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Roderjan DA. Avaliacdo das diferentes técnicas de clareamento dental de
consultério: Efetividade, sensibilidade pos-tratamento e efeitos sobre o
complexo dentino-pulpar. [Tese de Doutorado]. Ponta Grossa: Universidade

Estadual de Ponta Grossa UEPG; 2012.

RESUMO

O uso de gel clareador a base de peréxido de hidrogénio (PH) com menor
concentracdo, diminuindo o nimero de vezes a ser aplicado ou adicionando
calcio na composicao pode reduzir a quantidade de PH que atinge a camara
pulpar durante o clareamento dentério. Entretanto, poucos estudos sobre a
resposta pulpar de dentes humanos in vivo tém sido avaliados. Os objetivos
deste estudo foram avaliar in vivo a resposta de polpas de incisivos inferiores
humanos sadios frente ao clareamento em consultério. No experimento 1, géis
clareadores com diferentes concentracbes de PH (Whiteness HP Maxx 35 e
20%) foi avaliado. No experimento 2, o gel de PH foi aplicado por trés vezes de
15 min ou em uma unica aplicacdo de 45 min usando um gel sem (Whiteness
HP Maxx) e com (Whiteness HP Blue) célcio. No experimento 3, a resposta
pulpar frente ao clareamento de consultério foi verificada em dentes de
pacientes jovens e idosos. Em todos os experimentos os agentes clareadores
foram aplicados sobre a superficie vestibular dos incisivos humanos inferiores e
apos 2 dias do clareamento foram extraidos. O tecido pulpar da porcéo
corondria foi submetido a andlise histolégica. Também foram avaliadas a
efetividade do clareamento e a sensibilidade dental (sim/ndo). Clareamento
médio de 2 a 3 unidades de escala vita foi observado em todos os dentes

clareados assim como presenca de sensibilidade, fato que n&o ocorreu nos



grupos controle (ndo clareados). Para praticamente todas as técnicas de
clareamento utilizadas, independentemente se em dentes de pacientes jovens
ou idosos, foi observada necrose parcial do tecido pulpar coronario associado a
deposicdo de dentina reacional. Com a aplicacdo do Whiteness HP Blue
ocorreu menor resposta pulpar, com pequenas areas de necrose em um
reduzido numero de dentes. Pode-se concluir gue o clareamento de consultorio
com géis de PH de 20 e 35% aplicados em trés vezes de 15 min ou em Unica
de 45 min em incisivos inferiores humanos causam danos pulpares,
caracterizados por necrose parcial do tecido pulpar coronario associada a
deposicédo de dentina reacional, tanto em dentes de pacientes jovens como de
pacientes idosos. Excecdo deve ser feita a aplicacdo de um PH a 35% com

calcio que demonstrou um menor padréo de dano pulpar.

Palavras-chave: Clareamento dentario. Peréxido de hidrogénio. Polpa dentaria.



Roderjan DA. Assessment of different in-office tooth bleaching techniques:
Effectiveness, sensitivity post-treatment and effects on the pulp-dentin complex.
[PhD Thesis]. Ponta Grossa: Universidade Estadual de Ponta Grossa UEPG;

2012.

ABSTRACT

The use of bleaching gels with low hydrogen peroxide (HP) concentration, as
well as the reduction of application times or its association with calcium-
containing agents may be clinical approaches to reduce the amount of HP that
reaches the pulp tissue to cause local damage. However, only a few data have
been published about the pulp response of human teeth subjected to in-office
bleaching protocols. Therefore, the objectives of this study were to evaluate the
in vivo pulp response of human lower incisors after in-office bleaching. In the
experiment 1, a bleaching gel with two different HP concentrations (Whiteness
HP Maxx 20 and 35%) as evaluated. In the experiment 2, the HP was applied in
three 15-min applications and in a single 45-min application using a calcium-
containing (Whiteness HP Blue) or calcium-free (Whiteness HP Maxx) HP
agent. In the experiment 3, the pulp response of human incisors of young and
older patients was evaluated after in-office bleaching with 35% HP. In all
experiments, the bleaching agents were applied on the buccal surface of lower
human incisors and two days after the procedure they were extracted. The pulp
tissue from the crown portion of all teeth was histologically evaluated and the
data subjected to appropriate statistical analysis. The bleaching efficacy and the
tooth sensitivity (yes/no) were also evaluated. In all bleached teeth, a whitening

of 2 to 3 shade guide units were observed and all patients reported tooth pain;



findings not observed in the control (non-bleached) teeth. In general, all in-office
bleaching protocols regardless of the tooth age showed partial necrosis of the
crown pulp tissue associated with a deposition of reactionary dentin. Only the
application of the Whiteness HP Blue 35% showed better pulp response with
reduced areas of pulp necrosis in a reduced number of teeth. It was conclude
that the in-office bleaching with HP 20 or 35% of human lower incisors applied
in three 15-min or in a single 45-min applications produced pulp damage with
partial tissue necrosis and deposition of reactionary dentin both in young and
older teeth. Only in-office bleaching with a 35% calcium-containing HP showed

reduced pulp damage.

Keywords: Dental bleaching. Hydrogen peroxidde. Pulp tissue.
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1 INTRODUCAO GERAL

Clareamento dental é um dos procedimentos estéticos odontoldgicos
mais requisitados na atualidade, visto que a cor do dente € considerada o
fator mais importante no que diz respeito a estética dentaria e, geralmente,
€ muito solicitado por pacientes que desejam um sorriso mais agradavel
(Samorodnitzki-Naveh et al., 2007; Tin Oo et al., 2011).

Apesar de ser uma técnica muito antiga, somente apés a introducao
do peroxido de carbamida na técnica de clareamento noturno para dentes
vitais (Haywood et al., 1989) € que houve aumento na procura por este
procedimento de clareamento nas Ultimas décadas. Além disso, houve
também grande procura por tratamentos de clareamento em consultério
(Barghi, 1998; Perdigao et al., 2004). Pesquisa publicada nos EUA apontou
que 33% dos cirurgides-dentistas, atualmente realizam clareamento em
consultério (CRA, 2000). Isto esta relacionado ao fato de que os pacientes
desejam resultados imediatos, em grande parte influenciados pela midia,
mas também por ndo se sentirem confortaveis com o uso de moldeiras
(Barghi, 1998; Perdigao et al., 2004).

Clareamento dental € um procedimento seguro, conservador e eficaz
(Haywood, 2000; Leonard et al., 2001), geralmente realizado com géis
contendo peroxido de hidrogénio (PH) ou peroxido de carbamida (PC) em
diferentes concentracdes, podendo ser realizado em casa com a supervisao

do dentista ou no consultério pelo clinico, com ou sem ativacdo de luz ou



por meio de uma combinacdo destas duas modalidades (Dahl, Pallesen,
2003; Perdigao, 2010).

Porém, apesar da sua eficacia (Zekonis et al., 2003; Auschill et al.,
2005; Marson et al., 2008; Tay et al., 2009; Bernardon et al., 2010; Salem,
Osman, 2011), o clareamento em consultorio apresenta alguns efeitos
colaterais tais como: irritacdo da mucosa gengival, alteracdo da superficie
do esmalte, efeitos sobre restauracdes, genotoxicidade, carcinogenicidade
e toxicidade (Dahl, Pallensen, 2003), sendo a sensibilidade dentéria o efeito
colateral mais comum. Estudos clinicos estimam que 55% a 100% dos
pacientes apresentam sensibilidade dentaria apo0s clareamento, com
intensidade que varia de leve a severa (Marson et al., 2008; Tay et al.,
2009; Bernardon et al., 2010; Kossatz et al., 2011; Reis et al., 2011; Salem,
Osman, 2011).

Embora a etiologia desse efeito colateral ainda ndo tenha sido
totalmente esclarecida, parece que se deve a difusdo do PH através do
esmalte e dentina durante o clareamento, chegando até a camara pulpar
(Cooper et al., 1992; Hanks et al., 1993; Benetti et al., 2004; Sulieman et al.,
2004; Gokay et al., 2005), podendo levar a irritacao e inflamacao reversivel
do tecido pulpar.

Quando se trata de clareamento em consultério, efeitos mais graves
tém sido observados. Danos as células pulpares, especialmente aos
odontoblastos, foram demonstrados por varios estudos in vitro (Trindade et
al., 2009; Coldebella et al., 2009; Dias Ribeiro et al., 2009). Estudos

recentes de Costa et al. (2010) mostraram a presenca de necrose pulpar e



calcificacdes distroficas em incisivos centrais inferiores humanos, apés 3

aplicacdes de 15 minutos cada de PH a 38%.

Agentes clareadores utilizados na técnica de clareamento em
consultério sdo normalmente aplicados nas superficies dos dentes, deixado
em repouso durante algum tempo (geralmente 15 minutos) e em seguida o
produto € renovado por mais 3 a 4 vezes na mesma consulta clinica,
dependendo da marca do gel de clareamento utilizado. Sabendo-se que a
difusdo do PH através do esmalte depende da concentracdo do agente de
clareamento, do periodo de tempo que este ficara em contato com a dentina
(Cooper et al., 1992; Hanks et al., 1993; Benetti et al., 2004; Sulieman et al.,
2004), bem como com o numero de vezes que o gel é trocado em uma
mesma sessado clinica e considerando-se que os géis mantém efetividade
apo6s uma hora (Al-Qunaian et al.,2003), pode-se especular que uma Unica
aplicacdo do gel por um periodo de tempo de 45 minutos pode produzir
resultados semelhantes de clareamento comparado aquela técnica onde se
utiliza 3 ou mais aplicagbes de 15 minutos, conduzindo a menos tempo de
cadeira e reduzindo custos, visto que, menos material seria dispensado ao
clareamento. Além disso, diminuiria a probabilidade de eventuais riscos de
gueimaduras de tecidos moles pelo fato de o material ser colocado uma
Unica vez (Reis et al.,, 2011). Além disso, a aplicacdo Unica do produto
também poderia reduzir a quantidade de PH que atinge a camara pulpar
causando menos danos para as células pulpares do que trés ou mais
aplicacdes de 15 minutos. Frente a estas questdes, pesquisadores

avaliaram a eficacia do clareamento e sensibilidade dentéaria realizando uma



Gnica aplicacao de 45 minutos ao invés de 3 aplicacdes de 15 minutos cada
(Matis et al., 2009; Reis et al., 2011). Matis et al. (2009) demonstraram
haver mais efetividade de clareamento quando foi aplicado o agente
clareador por 3 vezes de 15 minutos comparado a aplicacdo unica por 40
minutos. Reis et al. (2011) sugerem que no clareamento em consultério,
utilizando-se PH a 35%, deve-se utilizar a técnica de aplicacdo de 3 vezes
de 15 minutos porque resultados apontaram que na aplicacdo Unica de 45
minutos ocorreu reducdo da eficacia do clareamento em 86,7% e leve

aumento da intensidade da sensibilidade dentaria.

