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Pinto SCS. Permeabilidade dentinéria e erosdo dentaria. Avaliacdo de diferentes
substancias acidas e agentes dessensibilizantes [Tese de Doutorado]. Araraquara:

Faculdade de Odontologia da UNESP; 2012.

RESUMO

Os  objetivos deste estudo in vitro foram quantificar as alteracbes da
permeabilidade dentinaria radicular ap6s imersdo dos espécimes de dentina a
diferentes acidos da dieta, e efeitos da escovacdo com ou sem dentifricio apos
desafio &cido; Comparar novos métodos de diagnostico (Tomografia de Coeréncia
Optica — OCT e Fluorescéncia Induzida por Luz - QLF) e avaliar um dentifricio
contendo alto teor de fluor e um dentifricio contendo 8% de arginina, carbonato
de célcio e monofluorfosfato de soédio como possivel tratamento preventivo a
erosao dentinaria; Quantificar as alteracGes na permeabilidade dentinaria radicular
submetida ao tratamento com dentifricio contendo alto teor de fldor e dentifricio
contendo 8% de arginina, carbonato de célcio e monofluorfosfato de sddio como
tratamento preventivo ao aumento da permeabilidade dentindria seguidos por
desafio &cido. Espécimes de dentina foram confeccionados e submetidos a
diferentes métodos para avaliagdo de tdbulos dentindrios (permeabilidade
dentinaria) e superficie da dentina (OCT, QLF e Microdureza Knoop). Os
resultados mostraram que: Bebidas acidas sdo capazes de causar exposi¢cdo dos
tibulos dentinarios, removendo smear layer, e escovagdo associada ou ndo a
dentifricios podem diminuir a permeabilidade dentinaria quando realizada logo

apos a ingestdo de dieta acida; O uso de dentifricios contendo agente



dessensibilizante antes de sofrer desafio acido pode conferir um efeito protetor a
superficie de dentina, porém ndo inibe completamente a progressdo da erosao
apos inumeros ciclos de exposi¢do a acidos; Escovacdo associada a dentifricios
contendo alto teor de fldor ou arginina-carbonato de célcio sdo capazes de
prevenir desgaste dos dentes e exposi¢cdo dos tubulos dentinarios in vitro.
Portanto, os dentifricios contendo agentes dessensibilizantes foram capazes de
diminuir a permeabilidade dentinaria e perda de minerais nos espécimes de

dentina, quando estes foram expostos a desafios acidos.

Palavras-chave: Sensibilidade da dentina; Dentifricios; Erosdo Dentaria.
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Pinto SCS. Dentine permeability and tooth erosion. Evaluation of different acid
substances and desensitizing agents [Tese de Doutorado]. Araraquara: Faculdade

de Odontologia da UNESP; 2012.

ABSTRACT

The aims of this in vitro study were to quantify alterations in the root dentin
permeability submitted to different acids of diet, and brushing effect (sonic brush)
with and without dentifrice after acid application; To compare novel detection
methods (Optical Coherence Tomography - OCT and Quantitative Light
Fluorescence - QLF), as well as to evaluate a high fluoride toothpaste
(Duraphat 5000 ppm Fluoride Toothpaste) and a 8% arginine, calcium carbonate,
sodium monofluorophosphate toothpaste (Colgate Sensitive Pro-Relief”) as a
possible preventive treatment for dentine erosion; To quantify alterations in the
root dentine permeability submitted to treatment with a high fluoride toothpaste
(Duraphat "5000 ppm Fluoride Toothpaste) and 8% arginine, calcium carbonate,
sodium monofluorophosphate toothpaste (Colgate Sensitive Pro-Relief”) as a
preventive treatment for increasing dentine permeability followed by acid
challenge. The results showed that acid beverages are able of causing dentinal
tubules exposure by smear layer removal. Toothbrushing associated or not to
dentifrice can decrease dentin permeability; however this decrease is small when
toothbrushing is performed soon after exposure to acid diet; Dentifrice containing
desensitizing agents application prior to an erosive challenge seems to confer a

protective effect but did not completely inhibit progressive erosion after several
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acid challenges; Toothbrushing associated with a high fluoride or arginine-
calcium carbonate toothpaste is able to prevent tooth wear and dentinal tubules
exposure in vitro. Thus, dentifrices containing desensitizing agents were able to
decrease dentine permeability and loss of minerals on dentine specimen, when it

suffered acid challenges.

Keywords: Dentin Sensibility; Dentifrices; Tooth Erosion.
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1 INTRODUCAO

O declinio da prevaléncia de doencas como a carie e doenca
periodontal teve como consequéncia 0 aumento da manutencdo dos dentes na
cavidade bucal. No entanto, ao mesmo tempo, tem-se aumentado a incidéncia de
outros problemas como a Hipersensibilidade Dentinéria Cervical (HSDC)?® %',

A HSDC é definida como uma dor aguda, transiente e bem localizada,
em resposta a estimulo tatil, térmico, evaporativo, osmético ou quimico e que ndo
pode ser atribuida a nenhum tipo de patologia dental. Esta dor ndo ocorre
espontaneamente e n3o persiste ap6s a remocéo do estimulo® .

A HSDC atinge uma grande parcela da populagéo, estando presente
em todas as etnias ao redor do mundo. A literatura reporta que entre 8 e 35% da
populacéo na Argentina®, 8 a 30% da populacéo nos Estados Unidos da América®
e 1/6 da populacdo brasileira apresentam HSDC*'. Um estudo recente realizado
pela Canadian Advisory Board on Dentin Hypersensitivity®, reporta que entre 8 e
57% da populagdo em geral apresenta HSDC. O completo entendimento e
tratamentos eficazes e definitivos para esta condigdo ainda ndo estdo
estabelecidos.

Em pacientes com doenga periodontal cronica, entretanto, a
prevaléncia da HSDC é mais elevada, pois a superficie radicular torna-se exposta
em decorréncia do processo da doenca. Chabanski et al. ° observaram uma
prevaléncia de 72,5 a 98% nestes pacientes, sugerindo que o tratamento
periodontal prévio e/ou a doenca periodontal exercem um papel na etiologia da

HSDC.
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A Teoria Hidrodinamica proposta Brannstrom’ é atualmente a mais
aceita para explicar a HSDC. Ela propde que estimulos tateis, quimicos,
osmoticos e térmicos capazes de alterar em qualquer sentido o fluido existente
dentro dos tubulos dentinarios é capaz de estimular as fibras A-d adjacentes aos
odontoblastos e assim desencadear um estimulo doloroso. Para que isto ocorra €
necessario que os tubulos dentinarios estejam expostos ao meio bucal a fim de
receber tais estimulos capazes de desencadear a resposta dolorosa. Dois
acontecimentos sdo essenciais no desenvolvimento da HSDC: o tecido dentinario
deve estar exposto ao meio bucal e os tubulos dentinarios devem estar abertos e
patentes com a polpa dental.

Absi et al. * relatam que elementos dentais que respondem ao estimulo
para checagem da HSDC apresentam oito vezes mais tubulos dentinarios expostos
na regiao radicular que elementos dentais que ndo respondem ao estimulo, e
ainda, o didmetro dos tubulos dos dentes sensiveis é cerca de duas vezes maior
que o dos elementos dentais sem sensibilidade.

Apesar da HSDC ser atualmente uma condicdo comum, medidas
preventivas visando controlar os fatores etiolégicos e um produto ou protocolo
ideal para tratamento vem sendo constantemente pesquisados e uma conduta ativa

sobre esta condicdo ainda é um desafio®.
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Etiologia da HSDC

De acordo com Walters*, a HSDC pode surgir a partir da perda de
estrutura dental na regido cervical (esmalte, dentina, cemento) ou pela desnudacao
da superficie radicular (migracdo da gengiva marginal).

Deste modo, sdo muitos os fatores etioldgicos que podem causar a
HSDC. Dentre os fatores enddgenos podemos citar: defeitos na formacao
dentaria, defeitos na juncdo cemento-esmalte, doencas periodontais, doencas
sisttmicas como bulimia, anorexia nervosa, hipertireoidismo e distdrbios
gastricos. Ja os fatores exogenos sdo: técnica de escovacao incorreta, habitos
alimentares, trauma oclusal, procedimentos clinicos como cirurgias periodontais,

tratamento ortoddntico, recessées gengivais e desgaste da estrutura dental™®.

A perda de estrutura dental se da pelo desgaste dos dentes que pode
ocorrer devido a atricdo, abrasdo e erosdo. Estes processos fisicos e quimicos
normalmente agem conjuntamente provocando o desgaste dos dentes®. A atrigdo é
um desgaste fisioldgico que afeta usualmente a superficie incisal e oclusal dos
dentes, podendo atingir niveis patoldgicos com héabitos parafuncionais como o
bruxismo?.

A abfracdo tem como fator etioldgico a presenca de cargas oclusais
excessivas, sendo que a forma e o tamanho da lesdo dependem da direcéo,
magnitude, frequéncia, duracdo e localizacdo das forgas exercidas sobre os dentes
em contato®. A abrasdo é causada pelo desgaste mecanico resultando em perda
patoldgica de substancia dentéria®*’.

A erosdo dental é caracterizada pela perda progressiva de tecidos
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dentais devido a agdo de um agente quimico (&cido), sem participacdo bacteriana,
de origem extrinseca ou intrinseca®, podendo resultar em significante desgaste
dos dentes, particularmente na regido cervical, onde o esmalte é muito fino®. As
substancias acidas podem ser intrinsecas (acido cloridrico presente no estbmago) e
extrinsecas (acidos presentes na dieta, em ambientes de trabalho ou uso continuo
de medicamentos). A erosdo dental promovida pela continua ingestdo de frutas
acidas e também de refrigerantes carbonados esta frequentemente associada com a
presenca de hipersensibilidade dentinaria>*®.

Alguns estudos tém demonstrado que a dieta alimentar do paciente é
um dos fatores etiologicos mais importantes, pois a ingestdo frequente de
alimentos e bebidas acidas pode provocar a perda de estrutura dental ou
simplesmente remover o smear layer, levando muitas vezes a HSDC?34“®,

Segundo Pashley®, durante os procedimentos de raspagem e
alisamento radicular (RAR) remove-se cemento e uma por¢do de dentina
radicular, porém os tubulos dentindrios permanecem ocluidos por smear layer,
formada por fragmentos de tecido mineralizado ou néo, provenientes do corte ou
desgaste da estrutura dentdria com instrumentos manuais ou rotatorios,
diminuindo a permeabilidade dentinaria e impedindo a passagem dos estimulos.
Dessa forma, a HSDC pode ocorrer apés alguns dias do procedimento de RAR,
quando a escovacao ou a ingestdo de alimentos acidos provocaria a perda dessa
camada®,

Evidéncias in vitro indicam que tanto acidos fortes como fracos, que

compdem alimentos e bebidas acidas, podem remover o smear layer e expor 0s
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tibulos dentinarios*3*°. Por esse motivo, o consumo diario e excessivo de frutas
citricas, bebidas &cidas e vinagres sdo um potencial fator de risco a erosao
dentaria®®.

Lussi et al. %

relataram que o0 consumo excessivo e ndo usual de
substancias especificas da dieta, como suco de limao, suco de laranja e bebidas de
cola carbonatadas, esta associado ao aparecimento de erosdo dentaria.

Clark et al. ! observaram que existe uma associacao positiva entre a
frequéncia de ingestdo de alimentos especificos e bebidas acidas e persisténcia da
HSDC. Por isso, é de fundamental importancia que o Cirurgido-Dentista oriente
seu paciente quanto a dieta alimentar, controlando a ingestdo de &cidos para que
se tenha um tratamento eficaz da HSDC e também para prevenir a sua
recorréncia™*®%,

Outro aspecto importante a ser considerado é o efeito da escovacao
sobre a superficie dental desmineralizada pela acdo do é&cido. Prati et al. *
constataram in vitro que a escovagdo sem dentifricio imediatamente apés a
exposi¢do dentinaria a bebidas &cidas, reduzia a permeabilidade da dentina devido
a oclusdo parcial dos tubulos com debris. Também verificou que o dentifricio
pode exercer um papel protetor, prevenindo a completa remocdo de smear layer e
reduzindo a HSDC pela producdo de uma nova smear layer artificial e depdsitos
dentro dos tubulos. Entretanto, outros autores verificaram que o atrito da escova
em combinacdo com a desmineralizacdo superficial da dentina pelos alimentos

4cidos pode acelerar a perda da estrutura dental®**’.
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Austin et al. * fizeram uma investigacdo in vitro para avaliar o
desgaste produzido pela erosdo e pela abrasédo, separadamente ou em combinacéo,
utilizando diferentes tipos de tratamentos. Esses autores concluiram que a erosédo
produz maior remocdo de estrutura dental que a abrasao isoladamente. No entanto,
a combinacdo erosdo/abrasao tem como resultado ndo a soma das remog¢6es, mas
sim o produto delas.

De acordo com os resultados obtidos em seu trabalho, West et al. %’
concluiram que, nos casos de HSDC, a escovacdo ndo deve ser realizada
imediatamente apds a ingestao de alimentos &cidos.

Dentro dessa linha de pesquisa que busca correlacionar HSDC e dieta
4cida, Corréa et al. ** determinaram o pH de algumas frutas, bebidas e
condimentos com o objetivo de indicar uma dieta para pacientes com HSDC.
Esses autores concluiram que o aconselhamento dietético deve fazer parte do
tratamento da HSDC, enfatizando principalmente a substitui¢cdo de dietas com pH
mais baixo por dietas com pH mais alto. Zandim et al. “® constataram que o
vinagre balsdmico estava associado a menor exposi¢do de tubulos dentinarios,
sendo assim, o mais indicado para consumo pelos pacientes que apresentam
HSDC. Dentre os vinagres testados, o vinagre balsamico possuia 0 maior valor de

pH.

Ainda seguindo esta linha de pesquisa, Pinto et al. ¥

, Observaram
maior remocdo de smear layer pelas bebidas contendo acido citrico (suco de
limdo e laranja). O tipo do acido pode ser um fator importante na determinacédo do

potencial erosivo de bebidas A&cidas®®. Além disso, o padrdo de eroséo
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demonstrado por diferentes bebidas acidas, também pode ser influenciado pelo

pH, titulacio e capacidade tamp&o da saliva®*°.

Tratamento da HSDC

Alternativas terapéuticas para reduzir a HSDC tém sido introduzidas
visando a reducdo da excitabilidade das fibras nervosas dentro da polpa ou
obliteragdo dos tabulos dentinérios abertos?***#, No entanto, até 0 momento, 0
tratamento da HSDC ainda ndo esta bem estabelecido.

Agentes de obliteracdo de tabulos dentindrios podem atuar por meio
da precipitacdo de proteinas, precipitacdo de cristais sobre ou dentro dos tubulos
dentinarios ou por meio de técnicas restauradoras convencionais®*" %%,

Inimeros agentes e protocolos de tratamento tém sido empregados
para a dessensibilizacdo da dentina, tais como: gel fluoretado, vernizes cavitarios
e dentifricios. Existe pouca informacdo com relacdo aos efeitos desses agentes
sobre os tdbulos dentinérios abertos®’.

