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RESUMO

Esse trabalho, através de dois estudos in situ, avaliou o efeito sobre o esmalte
de géis clareadores com diferentes espessantes (Estudo 1 - Artigo 1) e dentifricios
com diferentes principios ativos apds o clareamento (Estudo 2 - Artigo 2) em pacientes
com fluxo salivar normal ou reduzido. No Estudo 1, foram selecionados 14 voluntarios
com fluxo salivar normal e 14 voluntérios com fluxo reduzido. Foram realizados 4 tipos
de tratamento: sem clareamento (controle negativo), gel comercial de perdxido de
carbamida (PC) 10% com carbopol (controle positivo), gel experimental de PC 10%
com natrosol e gel experimental de PC 10% com aristoflex. Os patrticipantes utilizaram
um dispositivo palatino por 15 dias e o tratamento clareador foi realizado extra-
oralmente por 4 horas durante 14 dias. Foram realizadas as analises de microdureza
de superficie (SMH), cor (AEab e AEoo), rugosidade (Ra), microscopia eletrénica de
varredura (MEV) e por energia dispersiva por Raio-X (EDS). As analises foram
realizadas inicialmente e apds o término do periodo experimental in situ. Para o Estudo
2, foram selecionados 12 voluntarios para cada fluxo salivar, normal e reduzido. Esse
estudo foi conduzido em 6 fases experimentais in situ de 24 horas. Os espécimes
bovinos foram previamente clareados in vitro (1 sessao, perdxido de hidrogénio 35%,
45 minutos de aplicacéo) e em seguida foram fixados no dispositivo palatino. Durante
o periodo in situ (24 horas) as amostras foram tratadas intra-oralmente 2 vezes com
o dentifricio. Em cada fase um dentifricio foi avaliado: placebo, NaF, SnFz,
F/Sn/Quitosana, F/Arginina e F/Vidro Bioativo. As anélises de SMH, Ra e cor (AE ab,
AEoo, AL, Aa, Ab) foram realizadas nos tempos baseline (T1), apds o clareamento
dental in vitro (T2) e apds o periodo experimental in situ (T3). As analyses de MEV,
EDS foram realizadas apenas em T3. As andlises estatitisticas apropriadas para cada
andlise foram realizadas com nivel de significancia de 5%. Os resultados do Estudo 1
mostraram que diferencas foram encontradas entre os fluxos salivares em SMH para
o natrosol e em Ra para o carbopol. Para o fluxo salivar normal, o natrosol e o aristoflex
apresentaram maiores valores de SMH entre todos os grupos avaliados. Para o fluxo
salivar reduzido o aristoflex apresentou o maior valor de SMH e para a Ra o aristoflex
e o natrosol apresentaram os menores valores entre todos os grupos avaliados e nao
diferiram entre si. Na analise de EDS, o aristoflex apresentou maior relacao Ca/P e
diferiu do grupo placebo para o fluxo salivar normal. No Estudo 2, os resultados

mostraram diferengas significantes entre os fluxos salivares em SMH e Ra para o



placebo e o NaF. Na relacdo Ca/P foram encontradas diferengas entre os fluxos para
o dentifricio placebo. Para o fluxo salivar normal, a SMH em T3 foi igual em T1
independente do dentifricio utilizado. Para o fluxo reduzido, os dentifricios a base de
SnF2, F/Sn/Quitosana e F/Vidro Bioativo resultaram em maior SMH em T3 e nao
diferiram estatisticamente de T1. O F/Vidro Bioativo apresentou os menores valores
de Ra para ambos os fluxos salivares. Além disso, para a quantificacdo de Ca%, P%,
Na%, o F/Vidro Bioativo apresentou os maiores valores, diferiu do grupo placebo e
nao apresentou diferenca entre os fluxos salivares. Concluiu-se que o fluxo salivar e
0s espessantes interferiram nas altera¢cdes do esmalte apds o clareamento. No fluxo
salivar normal, o natrosol e o aristoflex apresentaram menores alteragées no esmalte,
enquanto que para o fluxo reduzido as menores alteracées foi para aristoflex. O fluxo
salivar e os dentifricios interferiram na remineralizagdo apds o clareamento dental.
Dentifricios com vidro bioativo apresentaram a melhor performance no esmalte dental

clareado para ambos os fluxos salivares.

Palavras-chave: Clareadores, Espessantes, Dentifricios, Saliva.



ABSTRACT

This work, through two in situ studies, evaluated the effect on the enamel of
bleaching gels with different thickeners (Study 1 - Article 1) and dentifrices with
different active principles after bleaching (Study 2 - Article 2) in patients with normal
and low salivary flow. In Study 1, 14 volunteers with normal salivary flow and 14
volunteers with low flow were selected. Four types of treatment were performed:
without bleaching (negative control), commercial gel of carbamide peroxide (PC) 10%
with carbopol (positive control), experimental gel of PC 10% with natrosol and
experimental gel of PC 10% with aristoflex. The participants used a palatal device for
15 days and the bleaching treatment was performed extra-orally for 4 hours for 14
days. Analyzes of surface microhardness (SMH), color (AE*ab and AEoo), roughness
(Ra), scanning electron microscopy (SEM) and by X-Ray dispersive energy (EDS)
were performed. The analyzes were performed initially and after the end of the in situ
experimental period. For Study 2, 12 volunteers with normal salivary flow and 12
volunteers with low flow were selected. This study was conducted in 6 experimental
phases in situ of 24 hours. The bovine specimens were previously cleared in vitro (1
session, 35% hydrogen peroxide, 45 minutes of application) and then fixed in the
palatal device. During the in situ period (24 hours) the samples were treated intraorally
2 times with the dentifrice. In each phase a dentifrice was evaluated: placebo, NaF,
SnF2, F/Sn/Chitosan, F/Arginine and F/Bioactive Glass. The SMH, Ra and color
analyzes (AE*ab, AEo0, AL, Aa, Ab) were performed at baseline times (T1), after in vitro
tooth bleaching (T2) and after the in situ experimental period (T3). SEM and EDS
analyzes were performed only in T3. The appropriate statistical analyzes were
performed with a 5% significance level. The results of Study 1 showed that differences
were found between salivary flows in SMH for natrosol and in Ra for carbopol. For
normal salivary flow, natrosol and aristoflex showed higher values of SMH among all
groups evaluated. For low salivary flow, aristoflex had the highest SMH value and for
Ra, aristoflex and natrosol had the lowest values among all evaluated groups and did
not differ between them. In the EDS analysis, aristoflex showed a higher Ca/P ratio
and differed from the placebo group for normal salivary flow. In Study 2, the results
showed significant differences between salivary flows in SMH and Ra for placebo and
NaF. In the Ca/P ratio, differences were found between flows for the placebo dentifrice.

For normal salivary flow, SMH at T3 was equal at T1 regardless of the toothpaste used.



For the reduced flow, the dentifrices based on SnF2, F/Sn/Chitosan and F/Bioactive
Glass resulted in greater SMH in T3 and did not differ statistically from T1. The
F/Bioactive Glass showed the lowest Ra values for both salivary flows. In addition, for
the quantification of Ca%, P%, Na%, the F/Bioactive Glass showed the highest values,
differed from the placebo group and did not show any difference between salivary
flows. It was concluded that the salivary flow and thickeners interfered in the enamel
changes after bleaching. In the normal salivary flow, natrosol and aristoflex showed
minor changes in the enamel, while for low flow the smallest changes were for
aristoflex. Salivary flow and dentifrices interfered with remineralization after tooth
bleaching. Dentifrices with bioactive glass showed the best performance in bleached

dental enamel for both salivary flows.

Keywords: Bleaching agents, Thickeners, Dentifrices, Saliva.
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1 INTRODUCAO

O mecanismo de agédo do clareamento envolve a difusdo do perdxido de
hidrogénio através do esmalte, o qual reage com os cromdgenos responsaveis pela
descoloracao dental (Kwon & Wertz 2015). Devido a sua agéo oxidante, o peroxido de
hidrogénio é capaz de quebrar as macromoléculas de pigmento transformando-as em
moléculas pequenas o suficiente para serem removidas da estrutura dental por
difusdo (Sulieman et al., 2004; Kwon & Wertz 2015). O per6xido de hidrogénio (PH) é
o principio ativo dos agentes clareadores de dentes vitais, podendo ser aplicado
diretamente na superficie do dente, ou ainda ser liberado a partir da reacao quimica
do perdxido de carbamida (CHsN203), uma molécula estavel, que ao entrar em contato
com a superficie do dente se dissocia em PH (H202) e uréia ((NH2)2CO) (Kwon &
Wertz 2015).

Embora o clareamento dental mostre-se eficaz quanto a alteracao de cor na
maioria dos casos, sua realizacdo pode levar a alguns efeitos adversos no esmalte
dental como: alteracbes morfolégicas da superficie de esmalte (Vieira Junior et al.,
2018; Vilhena et al., 2019), modificagdes na distribuicdo do cristal de hidroxiapatita
(Vilhena et al., 2019), aumento da porosidade (Eskelsen et al., 2018), diminuigdo da
microdureza superficial e subsuperficial (Vieira Junior et al., 2016). Além disso, a
andlise quimica da superficie relatou tanto a modificagdo na relagdo calcio/fosfato
como a perda de calcio e fésforo (Vieira Junior et al., 2018; Cavalli et al., 2018),
apoiando assim a hip6tese de que o clareamento dental é capaz de induzir alteracoes
estruturais no esmalte humano. Essas alteragdes estdo possivelmente relacionadas a
fatores como o pH, efeito oxidativo, concentracao dos agentes clareadores ou podem
estar relacionados com a composi¢cao dos agentes clareadores, como por exemplo,
0s agentes espessantes (Gouveia et al., 2019).

Os espessantes presentes nos geéis clareadores tem como func¢éo produzir géis
cristalinos capazes de estabilizar emulsbées e proporcionar uma viscosidade
clinicamente aplicavel (Oliveira et al., 2007). Tal fato evita a ingestdo do gel pelo
paciente durante a permanéncia do mesmo no meio bucal (Oliveira et al., 2007). O
espessante mais comumente utilizado junto ao gel de peréxido de carbamida é o
carbopol (polimero carboxipolimetileno). O carbopol apresenta caracteristicas i6bnicas
e baixa estabilidade de pH (Gouveia et al., 2016; 2019) é responsavel por retardar a
liberacdo do peroxido de hidrogénio para que o gel clareador seja eficaz por todo o
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tempo de aplicagdo (Matis et al., 2000). A literatura mostra que o carbopol presente
na formulagdo do gel clareador pode contribuir com a degradagédo da superficie do
esmalte dental (Gouveia et al., 2019).

Outro espessante disponivel € o natrosol (hidroxietilcelulose), um polimero que
apresenta caracteristicas ndo idnicas, ou seja, capaz de incorporar substancias
hidrossoluveis, mesmo que as mesmas sejam acidas (Gouveia et al., 2016). Estudos
in situ (Silva et al., 2018) e in vivo (do Carmo Publio et al., 2017) mostraram que o
natrosol nao é citotéxico (do Carmo Publio et al., 2017), nao interfere na eficacia
clareadora do esmalte (do Carmo Publio et al., 2017; Silva et al., 2018) e resulta em
menor alteracdo da rugosidade (Silva et al., 2018).

Um espessante que vem sendo estudado como substituto do carbopol nas
formulagdes de géis clareadores € o aristoflex (acido sulfénico acriloildimetiltaurato e
vinilpirrolidona) (Gouveia et al., 2019). O Aristoflex € um polimero sintético pré-
neutralizado, que permite a formagdo de géis cristalinos com boa consisténcia
(Gouveia et al., 2019). As caracteristicas mais relevantes deste espessante sado a
estabilidade em pH &acidos e a formacao de gel anidénico, podendo atuar como um
agente de viscosidade inerte a formulagcédo (Gouveia et al., 2019). Na cavidade bucal,
ele tem sido empregado na confecgdo de dentifricios (Golding et. al., 2014) e nas
concentragdes de até 1%, ndo apresentando riscos toxicolégicos a saude humana.
Assim, esse polimero poderia ser capaz de evitar possiveis alteracbes nas
propriedades do esmalte dentario e, portanto, é considerado um espessante
promissor para uso em novas formulagdes de géis clareadores (Gouveia et al., 2019).

Enquanto a realizacdo do clareamento dental pode resultar em efeitos
deletérios no esmalte, existem alguns fatores, como por exemplo a saliva, que agem
na tentativa de prevenir e reverter as modificagdes do esmalte clareado (Zeczkowski
et al.,, 2015). A exposicado do esmalte dental a saliva ao final do tratamento clareador
nao resulta em diferenca de microdureza superficial em comparagdo com os valores
iniciais, indicando a recuperagdo completa da microdureza da superficie apds o
clareamento dental (Zeczkowski et al., 2015). A saliva age através do tampao fosfato
e bicarbonato que dificultam o declinio nos valores de pH. Quando o pH esta dentro
dos limites fisioldgicos, a saliva se encontra supersaturada com minerais calcio e
fosfato, favorecendo o processo de remineralizagao (Carpenter et al., 2013). Baseado
nisso, alteragdes salivares que interfiram na qualidade da saliva e de seus
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constituintes podem resultar em alteracdo da capacidade de remineralizagdo do
esmalte clareado.

A diminuicao do fluxo salivar € acompanhada por alteracées das caracteristicas
salivares, tais como pH, proteinas e concentracdes de eletrdlitos, viscosidade e niveis
de imunoglobulinas (Jensen et al, 2003). A hipofungdo salivar seja qual for a
etiopatogénese tem se mostrado uma condicdo comum por diversos fatores. A
hipossalivacao afeta aproximadamente 30% dos pacientes com idade entre 20 e 69
anos (Flink et al., 2008) e ainda nao ha estudos na literatura que avaliam a capacidade
de remineralizacdo do esmalte clareado sob a condicio de fluxo salivar reduzido. As
alteracdes salivares podem ocorrer devido a alguma disfuncdo congénita que leva a
hipofungdo das glandulas salivares ou tratamentos que envolvem o0 uso de
medicamentos (Jensdottir et al., 2013). Dados sugerem que cerca de 1.800
medicamentos prescritos e de venda livre tém possiveis efeitos colaterais
xerogénicos, incluindo 8 dos 10 medicamentos mais prescritos (Papas et al., 2009).
Além disso, a reducao no fluxo salivar pode ser causada pela radioterapia da regiao
de cabeca e pescoco (Jensdottir et al., 2013). O cancer na regidao de cabeca e pescoco
€ uma doenga com alta incidéncia (Lieshout et al., 2014). De acordo com a US
National Cancer Institute, aproximadamente 30 em 100.000 pessoas sdo acometidas
pela doenca. Para o tratamento, as glandulas salivares maiores e menores sao
frequentemente irradiadas incidentalmente (Jensen et al, 2003). Como
consequéncias, a diminuicao objetiva da taxa de fluxo salivar ou hipossalivacdo séo
complicagdes comuns e persistentes (Al Nawas et al., 2006).

Além da saliva, tem sido discutido o uso de fluoreto durante ou apds o
clareamento para reverter os efeitos deletérios no esmalte dental (Vieira Junior et al.,
2016, 2018). O fluor pode atuar como um agente remineralizador formando uma
camada de fluoreto de calcio na superficie do esmalte. Este depdsito é
subsequentemente dissolvido, permitindo que o flior se difunda no esmalte, suporte
a remineralizagdo e aumente os valores de microdureza de superficie (Bayrak et al.,
2009). Dentifricios sdo um excelente veiculo para o fornecimento de fluor na cavidade
bucal devido ao seu grande uso e disponibilidade. Além do dentifricio fluoretado, a
literatura tem avaliado o uso de dentifricios que possuem na sua formulagéo algum
agente remineralizante capaz de favorecer a recuperacao do esmalte clareado (Vieira
Junior et al., 2018; Scribante et al., 2020). Os produtos que contém ions de estanho,

por exemplo, tém sido conhecidos por fornecer uma boa protecdo contra a
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desmineralizacao (Ferraz et al., 2019). Dentifricios contendo arginina e vidro bioativo
também s&o conhecidos por influenciarem o processo de remineralizagdo salivar
(Deng et al., 2013; Vieira Junior et al., 2016, 2018).

Um composto que seria interessante avaliar a sua efetividade contra os efeitos
deletérios do clareamento dental é a quitosana. A quitosana é um bio-polissacarideo
natural produzido pela desacetilagdo da quitina (Younes et al., 2015; Muxika et al.,
2017) e tem se destacado pela sua capacidade de formar camadas sobre a superficie
(Younes et al., 2015). Sua carga molecular positiva é capaz de se ligar
eletrostaticamente as superficies com zeta potencial negativo, como os tecidos
dentais duros e a pelicula (Young et al., 1997), o que resulta na formagédo de
multicamadas sobre o esmalte. Essa camada de quitosana formada sobre o0 esmalte
tem se mostrado mais estavel em pH acido e notavelmente mais resistentes, evitando
o processo de desmineralizagédo (Ferraz et al., 2019). Além disso, a quitosana tem se
destacado pela sua interacdo com a saliva humana. A especulagéo do efeito da saliva
sobre a quitosana mostrou que a interacao dessa substancia com o esmalte e com as
proteinas da pelicula adquirida, principalmente com a mucina, promove um
fortalecimento da camada organica protetora (Carvalho e Lussi., 2014) o que
possivelmente poderia resultar em uma maior remineralizacdo do esmalte dental
clareado.

Sendo o clareamento dental um crescente na pratica clinica, o interesse pela
realizacao do clareamento dental pode incluir pacientes com alterac&o no fluxo salivar.
Associando a importancia dos espessantes do gel clareador frente aos efeitos
deletérios do clareamento e também conhecendo acao essencial da saliva e dos
agentes remineralizadores no processo de clareamento dental, faz-se necessaria a
conducéo de estudos que avaliem a inter-relagdo destes fatores. Assim, esse trabalho
se propbs a avaliar o efeito do gel experimental a base de peréxido de carbamida com
0s espessantes natrosol e aristoflex em pacientes com fluxo salivar normal e fluxo
salivar reduzido. Ainda, foi avaliado o efeito de diferentes dentifricios buscando uma
opcao de tratamento que possa ser realizada pds-clareamento tanto para pacientes
que apresentam o fluxo salivar normal ou fluxo salivar reduzido.

De acordo com as normas para elaboracdo de teses e dissertacoes da
FOP/UNICAMP, essa tese de Doutorado foi dividida em dois artigos cientificos, sendo
o primeiro artigo intitulado “Bleaching gel formulated with aristoflex showed fewer

changes in enamel surface in in situ low salivary flow conditions” e o segundo artigo
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foi intitulado como “Bioactive glass dentifrice presents best performance on
remineralization of bleached enamel under low and normal salivary flow in situ

condition”.
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2 ARTIGOS

2.1 Artigo: Bleaching gel formulated with aristoflex showed fewer changes in
enamel surface in in situ low salivary flow conditions.
Ferraz, L. N.; Vieira, I; Ambrosano, G.M.B.; Lopes, M.A; Lima, D.A.N.L.

Artigo submetido para publicacédo no periédico Journal of Dentistry

ABSTRACT

Objective: The purpose of this in situ study was to evaluate the effect of bleaching
gels with different thickeners on enamel under normal and hyposalivatory conditions.
Materials and Methods: Twenty-eight participants were assigned of which 14 had
normal and 14 had low salivary flow. For each salivary flow, 4 types of treatment were
performed with different thickeners: no bleaching (negative control), commercial gel of
10% carbamide peroxide (CP) with carbopol (positive control), 10% CP with natrosol
and 10% CP with aristoflex. The volunteers used a palatal appliance for 15 days and
the bleaching was performed extra-orally (4h/14 days). Analyzes of microhardness
(SMH), color (AE*ab and AEoo), roughness (Ra), scanning electron microscopy (SEM)
and Energy-Dispersive X-Ray Spectrometry (EDS) were performed. The SMH and Ra
were analyzed by repeated measures and Tukey Kramer. For color and EDS data were
analyzed by Mann Whitney's nonparametric, Friedman and Nemenyi tests (p < 0.05).
Results: Salivary flow and thickeners did not influence the results of AE*a» and AEoo.
Carbopol had the lowest SMH for low flow and the highest Ra and the lowest Ca% for
normal and low flow. In normal flow, natrosol and aristoflex showed higher SMH. For
low flow, aristoflex presented higher SMH and in Ra natrosol and aristoflex showed
lower values. In Ca% and Ca/P aristoflex showed higher value and differed from
carbopol for normal flow. Conclusion: For normal flow, 10% CP with natrosol and
aristoflex showed fewer surface changes, and for low flow, the best results were for
10% CP with aristoflex.

Clinical Significance: Salivary flow and the bleaching gel thickeners influence enamel
changes after bleaching. In the low salivary flow condition, the use of aristoflex

thickener results in less deleterious effects on the enamel after bleaching. For normal
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salivary flow, both natrosol and aristoflex result in minor changes to the bleached

enamel.

Key words: Tooth bleaching, Thickeners, Salivar flow rate.

INTRODUCTION

In vitro tooth bleaching with carbamide peroxide can induce structural changes
in human tooth enamel, such as changes in surface morphology [1], distribution of
hydroxyapatite crystals [2], increase in roughness [3] decreased surface and
subsurface microhardness [3,4], calcium loss and changes in the calcium/phosphate
ratio [5]. These changes are possibly related to factors such as pH, oxidative effect,
concentration of bleaching agents or may be related to the composition of bleaching
gels, such as, the thickeners [6,7].

The most used thickener with carbamide peroxide gel, is carbopol (polymer
carboxypolymethylene), however, the use of this thickener can be associated with
changes in enamel after bleaching [7,8]. Therefore, it would be interesting to use
experimental thickeners in an attempt to reduce the deleterious effects of tooth
bleaching. An alternative would be the use of natrosol (hydroxyethylcellulose), a
polymer with non-ionic characteristics, which can be used with acidic substances,
because it has a stable pH [9]. Another option would be Aristoflex (Ammonium
acryloyldimethyltaurate copolymer), that has a stable acidic pH, and forms an anionic
gel capable of acting as an inert viscous agent in the formulation [7]. Because it is a
new formulation, it is interesting to evaluate the effects of this thickener on tooth
enamel.