Vale salientar que, produtos recentemente langados no mercado
odontoldgico, apesar de manterem a mesma concentragdo do agente
clareador tiveram adicionados a sua composi¢cdo agentes desensibilizantes,
tais como o fosfato de calcio amorfo (Giniger et al., 2005) ou gluconato de
calcio (Kossatz et al., 2012). Freire et al.(2009) verificaram que a
temperatura de estocagem destes produtos afeta significativamente o pH.
Price et al. (2000) avaliaram pH de algumas marcas comerciais de agentes
clareadores utilizados em clareamento em consultério e verificaram média
de pH 3,67 a 6,53, sugerindo maiores investigacoes no sentido de minimizar
os efeitos adversos provocados pelo baixo pH, como por exemplo, a adicao
de pequenas quantidades de calcio na composicdo quimica destes

produtos.

Entretanto, a resposta pulpar da técnica de aplicacdo de PH em uma
Gnica vez de 45 minutos, associada ou nao a presenca de

desensibilizantes, ainda nao foi avaliada.



Todas estas preocupacdes tém levado alguns fabricantes a
lancarem agentes clareadores para uso em consultorio, com baixa
concentracdo de PH, uma vez que estudos clinicos mostram que nesta
concentracdo produzem menor risco de sensibilidade dentaria, embora
também produzam menor padrao de efetividade de clareamento (He et al.,
2012). Novamente a resposta pulpar aplicando PH em baixas

concentracdes também néo foi avaliada.

Costa et al. (2010) relataram que danos pulpares produzidos por PH
sdo dependentes do tipo de dente onde o produto € aplicado. Os resultados
ja anteriormente mencionados foram observados em polpas de incisivos
centrais inferiores submetidos a aplicacdo de PH a 38% em clareamento em
consultério, mas esta mesma resposta néo foi observada nas polpas de pré-
molares. Os autores atribuiram estes achados a menor espessura do
esmalte e dentina que os incisivos inferiores apresentam em comparacao
com a dos pré-molares. Similar condicdo ocorre com a idade. Ao longo do
tempo ocorre deposicdo continua de dentina, aumentando a espessura da
dentina e diminuindo o didmetro dos tdbulos dentinarios (Murray et al,
2002), fazendo com que a permeabilidade dentinaria também diminua (Mjor,
2009) reduzindo a difusdo do PH para o tecido pulpar e consequentemente,
0s danos causados. Entretanto, até o presente momento nao foi ainda
avaliada a resposta de polpas de incisivos humanos de pacientes jovens e

idosos submetidos a clareamento em consultorio com gel de PH a 35%.



2 PROPOSICAO
2.1 ARTIGO NUMERO 1

“EFEITOS DA CONCENTRACAO DOS AGENTES DE CLAREAMENTO EM

CONSULTORIO SOBRE RESPOSTAS DE POLPAS HUMANAS”

Proposicéo geral: O propésito deste estudo clinico in vivo foi avaliar a
resposta de polpas de incisivos inferiores humanos sadios frente ao

clareamento em consultério utilizando diferentes concentracdes de PH.

Proposicéo especifica:

e Avaliar a efetividade do clareamento de incisivos inferiores humanos
sadios frente ao clareamento em consultério utilizando PH a 20% e 35%.
e Avaliar a sensibilidade de incisivos inferiores humanos sadios frente ao

clareamento em consultério utilizando PH a 20% e 35%.



2.2 ARTIGO NUMERO 2

“RESPOSTA DE POLPAS HUMANAS FRENTE A DIFERENTES TECNICAS

DE CLAREAMENTO EM CONSULTORIO”

Proposicédo geral: O proposito deste estudo clinico in vivo foi avaliar a
resposta de polpas de incisivos inferiores humanos sadios submetidos ao
clareamento em consultério com diferentes agentes clareadores e técnicas

de aplicacao.

Proposicéao especifica:

e Comparar a efetividade do clareamento em consultério variando o tempo
de aplicacdo (uma unica aplicacdo de 45 minutos e 3 aplicagbes de 15
minutos cada).

e Comparar a efetividade do clareamento em consultério com a presenca
de calcio na composicdo dos agentes clareadores.

e Avaliar a sensibilidade de incisivos inferiores humanos sadios frente ao
clareamento em consultorio utilizando PH a 35% e presenca de calcio na

composicao dos agentes clareadores.



2.3 ARTIGO NUMERO 3

“EFEITOS DO CLAREAMENTO EM CONSULTORIO SOBRE TECIDO

PULPAR DE INCISIVOS HUMANOS DE PACIENTES JOVENS E IDOSOS”

Proposicdo geral: Avaliar in vivo a resposta de tecido pulpar de
incisivos humanos de pacientes jovens e de pacientes idosos submetidos a

clareamento em consultério com PH a 35%.

Proposicéao especifica:

e Avaliar in vivo a efetividade do clareamento em consultério utilizando PH
a 35% em incisivos humanos de pacientes jovens e de pacientes
adultos.

e Avaliar in vivo a sensibilidade de incisivos humanos de pacientes jovens
e de pacientes idosos frente a clareamento em consultério utilizando PH

a 35%.



3 MATERIAL E METODOS

3.1 MATERIAL E METODOS DOS ARTIGOS N°1 E N°2

3.1.1 Selecéo dos dentes

O protocolo de investigacdo proposto para realizagdo das presentes
pesquisas foi submetido a apreciacdo do Comité de Etica em Pesquisa para
Estudos em Seres Humanos (COEP) da Universidade Estadual de Ponta
Grossa (UEPG), PR, Brasil. Apos sua aprovacdo (Protocolo de numero
09171/10 - Anexo 1), foi dado inicio aos trabalhos pertinentes as pesquisas.

Através de exame clinico foram selecionados pacientes de ambos os
sexos, com idade maxima de 30 anos, 0s quais apresentavam incisivos
inferiores higidos indicados para extracdo por motivos ortoddnticos (Figura 1).
Para tal, todas as indicagbes de exodontia deveriam ser confirmadas por

pedido oficial do profissional especialista e devidamente assinado pelo mesmao.

Fig 1 — Incisivo inferior higido (31) indicado para exodontia por razdes ortoddnticas
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3.1.2 Termo de Consentimento Livre e Esclarecido (TCLE)

Tanto 0s pacientes como seus respectivos representantes legais
receberam os devidos esclarecimentos sobre os propdsitos da pesquisa,
procedimentos clinicos a serem realizados e possiveis riscos advindos deste
processo. Somente apos terem lido e aceito participar espontaneamente destes
estudos, confirmado através da assinatura do TCLE (Anexo 2), elaborado de
acordo com modelo recomendado pelo COEP em 2 vias, sendo que uma delas
ficou em posse do Pesquisador e outra com o0 sujeito da pesquisa e obedecidos

os critérios de incluséo, € que se deu inicio a etapa clinica das pesquisas.

3.1.3 Critérios de incluséao

Foram considerados os seguintes critérios de inclusédo, além dos citados
anteriormente: pacientes deveriam gozar de perfeitas condicbes de saude geral
e bucal, possuir os dentes incisivos inferiores livres de lesdes cariosas e sem
restauracdes e que respondessem positivamente ao teste de sensibilidade. A
cor dos incisivos inferiores deveria ser classificada como cor A2 ou maior que
A2, por comparacdo com a escala de cores (Vita Lumin®, Vita Zahnfabrik, Bad
Sackingen, Alemanha) (Figura 2). Esta escala foi organizada em ordem de
luminosidade de “1” a “16”, que foi utilizada para quantificar o clareamento
dental. As 16 guias da escala foram organizadas de Bl (equivalente a 1) a C4
(equivalente a 16). Embora essa escala ndo seja verdadeiramente linear, as

alteracbes foram tratadas como dados lineares para efeitos de analise
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estatistica. A area escolhida para mensuracao da cor foi o terco médio da face
vestibular dos incisivos inferiores e a alteracdo de cor foi avaliada,
estatisticamente, por meio da variacdo dos valores dos guias correspondentes

as cores da escala Vita.

J:ﬁ'_'@:ﬁi@i@ ﬁ -] .4 <r
B1 A1

B2 D2 A2 C1 C2 D4 A3 D3 B3 A35 B4 C3 A4 C4
1 12 13 14 15 16

Fig 2- Escala de cores Vita Lumin®, Vita Zahnfabrik, Bad Séckingen, Alemanha. Organizada por ordem
de luminosidade. Cor da escala (a) e valor numérico (b) correspondente. Foto cedida pela doutoranda
Mércia Fernanda de Rezende Siqueira (Dentistica, UEPG).

A avaliacdo de cor, utilizando o mesmo local e iluminacao, foi realizada

através do método subijetivo pelo pesquisador responséavel (Figura 3).

Fig 3 — Avaliacao inicial da cor

Os dentes a serem incluidos deveriam responder positivamente ao teste

de sensibilidade ao frio (Endo-Frost®, Roeko, Alemanha) (Figura 4). O
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procedimento para tal consistiu na aplicagdo, com auxilio de cotonete, do
produto sobre a superficie vestibular dos dentes. Apés 10 segundos da
aplicacdo todos os pacientes deveriam responder positivamente. Este

procedimento foi realizado 2 semanas antes do procedimento clareador.

Fig 4 - Teste de sensibilidade com Endo-Frost®, Roeko, Alemanha. Com auxilio de cotonete,
aplicando sob a superficie vestibular do dente

3.1.4 Critérios de excluséo

Foram excluidos do estudo, pacientes que realizaram algum tipo de
clareamento recentemente, gravidas ou que estivessem amamentando,
portadores de dentes incisivos inferiores restaurados, com severas
descoloragbes internas (manchas por tetraciclina, fluorose, dentes
despolpados), apresentando trincas visiveis nas superficies vestibulares,
incisivos inferiores desvitalizados, pacientes com habitos de bruxismo ou com
gualquer patologia grave bucal ou que estivessem fazendo uso de drogas com
acdo anti-inflamatéria ou antioxidante, se relatassem algum grau de

sensibilidade espontanea no dente em estudo.
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3.2 MATERIAL E METODOS DO ARTIGO N°3

3.2.1 Selecao dos dentes

O protocolo de investigacdo proposto para realizacdo desta pesquisa foi
submetido a apreciacdo do Comité de Etica em Pesquisa para Estudos em
Seres Humanos (COEP) da Universidade Estadual de Ponta Grossa (UEPG),
PR, Brasil. ApGs sua aprovacao (Protocolo de numero 09171/10 - Anexo 1), foi
dado inicio aos trabalhos pertinentes as pesquisas.

Baseado em critérios pré-estabelecidos, 18 participantes com incisivos
inferiores higidos programados para serem extraidos por motivos ortodénticos
ou periodontais foram selecionados para este estudo. Metade dos participantes
selecionados deveria ser jovem (faixa etaria de 18 a 30 anos), enquanto a outra
metade deveria ser de participantes idosos (com idade igual ou superior a 50
anos). Cada grupo de participantes, jovens e idosos, foi dividido em dois
grupos: experimentais ([GJ],[GI]) e controle ([GCJ],[GCI]), estes néo
receberam nenhum tratamento.

As indicacdes de exodontia deveriam ser confirmadas por pedido oficial

do profissional especialista e devidamente assinado pelo mesmo.