Dentifricios podem ser um importante tipo de tratamento para varios
problemas dentarios, ja que estes sdo facilmente acessiveis a populacdo. A
incorporacdo de agentes dessensibilizantes nos dentifricios tem como principal
objetivo facilitar o tratamento da HSDC, tais como: nitrato de potassio, cloreto de
estréncio e mais recentemente 8% de arginina associada ao carbonato de calcio,
além de dentifricios contendo alta concentracéo de flaor® 4%,

Os sais de potassio podem ser efetivos no tratamento da HSDC

quando aplicados topicamente ou na forma de dentifricios****. Estes sais podem
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agir por meio da capacidade de penetrar nos tubulos dentinarios e reagir com ions
calcio do fluido dentindrio para formar cristais insollveis, ou por meio da
despolarizagéo de fibras nervosas®.

Segundo Peacock, Orchardson®, apés comparar formulacdes
diferentes de potassio na reducdo da excitabilidade de fibras nervosas em raizes de
nervos espinhais dessecados de ratos, existe a necessidade de concentracGes altas
dos ions para que estes sejam efetivos na reducdo do potencial de acdo sendo que
melhores resultados na reducdo da excitabilidade nervosa foram encontrados pelos
sais de citrato ou tartarico de potassio.

Produtos contendo alta concentracdo de flior tém mostrado efeitos
positivos na oclusdo de tabulos dentinarios, levando ao alivio da sensibilidade.
Estes agentes incluem vernizes fluoretados (22.500 ppm de fluor) e dentifricios
com alta concentraco de fltor (5000 ppm de flor) 2. Dentifricios contendo alta
concentracdo de fluor e géis fluoretados podem ser usados em casa, por meio de
moldeiras personalizadas por um periodo de tempo a cada dia ou durante a pratica
de escovacdo diéria. Estes produtos contendo alta concentracdo de fllor e de uso
caseiro requerem uso continuo antes que o alivio da dor devido a
hipersensibilidade dentinéria seja alcancado?’.

Embora alguns métodos tradicionais para o tratamento da HSDC
tenham sido clinicamente avaliados e fornecido algum alivio da dor pelos
pacientes, profissionais continuaram procurando alternativas terapéuticas mais
efetivas®’.

20
l.

Kleinberg et al. “* introduziram uma nova tecnologia para o tratamento
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da HSDC baseada no papel que a saliva desempenha, naturalmente, na reducéo da
hipersensibilidade dentinaria. Os componentes essenciais desta nova tecnologia
sdo arginina, um aminoacido que é positivamente carregado em pH fisioldgico
(pH 6,5-7,5) e carbonato de célcio, fonte de céalcio. Estes componentes tem
mostrado  ocluir ~ fisicamente tubulos dentinarios e reduzir HSDC
efetivamente**3,

O dentifricio contendo uma concentracdo de 8% de arginina e
carbonato de célcio, chamado Colgate Sensitive Pro-Alivio® (Colgate Palmolive,
Ind. Ltda), pode ser aplicado na area de dentina exposta pelo profissional ou como
tratamento caseiro didrio por meio da escovacdo ou friccdo com a ponta do
dedo?"*,

A combinagdo de arginina com carbonato de calcio forma uma
camada rica em célcio na superficie de dentina e no interior dos tubulos

1438 petrou et al. **

dentinarios, selando-os e proporcionando alivio da dor
demonstraram que a oclusdo dos tdbulos permanece intacta mesmo apds
exposicdo a acidos. Embora a realizacdo de ciclos erosivos intercalados ao
tratamento com o dentifricio ndo tenham sido avaliados.

Durante a realizacdo do tratamento da HSDC, é importante lembrar
que os fatores etioldgicos e predisponentes devem ser investigados e reparados, ja

que de nada adianta um tratamento efetivo sem a eliminagdo da causa. Afinal, se

esta ndo for eliminada a condicdo de dor pode voltar em pouco tempo.
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2 PROPOSICAO

Hipotese Geral

Avaliar alteracbes da permeabilidade e erosdo dentinaria apds desafios acidos e
novas alternativas de tratamento.

Capitulo 1: o objetivo deste estudo in vitro foi quantificar as alteracbes da
permeabilidade dentinaria radicular ap6s imersdo dos espécimes de dentina a
diferentes acidos da dieta, e efeitos da escovacdo com ou sem dentifricio (citrato
de potassio a 5%) apos desafio acido.

Capitulo 2: os objetivos do estudo foram comparar novos métodos de diagndstico
para a erosdo dentinaria (Tomografia de Coeréncia Optica - OCT e Fluorescéncia
Induzida por Luz Quantitativa - QLF) e avaliar um dentifricio contendo alto teor
de fltor e um dentifricio contendo 8% de arginina, carbonato de célcio e
monofluorfosfato de sdédio como possivel tratamento preventivo a erosdo
dentinéria.

Capitulo 3: o estudo teve como objetivo comparar o efeito de dois dentifricios
(Duraphat 5000 — alto teor de fltor e Pro-Alivio — arginina a 8% associada ao
carbonato de calcio e monofluorfosfato de sodio) na prevencéo de alteragdes da

permeabilidade dentinaria induzida por desafio &cido.
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3 MATERIAL E METODO

ESTUDO I
Este estudo foi aprovado pelo Comité de Etica da Faculdade de
Odontologia de Araraquara, Universidade Estadual “Julio de Mesquita Filho”,

(Protocolo #52/04).

Selecdo dos dentes

A amostra do estudo consistiu de vinte e cinco terceiros molares humanos
extraidos por razdes cirurgicas de pacientes jovens (idade meédia: 22 anos),
obtidos no Banco de Dentes Humanos da Faculdade de Odontologia de
Araraquara, UNESP. As coroas clinicas foram seccionadas e somente o segmento
radicular foi utilizado (n=5 para cada grupo). Como critério de selecdo, os dentes
deveriam apresentar a superficie radicular integra, principalmente no terco
cervical. Dentes com restauracoes, lesdes de cérie e lesGes de abrasdo ou erosdo
foram excluidos. Os meios de estocagem e armazenagem foram trocados
semanalmente, minimizando a deterioracdo. Os dentes com um més, mas nao

mais que seis meses apos a extracdo, foram selecionados.

Preparo dos dentes

Uma fresa cilindrico-conica (n° 3203 KG Sorensen) em alta rotagdo, sob
refrigeragéo foi utilizada para confeccionar dois sulcos paralelos entre si na face
mais plana da superficie radicular de cada um dos elementos dentais. O primeiro

sulco foi confeccionado ao nivel da juncdo amelocementaria com profundidade
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correspondente @ metade do didmetro da fresa (Figura 1A) e outro,
aproximadamente, 4 mm apical ao primeiro sulco (Figura 1B). Em seguida, com
a mesma fresa, foi realizada a unido dos sulcos para remocdo do cemento e
exposicao da dentina na area previamente delimitada (Figura 1C).

Com a utilizagdo de um disco diamantado dupla face em baixa rotacédo
(KG Sorensen), um corte transversal foi realizado acima da juncédo
amelocementaria, dividindo o elemento dental em dois fragmentos (Figura 2A e
2B). Apenas o fragmento contendo a por¢do radicular foi utilizado nas demais
etapas do experimento (Figura 2C).

Em seguida, foi realizada abertura da camara pulpar com auxilio de
uma broca cilindrico-conica 3071 (KG Sorensen) (Figura 3A e 3B) e o tecido
pulpar foi cuidadosamente removido com limas Hedstréem (Maillefer, Dentsply®,
Tulsa, Oklahoma, EUA) (Figura 3C), sendo posteriormente, adaptados em
suportes confeccionados com resina acrilica e a uma canula de ago inoxidavel de
aproximadamente 3 cm de comprimento, cujo didmetro era compativel com o
tubo de polietileno (18 gauge) (Figura 4A e 4B) usado no sistema para determinar
a permeabilidade dentinaria. O vedamento do fragmento, assim como da céanula,
com a base de acrilico foi realizado com um adesivo a base de cianoacrilato.

Todo o fragmento radicular, com excecdo da area de dentina exposta,
foi coberto com esmalte de coloracdo preta (Figura 5A e 5B). Apds a secagem do
esmalte, as amostras foram armazenadas em &gua destilada para evitar o seu

ressecamento.
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FIGURA 1 - Preparo das amostras. A) Sulco na JEC. B) Sulco 4 mm abaixo a

JAC. C) Unido dos sulcos.

FIGURA 2 - A) Remocéao da Coroa; B) Separacdo da coroa e raiz; C) Porgédo

radicular.

Z JLO/ !'E_

FIGURA 3 - A) e B) Abertura da camara pulpar; C) Remocéo do tecido pulpar.
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FIGURA 4 - A) e B) Adaptacdo do espécime a suportes confeccionados com

resina acrilica e a uma canula de aco inoxidavel.

FIGURA 5 - A) e B) O fragmento radicular, com excecdo da area de dentina

exposta, foi coberto com esmalte de coloracéo preta.

Apbs o preparo, os espécimes foram aleatoriamente distribuidos em 5
grupos (n=5), de acordo com a bebida &cida a qual estes foram imersos. O pH das

bebidas foi medido a temperatura ambiente antes de cada teste: Suco de laranja
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(&cido citrico): 3,35; Coca-Cola (acido fosforico): 2,45; vinagre (&cido acético):
2,47; vinho branco (&cido tartarico): 3,35 e suco de limédo (acido citrico): 2,10.

Cada espécime foi conectado ao dispositivo para a medicdo da
permeabilidade dentinaria radicular apds cada um dos seguintes estagios
sequenciais:

Estagio 1: aplicacdo topica de acido fosforico a 37% sobre a superficie
dentinaria durante 30 segundos, com a finalidade de se obter permeabilidade
méaxima (100%), seguido por lavagem com agua destilada (Figura 6A).

Estagio 2: Raspagem e alisamento radicular com cureta Gracey 5-6 (50
movimentos - Millenium®; Golgran Ind. Com. de Instrumentos Odontolégicos
Ltda, Sao Paulo, SP, Brasil) para criar smear layer, em seguida, lavagem com
agua destilada (Figura 6B).

Estagio 3: Espécimes foram imersos em 5 mL de bebida acida por 5
minutos (suco de laranja, coca-cola, vinagre, vinho branco e suco de limdo), em
seguida, lavagem com &gua destilada (Figura 6C).

Estagio 4: Escovacdo utilizando escova sonica e agua destilada durante
3 minutos, seguida por lavagem com &gua destilada (Figura 6D).

Estagio 5: Escovagdo com 0,5 g de dentifricio (citrato de potassio a 5%
- Colgate Sensitive®; Colgate-Palmolive Ind. E Com. Ltda., S&o Paulo, SP, Brasil)
e escova sbnica, durante 3 minutos, em seguida, lavagem com agua destilada

(Figura 6D).
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FIGURA 6 - Estagios sequenciais para avaliacdo da permeabilidade dentinaria: A)
Estagio 1: aplicacdo do acido fosforico; B) Estagio 2: raspagem da area de dentina
exposta para criar smear layer; C) Estagio 3: desafio acido por 5 min; D) Estagio

4: escovacao; Estagio 5: escovacdo associada a dentifricio.

Avaliacéo da Permeabilidade dentinaria

Para a avaliagdo da permeabilidade dentinaria, 0s segmentos
radiculares foram conectados a um sistema contendo um béquer com agua
destilada no interior de uma panela de presséo adaptada para receber presséo de
um cilindro de nitrogénio (Figura 7).

O liquido presente no béquer sai da panela através de um tubo de
polietileno, passa por um microcapilar de vidro, e novamente, por meio de um
tubo de polietileno atinge o espécime, o qual se encontra na extremidade final do
sistema. Ao atingir a amostra, o liquido é forgado a sair para a superficie externa,
ou seja, pela area de dentina previamente exposta e que ndo foi vedada pelo
esmalte preto. O registro do deslocamento linear de uma bolha de ar no
microcapilar por meio de uma régua milimetrada possibilita a determinacédo do

fluxo de liquido por minuto, ou seja, o deslocamento da bolha é convertido em
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deslocamento de volume (ul/minuto). Baseado no diametro (25 pl) e no
comprimento (65 mm) do microcapilar , pode-se calcular o fluxo de liquido pela

seguinte formula:

F = fluxo, em pL/min
F=25uL xD

D = deslocamento da bolha, em mm
65mm Xx t >

t = tempo , em min

A bolha de ar € inserida no sistema pela simples desconexao e re-
conexdo da amostra do tubo de polietileno e uma seringa € usada para ajustar a
posicao da bolha no microcapilar.

A presséo utilizada para forcar a saida do liquido através da dentina foi
de 10 psi. Essa pressdo foi constante durante todo o experimento, sendo a mesma

controlada por um regulador de pressdo adaptado no cilindro de nitrogénio.

FIGURA 7 - Sistema utilizado para a determinagdo da permeabilidade dentinaria.
A condutibilidade hidraulica foi expressa como uma porcentagem do
valor maximo para cada espécime. Portanto, cada espécime foi considerado seu

préprio controle.
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ESTUDO Il

Este estudo foi aprovado pelo Comité de Etica da Faculdade de
odontologia de Araraquara, Universidade Estadual “Jalio de Mesquita Filho”,
(Protocolo #34/10).

Preparo dos espécimes de dentina

Vinte e quatro terceiros molares extraidos, livres de carie e
previamente estocados em solucéo salina, foram utilizados no estudo.

Uma fresa cilindrico-conica em alta rotacdo, sob refrigeracdo foi
utilizada para confeccionar dois sulcos paralelos entre si (0,5 mm de
profundidade) sobre as superficies radiculares de cada dente (Vestibular e
Lingual): um sulco foi realizado na juncdo cemento-esmalte (Figura 1A) e o outro,
4 mm apical ao primeiro (Figura 1B). Em seguida, com a mesma fresa, foi
realizada a unido dos sulcos para remogédo do cemento e exposi¢do da dentina na
area previamente delimitada (Figura 1C). Com a utilizacdo de um disco
diamantado um corte transversal foi realizado acima da juncdo amelocementaria,
com a finalidade de remover a coroa. Dois blocos de dentina, com
aproximadamente 3x5 mm (Figura 8), foram obtidos de cada dente, um da
superficie vestibular e outro da superficie lingual, obtendo-se um total de 48

espécimes.
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FIGURA 8 - Espécime de dentina com aproximadamente 3x5 mm.

Metade da area de cada espécime foi protegida com uma fita sem a
presenca de residuos (a qual ndo contamina a superficie dentinaria), para que a
outra metade fosse coberta com uma fina camada de esmalte acido resistente
(esmalte transparente para unhas, Revlon, Manchester, Reino Unido). Esta
camada protegida pelo esmalte de unha serviu para proteger a superficie radicular
sadia como area controle antes da exposicao a solugdo desmineralizadora (suco de
laranja). Apo6s a aplicagdo do esmalte na area controle, a fita foi removida, e esta
metade do espécime foi considerada a superficie teste.

Durante as avalia¢des, os espécimes foram mantidos em 1 mL de &gua
destilada. Antes das avaliagdes por meio de QLF e OCT, os espécimes foram
secos por 10 segundos, utilizando seringa triplice fixada a 10 cm de distancia da
superficie dentinaria.