While the tooth bleaching treatment results in deleterious effects on the enamel,
human saliva has the capacity to prevent and reverse changes in dental tissue related
to tooth bleaching [10]. Saliva has phosphates and bicarbonates that act to prevent the
reduction in pH, and modulate the buffering capacity of saliva. When the pH is within
the physiological limits, saliva is supersaturated with calcium, phosphate and fluoride,
minerals that favor the remineralization process [11]. Based on this, salivary changes
that interfere with the quality and the quantity of saliva constituents can possibly result

in changes in the capacity of remineralization by saliva.
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Salivary hypofunction, regardless of its etiopathogenesis, has been shown to be
a common condition due to several factors and there are no studies in the literature
that evaluate its association with tooth bleaching. Changes in salivary flow, such as
hyposalivation, affects approximately 30% of patients aged between 20 and 69 years
[12]. Changes in salivary flow are accompanied by changes in salivary characteristics,
such as pH, proteins and electrolyte concentrations, viscosity and immunoglobulin
levels [13]. Based on the foregoing factors, in conditions of hyposalivation, there is no
way to guarantee the presence of all the salivary protection and remineralization that
would be expected in a patient with normal salivary flow. Thus, it is extremely important
to investigate the patient’s salivary remineralization capacity after bleaching, in those
with low salivary flow and to evaluate measures that reduce the deleterious effects
caused by tooth bleaching.

The aim of this in situ study was to evaluate the effect of the application of
experimental bleaching gels on dental enamel in participants with normal and low
salivary flow. The hypotheses tested were the following: (1) the salivary flow would
influence the physical and chemical properties of the enamel according to the
bleaching gel used (2) experimental bleaching gels with different thickeners would
result in less deleterious effects on the physical and chemical properties of the enamel

after bleaching in participants with normal and low salivary flow.

MATERIALS AND METHODS

Experimental design

This in situ study tested the factors salivary flow (2 levels: normal salivary flow
and low salivary flow) and bleaching gels (4 levels: no bleaching - negative control,
commercial gel based on carbamide peroxide with carbopol - positive control,
experimental gel based on carbamide peroxide with natrosol and experimental gel
based on carbamide peroxide with aristoflex). This study was carried out using bovine
enamel specimens (n=14). The analyses performed were surface microhardness
(SMH) in two times (before and after), roughness (Ra) in two times (before and after),
color analysis by reflectance spectrophotometry (AE a and AEqo), energy-dispersive

X-Ray spectrometry (EDS) and scanning electron microscopy (SEM).
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Volunteers and Ethical Aspect

This study was conducted according to the Declaration of Helsinki and approved
by the local ethic committee in research (process No. 96044418.8.0000.5418). The
number of volunteers was calculated using the G * Power 3.1.7 program considering
a minimum power of 0.80 for the main effects, interaction with a significance level of
5% and average effect size according to Cohen et al.,[14], reaching the minimum
number of 14 volunteers with low and another 14 with normal salivary flow, totaling 28
volunteers. Thus, 7 men and 7 women were selected for each type of salivary flow.
The informed consent was obtained of all volunteers. The volunteers with low salivary
flow (45-65 years) underwent head and neck radiotherapy during cancer treatment at
least 2 years before the study because the hyposalivation caused by radiotherapy is
not reversible by stimulation [15]. Thus, this is the safest alternative for carrying out
this experiment, as this way you can control this variable and ensure that the volunteer
in this study will not have variation in your salivary flow during the experimental period.
The inclusion criterion for those participants was reduced salivary flow rate <0.8
mL/min in stimulated flow rate [16]. For the other participants with normal flow rate (25—
35 years old), the inclusion criterion was stimulated flow rate >1.0 mL/min [16]. All other
inclusion criteria had to be fulfilled by all participants: absence of active caries and
periodontal disease, no using an orthodontic appliance, presence at least 50% of their
teeth of up arch (8 teeth) for fixation of the palatal device, non-smokers, not pregnant
or breast-feeding. None of the participants took any medication with an impact on
salivary flow rate such as antidepressants, anxiolytics, antihypertensives or
antiallergics.

Analysis of salivary parameters

For the selection of volunteers, stimulated saliva was collected from all
volunteers. The volunteers were instructed to chew a piece (1g) of parafilm (Parafilm
M, Pechiney Plastic Packaging Company, Chicago Ill, USA). The saliva produced in
the first 30 s was discarded, and then, during the next 5 min, the volunteers were
instructed to dispense the saliva produced in a metered test tube [17]. Collections were
carried out between the hours of 9 am and 11 am or from 2 pm to 4 pm, and should
also take place at least 1 hour after the meal and after oral hygiene to minimize the
effects of daily variability in the salivary composition [18]. Immediately after the
collections, the salivary flow was calculated by dividing the volume of saliva
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(considering that 1 mL corresponds to 1 g) by the collection time. The salivary pH was
also calculated using a peagameter (Orion 290A +, Sao Paulo, Brazil). For the
calculation of the buffer capacity, 0.5 mL of stimulated saliva was added to 1.5 mL of
0.005 M HCl in a plastic tube that was at rest for 5 min to release CO2zfrom the reaction
of the saliva's bicarbonate buffer with the acid. Once this is done, the pH of this mixture
was be determined in a previously calibrated parameter as an estimate of the salivary
buffer capacity [19].

Preparation of specimens

Bovine teeth were stored in a 0.01% thymol solution at 4°C for 30 days until use.
Enamel and dentin specimens measuring 4x4x2mm (1 mm of enamel and 1 mm of
dentin) were obtained using a metallographic cutter (IsoMet 1000, Buehler Ltd, Lake
Bluff, IL, USA). Specimens measuring 2x2x2mm (1 mm of enamel and 1 mm of dentin)
were additionally made to perform the reading of surface microhardness, since this
analysis could interfere with the other analyzes in this study. For grinding,
regularization, and polishing, decanting silicon carbide sanding discs were used
(#1200/2500/p4000 - Buehler Ltd, Lake Bluff, IL, USA), and then, the test surfaces
were polished with felts (TCT, TWI - Arotec, Cotia; SP, Brazil), associated with
diamond pastes with decreasing granulation (1 and %4 um - Arotec, Cotia, SP, Brazil).
After polishing, the specimens were placed in an ultrasonic machine for 10 minutes
(Marconi, Piracicaba, Brazil) to remove residues in order to obtain a standardized
enamel surface. At the end, the specimens were sterilized with ethylene oxide and
stored in water at 4°C until use.

Sample Allocation

In order to reduce intra-voluntary variability, in palatal appliance, each volunteer
received 4 specimens from each group measuring 4x4 mm and 2 mm of thickness
(1mm of enamel and 1Tmm of dentin) for color analysis, roughness, scanning electron
microscopy and energy-dispersive X-Ray spectrometry and 4 specimens measuring
2x2 mm and 2 mm of thickness (1 mm of enamel and 1 mm of dentin) for the analysis
of surface microhardness. The specimen’s randomization between groups was
performed by microhardness analysis for specimens measuring 2x2x2mm and color
analysis (L values) for specimens measuring 4x4x2mm so that there was no statistical
difference between the initial values, in order to reduce the initial variability between
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groups. After performing the analyzes proposed in that study, the average of the values
obtained in the specimens was calculated for each analysis and at the end a value per
analysis and per group was considered for each volunteer (n=14).

Preparing the experimental bleaching gels

A commercial gel made with carbopol thickener (Whiteness Perfect 10%, FGM,
Joinville, Brazil) was used as positive control, which presents pH around 5.8 [7].
Bleaching gels with natrosol or aristoflex thickeners were prepared (Drogal
Pharmaceutics, Piracicaba, SP, Brazil). The composition of each bleaching gel is
available in Table 1. The natrosol thickener has a pH of around 5.85 [9] and the
bleaching gel with natrosol has a pH of around 6.36. The aristoflex thickener has a pH
of around 5.3 o the bleaching gel with aristoflex around 6.5 [7].

Table 1. Bleaching gels used in the study according to the manufacturer’s information.

Type Product (Manufactures) Basic components Thickener

10% carbamide peroxide,

C;r?rr;eszirﬁ\l/ael Whitness Perfect 10% potassium nitrate, sodium Carbonol
g9elip (FGM®) fluoride, glycol humectant, P
control) L
deionized water.
Experimental Bleaching gel 10% 10% carbamide peroxide; 0,2 %
: . : . Natrosol
gel (Drogal Manipulation) sodium fluoride

10% carbamide peroxide; 0,2 %
Experimental Bleaching gel 10% sodium fluoride; 0,1% Nipagin;  Aristoflex®
gel (Drogal Manipulation) 7% glycerin; deionized water AVC
QSP 69
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In situ phase
Plaster models were obtained by molding with alginate from the volunteer's

upper arch (Hydrogum - Zhermack, Badia Polesine, ltaly) and the palatal devices were
made of acrylic resin.

The use of fluoride-free dentifrice during the experimental period was
determined to avoid the use of any substance that could interfere with the saliva's
remineralization capacity, because fluorides are able to reverse the deleterious effects
of tooth bleaching [20]. The placebo dentifrice was manipulated (Drogal
Pharmaceutics, Piracicaba, SP, Brazil) according the formulation: Glycerin, Silica,
Carboximethyl cellulose, water, Methyl P, Saccharin, Titanium dioxide, Sodium Lauryl
Sulfate, Mint oil. The use of other oral hygiene products was not allowed during the
experimental period. The total study period was 1 phase of 15 days. In the 4 days prior
to the start of the experimental phase, the volunteers also used non-fluoridated
dentifrice to avoid the presence of residual fluoride in the saliva.

Intraoral appliances remained for 1 day in the volunteers’ mouths before the
beginning of the bleaching sessions, for the formation of acquired film. There were 14
daily treatment sessions. The volunteers were instructed to remove the palatal
appliance and apply the bleaching gel according to the group. The negative control
group did not receive a bleaching gel. A thin layer of bleaching gel was applied to the
sample, which after 4 h was removed with flexible cotton tipped rods. Then the samples

were washed with water and the devices were reinserted in the volunteers' mouth.

Color analysis

The readings were performed in a light chamber (GTI Mini Matcher MM1e, GTI
Graphic Technology Inc., Newburgh, NY, USA) to obtain the standardization of
ambient light. The equipment used was a spectrophotometer (CM 700D, Konica
Minolta, Osaka, Japan), calibrated according to the manufacturer's recommendations.
The values obtained were quantified in three coordinates of the CIE Lab System (L*,
a*, b*). The analysis was performed at initial time and 24 hours after the in situ
experimental period. The color change was calculated using the following equation:
AE a0=[(AL*)? + (Aa*)? + (Ab*)?]"? and by the AEoo formula [21,22]:

AUUN?  FACA® 7 aH \? AC' \ / AH'
AEOO: + + +RT —_
K.S. KcSc KiiSu KcSc ) \KnSh

1/2
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Surface microhardness

The microhardness values were obtained by means of the arithmetic mean of 5
indentations carried out in the central region of the specimen with 100 um of distance
using a microdurometer and Knoop penetrator (HMV-2000, Shimadzu,
Tokyo, Japan), with a load of 50 g for 5 s. For each volunteer, a microhardness value
was obtained for each specimen and then the mean of these values was calculated to
obtain a value per volunteer and per group. The surface microhardness analysis was
performed at initial time and 24 hours after the in situ experimental period.

Roughness
The roughness (Ra) was analyzed using a profilometer tester (Surf-Corder

1700, Kosaka, Téquio, Japao) at two times: initial time and and 24 hours after the end
of the in situ period. Three different equidistant scans of 1.25 mm each were measured
on the surface of each sample, with a cutoff of 0.25 mm and a velocity of 0.1 mm/s.

Enerqy-Dispersive X-Ray Spectrometry (EDS)

Five samples per group were randomly selected for analysis by energy-
dispersive X-ray spectrometry (EDS). The samples were subjected to vacuum
sputtering with carbon (Delton Vaccum, Desk Il, Moorestown, NJ, USA). Then, the
evaluation of the inorganic content present in the substrates were carried out by the
MEV equipment (Jeol, JSM5600LV, Tokyo, Japan), with typical energies of the order
15kV, in 100x increase, with PHA deadtime varying between 20 and 25% [23]. The
analysis was performed on dental enamel, in five regions per specimen selected at
random, to determine the elemental levels (% by weight) of Ca and P, and the ratio
between Ca and P were determined. For each sample, the results were described by
means of the average percentage of the chemical elements found on the surface of
the blocks.

Scanning Electron Microscopy (SEM)

Four specimens for each group were randomly selected after performing all
analyzes and dehydrated in increasing degrees of ethanol in concentrations of 50%,
60%, 70%, 80%, 90% and 100% for 20 minutes. Then, were sputtered with gold (90 s,
Baltec, MED / JEOL Ltd., Tokyo, Japan) and images of representative areas of the
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specimens were obtained at 4000x using a scanning electron microscope (JSM
5600LV, JEOL, Tokyo, Japan).

Statistical Analysis

All analyzes were performed in the SAS program (SAS Institute Inc., Cary, NC,
USA, Release 9.4, 2012) with a 5% significance level. Salivary flow was analyzed using
Mann-Whitney test. The buffer capacity and pH where analyzed using Student’s t-test.
The variables AE*ab, AEoo, Ca, P, Ca/P were analyzed using Mann-Whitney non-
parametric test comparing normal salivary flow and low salivary flow groups and
Friedman and Nemenyi tests comparing different bleaching gels. The variables surface
microhardness and roughness were analyzed using repeated measures mixed models
and Tukey-Kramer test. The inverse transformation was applied to roughness, as

indicated by the exploratory analysis.

RESULTS

Flow rate, salivary pH and salivary buffering capacity

Salivary flow rate of each patrticipant as well as pH and buffering capacity values
are given in Table 2. There was a significant difference between both groups for flow
rate (p<0,0001) but not for the pH (p=0,8268) and buffering capacity (p=0,6930).

Table 2: Mean (standard deviation) of flow rate, salivary pH and salivary buffering
capacity of both groups (normal and low flow rate) of the stimulated saliva (n=14).

Flow rate, . ,
mL/min pH Buffering capacity
Normal flow 1.96 (0.29) * 7.50 (0.22) 4.80 (0.78)
Low flow 0.62 (0.12) * 7.52 (0.18) 4.67 (0.80)

* p<0,0001: statistically significant differences between groups (t test for independent
data).

Color analyses

Based on color analyses (Table 3), for AE ab and AEoo, no statistically significant
differences were found between salivary flows under the same conditions of bleaching
gel. For each salivary flow, the bleached groups differed statistically from the negative
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experimental gels differed statistically from the unbleached group (negative control)

(p<0,0001) and did not differ statistically between themselves. The

(p<0,0001) and did not differ from the carbopol group (positive control).

Table 3: Means (standard deviation) of surface color analyses (AE a» and AEoo) as a

function of salivary flow and bleaching gel (n=14).

AE a0 AEqo
Bleaching gel Salivary flow Salivary flow
Normal flow Low flow Normal flow Low flow
Unbleached | 1.58 (0.75)Ab  1.56 (0.65)Ab | 1.13 (0.50)Ab  1.17 (0.38)Ab
Carbopol gel | 5.72 (1.48)Aa  5.36 (1.41)Aa | 4.13 (1.05)Aa  3.82 (1.04)Aa
Natrosol gel | 6.18 (1.39)Aa 591 (1.40)Aa | 4.45(0.93)Aa  4.13(0.99)Aa
Aristoflex gel | 6.07 (1.28)Aa  5.98 (1.12)Aa | 4.34 (0.89)Aa  4.24 (0.80)Aa

Different letters (lowercase vertically) indicate significant differences (p<0.05). The
same letters (uppercase comparing horizontally) indicate no significant differences
(p=0.05).

Surface microhardness

The results of the analysis of surface microhardness are available in Table 4.
All bleached groups showed a decrease in surface microhardness values after
bleaching, regardless of the bleaching gel and salivary flow.

In normal flow after bleaching, the carbopol group (positive control) had the
lowest values and was statistically different from all groups. The natrosol gel and
aristoflex gel groups showed the highest values for the bleached groups and did not
differ statistically between themselves.

In low flow after bleaching, the carbopol group (positive control) had the lowest
values and was statistically different from all other groups. The natrosol gel group
presented intermediate values and was statistically different from the other bleached
groups. Among the bleached groups, the highest values after bleaching were found in
the aristoflex group, which was statistically different from the other groups bleached.

Comparing salivary flows, in the low flow, natrosol gel group showed lower
values after bleaching when compared to the same bleaching gel at the same time for
normal flow. For the other groups, no statistically significant differences were found

between salivary flows, under the same conditions of bleaching gel and time.
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Table 4: Means (standard deviation) of surface microhardness (SMH) as a function of
salivary flow and bleaching gel (n=14).

Salivary flow
Bleaching gel Normal flow Low flow

Before After Before After

Unbleached  325.33 (9.68) Aa  323.79 (5.33) Aa  328.27 (12.82) Aa  327.16 (6.71) Aa
Carbopol gel  327.46 (10.36) Aa  271.33 (5.17)Bc  325.97 (11.94) Aa  264.45 (6.07) Bd

Natrosol gel  324.60 (7.99) Aa  304.19 (4.31) Bb  324.36 (12.02) Aa  *281.81 (14.06) Bc

Aristoflex gel 325.74 (11.30) Aa  305.64 (2.32) Bb 324.85 (11.99) Aa 306.08 (5.16) Bb

* differs from the group with normal salivary flow, under the same conditions of
bleaching gel and time (p<0.05). Different letters (uppercase in the horizontal
comparing between the two times in the same salivary flow group and lowercase in the
vertical) indicate significant differences (p<0.05); p(salivary flow)=0.0729; p(bleaching
gel)<0.0001; p(salivary flow x bleaching gel)=0.0007; p(time)<0.0001; p(salivary flow
x time)=0.0168; p(bleaching gel x time)<0.0001; p(salivary flow x bleaching gel x
time)=0.0077.

Roughness
The results of roughness (Table 5) show that all bleached groups presented an

increase in the roughness values after bleaching, regardless of the bleaching gel and
salivary flow.

In the normal flow after bleaching, no statistically significant differences were
found between the bleaching gels used and all bleached groups differed from the
unbleached group (negative control). In the low flow after bleaching, the carbopol gel
group (positive control) showed the highest values and was statistically different from
the all other groups. The natrosol gel and aristoflex gel groups had the lowest values
and did not differ statistically between themselves.

Comparing salivary flows, in the low flow carbopol gel (positive control) showed
higher values after bleaching when compared to the same bleaching gel at the same
time for normal flow. For the other groups, no statistically significant differences were
found between salivary flows, under the same conditions of bleaching gel and time.
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Table 5: Means (standard deviation) of roughness (Ra) as a function of salivary flow
and bleachin gel (n=14).

Salivary flow

Bleaching gel Normal flow Low flow
Before After Before After

Unbleached 0.084 (0.004) Aa 0.083 (0.004) Ab 0.081 (0.008) Aa 0.080 (0.009) Ac
Carbopol gel 0.080 (0.004) Ba 0.124 (0.008) Aa 0.083 (0.006) Ba  *0.165 (0.005) Aa
Natrosol gel 0.081 (0.005) Ba 0.116 (0.004) Aa 0.080 (0.006) Ba 0.121 (0.011) Ab
Aristoflex gel  0.082 (0.006) Ba 0.109 (0.004) Aa 0.081 (0.006) Ba 0.107 (0.006) Ab

*differs from the group with normal salivary flow, under the same conditions of
bleaching gel and time (p<0.05). Different letters (uppercase horizontally comparing
the two times in the same salivary flow group and lowercase vertically) indicate
significant differences (p<0,05). p(salivary flow)=0,2545; p(bleaching gel)<0,0001;
p(salivary flow x bleaching gel)=0,0003; p(time)<0,0001; p(salivary flow x
time)=0,0196; p(bleaching gel x time)<0,0001; p(salivary flow x bleaching gel x
time)=0,0190.

Elemental Levels (wt%) and EDS
- Ca%

The values of the relative percentage weight of calcium (Ca%) are presented in
Table 6. No significant differences were found between salivary flows for the same
bleaching gel. In normal flow, statistically significant differences were found between
the groups (p=0.0070). The bleached groups did not differ from the unbleached group
(negative control), regardless of the bleaching gel used. Among the bleaching gels, the
carbopol gel group (positive control) had the lowest Ca% values and it was statistically
different from other bleaching gels, but it was not statistically different from the
unbleached group (negative control). The natrosol gel and aristoflex gel groups
showed the highest Ca% values and were not different between themselves and were
not statistically different from the unbleached group (negative control). For low flow, no
statistically significant differences were found between all groups (p = 0.0624).

- P%

The values of relative percentage weight of phosphorous - P% (Table 6) show
that significant differences were found between the salivary flows for the aristoflex gel
that presented higher values in low flow (p=0.0472). For the other bleaching gels, no
statistically significant differences were found in relation to the salivary flow. In the
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normal flow, statistically significant differences were found between the groups
(p=0.0211). The carbopol gel and natrosol gel groups did not differ statistically from
the unbleached group (negative control). The aristoflex gel group had the lowest P%
values and was statistically different from the unbleached group (negative control). For
the low flow, no statistically significant differences were found between all groups
(p=0.9484).

- Ca/P%

The Ca/P% are presented in Table 6. No statistically significant differences were
found between salivary flows for the same bleaching gel. In normal flow, statistically
significant differences were found between the bleaching gels (p=0.0184). The
carbopol group (positive control) did not differ statistically from the unbleached group
(negative control). The aristoflex gel group showed the highest values and was
different statistically from the unbleached group (negative control) and carbool group
(negative control). For the low flow, no statistically significant differences were found

between all bleaching gels (p = 0.3647).

Table 6: Mean (standard deviation) of elemental levels (wt%) for EDS analysis of
enamel surface according to the treatment group as a function of salivary flow and
bleaching gel (n=5).

Ca p Ca/P
Bleaching gel Salivary flow Salivary flow Salivary flow
Normal flow Low flow Normal flow Low flow Normal flow Low flow
Unbleached | 71.11 (0.14)Aab 71.06 (0.23)Aa | 28.28 (0.12) Aa  28.17 (0.24) Aa | 2.51 (0.02)Ab  2.52 (0.03)Aa
Carbopol gel | 70.85 (0.18)Ab  70.95 (0.25)Aa | 28.15(0.15) Aab  28.19(0.32) Aa | 2.52 (0.02)Ab  2.52 (0.03)Aa
Natrosol gel | 71.34 (0.17)Aa  71.15(0.19)Aa | 28.06 (0.13) Aab  28.14 (0.24) Aa |2.54 (0.02)Aab 2.53 (0.03)Aa
Aristoflex gel | 71.65 (0.64)Aa  71.21 (0.25)Aa | 27.60 (0.68) Bb  28.10 (0.14) Aa | 2.59 (0.09)Aa 2.54 (0.02)Aa

Different letters (uppercase comparing horizontally and lowercase vertically) indicate
significant differences (p<0.05).