3.2.2 Termo de Consentimento Livre e Esclarecido (TCLE)

Idem ao 3.1.2, pagina 10.
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3.2.3 Critérios de incluséo

Os participantes deveriam apresentar incisivos inferiores com cor inicial
A2 ou mais escura, por comparagcdo com a escala de cores (Vita Lumin®, Vita
Zahnfabrik, Bad Sackingen, Alemanha) (Figura 2). Duas semanas antes dos
procedimentos de clareamento, todos os participantes receberam informacdes
sobre a pesquisa e apoés esclarecidos e terem assinado o TCLE (Anexo 3),

deveriam submeter-se a profilaxia dentéria.

O diagnostico da sensibilidade da polpa foi realizado com teste a frio
(Endo-Frost®, Roeko, Alemanha) (Figura 4), apés 10 segundos da aplicacéo,
0S participantes deveriam responder positivamente, relatando pequena e néo
persistente sensibilidade. Além disso, os participantes deveriam gozar de
perfeitas condicbes de saude geral e bucal, incisivos inferiores sem
restauracbes e com necessidade de extragdo por motivos ortodonticos

(participantes jovens) ou periodontais (participantes idosos).

3.2.4 Critérios de exclusao

Aqueles que se submeteram a procedimentos de clareamento dentario
recentemente, apresentarem restauracdes nestes elementos dentarios,
gestantes, lactantes, pacientes com descoloracao interna dos dentes (manchas
de tetraciclina, fluorose, dentes despolpados), com héabitos de bruxismo ou
qualquer patologia grave na boca, usando droga anti-inflamatéria e antioxidante
de uso continuo e apresentando algum grau de sensibilidade dentaria

espontanea foram excluidos.
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4 DELINEAMENTO DOS ESTUDOS

Este trabalho foi dividido em 3 pesquisas e o0 delineamento dos estudos

sera detalhado separadamente como segue:
4.1 Artigon°l
“EFEITOS DA CONCENTRACAO DOS AGENTES DE
CLAREAMENTO EM CONSULTORIO SOBRE RESPOSTAS DE
POLPAS HUMANAS”

4.1.1 Parte clinica

Os pacientes foram distribuidos em 3 grupos, de acordo com a Tabela 1.

Tabela 1 — Grupos, técnicas e amostra — art. n°1

Grupos Técnica amostra (n)
[G35] Trés aplicacdes de 15 min (PH35-3x15’) 5
[G20] (*) Trés aplicacdes de 15 min (PH20-3x15’) 4
[GC] Sem aplicacéo de agente clareador 2

(*) manipulado especialmente pelo fabricante para este estudo
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b

Todos os pacientes inicialmente foram submetidos a profilaxia bucal
para remocao de manchas extrinsecas. Para isto, foi instalado o afastador de
labios Expandex (Indusbello, Ind. de instrumentos odontologicos Ltda,
Londrina, PR, Brasil) e utilizado escovas Robinson (Microdont, Micro Usinagem
de Preciséo Ltda, Sado Paulo, SP, Brasil) em baixa rotacdo e Pasta Branco de
Espanha (Asfer, Ind. Quim. Ltda, S&o Caetano do Sul, S&o Paulo, SP, Brasil)

(Figura 5).

Fig. 5 — Profilaxia realizada com escova Robinson e Pasta Branco de Espanha

Ao término deste procedimento, o tecido gengival marginal vestibular
dos dentes pertencentes aos grupos experimentais, foi devidamente isolado
com barreira gengival fotopolimerizavel (Top Dam®, FGM Produtos

Odontolégicos, Joinville, SC, Brasil) (Figura 6).

Fig. 6 — Barreira gengival fotopolimerizavel em posicao
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Para os dois grupos experimentais, onde foi realizada a técnica de
clareamento dental em consultorio, foi utilizado o gel do clareador Whiteness
HP Maxx® 35% (FGM Produtos Odontoldgicos, Joinville, SC, Brasil) (Figura 7)
para o [G35] e uma concentracdo de PH a 20%, manipulado especialmente
pelo fabricante para este estudo (Figura 8), para o [G20]. A composicao do

produto, técnica e modo de aplicacdo estéo descritas na tabela 2.

Fig 7 - Whiteness HP Maxx® 35%, FGM Produtos Odontolégicos, Joinville, SC, Brasil

Fig 8 - Peroxido de hidrogénio a 20%, manipulado especialmente pelo fabricante (FGM, Produtos
Odontoldgicos, Joinville, SC, Brasil) para este estudo
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Tabela 2 — Composigdo do produto, técnica e modo de aplicagdo — art. n°1

Composicao do produto

Técnica

Modo de aplicacéo

PH35%: espessante,
corante,
glicol,
carga inorganica e
agua deionizada

Trés aplicacdes
de 15 min
(PH35-3x15")

PH20%: espessante,
corante,
glicol,
carga inorganica e
agua deionizada (*)

Trés aplicacdes
de 15 min
(PH20-3x15")

1. Para o clareamento de
cada dente, 3 gotas da fase 1
(PH) deve ser misturada com
1 gota da  fase 2
(espessante).

2. Aplicacdo de fina
camada do gel,
aproximadamente 0,5 mm de
espessura, sobre a superficie
vestibular do dente a ser
tratado.

3. O gel clareador deve
ser deixado na superficie
dentaria por 15 minutos e a
seguir removido com ponta
aspiradora.

Este procedimento deve ser
repetido por 3 vezes.

(*) Manipulado pelo fabricante especialmente para este estudo

Whiteness HP Maxx 35% e o0 agente clareador a base de PH a 20%

(manipulado pelo fabricante especialmente para este estudo)

foram

manipulados segundo as recomendac¢des do fabricante (Anexo 3). Dispensado

3 gotas da fase PH (frasco 1) e 1 gota da fase espessante (frasco 2) no casulo

plastico fornecido pelo fabricante e a seguir misturado com auxilio de espatula

plastica (Figura 9/a/b/c).
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Fig 9 — a: 3 gotas de PH, b: 1 gota de espessante, c: mistura dos produtos do agente clareador

O gel clareador foi entdo aplicado com auxilio da mesma espétula
plastica, recobrindo totalmente a superficie exposta dos dentes a serem
clareados, em uma camada de aproximadamente 0,5 mm de espessura a fim

de recobrir a superficie vestibular a ser clareada (Figura 10).

Fig 10 — Momento da aplicag&o do gel clareador

O gel clareador foi deixado por 15 minutos sobre as superficies dentais.
Para liberar eventuais bolhas de oxigénio e favorecer o contato com os dentes,
o gel foi movimentado por aproximadamente 3 vezes com auxilio de uma
sonda clinica exploradora Duflex® (SSWhite artigos dentarios Ltda, Rio de

Janeiro, RJ, Brasil) (Figura 11).
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Fig 11 — Movimentac&o do produto com sonda exploradora

Apds 15 minutos o gel foi aspirado com o auxilio de pontas plasticas
aspiradoras endodonticas (WA produtos odontoldgicos, Braganca Paulista, SP,
Brasil) e a seguir foi preparado nova por¢cdo a qual foi aplicada e assim
sucessivamente até completar as 3 aplicacoes.

Apbés o tempo total de clareamento (45 minutos), os dentes foram
abundantemente lavados com agua (Figura 12) e, a seguir, a barreira gengival

removida.

Fig 12 — Lavagem abundante e aspiragdo do produto

Os pacientes foram questionados se ocorreu alguma sensibilidade no
dente tratado durante o periodo de clareamento e, antes de serem
dispensados, foram orientados a observar e registrar se durante o periodo pos-

operatorio (48 horas) ocorresse alguma sensibilidade ou necessidade de uso
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de analgésico. Foram instruidos a escovar seus dentes regularmente utilizando

qualquer dentifricio fluoretado ofertado no comeércio.

4.1.2 Parte cirurgica

Apods 2 dias do clareamento, seguindo o protocolo descrito por Costa et
al. (2010); os pacientes foram submetidos a nova avaliacdo de cor, com o

auxilio da escala Vita, conforme descrito anteriormente (Figura 13).

Fig 13 — Avaliacéo de cor apéds 2 dias do clareamento dentario

Na sequéncia foram realizadas as extracfes dos elementos dentérios
estudados, iniciando com procedimentos anestésicos, ou seja, anestesia topica
com Benzotop® (DFL, Rio de Janeiro, RJ, Brasil) e anestesia infiltrativa com
agulhas anestésicas curtas Septojet® (Septodont do Brasil, importadora Ltda,
Barueri, Sdo Paulo, SP, Brasil) e anestésico citocaina 3% - Cloridrato de

Prilocaina 3% com Felipressina 0,03 Ul/ml (Cristalia, produtos quimicos
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farmacéuticos Ltda, Itapira, SP, Brasil) fazendo uso, aproximado, da mesma

dose (1,8 ml) para todos os casos (Figura 14/a/b/c).

= |

Fig 14— a: Anestésico topico Benzotop®, seringa Carpule, agulha curta Septojet® e anestube de
citocaina 3%; b: procedimento de anestesia topica; c: procedimento de anestesia infiltrativa

A remocéao cirurgica proposta foi através de férceps (Figura 15).

Fig. 15 — Exodontia com uso de forceps
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Apoés a remocéo e realizada a sutura dos bordos cirdrgicos com fio de
sutura de seda 3.0 Ethicon® (Johnson&Johnson do Brasil Ind. e comércio de
produtos para saude Ltda, Sdo José dos Campos, SP, Brasil) (Figura 16/a/b),
0s dentes pertencentes aos grupos experimentais e controle tiveram suas

raizes seccionadas cerca de 4-5 mm abaixo da JAC.

Fig 16 — a: elemento dentario extraido, b: realizacéo de sutura

Este procedimento foi realizado em alta velocidade, utilizando-se ponta
diamantada n® 2200 (KG Sorensen®, Sédo Paulo, SP, Brasil), sob abundante

refrigeracdo com agua (Figura 17).

Fig 17 — Corte da raiz do dente com ponta diamantada n° 2200
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As partes coronarias foram colocadas no interior de frascos de vidro
identificados, os quais continham solucdo de formalina tamponada a 10%
(Manipulada pelo laboratério de bioquimica do Curso de Quimica da UEPG,
PR, Brasil com a seguinte formula¢do: 100 ml formaldeido p.a., 4,0 g fosfato de
sédio monobasico monohidratado p.a., 6,0g fosfato de sédio dibasico anidro

p.a., 900 ml 4gua destilada) (Figura 18/a/b).

Fig 18 — a: parte coronéria separada da radicular, b: parte coronaria colocada em solugéo de formalina

tamponada a 10%

Através de etiquetas autoadesivas e numeros em algarismos romanos,
se identificou: o primeiro nome do paciente, idade, o nimero do elemento
dentério extraido e a data da extracdo. O nome completo do doador, idade, o
namero do elemento dentério, a data do clareamento e da extracdo e qual
técnica foram utilizados, também ficaram devidamente registrados em arquivo
Excel e em posse do pesquisador responsavel. Com o propdsito de atender
requisitos éticos em relacdo aos pacientes quanto a possiveis riscos de dor
pés-operatoria, estes foram orientados a fazer uso, se necessério, de uma

medicacdo de suporte. Para isso foi recomendado comprimidos de
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Paracetamol 750 mg (EMS, S/A, Sado Bernardo do Campo, SP,Brasil). A
remocao da sutura ocorreu apos 7 dias da data da extracdo. Todos os dentes
foram encaminhados para o laboratério anatomopatolégico do Departamento
de Fisiologia e Patologia da Universidade do Estado de Sao Paulo (UNESP),
Araraquara, Sao Paulo, Brasil para procedimentos de analise histopatologico
dos mesmos (Anexo 4). O responsavel, calibrado e experiente por esta analise,
pertencente ao grupo de pesquisa coordenado pelo Prof. Dr. Carlos Alberto de
Souza Costa, UNESP, Araraquara, SP, desconhecia os codigos relativos as

técnicas utilizadas.