Previamente aos tratamentos os espécimes foram estocados em saliva
artificial por 1 dia antes da primeira avaliacdo utilizando as técnicas de QLF, OCT

e Microdureza Knoop (Baseline).
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Tratamento

Cada espécime de dentina foi imerso em dentifricio (300 mg/mL)
durante 3 minutos em temperatura e pH controlados sob constante agitagéo,
utilizando um agitador magnético (IKA® C-MAG MS10, IKA® Werke GmbH &
Co.KG/ Alemanha). Os seguintes grupos foram testados:
- Grupo 1 — Controle Negativo (Volvic®, Agua Mineral, pH 7.8).
- Grupo 2 — 5000F: Duraphat®5000 toothpaste (Colgate Palmolive — 5000ppm de
Fluor, pH 8.3) (Figura 9).
- Grupo 3 - Arginina: Colgate ProAlivio® (Colgate Palmolive — 8% de arginina e

carbonato de calcio, pH 8.8) (Figura 10).

FIGURA 9. Dentifricio utilizado para o tratamento dos espécimes do Grupo 2.
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FIGURA 10 - Dentifricio utilizado para o tratamento dos espécimes do Grupo 3.
Ap0s o tratamento, os espécimes foram cuidadosamente lavados com &gua
destilada (15 mL). As avaliagdes por meio de OCT, QLF e Microdureza Knoop

foram realizadas novamente.

Ciclos de Erosao (Intervalos de desafio acido)

Apbs o tratamento, os espécimes foram suspensos em dois béqueres por
meio de hastes de plastico. Oito espécimes foram suspensos em cada béquer de
1L, contendo 600 mL de suco de laranja  (Sainsbury’s® Orange Juice,

Manchester, Reino Unido) (pH 3.72+0.03) (Figura 11A, 11B, 11C). O suco de
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laranja foi gentilmente agitado por meio de um agitador magnético (IKA® C-
MAG MS10, IKA® Werke GmbH & Co.KG/ Alemanha) durante 15 minutos
(Figura 11C). Os espécimes foram removidos do suco de laranja e
cuidadosamente lavados com 15 mL de agua destilada, removendo o0 excesso de

acido presente na superficie.

FIGURA 11 - A) Espécimes mantidos em cassetes durante as fases de tratamento
e exposicdo a bebida &cida. B) Espécimes suspensos em um béquer por meio de
hastes plasticas. C) Espécimes suspensos no suco de laranja durante a fase de
desafio acido sob agitacéo.

No grupo controle, os espécimes foram mantidos em 600 mL de agua
mineral ndo-carbonatada (Volvic®, Danone Ltd, Manchester, UK) sob 3 minutos
de constante agitacdo. Uma agua mineral ndo-carbonatada foi utilizada devido a
esta ndo provocar efeitos demineralizantes ou remineralizantes sobre a dentina®.

As medidas (microdureza Knoop, OCT e QLF) foram realizadas

durante 5 dias (dia 1 — Baseline; ap6s tratamento com dentifricio e apds desafio



48

acido; dias 2-5 — ap06s tratamento com dentifricio e ap6s desafio &cido)

(Fluxograma 1). O suco de laranja foi trocado a cada 15 minutos de desafio acido.

1) 24 dentes - 48 espécimes

2) Armazenamento em Saliva Artificial

3) QLF, OCT e Microdureza Knoop

4) Tratamentos

|
Grupo 1: Controle (n=16) Grupo 2: Duraphat® (n=16) Grupo 3: ProArgin® (n=16)
I I
5) QLF, OCT e Microdureza Knoop
I
6) 15 min em suco de laranja
I

7) QLF, OCT e Microdureza Knoop

FLUXOGRAMA 1 - Desenho experimental do estudo. Ciclo 1 — passos do 1 ao 7.

Ciclos 2 — 5: iniciaram-se no passo 4.

Armazenamento dos espécimes

Os espécimes foram incubados durante a noite (10 horas) em 5 mL de
saliva artificial entre cada ciclo, com temperatura e pH controlado. A composi¢ao

da saliva artificial usada foi: 1.5 mmol/l Ca(NOs3), 4H,0; 0.9 mmol/l Na;HPO,

2H,0; 150 mmol/l KCI; 0.02 mol/l H,NC(CH,0H); (TRIS); 0.05 ug/ml NaF, pH

7.0.
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Microdureza Knoop

As medidas de microdureza foram realizadas utilizando um
microindentador de diamante (microindentador Knoop) (Figura 12A, 12B, 12C,
12D) sob uma forca de 10 g aplicada por 5 segundos (Microhardness Tester FM-
700; Future-Tech Corporation, Japao)*’. Os espécimes foram posicionados com a
superficie plana voltada ao microindentador e fixados de forma reprodutivel e
com a visdo precisa do microindentador (Figura 12C). Uma area de superficie de
aproximadamente 1 x 1 mm? que est4 perpendicular a direcdo de carga do
penetrador foi identificada na area de dentina exposta (metade do espéecime
exposta ao tratamento e desafio acido). Trés indentacfes foram realizadas em cada
espécime durante cada ciclo de tratamento e desafio acido na area identificada. Os
valores de Microdureza Knoop foram calculados e valores médios foram
obtidos®.

Resultados da mudanca de microdureza (SMC) foram calculados
baseados nas diferencas entre a microdureza inicial (Baseline) e os intervalos de
tempo subsequentes (dados normalizados). O SMC foi calculado:

SMC = (Kp— Ka)
Kb
onde K, é o nimero médio de microdureza Knoop no Baseline e K4 0 nimero
médio de microdureza Knoop apds desmineralizacao.

Os espécimes foram estocados em &gua destilada entre as avaliagcdes

para manté-los constantemente hidratados, considerando que a dentina seca pode

causar mudancas na dureza e contragéo dos tecidos™.
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- A

> C

FIGURA 12 — Microdurémetro utilizado para medir a microdureza Knoop.

A- Cémera;

B- Observacdo da indentacdo e posicionamento das linhas de medi¢do da Microdureza
Knoop;

C- Posicionamento do espécime;

D- Valores de Microdureza Knoop (HK).

Tomografia de Coeréncia Optica (OCT)
Um sistema OCT (Tomografia de Coeréncia Optica) comercialmente

disponivel (OCS1300SS, Thorlabs Ltd, UK) foi utilizado para capturar imagens
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seccionais da area de dentina exposta a tratamento com dentifricio e desafios
acidos.

O OCS1300SS usa uma tecnologia de dominio Fourier para geracao
de imagens de mais alta definicdo a uma velocidade de varredura muito superior.
Esta tecnologia apresenta uma banda larga de frequéncia de varredura a laser com
saida centrada em 1325 um. Apresenta uma resolucao axial de 9 mm e resolucéo
transversal de 15 mm. A peca de méo foi montada, com a finalidade de manter o
dispositivo  estdvel (Figura 13). Os espécimes foram colocados
perpendicularmente a peca de médo (Figura 13). O dispositivo foi posicionado de
forma a permitir o reposicionamento da amostra e alinhamento durante os

diferentes intervalos de avaliagdes (ciclos de tratamento e desafios acidos).

FIGURA 13 - Peca de md&o montada, com a finalidade de manter o dispositivo

estavel e espécimes colocados perpendicularmente a peca.
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O feixe de luz do OCT foi configurado para digitalizar um
comprimento de 5 mm na direcéo do eixo x e uma profundidade axial de 3 mm. A
coordenada X e Y do feixe de luz para cada espécime foi anotada em todos 0s
intervalos de tempo avaliados.

Para permitir o reposicionamento do espécime, uma distancia de 3.0 +
0.1 mm era estabelecida entre a area mais convexa da superficie deste ao topo da
margem da imagem exibida no software (Figura 14). A variacdo dindmica da luz
do OCT foi mantida ao redor de 20-30 decibéis (dB). O ruido presente nas

imagens era removido antes da captura de cada uma delas.

FIGURA 14 - Espécime de dentina visualizado por meio do monitor.
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Um programa personalizado MATLAB (MathWorks, California, US)
foi usado para analisar as mudancas de intensidade da luz retroespalhada do OCT
com o tempo (Figura 15). Os B-scans de cada espécime obtidos em cada avaliacdo
foram alinhados e uma regido de interesse similar foi selecionada para todos os

intervalos de tempo avaliados (16 A-scans em cada espécime).

FIGURA 15 - Imagem capturada pelo OCT ap6s 15 minutos de desafio acido
(grupo controle). A) Area de referéncia (esmalte acido-resistente) e B) Area
submetida aos ciclos de tratamento e de desafio acido com as regides selecionadas
para serem avaliadas; C) Area de referéncia (esmalte &cido-resistente) e D) Area
submetida aos ciclos de tratamento e desafio 4cido — visdo de topo; E) Area de
referéncia (esmalte &cido-resistente) e F) Area submetida aos ciclos de tratamento

e desafio 4cido — visdo lateral.
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Apo6s a normalizacdo dos dados, uma curva de intensidade da
profundidade resolvida foi entdo gerada. A atenuacdo ou a extincdo (A; da
intensidade de luz retroespalhada na area desmineralizada é representada pela
funcéo abaixo:

At = lsubsuperficie
Isuperfl’cie
Isubsuperficie € @ intensidade de luz retroespalhada no nivel subsuperficial, o qual ndo
é afetado pela desmineralizacdo (50 pixels abaixo a superficie do espécime).
Isuperficic © @ intensidade de luz retroespalhada no nivel superficial, o qual sofreu

desmineralizacdo (10 pixels abaixo da superficie da dentina) (Figura 16).

FIGURA 16 - Desenho esquematico das regides a serem avaliadas pelo OCT.

Superficie (10 pixels) e subsuperficie (50 pixels) em uma &rea de 512 pixels.

Fluorescéncia induzida por luz quantitativa (QLF)

Um conjunto QLF foi empregado. Este consistiu de diodos emitindo
luz azul em um anel iluminador e uma camera colorida CCD acoplada com um
filtro amarelo. Lentes com comprimento focal de 50 mm e tubo de extensao de 20
mm foram usadas para capturar um campo de visdo de aproximadamente 330 mm

por 450 mm. As imagens foram capturadas em uma caixa preta evitando a
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interferéncia de qualquer tipo de luz por meio de software apropriado (Esquema
1).

Propriedades 6timas de luz tais como fator de ganho e brilho foram
determinados ap6s a obtencdo de histogramas dos valores de pixel do canal verde.
Estas propriedades foram mantidas para todos os espécimes durante os ciclos de
avaliacdo para assegurar que saturacdo de sinal ndo ocorreram até o final do
estudo.

Apds a normalizacdo dos dados pelos valores encontrados no
Baseline, a perda de intensidade de fluorescéncia verde, AF, na area de dentina
exposta comparada a area de dentina coberta foi calculada da seguinte forma:

AF =F(NC) - F(C)
sendo F(NC) a intensidade de fluorescéncia verde na area exposta (“ndo coberta”
com esmalte acido-resistente) e F(C) a intensidade de fluorescéncia verde na area
de dentina protegida por esmalte acido-resistente (controle) (Figura 17 e 18A e

18B).

Intensidade média na area teste

Intensidade média na area controle

FIGURA 17 - Desenho esquematico da area teste (F(NC) — Intensidade de
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fluorescéncia na regido exposta aos desafios acidos); e area controle (F(C) -

Intensidade de fluorescéncia na superficie coberta por esmalte acido-resistente).

FIGURA 18 - A) Area de referéncia coberta com esmalte &cido-resistente; B)

Area submetida aos ciclos de tratamento e desafio acido.
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C——— > CAmera: Hitachi HV-F31 3CCD

I - Anelde extensdo—0.5 mm
T - Anelde extensdo—1mm

Filtro amarelo

Lentes totalmente abertas  E— (- ®

4 2.3

Foco das lentes totalmente contraido

©:>

ESQUEMA 1 - Especificacdes do QLF (Fluorescéncia de Luz Quantitativa) empregado

no estudo.
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ESTUDO 111
Este estudo foi aprovado pelo Comité de Etica da Faculdade de
odontologia de Araraquara, Universidade Estadual “Jalio de Mesquita Filho”,
(Protocolo #60/10).
Preparo das amostras
O preparo das amostras foi realizado seguindo 0s mesmos passos do
Estudo | (Paginas 33 e 34; Figuras 1, 2, 3, 4 e 5) *2.
Grupos Experimentais
Os espécimes foram aleatoriamente distribuidos dentro de 3 grupos
(n=10), de acordo com o tipo de tratamento:
- Grupo 1 (Controle Negativo): Agua Destilada.
- Grupo 2 (5000 F): Dentifricio Duraphat® 5000 (Colgate Palmolive —
5000ppm de Fluor).
- Grupo 3 (Arginina): Colgate Pro-Alivio® (Colgate Palmolive — 8% de

arginina, carbonato de célcio).

O tratamento dos espécimes foi conduzido seguindo as instrugdes do
fabricante. A éarea de dentina exposta foi cuidadosamente escovada com 3 g de
dentifricio por 1 minuto. O dentifricio Duraphat®5000 contém 5 mg de fldor em 1
g de dentifricio. Para o grupo controle, a &rea de dentina exposta foi escovada com
agua destilada por 1 minuto.

Apds o tratamento, os espécimes foram cuidadosamente lavados com

agua destilada (15 mL).
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Intervalo de desafio acido

Imediatamente apds o tratamento, os espécimes foram mantidos em
um suco de laranja comercialmente disponivel (Laranja caseira, Minute Maid
Mais, Coca Cola®, SP, Brasil) (pH 3.80+0.04). O suco de laranja (15 mL) foi
gentilmente agitado durante 5 minutos com auxilio de um agitador (Fisher
Scientific®). Os espécimes foram removidos da bebida &4cida e cuidadosamente
lavados com 15 mL de agua destilada com a finalidade de remover o excesso de
acido presente na superficie de dentina exposta.

O pH do suco de laranja foi medido a temperatura ambiente antes da
realizacdo do desafio acido.

Avaliacéo da Permeabilidade Dentinaria

Foi realizada de acordo com o estudo | *. No entanto, os estagios de
avaliacdo seguiram o modelo citado abaixo (avaliacdo da permeabilidade foi
realizada ap0s cada estagio):

Estagio 1: Baseline. Permeabilidade dentinaria foi medida antes do
condicionamento &cido com a finalidade de observar se o &cido fosférico foi
capaz de abrir tubulos dentinarios.

Estégio 2: aplicacdo tdpica de acido fosforico a 37% sobre a superficie
dentinaria durante 30 segundos, com a finalidade de se obter permeabilidade
maxima (100%), seguido por lavagem com agua destilada (Figura 19A).

Estagio 3: Escovacdo usando escova sonica (Colgate Palmolive 360°,
Colgate Palmolive, SP, Brasil) de acordo com 0s grupos experimentais (Figura

19B).
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Estagio 4: espécimes foram imersos em 15 mL de suco de laranja
(Minute Maid Original, The Coca-Cola Company, Sao Paulo, SP, Brasil), por 5

minutos sob agitacao, e lavados com agua destilada (Figura 19C).

FIGURA 19 - A) Estagio 2: Aplicacdo de acido fosforico a 37%; B) Estagio 3:
Tratamento seguindo os grupos experimentais; C) Estagio 4: desafio acido com
suco de laranja.