Scanning Electron Microscopy (SEM)

The SEM images collected are available in Figure 1. A smooth and uniform
enamel surface was observed in the unbleached groups for both salivary flows.
Superficial changes were found in all bleached groups, regardless of the bleaching gel
used and the salivary flow. The bleached groups did not present a demineralization

pattern, however when compared to the control group, it was identified a surface full of
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pores and depressions that varied in intensity according to the bleaching gel used and
the salivary flow. The cabopol groups showed a higher pattern of roughness when
compared to the other bleached groups. For the carbopol group, superficial differences
were observed between salivary flows. The carbopol in low flow (Figure 1D) showed
greater demineralization than the same bleaching gel for normal flow (Figure 1C). The
groups bleached with natrosol showed intermediate surface changes when compared
to the other bleached groups and also showed differences between salivary flows. The
bleached group with natrosol in low salivary flow showed roughness to a greater extent
over the all surface (Figure 1F), whereas for normal flow this demineralization was
observed in specific places of the enamel (Figure 1E). The groups bleached with
aristoflex showed fewer surface changes and less evidence of dissolution among all
bleached groups (Figure 1G and 1H). In addition, aristoflex was the only bleaching gel

that had the same surface characteristics in normal and low flow.
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Figure 1: Representative SEM images (4000x) of the specimens according to the group:
(A) unbleched in normal flow, (B) unbleached in low flow, (C) carbopol in normal flow, (D)
carbopol in low flow, (E) natrosol in normal flow, (F) natrosol in low flow, (G) aristoflex in
normal flow, (H) aristoflex in low flow.
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DISCUSSION

The first hypothesis was partially accepted, because according to the bleaching
gel used, the salivary flow influenced the results of the analysis performed in this study,
except for color analysis. The second hypothesis evaluated was partially accepted,
because for low salivary flow, the experimental bleaching gels with different thickeners
resulted in less deleterious effects on the physical and chemical properties of the
enamel, however, for normal salivary flow, no differences in roughness were found
between the thickeners.

The salivary flows and the different thickeners used did not interfere in the
bleaching efficacy because for all color analysis performed, the bleached groups did
not differ statistically between them and differed from the unbleached group (negative
control) (Table 3). These results were found due to the presence of carbamide peroxide
in the formulation of all bleaching gels used. In addition, they all had the same
bleaching agent in the same concentration, so that the only difference between them
was the thickener. Carbamide peroxide releases hydrogen peroxide that dissociates
into free radicals, which oxidize long-chain organic chromophore molecules
responsible for the color of the dental tissue, thus promoting tooth bleaching [24].

In this study, for both salivary flows, the home bleaching with 10% carbamide
peroxide led to a significant decrease in enamel microhardness (Table 4) and increase
in enamel roughness (Table 5) irrespective of the thickener used, when compared with
the no bleaching group. The change in physical properties was probably associated
with the effects of demineralization, which are caused by diffusion of the hydrogen
peroxide released by the dissociation of carbamide peroxide [25,26]. Furthermore,
when the initial and final values were compared, saliva was not able to recover the
enamel microhardness and roughness, irrespective of salivary flow. This result may be
associated with the fact that thickeners may have interfered in the interaction between
the dental surface and saliva. Avila et al., [6] showed that thickeners were able to
interact with the dental structure due to their bioadhesive capabilities. This bioadhesive
capacity is related to possible ionic bonds between the polymers, negatively charged
centers forming a “film” of polymer deposited on the dental structure. This layer is
capable of acting as a barrier [7] which may have prevented salivary remineralization,

justifying some of the results found in this study.
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For normal and low salivary flow, the carbopol-based bleaching gel (positive
control) led to lower enamel microhardness values when compared with the other
thickeners evaluated (Table 4). For low flow, carbopol led to the highest enamel
roughness values and differed statistically from values of the other thickeners
evaluated. In addition, differences in roughness were found between the two types
salivary flows. In low flow, the carbopol led to the highest enamel roughness found
after bleaching, and these differed statistically from the values found for the same
thickener after bleaching in the normal flow condition (Table 5). The remineralization
process modulated by saliva occurs irregularly, inducing the reorganization of enamel
prisms that can cause an increase in roughness [8]. Moreover, the bioadhesiveness of
carbopol and its interaction with the enamel surface result in the formation of a very
strong, thick layer of polymers, showing the great affinity of this thickener for the dental
structure [6]. Due to its strong calcium-binding capacity, carbopol causes inhibition of
the incorporation of hydroxyapatite crystals during remineralization [27]. This could
result in the need for a larger volume of saliva to promote enamel remineralization,
thus justifying the worst results for low salivary flow.

Furthermore, the differences in the effect of carbopol found between the salivary
flows may be associated with the fact that changes in salivary flow are accompanied
by changes in salivary characteristics, such electrolyte concentrations [13,28]. The
supersaturation of same electrolyte such as fluoride, calcium and phosphate in saliva
is critical to the remineralization process [29]. In addition, the changes in the salivary
flow can result in changes in the amount of protein in the saliva. Proteins such as
statherin, histatins, cystatins, and proline-rich proteins that bind to hydroxyapatite to
aid in controlling the crystalline growth of enamel by limiting mineral loss during
demineralization, and allowing the penetration of minerals into the enamel for
remineralization [30,31]. Thus, changes in salivary characteristics in patients with low
salivary flow may result in a lower capacity for remineralization.

The EDS analysis supported the carbopol-related results. For Ca% in normal
flow, although none of the thickener groups differed statistically from the unbleached
group (negative control), the carbopol group (positive control) showed the lowest
values and differed statistically from the other thickener groups. In addition, the
carbopol group had the lowest Ca/P values among the thickeners evaluated (Table 6).
In tooth bleaching, mineral dissolution occurs with loss of calcium and phosphorus
[23,32,33]. The demineralization process begins with the loss of calcium ions from the
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apatite crystals on the surface and alters the enamel microhardness [33]. The SEM
images confirmed the results found for the carbopol thickener groups because they
showed a higher level of superficial demineralization compared with the other
thickeners evaluated. In addition, was possible to identify that in low salivary flow
(Figure 1D) carbopol led to greater extent of demineralization than the same thickener
used in normal salivary flow (Figure 1C).

For normal salivary flow the bleaching gels with natrosol and aristoflex showed
the highest values of enamel microhardness and differed from the values shown in the
carbopol group (Table 4). The microhardness results are in agreement with previous
studies [7,8]. In Ca% analysis, the natrosol and aristoflex groups had the highest
values and these did not differ between them in normal flow (Table 6). Aristoflex and
natrosol have stable pH and are capable of forming gels with non-ionic characteristics
[9,34], which probably resulted in a lower level of demineralization. In addition, the
condition of normal flow promoted the availability of a saliva without changes in its
characteristics, thus it was able to act normally and favor the remineralization of the
enamel after bleaching.

Furthermore, in normal flow it was possible to observe higher Ca/P% values for
natrosol and aristoflex groups. Besides that, the aristoflex group differed statistically
from the carbopol (positive control) and unbleached groups (negative control) (Table
6). This result may indicate a recrystallization of the hydroxyapatite crystal that may
have happened through the deposition of salivary calcium on the enamel surface in
the remineralization process. Changes in the Ca/P ratio indicated changes in the
inorganic components of hydroxyapatite [35]. Natrosol and aristoflex had the highest
Ca% among the bleached groups. Enamel remineralization by incorporating calcium
into the hydroxyapatite crystal could result in the alteration of other components
present in the hydroxyapatite crystal. Aristoflex group had the lowest P% among the
groups evaluated. These percentage values are relative to the area analyzed by
weight. Due to the characteristics of the EDS methodology and since the amounts of
all elements were presented in percentage of mass (%), a greater calcium gain can
decrease the relative values of phosphorus, which exists in a small proportion in the
hydroxyapatite crystal. Thus, an increase in the amount of calcium would lead to
smaller proportions for P%, but this does not mean that the surface of the bleached
enamel lost phosphorus ions when compared to the unbleached group. In addition, the
decrease in the P% values presented by aristoflex in the normal flow may have been
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caused by the location of the phosphorus in the hydroxyapatite crystal. The
phosphorus is located in the inner portion of the hydroxyapatite crystal and the EDS
analysis is a superficial analysis, thus resulting in a smaller proportion of P% on the
enamel surface.

In low flow, natrosol did not have the same effect as it had in the normal flow,
confirming the importance of interaction between salivary flow and this thickener.
Although aristoflex and natrosol presented the lowest enamel roughness values in low
salivary flow (Table 5), natrosol showed intermediate microhardness values among the
thickeners evaluated (Table 4). In addition, a difference in microhardness was
observed between salivary flows for this thickener. In the low flow, the use of natrosol
resulted in lower microhardness when compared with its use in normal flow (Table 4).
SEM images confirmed this data because it was possible to observe that low salivary
flow showed a greater extent of demineralization, whereas in normal flow,
demineralization was localized (Figure 1). Natrosol also interacted with the dental
surface by forming a layer on the enamel. This layer is not resistant to low pH [6] as
the pH variation of hydrogen peroxide and allows saliva to come into contact with the
enamel surface [6]. Nevertheless, the natrosol is capable of forming complexes with
calcium and/or phosphate ions [36], making these elements unavailable for
remineralization [37]. In addition, changes in salivary flow are accompanied by
changes in calcium and phosphate concentration in saliva as discussed above,
resulting in a lower remineralization capacity. The association of these two factors
could explain the results found for this thickener in low salivary flow.

For low salivary flow, the aristoflex showed the highest enamel microhardness
values (Table 4). Moreover, aristoflex and natrosol in low flow showed the lowest
enamel roughness among the thickener evaluated (Table 5). In addition to the
characteristics of this gel, which may have resulted in minor surface changes after
bleaching, these results may be related to the good interaction of this gel with the
dental surface. Unlike the other thickeners evaluated in this study, aristoflex form
bonds that are not strong enough or resistant to acid challenge [6] allowing the dental
surface to be free for and available to salivary remineralization [7]. This fact justifies
the best performance of this thickener relative to surface microhardness in low flow
compared with the other thickeners evaluated. In addition, no differences were found
between salivary flows. This result was confirmed in the SEM images because the
aristoflex group was the only bleaching gel that did not show differences between
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salivary flows (Figure 1). The combination of aristoflex and fluoride tended to reduce
the loss of surface hardness [6]. As a positively charged molecule, aristoflex has the
ability to attract fluoride ions present in saliva to interact with its positive locations,
assisting in the completely beneficial interaction of fluoride with the enamel surface [6].
Due to this property, the presence of saliva and its fluoride ions, irrespective of the

volume, was sufficient to promote the remineralization effects of the enamel.

CONCLUSION

Although differences between salivary flows have been found, the choice of gel
seems to be more relevant. Regardless of the thickener and salivary flow, the
bleaching treatment promotes changes in enamel properties, which seem to be more
intensified in patients with low salivary flow and gels containing carbopol. Changes in
enamel properties occur with less intensity for normal flow in gels containing natrosol

or aristoflex and for low flow with gels containing aristoflex.
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2.2 Artigo: Bioactive glass dentifrice present best performance on
remineralization of bleached enamel under low and normal salivary flow in situ
condition.

Ferraz, L. N.; Vieira, |; Ambrosano, G.M.B.; Lopes, M.A; Lima, D.A.N.L.

Artigo submetido para publicagéo no periédico Clinical Oral Investigations

ABSTRACT

Objective: This in situ study evaluated different dentifrices on enamel after bleaching
under normal and hyposalivatory conditions. Materials and Methods: 24 volunteers
were selected: 12 with normal and 12 with low salivary flow. The study was conducted
in 6 in situ experimental 6 phases of 24 hours: placebo, NaF, SnFz, F/Sn/Chitosan,
F/Arginine and F/Bioactive Glass. The specimens were previously bleached in vitro.
Microhardness (SMH), roughness and color analyses (AE a»band AEoo) were performed
at baseline (T1), after bleaching (T2) and after in situ phase (T3). Scanning electron
microscopy (SEM) and energy-dispersive X-Ray spectrometry (EDS) were at T3. The
SMH and Ra were analyzed by Tukey Kramer. The color and Na% were analyzed by
ANOVA in a subdivided plots and Tukey test. The EDS were analyzed by Mann's
Whitney nonparametric, Friedman and Nemenyi tests (p < 0.05). Results: The low
salivary flow had less capacity for remineralization of bleached enamel compared to
normal flow. Comparing salivary flows, there was a significant difference in SMH, Ra
and Ca% for placebo and NaF. For normal flow, SnFz resulted in greater SMH. For low
flow, SnF2, F/Sn/Chitosan and F/Bioactive Glass resulted in higher SMH in T3 and did
not differ from T1. F/Bioactive Glass showed lower Ra for normal and low flow.
F/Bioactive Glass had the highest values, differing from placebo for Ca%, P%, Na%.
Conclusion: Salivary flow interferes with the remineralization capacity of the bleached
enamel. Dentifrice with bioactive glass had the best performance in bleached enamel

under low and normal salivary flow condition.

Clinical relevance: The deleterious effects caused by tooth bleaching on the enamel
can be more intensified in patients with low salivary flow and the dentifrice that the
patient uses can reduce these negative effects.
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INTRODUCTION

Tooth bleaching is considered a safe, effective and conservative treatment, but
it has been associated with changes as a reduction in surface microhardness,
increased of roughness and alteration of enamel mineral content [1-4]. Despite this,
some factors are responsible for enamel protection and recovery after tooth bleaching,
like saliva. Saliva plays an important role in reducing of demineralization or to promote
remineralization in tooth surfaces exposed to bleaching treatment [5]. In addition,
saliva has the phosphate and bicarbonate buffer, which are responsible for neutralizing
salivary pH. Also, saliva is supersaturated with minerals calcium and phosphorus,
which act in the remineralization process [6].

Due to its importance, changes in its availability or even its absence of saliva in
the oral cavity after bleaching can possibly interfere in the mineral recovery of the
bleached dental enamel. Hyposalivation is a common condition that affects
approximately 30% of patients aged between 20 and 69 years [7]. Changes in salivary
flow can result in changes in salivary characteristics, such as pH, protein and
electrolyte concentrations, viscosity, immunoglobulin levels and staining [8]. Thus, it is
expected that under hyposalivation condition the saliva promotes less remineralization
of the enamel surface after bleaching compared to the normal salivary flow condition.

In addition to saliva, the beneficial effects of dentifrices on bleached enamel
have been reported [1,2]. Dentifrices have fluorides in their formulation that can act as
a remineralizing agent [9]. Because of this, the use of fluoride during or after tooth
bleaching to reverse the deleterious effects on tooth enamel has been recommended
[9]. In addition to fluorides, dentifrices have other active agents presents in their
formulation that can have a beneficial effect on bleached enamel.

Bioactive glass (calcium sodium phosphosilicate) based dentifrice is able to
promote enamel remineralization [10] and have shown beneficial effects associated
with bleached enamel [1,2]. The same happens with arginine-carbonate based
dentifrice, which have been shown to be effective in preventing mineral loss when used
before tooth bleaching [2]. Beside this, products containing tin ions have also been
known to provide good protection against demineralization [11]. Another option may
be the use of biopolymers, such as chitosan. Chitosan has shown anti-erosion effects
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when used in combination with stannous ions and fluoride in a dentifrice [11]. Because
of this, it would be interesting to evaluate its effectiveness on bleached enamel.

As tooth bleaching is an increasing practice in dental clinical for all patient
profiles, including those who may have salivary hypofunction. Thus, the aim of this
study was to evaluate the effectiveness of dentifrice with different active principles in
the recovery of enamel after tooth bleaching under low salivary flow. The hypotheses
tested were the following: (1) the salivary flow would influence the physical and
chemical properties of the enamel according to the dentifrice used (2) the application
of dentifrices with fluoride or remineralizing agents would result in the recovery of the
deleterious effects of the bleached enamel for normal and low salivary flow.

MATERIALS AND METHODS

Volunteers and Ethical Aspect

This study was performed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and approved by the local ethic committee in
research (process No. 96037118.1.0000.5418). The number of volunteers was
calculated in the G*Power 3.1.7. Program, considering a minimum power of 0.80 for
the main effects, interaction with a significance level of 5% and average effect size
according to Cohen et al., [12], reaching the minimum number of 11 volunteers per
group. In order to have the same number of men and women participating in the study
in each group, the selection of 12 volunteers with low and another 12 with normal
salivary flow, totaling 24 volunteers was determined. Thus, 6 men and 6 women were
selected for each type of salivary flow. Informed consent was obtained from all
individual participants included in the study.

For volunteers with normal flow rate (25-35 years old), the inclusion criterion
was stimulated flow rate >1.0 mL/min [13]. The volunteers with low salivary flow (45-
65 years) underwent head and neck radiotherapy during cancer treatment at least 2
years before the study because the hyposalivation caused by radiotherapy is not
reversible by stimulation [14]. Thus, this is the safest alternative for carrying out this
experiment, as this way you can control this variable and ensure that the volunteer in
this study will not have variation in your salivary flow during the experimental period.
The inclusion criterion for those participants was reduced salivary flow rate <0.8
mL/min in stimulated flow rate [13]. None of the participants took any medication with
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an impact on salivary flow rate, among them medications such as antidepressants,
anxiolytics, antihypertensives or antiallergics. All other inclusion criteria had to be
fulfilled by all participants: absence of active caries and periodontal disease, no using
an orthodontic appliance, presence at least 50% of their teeth of up arch (8 teeth) for

correct fixation of the palatal device, non-smokers, not pregnant or breast-feeding.

Analysis of salivary parameters

The collection of stimulated saliva was carried out for the analysis of salivary
parameters and to enable the selection of volunteers to participate in the study. To
minimize the effects of daily variability in the salivary composition, the collection of
saliva was carried out between the hours of 9 am and 11 am or from 2 pm to 4 pm,
and should also take place at least 1 hour after the meal and after oral hygiene [15].
The volunteers were instructed to chew unflavored parafilm (Parafilm Pechiney Plastic
Packaging Company, Chicago, IL, USA) and dispense the saliva in a falcon tube (15
mL) for 5 minutes. From the stimulated saliva collected, the volume was measured and
the flow rate (mL/min) was calculated by dividing the volume of saliva by the collection
time [15]. Besides, saliva pH was measured directly using a peagameter (Orion 290A+,
Sao Paulo, Brazil) previously calibrated. The buffering capacity was assessed in
accordance with Ericsson [16]. For this analysis, 0.5 mL of stimulated saliva was added
to 1.5 mL of 0.005M hydrochloric acid, the mixture was agitated for 30 s, and after
letting it rest for 5 min for liberation of carbonic acid, the pH was measured.

Preparation of specimens

Enamel/dentin blocks measuring 4x4mm, with 2 mm of thickness (1 mm of
enamel and 1 mm of dentin), were obtained, using a metallographic cutter (IsoMet
1000, Buehler Ltd, Lake Bluff, IL, USA). The enamel surface was planned and flattened
using silicon carbide papers (#1200/2500/p4000 - Buehler Ltd, Lake Bluff, IL, USA)
and felts (TCT, TWI - Arotec, Cotia; SP, Brazil) associated with diamond pastes with
decreasing granulation (1 and %4 ym - Arotec, Cotia, SP, Brazil) in a polishing machine,
under water cooling (Arotec, Sdo Paulo, SP, Brazil). Between each polishing step, the
blocks were sonicated to remove debris in distilled water for 15 min (Marconi,
Piracicaba, Sao Paulo, Brazil). Then, the specimens were sterilized with ethylene oxide
and stored in water at 4°C until use.
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Sample Allocation

The specimens were allocated into twelve groups. In order to reduce intra-
voluntary variability, in palatal appliance, each volunteer received 4 specimens for
color analysis, roughness, scanning electron microscopy and energy-dispersive X-Ray
spectrometry and 4 specimens for surface microhardness. The specimen’s
randomization between groups were performed by microhardness analysis or color
analysis so that there was no statistical difference between the initial values, in order
to reduce the initial variability between groups. After performing the analyzes proposed
in that study, the average of the values obtained in the specimens was calculated for
each analysis and at the end a value per analysis and per group was considered for

each volunteer (n=12).

Experimental Design

The study was conducted in 6 experimental phases of 24 h (see flowchart,
Figure 1). Initially the specimens were subjected to bleaching in vitro. Then, the
participants wore specimens in situ for 24 hours. During this period, the samples were
treated intraorally with the test dentifrices and were exposed to saliva. At each phase
a different dentifrice was evaluated. The dentifrices used in this study are available in
Table 1. Sample analyzes were performed at baseline (T1), after bleaching (T2) and

after the in situ phase (T3).
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Impressions, manufacturing of palatal appliances

v
Specimen preparation and sample allocation
v
*lead-in period of 2 days and washout period of 5 days
v
*Color analyses, surface roughness and surface microhardness — T1
¥
*In vitro especimens bleaching: 35% hydrogen peroxide, three 15-min applications
¥
Color analyses, surface roughness and surface microhardness — T2
¥
*In situ phase:—» Balance of specimens with oral fluids - 5 min —» Brushing procedures
l 12 hours
Brushing procedures
l 12 hours

end of the in situ phase — removal of the palatal appliance

¥
*Color analyses, surface roughness and surface microhardness — T3, SEM, EDS

Figure 1: Flow chart of study procedures. The procedures marked by an asterisk were
performed for each experimental phase.



49

Table 1: Products, Manufacturers, and Components of Dentifrices According to the
Manufacturer’s Information.

Dentifrice Manufacturer Active agent Fluoride agent Other components
Glycerin, Silica, Carboximethyl
Placebo - Drogal ) ) cellulose, water, Methyl P,
(PLA) Manipulation Saccharin, Titanium dioxide,
Sodium Lauryl Sulfate, Mint oil
Water, Triclosan, Sorbitol, Hydrated
Colgate- Silica, Sodium Lauryl Sulfate, PVM

Colgate Total 12™
(NaF)

Palmolive, Sao
Bernardo do
Campo, Brazil

Sodium Fluoride (NaF)
1450 ppm

/ MA Copolymer, Flavor
Carrageenan, Sodium hydroxide,
Sodium Saccharin, Titanium dioxide
and Dipentene.