4.1.3 Parte histopatoldgica

O protocolo de processamento histologico e técnica de coloragéo seguiu
a descricao de Costa et al.(2010). Os dentes foram armazenados por 48 horas
em solucdo fixadora de formalina em pH 7.2, descalcificado em solucéo
tamponada de Morse (50% acido férmico + 20% citrato sodio) por 60 dias.
Apo6s desidratados, foram incluidos em cera parafinada a vacuo e finalmente
embebida em parafina, seccionados em fatias de 5-6 micrometros (um) (“820”
Spencer Microtome, Carson, CA, EUA), montados em laminas de vidro e
corados com Hematoxilina/Eosina (H/E) e Tricrémico de Masson. Dos 14
dentes submetidos a esta andlise, trés foram perdidos durante o processo
laboratorial (2 do [GC] e 1 do [G20]), portanto, a amostra foi composta de 11
dentes (Tabela 1, pg 15). Baseado em estudos in vivo anteriores (Costa et al.,

2007; Accorinte et al., 2008), todas as secOes obtidas destes 11 dentes foram
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submetidos a avaliacdo cega por examinador calibrado utilizando Microscopio
Otico (MO) (Carl Zeiss, Oberkdchen, Alemanha). Os eventos histopatolégicos
avaliados foram resposta inflamatoria celular, desorganizacdo tecidual e
deposicado de dentina reacional, e em cada critério os eventos histopatologicos
foram classificados de “0” (tecido pulpar com caracteristicas de normalidade) a

“3” (tecido pulpar severamente comprometido) (Tabela 3).

Tabela 3 — Escores utilizados durante o exame histolégico para cada critério avaliado (resposta
inflamatdria celular, desorganizacao tecidual e formacao de dentina reacional) — art. n°1

ESCORES RESPOSTA INFLAMATORIA CELULAR
Caracterizacdo
Nenhuma ou apenas algumas células inflamatorias dispersas
0 presentes na area pulpar correspondente a
superficie vestibular do dente no qual o gel clareador foi aplicado
1 Mediana Infiltracdo de células inflamatérias
2 Moderada infiltracdo de células inflamatorias
3 Severa infiltracdo de células inflamatorias
ESCORES DESORGANIZACAO TECIDUAL
Caracterizacdo
0 Tecido pulpar normal
Zonas pulpares (odontoblastica, acelular e rica em células)
1 desorganizadas na superficie vestibular do dente no qual o gel
clareador foi aplicado
2 Tecido pulpar coronério desorganizado com necrose parcial
3 Intensa desorganizagdo pulpar com necrose no tecido pulpar
coronario e radicular
ESCORES FORMAGCAO DE DENTINA REACIONAL
Caracterizacao
0 Auséncia
1 Modesta deposi¢éo de tecido duro no tecido pulpar coronario
2 Moderada deposicéo de tecido duro no tecido pulpar coronario
3 Intensa deposi¢do de tecido duro no tecido pulpar coronério e

radicular
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4.1.4 Anédlise estatistica

A mediana total da variacdo de unidade de cor (A VUC) foi calculada e
comparada com o Teste ndo-paramétrico de Kruskall-Wallis e Mann-Whitney. A
presenca de sensibilidade dentaria entre os grupos foi avaliada pelo Teste
exato de Fisher. Com relacéo a resposta pulpar, trés eventos histopatologicos
foram avaliados (Tabela 3, pg. 26) de tal maneira que 3 escores por dente
foram considerados para andlise estatistica. Todos os testes estatisticos foram
realizados com nivel de significancia de 5% (a=0,05) no software MedCalc
(Medcalc versao 11.3.8.0, 2010, Mariakerke, Bélgica). Os significados de todos
os escores (Tabela 3, pg. 26) atribuidos para os sub-itens de cada um dos 3
critérios (resposta inflamatoria celular, desorganizacéo tecidual e deposicéao de
dentina reacional) foram tabulados e analisados estatisticamente pelo Teste
nao-paramétrico de Kruskal-Wallis e complementado pelo Teste de Mann-
Whitney com um nivel de significaAncia de 5% (0=0,05). As multiplas secc¢des
foram utilizadas com o objetivo de obtencdo de um valor Unico final para cada

dente.
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4.2  Artigon°2

“RESPOSTA DE POLPAS HUMANAS FRENTE A DIFERENTES TECNICAS

DE CLAREAMENTO EM CONSULTORIO”

Como ja anteriormente relatado, esta investigagdo clinica foi aprovada
pela COEP, UEPG, Ponta Grossa, Parana, Brasil sob o niumero 09171/10
(Anexo 1). Os itens 3.1.1 (Selecédo dos dentes), 3.1.2 (Termo de consentimento
livre e esclarecido), 3.1.3 (Critérios de inclusédo) e 3.1.4 (Critérios de exclusao)
do capitulo 3 MATERIAL E METODOS (pg.9), foram relatados anteriormente e

sao iguais para os artigos de n®1 e n° 2.

4.2.1 Parte clinica

Os pacientes foram distribuidos 4 grupos, de acordo com a Tabela 4,
sendo 1 grupo controle e 3 experimentais. Os géis foram aplicados sobre a
superficie vestibular dos incisivos inferiores de acordo com as instrucdes

descritas na tabela 5.



Tabela 4 — Grupos, técnicas e amostra — art. n° 2
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Grupos Técnica amostra (n)
(SC 3-15) Trés aplicacdes de 15 min 5
(Whiteness HP Maxx35-sem calcio)
(SC 1-45) Unica aplicag&o de 45 min 5
(Whiteness HP Maxx35-sem calcio)
(CC 1-45) Unica aplicag&o de 45 min 5
(Whiteness HP Blue35-com célcio*)
(GC) Sem aplicacéo do agente clareador 2

*Técnica, composicdo e demais informagBes do agente clareador Whiteness HP Blue35-com célcio

(anexo 5).



Tabela 5 — Composigao dos produtos, técnica (codigo) e modo de aplicagéo - art. n°2
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Composicao do produto

Técnica (codigo)

Modo de aplicacéo

Whiteness HP
Maxx 35%

Peroxido de hidrogénio

35%, espessante,
corante, glicol, carga
inorganica e  agua
deionizada

3 aplicacbes de 15-min
(SC 3-15)

1.Para o clareamento de cada dente, 3 gotas da fase 1
(peroxido de hidrogénio) misturada a 1 gota da fase 2
(espessante).

2.Aplicacdo de uma fina camada do gel, aproximadamente
0,5 mm sobre a superficie vestibular do dente a ser
tratado.

3.0 gel clareador deve ser deixado sobre a superficie dos
dentes por 15 min e apés removido com auxilio de canula
aspiradora.

4. Este procedimento deve ser repetido por 3 vezes.

Unica aplicaco de 45-min

(SC 1-45)

1.Para o clareamento de cada dente, 3 gotas da fase 1
(peroxido de hidrogénio) misturada a 1 gota da fase 2
(espessante).

2.Aplicacdo de uma fina camada do gel, aproximadamente
0,5 mm sobre a superficie vestibular do dente a ser
tratado.

3.0 gel clareador deve ser deixado sobre a superficie dos
dentes por 45 min e apés removido com auxilio de canula
aspiradora.

4. Este procedimento ndo deve ser repetido.

Whiteness HP
Blue 35%

Perdxido de hidrogénio

35%, espessante,
corante, glicol, carga
inorganica, célcio e

agua deionizada

Unica aplicacdo de 45-min

(CC 1-45)

1.Para o clareamento de cada dente, 2 seringas (peroxido
de hidrogénio e espessante) sdo conectadas e misturadas
varias vezes (Fig 19).

2.Aplicacdo de uma fina camada do gel, aproximadamente
0,5 mm sobre a superficie vestibular do dente a ser tratado
(Fig 21).

3.0 gel clareador deve ser deixado sobre a superficie dos
dentes por 45 min e apés removido com auxilio de canula
aspiradora. (Fig 20).

4. Este procedimento ndo deve ser repetido.
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Fig 19 — Preparo do gel. Misturando as duas fases com as seringas conectadas, empurrando os émbolos
alternadamente por até 8 vezes, entdo empurre todo o contetido misturado para uma das seringas.

Fig 20 — Aplicacéo Unica do gel e apds o tempo de 45 minutos para o HP Blue 35%, aspirando com
canula endodéntica e lavando com agua abundantemente.

A parte cirargica e parte histopatolégica acompanham o0s mesmos
procedimentos vistos anteriormente no item 4.1.2 (pg. 21) e item 4.1.3 (pg. 25),
respectivamente. Com relacdo a analise estatistica, esta também seguiu os
mesmos procedimentos do item 4.1.4 (pg. 27), inclusive utilizando os mesmos
escores durante o exame histoldégico, como resposta inflamatéria celular,

desorganizacao tecidual e formagédo de dentina reacional (Tabela 3, pg. 26).
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4.3 Artigon°3

“EFEITOS DO CLAREAMENTO EM CONSULTORIO SOBRE TECIDO

PULPAR DE INCISIVOS HUMANOS DE PACIENTES JOVENS E IDOSOS”

4.3.1 Parte clinica

Os pacientes foram distribuidos em 4 grupos, de acordo com a idade
(jovens ou idosos) e se iria ou ndo ser submetido ao procedimento clareador
(experimental ou controle) (Tabela 6). No grupo experimental, os dentes foram
clareados com gel de PH a 35% (Whiteness HP Maxx35%, FGM Produtos
Odontologicos, Joinville, SC, Brasil) (Figura 7, pg.17) utilizado de acordo com
instrucdes descritas na tabela 7 e conforme detalhado no item 4.1.1 (pg. 15) do

artigo n° 1.

Tabela 6 — Grupos, técnicas e amostra — art. n® 3

Grupos Técnica amostra (n)
(GJ) Trés aplicacdes de 15 min 5
(Whiteness HP Maxx35%)
(GCJ) Sem aplicacéo do agente clareador 4
(G Trés aplicacdes de 15 min 5

(Whiteness HP Maxx35%)

(GCI) Sem aplicacéo do agente clareador 4
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Tabela 7- Composicéo do produto, técnica e modo de aplicacéo — art. n°3.

Composicao Modo de aplicagéo

do produto
1. Para o clareamento de cada dente, 3 gotas da fase 1
(PH) deve ser misturada com 1 gota da fase 2
PH35%. (espessante).
espessante, 2. Aplicacdo de fina camada do gel, aproximadamente 0,5
corante, glicol, mm de espessura, sobre a superficie vestibular do dente
carga a ser tratado. _ _ _
inorganica e 3. O gel clareador deve ser deixado na superficie dentéria
4gua deionizada por 15 minutos e a seguir removido com ponta

aspiradora.
4. Este procedimento deve ser repetido por 3 vezes.