A condutancia hidraulica foi expressa como uma porcentagem do
valor maximo para cada espécime. Portanto, cada espécime foi considerado como
seu proprio controle com a finalidade de analisar o efeito preventivo do dentifricio

seguido por desafio acido.
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Effect of an Acid Diet Allied to Sonic Toothbrushing
on Root Dentin Permeability: An /n Vitro Study
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This study quantified alterations in root dentin permeability after exposure to different acid beverages. Twenty-five third molars were
sectioned below the cementoenamel junction, the root segment was collected, and the pulp tissue was removed. The root segments
were connected to a hydraulic pressure apparatus to measure the permeability of root dentin after the following sequential steps, with
5 specimens in each: 1) phosphoric acid etching for 30 s (maximum permeability), 2) root planning to create new smear layer, 3)
exposure to different acid substances for 5 min (orange, cola drink, vinegar, white wine, lemon juice), 4) toothbrushing with sonic
toothbrush for 3 min, 5) toothbrushing with sonic toothbrush plus dentifrice for 3 min. Considering step I as 100%, the data were
converted into percentage and each specimen was its own control. Data were analyzed statistically by Kruskal-Wallis and Dunn’s post
test at 5% significance level. All acidic substances increased dentin permeability significantly after scraping (p<0.05). Toothbrushing
after exposure to acid substances decreased dentin permeability and the association with dentifrice accentuated the decrease (p<0.05),
except for the specimens treated with cola drink. Thus, it may be concluded that all tested acid fruit juices increased dentin permeability,

and toothbrushing with or without dentifrice can decrease root dentin permeability after dentin exposure to acid diet.

Key Words: acidic beverages, dentin, toothbrushing.

INTRODUCTION

Life expectancy has increased and patients have
retained their natural teeth for a longer time due to
effective preventive and treatment strategies for caries
and periodontal disease. Consequently, there is a higher
risk of developing cervical dentin hypersensitivity, as a
result of physiological gingival recession (1).

Dentin hypersensitivity may be defined as pain
arising from exposed cervical dentin as a result of
chemical (erosive foods and drinks), thermal (hot and
cold), mechanical (brushing) or osmotic stimuli of
opened dentin tubules. This is a common problem found
in many adult populations with a prevalence ranging
from 8 to 57% (1,2).

Unfortunately, little information is currently
available on the effects of acidic substances on dentin
permeability and dentin hypersensitivity. It has

been demonstrated that acidic substances are able to
remove the smear layer and open the dentin tubules.
It is likely that acidic drinks are responsible for
dentin hypersensitivity and for alterations in dentin
permeability. A close relationship among open dentin
tubules, dentin permeability and dentin hypersensitivity
has been clearly demonstrated. The higher permeability
the greater the clinical hypersensitivity (3.4).

As a second problem, other procedures such as
toothbrushing and dentifrice application may modify
dentin morphology and smear layer. However, acidic
drinks applied immediately before brushing procedures
may increase the risk of smear layer removal and
alterations of dentin structure. Brushing with abrasive
dentifrice for either sensitive or non-sensitive teeth
causes occlusion of many or most dentin tubules, but
with remarkable abrasion of dentin (5). Kuroiwa et al.
(6) evaluated the brushing effects on the dentin exposed

Correspondence: Prof. Dr José¢ Eduardo Cezar Sampaio, Departamento Diagnostico Bucal e Cirurgia, UNESP, Faculdade de Odontologia de
Araraquara, Rua Humaita, 1680, 14801-903 Araraquara, SP, Brasil. Fone/Fax: +55-16-3301-6369/3301-6374. e-mail: jsampaio@foar.unesp.br
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to the oral cavity for 8 weeks, and revealed that brushing
with an abrasive dentifrice for gingivitis did not occlude
the dentin tubules, but caused erosion of the superficial
layers of the exposed dentin. Under brushing without
dentifrice, on the other hand, they found only little dentin
abrasion and all dentin tubules were entirely occluded
with the organic-mineral membrane or pellicle.

The aim of this in vitro study was to quantify
alterations in root dentin permeability after exposure
to different acid beverages, and brushing effect (sonic
brush) with and without dentifrice after acid application.

MATERIAL AND METHODS
Specimens

This study was approved by the Research Ethics
Committee of Araraquara Dental School, Sao Paulo State
University, Brazil (Protocol number 52/04).

Twenty-five human third molars extracted for
surgical reasons from young patients (mean age = 22
years) were used. The crowns were sectioned and only
the root segment was used (n=5 for each group). The
pulp tissue was removed with a Hedstrom file. The root
segment was glued with cyanoacrylate adhesive to an
acrylic resin apparatus, which permits the perfusion
of the connected pressure fluid-filled system (Fig. 1).

Dentin Permeability Evaluation

For dentin permeability evaluation, the root
segment was connected to a fluid-filled system working
at a pressure of 10 psi. A microcapillary tube with
25 pL diameter was positioned between the pressure
reservoir and the root segment (Fig. 1). The length of
the microcapillary tube was 65 mm. The length and

| Prekmse ol & N, ofteder
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Figure 1. Schematic drawing showing how specimens were created
and how fluid permeability was measured.
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diameter of the microcapillary tube permitted calculation
of the hydraulic conductance (7,8).

After preparation, the specimens were randomly
assigned to 5 groups (n=5) according to the acidic
beverage in which they were immersed. The pH of the
beverages was measured at room temperature before
each test: orange juice: 3.35, cola-drink: 2.45, vinegar:
2.47, white wine: 3.35 and lemon juice: 2.10.

Each specimen was connected to the hydraulic
pressure apparatus to measure the dentin permeability
of root dentin after the following sequential stages:
Stage 1: Topical application of 37% phosphoric acid
on dentin surface for 30 s to obtain the maximum
permeability (100%) followed by rinsing with distilled
water; Stage 2: Root planing with Gracey 5-6 curette (50
strokes - Millenium; Golgran Ind. Com. de Instrumentos
Odontolégicos Ltda, Sao Paulo, SP, Brazil) to create
new smear layer, rinsed with distilled water; Stage 3:
specimens were immersed in 5 mL of acid beverage for
5 min (Orange juice, cola drink, vinegar, white wine
and lemon juice), rinsed with distilled water; Stage
4: Toothbrushing with sonic toothbrush and distilled
water for 3 min, rinsing with distilled water; Stage
5: Toothbrushing with sonic toothbrush and 0.5 g of
dentifrice (Colgate Sensitive; Colgate-Palmolive Ind. e
Com. Ltda., Sao Paulo, SP, Brazil) for 3 min, and rinsing
with distilled water.

The hydraulic conductance was expressed as a
percentage of the maximum value for each specimen.
Therefore, each specimen was taken as its own control.

Statistical Analysis

The linear displacement of the air blister in the
microcapillary tube was measured, according to the
time unit, in each stage. The most prevalent value was
used to calculate the fluid flow through dentin. The flow
obtained after stage I was considered the maximum
permeability (100%), and the other values were
expressed in percentages referring to that maximum.

Statistical analysis of data was performed across
these values, using the GraphPad Prism 5.0 statistical
software package (GraphPad Software Inc., LaJolla, CA,
USA). Means and standard deviations of permeability
values were calculated and compared. Kruskal-Wallis
test and Dunn’s post test were applied to evaluate the
differences in permeability after each stage into the
same group and to evaluate the different stages among
different groups. Significance level was set at 5%,
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RESULTS

Dentin treated with 37% phosphoric acid served
as the control group, whose permeability corresponded
to 100%, as reported elsewhere (7). Distribution of dentin
permeability data are shown on Table 1.

Table 2 shows the comparison of the experimental
stages within the same material and among the materials.

DISCUSSION

The identification of etiologic factors that render
dentin exposed and tubules open is an important factor for
preventing and treating dentin hypersensitivity. Acidic

Table 1. Mean values (%) and standard deviations of dentin
permeability for all groups and stages.

Group Stage
2 49.00 (14.57)

148.33 (29.17)
115.00 (27.14)
87.16 (28.47)

Mean (SD)

Orange Juice

v A W

50.66 (25.88)
139.83 (39.04)
91.16 (25.19)
62.83 (28.55)

Cola drink

[V I LV I S )

28.83 (9.47)
147.16 (49.42)
95.16 (42.13)
74.16 (21.25

Vinegar

(Y N NV )

62.00 (10.13)
132.00 (34.62)
103.83 (48.89)

79.33 (45.00)

White wine

[ R N )

52.33 (13.55)

187.83 (85.94)
Lemon

VS B S}

147.83 (79.57)
5 118.00 (58.74)

beverages contain citric acid, phosphoric acid, malic
acid and others that are commonly used in operative
dentistry to etch both enamel and dentin, and so frequent
ingestion of these beverages can lead to loss of dental
structure or smear layer removal, followed by dentin
hypersensitivity (4,9). Pashley (8) observed that the
teeth are not usually hypersensitive immediately after
root scaling because the dentin tubules remain occluded
by the smear layer created by instrumentation. However,
toothbrushing and acid substances could promote loss
of the smear layer, which allows fluid movement in the
dentin tubules in response to stimuli.

In the present study, the smear layer was created
by hand instrumentation with curettes for subsequent
removal by the acidic substances. The presence of
smear layer represents 86% of total resistance in dentin
permeability and pulp tissue removal does not promote
statistically significant difference in permeability (10).
Thus, in the present study pulp tissue removal did not
interfere with the results.

Hydraulic conductance offers proper analysis of
dentin permeability qualitatively and quantitatively (11).
Dentin tubule occlusion can occur along its extension,
and this method reveals the presence of particles inside
the tubules.

The studies on dentin permeability are important
because the mechanism of fluid flow is related to the pain.
The evaluation of dentin permeability is performed by
calculating the hydraulic conductance by method of fluid
filtration (12). This method is the measurement of a fluid
volume forced through a dentin barrier on a determined
hydrostatic pressure for unit of area, time and/or pressure.
The movement of an air bubble introduced by a syringe
into the system indicates the amount of fluid that passes
through the exposed dentin (12), allowing the measure
to be repeated in the same specimen.

A constant hydrostatic pressure of 10 psi was used.
The fluid used was distilled water, which presents a good
capacity to permeate dentin. This fluid has previously
been used by our research group (13).

The hydraulic conductance varied according to
the degree of dentin tubule occlusion, the area of surface
and the dentin thickness, and this parameter varied
with the experimental conditions. The tooth is unique
regarding the morphology of dentin tubules, and thus the
use of the same teeth as control is necessary (4,11,13).
In this study and in previous ones, after acid etching of
the teeth, the gauging of the dentin permeability was
performed and this value was considered 100%. Thus,

Braz Dent J 21(x) 2010
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the changes in permeability in this experiment were
considered a percentage of Stage 1, using the Lp value
as 100% flow permits evaluation of modifications in
dentin permeability following the test treatments. Each
specimen was its own control (4,6,11,12).

This study showed that exposure to acidic
beverages removed the smear layer surface and increased
dentin permeability. This data demonstrated that the

application of several acid beverages for a relatively
short exposure of time is sufficient to remove the smear
layer and to induce several alterations to the dentin
surface. The specimens were kept immersed in acidic
beverages for 5 min because this is the time necessary
for the saliva to neutralize and/or remove the acid of
the tooth surfaces (14). All the acidic beverages tested
in this study increased the permeability after a single

Table 2. Comparison of the experimental stages within the same group and among the different groups.

Orange Juice Cola drink

Vinegar White wine Lemon

S1 S2 S3 S4 S5 S1

S2 S3 S4 S5 SI S2 S3 S4 S5 SI S2 S3 S4 S5 S1 S2 S3 S4 S5

S1

S2 c a b
Orange

. S3 c a b a
Juice

S4 a
S5 a a

S1

S2 b b
Cola

drink S3 b a b a

S4
S5 a a

S1

S2 c b a c
Vinegar  S3 a a

S4

S5

S1

S2 b a

S3 b b a
S4

S5 a

White
wine

S1
S2 b a
Lemon S3 c b b
S4 a
S5

a b c a
c b a b
b
a
a b b
c a a
a b
b
c a c c b a
c
a
b b
c b a b
a a
b c a
c b a ¢
b a

Statistical analysis by Kruskal-Wallis and Dunn’s post-test - (a) = p<0.05, (b) = p<0.01 and (c) = p<0.001.
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S-min application and may perfectly simulate the typical
oral assumption that occurs several times a day. These
results were also found in other studies (6,13).
The acid beverages that caused the highest increase
in dentin permeability were lemon juice (187.83%),
orange juice (148.33%), vinegar (147.16%), cola drink
(139.83%) and white wine (184%). The pH of lemon
juice (2.1) was the smallest, followed by coca-cola (2.45),
vinegar (2.47), orange juice (3.35) and white wine (3.35).
The pH is an important factor that may influence
in dentin erosion. The pH is easily obtained, and it is
the most used index to indicate the acidic of a product.
However, there are various other features of beverages
that cause an increase in teeth abrasion, such as buffering
capacity and the kind of acid present in the beverages
(15,16). Although pH is the most used method, it is
not the most accurate in the determination of erosion
potential because it only indicates the initial acidity. The
titratable or total acidity is a better method to indicate
this potential, because it shows a total concentration of
hydrogen ions (15). The acidic beverages used in this
study were employed in normal concentration, in other
words, they were not diluted. The dilution can decrease
the titratable or total acidity, resulting that the more the
solutions are diluted, the least are their erosive potential.
The next stage was toothbrushing of the
specimens previously exposed to the acidic beverages.
After toothbrushing, cola drink (139.83% to 91.16%)
and white wine (132% to 103.83%) caused a significant
decrease in dentin permeability. Orange juice (148.33%
to 115%), vinegar (147.16% to 95.16%) and lemon
juice (187.83% to 147.83%) did not diminish dentin
permeability significantly. Zandim et al. (13), after
application of different orange juices, observed that
navel orange, valencia orange and Mandarin orange were
more effective in removal of smear layer and exposure
of dentin tubules in comparison with lime orange and
lime, and the authors showed that toothbrushing without
dentifrice tends to increase smear layer removal after
orange juice application. This difference probably
happened due to the acid features of each beverage.
Although the orange juice showed larger pH, it is the
beverage that presents greater erosive capacity as shown
inastudy by Prati etal. (6). Thus, the Canadian Advisory
Board on Dentin Hypersensitivity advises the patients
with risk of erosion or abrasion to brush their teeth
before meals and avoid ingestion of acidic beverages.
The type of acid can also influence in the erosion
potential. The citric acid present in orange juice and

lemon juice is one of the most erosive acids due to their
chelating capacity, which is responsible for calcium
seize from saliva and teeth. Lemon juice presents the
greatest citric acid concentration (5-7%) among the
tested beverages (16).

The acid that is found in wine is a mix of the fruit
acids themselves (maleic, tartaric, citric, oxalic acid) and
acids originated from fermentation, such as succinic,
latic, acetic and piruvic acid. The different proportions
among these acids can explain the variation of pH among
different wines. The most acid wine is white wine (16).

Vinegar is composed by acetic acid (about 5%
in concentration) (16). Zandim et al. (17) evaluated the
action of vinegars on exposure of dentin tubules, and
used two methods for application. Topical application
to simulate the contact of exposed cervical dentin with
acid foods and drinks, and the active application by
friction to verify if toothbrushing tends to accentuate
the erosive action of dietary acids. The authors observed
that vinegars were able to remove smear layer and open
dentin tubules; alcohol, apple and rice vinegars caused
the greatest effects.

The phosphoric acid is found mainly in soft
drinks (“colas™). These soft drinks also have in their
composition carbonic acid and show phosphate in excess,
which damages the metabolism of calcium, favoring
osteoporosis (16). The cola drink presented lower acid
concentration than the other studied beverages, which
can be responsible for the lower erosive potential
observed in the present study. The cola drink was
the acidic beverage that produced the smallest dentin
permeability after exposure of specimens for 5 min (16).