Oral-B® Pro-
Gengiva™
(San)

Procter & Gamble
Manufacturing
GMBH, Gross -
GERAL, Hesse,
Germany

Stannous Fluoride
(SnF3) 1100 ppm and
Sodium Fluoride (NaF)
350 ppm

Glycerin, Silica, Sodium
Hexametaphosphate, Propylene
Glycol, PEG-6, Water, Zinc Lactate,
Aroma, Trisodium Phosphate,
Flavor, Sodium Lauryl Sulfate,
Sodium Gluconate, Carrageenan,
Sodium Saccharin, Xanthan Gum,
Cinnamal, Titanium Dioxide,
Stannous chloride

Elmex ™ Protection
Erosion ™
(F/Sn/Chitosan)

GABA
International AG,
Grabetsmattweg,

Switzerland

Chitosan (0.5%),
Stannous Chloride

Amine Fluoride (AmF)
700 ppm, Sodium
Fluoride (NaF) 700 ppm

Glycerin.Hydrated, Silica, Sodium
hexametaphosphate, Propylene
glycol, PEG-6, Eau, Zinc lactate,
trisodium phosphate, flavor, Sodium
lauryl sulfate, Polyethylene,
Sodium, Gluconate, Carrageenan,
Sodium saccharin, Xanthan gum,
Titanium dioxyde, red 40 aluminium
lake

Colgate® Sensitive
Pro-Relief™
(F/Arginine)

Colgate-
Palmolive, Sao

Bernardo do 8% Arginine

Sodium
Monofluorophosphate
(MFP) 1450 ppm

Water, Calcium carbonate, Sorbitol,
Arginine bicarbonate, Sodium lauryl
sulfate, Cellulose gum, Titanium
dioxide, Tetrasodium
pyrophosphate, Sodium
bicarbonate, Benzyl alcohol,
Sodium saccharin, Xanthan gum,
Limonene

Sensodyne™ Repair
& Protect Novamin™
Technology
(F/Bioactive Glass)

Campo,Brazil
SmithKline
Beecham
Consumer 5% Calcium Sodium
Heathcare, Phosphosilicate

Berkshire, United
Kingdom

Sodium
Monofluorophosphate
(MFP) 1426 ppm

Glycerin, Silica, PEG-8, Titanium
Dioxide, Carbomer,
Cocamidopropyl Betaine, Sodium
Methyl Cocoyl Taurate, Sodium
Saccharin, d-limonene
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Previously Procedures to the beginning of the experimental phase

Before beginning the study and between each phase, a lead-in period of 2 days
and washout period of 5 days were planned. During the washout, the participants were
instructed to use fluoride-free dentifrice. During the experimental phase so that there
was no interference in the results on the effectiveness of saliva and effectiveness of
dentifrice, it was also determined that volunteers should use fluoride-free dentifrice for
oral hygiene. The use of other oral hygiene products was not allowed during the
experimental period, except the use of dental floss.

Before the beginning of each experimental phase, the palatal device was made
with acrylic resin by molding the volunteer's upper arch with alginate (Hydrogum -

Zhermack, Badia Polesine, Italy).

In vitro bleaching

The bleaching was performed in vitro, with a gel based on 35% hydrogen
peroxide (Whiteness HP, FGM, Joinville, Brazil) according to the manufacturer’s
instructions. The bleaching agent was applied to the enamel surface three times for 15
minutes each, totaling 45 min of application. The samples were then washed with
distilled water and immediately attached to the palatal device using sticky wax. After

that, the in situ phase was began.

In Situ Phase

After in vitro bleaching, the volunteers were instructed to wear their palatal
appliance for 5 min to allow the specimens to balance with oral fluids [13]. Then, the
brushing procedures started. The volunteers were previously calibrated to perform
brushing procedures in particular regarding load, brushing speed, and duration to
obtain the highest level of standardization among the volunteers. Velocity and duration
were trained by using a timer and load was trained by using the respective load on an
electronic scale. In addition, the volunteers received written instructions with the
description and the times that the treatments should be carried out. All participants
used stopwatches to perform the treatments. A new toothbrush was used per
participant and experimental phase.

The volunteers received one soft-bristle toothbrush (Oral-B Indicator Plus 30

Soft, Gillette do Brasil Ltd, Manaus, Brazil) and a container with 1.5 g of the assigned
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dentifrice. The volunteers were instructed to brush the buccal surface of their teeth for
25 s (without contact to the specimens) to create a mixture of dentifrice/saliva (slurry).
Then, they remained with the appliances in position for 2 min to enable the contact of
the specimens with the slurry. After this, the appliance was removed, and the
volunteers brushed the specimen’s surfaces for 20 s (1 movement/s) [17]. Finishing
the specimen brushing, the device was washed with running water for 30 seconds and
reinserted in the mouth. After 12 hours, brushing procedures were performed again as
described. Appliances were worn intraorally for 24 h. During use of appliances
participants were instructed not to eat, they were only allowed to drink water [13]. After
this period, the specimens were removed and stored at 100% humidity in individual
vials at 37°C to perform the analyzes. The same procedures were repeated in the
subsequent phases, changing the dentifrice used.

Surface microhardness

The analysis of surface microhardness was performed in T1, T2 and T3 using a
microdurometer and a knoop indenter (HMV-2000, Shimadzu, Tokyo, Japan). Five
indentations were carried out with a load of 509 for 5 seconds in the central region of
the block with 100 um between them and the average was calculated.

Roughness
The roughness (Ra) was analyzed using a profilometer tester (Surf-Corder

1700, Kosaka, Toquio, Japéo) at T1, T2 and T3. Three different equidistant directions
were measured on the surface of each specimen, with a cutoff of 0.25 mm, a reading
length of 1.25 mm, and a velocity of 0.1 mm/s.

Color analysis

Color analysis was also performed at T1, T2 and T3. A spectrophotometer (CM
700D, Konica Minolta, Osaka, Japan) was used and previously calibrated according to
the manufacturer's recommendations. The readings were performed in a light chamber
(GTI Mini Matcher MM1e, GTI Graphic Technology Inc., Newburgh, NY, USA) to obtain
the standardization of ambient light during the readings. The values obtained were
quantified in three coordinates of the CIE Lab System (L*, a*, b*). The differences in
the L*, a* and b* values between the initial reading and final were expressed in AL, Aa
and Ab and the general color change was calculated using the following equation:
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AE ab=[(AL*)? + (Aa*)? + (Ab*)?]"2. Also, the color difference was calculated by the AEoo
formula [18,19]:

AUN? . 74CN\? 1 aH'\? AC \ [ AH'
AEgo = + t|—] *R7| — | —
K.S, KcSc K5 KcSe ) \KuSh

1/2

Enerqy-Dispersive X-Ray Spectrometry

At the end of the experiment, five samples per group were randomly selected
for analysis by energy-dispersive X-ray spectrometry (EDS). The specimens were
covered with a thin layer of carbon. The inorganic content present in the substrates
was evaluated by the MEV equipment (Jeol, JSM5600LV, Tokyo, Japan) to determine
the elemental presence of Na, P, and Ca. The equipment was configured and
presented typical energies of the order 15kV, in an increase of 100x, with PHA
deadtime varying between 20 and 25% [2]. For each sample, five points were randomly
selected (800 um2 for each point), and the mean values were calculated. The
elemental levels (wt%) of Ca, Na, and P and the proportion between Ca and P were

determined.

Scanning Electron Microscopy (SEM)

To observe the enamel surface, four specimens from each group were randomly
selected at the end of the experiment. Specimens were plated with gold alloy, and
photomicrographs of representative areas with a 4000 x magnification were performed
by using scanning electron microscopy (JSM 5600LV, JEOL, Tokyo, Japan).

Statistical analysis

All analyzes were performed in the SAS program (SAS Institute Inc., Cary, NC,
USA, Release 9.4, 2012) with a 5% significance level. The salivary flow was analyzed
using Mann-Whitney test. The buffer capacity and pH were analyzed using Student’s
t-test. The microhardness and roughness were analyzed using repeated measures
mixed models and Tukey-Kramer test. The inverse transformation of the square root
was applied to roughness, as indicated by the exploratory analysis. The variables AE a»
baseline x after bleaching, AE a baseline x after experimental period in situ, AEoo
baseline x after bleaching, AEoo baseline x after experimental period in situ and Na%
were analyzed using ANOVA in a split-plot design and Tukey test. No known
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distribution adjusted to Ca%, P% and Ca/P, therefore these data were analyzed using
Mann-Whitney non-parametric test comparing normal salivary flow and low salivary

flow groups and Friedman and Nemenyi tests comparing different dentifrices.

RESULTS

Flow rate, salivary pH and salivary buffering capacity

Salivary flow rate of each participant as well as pH and buffering capacity values
are given in Table 2. There was a significant difference between both groups for flow
rate (p<0,0001) but not for the pH (p=0,8268) and buffering capacity (p=0,6930).

Table 2: Mean (standard deviation) of flow rate, salivary pH and salivary buffering
capacity of both groups (normal and low flow rate) of the stimulated saliva (n=12).

Flow rate,

mL/min pH Buffering capacity
Normal flow 1.84 (0.22)*  7.49(0.17) 4.73 (0.79)
Low flow 0.59 (0.10) *  7.51 (0.20) 4.69 (0.81)

* p<0,0001: statistically significant differences between groups (t test for independent
data).

Surface microhardness

The results of the analysis of surface microhardness are available in Table 3.

- Normal Flow:

When it was compared the times for the same dentifrice, T2 showed the lowest
values of surface microhardness and differed statistically from T1 and T3 regardless
of the dentifrice used. In addition, T1 and T3 showed the highest values of surface
microhardness and did not differ statistically among themselves for all dentifrice
groups.

Comparing the dentifrices at the same time, in T1 and T2 no differences were
found for dentifrices groups. In T3 there were statistically significant differences
between the groups. The group treated with SnF2 showed the highest values

compared with the dentifrices evaluated. The groups treated with pacebo, NaF,
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F/Sn/Chitosan and F/Arginine showed had the lowest values and did not differ between
themselves. The F/Bioactive Glass group had intermediate values and did not differ
from the group with the highest values (SnF2) or from the groups with the lowest values
(placebo, NaF, F/Sn/Chitosan and F/Arginine).

- Low Flow:

Comparing the 3 times for each dentifrice, lower values of microhardness are
noted in T2, with a significant increase in these values in T3 for all treated groups. For
the placebo group, there was no difference between times T2 and T3. The SnF,
F/Sn/Chitosan and F/Bioactive Glass groups showed no differences between T1 and
T3.

Comparing the dentifrice groups at the same time, in T1 and T2 no differences
were found for dentifrices groups. For T3 was observed that the placebo group
(negative control) had the lowest microhardness values and was statistically different
from all dentifrices. The SnF2, F/Sn/Chitosan and F/Bioactive Glass groups showed
the highest microhardness values and did not differ between them. NaF and F/Arginine
showed intermediate microhardness values and did not differ statistically between

themselves.

- Salivary flow X Dentifrice X Time:
Comparing salivary flows, under the same dentifrice condition and time, in T3 it
was observed that the placebo and NaF groups in low flow had lower microhardness

values than the same dentifrice for normal flow.



Table 3: Mean (standard deviation) of surface microhardness (SMH) as a function of salivary flow and dentifrices (n=12).

Salivary flow

Dentifrice Normal Flow Low flow
T1 T2 T3 T1 T2 T3

PLA 325.64 (11.60) Aa  269.30 (10.07) Ba  322.49 (5.43) Ab  325.67 (11.67) Aa  265.19 (10.28) Ba  *270.34 (5.04) Bc
NaF 326.96 (10.85) Aa  267.75 (8.47) Ba 322.93 (5.04) Ab  326.89 (11.68) Aa  266.75 (7.61) Ca *299.12 (5.26) Bb
SnF, 326.45 (8.73) Aa 267.61 (6.27) Ba 337.52 (5.43) Aa  326.92 (11.66) Aa  265.40 (7.62) Ba 330.70 (5.73) Aa
F/Sn/Chitosan 326.22 (11.82) Aa  268.20 (7.48) Ba 321.98 (5.65) Ab  326.32 (11.92) Aa 263.90 (10.62) Ba 323.23 (5.89) Aa
F/Arginine 326.08 (9.38) Aa 263.05 (3.19) Ba 318.28 (9.79) Ab  326.44 (12.77) Aa  263.83 (8.80) Ca 308.22 (6.73) Bb
F/Bioactive Glass 326.76 (9.08) Aa 264.81 (6.86) Ba  330.32 (3.46) Aab 327.38 (12.34) Aa 264.52 (10.84) Ba 322.44 (6.57) Aa

T1: initial; T2: after bleaching; T3: after experimental period in situ. *It differs from the group with normal flow, under the same
conditions as dentifrice and time (p<0.05). Different letters (uppercase in the horizontal comparing between the three times in the
same salivary flow group and lowercase in the vertical) indicate significant differences (p<0.05). p(flow)<0.0001; p(dentifrice)<0.0001;
p(flow x dentifrice)<0.0001; p(time)<0.0001; p(flow x time)<0.0001; p(dentifrice x time) <0.0001; p (flow x dentifrice x time)<0.0001.
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Roughness (Ra)

The roughness data are available in Table 4.

- Normal flow:

When it is compared the times for the same dentifrice, the PLA, NaF,
F/Sn/Chitosan and F/Bioactive Glass groups showed statistically significant
differences between times T1, T2 and T3. For these groups in T1, the lowest values
were observed, while T2 presented the highest values and T3 presented intermediate
values of roughness. The SnF2 group also showed statistically significant differences
between T1, T2 and T3, however it was observed that the highest values of roughness
were found in T3, while T2 presented intermediate values and T1 showed the lowest
values for this dentifrice. The F/Arginine group, on the other hand, showed no
statistically significant difference between T2 and T3 in which the highest values of
roughness were observed compared to T1.

Comparing the action of dentifrices at the same time, in T1 and T2 no
differences were found for dentifrices groups. In T3 was observed that the
F/Sn/Chitosan and NaF groups did not differ from the placebo group. The SnF2 group
presented the highest values of roughness and differed statistically among all the other
evaluated dentifrices. The F/Arginine group presented intermediate roughness values
and differed statistically from all groups. F/Bioactive Glass, on the other hand, had the
lowest values of roughness and was statistically different from the placebo group and
all other evaluated dentifrices.

- Low flow:

When it is compared the times for the same dentifrice, for PLA, NaF and
F/Arginine groups T1 it was statistically different from T2 and T3. For the same groups
T2 and T3 they did not differ statistically between themselves and presented higher
values of roughness when compared with T1. For the SnF2 group, T1 presented the
lowest values, T2 intermediate values and T3 presented the highest values of
roughness for this dentifrice and all times differed statistically from each other. For the
F/Sn/Chitosan group, a statistically significant difference was observed between all
times, with T1 having the lowest values, T2 having the higher values and T3 having
intermediate roughness values. The same behavior of F/Sn/Chitosan was seen for
F/Bioactive Glass the values found in T3 were closer to those found in T1.
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Comparing the action of dentifrices at the same time, in T1 and T2 no
differences were found between dentifrices groups. In T3 the placebo group presented
intermediate roughness values and did not differ statistically from the NaF and F/Arginine
groups The SnF2 group had the highest values and differed statistically between all
groups. The F/Sn/Chitosan group differed statistically from all groups and showed low
values of roughness, however it was not the lowest value found among all evaluated
dentifrices. The lowest values of roughness were found in the F/Bioactive Glass group,
which differed statistically from all other groups.

- Salivary flow X dentifrice X Time:
Comparing salivary flows, under the same dentifrice condition and time, in T3 it
was observed that the placebo and NaF groups in low flow had higher roughness

values than the same dentifrice for normal flow.

Table 4: Mean (standard deviation), of roughness (Ra) as a function of salivary flow
and dentifrice (n=12).

Salivary flow

Dentifrice Normal Flow Low flow
Tl T2 T3 Tl T2 T3
PLA 0.079 (0.007) Ca  0.180 (0.009) Aa  0.118 (0.006) Bc  0.077 (0.010) Ba 0.177 (0.010) Aa  *0.159 (0.12) Ab
NaF 0.080 (0.007) Ca  0.176 (0.011) Aa  0.117 (0.009) Bc  0.077 (0.012) Ba 0.179 (0.009) Aa  *0.165 (0.008) Ab
SnF, 0.073 (0.006) Ca  0.178 (0.010) Ba  0.254 (0.008) Aa  0.077 (0.008) Ca  0.176 (0.005) Ba  0.250 (0.011) Aa

F/Sn/Chitosan

F/Arginine

0.077 (0.008) Ca

0.076 (0.008) Ba

0.170 (0.006) Aa

0.173 (0.006) Aa

0.119 (0.011) Bc

0.152 (0.006) Ab

0.079 (0.011) Ca

0.076 (0.009) Aa

0.172 (0.009) Aa

0.171 (0.007) Ba

0.122 (0.008) Bc

0.152 (0.004) Bb

F/Bioactive Glass ~ 0.076 (0.008) Ca  0.175 (0.010) Aa  0.093 (0.008) Bd  0.078 (0.007) Aa  0.173 (0.008) Ca  0.091 (0.010) Bd

T1: initial; T2: after bleaching; T3: after experimental period in situ. * It differs from the
group with normal flow, under the same conditions as dentifrice and time (p<0.05).
Different letters (uppercase horizontally comparing the three times in the same salivary
flow group and lowercase vertically) indicate significant differences (p<0,05).
p(flow)=0,0011; p(dentifrice)<0,0001; p(flow x dentifrice)=0,0209; p(time)<0,0001;
p(flow x time)<0,0001; p(dentifrice x time)<0,0001; p(flow x dentifrice x time)<0,0001.
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Color analyses

The data of the color analyzes are available in Table 5 for the comparison
between baseline and after bleaching. In Table 6 are the data comparing the baseline

with after in situ period.

- AL, Aa, Ab, AE b, AEqo - baseline x after bleaching:
No statistically significant differences were found between salivary flows and
dentifrice treatments for all color analyzes performed when baseline and after

bleaching times were compared.

- AL baseline x after in situ period:

No statistically significant differences were found between salivary flows under
the same dentifrice treatment (p=0.05).

In normal flow statistical differences were observed between dentifrice groups
(p=0.0005). The SnF2, F/Arginine and F/Bioactive Glass groups had the highest AL
values and were not statistically different between them. The F/Sn/Chitosan group had
the lowest values among all evaluated dentifrices. The placebo and NaF groups
showed intermediate values and did not differ statistically from the groups with the
highest values (SnFz, F/Arginine and F/Bioactive Glass) or from the group with the
lowest value (F/Sn/Chitosan).

In low flow, no statistically significant differences were found between dentifrice
groups (p=0.2830).

- Aa baseline x after in situ period:

No statistically significant differences were found between salivary flows under
the same dentifrice treatment (p=0.05). In normal flow (p=0.9941) and in low flow
(p=0.2730), no significant differences were found between the evaluated dentifrices.

- Ab baseline x after in situ period:

Statistically significant differences were found between salivary flows under the
same dentifrice treatment. The F/Sn/chitosan group showed lower values of Ab in
normal flow when compared to the same dentifrice in low flow (p = 0.0102).

In normal flow, statistically significant differences were found between

ttothpastes groups (p = 0.0009). The placebo group had the highest values while the
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F/Sn/Chitosan group had the lowest Ab values. The groups NaF, SnF2, F/Arginine and
F/Bioactive Glass showed intermediate values and did not differ from placebo or
F/Sn/Chitosan.

In low flow, no statistically significant difference was found between dentifrices
groups (p=0.5563).

- AE ap and AEoo baseline x after in situ period:

There was a significant difference between dentifrice treatment (p=0.0239) but
not for the salivary flow (p=0.0814) and not for interaction between salivary flow and
dentifrice (p=0.6930).

No statistically significant differences were found between salivary flows for the
same dentifrice treatment. For normal salivary flow, statistically significant differences
were found between the dentifrices. The SnFz group had the highest values and
differed statistically from the placebo group which had the lowest values. The NaF,
F/Sn/chitosan, F/Bioactive Glass, F/Arginine groups showed intermediate values and
did not differ statistically from SnF2 or the placebo group. The same results observed

for normal flow were found in the low flow.



Table 5: Average (standard deviation) of color analysis between baseline x after bleaching as a function of salivary flow and dentifrice (n=12).

AL

Aa

Ab

AE*ab

AE
Dentifrices Salivary flow Salivary flow Salivary flow Salivary flow Salivar}(l)oﬂow
Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow

PLA 3.38(0.75) Aa  3.37(0.72) Aa | -0.66(0.47) Aa -0.60 (0.31) Aa | -5.36(0.76) Aa -5.30(0.78) Aa| 6.40(0.99) Aa  6.36(0.77) Aa | 436 (0.73) Aa 4.34(0.53) Aa
NaF 3.28 (0.67) Aa  3.23(0.77) Aa | -0.49 (0.28) Aa -0.64 (0.41) Aa| -5.32(0.70) Aa -5.05(0.96) Aa | 6.30(0.81) Aa  6.11(0.81) Aa | 423 (0.52) Aa 4.14 (0.60) Aa
SnF, 329 (1.14) Aa 2.88(0.80) Aa | -0.51 (0.44) Aa -0.48(0.22) Aa| -5.55(0.78) Aa -5.28 (0.64) Aa | 6.56(0.92) Aa  6.07 (0.85) Aa | 444 (0.62) Aa 4.10(0.54) Aa
F/Sn/Chitosan 2.93(091)Aa  3.00(0.83) Aa | -0.58(0.36) Aa -0.74 (0.40) Aa | -5.44(0.53) Aa -5.46(1.24)Aa| 6.26(0.73) Aa  6.33 (1.28) Aa | 4.22(0.48) Aa 4.41 (0.84) Aa
F/Arginine 3.05(1.06) Aa  2.72(0.88) Aa | -0.56(0.36) Aa -0.52(0.41) Aa| -5.89(0.55) Aa -5.70 (1.06) Aa | 6.71(0.84) Aa  6.39(1.15) Aa | 4.55(0.57) Aa 4.36(0.82) Aa
F/Bioactive Glass | 3.26 (0.90) Aa  2.96 (0.76) Aa | -0.71 (0.45) Aa  -0.69 (0.22) Aa | -4.82(1.38) Aa -5.30(1.36) Aa| 6.01(1.04) Aa  6.20(1.14) Aa | 4.07 (0.71) Aa  4.22(0.76) Aa

Equal letters (uppercase comparing horizontally and lowercase vertically) do not indicate significant differences (p<0.05).

Table 6: Average (standard deviation) of color analysis between baseline x after in situ period as a function of salivary flow and dentifrice (n=12).