A parte cirirgica e a parte histolégica acompanham os mesmos
procedimentos vistos anteriormente no item 4.1.2 (pg.21) e item 4.1.3 (pg. 25),
respectivamente. A Unica diferenca sera a avaliacdo da mensuracdo da

espessura dentinaria relatada a seguir.

4.3.2 Mensuracédo da espessura dentinéaria

Apds obtidas as laminas, estas foram analisadas utilizando-se de
microscoépio otico (Diastar; Cambridge Instruments, Buffalo, NY), adaptado a
uma camara de video (DXC-107A/107AP; Sony Electronics, Toquio, Japédo), 3
medidas lineares da juncdo esmalte/dentina a camara pulpar foram realizadas
para determinar a espessura da dentina (ED) de todas as sec¢Oes de cada

dente. As imagens do video foram descarregadas em um computador e
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processadas utilizando software Mocha (Mocha; Jondel Scientific, San Rafael,
CA). A metodologia utilizada neste estudo para medir a ED foi semelhante a
utilizada para determinar a espessura de dentina remanescente entre o teto da
cavidade e o tecido pulpar subjacente (Costa et al, 2006; Costa et al, 2007).
Foram feitas as leituras de cada dente e realizado uma média para obter-se a

ED.

A parte relativa a analise estatistica foi semelhante aos procedimentos
descritos no item 4.1.4 (pg. 27), inclusive utilizando os mesmos escores
durante o exame histolégico, como resposta inflamatéria celular,

desorganizacao tecidual e formacao de dentina reacional (tabela 3, pg. 26).
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Effect of concentration of in-office bleaching treatments on human pulp responses

Abstract

Introduction: This study evaluated the response of human pulps submitted to different
concentration of hydrogen peroxide (HP) in-office bleaching techniques.

Methods: The following groups were compared: 35% HP (HP35; n=5) or 20% HP (HP20;
n=4). In the control group (n=2), no tooth bleaching was performed. The color was
registered at baseline and after two days using Vita Classical shade guide. Tooth
sensitivity (TS) experience was also recorded during the two days post-bleaching. The
bleached teeth were extracted 2 days after the clinical procedure and subjected to
histological analysis. The bleaching effect (BE) and overall scores for histological
evaluation was evaluated by Kruskal-Wallis and Mann-Whitney tests. The percentage
of patients with TS was evaluated by Fisher’s exact test (a=0.05).

Results: The BE and TS of HP35 group were statistically different than the control
(p<0.05) and the HP20 showed a intermediary response similar to HP35 and control
(p>0.05). In both experimental groups, the coronary pulp tissue exhibited partial
necrosis associated to reactionary dentin deposition. The subjacent pulp tissue
exhibited mild inflammatory response.

Conclusion: The in-office bleaching therapies using bleaching gels with 20% or 35% HP
for 45 minutes cause similar pulp damage, characterized by partial necrosis,
reactionary dentin deposition and mild inflammation.

Keywords: Tooth bleaching, hydrogen peroxide, odontoblasts, materials testing,

metabolism.
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Introduction

The introduction of carbamide peroxide for night-guard vital bleaching
(Haywood et al., 1989) has increased the popularity of bleaching procedures and in the
last years, in-office bleaching therapies have become more popular (Barghi, 1998;
Perdigdo et al., 2004). According to a survey published in the USA among practitioners,
33% of dentists in the United States use in-office bleaching (CRA 2000). This increased
search for in-office procedures is related to the fact that some patients require faster
results, do not want to wear bleaching trays and are influenced by the media (Barghi,
1998; Perdigdo et al., 2004).

In spite of the bleaching efficacy of in-office bleaching (Zekonis et al., 2003;
Marson et al., 2008; Tay et al., 2009; Bernardon et al., 2010), tooth sensitivity is one of
the most common side effect associated with this procedure. Clinical studies estimated
that 55% to 100% of the patients experience bleaching-induced tooth sensitivity with a
mild to severe intensity (Marson et al., 2008; Tay et al., 2009; Bernardon et al., 2010;
Kossatz et al., 2011; Reis et al., 2011).

Although the etiology of this side effect has not yet been fully established, it
seems that it results from the hydrogen peroxide (HP) diffusion through enamel and
dentin into the pulp during tooth bleaching (Cooper et al., 1992; Hanks et al., 1993;
Sulieman et al., 2004). Within 5 to 15 min after application of the bleaching gel, HP can
be found in the pulp tissue, where it irritates and produces a reversible pulpitis for at-
home bleaching (Anderson et al., 1999; Fugaro et al., 2004). When it comes to in-office
bleaching, more severe effects are observed in lower central incisors such as pulp

necrosis after applications of a 38% HP bleaching gel (Costa et al., 2010). Transenamel
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and transdentinal damage to pulp cells, especially to the odontoblasts that underlies
the dentin substrate was demonstrated in several current in vitro studies (Trindade et
al., 2009; Dias Ribeiro et al., 2009).

These concerns have led some manufacturers to release low concentrated in-
office bleaching gels. These products were shown to produce lower sensitivity risk in
clinical studies (He et al., 2012), although their effect on pulp tissue is yet to be
evaluated. Therefore, the aim of this study was to evaluate the response of pulps of
mandibular anterior sound incisors submitted to in-office bleaching with different HP

concentrations.

Materials and Methods

This clinical investigation was approved under protocol number 09171/10 by
the Ethics Committee from the local university. Based on pre-established criteria, 11
participants with lower incisors scheduled to be extracted for orthodontic reasons

were selected for this study.

All the participants had anterior teeth with initial shade A2 or darker as judged
by comparison with a value-oriented shade guide (Vita Lumin, Vita Zahnfabrik, Bad
Sackingen, Germany). Two weeks before the bleaching procedures, all the subjects
received a dental screening and dental prophylaxis. The diagnosis of vitality pulpal was
confirmed by a cold test application (Endo-Frost, Roeko, Germany). After 10 s of
application, all patients should answer positively indicating a few and not lingering
pain response. After reading and receiving all necessary explanations including the

experimental rationale, clinical procedures and possible risks, the selected patients
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signed a consent form explaining the research protocol, which was previously

approved by the Ethics Committee.

Inclusion and exclusion criteria. Participants included in this clinical study had
good general and oral health. The participants should have at least one caries-free
mandibular incisor without restorations on the labial surfaces with shade A2 or darker
and in need of extraction due to orthodontic reasons. Participants that had undergone
tooth-whitening procedures, presenting anterior restorations, pregnant/lactating, with
severe internal tooth discoloration (tetracycline stains, fluorosis, pulpless teeth),
bruxism habits or any gross pathology in the mouth were excluded from the study.
Participants using any continuous drug with anti-inflammatory and antioxidant action
were also excluded. The participants were asked about the previous tooth sensitivity
the week before the beginning of the bleaching therapy and those who reported any

degree of spontaneous tooth sensitivity were not included in the study sample.

Study design. Participants were randomly divided into three groups according
to control or the in-office bleaching therapies. After the prophylaxis procedures, the
gingival tissue of the teeth to be bleached was isolated with a light-cured gingival
barrier (Top Dam, FGM Dental Products, Joinville, SC, Brazil). A 35% hydrogen peroxide
(HP) gel (Whiteness HP Maxx, FGM) or 20% hydrogen peroxide gel were used
according to the instructions described in Table 1. All participants were instructed to
brush their teeth regularly using fluoridated toothpaste (Sorriso Fresh, Colgate-

Palmolive, S3o Paulo, Brazil).
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Shade evaluation. The color was registered at baseline and two days after the
bleaching session using a value-oriented shade guide (Vita Lumin, Vita Zahnfabrik). The
shade guide’s 16 tabs were arranged from highest (B1) to lowest (C4) value
(B1*A1*B2*D2*A2*C1*C2*D4*A3*D3*B3* A3.5*B4*C3*A4*C4). Although this scale is
not linear in the truest sense, we treated the changes as representing a continuous
and approximately linear ranking for the purpose of analysis. The shade changes from
the start of the active phase to the individual recall times were calculated by
calculating the change in the number of shade guide units (A SGU) that occurred
toward the lighter end of the value-oriented list of shade tabs. Only one calibrated and
experienced evaluator recorded the shade of each subject’s teeth at baseline and two
days after the bleaching procedure. The measurement area of interest for shade

matching was the middle third of the facial surface of teeth.

Tooth sensitivity evaluation. Two days after the procedure, the participants
were asked if they had experienced any tooth sensitivity in the bleached tooth. No
attempt was made to record the tooth sensitivity intensity but only if the participants

experienced or not any degree of tooth sensitivity.

Histologic procedure and evaluation. This protocol followed the description of
Costa et al. (2010). Two days after the bleaching procedure, the teeth were extracted
under local anesthesia. The roots were immediately sectioned midway between the
cement/enamel junction (CEJ) and the root tip with a high-speed handpiece under
water spray. The teeth were stored for 48 h in formalin fixative solution at pH 7.2,

decalcified in buffered Morse’s solution, dehydrated, vacuum-infiltrated with wax
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paraffin and finally embedded in paraffin. Six-um thick serial sections were cut (“820”
Spencer Microtome, Carson, CA, USA), mounted on glass slides and stained with
haematoxylin and eosin (H/E). Three teeth were lost during the laboratorial
processing. Then, based upon previous in vivo studies (Costa et al., 2001; Accorinte et
al., 2006), all sections obtained from 11 out 14 teeth were submitted to evaluation by
a calibrated examiner blinded to the groups. Using a light microscope (62774; Carl
Zeiss, Oberkochen, Germany) the histopathologic events described in Table 2 were

assessed and classified by a descriptive analysis.

Statistical analysis. The overall median of A SGU was calculated and compared
with the non-parametric Kruskall-Wallis test and Mann-Whitney U-test. The absolute
risk of tooth sensitivity among groups was evaluated by Fisher’s exact test. Regarding
the pulp response, three established histopathological events were evaluated (Table 2)
in such way that 3 scores per tooth were considered for statistical analysis. The overall
comparison of the groups was performed with the non-parametric Kruskal-Wallis
statistical analysis. The comparisons between groups were performed using the Mann-
Whitney U-test. All tests were performed with appropriately computed critical values
(a = 0.05) in the MedCalc software (MedCalc Version 11.3.8.0, 2010, Mariakerke,

Belgium).

Results
The age of the participants arranged for this study varied between 12 and 30

years old (mean 16.9 £ 5.7). The means and standard deviations of color measurement
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are shown in Table 3. The A SGU of all bleaching concentrations were statistically
similar (p > 0.49). However, only technique that used 35% HP (HP35) were different

from the non-bleached control group (p = 0.03).

A statistically higher absolute risk of tooth sensitivity was observed for the
groups bleached with 35% HP (p = 0.007; Table 3). The groups bleaching with 20% HP

(HP20) was not statistically different from the others (p > 0.28).

The scores for every criterion determined by the histological assessment of the
specimens according to groups are shown in Table 4. Overall, the histological features
showed that the pulp tissue observed in control group was quite different in
comparison to the experimental groups in which the teeth were bleached (p = 0.003).
Teeth from the control group showed pulp tissue with normal histological

characteristics, lack of inflammatory response and no tissue disorganization (Figure 1).