Instage 5, all specimens were sonic brushed with
dentifrice for 3 min. A large number of studies showed
that toothbrushing with dentifrice was able to occlude
dentin tubules or decrease dentin permeability, due to the
presence of desensitizing agents or abrasives particles
in the tubules (5,18,19). Other in vitro studies that used
toothbrushing with dentifrice showed dentin abrasion or
erosion to a variable degree and tubule opening. In the
present study, toothbrushing with dentifrices decreased
dentin permeability, though without significant
differences. An explanation for this finding may be the
application of acidic beverages before toothbrushing,
without intervals between the exposure to the acid diet
and the toothbrushing. According to West et al. (18),
the same specimens were etched before toothbrushing
with different dentifrices. The results showed that the
dentifrices were able of obliterate dentin tubules.
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In another study (20), specimens exposed to
orange juice (5 min) after toothbrushing with dentifrice
had almost all or all deposits removed, differing from
the control group, which had totally obliterated tubules.
Thus, it was concluded that citric acid presented greater
erosive potential because orange juice very rapidly
removed the surface deposits of dentifrices (20).

Caution must be exercised in extrapolating the
present in vitro results to the in vivo condition, although
optimal conditions were established to conduct this study
and minimize biases. Our findings showed that an acid
diet can remove smear layer and open dentin tubules,
thus increasing dentin permeability. Subsequent brushing
with sonic toothbrush and distilled water or dentifrice
promoted a small decrease of dentin permeability.

Considering the methodology employed in the
study, and based on its limitations, it may be concluded
that acidic beverages are able of causing dentin tubule
exposure by smear layer removal. Toothbrushing with
dentifrice or not can decrease dentin permeability.
However, this decrease is small when toothbrushing is
performed soon after exposure to an acid diet.

RESUMO

Este estudo quantificou a alteragdo na permeabilidade da dentina
radicular submetida a diferentes dietas acidas. Vinte e cinco
terceiros molares foram seccionados abaixo da jungdo cemento-
esmalte, a raiz seccionada foi selecionada, e a polpa removida.
A seguir, as amostras foram conectadas a um aparato de pressao
hidraulica para medir a permeabilidade da dentina radicular
de acordo com os seguintes passos: I) tratamento com éacido
fosforico por 30 s (permeabilidade méaxima), IT) aplainamento
radicular para criar nova smear layer, III) exposi¢do a diferentes
substancias acidas por 5 min (suco de laranja, coca-cola, vinagre,
vinho branco e suco de limao), IV) escovagdo com escova sonica
por 3 min, V) escovagdo com escova sonica mais dentifricio, por
3 min. Os dados foram convertidos em porcentagem em relagao
a0 passo I (100%) e cada amostra foi seu proprio controle. Os
resultados mostraram que todas as substancias acidas aumentaram
significantemente a permeabilidade dentinaria apds raspagem.
Escovagdo apds a exposi¢do a substincias acidas diminuiu a
permeabilidade e a associagdo com dentifricio aumentou a redugdo
na permeabilidade dentinaria; essa redugdo adicional nao foi
observada somente nas amostras tratadas com coca-cola. Com
isso, pode-se concluir que todas as substancias acidas testadas
aumentaram a permeabilidade dentindria, e a escovagdo com
ou sem dentifricio pode diminuir a permeabilidade dentinaria
radicular ap6s a exposi¢ao da dentina a dieta acida.
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Abstract

The aim of the present study was to test two techniques for dentine erosion assessment
and the impact of different toothpastes on the prevention of early erosion. Dentine de- and
remineralization were evaluated through Surface Microhardness (SMH) and compared to
Quantitative Light-induced Fluorescence (QLF) and Optical Coherence Tomography
(OCT). Human dentine specimens were treated with toothpaste or mineral water (control
group) followed by an erosive challenge and storage overnight in artificial saliva. These
procedures were performed over 5 days. For the control group, toothpaste treatment was
excluded. The following two dentifrices were tested: Duraphat® 5000 (5000 ppm
Fluoride) and Colgate ProRelief® (8% arginine plus calcium carbonate and 1450 ppm
Fluoride). All groups have shown a progressive decrease of SMH and increasing of
scattering for OCT, indicating mineral loss and the tested toothpastes demonstrated
significantly less softening than control group. No statistical significant among groups
were found for QLF. SMH was able to detect statistical differences between the
toothpaste treatment and a higher preventive effect was found with the 5000 ppm
treatment. Thus, SMH and OCT techniques were able to detect a protective effect when

toothpaste slurries were used prior the acid challenge in vitro.
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Introduction

Epidemiological studies suggest that the prevalence and incidence of pathological
tooth wear (TW) is increasing [Dugmore and Rock 2003; Sanhouri et al., 2010]. The
aetiology of the spectrum of TW presentations is complex but early detection, therapeutic
interventions to prevent further tooth wear, and education to minimize causative factors
are key to preventing the condition becoming a significant problem later in life [Lussi et
al., 2008; Hornby et al., 2009].

Clinical assessment and monitoring of dental erosion in vivo is challenging
[Huysmans et al., 2011]. A number of clinical indices have been proposed [Bartlett,
Ganss and Lussi 2008; Margaritis et al., 2011] but these are unlikely to be sensitive
enough to quantify erosion with sufficient sensitivity to allow comparison of different
treatments [Margaritis et al., 2011]. It is possible that some of the techniques
predominantly employed for the assessment of dental caries such as Quantitative light-
induced fluorescence (QLF) and Optical coherence tomography (OCT) may also have
utility for the assessment for erosion both in vivo and in vitro. Quantitative light-induced
fluorescence (QLF) is a visible light system that allows detection of early caries and the
longitudinal monitoring of changes over time [Stookey 2004, Pretty 2006]. Previous
studies have reported a direct relationship between the mineral content of the enamel with
its optical properties, particularly fluorescence loss measured by QLF [Stookey 2004,
Pretty et al., 2003].

Optical coherence tomography is a high-resolution non-destructive optical
technique [Brezinski 2006]. It produces cross-sectional images of internal biological
structures, employing near-IR low-coherence light, to obtain images at a depth of 1-2 mm
in scattering tissues such as human dentine [Lee et al., 2009].

Therapeutic approaches for the control of enamel and dentine erosion are also
clearly important. Studies have evaluated the use of fluoride to protect dental tissues from
an acid challenge. Formation of fluorappatite will reduce enamel and dentine solubility
[Saxegaard and Rdélla 1988] and it has been suggested that the use of toothpaste with high
fluoride concentration may reduce tooth erosion [Diamanti et al., 2010]. However,
conflicting results were obtained from different experimental conditions and study
designs [Hornby et al., 2009; Magalhées et al., 2008; Wang et al., 2011]. The addition of
calcium carbonate to sodium monofluorophosphate toothpaste has been shown to reduce

demineralization and enhance remineralisation [Cury et al., 2005].
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A new toothpaste formulation based upon 8% arginine, calcium carbonate, and
1450ppm fluoride as sodium monofluorophophate has been developed and validated as a
highly effective treatment for dentine hypersensitivity [Cummins 2009; Petrou et al.,
2009]. The mode of action relies on the precipitation of calcium and phosphate containing
material on the tooth surface and it is possible that this layer may also afford some
protection against acid erosion.

The aims of the present in vitro study were to compare novel detection methods
(OCT and QLF), as well as to evaluate a high fluoride toothpaste (DuraphatTMSOOO ppm
Fluoride Toothpaste) and a 8% arginine, calcium carbonate, sodium
monofluorophosphate toothpaste (Colgate Sensitive Pro—ReIiefTM) as a possible preventive

treatment for dentine erosion.

Material and Methods
Preparation of Dentine Specimens

Twenty-four extracted, caries free human third molars previously stored in
normal saline were used in the study. A high-speed cylindrical diamond bur (KG
Sorensen, Barueri, SP, Brazil) was used under copious irrigation to make two parallel
grooves 0.5mm deep on the root surfaces of each tooth (buccal and lingual): one at the
cementoenamel junction and the other 4 mm apical to the first. The area between the two
grooves was flattened with the same bur [Leite et al., 2010] leading to remove of
cementum and dentine exposure. The roots were then cut in the first groove in order to
remove the crown. Two dentine blocks, approximately 3x5 mm, were obtained from each
tooth, one from the buccal and one from the lingual surface, obtaining a total of 48
specimens.

One half of the exposed surface was protected with a non-residue masking tape
while the other half was coated with a thin layer of acid resistant varnish, transparent nail
polish (Revlon, Manchester, UK), that served to protect the sound root as the control area
before exposure to the demineralization solution. After the application of the varnish was
completed, the masking tape was removed to leave that half to be exposed to the acid-
challenge intervals.

During the evaluations, specimens were kept in 1ml of distilled water. The
specimens were air dried for 10 seconds with compressed air fixed at 10 cm from the
teeth before QLF and OCT assessment.
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Baseline: Specimens were stored in artificial saliva for 1 day before evaluating in
QLF and OCT techniques and surface microhardness measurements recorded (Figure 1).
Treatment

Each dentine specimen was immersed in toothpaste (3 g toothpaste/ 10 ml
distilled water, in a total of 153 g toothpaste/ 510 ml distilled water) for 3 min at
temperature and pH controlled under constant stirring on a magnetic stirrer (IKATM C-
MAG MS10, IKA" Werke GmbH & Co.KG/ Germany). The following groups were
tested:
- Group 1 - Control: Negative Control (VoIvicTM, Mineral water, pH 7.8)
- Group 2 — 5000F: DuraphatTMSOOO toothpaste (Colgate Palmolive — 5000ppm Fluoride,
pH 8.3).
- Group 3 - Arginine: Colgate Pro-Relief” (Colgate Palmolive — 8% arginine, calcium

carbonate, pH 8.8).

After treatment, the specimens were carefully rinsed with distilled water (15 ml).
The OCT, QLF and SMH evaluations performed again.
Erosion-cycle (Acid-challenge intervals)

Specimens were suspended with plastic rods in a commercially available orange
juice (Sainsbury’s® Orange Juice, Manchester, UK) (pH 3.72+0.03). Two 1-litre beakers
were used with eight specimens suspended in 600 ml of orange juice in each beaker, and
the orange juice was gently stirred with a magnetic stirrer (IKATM C-MAG MS10, IKA™
Werke GmbH & Co.KG/ Germany) for 15 minutes. The specimens were removed from
the orange juice and carefully rinsed with 15 ml of distilled water to remove acid excess
from the surface.

For the negative control group, specimens were kept in 600 ml of a non-
carbonated mineral water (VoIvicTM, Danone Ltd, Manchester, UK), since it cannot
provoke neither de- or remineralizing effects [Shellis 1988], under 3 min of constant
stirring.

The measurements were performed during 5 days (day 1- baseline; after
treatment and after erosion; day 2-5- after treatment and after erosion). The orange juice
was changed after every 15 minutes of erosion.

Storage overnight
The specimens were incubated overnight (10 hours) in 5 ml artificial saliva

among each cycle, with temperature and pH controlled. The composition of the artificial
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saliva prepared was: 1.5 mmol/l Ca(NO3),4H,0; 0.9 mmol/l Na,HPO4 2H,0; 150 mmol/Il
KCI; 0.02 mol/l H,NC(CH,OH); (TRIS); 0.05 ug/ml NaF, pH 7.0 [Vieira et al., 2005].
Surface Microhardness

Surface Microhardness measurements were performed with a Knoop diamond
under a force of 10 g applied for 5 seconds (Microhardness Tester FM-700; Future-Tech
Corporation, Japan) [Hara et al., 2003]. The teeth were place flat on the translation stage
and fixed at a reproducible position with the precision view of the micro-indentor. A
surface area of approximately 1 x 1 mm? that is perpendicular to the direction of the load
of the indenter was identified at the uncoated half of the dentine window for indentation.
Three indentations were made on each specimen during each measurement time point at
the identified area. The Knoop numbers (K) were calculated and averaged [de-Melo et al.,
2010]. The outcome of surface microhardness change (SMC) was calculated based upon
the differences between the surface microhardness of at baseline and the subsequent time
intervals (normalized data). The SMC was calculated as:

SMC = (Kp— Kg)

Kb
with Kpas the mean Knoop microhardness number at baseline and Kqas the mean Knoop

number after demineralization.

Specimens were stored in distilled water among the assessments to keep them
constantly hydrated, as drying of the dentine would cause changes in hardness and
contraction [Chu and Lo 2008].

Optical Coherence Tomography (OCT)
A commercially available OCT system (OCS1300SS, Thorlabs Ltd, UK) was

used to capture cross sectional images of the eroded dentine area. The OCS1300SS uses

the Fourier Domain technology and incorporates a broadband, frequency swept laser and
the output centered at 1325um. It has an axial resolution of 9 um and transverse
resolution of 15 um in air. The hand probe was mounted on a ‘stand’ with the beam
facing downwards. The specimens were placed on a translational stage perpendicular to
the hand probe. The stage was fixed with a repositioning jig that enables the sample to be
repositioned to the same position and alignment during the different measuring time
point.

The OCT light beam was configured to scan a length of 5mm at x-axis direction
and an axial depth of 3mm. The y-axis position of the light beam on the tooth surface was

located at a cross section with the least observed specular reflection. The X and Y
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coordinate of the light beam for each specimen was recorded for replication at all the
measuring time points. The distance of the specimen surface to the probe was determined
using the most convex area at 3.0 £ 0.1 mm from the top margin in the displayed window
of the image capture software. The dynamic range of the OCT light was maintained to be
around 20 — 30 decibels (dB). The background noise was removed before the acquisition
of each image.

A customized MATLAB-generated program (MathWorks, California, US) was
used to analyse the changes of the intensity for OCT backscattered light in time (Figure
2). The B-scans of each sample from the different measuring time points were aligned
and a similar region of interest was selected for all measuring time points (16 A-scans in
each specimen). After normalization of the data, a mean depth-resolved intensity curve
was then generated. The attenuation or extinction (A;) of the intensity of the backscattered
light at the demineralized area is represented by the function below

A= lsubsurface

I surface

lsunsurface IS the intensity of backscattered light at a subsurface level which is not affected
by demineralization (50 pixels below of dentine surface). lgyce IS intensity of
backscattered light at a superficial level where demineralisation occurred (10 pixels
below of dentine surface).

Quantitative Light-induced Fluorescence (QLF)

A bespoke QLF set up was employed. The set-up consisted of blue light-emitting
diodes in a ring illuminator casing and a 3-charged coupled device (CCD) colour camera
installed with a long-pass yellow filter. A 50 mm focal length-imaging lens with a 20 mm
extension tube was used to capture a field of view of approximately 330 mm by 450 mm.
The images were taken in a dark enclosure and the capturing of the images was done via
bespoke software.

Optimum lighting properties such as the gain factor and brightness were
determined after obtaining histograms of the pixel value of the green channel for all
samples before subjected to erosion to ensure that saturation of signal did not occur
towards the end of the study.

