo
estabelecido, os espécimes foram retirados do dispositivo e a janela referente ao

mesmo era preenchida com cera pegajosa (Figura 17).

Figura 17: Dispositivo intrabucal durante o experimento: (a) dispositivos com
todos os espécimes fixados; (b) dispositivo apdés 1 hora com remocdo dos
espécimes do referido grupo; (c) dispositivo intrabucal apdés 24 horas com
remocao dos espécimes do referido grupo e como permanece até o fim do periodo

experimental (7 dias).
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6. Analises
6.1. Microdureza de superficie

A analise de microdureza superficial do esmalte foi realizada por meio
de microdurdometro com edentador Knoop (Shimadzu HMV-2000, Shimadzu Corp.,
Kyoto, Japan) (Figura 18), com carga estatica de 25 gramas por 10 segundos.

Figura 18. Microdurémetro Shimadzu HMV-2000.

Foram realizadas cinco indentagdes com distancia 100 ym entre elas,
na regido central do espécime (Figura 19). As leituras foram realizadas nos

tempos inicial, apés tratamento e apds exposicao a saliva (Capitulo 2) (Figura 19).
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Figura 19. Esquema gréfico das indentacdes na regido central da amostra,
mostrando as medidas das distancias entre elas.

6.2. Microdureza de subsuperficie

Para a analise de microdureza subsuperficial, os espécimes foram
seccionados longitudinalmente, sendo uma das metades reservada para esta
andlise e a outra para confeccdo de fatias e posterior analise em microscopio

confocal de varredura a laser (Figura 20).
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Figura 20: Corte longitudinal do espécime: (a) Fixacdo do espécime em placa de
acrilico com cera pegajosa; (b) posicionamento do espécime na cortadeira

metalografica e seccionamento deste ao meio; (c-d) obtencéo de fatias.

Apols a seccdo do espécime, a face longitudinal, expondo esmalte e
dentina, foi polida com lixas abrasivas e discos de feltro conforme o protocolo ja

descrito (Figura 21).
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Figura 21: Polimento da face longitudinal do espécime: (a) corte longitudinal do
espécime; (b) fixacdo do hemi-espécime em disco de acrilico; (c) polimento em
politriz metalogréfica; (d) aspecto da face longitudinal do espécime apds o

polimento.

Foram realizadas doze indentacfes em cada espécime, sendo trés em
cada uma das diferentes profundidades — 10, 25, 50 e 75 um com 100 um de

distancia entre elas (Figura 22).
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Figura 22. Esquema grafico das indentacdes nas camadas subsuperficiais

do esmalte.

6.3. Microscopia confocal de varredura a laser (Capitulo 1)

Para andalise em microscopia confocal de varredura a laser, as fatias
obtidas a partir do seccionamento longitudinal dos espécimes foram polidas
conforme o protocolo anteriormente descrito (Figura 23).
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Figura 23. Polimento das fatias de esmalte: (a-b) obtencao das fatias por meio do
corte longitudinal da amostra; (c-d) lixas abrasivas e feltros para polimento; (e)

aspecto da fatia apos o polimento.

Apébs o polimento, as fatias foram armazenadas em solug¢do 0,1mmol/L
de isoticianato de rodamina B a 0,1% (RITC; Sigma-Aldrich Co. LLC, Steinheim,
Alemanha), por 1 hora, previamente a analise no microscopio (Figura 24). As
imagens obtidas foram analisadas por meio do Software Confocal LCS Lite (Leica,
modelo TCS SP5A0BS).
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Figura 24. Armazenamento das fatias em solucédo de rodamina B.

6.5. Microscopia eletrénica de varredura (Capitulo 2)

Para avaliacdo qualitativa das amostras, estas foram preparadas para
analise em Microscopio Eletrénico de Varredura — MEV (Jeol.jsm 5600LV, Tokyo,
Japao). Para tanto, as amostras foram lavadas em cuba ultrassénica (Marconi,
Piraciava, SP, Brasil) e foram realizados trés banhos em solu¢céo aquosa de alcool
absoluto nas amostras com diferentes proporcoes (50%, 75% e 95%) com
duracdo de 50 minutos cada um. Feito isso, as amostras foram fixadas em disco
de acrilico para serem metalizadas (Bal-Tex SCD 050 sputter coter, Alemanha)
com uma camada de ouro paladio (Figura 25). Por meio do MEV, foram obtidas
imagens representativas (4000x) de cada grupo.
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Figura 25. Amostras metalizadas para analise em MEV.
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