AL

Aa

Ab

AE*ub

AE
Dentifrices Salivary flow Salivary flow Salivary flow Salivary flow Salivar;ﬂﬂow
Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow

PLA 1.78 (0.62) Aab  1.65 (0.73) Aa | -0.77 (0.46) Aa -0.87 (0.33) Aa | -5.76 (0.64) Aa -5.78 (0.85) Aa | 6.11(0.72) Ab 6.12 (0.88) Ab 4.24 (0.56) Ab 4.33(0.61) Ab
NaF 1.61 (0.44) Aab  1.76 (0.58) Aa | -0.65 (0.26) Aa -0.83 (0.37) Aa | -6.49 (0.66) Aab -6.18 (0.88) Aa | 6.73(0.68) Aab  6.51 (0.88) Aab | 4.65(0.42) Aab  4.54 (0.67) Aab
SnF, 2.04 (0.64) Aa  1.51(0.89) Aa | -0.73 (0.38) Aa -0.78 (0.28) Aa | -6.78 (0.90) Aab -6.41 (0.83) Aa | 7.15(0.89) Aa 6.70 (0.82) Aa 4.99 (0.56) Aa 4.70 (0.62) Aa
F/Sn/Chitosan 0.99 (0.51) Ab  1.28 (0.93) Aa | -0.74 (0.31) Aa -0.89 (0.34) Aa| -7.00 (0.55)Bb  -6.08 (1.13) Aa | 7.12(0.59) Aab  6.35(1.10) Aab | 4.94 (0.42) Aab  4.54 (0.78) Aab
F/Arginine 2.38(0.80) Aa  1.90(1.42) Aa | -0.72 (0.33) Aa -0.68 (0.38) Aa | -5.92 (0.55) Aab -5.79 (1.15) Aa | 6.46(0.72) Aab  6.25(1.37) Aab | 4.44(0.47) Aab  4.32 (1.00) Aab

F/Bioactive Glass

2.03(0.44) Aa

2.08 (0.68) Aa

-0.86 (0.50) Aa

-0.78 (0.29) Aa

-5.82 (0.96) Aab

-5.88 (0.98) Aa

6.25 (0.96) Aab

6.34 (0.86) Aab

4.35(0.61) Aab

4.39 (0.49) Aab

Different letters (uppercase comparing horizontally and lowercase vertically) indicate significant differences (p<0.05).
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Enerqgy-Dispersive X-Ray Spectrometry
The Ca%, P%, Na% and Ca/P data are available in Table 7.

- Ca%:

Comparing salivary flows for the same dentifrice, statistically significant
differences were found between normal flow and low flow only for the placebo group.
Placebo showed lower Ca% values when compared to the same dentifrice in normal
flow (p=0.0090). For the other groups, no significant differences were found between
salivary flows for the same dentifrice (p=0.05).

Comparing the dentifrices groups in normal flow, statistically significant
differences were found between the groups (p=0.0052). The F/Bioactive Glass and
SnF2 groups had the highest Ca% values and did not differ statistically between
themselves. The NaF, F/Sn/Chitosan and F/Arginine presented intermediate values
and were statistically equal to the placebo group (lowest values) and to the SnF2 and
F / Bioactive Glass groups (highest values)

Comparing the dentifrices groups in low flow, statistically significant differences
were found between the groups (p=0,0009). The F/bioactive Glass group had the
highest values while the placebo had the lowest Ca% values and these two groups
were statistically different from each other. The NaF, SnF2, F/Sn/Chitosan and
F/Arginine groups did not differ statistically from the placebo group or from the
F/Bioactive Glass group.

- P%:

Comparing salivary flows for the same dentifrice, statistically significant
differences were found between normal flow and low flow for NaF (p=0.0283), SnF2
(p=0.0090) and F/Arginine (p=0.0472). For these dentifrices the value of P% was lower
in low flow when compared to normal flow. For the other dentifrices, no significant
differences were found between salivary flows (p=0.05).

Comparing the dentifrices groups in normal flow, statistically significant
differences were found between the groups (p=0.0128). SnF2 and F/Arginine groups
had the highest values and did not differ between them. The placebo group had the
lowest values and differed statistically from the SnF2 and F/Arginine groups. The NaF,

F/Sn/Chitosan and F/Bioactive Glass groups showed intermediate values and did not
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differ statistically from the groups with the highest values (SnFz and F/Arginine) or from
the groups with the lowest values (placebo).

Comparing the dentifrices groups in low flow, statistically significant differences
were found between the groups (p=0.0055). The placebo group had the lowest values
among all groups. The F/Sn/Chitosan groups and F/Bioactive Glass had the highest
values and did not differ between them. The NaF, SnF2 and F/Arginine groups showed
intermediate values and did not differ statistically from the groups with the highest
values (F/Sn/Chitosan and F/Bioactive Glass) or from the placebo group.

- Na%:

The p values for the Na% statistical analysis were: p(flow)=0.0022;
p(dentifrice)<0.0001; p(interaction)<0.0001.

Comparing salivary flows for the same dentifrice, statistically significant
differences were found for placebo and NaF groups. In low flow theses groups showed
higher values than normal flow for the same dentifrice.

Comparing the dentifrices groups in normal flow, statistically significant
differences were found between the groups. The placebo group had the lowest values
among all dentifrices. The SnF2 and F/Bioactive Glass groups showed the highest Na%
values, did not differ between themselves and differed from the placebo group. The
NaF, F/Sn/Chitosan and F/Arginine groups presented intermediate values and did not
differ either from the groups with the highest values or from the placebo group.

Comparing the dentifrices groups in low flow, statistically significant differences
were found between the groups. The placebo and NaF group had the lowest Na%
values and it was statistically different from all other evaluated dentifrices.

- Ca/P:

Comparing salivary flows for the same dentifrice, statistically significant
differences were found. The placebo group showed lower values in normal salivary
flow when compared to the same dentifrice in low flow (p=0.0367). For the other
dentifrices, no differences were found between salivary flows.

Comparing the dentifrices, no statistically significant differences were found

between the groups for normal flow (p = 0.3090) and for low flow (p=0.05).
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Table 7: Mean (standard deviation) of elemental levels (wt%) for EDS analysis of enamel surface according to the treatment group as a function of salivary flow
and dentifrice (n=5).

Ca P Na Ca/P
Dentifrices Salivary flow Salivary flow Salivary flow Salivary flow
Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow Normal Flow Low flow

PLA 69,06 (0,38) Ab 67,42 (0,22) Bb | 27,67 (0,25) Ab 27,39 (0,10) Ab | 0,60 (0,18) Ab 0,20 (0,05) Bb | 2,51 (0,02) Aa 2,44 (0,02) Ba
NaF 69,96 (0,78) Aab 69,96 (0,56) Aab | 28,19 (0,10) Aab 27,97 (0,15) Bab | 0,77 (0,08) Aab 0,20 (0,19) Bb | 2,49 (0,02) Aa 2,52 (0,04) Aa
SnF2 70,92 (0,17) Aa 70,96 (0,30) Aab | 28,70 (0,58) Aa 27,88 (0,14) Bab | 1,06 (0,09) Aa 0,96 (0,25) Aa | 2,51 (0,01) Aa 2,52 (0,02) Aa
F/Sn/Chitosan | 70,53 (0,75) Aab 70,71 (0,15) Aab | 28,29 (0,23) Aab 28,40 (0,29) Aa | 0,86 (0,16) Aab 0,87 (0,12) Aa | 2,49 (0,03) Aa 2,49 (0,03) Aa
F/Arginine 70,76 (0,14) Aab 70,52 (0,23) Aab | 28,48 (0,18) Aa 28,16 (0,31) Bab | 0,86 (0,39) Aab 0,86 (0,20) Aa | 2,44 (0,07) Aa 2,51 (0,03) Aa

F/Bioactive Glass

70,87 (0,22) Aa

71,16 (0,26) Aa

28,74 (0,19) Aa

28,42 (0,26) Aa

1,18 (0,07) Aa

0,89 (0,25) Aa

2,51 (0,02) Aa

2,51 (0,02) Aa

Different letters (uppercase comparing horizontally and lowercase vertically) indicate significant differences (p<0.05).
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Scanning electron microscopy

The SEM images collected (Figure 2) show that all groups showed superficial
changes, but there was variation in the extend of these changes according to the
group. Greater enamel demineralization with loss of interprismatic substance and
increased porosity was observed for the placebo and NaF groups compared to the
other groups (Figure 2A, 2B, 2C, 2D). Salivary flow interfered in the superficial
characteristics of the placebo and NaF groups because the images show the presence
of localized areas with intense demineralization for the low flow (Figure 2B and 2D), a
fact that was not observed in the normal flow (Figure 2A and 2C). For the SnFa,
F/Sn/Chitosan and F/Arginine groups, it is possible to observe a very similar pattern
between the three groups, with areas of smaller and more superficial demineralizations
than those found in placebo and NaF (Figure 2E, 2F, 2G, 2H, 2I, 2J). The F/Bioactive
Glass group, on the other hand, presented the smoothest and most uniform surface
among all the groups evaluated with well-located and superficial demineralization
areas. (Figure 2K and 2L). For the SnF2, F/Sn/Chitosan, F/Arginine and F/Bioactive
Glass groups, no differences were found between salivary flows.
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Figure 2: Representative SEM images (4000x) of the specimens according to the group: (A) placebo in
normal flow, (B) placebo in low flow, (C) NaF in normal flow, (D) NaF in low flow, (E) SnFz in normal
flow, (F) SnFzin low flow, (G) F/Sn/Chitosan in normal flow, (H) F/Sn/Chitosan in low flow, (I) F/Arginine
in normal flow, (J) F/Arginine in low flow, (K) F/Bioactive Glass in normal flow and (L) F/Bioactive Glass
in low flow.
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DISCUSSION

The first hypothesis was partially accepted, because according to the dentifrice
used, the salivary flow influenced the results of the analyzes performed in this study,
except for color analysis between baseline x after bleaching. The second hypothesis
evaluated was also partially accepted because for both salivary flows no dentifrice
resulted in the recovery of roughness. In addition, for the low salivary flow only SnFz,
F/Sn/Chitosan and F/Bioactive glass dentifrices promoted the recovery of surface
microhardness.

In this study, after the in situ period, the groups under normal flow condition did
not show differences in surface microhardness compared to baseline regardless of the
dentifrice used, indicating remineralization of enamel. Saliva is responsible for the
enamel remineralization after tooth bleaching [5]. Remineralization is the process of
replacing lost minerals through the organic matrix of the enamel to the crystals [20].
The contribution of saliva to the remineralization process points to the importance of
monitoring salivary flow [20]. The salivary flow rate has been considered the most
important single parameter to determine the protective effect of saliva, since practically
all other salivary parameters depend on it [21]. The great differential of this study was
to evaluate the condition of low salivary flow associated with tooth bleaching.

The results of this study showed that the salivary flow influence the enamel
remineralization after bleaching. The surface microhardness after the in situ period for
placebo group in low flow was not equal to baseline values and differed from the normal
flow when the dentifrice was used. In the analysis of the volunteers' salivary
parameters, it is possible to identify that the pH and buffer capacity were not changed,
but only the salivary flow. Changes in salivary flow are accompanied by changes in
salivary characteristics, such electrolyte concentrations [22,23]. The main electrolytes
in saliva include sodium, potassium, calcium, magnesium, chloride, bicarbonate,
phosphate, thiocyanate and fluoride [23]. The supersaturation of these minerals in
saliva is critical to the remineralization process [20]. In this way, the possible decrease
in electrolyte concentration caused by the decrease in salivary flow could result in a
lesser capacity for salivary remineralization, justifying the results found in this study.
The EDS data support this result, since the placebo in low flow had lower values of

Ca%, Na% and a lower Ca/P ratio than the same dentifrice under normal flow
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condition. Furthermore, it is important to note that for the Ca/P analysis, the placebo
group was the only one that showed a difference between salivary flows.

Roughness after the in situ period when placebo dentifrice was used also was
influenced by salivary flow. This result may be associated with salivary proteins. In
addition to electrolytes, protein concentration in saliva is also influenced by salivary
flow [23]. Proteins in the protective pellicle, such as statherin, histatins, cystatins, and
proline-rich proteins remain on the surface, bound to hydroxyapatite, to aid in
controlling crystalline growth of the enamel by allowing the penetration of minerals into
the enamel for remineralization and by limiting mineral egress [24,25]. This control of
precipitation and mineral egress enhances the stability of hydroxyapatite in the outer
tooth structure [26]. The reduction of proteins in the low flow could result in a possible
formation of a non-stable hydroxyapatite, which justifies the enamel roughness results
found in this study. The surface characteristics of the placebo groups in SEM images
are compatible with the roughness results presented. The placebo group in low flow,
in addition to the demineralization pattern on the entire surface, it is possible to identify
localized regions of profound mineral loss, which was not observed for this dentifrice
in normal flow.

In addition to saliva, the decreased microhardness of the bleached enamel can
be significantly reduced when fluoridated components are administered after bleaching
[27], as fluoridation regimens with dentifrice [28]. Fluoride act as a remineralizing agent
by forming a calcium fluoride layer on the enamel surface. This deposit is subsequently
dissolved, allowing fluoride to diffuse into enamel and support remineralization and
increase the microhardness values [29]. In this study, NaF was not effective after
bleaching. In the normal flow the NaF group presented enamel microhardness after in
situ period equal to baseline, however it did not differ from the placebo group. This
suggests that the remineralization found in these groups is associated with the action
of saliva and not with the action of NaF. For the enamel microhardness and enamel
roughness in low flow, the effectiveness of NaF also was very limited because it
differed from the placebo but it did not restore the values to levels found in baseline.
In addition, for both analyzes, differences were found between the salivary flows and
the low flow had a lower performance than the normal flow. It was possible to observe
this difference between the salivary flows for NaF in SEM images because the low flow
had localized and deep demineralization areas different from normal flow. This may
have happened because the effect of NaF is apparently modulated by the amount of
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saliva [21]. The efficacy of sodium fluoride containing preparations is based on the
formation of CaF2 -like particles on the surface. These precipitates appear to be more
stable due to the impact of saliva and acquired pellicle [30]. This fact also justifies the
difference between salivary flows in the analysis of P% and Na%. In addition, NaF was
the only group that did not differ from placebo for Na%.

The combination of fluoride and tin showed the best results in this study for
surface microhardness after the in situ period for both salivary flows. Tin containing
products stand out in the remineralization of eroded enamel [11]. SnF2 can interact and
be incorporated into the eroded enamel [31], forming salts with calcium and phosphate
[32]. This fact justifies the higher values of Ca%, P% and Na% presented in normal
flow and the difference in relation to the placebo group. For low flow, SnF2 promoted
the recovery of enamel microhardness to baseline values. The tin ion was suggested
to have a cross-linking action with proteins of previously formed acquired pellicle [33].
Thus, the interaction of the tin with the acquired pellicle and its remineralizing action
was sufficient to compensate the losses with the decrease in salivary flow. This could
explain the absence of difference between the salivary flows after the period in situ for
surface microhardness and roughness. Also, no differences were found between
salivary flows for Ca%, Na% and Ca/P analyzes. Despite this, the tin group showed
the highest values of roughness, for both salivary flows after the period in situ and was
statistically different from all other evaluated dentifrices. This may be associated with
the fact that tin has the ability to deposit on dental tissues forming a mineral layer on
the enamel [34]. In addition, products containing tin form amorphous deposits on the
enamel surface and allow Sn to be incorporated into the enamel [31], which could have
influenced the roughness results found.

In addition to the use of fluoridated products, the use of fluoride-containing
remineralizing agents has been suggested by some researchers [35]. A F/Arginine
dentifrice evaluated in this study has a combination of arginine and calcium carbonate
and this high amount of inorganic components in the dentifrice can act to increase the
microhardness of the enamel structure [36]. Nevertheless, in this study for normal flow,
the enamel microhardness did not differ from the placebo group. This fact suggests
that the remineralizing effects found in this group may be linked to the action of saliva
and not the action of the dentifrice. EDS data support this result because this dentifrice
did not differ from placebo for Ca%, Na% and Ca/P for normal flow.



69

For low flow, the F/Arginine dentifrice promoted a slight increase in enamel
microhardness, but the values found before bleaching were not restored. Besides that,
after the in situ period, the F/Arginine group differed from the placebo, but presented
intermediate values in relation to the other groups. The combination of arginine and
calcium carbonate can provide an alkaline environment that stimulates endogenous
calcium and phosphate ions to precipitate in dental tissues [37]. Therefore, inorganic
electrolytes contained in saliva as calcium, phosphate and fluoride can be important
participants in the remineralization process [1], which possibly justifies its action,
however reduced in low flow. The results of P% show that there were differences
between the flows and the low flow presented lower results than normal flow. In
addition, this dentifrice contains fluoride in the form of sodium monofluorophosphate
(MFP). The hydrolysis of MFP is catalyzed by salivary enzymes [38] which may have
been consequently affected by the decrease in salivary flow. The precipitation of ions
on the surface caused by arginine may also have influenced the results of roughness,
since for both salivary flows the F/Arginine showed intermediate enamel roughness
after the in situ period.

The combination of chitosan with stannous and fluoride was effective for
recovering the values of surface microhardness after the in situ period for low flow.
Chitosan is a natural polymer capable of binding to proteins from saliva [39], fluoride
[40] and other ions on the enamel surface, forming layers on the surface [41]. This
layer could favor the dental remineralization process, justifying the microhardness
results found in this study. For low flow, F/Sn/Chitosan presented the highest enamel
microhardness and did not differ from SnFz or F/Bioactive Glass. Another important
factor is that for microhardness, roughness, Ca%, P%, Na% and Ca/P the action of
this dentifrice did not differ between salivary flows, it is, only the presence of saliva,
regardless of the amount, was sufficient to promote remineralization of the surface.
This can be justified by the fact that chitosan can be adsorbed onto salivary pellicle
proteins [42]. In the presence of mucin, both chitosan and mucin interact to form firmly
attached multilayers [43]. The surface layer made by chitosan can increase the
retention of stannous [44], present in this dentifrice in the form of SnClz. As stannous
is a metal, they have the ability to depose itself and to form stable salts with
hydroxyapatite crystals, as abovementioned [32]. In the same way as in the SnF2
group, tin deposition may have influenced the roughness values found for this
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dentifrice, because intermediate roughness was observed for both salivary flows after
in situ period.

The use of F/Bioactive Glass resulted in the recovery of surface microhardness
to normal and low flow. These results are in accordance with previous studies that
show the potential of bioactive glass to increase remineralization after tooth bleaching
[35]. In low flow, this dentifrice showed the highest enamel microhardness after the in
situ period and did not differ from SnF2 and F/Sn/Chitosan. Beside this, there was no
difference between salivary flows. Bioactive Glass is a ceramic material consisting of
amorphous calcium sodium phosphosilicate which is highly reactive in water [45,46].
Water is the main component of saliva, constituting 99% of its volume [47]. This factor
may explain the absence of differences between the salivary flows, because the
presence of water in the low salivary flow was sufficient for the remineralizing action of
bioactive glass. The Ca%, P%, Na% and Ca/P also showed no differences between
salivary flows and the highest values between the groups evaluated with a difference
from the placebo group for both flows.

Other important result that made F/Bioactive Glass stand out from other groups
was the lowest values of roughness after in situ period for both salivary flows. This
result was supported by SEM images because it is possible to identify that the
F/Bioactive Glass groups had the smoothest and most uniform surface among all
groups for both salivary flows. In the aqueous environment of the tooth, sodium ions
from the bioactive glass particles release of calcium and phosphate ions from the glass
which results in increased oral pH [48,49]. This increase in pH helps to precipitate the
extra calcium and phosphate ions provided by the bioactive glass to form a layer of
calcium phosphate that crystallizes in into carbonate-enriched hydroxyapatite [50]. The
combination of the residual bioactive glass particles and the newly -formed carbonate-
enriched hydroxyapatite layer results in remineralization of the enamel surface [35].

In the color analysis between baseline x after bleaching, it can be seen that the
changes promoted by bleaching were the same for all dentifrice and salivary flows. In
the comparison between baseline x after in situ period, no differences were found
between salivary flows for each dentifrice in all analyzes performed except for
F/Sn/Chitosan that showed differences between the salivary flows for the Ab. Also, the
F/Sn/Chitosan in normal flow presented the lowest values of AL and the highest values
of Ab among all evaluated dentifrices. The bleaching efficacy is evidenced by the
increase in L* values and decrease in b* values, which represents a lighter and less
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yellowish color for the tooth [51]. Based on this, the use of F/Sn/Chitosan dentifrice in
the normal salivary flow resulted in a darker and more yellowish tooth when compared
to the other evaluated dentifrices. This result may be associated with the formation of
multilayers on the enamel surface by chitosan, which probably caused changes in the
optical properties of the tooth. The normal flow may have resulted in the formation of
a thicker layer and with a different structure from the layer formed by the low flow,
justifying the results found for this group.

For normal and low flow, the SnF2 group had the highest values of AE*ab, AEoo
and was statistically different from the placebo group. This result may be associated
with the superficial changes such as increased roughness and decreased
microhardness presented in these groups. Changes in topography can promote a
change in the surface associated with a change in the reflectance of light [52], because
the observed color of the tooth is a combination of optical phenomena, including the
light reflected from the enamel surface, light transmitted and the degree of light
absorption of dental substrates [53].

However, the composition of dentifrices did not affect the result of the bleaching
treatment, because all groups showed increasing values of L* and decreasing b*
values. The mean values of total color change (AE a, AEoo) after in situ period were
statically similar or greater than placebo group and greater than 4.2 units [54], the
standard values suggested for clinical acceptability of color differences. The color
results support a safe indication for the use of dentifrices after tooth bleaching.

CONCLUSION

The salivary flow and dentifrices with different active agents interfered in the
enamel reminerealization after bleaching. The low salivary flow had a lower capacity
for remineralization of the bleached enamel compared to normal flow, however,
dentifrice can positively assist in this process, being the best results for bioactive glass-
based dentifrice.