After the data normalization by baseline, the loss of intensity of green
fluorescence, AF, at the non-coated area as compared to the coated area (Figure 3) was
calculated as follows:

AF = F(NC) - F(C)
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With F(NC) as the intensity of green fluorescence at the non-coated area and F(C) the
intensity of green fluorescence at the coated area.
Statistics

The primary outcome variables were the change in Knoop Hardness Number
(SMH, gold standard), Quantitative Light Fluorescence (QLF) and Optical Coherence
Tomography (OCT) during the demineralization/remineralization cycles. Histograms
showed a normal distribution of the data. Comparison among the time periods for each
technique was undertaken using ANOVA with Repeated Measures Test, as these values
are dependent. The groups were compared in each time period using One-Way ANOVA.
These tests were performed using SPSS version 19.1 (SPSS Inc., IBM Company, United
States).

Results
Microhardness

Mean and standard deviation values of surface microhardness SMH in sound and
following pre-softeningas well as during the cycles are given provided in Table 1. It
shows that, at the end of the cycles (5 days of treatment and erosive challenge - once per
day) all groups presented lower values compared to their corresponding pre-softened
readings.

As expected, Group 1 - Control presented a higher decrease of SMH values,
revealing more dentine mineral loss than Groups 2 — 5000F and 3 - Arginine due to their
exposure to citric acid at different time intervals. A statistically significant difference
from Baseline was observed for all time intervals in Group 1 and Group 3. For Group 2,
this difference was observed at 45 min acid challenges interval and onwards (Repeated
measures ANOVA, p<0.05) (Figure 2).

The statistical analysis revealed significant differences (One-way ANOVA, p<
0.05) between groups for each time point. Group 2 — 5000F was able to prevent dentine
erosion better than Group 3 - Arginine, however after 45 min in erosion both groups did

not show statistical differences (Figure 4).

Quantitative Light-induced Fluorescence (QLF)

Table 1 gives an overview of mean and standard deviation of QLF metrics
measured at each cycle. No statistically significant differences were found when a

comparison among time intervals was evaluated (Repeated Measures ANOVA, p<0.05).
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Comparison among groups for each time intervals revealed greater erosive effect
for Group 1- Control than Group 2- 5000F and 3- Arginine after 15 min stirring in orange
juice. No statistical significant differences were found among groups for the remaining
time intervals (Figure 5).

Optical Coherence Tomography (OCT)

Table 1 shows mean values and standard deviations of optical coherence
tomography measurements at each cycle of evaluation. It shows that, at the end of the
cycles, Groups 1- Control and 3- Arginine presented lower values compared to their
corresponding pre-softened readings. No statistically significant differences were found
between baseline and after erosion on the last cycle (cycle 5) for Group 2- 5000F and 3-
Arginine (ANOVA with repeated measures, p>0.05).

Comparison among the time intervals showed significant more scattering after 75
min of orange juice exposure for Group 1. Group 1 also presented statistically significant
differences comparing baseline with 15 min, 30 min, 60 min and 75 min of acid-
challenge. However, no differences have been shown among the acid-challenge intervals
(evaluations after orange juice exposure) (Figure 6).

Demineralization was most severe in the Group 1 — Control. No significant
differences were found between the toothpaste groups.

Comparison among techniques

The relation among techniques was analysed comparing the statistical differences
among groups and among time intervals for each group. SMH and OCT data showed
similar trend over time. However, after the first erosive challenge, OCT was not able to
detect significant differences of scattering in each time interval. QLF and SMH data
were not able to demonstrate the same similarity than OCT and SMH. SMH was
considered the gold standard, since this methodology has been shown a successful
technique to analyse dental erosion in previous researches [Lussi et al., 2008; Lussi et al.,
2011; Bertassoni et al., 2011].

Discussion

The purpose of this study was to determine whether quantitative light-induced
fluorescence (QLF) and optical coherence tomography (OCT) could be used to non-
destructively assess dentine erosion on root surfaces, trying to find a method that could be
applied in vivo. A further aim was to demonstrate whether the methodologies are able to
detect if the lesions are less susceptible to erosive challenge after treated with two

different toothpastes.
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In order to evaluate the utility of QLF and OCT to measure dentine erosion, SMH
was used as a gold standard technique. SMH is a simple way to obtain accurate
information about early erosion in vitro [Diamanti et al., 2010; Schlueter et al., 2011] and
the measurements can be performed with either a Knoop or a Vickers diamond indenter.
In the present study, a Knoop diamond indenter has been chosen, which is more sensitive
to changes in the most superficial layer of an eroded lesion [Schlueter et al., 2011].

Although flattened polished surfaces are necessary for the accurate assessment
using the microhardness technique [Schlueter et al., 2011], such surfaces have been
shown to be more susceptive to acids challenge than natural, non polished, surfaces
[Ganss et al., 2000]. Therefore, non-polished specimens were used in this study. Due to
the small measurement area, the natural curvature of the tooth may not pose a particular
problem for hardness measurements in this study design [Attin, 2006].

SMH and OCT data have demonstrated similar trend over time. Prior studies
have shown that OCT presents a potential for quantitative estimation of dentine lesion
depth and mineral loss [Natsume et al. 2011]. The present study demonstrated good
agreement between techniques for the first measurements; however changes during time
intervals for days 2, 3, 4 and 5 were not as evident for OCT.

Despite SMH has been used extensively to test dental erosion, some limitations
can also be demonstrated for this methodology. The indentations can be reduced in length
by 30% 24 hours after indentation [Herkstroter et al., 1989], due to retraction of exposed
matrix after compression and shrinkage due to desiccation, which may suggest that
hardness is not the best method to test dentine erosion [Schlueter et al., 2011]. Trying to
avoid this limitation, surface SMH was performed 3 hours after orange juice exposure
and wet surfaces were used. Considering the experimental design proposed for this study,
the time interval to perform the evaluation could not be more than 3 hours, since it was
necessary to measure the dentine specimens 2 times per day. Larger indentations may
explain the higher statistical significant differences found to SMHcompared to OCT in
most of time intervals.

Quantitative light-induced fluorescence was not able to show a relationship with
SMH. Although QLF has been used as a successful technique to detect initial caries in
enamel [Durmusoglu et al., 2011; Lippert et al., 2011], the same was not observed for
dentine lesions. The measurement of enamel erosion has been demonstrated in enamel —
but again not in dentine [Pretty et al., 2004]. Differences in optical properties between

enamel and dentine may explain the results obtained when dentine erosion is measured by
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QLF. Dentine has a more complex structure, consisting of collagen-based organic matrix,
minerals and tubules; hydroxyapatite crystals of dentine are smaller than those of enamel
[Zolotarev and Grisimov 2001]. Furthermore, QLF can be affected to some extent by the
wet or dry surfaces, by stains and fissure morphology [Ferreira Zandoné et al., 1998].

QLF traditionally monitors fluorescence loss following enamel demineralisation.
While a number of mechanisms have been proposed for this each of them would suggest
that, when considering the assessment of dentine, an increase in fluorescence would be
noted. Given the high chance of image saturation the small differences seen in
fluorescence gain in dentine samples may not be detected by the current QLF systems.

The QLF results showed higher fluorescence (as predicted) after 75 min stirring
in orange juice. These results also seemed to be affected by the reference area, which
presented a loss of fluorescence over time. The presence of stains due to repeated
exposure to orange juice in association with varnish might be an explanation for the
decreasing of fluorescence in the reference area.

Another explanation for the increasing of fluorescence may be related with the
high collagen exposure after repeated exposure to acid challenges. Considering the
mechanisms of QLF and the optical properties of dentine the QLF technique may not be a
suitable means of measuring dentine erosion [Banerjee and Boyde 1998].

Due to the reported increase in the prevalence of dental erosion [Dugmore and
Rock 2003; Sanhouri et al., 2010], approaches to control dentine erosion will become
increasingly important. The study has tested two dentifrices as potential inhibitors of
dentine erosion, Duraphat® 5000 (5000 ppm Fluoride) and ProRelief® (1450 ppm
Fluoride) (Colgate Palmolive Ltd).

Rios et al. [2008] have tested two concentrations of fluoride toothpaste (1,100
ppm and 5,000 ppm) in enamel erosion and no statistical significant differences were
found between them. However, Diamanti et al. [2010] found higher preventive effect of
dentine erosion for 5000ppm and 2800 ppm F than 1450 ppm F toothpaste.

The dissimilarities in experimental parameters, such as different de-
remineralization ratios and mineral content, distribution of initial artificial lesions
(enamel or dentine), different periods of acids challenges and treatments may explain the
different results reported to date in the literature.

In agreement with previous studies [Magalhdes et al., 2008; Diamanti et al.,
2010], this current study has demonstrated that fluoride application is effective in

increasing dentine’s resistance to erosive challenge. Surface adsorption and hetero-ionic
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exchange with surface hydroxyl ions are important mechanisms to fluoride uptake by
apatite crystals [Diamanti et al., 2010]. In the present study, high and low fluoride
concentrations were applied to partially demineralized dentine over a large surface, which
provides a wide reactive area prior to each period of remineralization. It is known that
fluoride can cause a marked inhibition of hard tissue dissolution by acid, if it is in
sufficient concentration [Diamanti et al., 2010].

Besides fluoride, other dentifrice components have been considered for teeth
wear treatment. The presence of calcium and calcium sources are also an important
influence in the overall balance of dental re- and demineralization in erosive processes.
Calcium carbonate and sodium monofluorophosphate dentifrices have been shown to
reduce enamel demineralization and enhance remineralization in situ [Hara and Zero
2008].

An innovative technology by combining arginine and calcium carbonate with
sodium monofluorophosphate, Colgate ProRelief , has been developed for treating
dentine hypersensitivity [Cummins 2009]. In this study, ProRelief " was as effective than
Duraphatm toothpaste to increase the dentine’s resistance to erosive losses. A prior study
[Petrou et al., 2009] has clearly shown that the arginine associated with calcium carbonate
is highly effective in occluding dentinal tubules. The authors also demonstrated that the
occlusion achieved is resistant to acid challenges. Arginine is able to facilitate the
adherence of calcium carbonate to the surface in a basic pH. Furthermore, arginine and
calcium carbonate triggers the deposition of phosphate on dentine surface and within
dentinal tubules [Petrou et al., 2009].

For the acid resistance test period, as expected, all groups have shown a
progressive decreasing of surface microhardness and an increasing of scattering for OCT,
indicating dentine mineral loss, due to their exposure to orange juice. Nevertheless, at the
end of the experimental design, the experimental groups demonstrated significantly less
softening than the control. During the treatment phases, the control group has also shown
some remineralization, which probably explained by the exposure to artificial saliva
overnight. However, the protection provided by a very thin pellicle is small [Amaechi et
al., 1999] and does not withstand a subsequent acid challenge.

Although OCT has shown relation with surface microhardness to detect dentine
de- and remineralization, the methodologies have still limitations. Therefore, a

combination of techniques should be employed to assess dentine erosion in vivo.
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As demonstrated in the present study, dentifrice application prior to an erosive
challenge seems to confer a protective effect but did not completely inhibit progressive
erosion. It should be noted that the challenge in this in vitro study was substantial and
likely to be in excess of that experienced in vivo.

Conclusion

The results suggest that the dentifrices may present a protective effect against
acid challenges on exposed dentine surfaces.

There is a need to consider the development of detection devices and clinical trial
methodologies that can be applied in vivo. The complex aetiology of erosion combined
with the cyclical nature of the challenge present significant challenges for researchers in
this increasingly important area of mineralised tissue study.
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| 1) 24 teeth — 48 specimens |

| 2) Storage overnight in artificial saliva |

| 3) QLF, OCT and Microhardness l

| 4) Treatments ‘

Group 1: Control (n=16) ” Group 2: Duraphat® (n=16) ” Group 3: ProArgin® (n=16)

| 5) QLF, OCT and Microhardness |

| 6) 15 min in orange juice |

| 7) QLF, OCT and Microhardness |

Figure 1. Experimental Design to evaluate dentine erosion over the time. For the first
cycle, baseline measurements were taken for each technique before the treatment phase.

For cycle 2, 3, 4 and 5 the evaluations started at step 4.
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Table 1. Mean and standard deviation of Surface Microhardness (SMH) values and the
corresponding normalized SMH compared by baseline measured at each time point for all groups.

DELTA VALUES SMH
Group Baseline
Control
Duraphat 5000 0 (%0,0)
Pro-Relief
Group After Treatment After erosion
Control -0.03 (+0.04) -0.15 (+0.07)
Duraphat 5000 0.05 (+0.05) 0.01 (+0.04)
Pro-Relief -0.001 (+0.03) -0.03 (+0.04)
Group After treatment After erosion
Control -0.13 (+0.104) -0.27 (+0.08)
Duraphat 5000 0.04 (+0.04) 0.01 (+0.04)
Pro-Relief -0.02 (+0.04) -0.04 (+0.04)
Group After treatment After erosion
Control -0.23 (+0.07) -0.39 (+0.07)
Duraphat 5000 0.02 (+0.04) -0.07 (+x0.04)
Pro-Relief 0.04 (+0.04) -0.10 (+0.03)
Group After treatment After erosion
Control -0.38 (+0.06) -0.43 (+0.08)
Duraphat 5000 -0.06 (+0.04) -0.09 (+0.03)
Pro-Relief -0.10 (+0.03) -0.13 (+0.03)
Group After treatment After erosion
Control -0.40 (+0.09) -0.46 (+0.08)
Duraphat 5000 -0.09(+0.03) -0.13 (+0.04)
Pro-Relief -0.13(+0.03) -0.18 (+0.04)

DELTA VALUES QLF

Baseline

0 (+0,0)

After Treatment
-0.01 (+0.04)
0.04 (+0.08)
0.02 (+0.11)

After treatment
-0.02 (+0.05)
-0.01 (+0.07)
0.006 (+0.14)

After treatment
-0.05 (+0.07)
-0.01 (+0.04)
0.005 (+0.12)

After treatment
-0.07 (£0.07)
--0.03 (£0.05)
0.002(+0.10)

After treatment
-0.05 (+0.07)
-0.04(£0.08)
-0.005(0.11)

After erosion
-0.06 (+0.06)
0.03 (+0.11)
0.03 (+0.10)

After erosion
-0.06 (+0.08)
0.001 (+0.07)
0.0013(+0.14)

After erosion

-0.06(+0.07)

-0.01 (+0.06)
-0.001 (+0.10)

After erosion

-0.06 (+0.08)
-0.01(+0.08)
-0.007 (+0.09)

After erosion
-0.04 (+0.10)
0.01 (+0.09)
0.002 (+0.08)

DELTA VALUES OCT

Baseline

0 (+0,0)

After Treatment After erosion

-0.02 (+0.09) -0.42 (+0.27)
0.008(+0.15) -0.02 (+0.18)
0.16 (+0.30) -0.001 (+0.14)
After treatment After erosion
-0.40 (£0.19) -0.50 (+0.18)
0.07(+0.27) -0.05(+0.25)
-0.06(+0.34) 0.008 (+0.23)
After treatment After erosion
-0.38 (+0.24) -0.43 (+0.23)
-0.06(+0.20) -0.013 (+0.29)
0.09 (+0.23) 0.02 (+0.20)
After treatment After erosion
-0.43 (£0.22) -0.43 (£0.21)
-0.01(+0.24) 0.02 (+0.28)
-0.005(+0.17) 0.06 (+0.20)

After treatment After erosion

-0.40 (+0.22) -0.42 (+0.23)

0.03(+0.23) -0.02 (+0.24)
0.08(+0.24) 0.11(+0.24)
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Figure 2. OCT image after 15min in acid-challenge interval (control group). A) Reference area
(Varnish) and B) eroded area with the selected region to be evaluated in a top view; C) Reference
area (Varnish) and D) eroded area in false-colour intensity image of top view; E) Reference area