However, a notable difference in the pulp responses occurred in the bleached
groups (Figure 2), regardless of HP concentration. Four and three human incisors
bleached with gels containing 35% (HP35) or 20% (HP20) hydrogen peroxide,
respectively, showed a wide zone of coagulation necrosis in the coronary pulp tissue
associated to deposition of reactionary dentin (Figure 2a, 2b, 2e and 2f). In one of
those five teeth bleached with HP35, the reactionary dentin observed adjacent to the
necrotic tissue was continuous to that deposited in the lateral walls of the root pulp
tissue (Figure 2a, 2c). In eight of those nine bleached teeth, a mild inflammatory
response mediated by mononuclear cells among dilated and congested blood vessels

was observed (Figure 2c, 2d, 2g and 2h).
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Discussion

Although the main goal of this study was to measure the pulpal response to
different HP concentrations, the efficacy and tooth sensitivity was also evaluated in an
attempt to verify if the bleaching agent was effective in producing a whitening effect
and the likely side effects of the protocols evaluated.

So far no clinical study has compared in a single study design, the bleaching
efficacy and tooth sensitivity of gels containing 20% or 35% of hydrogen peroxide (HP)
in their composition. Usually, studies that employed lower HP concentrations for in-
office bleaching reports lower degree of whitening and tooth sensitivity (Kugel et al.,
2009; Ontiveros, Pavarina, 2009) when compared to studies that evaluated 35% HP
concentration (Marson et al., 2008; Tay et al., 2009; Bernardon et al., 2010; Kossatz et
al., 2011; Reis et al., 2011).

Although the present study design was not planned specifically to compare the
bleaching efficacy and tooth sensitivity of gels with different HP concentrations, It was
possible to observe lower degree of tooth bleaching and less tooth sensitivity for the
20% HP gel. This was somewhat expected since the concentration of HP in a bleaching
gel has a marked effect on the number of applications required to produce an optimal
shade outcome (Sulieman et al, 2004), meaning that bleaching gels with a lower HP
concentration requires more applications to produce similar tooth bleaching effect
(Sulieman et al, 2004). On the other hand, the differences in clinical symptoms and
signs between HP concentrations were not observed when the histopathology features
of the pulps bleached with 20 or 35% HP were compared one another. This likely

indicates that the amount of HP that reaches the pulp after application of a 20% HP gel
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is already enough to produce similar damage to the pulp tissue than the 35% HP. The
application of 35% HP in-office bleaching gel was shown to result in trans-enamel and
trans-dentinal cytotoxic effects characterized by direct damage to cultured
odontoblast-like cells and a decrease of their metabolic activity (Dias Ribeiro et al.,
2009; Trindade et al., 2009).

It has been demonstrated HP and the products of its degradation, such as
hydroxyl (OH-) ions may act as free radicals to cause oxidative stress in the pulp cells
(Kawamoto, Tsujimoto, 2004). The increase of reactive oxygen specimen levels cause
deleterious effects to several cell components, like mutagenesis, carcinogenesis, cell
membrane damage by peroxidation lipid, and protein fragmentation (Sies, 1993;
Martindale, Holbrook 2002), which may reduce cell proliferation and result in cell
necrosis or apoptosis (Allen, Tresini 2000; Trindade et al., 2009; Ribeiro et al., 2009).

Although cytotoxic effects to cultured cells were also shown to occur after use
of lower HP concentrations (Hanks et al., 1993), this does not explain the lack of
agreement between the clinical symptoms of the participants in this study and the
pulp response to the gels with different HP concentrations, since the amount of HP
that reaches the pulp tissue is directly proportional to the HP concentration and the
contact time of the product on the enamel (Cooper et al., 1992; Hanks et al., 1993;
Sulieman et al.,, 2004). Earlier studies that attempted to correlate clinical
symptomatology and pulp response after different operatory procedures have not
succeed in finding positive correlation (Costa et al., 2001; Accorinte et al., 2006).

Perhaps the expression of inflammatory mediators such as substance-P (a

nerve-released vasoactive peptide) (Caviedes-Bucheli et al., 2008) and arachidonic acid
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metabolites, such as prostaglandins (PGs), which have a recognized role in triggering
and subsequently potentiate nociceptive impulses that are transmitted to the central
nervous system for the perception of pain (Huynh, Yagiela, 2003) may be proportional
to the amount of HP that reaches the pulp. However this issue still deserves further
evaluations.

It is worth mentioning that the pulp response of bleached teeth in the present
investigation as well as in the Costa et al. (2010) study is not in agreement with
previous literature findings. Earlier in vivo studies demonstrated insignificant pulp
damage after in-office bleaching. For instance Cohen, Chase (1979) applied 35% HP
associated to heat during three 30-min applications and showed no histological
evidence to pulpal damage. Another study reported only mild inflammation after two
applications of 5-min of a 35% HP product (Robertson, Melfi, 1980). More recently,
Kina et al. (2011) also showed no pulpal damage after the use of 38% HP gel 3 times,
10-min application each, with or without light-activation. The main difference between
the previous studies and the present one is the type of tooth submitted to bleaching
procedures. In the present study, mandibular incisors, instead of premolars used in the
aforementioned studies (Cohen, Chase, 1979; Robertson, Melfi, 1980; Kina et al.,
2011), had their pulp tissue evaluated after in-office bleaching therapies.

In fact, in a review of literature, Haywood (2005) reported that bleaching-
induced tooth sensitivity usually affects the smaller teeth, such as the maxillary laterals
and the mandibular incisors. This was also proved by Costa et al. (2010) who evaluated
the histological pulp response of incisors and premolars submitted to in-office

bleaching therapy. The authors showed necrosis in the coronary pulp tissue of lower
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incisors but not in premolars when a bleaching gel with high concentration hydrogen
peroxide (38%) was evaluated (Costa et al., 2010). It was suggested that the thinner
layer of enamel and dentin in the mandibular incisors compared to premolars may
reduce the fast diffusion of HP across the tooth hard tissues to reach the pulp.
Therefore, odontoblasts and endothelials cells may get more time to produce
peroxidades, catalases (Bowles, Burns, 1992) and oxygenases (Anderson et al., 1999)
to protect the pulp against the damage caused by HP.

From a clinical standpoint, the results of this study should be interpreted with
caution. Whether or not the pulp damage caused by HP is reversible is yet to be
addressed. Besides that, to the extent of the author’s knowledge, no clinical study has
reported pulp death after in-office bleaching and thus further studies evaluating pulp
vitality at long-term after in-office bleaching should be conducted as well as other
bleaching therapies that deliver lower amount of HP on the enamel surface (Matis et
al. 2009; Reis et al., 2011).

One limitation of this in vivo study is that the participants were young. It is
known that young patients sound teeth present dentinal tubules with wide inner
diameter and the dentin substrate is thin since none or a small layer of secondary
dentin is present. Therefore, it is expected that higher amount of HP or other reactive
oxygen species (EROS) may diffuse faster through enamel and dentin to cause damage
to the pulp tissue. In this way, further in vivo studies are needed to evaluate if similar
pulpal damage, as demonstrated in the present investigation, also take place in teeth

of older patients submitted to in-office bleaching therapies.
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According to the methodology employed in the present in vivo study and based
upon the data obtained, it may be concluded that bleaching gels with 20% or 35% HP
applied for 45 minutes on the buccal enamel surface of lower human incisors cause
similar pulpal damage, characterized by partial necrosis of coronary pulp tissue

associated with reactionary dentin deposition and mild inflammatory response.
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Table 1 - Product composition, technique (code) and application regimes.

Product

composition

Technique

(code)

Application regimes

35% hydrogen
peroxide,
thickeners,
dye mixture,
glycol,
inorganic load
and deionized
water

Three 15-
min

applications
(HP35)

. For the bleaching of each tooth, three drops of phase 1

(hydrogen peroxide) should be mixed with one drop of
phase 2 (thickener).

. Application of a thin layer of gel, approximately 0.5 mm

thick, on the buccal surface of all teeth undergoing
treatment.

. The bleaching gel should be left on the teeth surface for

15 min and then removed with an aspirator.

. This procedure should be repeated 3 times.

20% hydrogen
peroxide,
thickeners,
dye mixture,
glycol,
inorganic load
and deionized
water (*)

Three 15-
min

applications
(HP20)

. For the bleaching of each tooth, three drops of phase 1

(hydrogen peroxide) should be mixed with one drop of
phase 2 (thickener).

. Application of a thin layer of gel, approximately 0.5 mm

thick, on the buccal surface of all teeth undergoing
treatment.

. The bleaching gel should be left on the teeth surface for

15 min and then removed with an aspirator.

4. This procedure should be repeated 3 times.

(*) Manipulated by the manufacturer specially for this study
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Table 2 - Scores used during the histological examination: inflammatory cell response,

tissue disorganization and reactionary dentin formation.

Score INFLAMMATORY CELL RESPONSE
Characterization
None or a few scattered inflammatory cells present in the pulp area
0 corresponding to the buccal surface of the tooth in which the
bleaching gel was applied
1 Mild inflammatory cell infiltrate with polymorphonuclear or
mononuclear leukocytes
2 Moderate inflammatory cell infiltrate
3 Severe inflammatory cell infiltrate
Score TISSUE DISORGANIZATION
Characterization
0 Normal pulp tissue
Pulp zones (odontoblast, acelular, and cell-rich) disorganization in
1 the buccal surface of the tooth in which the bleaching gel was
applied
2 Coronary pulp tissue disorganization with partial local necrosis
3 Intense pulp disorganization with necrosis in the coronay and root
pulp tissue
Score REACTIONARY DENTIN FORMATION
Characterization
0 Absence
1 Modest hard tissue deposition in coronary pulp of the tooth in which
the bleaching gel was applied
Moderate hard tissue deposition in the coronay pulp tissue of the
2 . . . .
tooth in which the bleaching gel was applied
3 Intense hard tissue deposition in the coronay and root pulp tissue
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Table 3 — Means + standard deviations and medians of shade guide units and A SGU for the experimental groups as well as the number of

patients with tooth sensitivity for each group.

Shade guide unit

Before After A SGU (*) Sensitivity
e e e 73% 128 Db o
Mean+SD . Mean+SD . Mean * SD interquartile P . P
interquartile interquartile with tooth
ranges) e
ranges) ranges) sensitivity (**)
Control 6.0+3.0 5(5/9) 6.0%£3.0 5(5/9) 0.0+0.0 0(5/9) A 2/0a
HP35 58+1.8 5(5/5) 3.2%+1.6 2 (2/5) 26%+15 3(3/3)B 5/5b
HP20 5.0+0.0 5(5/5) 3.8%+1.6 5(2/5) 1.2+1.6 1.5(0/3)A,B 4/2 a,b

(*) Similar upper case letters indicate statistically similar groups for A SGU (Mann-Whitney test, p < 0.05). (**) Similar lower case letters
indicate statistically similar groups for tooth sensitivity (Fisher exact, test p < 0.05).



Table 4 - Number of specimens for each group in each criterion as well as multiple comparisons among the experimental conditions.