ACKNOWLEDGEMENT
This study was financed in part by the Coordination for the Improvement of
Higher Education Personnel - Brazil (CAPES) - Finance Code 001. This study was



72

financed in part by the Séo Paulo Research Foundation
(FAPESP), grant #2018/24446-1. We express our gratitude to Dental Clinic and Oral
Medicine Clinic (Orocentro) of Piracicaba Dental School, University of Campinas,
Brazil for all the support offered for this study. Thank you immensely for all the

volunteers who participated in this study.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

REFERENCES

[1] Vieira-Junior WF, Lima DANL, Tabchoury CPM, et al (2016) Effect of toothpaste
application prior to dental bleaching on whitening effectiveness and enamel properties.
Oper Dent 41:E29-E38. https://doi.org/10.2341/15-042-L

[2] Vieira-Junior WF, Ferraz LN, Pini NIP, et al (2018) Effect of toothpaste use against
mineral loss promoted by dental bleaching. Oper Dent 43:190-200.
https://doi.org/10.2341/17-024-TR

[3] Cavalli V, Rosa DA da, Silva DP da, et al (2018) Effects of experimental bleaching

agents on the mineral content of sound and demineralized enamels. J Appl Oral Sci
26:€20170589. https://doi.org/10.1590/1678-7757-2017-0589.

[4] Vilhena KFB, Nogueira BCL, Fagundes NCF, et al (2019) Dental enamel bleached
for a prolonged and excessive time: Morphological changes. PLoS One 14:1-13.
https://doi.org/10.1371/journal.pone.0214948

[5] Zeczkowski M, Tenuta LMA, Ambrosano GMB, et al (2015) Effect of different
storage conditions on the physical properties of bleached enamel: An in vitro vs. in situ
study. J Dent 43:1154—-1161. https://doi.org/10.1016/j.jdent.2015.06.004.

[6] Carpenter GH (2013) The Secretion, Components, and Properties of Saliva. Annu
Rev Food Sci Technol 4:267-276. https://doi.org/10.1146/annurev-food-030212-
182700.

[7] Flink H, Bergdahl M, Tegelberg A, et al (2008) Prevalence of hyposalivation in
relation to general health, body mass index and remaining teeth in different age groups
of adults. Community Dent Oral Epidemiol 36:523-531.
https://doi.org/https://doi.org/10.1111/j.1600-0528.2008.00432.x


https://doi.org/10.2341/15-042-L
https://doi.org/10.2341/17-024-TR

73

[8] Jensen S, Pedersen A, Reibel J, Nauntofte B (2003) Xerostomia and hypofunction
of the salivary glands in cancer therapy. Support Care Cancer 11:207-225.
https://doi.org/https://doi.org/10.1007/s00520-002-0407-7.

[9] Wiegand A, Schreier M, & Attin T (2007) Effect of different fluoridation regimes on
the microhardness of bleached enamel Operative Dentistry 32(6) 610-615.
https://doi.org/https://doi.org/10.2341/06-171

[10] Burwell AK, Litkowski LJ, Greenspan DC (2009) No Title. Adv Dent Res 21:35—
39. https://doi.org/10.1177/0895937409335621

[11] Ferraz LN, Pini NIP, Ambrosano GMB, et al (2019) Influence of cigarette smoke
combined with different toothpastes on enamel erosion. Braz Oral Res 33:1-12.
https://doi.org/10.1590/1807-3107BOR-2019.VOL33.0114

[12] Cohen J (1988) Statistical Power Analysis for the Behavioral Sciences. Laurence

Erlbaum Associates.

[13] Pini NIP, Schlueter N, Sundfeld D, et al (2018) Efficacy of Stannous lons on
Enamel Demineralization under Normal and Hyposalivatory Conditions: A Controlled
Randomized in situ Pilot Trial. Caries Res 51:543-558.
https://doi.org/10.1159/000479041.

[14] Fox P, van der Ven P, Sonies B, et al (1985) Xerostomia: evaluation of a symptom
with increasing significance. J Am Dent  Assoc 110:519-525.
https://doi.org/10.14219/jada.archive.1985.0384

[15] Moritsuka M, Kitasako Y, Burrow MF, et al (2006) Quantitative Assessment for

Stimulated Saliva Flow Rate and Buffering Capacity in Relation to Different Ages. J
Dent 34:716-720. https://doi.org/10.1016/j.jdent.2006.01.004.

[16] Ericsson Y (1959) Clinical Investigations of the Salivary Buffering Action. Acta
Odontol Scand 17:131-165.
https://doi.org/https://doi.org/10.3109/00016355908993928.

[17] Stenhagen KR, Hove LH, Holme B, Tveit AB (2013) The Effect of Daily Fluoride
Mouth Rinsing on Enamel Erosive/Abrasive Wear in Situ. Caries Res 47:2-8.
https://doi.org/10.1159/000342619.


https://doi.org/https:/doi.org/10.1007/s00520-002-0407-7
https://doi.org/10.2341/06-171
https://doi.org/10.1159/000479041
https://doi.org/10.1159/000342619

74

[18] Sharma G, Wu W, Dalal EN (2005) The CIEDE2000 color-difference formula:
Implementation notes, supplementary test data, and mathematical observations. Color
Res Appl 30:21-30. https://doi.org/10.1002/col.20070

[19] Pecho OE, Martos J, Pinto KVA, et al (2019) Effect of hydrogen peroxide on
color and whiteness of resin-based composites. J Esthet Restor Dent 31:132-139.
https://doi.org/10.1111/jerd.12443

[20] Humphrey SP, Williamson RT (2001) A review of saliva Normal composition, flow,
and function. Humphrey, Williamson. 2001. Journal of Prosthetic Dentistry.pdf. J
Prosthet Dent 85:162—169. https://doi.org/10.1067/mpr.2001.113778.

[21] Scaramucci T, Borges A, Lippert F, et al (2013) Sodium fluoride effect on erosion-
abrasion under hyposalivatory simulating conditions. Arch Oral Biol 58:1457-1463.
https://doi.org/10.1016/j.archoralbio.2013.06.004.

[22] Jensen S, Pedersen A, Reibel J, Nauntofte B (2003) Xerostomia and hypofunction
of the salivary glands in cancer therapy. Support Care Cancer 11:2007-2025.
https://doi.org/10.1007/s00520-002-0407-7.

[23] Dawes C (2004) Factors influencing salivary flow rate and composition. In: Edgar
M, Dawes C, O’'Mullane D (eds) Saliva and Oral Health, 3rd ed. London: British Dental
Association, pp 32—49.

[24] Scannapieco F, Levine M (1993) Salivary mucins and dental plaque formation. In:
Bowen W, Tabak L (eds) Cariology for the nineties. Cariology for the nineties.
Rochester, NY: University of Rochester Press, pp 87-105

[25] Dowd F (1999) Saliva and dental caries. Dent Clin North Am 43:579-597.

[26] Richardson C, Johnsson M, Raj P, et al (1993) The influence of histatin-5
fragments on the mineralization of hydroxyapatite. Arch Oral Biol 38:997-1002

[27] Attin T, Schmidlin PR, Wegehaupt F, Wiegand A (2009) Influence of study design
on the impact of bleaching agents on dental enamel microhardness: A review. Dent
Mater 25:143-157. https://doi.org/10.1016/j.dental.2008.05.010.


https://doi.org/10.1067/mpr.2001.113778
https://doi.org/10.1016/j.archoralbio.2013.06.004
https://doi.org/10.1016/j.dental.2008.05.010

75

[28] Wiegand A, Schreier M, Attin T (2007) Effect of Different Fluoridation Regimes on
the  Microhardness of Bleached Enamel. Oper Dent 32:610-615.
https://doi.org/10.2341/06-171.

[29] Ten Cate J (1990) In Vitro Studies on the Effects of Fluoride on De- And
Remineralization. J Dent Res 69:614-619.
https://doi.org/https://doi.org/10.1177/00220345900690S120.

[30] Ganss C, Schlueter N, Friedrich D, Klimek J (2007) Efficacy of Waiting Periods
and Topical Fluoride Treatment on Toothbrush Abrasion of Eroded Enamel in Situ.
Caries Res 41:146—-151. https://doi.org/10.1159/000098049.

[31] Schlueter N, Hardt M, Lussi A, et al (2009) Tin-containing Fluoride Solutions as
Anti-Erosive Agents in Enamel: An in Vitro Tin-Uptake, Tissue-Loss, and Scanning
Electron Micrograph Study. Eur J Oral Sci 117:427-434.
https://doi.org/10.1111/j.1600-0722.2009.00647 .x.

[32] Schlueter N, Klimek J, Ganss C (2013) Randomised in situ study on the efficacy
of a tin/chitosan toothpaste on erosive-abrasive enamel loss. Caries Res 47:574-581.
https://doi.org/10.1159/000351654

[33] Veeregowda D, van der Mei H, Busscher H, Sharma P (2011) Influence of fluoride-
detergent combinations on the visco-elasticity of adsorbed salivary protein films. Eur J
Oral Sci 119:21-26. https://doi.org/10.1111/j.1600-0722.2010.00798..x.

[34] Ganss C, Neutard L, von Hinckeldey J, et al (2010) Efficacy of a tin/fluoride rinse:
a randomized in situ trial on erosion. J Dent Res 89:1214-1218.
https://doi.org/10.1177/0022034510375291 .

[35] Gjorgievska E, Nicholson JW (2011) Prevention of enamel demineralization after
tooth bleaching by bioactive glass incorporated into toothpaste. Aust Dent J 56:193—
200. https://doi.org/10.1111/j.1834-7819.2011.01323.x

[36] Yesilyurt C, Sezer U, Ayar MK, et al (2013) The effect of a new calcium-based
agent, Pro-Argin, on the microhardness of bleached enamel surface. Aust Dent J
58:207-212. https://doi.org/10.1111/adj.12063.


https://doi.org/10.2341/06-171
https://doi.org/https:/doi.org/10.1177/00220345900690S120
https://doi.org/10.1159/000098049
https://doi.org/10.1111/j.1600-0722.2009.00647.x
https://doi.org/10.1159/000351654
https://doi.org/10.1111/j.1600-0722.2010.00798.x
https://doi.org/10.1177/0022034510375291
https://doi.org/10.1111/adj.12063

76

[37] Kleinberg | (2002) SensiStat. A new saliva-based composition for simple and
effective treatment of dentinal sensitivity pain. Dent Today 21:42-47.

[38] Ekambaram M, ltthagarun A, King N (2011) Comparison of the Remineralizing
Potential of Child Formula Dentifrices. Int J Pedriatic Dent 21:132-140.
https://doi.org/10.1111/j.1365-263X.2010.01101.x.

[39] Keegan G, Smart J, Ingram M, et al (2012) Chitosan microparticles for the
controlled delivery of fluoride. J Dent 40:229-240.
https://doi.org/10.1016/j.jdent.2011.12.012.

[40] Lussi A, Carvalho T (2015) The future of fluorides and other protective agents in
erosion prevention. Caries Res 49:18-29. https://doi.org/10.1159/000380886.

[41] Ganss C, Lussi A, Grunau O, et al (2011) Conventional and anti-erosion fluoride
toothpastes: effect on enamel erosion and erosion-abrasion. Caries Res 45:581-589.
https://doi.org/10.1159/000334318.

[42] van der Mei H, Engels E, de Vries J, et al (2007) Chitosan adsorption to salivary
pellicles. Eur J Oral Sci 115:303-307. https://doi.org/10.1111/j.1600-
0722.2007.00454.x

[43] Dedinaite A, Lundin M, Macakova L, Auletta T (2005) Mucin-chitosan complexes
at the solid-liquid interface: multilayer formation and stability in surfactant solutions.
Langmuir 21:9502-9509. https://doi.org/10.1021/1a0511844.

[44] Carvalho T, Lussi A (2014) Combined effect of a fluoride-, stannous- and chitosan-
containing toothpaste and stannous-containing rinse on the prevention of initial enamel
erosion-abrasion. J Dent 42:450-459. https://doi.org/10.1016/j.jdent.2014.01.004.

[45] Du M, Tai B, Jiang H, et al (2004) Efficacy of dentifrice containing bioactive glass
(NovaMin) on dentine hypersensitivity. J Dent Res 83:1546.

[46] Jennings D, McKenzie K, Greenspan D, et al (2004) Quantitative analysis of tubule
occlusion using NovaMin (sodium calcium phosphosilicate). J Dent Res 83:2416.


https://doi.org/10.1111/j.1365-263X.2010.01101.x
https://doi.org/10.1016/j.jdent.2011.12.012
https://doi.org/10.1159/000380886
https://doi.org/10.1159/000334318
https://doi.org/10.1021/la0511844
https://doi.org/10.1016/j.jdent.2014.01.004

77

[47] Tanasiewicz M, Hildebrandt T, Obersztyn | (2016) Xerostomia of various
etiologies: A review of the literature. Adv Clin Exp Med 25:199-206.
https://doi.org/10.17219/acem/29375

[48] Andersson O, Kangasniemi | (1991) Calcium phosphate formation at the surface
of bioactive glass in vitro. J Biomed Mater Res 25:1019-1030.

[49] Hench L, Andersson O (1993) Bioactive glasses. In: Hench L, Wilson J (eds) An
introduction to bioceramics., Vol.1. Singapore: World Scientific, pp 45—47.

[50] Zhong J, Feng J, Greenspan D (2002) A microstructural examination of apatite
induced by Bioglass in vitro. ournal Mater Sci Mater Med 13:321-326.
https://doi.org/https://doi.org/10.1023/A:1014075320987.

[51] Vieira WF, Ferraz LN, Giorgi MCC, et al (2019) Effect of mouth rinse treatments
on bleached enamel properties, surface morphology, and tooth color. Oper Dent
44:178-187. https://doi.org/10.2341/17-250-L.

[52] Vieira-Junior WF, Vieira |, Ambrosano GMB, et al (2018) Correlation between
alteration of enamel roughness and tooth color. J Clin Exp Dent 10:815-e820.
https://doi.org/10.4317/jced.54881

[53] ten Bosch J, Coops J (1995) Tooth color and reflectance as related to light
scattering and enamel hardness. J Dent Res 74:374-380.
https://doi.org/10.1177/00220345950740011401.

[54] Alghazali N, Burnside G, Moallem M, et al (2012) Assessment of perceptibility
and acceptability of color difference of denture teeth. J Dent 40:10-17.
https://doi.org/10.1016/j.jdent.2012.04.023.


https://doi.org/10.2341/17-250-L
https://doi.org/10.1177/00220345950740011401

78

3 DISCUSSAO

A saliva humana se destaca por sua habilidade de reverter as modificacbes no
tecido dental duro relacionadas ao clareamento dental (Attin et al., 2009). A literatura
mostra que a exposi¢cao do esmalte dental a saliva humana por 24 horas ao final do
tratamento clareador ndo resulta em diferenca de microdureza superficial em
comparagdo com os valores iniciais, indicando a recuperacdo completa da
microdureza da superficie (Zeczkowski et al., 2015). Devido a essa fung¢ao primordial
da saliva ao término de um clareamento dental € importante que algumas
caracteristicas salivares possam ser analisadas de tal modo a elucidar os efeitos
causados por uma possivel variacao dessas caracteristicas.

A reducado do fluxo salivar € uma alteracdo salivar muito comum e a sua
associac¢ao com o clareamento dental ainda n&o havia sido investigada. A importancia
da avaliacdo dessa associacdo se da pelo fato da hipossalivacdo afetar
aproximadamente 30% dos pacientes com idade entre 20 e 69 anos (Flink et al.,
2008). A patogénese da hipofung¢édo salivar pode ser atribuida a inUmeras causas,
como algumas patologias (sindrome de Sjogren), medicamentos e radioterapia
(Papas et al., 2009). Dados sugerem que cerca de 1.800 medicamentos prescritos e
de venda livre tém possiveis efeitos colaterais no fluxo salivar (Papas et al., 2009).
Além desses fatores, um ponto importante a ser considerado é que quando o paciente
procura o consultério odontol6gico para realizacdo do tratamento clareador ndo séao
realizados testes que avaliem o seu fluxo salivar. Assim, o Cirurgido-dentista nao
consegue garantir que o paciente que esta realizando o tratamento tera toda a
protecdo e recuperacdo da estrutura dental que se espera, sendo assim muito
importante investigar se haveria algum tipo de gel clareador (Artigo 1) ou tratamento
com dentifricio pds-clareamento (Artigo 2) que minimizasse os efeitos deletérios do
clareamento para esse tipo de paciente.

Neste estudo, a composicdo da amostra se deu por voluntarios que
apresentaram o fluxo salivar normal ou reduzido. Para isso foi necessario a realizagao
da analise dos parametros salivares dos voluntarios onde foi determinado que os
voluntarios com fluxo normal deveriam apresentar uma taxa de fluxo salivar
estimulado maior que 1,0 mL por minuto, enquanto que o voluntario de fluxo reduzido
deveria apresentar uma taxa de fluxo salivar estimulado menor que 0,8 mL por minuto.

Devido a isso, foram selecionados individuos saudaveis que possuiam a reducao do
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fluxo salivar devido ao tratamento radioterapico, pois ao contrario da hipofuncao
salivar relacionada a medicacédo, a hipossalivacdo causada por radiagdo nao é
reversivel pela estimulagdo. Assim, essa foi a alternativa mais segura para a
realizacdo desse experimento, pois dessa maneira péde-se controlar esse fator em
estudo e assegurar que o voluntario n&o tivesse variacdo na sua taxa de fluxo salivar
durante o periodo experimental proposto. Além do fluxo foram avaliados o pH e a
capacidade tampao salivar. Como é possivel ver na Tabela 2 do Artigo 1 e na Tabela
2 do Artigo 2, a unica diferenga entre os dois perfis de voluntarios avaliados foi a taxa
de fluxo salivar estimulado, garantindo assim que as diferencas encontradas nesse
estudo foram decorrentes da diferenca entre os fluxos salivares.

O Artigo 2 mostrou que o fluxo salivar interferiu nas propriedades fisicas e
quimicas do esmalte ap6s o clareamento com peréxido de hidrogénio 35% (Tabelas
3, 4, 7 e Figura 2). Para os voluntarios com fluxo salivar normal quando o dentifricio
placebo foi utilizado, apds o periodo in situ, foi observado valores de microdureza
de superficie igual aos valores baseline (Tabela 3). Esse fato mostra que, a saliva é
capaz de reverter a perda de microdureza observada apds o clareamento dental e
assim promover a remineralizacao. O mesmo nao foi observado para o baixo fluxo
salivar. No baixo fluxo salivar, quando o dentifricio placebo foi utilizado, observou-
se que apos o periodo in situ ndo houve recuperacdo da microdureza de superficie
aos valores baseline. Além disso, esse estudo confirmou a diferencga entre os fluxos
salivares para o dentifricio placebo apds o periodo in situ. Resultado semelhante foi
observado para a rugosidade de superficie no Artigo 2 (Tabela 4), mostrando
diferenca entre os fluxos salivares. O baixo fluxo apresentou maior rugosidade de
superficie do que o fluxo normal para o dentifricio placebo apés o periodo in situ.

Esses resultados sao de grande relevancia para a literatura, pois através dele
pode-se sugerir que pacientes que apresentam a diminuigdo no fluxo salivar terao
consequentemente a diminuigdo do potencial de recuperacao das caracteristicas de
superficie apds o clareamento dental. Isso se da pelo fato de que a diminuicdo do
fluxo salivar resulta na diminuicdo da concentracao de eletrélitos na saliva como o
sédio, potassio, calcio, magnésio, cloro, bicarbonato, fosfato, tiocianato e fluor. A
supersaturacao desses minerais sao criticas para o processo de remineralizacao
(Humphrey & Williamson 2001). Dessa maneira, a diminuicdo na concentragdo de
eletrélitos causadas pela reducédo do fluxo salivar possivelmente resulta em uma
menor capacidade de remineralizagdo. Os dados da analise de energia dispersiva por
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Raios-X (EDS) apoiam esse resultado (Tabela 7), uma vez que o placebo em baixo
fluxo apresentou valores mais baixos de Ca%, Na% e uma relagdo Ca/P menor do
que o mesmo dentifricio em condi¢cdes normais de fluxo. Além disso, € importante
notar que, para a analise de Ca/P, o grupo placebo foi o Unico que mostrou diferenca
entre os fluxos salivares, demonstrando que a utilizacdo de um dentifricio apds o
clareamento dental € um fator essencial e pouco discutido na literatura.

A concentracao de proteinas também € influenciada pelo fluxo salivar (Dawes
et al., 2004). As proteinas da pelicula adquirida auxiliam no controle do crescimento
cristalino do esmalte, permitindo a penetracdo de minerais no esmalte para
remineralizagcéo e por limitacdo da saida de minerais (Scannapieco et al., 1993; Dowd
et al., 1999). Esse controle de precipitagdo e saida mineral melhora a estabilidade da
hidroxiapatita na estrutura dentaria externa (Richardson et al.,, 1993). A reducao de
proteinas no baixo fluxo pode resultar em uma possivel formacao de hidroxiapatita
nao estavel, o que justifica os resultados de rugosidade encontrados neste estudo.
Nas imagens de microscopia eletrénica de varredura (MEV) do grupo placebo em
baixo fluxo (Figura 2A), além do padrao de desmineralizagdo em toda a superficie,
também foi possivel identificar regiées localizadas de profunda perda mineral, o que
nao foi observado para esse dentifricio no fluxo normal (Figura 2B).

Ao contrario do observado no Artigo 2, no Artigo 1, em relacdo aos fluxos
salivares, foi observado que tanto para o fluxo normal como para o reduzido a
exposicdo dos espécimes a saliva durante o perido in situ nao foi suficiente para
reverter completamente os efeitos deletérios do clareamento dental caseiro com
peréxido de carbamida a 10%. Acreditamos que a diferenca entre os dois estudos
pode ser justificada pela diferenca do produto clareador utilizado. No Artigo 2 foi
utilizado o perdxido de hidrogénio a 35%, enquanto que no Artigo 1 foi utilizado o
peréxido de carbamida 10%. Além disso, o protocolo de aplicagdo pode ter
influenciado, pois apesar de no Artigo 2 ter sido utilizado um agente clareador em
maior concentracéo, o tempo de aplicagao foi de apenas 45 minutos, quanto que no
Artigo 1 o peroxido de carbamida a 10% foi utilizado por 4 horas durante 14 dias
consecutivos. Um outro fator importante em relacdo ao agente clareador é o fato de
que o perbxido de carbamida se dissocia em peréxido de hidrogénio e uréia. A
presenca de erosdes e porosidades no esmalte tem sido relacionada aos subprodutos,
principalmente uréia e oxigénio, da reacdo oxidante dos agentes clareadores
(Goldberg et al., 1983; Hegedus et al., 1999). A uréia tem a propriedade de desnaturar
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proteinas presentes em porgdes organicas da estrutura dentaria, com potencial de
penetrar no esmalte e afetar ndo apenas a superficie, mas também a porgéao
interprismatica do esmalte (Goldberg et al., 1983). Portanto, a penetracao da uréia
pode contribuir para o0 aumento da permeabilidade do esmalte e alteracOes
microestruturais (Sasaki et al., 2009). Tal fato pode ter resultado em maiores
alterac6es no esmalte dental que, necessitariam de um periodo maior em contato com
a saliva ap6s o clareamento dental.