(Varnish) and F) eroded area in a lateral view.
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Figure 3. QLF image. A) Reference area (Varnish) and B) Eroded area showing the selection to be
analysed.
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Figure 4. Mean and standard deviation of SMH over time. Time intervals: B- Baseline; T —

Treatment; E — Erosive challenge. € Statistical differences between time and one step before. A
(i) Statistical differences among times of erosive challenge (i= number of prior acid-challenge
intervals cycles to where difference is statistically different. * (i)Statistical differences among
Groups (i = which Group shows statistical difference) (G1 — Volvic® Mineral Water ; G2 —
Duraphat®; G3 — ProArgin®).
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Figure 5. Mean and standard deviation of QLF over time. Time Intervals: B- Baseline; T —

Treatment; E — Erosion. ¢ Statistical differences between time and one step before. ﬁ(i)
Statistical differences among times of erosive challenge (i= number of prior acid-challenge
intervals cycles to where difference is statistically different). * (i)Statistical differences among
Groups (i = which Group shows statistical difference) (G1 — Volvic® Mineral Water ; G2 —
Duraphat®; G3 — ProArgin®.
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Figure 6. Mean and standard deviation of OCT over time. Time Intervals: B- Baseline; T —

Treatment; E — Erosion. ¢ Statistical differences between time and one step before. ﬂ(i)
Statistical differences among times of erosive challenge (i= number of prior acid-challenge
intervals cycles to where difference is statistically different). * (i)Statistical differences among
Groups (i = which Group shows statistical difference) (G1 — Volvic® Mineral Water ; G2 —
Duraphat®; G3 — ProArgin®.
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SUMMARY

The aim of the study was to quantify alterations in the root dentine
permeability submitted to treatment with a high fluoride toothpaste and 8%
arginine, calcium carbonate, sodium monofluorophosphate toothpaste as a
preventive treatment for dentinal tubules exposure followed by acid challenge.
Thirty-third molars were sectioned below the cementoenamel. The root segments
were connected to a hydraulic pressure apparatus to measure dentine permeability
after the following sequential steps (n=10 per group): I) Baseline; Il) treatment
with phosphoric acid for 30 s (maximum permeability); 111) Toothbrushing (1
min) according to the experimental groups (G1- control; G2- 5000 ppm fluoride
toothpaste; G3- 8% arginine-calcium carbonate toothpaste); 1V) acid challenge for
5 min (orange juice). The data were converted into percentage, considering stage
Il as 100%. The results have shown a statistically significant decreasing on
dentine permeability after treatment with toothpaste (Friedman test and Dunn’s
post hoc test). Comparison among groups demonstrated a high increasing on
dentine permeability when acid challenge was performed after toothbrushing with
distilled water (control group) (Kruskal-Wallis and Dunn’s post hoc test). Thus,
toothpaste treatment may provide sufficient resistance on dentine surface,

preventing dentinal tubules exposure after acid challenge.

Key Words: tooth erosion, dentin permeability, toothpastes.
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INTRODUCTION

Dentine hypersensitivity (DH) is one of the most common problems in
clinical practice (1,2). Epidemiological studies suggest that the prevalence of DH
is increasing (3-5). Thus, an effective control of the etiological factors has not
been reached.

There are many etiologic and predisposing factors related to DH (6).
Enamel removal may be a result of attrition, abrasion and erosion. Root surface
denudation is a result of cementum and periodontal tissue loss (7). Root area
exposure may be multifactorial, resulting of chronic trauma from toothbrushing,
oclusal trauma, periodontal diseases and acid diet (5).

The consumption of acidic soft drinks has been shown an increase
worldwide (8,9). Acid challenges are able to remove tooth structure, leading to
dentinal tubules exposure. It has been clearly shown that opened dentinal tubules,
dentine permeability and dentine hypersensitivity are in close relationship (10,11).

Fluoride has been tested as a therapeutic approach protecting dental tissues
from an acid challenge. Fluorappatite is able to reduce enamel and dentine
solubility (12). In order to provide a preventive effect against acid challenges, a
daily base treatment would be an ideal approach (9). Therefore, a high fluoride
concentration toothpaste may reduce tooth wear, avoiding dentinal tubules
exposure (13).

A new innovative toothpaste based upon 8% arginine, calcium carbonate,

and 1450ppm fluoride as sodium monofluorophosphate has been validated as a
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highly effective treatment for dentine hypersensitivity (14,15). The precipitation
of calcium- and phosphate-containing material on the tooth surface has
demonstrated to be acid resistant after several expositions to cola drink (15).
Different compositions of toothpastes have been constantly introduced,
which may have important functions in preventing the loss of tooth structure and
exposure of dentinal tubules followed by acid challenge.  Thus, the aim of the
present in vitro study was to quantify alterations in the root dentine permeability
submitted to treatment with a high fluoride toothpaste (Duraphat™5000 ppm
Fluoride Toothpaste) and 8% arginine, calcium carbonate, sodium
monofluorophosphate toothpaste (Colgate Sensitive Pro-Relief™) as a preventive

treatment for dentinal tubules exposure followed by acid challenge.

MATERIAL AND METHODS
Specimens Preparation

Thirty human third molars extracted for surgical reasons from young
patients (18 to 23 years old) previously stored in normal saline were used in the
study. Two parallel grooves 0.5mm deep on the root surface were performed: one
at the cementoenamel junction and another 4 mm apical to the first. The area
between the two grooves was flattened (10,16) and crowns were sectioned.

The pulpal tissue was removed with a Hedstrém file (Maillefer,
Dentsply™, Tulsa, Oklahoma, EUA). The root segment was glued with
cyanoacrylate adhesive into a resin acrylic apparatus, which permits the perfusion

of the connected pressure fluid-filled system (Fig. 1) (10).
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Experimental Groups

The specimens were randomly assigned into 3 groups (n=10), according to
the treatment:

- Group 1 (Negative Control): Distilled water.

- Group 2 (5000 F): Duraphat™ 5000 toothpaste (Colgate Palmolive —
5000 ppm Fluoride).

- Group 3 (Arginine): Colgate Pro-Relief™ (Colgate Palmolive — 8%
arginine, calcium carbonate).

The treatment was performed following the manufacturer instructions. The
exposed dentine area was brushed with 3 mg of toothpaste for 1 min (brushed
carefully). Duraphat®5000 toothpaste contains 5 mg of fluoride in 1 g of
toothpaste. For the control group, the dentine exposure area was brushed with
distilled water for 1 minute.

After treatment, the specimens were carefully rinsed with distilled water

(15 ml).

Interval of acid challenge

Specimens were kept in a commercially available orange juice (Laranja
caseira, Minute Maid Mais, Coca Cola™, SP, Brazil) (pH 3.80+0.04). The orange
juice (15 ml) was gently stirred (Fisher Scientific®) for 5 minutes. The specimens
were removed from the orange juice and carefully rinsed with 15 ml of distilled

water to remove acid excess from the surface.
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The orange juice pH was measured at room temperature before each

dentine permeability evaluation.

Dentine Permeability Evaluation

In order to analyze dentine permeability, the root segment was connected
to a fluid-filled system working at a pressure of 10 psi. A microcapillary tube with
25 pL diameter and length of 65 mm was positioned between the pressure
reservoir and the root segment (Fig. 1). Hydraulic conductance was measured
through the length and diameter of microcapillary tube (10,11,17).

Each specimen was connected to the hydraulic pressure apparatus in order
to measure root dentine permeability after the following sequential stages:

Stage 1: Baseline. Dentine permeability was measured before acid
conditioning in order to observe if the phosphoric acid was able to open tubules.

Stage 2: Topical application of 37% phosphoric acid on dentine surface for
30 s in order to obtain the maximum permeability (100%) followed by rinsing
with distilled water.

Stage 3: Toothbrushing with sonic toothbrush (Colgate Palmolive 360°,
Colgate Palmolive, SP, Brazil) according to the experimental groups.

Stage 4: specimens were immersed in 15 mL of orange juice (Minute Maid
Original, The Coca-Cola Company, Sao Paulo, SP, Brazil), for 5 min and rinsed

with distilled water.
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The hydraulic conductance was expressed as a percentage of the maximum
value for each specimen. Therefore, each specimen was taken as its own control in

order to analyze the preventive effect of toothpaste followed by acid challenge.

Statistical Analysis

The linear displacement of the air blister in the microcapillary tube was
measured, according to the time unit, in each stage. The most prevalent value was
used to calculate the fluid flow through dentine. The flow obtained after stage Il
was considered the maximum permeability (100%), and the other values were
expressed as a percentage of the maximum. Data were analyzed using GraphPad
Prism 5 statistical software (GraphPad La jolla, CA, USA). Level of significance
was set at a= 0.05 (two-sided). Normal distribution was tested using the
“D’Agostino & Pearson normality test”. Once the data did not showed normal
distribution, means and standard deviations of permeability values were calculated
and compared using non-parametric analysis. Friedman test and Dunn’s post hoc
test were applied to evaluate the differences in permeability values after each
stage into the same group and Kruskal-Wallis test and Dunn’s post hoc test were

applied to evaluate the different stages among the groups.

RESULTS
The analysis results have been shown in the tables below. Table 1 shows
the values of permeability distribution among groups.

Table 2 is demonstrating the comparison among stages.
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DISCUSSION

The most common etiological factor related to dentine exposure followed
by dentine hypersensitivity is soft drinks intake (5). Soft drinks are able to cause
tooth wear due to different acid features. There are some chemical aspects that can
modulate the erosive potential of the soft drinks, such as, pH, titratable acidity,
type of acid, buffer capacity, chelating properties and concentration of calcium,

phosphates and fluoride (10,18).

Studies have been shown increasing on dentine permeability after acid
drinks exposure (10,19). However, preventive treatments are able to avoid loss of
tooth structure. According to Hooper et al. (9), toothbrushing with toothpaste

before meals may provide significant erosion protection in susceptible individual.

The method used for evaluating dentine permeability in the present study
was hydraulic conductance. Hydraulic conductance is able to analyze qualitatively
and quantitatively dentine permeability, since it allows the evaluation of presence
of particles into the tubules (19). Dentine permeability is evaluated by calculating
the hydraulic conductance (Lp) by method of fluid filtration (20). A constant
hydrostatic pressure of 10 psi was chosen. This methodology has been used in

other studies (10,19).

For the first stage, hydraulic conductance was evaluated in order to
observe if stage 2 was able to open dentinal tubules. At stage 2, acid conditioning

of the dentine exposure was performed and this value was considered 100%.
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Thus, the changes in permeability for the following stages were analyzed as a
percentage of Stage 2 (10,19). After acid conditioning (Stage 2), specimens were
treated (Stage 3) followed by acid exposure (Stage 4). Dentine permeability
measurements were performed after each stage.

This study has demonstrated higher dentine permeability when samples
were brushed with distilled water and kept in orange juice (control group). The
specimens were kept for 5 min on soft drink, considering that it is the time
necessary for acid neutralization and/or removal on tooth surfaces by saliva (21).
Prior studies have been demonstrating that the application of acid drinks for a
relatively short exposure of time is sufficient to induce changes on dentine surface
(10,22,23). Orange juice was able to increase the permeability after a 5-min single
application and may perfectly simulate the typical oral assumption that occurs
several times a day (10). The erosive potential of orange juice may be justified
due to the low pH (3.80£0.04), type of acid (acid citric), titratable acidity
(1.23+0.08) and high capacity to hydroxyapatite dissolution (18). Citric acid is
also one of the most erosive due to their quelling capacity, which is responsible by

calcium seize from saliva and teeth (24).

Nevertheless, the results showed a greater reduction of permeability when
specimens were brushed with toothpaste before acid challenge. Therefore,
toothpastes may present a preventive effect in the dentinal tubules exposure.
Toothpaste can be an important type of treatment for various dental problems,
since it is easily accessible for the population. A high fluoride and an arginine-

calcium carbonate toothpaste were tested and its ability as a preventive treatment
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to dentinal tubules exposure. Several studies have been shown that toothbrushing
with toothpaste is able to occlude dentinal tubules or decreasing dentine
permeability, due to the presence of desensitizing agents or abrasives particles in

tubules (15,25,26).

According to Diamanti et al. (13), higher preventive effect of dentine
erosion can be reached when 5000ppm Fluoride toothpaste is applied. Fluoride
application is able to increase dentine’s resistance to erosive challenge (13,27)
through surface adsorption and hetero-ionic exchange with surface hydroxyl ions

(13), if it is in sufficient concentration.

The results have been shown a preventive effect of Duraphat™ 5000
Fluoride for acid challenge. The same effect was also showed by arginine-calcium
carbonate toothpaste, which demonstrated occlusion of dentinal tubules and
decrease of dentine permeability after its application. Although, no significant
differences have been shown between toothpaste, it can not be concluded that both
have the same effect, since the preventive effect may change after many acid
challenges.

Petrou et al. (15) has clearly shown that the arginine associated with
calcium carbonate is highly effective in occluding dentinal tubules and the
occlusion has demonstrated to be resistant to acid challenges. It happens due to
the following mechanism of action: arginine facilitates the adherence of calcium

carbonate to the surface in a basic pH, and when arginine is associated to calcium
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carbonate triggers deposition of phosphate on dentine surface and within dentinal
tubules (14,15).

Controversial results considering toothpaste treatment can be found when
it is applied after acid challenge. According to previous studies (28,29),
toothbrushing with toothpaste may cause dentine abrasion or erosion in a variable
degree, resulting in tubule opening. However, other in vitro studies showed
decreasing on dentine permeability when toothbrushing with toothpaste was
performed after acid challenge (10,25).

In agreement with previous studies (13, 26, 30), this current study has
demonstrated that toothpaste application is effective in increasing dentine’s
resistance to erosive challenge. However, more than one cycle of erosion must be
tested in order to observe the preventive effect of toothpastes after many acid
challenges.

Considering the methodology employed in this study, and based upon its
limitations, it can be concluded that toothbrushing associated with a high fluoride
or arginine-calcium carbonate toothpaste is able to prevent tooth wear and
dentinal tubules exposure in vitro. Thus, clinicians must advise patients with risk
of erosion or abrasion, to brush their teeth before meals and avoid acid drinks

intake.
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RESUMO

O objetivo do estudo foi quantificar alteragdes na permeabilidade da dentina
radicular submetida a tratamento com um dentifricio contendo alto teor de flGor e
outro contendo 8% arginina, carbonato de céalcio, monofluorfosfato de sddio,
como um tratamento preventivo a exposicdo dos tibulos dentinarios em amostras
expostas posteriormente ao desafio &cido. Trinta terceiros molares foram
seccionados abaixo da juncdo amelo cementaria. Os segmentos radiculares foram
conectados a um aparelho de pressdo hidraulica para medir a permeabilidade da
dentina apos as seguintes etapas sequenciais (n = 10 por grupo): 1) Medida inicial;
I1) tratamento com &cido fosforico por 30s (permeabilidade maxima); II)
Escovacdo (1 min) de acordo com os grupos experimentais (G1-controle; G2-
dentifricio com fldor, 5000 ppm; G3- 8 % de arginina e carbonato de célcio); I11)
desafio acido por 5 min (suco de laranja). Os dados foram convertidos em
percentuais, considerando a fase Il como 100%. Os resultados mostraram uma
diminuicdo estatisticamente significativa na permeabilidade da dentina ap6s o
tratamento com dentifricio (Teste de Friedman e pds-teste de Dunn). Comparacéo
entre 0s grupos demonstraram um alto aumento na permeabilidade da dentina
quando desafio &cido foi realizado apds a escovagdo com &gua destilada (grupo
controle) (Teste de Kruskal-Wall e pos-teste de Dunn). Assim, o tratamento com
dentifricio pode oferecer suficiente resisténcia para a superficie da dentina,

prevenindo a exposicao dos tabulos dentinarios apds desafio &cido.
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Figure 1. Schematic presentation showing how specimens were created and how

fluid permeability was measured.
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Table 1. Mean values (%) and standard deviations of dentin permeability for the
evaluated groups and stages.