Criteria
Groups Inflammatory cell response Tissue disorganization Reactionary dentin formation M(:;l;ear:l(l*)
0 1 2 3 Median 0 1 2 3 Median o 1 2 3 Median
Control 2 0 0 0 0 2 0 0 O 0 2 0 0 0 0 0B
HP35 0 5 0 0 1 0O 1 4 O 2 0 0 4 1 2 2A
HP20 0 3 1 0 1 0O 1 3 0 2 0 0 4 0 2 2A

(*) Overall medians for each group. Different letters mean significant differences (p < 0.05)
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Response of human pulps to different in-office bleaching techniques

Abstract

Objective: This study evaluated the pulp response of human teeth subjected to
different in-office bleaching techniques and materials. Material and methods: A
calcium-free (Whiteness HP Maxx [CF], FGM) and a calcium-containing (Whiteness HP
Blue 35% [CC], FGM) 35% hydrogen peroxide (HP) gels were evaluated. The CF product
was employed in three 15-min applications (CF 3-15) or in a single 45-min application
(CF 1-45). The product HPB was used only in a single 45-min application (CC 1-45). Each
technique was applied in 5 lower incisors scheduled for extraction. In control group, no
tooth bleaching was performed. The tooth color was registered at baseline and two
days after the bleaching procedures using Vita Classical shade guide. Tooth sensitivity
(TS) experience was also recorded during the two days post-bleaching. The bleached
teeth were extracted 2 days after the clinical procedures and subjected to histological
analysis. The clinical bleaching effect (BE) and overall scores for histological evaluation
was evaluated by Kruskal-Wallis and Mann-Whitney tests. The percentage of patients
with TS was evaluated by Fisher’s exact test (a=0.05).

Results: The BE observed for all bleaching therapies evaluated were similar and
statistically different from the control (p<0.05). However, TS of groups bleached with
CF was statistically higher than that recorded for CC and the control (p<0.05). In CF 3-
15 and CF 1-45 groups, the coronary pulp tissue exhibited partial necrosis associated to
tertiary dentin deposition. In CC 1-45 group smaller area of necrosis occurred only in
three bleached teeth in which tertiary dentin deposition was observed. Conclusion:

According to the methodology used in this in vivo study, it can be concluded that the
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in-office bleaching therapy using a calcium-containing 35%HP gel causes lower pulp

damage and less tooth sensitivity than a calcium-free 35%HP gel.

Keywords: Tooth bleaching, hydrogen peroxide, odontoblasts, materials testing,

metabolism.
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Introduction

Although clinical studies have shown that in-office bleaching can reach as
satisfactory degree of whitening as the at-home bleaching as long as the materials are
used for appropriate time (Zekonis et al., 2003; Auschill et al., 2005; da Silva Gottardi
et al., 2006; Bernardon et al., 2010; Costa et al., 2010) in-office tooth bleaching shows
a high risk of tooth sensitivity (TS). Approximately 55 to 100% of the patients
experience bleaching-induced TS with a mild to severe intensity (Marson et al., 2008a;
Tay et al., 2009; Bernardon et al., 2010; Kossatz et al., 2011; Reis et al., 2011).

The literature believes that the damage caused by hydrogen peroxide (HP)
diffusion into the pulp during tooth bleaching (Cooper et al., 1992; Hanks et al., 1993;
Benetti et al., 2004; Sulieman et al., 2004; Gokay et al., 2005) is responsible for the TS
(Markovitz et al., 2010). Within 5 to 15 min after application of bleaching gels, HP can
be found in the pulp tissue, where it irritates nerves and produces a reversible pulpitis
for at-home bleaching gels (Anderson et al., 1999; Fugaro et al., 2004). However, it
seems that more severe effects, such as pulp necrosis takes place in pulps of lower
central incisors after application of a 38% HP in-office bleaching gel (Costa et al., 2010).
In addition, several current in vitro studies have demonstrated the occurrence of
transenamel and transdentinal damage to cultured pulp cells after in-office HP
application on enamel (Trindade et al., 2009; Dias Ribeiro et al., 2009; Coldebella et al.,
2009).

Although the concentration of HP in in-office bleaching gels is similar among
different brands, products differ one another as other components and additives are

included in their formulation. For instance, there are products formulated with
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desensitizing agents (Matis et al., 2007; Browning et al., 2008; Gallo et al., 2009),
amorphous calcium phosphate (Giniger et al., 2003) or calcium gluconate (Kossatz et
al., 2012). Besides that, the pH of these products varies substantially among product
brands (Price et al., 2000; Freire et al., 2009). Non study has so far addressed the
effects of these variations on the pulp response of human teeth.

Variations in the product application may also have an impact on TS. In-office
bleaching gels are usually applied on tooth surfaces, left undisturbed for a while
(usually 15 min) and then the product is refreshed 3 to 4 times in each clinical
appointment, depending on the bleaching gel brand. In an attempt to reduce chair-
time and the costs associated with in-office bleaching gels, some studies evaluated the
bleaching effectiveness and TS of a single 45-min application (Matis et al., 2009; Reis et
al., 2011). Since the diffusion of HP through dentin depends on the original
concentration of this chemical component in the bleaching gel, the number of product
applications and the length of time the gel is maintained in contact with the dentin
(Cooper et al., 1992; Hanks et al., 1993; Benetti et al., 2004; Sulieman et al., 2004) this
single-product application might reduce the amount of HP that reaches the pulp
chamber and may also cause less damage to pulp cells than three 15-min applications.
However, to the extent of the author’s knowledge the effect of this technique on pulp
tissue has not been addressed yet. Therefore, the aim of this study was to evaluate the
response of human pulps of mandibular anterior sound incisors subjected to in-office

bleaching with different products and techniques.
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Materials and Methods

This clinical investigation was approved under protocol number 09171/10 by
the Ethics Committee from the local University. Based on pre-established criteria, 17
participants with lower incisors scheduled to be extracted for orthodontic reasons

were selected for this study.

All the participants had anterior teeth with initial shade A2 or darker as judged
by comparison with a value-oriented shade guide (Vita Lumin, Vita Zahnfabrik, Bad
Sackingen, Germany). Two weeks before the bleaching procedures, all the subjects
received a dental screening and tooth prophylaxis. The diagnosis of pulp sensitivity was
evaluated by a cold test application (Roeko-Endo-Frost, Colténe/Whaledent, Langenau,
Germany). After 10 s of application, all patients should answer positively to this test
indicating a few and not lingering pain response. After reading and receiving all
necessary explanations including the experimental rationale, clinical procedures and
possible risks, the selected patients signed a consent form explaining the research

protocol, which was previously approved by the Ethics Committee.

Inclusion and exclusion criteria. Participants included in this clinical study had
good general and oral health. The participants should present at least one caries-free
mandibular incisor without restorations on the labial surface with shade A2 or darker
in need of extraction due to orthodontic reasons. Participants that had undergone
tooth-whitening procedures, presenting anterior restorations, pregnant/lactating, with
severe internal tooth discoloration (tetracycline stains, fluorosis, pulpless teeth),

bruxism habits or any gross pathology in the mouth were excluded from the study.
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Participants using any continuous drug with anti-inflammatory and antioxidant action
were also excluded. The participants were asked about the previous TS the week
before the beginning of the bleaching therapy and those who reported any degree of

spontaneous TS were not included in the study sample.

Study design. Participants were randomly divided into four groups according to
control or the in-office bleaching therapies. After the prophylaxis procedures, the
gingival tissue of the teeth to be bleached was isolated with a light-cured gingival
barrier (Top Dam, FGM Dental Products, Joinville, SC, Brazil). A calcium-free and a
calcium containing (Whiteness HP Maxx [CF], Whiteness HP Blue 35 [CC], FGM) 35% HP
gels were applied on the buccal surface of the incisors according to the instructions
described in Table 1. All participants were instructed to brush their teeth regularly

using a fluoridated toothpaste (Sorriso Fresh, Colgate-Palmolive, Sdo Paulo, Brazil).

Shade evaluation. The color was registered at baseline and two days after the
bleaching session using a value-oriented shade guide (Vita Lumin, Vita Zahnfabrik). The
shade guide’s 16 tabs were arranged from highest (B1) to lowest (C4) value
(B1*A1*B2*D2*A2*C1*C2*D4*A3*D3*B3* A3.5*B4*C3*A4*C4). Although this scale is
not linear in the truest sense, we treated the changes as representing a continuous
and approximately linear ranking for the purpose of analysis. The shade changes from
the start of the active phase to the individual recall times were calculated by
calculating the change in the number of shade guide units (A SGU) that occurred
toward the lighter end of the value-oriented list of shade tabs. Only one calibrated and

experienced evaluator recorded the shade of each subject’s teeth at baseline and two
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days after the bleaching procedure. The measurement area of interest for shade

matching was the middle third of the facial surface of teeth.

Tooth sensitivity evaluation. Two days after the procedure, the participants
were asked if they had experienced any TS in the bleached tooth. No attempt was
made to record the TS intensity but only if the participants experienced or not any

degree of TS.

Clinical/Laboratorial procedures and Histological evaluation. This protocol
followed a modified description of Costa et al. (2010). Two days after the bleaching
procedure, the teeth were extracted under local anesthesia. The roots were
immediately sectioned midway between the cement/enamel junction (CEJ) and the
root tip with a high-speed handpiece under water spray. The teeth were stored for 48
h in formalin fixative solution at pH 7.2, decalcified in buffered Morse’s solution,
dehydrated, vacuum-infiltrated with wax paraffin and finally embedded in paraffin. Six-
um thick serial sections were cut (“820” Spencer Microtome, Carson, CA, USA),
mounted on glass slides and stained with hematoxylin and eosin (H/E) and Masson
Trichrome. Then, based upon previous in vivo studies (Costa et al., 2007; Accorinte et
al., 2008), all sections obtained from those 17 teeth were submitted to evaluation by a
calibrated examiner blinded to the groups. Using a light microscope (62774; Carl Zeiss,
Oberkéchen, Germany) the histopathologic events described in Table 2 were assessed

and classified by a descriptive analysis.

Statistical analysis. The overall median of A SGU was calculated and compared

with the non-parametric Kruskall-Wallis test and Mann-Whitney U-test. The absolute
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risk of TS among groups was evaluated by Fisher’s exact test. Regarding the pulp
response, three established histopathological events were evaluated (Table 2) in such
way that 3 scores per tooth were considered for statistical analysis. The overall
comparison of the groups was performed with the non-parametric Kruskal-Wallis
statistical analysis. The comparisons between groups were performed using the Mann-
Whitney U-test. All tests were performed with appropriately computed critical values
(a = 0.05) in the MedCalc software (MedCalc Version 11.3.8.0, 2010, Mariakerke,

Belgium).
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Results

The age of the participants included in this study varied between 12 and 26
years old (mean 18.2 + 4.9). The means and standard deviations of color measurement
are shown in Table 3. The A SGU of all bleaching techniques were statistically similar (p

> 0.58) and different to the non-bleached control group (p < 0.003).

A statistically higher absolute risk of TS was observed for the groups bleached
with CF, regardless of the application mode (Table 3). The CC 1-45 group was
statistically different from the others experimental groups (p = 0.04) and similar to the

control group (p = 0.76).