Os fluxos salivares apresentaram comportamentos diferentes nos Artigos 1 e 2
para a analises de EDS. No artigo 2 os fluxos salivares apresentaram diferengas
estatisticas significantes quando o dentifricio placebo foi utilizado para a relagdo Ca/P.
Ja no Artigo 1 ndo foram encontradas diferencas entre os fluxos salivares na relacao
Ca/P. Isso pode ter acontecido pelo fato de que no Artigo 2, o periodo in situ teve o
tempo de duragdo de 15 dias. O tempo longo de exposicdo a saliva pode ter
compensado as modificagdes salivares decorrentes da reducdo do fluxo salivar,
resultado na auséncia de diferenga entre os fluxos.

Tanto para o Artigo 1, quanto para o Artigo 2, um fator muito importante a ser
levado em consideracado é a cor, afinal ambos os estudos estdo associados ao
clareamento dental. O ideal seria que nem a utilizagdo dos espessantes experimentais
e nem os dentifricios resultassem em alteracao da cor do esmalte. Para avaliacdo de
cor, além das andlises de AL, Aa, Ab e AE ab, foi realizada analise do AEoo. O AE a é
a métrica mais utilizada em odontologia para avaliar diferencas de cores (Pecho et al.,
2019). No entanto, o espaco de cores do CIEL*a*b* assume peso igual para todas as
coordenadas de cores (Mangine et al., 2005). Estudos (Perez et al., 2011; Pecho et
al., 2016) demonstraram uma discrepancia na sensibilidade para diferentes
coordenadas de cores no espaco de cores do CIEL*a*b*. Assim, foi proposto AEoo,
que considera fatores paramétricos, para avaliar as diferencas de cores (Luo et al.,
2001). Além disso, ja foi demonstrado que AEoo apresenta uma melhor correlagdo com
a percepcao visual do que AE a (Pecho et al., 2016, 2017).

Para o Artigo 1, em todas as analises de cor foi observado que os espessantes
experimentais, natrosol e aristoflex, ndo diferiram do controle positivo (gel comercial
fabricado com o espessante carbopol) (Tabela 3). Esse resultado mostra que em
relacdo a alteracao de cor resultante do clareamento dental é seguro a utilizacao dos
espessantes experimentais avaliados. Esse resultado pode estar associado ao fato

de que todos os géis clareadores utilizados nesse estudo possuiam o mesmo agente
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clareador, na mesma concentracdo. No Artigo 2, os resultados de cor no tempo
baseline x apds o clareamento mostraram que n&o foram encontradas diferencas
entre 0s grupos, ou seja, todos os grupos clarearam igualmente. No tempo baseline x
apds o periodo in situ foram encontradas diferencas entre os dentifricios para o AL,
Ab, AE"abe AEoo. Apesar disso, pode-se afirmar que a composicao dos dentifricios ndo
afetou o resultado do tratamento clareador, pois todos os grupos apresentaram
valores crescente de L* e valores decrescentes de b*. Além disso, os valores médios
da mudanca total de cor (AE*ab, AEoo) apds o periodo in situ foram estatisticamente
semelhantes ou maiores que o grupo placebo e maiores que 4,2 unidades (Alghazali
et al., 2012), o valor padréao sugeridos para aceitacao clinica de diferencas de cores.
Assim, os resultados de cor também suportam uma indicagdo segura para o uso de
dentifricios apds o clareamento dental.

Em relagdo aos espessantes avaliados nesse estudo, o carbopol apresentou o
pior desempenho para o fluxo salivar normal e para o fluxo salivar reduzido entre os
espessantes avaliados nas analises de microdureza de superficie, rugosidade,
energia sispersiva por Raio-X e microscopia eletrénica de varredura (Tabelas 4, 5, 6
e Figura 1). Derivado do &cido carboxilico, o carbopol apresenta caracteristicas
ibnicas e baixa estabilidade de pH (Oliveira et al., 2007; Gouveia et al., 2016). Assim,
esses achados importantes mostram que a utilizagdo de espessantes experimentais
nos géis clareadores pode ser uma boa op¢ao na tentativa de diminuir os efeitos
deletérios causados pelo clareamento dental. Outros resultados que merecem
destaque relacionado ao espessante carbopol foram as diferengcas estatisticas
encontradas entre os fluxos salivares para a analise de rugosidade apds o
clareamento dental (Tabela 5). Na condi¢g&o de baixo fluxo salivar, o gel clareador com
0 espessante carbopol resultou em maior rugosidade quando comparado com a
utilizacdo do mesmo gel para o fluxo salivar normal. Esse resultado pode estar
associado a interagdo do espessante com a superficie dental. Os espessantes podem
interagir com a estrutura dental devido as suas caracteristicas bioadesivas. A
capacidade bioadesiva esta relacionada a possiveis ligacbes idnicas entre os
polimeros formando um “filme” de polimero depositado na estrutura dentaria. A
interacao do carbopol com a superficie dental resulta na formacao de uma camada
muito forte e espessa de polimeros na superficie, mostrando grande afinidade desse
espessante pela estrutura dental (Avila et al., 2017). Devido a sua forte capacidade

de ligagcdo ao calcio, o carbopol causa inibicdo da incorporacdo do cristal de
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hidroxiapatita na remineralizagdo (van der Reijden et al., 1997). Isso poderia resultar
na necessidade de uma quantidade maior de saliva para promover a recuperagéao do
esmalte.

Para o fluxo salivar normal, o natrosol e o aristoflex n&do diferiram nas analises
de microdureza de superficie (Tabela 4), rugosidade (Tabela 5), Ca%, P% e Ca/P
(Tabela 6). Esses espessantes possuem estabilidade de pH e sédo capazes de formar
géis com caracteristicas nao idnicas (Gouveia et al., 2016; Golding et al., 2014), o que
provavelmente resultou em menores efeitos deletérios apds o clareamento. Além
disso, para esses grupos, devemos levar em consideragao que a condi¢ao de fluxo
salivar normal garante a disponibilidade de uma saliva sem alteragcbes em sua
composi¢ao possibilitando a remineralizacao salivar ap6s o clareamento dental. Ja
para o fluxo salivar reduzido o natrosol apresentou microdureza de superficie maior
que o carbopol (controle positivo) porém apresentou menor dureza que o aristoflex.
Além disso, o natrosol em baixo fluxo apresentou diferenca estatistica entre 0 mesmo
espessante para o fluxo normal apés o clareamento. Esse resultado esta associado a
interacdo desse espessante com o esmalte e a formacao de uma camada sobre a
supetficie (Avila et al., 2017). Essa camada n&o é resistente a pH baixo (Avila et al.,
2017) como o pH do peréxido de hidrogénio, assim deixando a superficie livre para
que ocorra a remineralizacéo pela saliva (Avila et al., 2017). No entanto, o natrosol é
capaz de formar complexos com ions calcio e fosfato (Vissink et al., 1985), tornando
esses elementos indisponiveis para remineralizagdo (Amaechi & Higham 2001).
Também, as mudancas no fluxo salivar sdo acompanhadas por mudangas na
concentragdo de calcio e fosfato, conforme discutido acima, resultando em menor
capacidade de remineralizacdo. A associacao desses dois fatores poderia explicar os
resultados encontrados para esse espessante em baixo fluxo.

Ja o Aristoflex apresentou os melhores resultados em todas as anadlises
realizadas para a condicdo de fluxo salivar reduzido, além de n&o apresentar
diferencas entre os fluxos salivares (Tabelas 4, 5, 6 e Figura 1). As imagens de MEV
confirmam esse resultado porque o grupo aristoflex foi o Unico gel clareador que nao
mostrou diferencas entre os fluxos salivares (Figura 1G e 1H). Além das
caracteristicas deste gel que podem ter resultado em pequenas alteragdes superficiais
apods o clareamento, esses resultados podem estar relacionados a boa interacéao
desse gel com a superficie dentaria. Diferentemente dos outros espessantes
avaliados neste estudo, o aristoflex forma ligacdes que nao sao fortes o suficiente ou
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resistentes ao desafio acido (Avila et al., 2017), permitindo que a superficie dentaria
esteja livre para remineralizagdo salivar (Gouveia et al., 2019). Além disso, a
combinagéo de aristoflex e fllior tende a reduzir a perda de dureza da superficie (Avila
et al., 2017). Como uma molécula carregada positiva, o aristoflex tem a capacidade
de atrair ions fluoreto para interagir com seus locais positivos, auxiliando na interacéo
benéfica total do fluoreto com a superficie do esmalte (Avila et al., 2017). Devido a
essa propriedade, apenas a presenca de ions saliva e fluoreto, independentemente
da quantidade, foi suficiente para promover os efeitos de remineralizacao do esmalte.

Visando a recuperagcdo do esmalte, o uso de fluoretos e agentes
remineralizantes na forma de dentifricios também tem sido recomendado apds a
realizacdo do clareamento dental (Wiegand et al., 2007). Observou-se nesse estudo
que para a condicao de fluxo salivar normal o uso de tais produtos seriam eficazes
apenas se 0 agente ativo promovesse uma remineralizacao adicional ao promovido
pela saliva, uma vez que apenas a presenca da saliva sob fluxo normal foi capaz de
promover a recuperacao dos valores de microdureza apés o clareamento e diminuir
os valores de rugosidade. Dessa maneira, os Unicos dentifricios que forneceram
protecdo adicional ao oferecido pela saliva no fluxo salivar normal foram o SnF2e o
F/Vidro Bioativo (Tabelas 3, 4, 7 e Figura 2).

Para o fluxo salivar reduzido, o uso de fluoretos e agentes remineralizantes
pode ser uma opg¢ao na tentativa de recuperacao do esmalte clareado devido a baixa
acao da saliva nesses casos. Um fator que deve ser levado em consideracao é se a
acao do dentifricio € influenciada pelo fluxo salivar. Vemos que o NaF no baixo fluxo
foi 0 unico dentifricio que diferiu do fluxo salivar normal apds o periodo in situ para as
andlises de microdureza de superficie (Tabela 3) e rugosidade (Tabela 4). Isso mostra
que a acao desse dentifricio foi diminuida devido ao fluxo salivar. Esse resultado
provavelmente estd associado ao fato de que o efeito do NaF aparentemente é
modulado pela quantidade de saliva (Scaramucci et al., 2013). A eficacia de produtos
contendo fluoreto de sédio € baseada na formacao de particulas semelhantes a CaF2
na superficie. Esses precipitados parecem ser mais estaveis devido ao impacto da
saliva e da pelicula adquirida (Ganss et al., 2007).

O dentifricio a base de estanho promoveu os maiores valores de microdureza
e foi estatisticamente diferente do grupo placebo para o fluxo salivar normal (Tabela
3). Esse resultado pode estar ligado ao fato de que o SnF2 pode interagir e ser
incorporado ao esmalte erodido (Schlueter et al., 2009), formando sais com o calcio e
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o fosfato (Schlueter et al., 2013). Além disso, esse dentifricio apresentou os maiores
valores de Ca%, P% e Na% e diferiu do grupo controle (Tabela 7). Entretanto o
estanho apresentou os maiores valores de rugosidade ap6s o periodo in situ entre
todos os dentifricios avaliados para ambos os fluxos salivares. Apesar disso, as
imagens de MEV mostram que o SnF2 apresenta irregularidades superficiais, porém
nao apresentam desmineralizagdes profundas ou o padrao de desmineralizacao dos
cristais de hidroxiapatita conforme apresentado no grupo placebo (Figuras 2E e 2F).
Acredita-se que esse achado pode estar relacionado com a capacidade de deposicao
do estanho sobre os tecidos dentais, formando uma camada mineral sobre o esmalte
(Gans et al., 2010), resultado nos altos valores de rugosidade.

Os resultados encontrados para o SnFz no fluxo salivar reduzido podem estar
associados ao fato de que o ion estanho pode se ligar com as proteinas da pelicula
adquirida (Veeregowda et al., 2011). Assim, a interagdo desse componente com a
pelicula adquirida e sua agdo remineralizante foi suficiente para compensar a
diminui¢do do fluxo salivar nos resultados de microdureza de superficie. Além disso,
nao foram encontradas diferencas entre os fluxos salivares nas analises de Ca%, Na%
e Ca/P (Tabela 7). Entretanto, apesar de nao apresentar diferenca entre os fluxos
salivares nas imagens de MEV (Figuras 2E e 2F), o estanho também demonstrou os
maiores valores de rugosidade apds o periodo in situ para o fluxo reduzido (Tabela 4).
Da mesma maneira que no fluxo salivar normal, o alto valor de rugosidade para o fluxo
salivar reduzido também pode estar relacionado com a capacidade de deposicao do
estanho sobre os tecidos dentais, formando uma camada mineral sobre o esmalte
(Ganss et al., 2010).

Em relacdo a efetividade do dentifricio a base de F/Sn/quitosana para o fluxo
salivar reduzido, os resultados encontrados eram esperados devido a conhecida
interacdo da quitosana com a saliva (Tabelas 3, 4, 7 e Figura 2). A quitosana € um
polimero natural capaz de formar multicamadas na superficie dental (Ganss et al.,
2011) através da sua ligagdo com as proteinas da saliva (Keegan et al., 2012), flaor
(Lussi et al., 2015) e a outros ions presentes na superficie do esmalte. Ainda, a
quitosana poder ser adsorvida em proteinas da pelicula salivar (van der Mei et al.,
2007). Na presenca de mucina, a quitosana e a mucina interagem para formar
multicamadas firmemente ligadas (Dedinaite et al., 2005). Dessa maneira, a presenca
da saliva, independente do fluxo, e a interacdo da quitosana podem ter favorecido o
processo de remineralizacao dental, justificando os resultados encontrados para o
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fluxo salivar reduzido (Tabelas 3, 4, 7 e Figura 2). Além disso, o dentifricio a base de
F/Sn/Quitosana no fluxo reduzido também nao diferiu do fluxo normal apés o periodo
in situ para as analises de rugosidade, Ca%, P%, Na% e Ca/P (Tabela 7). Ainda, para
a analise de rugosidade o grupo F/Sn/Quitosana apresentou o segundo menor valor
de rugosidade entre os dentifricios avaliados (Tabela 4).

Ja o F/Vidro Bioativo teve uma agédo de destaque para ambos os fluxos
salivares, pois além de recuperar os valores de microdureza apds o periodo in situ e
apresentar altos valores de microdureza (Tabela 3), esse grupo apresentou 0s
menores valores de rugosidade apds o periodo in situ entre todos os dentifricios
avaliados (Tabela 4). As imagens de MEV confirmam esse resultado pois € possivel
identificar uma superficie lisa, polida, regular e com menor desmineralizacao do que
o grupo controle e do que todos os dentifricios avaliados, sem diferenca entre os fluxos
salivares (Figuras 2K e 2L). Esse dentifricio também apresentou os maiores valores
de Ca%, P% e Na% e diferiu do grupo controle para ambos os fluxos salivares (Tabela
7). Esses resultados estdo de acordo com estudos anteriores que mostram o potencial
do vidro bioativo em diminuir o efeito desmineralizador e aumentar a remineralizacéao
apds o clareamento dental (Gjorgievska & Nicholson 2011; Vieira Junior et al.,
2016,2018).

Um fator muito importante que deve ser levado em consideragdo é que o
dentifricio a base de vidro bioativo também mostrou ndo depender dos constituintes
da saliva para exercer sua agao no esmalte apds o clareamento dental. Isso esta
relacionado ao fato de que o vidro bioativo € um material cerdmico que consiste em
sédio-calcio-fosfossilicato amorfo que é altamente reativo na agua (Du et al., 2004;
Jennings et al.,, 2004). Esse fator pode explicar a auséncia de diferengas entre os
fluxos salivares, porque a presenca de agua é suficiente para que o vidro bioativo
possa exercer a sua agao remineralizante. No ambiente bucal aquoso, os ions sddio
das particulas de vidro bioativo liberam ions calcio e fosfato do vidro, o que resulta em
aumento do pH (Andersson & Kangasniemi 1991; Hench & Andersson 1993). Esse
aumento no pH ajuda a precipitar os ions extras de célcio e fosfato fornecidos pelo
vidro bioativo para formar uma camada de fosfato de calcio que cristaliza em
hidroxiapatita enriquecida em carbonato (Zhong et al,, 2002). A combinacédo das
particulas de vidro bioativas residuais e a nova camada de hidroxiapatita enriquecida
com carbonato resulta na remineralizacao da superficie do esmalte (Gjorgievska &
Nicholson 2010).
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Baseado nos resultados encontrados nesse estudo, ficou evidente que a
alteracao do fluxo salivar € capaz de modular a agédo dos espessantes e detifricios
sobre o esmalte dental, além de interferir na sua protecéo e remineralizagdo durante
e apds o clareamento. Assim, o tratamento clareador indicado para o fluxo salivar
normal, o qual resulta em menor perda mineral e alteracdes superficiais € o perdxido
de carbamida 10% associado ao natrosol ou aristoflex. Ja para a condi¢ao de fluxo
salivar reduzido o tratamento clareador indicado é o perdxido de carbamida 10%
quando associado ao aristoflex. Quando objetivamos o tratamento e a recuperacao
do esmalte dental apos o clareamento com peréxido de hidrogénio a 35% a utilizacao
de dentifricio com vidro bioativo € o tratamento mais indicado para ambos os fluxos

salivares.
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4 CONCLUSAO

Estudo 1: Os espessantes e o fluxo salivar interferiram nas alteragdes da superficie
apoés o clareamento dental. O clareamento com gel de carbopol promoveu as maiores
alteracdes superficiais para os dois fluxos salivares. Para fluxo salivar normal, os géis
clareadores com aristoflex e natrosol apresentaram os melhores resultados para todas
as analises realizadas. Sob condicéo de fluxo salivar reduzido, o clareador a base de

aristoflex mostrou menores alteracbes morfolégicas no esmalte.

Estudo 2: O fluxo salivar e os dentifricios com diferentes principios ativos interferem
na reminerealizacdo do esmalte apos o tratamento clareador. O fluxo salivar pode
influenciar a agdo dos dentifricios. O baixo fluxo salivar tem uma menor capacidade
de remineralizagdo do esmalte clareado em comparagéo com o fluxo salivar normal
quando um dentifricio a base de placebo ou NaF é usado. O dentifricio a base vidro
bioativo teve o0 melhor desempenho na recuperacao dos efeitos deletérios no esmalte

apos o clareamento dental para ambos os fluxos salivares.
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APENDICE 1 - METODOLOGIA ILUSTRADA

- Artigo 1: Bleaching gel formulated with aristoflex shows less surface changes
on enamel at low salivary flow in situ condition.

Delineamento Experimental

O estudo foi conduzido em 1 fase experimental de 15 dias. Foram selecionados
28 voluntarios para participar do estudo (14 em condicao salivar normal e 14 que
apresentem hipossalivagao).

Fatores em estudo

- Fluxo salivar (2 niveis): fluxo salivar normal e fluxo salivar reduzido

- Gel clareador (4 niveis): sem clareamento (controle positivo), clareamento com gel
comercial a base de peréxido de carbamida associado ao carbopol (controle negativo),
clareamento com gel experimental a base de peréxido de carbamida associado ao
natrosol e clareamento com gel experimental a base de peréxido de carbamida
associado ao aristoflex.

Variavel de resposta: Microdureza knoop superficial (SMH), rugosidade superficial

(Ra), andlise de cor pela espectrofotometria de reflectancia (AE'ac e AEoo) e
espectroscopia de energia dispersiva por raio-X (EDS) e microscopia eletrénica de
varredura (MEV).

Local de Realizacao da Pesquisa e Voluntarios

Este estudo foi realizado em parceria com o Centro para Diagnéstico e
Tratamento das Lesdes Orais (Orocentro) da Faculdade de Odontologia de Piracicaba
(FOP/Unicamp). O projeto foi aprovado pelo Comité de Etica em Pesquisa da
Universidade (CAAE 96044418.8.00005418). Todos os voluntarios assinaram um
Termo de consentimento livre e esclarecido (TCLE) antes da realizacao da triagem.
Foram selecionados 28 voluntarios, os quais foram divididos em dois grupos: 14
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voluntarios com baixo fluxo salivar (7 homens e 7 mulheres) e 14 voluntarios com fluxo

salivar normal (7 homens e 7 mulheres).

Os voluntarios com fluxo salivar reduzidos convidados a participar do estudo
foram pacientes que concluiram a radioterapia na regido de cabeca e pesco¢o ha no
minimo 24 meses, e que apresentam fluxo salivar reduzido. O critério de incluséo para
esses participantes foi a reducao do fluxo salivar <0,8 mL/min no fluxo estimulado (Pini
et al., 2018). Para os demais participantes com taxa de fluxo normal (25 a 35 anos), o
critério de inclusao foi taxa de fluxo estimulada > 1,0 mL/min (Pini et al., 2018).

Os outros critérios de inclusdo que foram adotados para pacientes com fluxo
reduzido e também fluxo normal foram: auséncia de lesdes de céries ativas, doenca
periodontal ou erosdo dentaria; sem uso de aparelho ortodéntico, boa saude geral e
bucal, apresentar no minimo 50% dos seus dentes da arcada superior (8 dentes) para
fixacdo do dispositivo palatino, ndo fumantes, ndo gravidez ou amamentagéo, e
nenhum uso de antibidtico 2 meses antes do estudo. Nenhum sujeito de ambos os
grupos poderia estar tomando medicamentos que possam causar uma reducao do

fluxo salivar.

Obtencao e preparo dos espécimes

As amostras foram obtidas a partir de dentes bovinos que, apds a coleta, foram
armazenados em solugcédo aquosa de timol a 0,1% (Proderma, Piracicaba, Sao Paulo,
Brasil). Os debris foram manualmente removidos com Iamina de bisturi e os dentes
foram polidos com taca de borracha (KG Sorensen, Barueri, SP, Brasil) e pasta de
pedra-pomes (SS White; Rio de Janeiro, RJ, Brasil) e agua. Apos isso, os dentes
foram armazenados em agua destilada até a sua utilizagéo. Foi realizada a separacao
da coroa da porgao radicular, com disco de diamante dupla face (KG Sorensen,
Barueri, SP, Brasil) sob constante irrigacéo de jato de agua em micromotor de baixa
rotacdo (Dabi Atlante; Ribeirdo Preto, SP, Brasil).
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Figura 1: Incisivos bovinos utilizados no estudo: (a) dentes selecionados apés limpeza

e desinfeccao; (b) por¢ao corondria apos a separacao da por¢ao radicular.