Group Stage Mean (SD)

1 53.00 (11.00)
100.00 (0.00)
65.00 (20.00)
65.00 (20.00)

Duraphat®

A~

52.00 (16.00)
100.00 (0.00)
31.00 (16.00)
31.00 (16.00)

ProArgin®

XSGR O R

46.00 (16.00)
100.00 (0.00)
110.00 (22.00)
180.00 (38.00)

Control

B~ W N
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Table 2. Comparison of the experimental stages within the same group and among
the different groups.

Duraphat ProArgin Control
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 5S4
Sl **

Duraphat® S

82 **kk  Kkk

S3 * *k%x
S4 **k*
Sl * **k*

ProArgin®

Control 3 s

S4 * E X x4
Evaluation of the differences in permeability values after each stage into the same
group -Friedman and Dunn’s posttest - * = p<0.05, *** = p<0.001
Evaluation of the different stages among the groups - Kruskal-Wallis and Dunn’s
post-test - * = p<0.05, ** = p<0.01 and *** = p<0.001.
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7 CONSIDERACOES FINAIS

Um tratamento ideal para HSDC nédo tem sido comprovadamente
estabelecido. Apesar de agentes dessensibilizantes terem demonstrado potencial
de obliteracdo de tubulos dentinarios, muitas vezes 0s componentes responsaveis
por obliterar os tdbulos séo facilmente perdidos durante a escovacdo e ingestédo de
bebidas acidas™.

Tratamentos de uso continuo sdo alternativas terapéuticas que podem
minimizar a perda dos componentes presentes na abertura ou no interior dos
tubulos dentinarios, alem de muitas vezes permitirem o uso caseiro, pelo proprio
paciente** *!. O objetivo dos estudos ora analisados nesta tese de doutorado, foi
avaliar as modificagdes que ocorrem na superficie dentinaria e tibulos dentinérios
ap6s desafios é&cidos e tratamentos com dentifricios contendo agentes
dessensibilizantes.

Os dentifricios testados nos estudos apresentados nesta tese possuem
como agentes dessensibilizantes: citrato de potassio a 5% (Estudo I); alta
concentracdo de fluor (5000 ppm) e arginina a 8% associada ao carbonato de
calcio (Estudo Il e I11).

O Estudo | avaliou o efeito de diferentes bebidas acidas sobre os
tibulos dentinarios e subsequente escovacdo com ou sem dentifricio. A
metodologia empregada, avaliacdo da permeabilidade dentinaria, foi capaz de
observar a capacidade destas substancias em abrir tubulos, o que pode influenciar

diretamente a presenca de hipersensibilidade dentinaria cervical®’. As bebidas
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acidas gue causaram maior aumento na permeabilidade dentinaria foram os sucos
de limdo e laranja. A maior permeabilidade encontrada para estes sucos pode ser
explicada pelo tipo de acido, ou seja, a presenca de acido citrico.

O tratamento dos espécimes de dentina com escovacgdo associada ou
ndo com dentifricios logo apds o desafio acido ndo foi capaz de diminuir
significativamente a permeabilidade dentinaria nas amostras mantidas em sucos
de limdo e laranja.

Por meio do Estudo | foi possivel identificar o acido citrico como um
dos acidos com maior capacidade de abertura de tibulos. Entretanto, este estudo
avaliou apenas as modificacGes que ocorrem nos tubulos dentinarios.

Estudos recentes4-5, 15-16, 18-19, 35-36, 46-47

tém se preocupado em avaliar a
erosao dentaria, um dos principais fatores associados a exposicdo dos tubulos
dentinarios. Além da abertura de tubulos, as caracteristicas morfolégicas da
dentina podem ser alteradas por meio da perda de minerais apds a exposicdo a
desafios acidos. Tais caracteristicas também podem contribuir a HSDC.

A permeabilidade dentinéria permite apenas a avaliacdo de abertura e
obliteracdo dos tubulos dentinérios, sendo necessario a utilizacdo de outras
metodologias capazes de identificar alteracdes morfolgicas da dentina®.
Portanto, o Estudo Il teve como objetivo avaliar a superficie dentinaria por meio
de duas metodologias recentes (QLF e OCT), as quais tém sido utilizadas na
avaliacdo de desmineralizacéo inicial em esmalte, e comparar a uma metodologia

ja estabelecida (Microdureza Knoop)®. A Tomografia de Coeréncia Optica

(OCT) mostrou resultados similares a Microdureza Knoop, 0 mesmo nao



117

aconteceu com a Fluorescéncia Quantitativa de Luz (QLF). Tal resultado pode ter
ocorrido devido a maior exposicdo de coldgeno devido a erosdo, o que pode
aumentar a fluorescéncia quando QLF € usado, o que ndo ocorre em avaliacdes de
desmineralizacdo em esmalte, explicando a sua limitacdo quando utilizado para o
diagnéstico de desmineralizagdo em dentina®.

Até 0 momento a avaliacdo da erosdo de dentina e HSDC tém como
métodos de diagndsticos clinicos apenas os indices, 0s quais podem ser muito
subjetivos, podendo levar a erro de diagnostico, superestimando ou subestimando

2439 portanto, existe necessidade da descoberta de métodos

determinado caso
quantitativos durante o diagnéstico destas condigdes.

Para se estabelecer um tratamento adequado existe a necessidade de
um diagnostico apropriado. Tomografia de Coeréncia Optica € um método n&o
invasivo que permite avaliacdes in vivo®®, podendo ser uma opgéo de diagnéstico
clinico durante a avaliacdo de perda de estrutura dentinéria e também para avaliar
eficadcia de tratamentos, pois esta metodologia foi capaz de diferenciar as
caracteristicas morfologicas da dentina nas areas submetidas a desafios acidos da
area controle (coberta com esmalte acido-resistente).

Outro aspecto a ser considerado é com relagdo ao tratamento. Estudos
anteriores tém demonstrado que a escovacdo associada a dentifricio pode
apresentar grande efeito protetor quando é realizada anteriormente ao desafio
4cido® % 1% % No Estudo I, o desafio acido foi realizado seguido pelo

tratamento, sendo que pouca ou insignificante reducdo da permeabilidade foi

encontrada, demonstrando pequeno efeito terapéutico, ja no Estudo Il, visando
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avaliar o efeito preventivo do tratamento, este foi realizado anteriormente aos
intervalos de desafio acido.

Considerando o efeito erosivo demonstrado pelo acido citrico no
Estudo I, ap6s a avaliacdo de diferentes bebidas acidas (suco de laranja e limédo —
acido citrico; vinho branco — &cido tartarico; coca-cola — acido fosforico; vinagre
— &cido acético), o suco de laranja foi selecionado para avaliacdo dos ciclos
tratamento-eroséo no Estudo I1.

Intervalos de tratamento e desafio acido foram estabelecidos no
Estudo Il, considerando a metodologia empregada em pesquisas anteriores com a
finalidade de avaliar a morfologia da dentina em condi¢fes de desmineralizacao e
remineralizacdo™™* *°.
Novos tratamentos visando a remineralizacéo e obliteracdo de tubulos

tém sido propostos™* 3.

Considerando a linha de evolugcdo dos produtos
odontoldgicos contendo agentes dessensibilizantes, agentes como nitrato de
potéssio a 5%, citrato de potéssio a 5% e cloreto de estréncio a 10% foram

inicialmente adicionados a dentifricios®3%*2,

Contudo, recentemente novas
tentativas tém sido introduzidas com o objetivo de aumentar a eficacia de
dentifricios dessensibilizantes. Uma das alternativas esta relacionada a presenca
de um aminoacido (arginina a 8%) associado a carbonato de célcio. Esta
composicdo facilita a captura de célcio pela dentina levando a obliteracdo de

tibulos dentinarios'*>L.
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Além disso, devido as caracteristicas remineralizantes do fldor, um
dentifricio contendo alto teor de flor vem sendo testado quanto ao seu potencial
terapéutico em casos de desmineralizacéo de esmalte e dentina® *°.

A eficécia do dentifricio a base de arginina a 8% e carbonato de célcio
no tratamento da HSDC tem sido comprovada tanto clinicamente®, atuando na
reducdo da dor, como in vitro®, obliterando tdbulos dentinérios. Entretanto,
pouco se sabe em relacdo a sua eficacia no tratamento da erosao dentinaria.

Assim sendo, um dentifricio contendo alto teor de fl(ior (Duraphat®,
Colgate Palmolive) e um dentifricio a base de arginina a 8% e carbonato de calcio
(ProAlivio®, Colgate Palmolive), foram testados no Estudo Il quanto a sua
capacidade protetora, prevenindo perda de estrutura em espécimes de dentina
expostos a desafios acidos.

Além de promover obliteracdo de tdbulos dentinarios®! o dentifricio
ProAlivio® demonstrou eficicia na prevencdo de perda de minerais. Os dois
tratamentos testados neste estudo foram eficazes na prevencdo da erosdo quando
utilizados anteriormente a cada ciclo de desafio acido, embora tenha ocorrido
aumento da perda de minerais, esta foi significativamente maior no grupo em que
nédo teve qualquer tipo de tratamento.

Até agora, sabe-se que o acido citrico apresenta grande capacidade de
remocao de smear layer e exposi¢do dos tubulos dentinarios, e que os dentifricios
contendo agentes dessensibilizantes apresentam maior eficacia na prevencdo da
erosdo dentinaria quando utilizados anteriormente ao desafio acido. Porém, nédo se

sabe se estes sdo capazes de atuar também na obliteracdo de tubulos dentinarios
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quando aplicados anteriormente ao desafio &cido. Portanto, o Estudo 11 teve como
objetivo avaliar a permeabilidade dentinaria de espécimes tratados com
dentifricios contendo agentes dessensibilizantes e entdo, expostos ao suco de
laranja.

Além de atuarem na prevencdo da perda de minerais, Duraphat® e
ProAlivio® foram capazes de diminuir a permeabilidade dentinaria ap6s sua
aplicacdo, mantendo essa reducdo apos desafio acido. Pudemos observar entdo no
estudo Il que os dentifricios testados, mostraram-se efetivos na obliteracdo de
tibulos dentinarios, diminuindo a permeabilidade dentinaria.

Apesar do dentifricio Duraphat® ter sido testado quanto ao seu
potencial remineralizador em estudos anteriores* *, este ndo tinha sido testado
quanto a sua eficacia na obliteracdo de tabulos dentinarios.

Os estudos apresentados confirmam a importancia em se orientar 0s
pacientes no uso de produtos caseiros que possam atuar na reducdo da perda de
estrutura dentéria. Apesar de o0 paciente procurar tratamento quando ele ja
apresenta habitos alimentares prejudiciais, 0s quais podem atuar na perda de
estrutura dentéria, exposicdo dos tdbulos dentinérios e consequentemente dor, a
escovacdo com dentifricio contendo agente dessensibilizante atua de forma
preventiva ao desgaste provocado pelo proximo desafio acido ao qual o paciente
sera exposto™.

Baseando-se nos estudos apresentados por essa tese e pela literatura™
19.3L.35 "node-se concluir que dentifricios contendo alto teor de fldor e arginina

associada ao carbonato de célcio como agentes dessensibilizantes sdo capazes de
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diminuir a perda de estrutura dentinaria quando estes sdo utilizados anteriormente
a desafios acidos. Quando escovacdo associada a dentifricio contendo citrato de
sodio a 5% foi realizada ap6s a imersdo em acidos ndo houve significante
diminuicdo da permeabilidade dentinaria, ou seja, este exerceu pouca influéncia
sobre os tdbulos dentinarios. O mesmo ndo ocorreu quando a permeabilidade
dentinaria foi avaliada em espécimes submetidos ao tratamento com dentifricios
contendo alto teor de fldor e arginina associada ao carbonato de calcio
anteriormente ao desafio acido, os quais foram eficazes promovendo obliteracdo
dos tdbulos e consequente reducéo da permeabilidade.

Os resultados apresentados pelos estudos desta tese possibilitam novas
discussbes e ampliam ainda mais 0 campo de pesquisa nesta area. Ciclos de
tratamento e erosdo podem ser aumentados e estes podem ser usados também na
avaliacdo da permeabilidade dentindria. Além disso, uma das metodologias
testadas no estudo I, por ndo ser invasiva (OCT), apresenta a possibilidade de ser
utilizada em humanos, portanto, estudos em humanos avaliando morfologia da
dentina apos tratamento e exposi¢do a bebidas acidas podem ser desenvolvidos.

Erosdo dentéria € um dos assuntos mais abordados em pesquisas
recentes. Abordagens terapéuticas introduzidas com a finalidade de tratar HSDC
também podem ser eficazes no tratamento de erosdo dentinaria. Diagnostico,
etiologia e tratamento sdo aspectos que devem ser considerados em pesquisas

futuras sobre HSDC e erosdo dentaria.
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8 CONCLUSAO

Os resultados obtidos, frente as metodologias empregadas, permitiram
concluir que:

1. Os é&cidos citricos (sucos de limdo e laranja) e o &cido acético (vinagre)
apresentaram maior efeito sobre a perda de estrutura dentinaria e
consequente exposicdo dos tubulos dentinarios quando comparados ao
acido tartarico (vinho branco) e &cido fosforico (coca-cola). E quando a
escovacdo, associada ou ndo a dentifricio, foi realizada apos o desafio
acido significante reducdo da permeabilidade dentinaria foi encontrada
para 0s espécimes dos seguintes grupos: suco de laranja, coca-cola, vinho
branco e suco de lim&o.

2. O tratamento com dentifricios contendo agentes dessensibilizantes a base
de arginina associada ao carbonato de célcio e dentifricio contendo alto
teor de fluor sdo capazes de reduzir a taxa de erosdo quando estes sdo
utilizados anteriormente ao desafio acido. Tomografia de Coeréncia éptica
demonstrou  consideravel potencial como dispositivo para 0
monitoramento da erosdo &cida in vivo, embora necessite de adaptacGes
para uso intraoral. Fluorescéncia induzida por luz quantitativa néo
apresentou o mesmo potencial que o OCT para 0 monitoramento de erosao
dentinaria, porém, modificacbes na configuragdo desta técnica pode
melhorar seu desempenho, portanto, pesquisas futuras séo de grande valor

em relacdo a esta metodologia, considerando seu facil uso intraoral.
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3. Além de efeito protetor quanto a perda de minerais, os dentifricios
contendo agentes dessensibilizantes a base de arginina associada ao
carbonato de calcio e dentifricio contendo alto teor de fltor, apresentam a
capacidade de reduzir a permeabilidade dentinaria, mantendo este efeito

mesmo apos a exposicdo ao acido.
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