Em seguida, foram feitos outros cortes na por¢cdo coronaria, nos sentidos
mésio-distal e inciso-cervical em uma cortadeira metalografica (Isomet 1000, Buehler,
lllinois, USA), com disco diamantado de alta concentracao (4” x 012 x %2, Buehler,
lllinois, USA) para a obtencdo dos fragmentos de esmalte e de dentina,

respectivamente, com area de superficie de 16 mm? (4x4mm).

Figura 2: Obtencao dos blocos de esmalte/dentina: (a) Cortadeira Metalogréafica de
alta precisao; (b) cortes nos sentidos mésio-distal e inciso-cervical com distancias de
4 mm; (c) bloco esmalte/dentina (16mm?2).

Para planificacédo e polimento das amostras, cada fragmento foi fixado em disco
de acrilico com cera pegajosa de maneira que a superficie teste permaneceu paralela
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a superficie do disco de acrilico. A superficie dos blocos foram planificadas com lixas
de carbeto de silicio (Sic), de granulagdo 500-, 1000-, e 2000-SiC (Buehler, lllinois,
USA) sob irrigacao constante, utilizando-se uma politriz giratéria (Aropol E, Arotec,
Cotia; SP, Brasil).

Figura 3: Planificacdo dos blocos: (a) bloco fixado com cera pegajosa em stub de
acrilico; (b) politriz giratoria; (c) lixas de granulagao 500-, 1000-, e 2000-SiC.

Por fim, realizou-se um polimento das superficies a serem analisadas com
feltros (TCT, TWI, FVC — Arotec, Cotia; SP, Brasil), associados a pastas diamantadas
de granulagéo decrescente (6 um, 3 um e “a um). Entre cada aplicacao de lixa e feltro
e ao final do polimento, as amostras foram lavadas em ultrassom (Marconi, Piracicaba,
Sao Paulo — Brasil), por 15 minutos. Ao final, os blocos de esmalte apresentaram 2mm
de espessura, sendo 1mm de espessura de esmalte e 1mm de dentina.

Figura 4: Polimento dos blocos: (a) discos de feltro TCT, TWI, FVC; (b) pasta
diamantada; (c) cuba ultrassénica (d) blocos planificados e polidos.

Confeccao dos dispositivos intrabucais

Modelos de gesso (ASFER, Sao Caetano do Sul, SP, Brasil) foram obtidos a partir
dos moldes de alginato (Jeltrate — Dentsply, Petropolis, RJ, Brasil) dos voluntarios
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para a confecgdo dos dispositivos intrabucais palatinos em resina acrilica (VIPI,
Pirassununga, SP, Brasil). Cada dispositivo continha 4 linhas com nichos para
adaptacao de 8 espécimes em cada linha (4 espécimes de 4x4x2mm para as analises
de cor, rugosidade e EDS e 4 espécimes de dimensdes de 2x2x2mm para a analise
de microdureza de superficie). Os espécimes foram posicionados horizontalmente,
sendo que os espécimes de cada grupo foram posicionados em uma unica linha. Cada
dispositivo palatino continha 4 linhas com 8 espécimes em cada linha. Dentro do
mesmo grupo 0s espécimes foram posicionados de maneira mais proxima possivel,
ja para os espécimes de grupos diferentes foi deixado uma distédncia minima de 5mm
entre as linhas para evitar o contato do produto que foi utilizado em cada grupo. Os
espécimes foram fixados no dispositivo com cera pegajosa (ASFER, Sao Caetano do
Sul, SP, Brasil) de modo que sua superficie ficou no mesmo nivel da resina acrilica.
Ainda, para facilitar a aplicagdo do gel pelo paciente, os grupos foram divididos em
cores diferentes e cada linha de espécime teve uma marcacao colorida do grupo
correspondente.

Procedimentos durante o periodo intrabucal / clareamento dos espécimes

Foi realizado 1 ciclo de 15 dias. Primeiramente o dispositivo permaneceu na
boca do voluntario por 24 horas para a formagéo da pelicula adquirida. O clareamento
foi realizado durante os 14 dias subsequentes com aplicacées de 4 horas diarias da
seguinte forma: os dispositivos foram removidos da boca dos voluntarios e secos com
papel absorvente. O dispositivo palatino foi posicionado sobre 0 modelo de gesso da
arcada superior do voluntario para que o0 mesmo se mantivesse estavel durante a
realizacdo do tratamento. Os espécimes contidos em cada um dos dispositivos
palatinos foram submetidos a aplicagao de gel (de acordo com o grupo experimental),
enquanto que os espécimes do grupo controle ndo receberam tratamento (sem
clareamento). Os espécimes foram poscionados no dispositivo palatino de acordo com
0 grupo e sinalizados com a cor correspondente. A seringa do gel também estava
devidamente adesivada com a cor do grupo para que nao houvesse confusdo na hora
da aplicacdo do gel clareador. Os voluntarios foram instruidos sobre manuseio e
aplicacéo de gel, que foram aplicados e permaneceram em contato com os espécimes
por 4 horas a temperatura ambiente. Além da instrucdo verbal dos voluntarios, os
mesmos receberam todo o procedimento por escrito. Foi disponibilizado ao voluntario
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o telefone da pesquisadora responsavel para que qualquer duvida fosse sanada na
hora da realizacdo do clareamento dos espécimes. ApoOs cada sessdo, o gel foi
removido com hastes flexiveis de algodao, os espécimes foram lavados com agua,
secos com papel absorvente e os dispositivos retornados para a boca dos voluntarios.

Figura 5: (a) Posicionamento dos espécimes no dispositivo palatino; (b) seringas de

gel clareador identificadas por cor.

- Artigo 2: Bioactive glass dentifrice presents best performance on
remineralization of bleached enamel under low and normal salivary flow in situ

condition.

Delineamento Experimental

O estudo foi conduzido em 6 fases experimentais de 24 h. Foram selecionados
24 voluntarios para participar do estudo (12 em condicao salivar normal e 12 que

apresentem hipossalivagéo).

Fatores em estudo

- Fluxo salivar (2 niveis): fluxo salivar normal e fluxo salivar reduzido

- Tempo: para a analise de microdureza de superficie e rugosidade: baseline (T1),
apoés o clareamento dental (T2) e apds o periodo in siu (T3).
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- Dentifricios (6 niveis): sem escovagao (controle positivo), e 5 dentifricios com
diferentes principios ativos: placebo, NaF, SnF2, F/Sn/Quitosana, F/Arginina and
F/Vidro Bioativo.

Variavel de resposta: Microdureza knoop superficial (SMH), rugosidade superficial

(Ra), analise de cor pela espectrofotometria de reflectancia (AL (L*final- L*inicial), Aa
(a*final- a*inicial), Ab (b*final- b*inicial), AE'ab € AEoo) e espectroscopia de energia
dispersiva por raio-X (EDS) e microscopia eletrénica de varredura (MEV).

Local de Realizacao da Pesquisa e Voluntarios

Como o estudo 1, essa pesquisa também foi realizada em parceria com o
Orocentro. Os mesmos voluntarios selecionados para o estudo 1 foram convidados a
participar do estudo 2. Esse estudo também foi aprovado pelo Comité de Etica em
Pesquisa dessa universidade (CAAE 96037118.1.0000.5418).

Obtencao e preparo dos espécimes
A confeccéao dos espécimes foi a mesma descrita para o estudo 1.
Dispositivos Intrabucais

A confecgao dos dispositivos intrabucais foi a mesma descrita para o estudo 1,
porém cada dispositivo teve espago para que fossem fixados 8 espécimes (4
espécimes para as andlises de cor, rugosidade e EDS; e 4 para a analise de
microdureza de superficie).

Procedimentos prévios ao inicio da fase experimental

Foi determinado que os voluntérios deveriam utilizar para a sua higiene bucal
um dentifricio placebo para evitar que houvesse interferéncia do fluor residual da
saliva na remineraliza¢do dos espécimes do dispositivo palatino. Foi liberado também
0 uso de fio dental. O uso de outros produtos de higiene bucal ndo foi permitido
durante o periodo experimental. O periodo total do estudo foi de 6 fases de 24 horas.

Em cada fase, um dentifricio diferente foi usado pelo voluntario.
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Clareamento dos espécimes

O clareamento dental foi realizado fora da boca, apenas nos blocos dentais
bovinos, com um gel a base de perdxido de hidrogénio a 35% (Whiteness HP, FGM,
Joinville, Brasil), de acordo com as instrucées do fabricante. O gel foi aplicado na
superficie do esmalte trés vezes por 15 min cada, totalizando 45 min. Apés o término
do clareamento dental foi realizada a andlise de cor, microdureza de superficie e

rugosidade e em seguida iniciou-se o periodo experimental in situ.
Procedimentos durante o periodo in situ

Imediatamente apds a analise de cor, microdureza de superficie e rugosidade
pbs-clareamento in vitro, os dispositivos foram introduzidos na cavidade bucal dos
voluntarios e permaneceram em posicao pelo tempo de 24 h. O dispositivo s6 poderia
ser removido no momento das refei¢cdes, no qual deveria ser acomodado sobre gaze
umida (Rios et al., 2008).

O tratamento dos espécimes com o dentifricio foi realizado 2 vezes
(imediatamente ap6s a insercdo do dispositivo em boca e 12 horas apds a primeira
escovacao). Para escovar os dentes e os espécimes durante o periodo experimental,
os voluntérios utilizaram escova dental extra macia. Foi fornecido aos voluntarios 1,5g
de dentifricio para a realizacdo da escovagao (Pini et al., 2018). Com o dispositivo
intrabucal em posicao, inicialmente, os voluntarios iniciaram a escovagdo sobre a
superficie vestibular dos seus proprios dentes, por 25 s, para produzir a suspensao a
base de dentifricio e saliva. Em seguida, os voluntarios permitiram o contato dos
espécimes com a suspensao (dentifricio e saliva) por 2 min e entdo, removeram o
dispositivo para realizar a escovagao nos espécimes por 20s, simulando o habito de
escovacao (Strenhagen et al., 2014; Pini et al., 2018). Finalizando o tratamento dos
espécimes, o dispositivo foi lavado com agua corrente por 1 minuto e reinserido na
boca. Os voluntarios foram corretamente instruidos em relacdo a escovagédo e

orientados a nao exercer pressao sobre a amostra.

Todos os participantes foram treinados para os procedimentos, em especial
para a escovacao dos espécimes, a fim de que fosse obtido o melhor nivel de
padronizacao do estudo. Além disso, os participantes receberam instrucdes escritas,

com a descricdo e os horarios dos tratamentos que eles deveriam realizar. Eles
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também foram instruidos a utilizar cronémetros para a realizagdo dos tratamentos. No
inicio de cada fase experimental, os voluntarios receberam seu dispositivo intrabucal

acompanhado do dentifricio e escova dental os quais eles iriam utilizar.

Ao final das 24 h de utilizacdo do dispositivo intrabucal, foram realizadas as
andlises em cada espécime.
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Figura 6: Delineamento experimental do estudo 2. (T1) analises iniciais, (T2) analises
apos o clareamento, (T3) andlises apds o perido in situ.

- Analises: comuns ao Estudo 1 e Estudo 2

Analise Salivar

Os voluntérios foram instruidos a mastigar um pedaco (1g) de parafilme
(Parafilm M, Pechiney Plastic Packaging Company, Chicago Ill, EUA). A saliva
produzida nos primeiros 30 s foi descartada e, durante os 5 minutos seguintes, o
voluntario foi instruido a dispensar a saliva produzida em um tubo de ensaio
milimetrado. As coletas foram realizadas entre as 9:00 e as 11:00 ou entre as 14:00 e
as 16:00, e também devem ocorrer pelo menos 1 hora apds a refeicao e apos a higiene
bucal para minimizar os efeitos da variabilidade diaria na composi¢cdo salivar
Imediatamente apds as coletas, o fluxo salivar foi calculado dividindo-se o volume de

saliva (considerando que 1 ml corresponde a 1 g) pelo tempo de coleta.
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As analises de pH e capacidade tampao da saliva foram realizadas em um
peagametro (Orion 290A+, SP, Brasil) calibrado para os padrdes de pH 7,0 e 4,0. Para
a analise de capacidade tampao da saliva, 0,5 mL de saliva estimulada foi adicionada
a 1,5 mL de HCI 0,005 M em um tubo plastico, que apds misturados, foram mantidos
em repouso por 5 minutos para a liberagao de CO2 oriundo da reagdo do tampéao de
bicarbonato da saliva com o acido. Feito isso, o pH dessa mistura foi determinado.

Microdureza de superficie

Foram realizadas 5 endentagbées a 100 um de distancia na regido central do
bloco dental utilizando o microdurémetro HMV-2000, Shimadzu, Tokyo, Japan com

penetrador tipo Knoop, com carga de 50 g por 5 s.

Rugosidade

Para a analise de rugosidade foi utilizado um rugosimetro (Surf-Corder 1700,
Kosaka, Toéquio, Japao). Para padronizar a posicao da amostra foi feito uma marcacao
pontual na lateral do espécime com uma ponta diamantada esférica n® 1011 (Figura
7a). Dessa maneira, a primeira leitura da rugosidade foi feita com a marcagéao
posicionada em direcdo ao operador (0°). As duas seguintes leituras foram feitas
girando a amostra no sentido horario nas posi¢cdes de 120° e 240° respectivamente.
Para que a amostra fosse posicionada na angulacao correta, no stub acrilico onde as
amostras foram fixadas foi realizado uma marcacdo com referente as devidas
angulacées (Figura 7b). A leitura foi realizada com cut-off de 0,25 mm, comprimento
de leitura de 1,25 mm e velocidade de 0,1 mm/s.

(a) (b)
120° =

180° e

2100 —] 3300

240° F00°
2700

Figura 7: (a) Marcacao na lateral do espécime feita com ponta diamantada esférica
1011, (b) Posicionamento do espécime para as leituras de rugosidade.
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Analise de cor

Do mesmo modo que para a analise de rugosidade, a marcacéo esférica feita
na lateral do bloco serviu como um guia para que fosse padronizado a posi¢do da
leitura da cor. As amostras foram colocadas em um dispositivo de teflon (porta
amostra) com a marcacao virada para o operador. O porta amostra foi posicionado
dentro de uma camara de luz (GTI Mini Matcher MM1e, GTI Graphic Technology Inc.,
Newburgh, NY, USA) para que fosse obtido a padronizacao da luz do ambiente em
que foram realizadas as leituras (Figura 8). O equipamento utilizado foi um
espectrofotbmetro Konica Minolta CM-700d (Figura 8). O CM-700d é um
espectrofotdbmetro portétil, desenhado para avaliar a cor de varias amostras de
tamanho pequeno a grande, incluindo objetos com superficies planas, com formas ou
curvas. Este espectrofotdmetro é um equipamento confiavel e de alta precisdo. A
calibracao do equipamento foi feita segunda as recomendacgdes do fabricante. Com o
equipamento posicionado sobre a amostra foram realizadas trés leituras de cor. Os
valores obtidos foram quantificados em trés coordenadas do Sistema CIEL*a*b*. Cada
amostra teve trés valores de leitura, assim foi calculado a média desses valores para

que cada amostra obtivesse um valor representativo de cada coordenada (L*, a* e b*).

As diferencas nos valores L*, a*, e b* entre a leitura inicial e final foram
expressas em AL (L*final- L*inicial), Aa (a*final- a*inicial), Ab (b*final- b*inicial). AL
corresponde a diferenga entre mais claro e escuro (+ = mais claro, - = mais escuro),
Aa é a diferenga em vermelho e verde (+ = mais vermelho, - = mais verde) e Ab a
diferenca em amarelo e azul (+ = mais amarelo, - = mais azul). A mudanca de cor

geral foi calculada usando a seguinte equagao: AE ab= =[(AL*)? + (Aa*)? + (Ab*)?]"2.

Figura 8: a) Cabine de luz GTI Mini Matcher MM1e; b) Espectrofotémetro Konica
Minolta CM-700d.



108

Microscopia eletrénica de varredura (MEV)

Foram selecionadas aleatoriamente 4 amostras representativas de cada grupo
para a avaliacdo em microscopia eletronica de varredura (MEV). Os espécimes foram
desidratados em graus crescentes de etanol. Para isso as solugdes foram
confeccionadas nas concentracbes de 50%, 60%, 70%, 80%, 90% e 100%. As
amostras ficaram imersas em cada solugéo pelo tempo de 20 minutos. Apds isso, foi
realizado a imerséo por 60 minutos em etanol a 100%. Finalizando, os spécimes foram
secos a temperatura ambiente durante 12 horas. Apds o correto preparo dos
espécimes, os mesmos foram fixados em stubs acrilicos e foram submetidos a vacuo
em um pulverizador catodico (SCD 050, Balzers Union Aktiengesellschaft, Balzers,
Liechtenstein) para depositar uma fina camada de ouro, equivalente a 10 6 mm, para
aumentar a reflectancia da superficie. Em seguida, imagens com magnitude de 4000x
de areas representativas foram obtidas usando um microscépio eletronico de
varredura (Figura 9) (JSM-5600LV, JEOL, Téquio, Japao).

Figura 9: Microscépio eletrdnico de varredura JSSM-5600LV.

Espectroscopia de energia dispersiva por Raios-X (EDS)

Foi utilizado o microscépio Vantage (Aquisition Engine Company, Téquio) com
o software Easymicro Voyager digital, versdo 5.2. As amostras foram submetidas em
vacuo a pulverizagao catddica (Delton Vaccum, Desk Il, Moorestown, NJ, EUA), para
cobertura do espécime com uma fina camada de carbono. Entdo, a avaliagdo do
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conteudo inorgéanico presente nos substratos foi realizada pelo microscopio eletrénico
de varredura (Jeol, JSM5600LV, Téquio, Japao), com energias tipicas de ordem 15kV,
em aumento de 100x, com PHA deadtime variando entre 20 e 25%. A analise foi feita
no esmalte dental, em cinco regides por espécime selecionadas aleatoriamente, para
determinar a presenca elementar de P e Ca. Os niveis elementares (% em peso) de
Ca e P e a proporcao entre Ca e P foram determinados.
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Manuscript Draft

Manuscript Number:

Title: Bleaching gel formulated with aristoflex showed fewer changes in
enamel surface in in situ low salivary flow conditions.

Article Type: Full Length Article
Keywords: tooth bleaching:; thickeners; salivar flow rate.
Corresponding Author: Ms. Laura Nobre Ferraz, dds,ms, phd student

Corresponding Author's Institution: Piracicaba Dental School, University
of Campinas

First Author: Laura Nobre Ferraz, dds,ms, phd student

Order of Authors: Laura Nobre Ferraz, dds,ms, phd student; Isabele
Vieira, Undergraduate student; Glaucia Maria Bovi Ambrosano, MS, PhD,
Associate professor; Marcio Ajudarte Lopes, DDS, MS, PhD, Associate
professor; Débocara Alves Nunes Leite Lima, DDS,MS, PhD, Associate
professor

Abstract: CObjective: The purpose of this in situ study was to evaluate
the effect of bleaching gels with different thickeners on enamel under
normal and hyposalivatory conditions. Materlals and Methods: Twenty-eight
participants were assigned of which 14 had normal and 14 had low salivary
flow. For each salivary flow, 4 types of treatment were performed with
different thickeners: no bleaching (negative control), commercial gel of
10% carbamide peroxide (CP) with carbopol (positive contreol), 10% CP with
natrosol and 10% CP with aristoflex. The volunteers used a palatal
appliance for 15 days and the bleaching was performed extra-orally (4h/14
days). Rnalyzes of microhardness (SMH), color (AE*ab and AEQ0), roughness
(Ra), scanning electron microscopy (SEM) and Energy-Dispersive X-Ray
Spectrometry (EDS) were performed. The SMH and Ra were analyzed by mixed
models for repeated measures and Tukey Kramer. For color and EDS data
were analyzed by Mann Whitney's nonparametric, Friedman and Nemenyi tests
(p < 0.05). Results: Salivary flow and thickeners did not influence the
results of AE*ab and AE(Q0. Carbopol had the lowest SMH, the highest Ra
and the lowest Ca% among all groups. In normal flow, natrosol and
aristoflex showed higher SMH. For low flow, aristoflex presented higher
SMH and in Ra natrosol and aristoflex showed lower values. In Ca% and
Ca/P aristoflex showed higher value and differed from carbopol for normal
flow. Conclusion: For normal flow, 10% CP with natroscl and aristoflex
showed fewer surface changes, and for low flow, the best results were for
10% CP with aristoflex.

Clinical significance: Salivary flow and thickeners influence enamel
changes after bleaching. In the low salivary flow condition, the use of
aristoflex thickener results in less deleterious effects on the enamel
after bleaching. For normal salivary flow, both natrosol and aristoflex
result in minor changes to the bleached enamel.
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Bioactive glass dentifrice presents best performance on remineralization of bleached
enamel under low and normal salivary flow in situ condition.
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Bioactive glass dentifrice presents best performance on remineralization of bleached
enamel under low and normal salivary flow in situ condition.

Original Article

Laura Nobre Ferraz, DDS,MS, PhD Student
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(Process 2018/24446-1)
Objective

The purpose of this in situ study was to evaluate different dentifrices on enamel after
bleaching under normal and hyposalivatory conditions.

Materials and Methods

Twenty-four participants were assigned of which 12 had normal and 12 had low
salivary flow. The study was conducted in 6 in situ experimental phases: placebo,
NaF, SnF 2 , F/Sn/Chitosan, F/Arginine and F/Bioactive Glass. The specimens were
previously bleached in vitro . Microhardness (SMH), roughness and color analyses
(CIELAB and AE 00 ) were performed at baseline (T1), after bleaching (T2) and after
in situ phase (T3). Scanning electron microscopy (SEM) and energy-dispersive X-Ray
spectrometry (EDS) were at T3. The SMH and Ra were analyzed by Tukey Kramer,
The color and Na% were analyzed by ANOVA in a subdivided plots and Tukey test.
The EDS were analyzed by Mann's Whitney nonparametric, Friedman and Nemenyi
tests (p < 0.05).

Results

The low salivary flow had less capacity for remineralization of bleached enamel
compared to normal flow. Comparing salivary flows, there was a significant difference
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