The scores for every criterion determined by the histological assessment of the
specimens according to groups are shown in Table 4. Overall, the histological features
showed that the pulp tissue observed in control group was quite different from the the
experimental groups in which the teeth were bleached (p = 0.0003). Teeth from the
control group showed pulp tissue with normal histological features, which were
characterized by the presence of continuous odontoblast layer as well as defined cell-
free zone and cell-rich zone. No inflammatory pulp reaction or tissue disorganization

was observed (Figure 1A/B).

Four and five human incisors bleached with CF 3-15 and CF 1-45, respectively,
exhibited large zone of coagulation necrosis in the coronary pulp tissue associated to
deposition of tertiary dentin (Figure 2A to D and 3A to D). In one and two of those five
teeth bleached with CF 3-15 and CF 1-45 respectively, the reparative dentin adjacent

to the necrotic tissue and the reactionary dentin observed in the lateral walls of the
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coronary pulp chamber was continuous to that deposited in the root pulp chamber
(Figures 2A to D and 3A to D). In nine of those ten teeth bleached with a gel CF, a mild
inflammatory response mediated by mononuclear cells among dilated and congested

blood vessels was observed (Figure 2A to D and 3A to D).

In five teeth bleached with CC 1-45, the mild inflammatory pulp response was
mediated by mononuclear cells. In this CC 1-45 group, two teeth did not present
necrosis; however, a moderate deposition of reactionary dentin which was underlined
by discontinuous odontoblast layer was observed around the coronary and root pulp

tissue and in the upper part of the pulpal horn (Figure 4A to D).
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Discussion

Although the main goal of this study was to measure the human pulpal
responses to different bleaching techniques, the bleaching efficacy and TS was also
assessed to verify if the bleaching agent was effective in producing a whitening effect
and the likely side effect of the protocols evaluated.

Two recently published studies compared the bleaching efficacy (BE) and TS of
a three 15-min application vs. a single 45-min application of a 35% HP (Matis et al.,
2009; Reis et al., 2011). These studies showed that a single 45-min application were
effective in terms of bleaching, however with a slightly lower bleaching speed and a
slightly higher TS (Matis et al., 2009; Reis et al., 2011). Although in the present study
no significant differences in terms of color change and TS was detected for the two
application modes, this study was not planned for the analysis of clinical findings but
for the histopathological investigation of human dental pulps. However, the BE and TS
in the present study was only performed in one session and this was different in
comparison with those previous studies (Matis et al., 2009; Reis et al., 2011).

The histological response of the calcium-free bleaching gel (CF) submitted to
both application modes showed sites of pulp necrosis and the presence of a mild
inflammatory response mediated by mononuclear cells and congested blood vessels as
already demonstrated in an earlier study (Costa et al. 2010). It has been demonstrated
HP and the products of its degradation, such as hydroxyl (OH-) ions may act as free
radicals to cause oxidative stress in the pulp cells (Kawamoto, Tsujimoto, 2004). The
increase of reactive oxygen specimen levels cause deleterious effects to several cell

components, like mutagenesis, carcinogenesis, cell membrane damage by peroxidation
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lipid, and protein fragmentation (Sies, 1993; Martindale, Holbrook, 2002), which may
reduce cell proliferation and result in cell necrosis or apoptosis (Slater et al., 1995;
Allen, Tresini, 2000; Trindade et al., 2009; Ribeiro et al., 2009).

Contrary to our previous expectation, no significant difference was observed
between the two modes of HP application and thus the histopatological signs of dental
pulps do not explain the slightly higher TS of the single 45-min application mode
reported in earlier clinical trials (Matis et al., 2009; Reis et al., 2011). Although the
damage caused by pulp cells were similar it is still unknown if the expression of
inflammatory mediators that leads to pain and symptoms of neurogenic inflammation
such as bradykinin (Lepinski et al., 2000) and the substance-P (Rodd, Boissonnade,
2000; Caviedes-Bucheli et al., 2008) have different expressions under these two
application modes. Therefore, imunohistochemical studies should be further
conducted in order to investigate the expression of inflammatory mediators in pulp
tissues of teeth submitted to different bleaching protocols.

When it comes to the comparison of the different bleaching products, no
statistical difference between the CF and CC products were observed, which seems
that the HP concentration, which was the same in all experimental groups, may play
the most important role on the damage caused to the human pulp tissue. However, it
is worth mentioning that the scores employed for categorization of the
histopatological events were not discriminative enough to detect some subtle
differences that could be observed during the histopatological analysis what resulted
in statistically similar results. Some important differences could be seen in the pulps of

teeth bleached with CC product. For instance, 60% of the teeth bleached with CC 1-45
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exhibited signs of pulp necrosis, while 80% of the teeth bleached with CF showed pulp
necrosis. The features of these necrosis sites were also different. While in the former
only narrow and superficial areas of necrosis were observed, larger areas of necrosis
involving the whole pulp horns were seen for the latter product. This might indicate
that some features of the CC gel might have prevented more detrimental effects on
the pulp tissue.

One important difference between the CC and CF products is that the former
contains 2% calcium gluconate that was added to the bleaching gel with the aim to
prevent enamel demineralization and manufacturer’s claims that the addition of this
product might have played a role on the lower tooth sensitivity reported by the
calcium-containing products. Perhaps, the 2% of calcium gluconate dissolved into the
HP gel was able to decrease dentin permeability and block enamel surface defects,
similarly to what is believed to occur with amorphous calcium phosphate containing
bleaching gels (Giniger et al., 2005) or calcium gluconate (Kossatz et al., 2012). This
might reduce the rate of HP penetration in the pulp tissue as well as provide more
time for the pulp cells to produce enough peroxidades, catalases (Bowles, Burnes,
1992) and oxygenases (Anderson et al., 1999) to protect the connective pulp tissue
from the immediate damage caused by HP.

Another important difference is that CC product keeps the pH high and stable
(pH = 8.0 —9.0) throughout the bleaching procedure which allows them to be used in a
single 45-minute application protocol. Most of the in-office bleaching gels are
delivered in low pH (2.4 to 6.5) (Price et al., 2000; Freire et al., 2009) to allow them to

be stored for prolonged periods (Chen et al., 1993). The CF gel has a pH of 6-7
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immediately after mixing and may reach a pH of 5 after 45 min in contact with the
dental structure (Marson et al., 2008b).

The decomposition kinetics and the by-products produced by HP depend on the
pH of the media, which may play a role on the prevalence and intensity of TS. In an
acidic solution, higher concentration of hydroxyl anions (OH’) are produced; however
in an alkaline media there is a higher concentration of perhydroxyl ions (HOO") (Suh,
2000). These differences may explain the lower pulpal damage caused by CC 1-45 and
the lower TS rates reported in a clinical trial for this product (Kossatz et al., 2012). This
also may explain why a single 45-min application of CF product led to higher TS rates in
earlier clinical trials (Matis et al., 2009; Reis et al., 2011).

From a clinical standpoint, the results of this study should be interpreted with
caution. Whether or not the pulp damage caused by higher concentration of HP is
reversible is yet to be addressed. Besides that, to the extent of the author’s
knowledge, no clinical study has reported pulp death after in-office bleaching and thus
further studies evaluating pulp vitality at long-term after in-office bleaching should be
conducted. In addition, future studies should be encouraged in order to elucidate if
calcium-containing products, as employed in this study, but in lower HP concentrations
produce the same damage to the pulp tissue.

One limitation of this in vivo study is that the participants were young. It is
known that teeth from young patients present wider dentinal tubules and thinner
dentin layer as none of little secondary dentin has been deposited. Therefore, it is
expected that higher amount of HP or other reactive oxygen species may diffuse faster

through enamel and dentin to cause damage to the pulp tissue. In this way, further in
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vivo studies are needed to evaluate if similar pulpal damage, as demonstrated in the
present investigation, also takes place in teeth of older patients submitted to in-office

bleaching therapies.

Conclusion

Based upon the data obtained, it can be concluded that the calcium-free
(Whiteness HP Maxx) 35%HP gel applied on enamel surface of lower human incisors
cause intense pulp damage regardless of the mode of application. Lower pulp damage
was produced by the calcium-containing (Whiteness HP Blue) 35%HP gel which also

caused less tooth sensitivity than that observed for calcium-free 35%HP gel.
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Table 1 - Product composition, technique (code) and application regimes.

Product composition

Technique (code)

Application regimes

Whiteness HP
Maxx 35%

35% hydrogen
peroxide, thickeners,
dye mixture, glycol,
inorganic load and
deionized water

Three 15-min applications
(CF 3-15)

1. For the bleaching of each tooth, three drops of phase 1
(hydrogen peroxide) should be mixed with one drop of phase 2
(thickener).

2. Application of a thin layer of gel, approximately 0.5 mm
thick, on the buccal surface of all teeth undergoing treatment.

3. The bleaching gel should be left on the teeth surface for
15 min and then removed with an aspirator.

4, This procedure should be repeated 3 times.

1. For the bleaching of each tooth, three drops of phase 1
(hydrogen peroxide) should be mixed with one drop of phase 2
(thickener).

Whiteness HP
Blue 35%

35% hydrogen
peroxide, thickeners,
dye mixture, glycol,
inorganic load,
calcium and
deionized water

A single 45-min application 2. Application of a thin layer of gel, approximately 0.5 mm
(CF 1-45) thick, on the buccal surface of all teeth undergoing treatment.
3. The bleaching gel should be left on the teeth surface for
45 min and then removed with an aspirator.
4, This procedure was not repeated.
1. For the bleaching of each tooth, two syringes (hydrogen

A single 45-min application
(CC 1-45)

peroxide and thickener) were connected and mixed for several
times.

2. Application of a thin layer of gel, approximately 0.5 mm
thick, on the buccal surface of all teeth undergoing treatment.
3. The bleaching gel should be left on the teeth surface for

45 min and then removed with an aspirator.
4, This procedure was not repeated.




76

Table 2 - Scores used during the histological examination: inflammatory cell response,

tissue disorganization and reactionary dentin formation.

Score INFLAMMATORY CELL RESPONSE
Characterization
None or a few scattered inflammatory cells present in the pulp area
0 corresponding to the buccal surface of the tooth in which the
bleaching gel was applied
1 Mild inflammatory cell infiltrate with polymorphonuclear or
mononuclear leukocytes
2 Moderate inflammatory cell infiltrate
3 Severe inflammatory cell infiltrate
Score TISSUE DISORGANIZATION
Characterization
0 Normal pulp tissue
Pulp zones (odontoblast, acelular, and cell-rich) disorganization in
1 the buccal surface of the tooth in which the bleaching gel was
applied
2 Coronary pulp tissue disorganization with partial local necrosis
3 Intense pulp disorganization with necrosis in the coronay and root
pulp tissue
Score TERTIARY DENTIN FORMATION
Characterization
0 Absence
1 Modest hard tissue deposition in coronary pulp of the tooth in which
the bleaching gel was applied
) Moderate hard tissue deposition in the coronay pulp tissue of the
tooth in which the bleaching gel was applied
3 Intense hard tissue deposition in the coronay and root pulp tissue
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Table 3 — Means + standard deviations and medians and interquartile range of shade guide units and A SGU for the experimental groups

as well as the number of patients with tooth sensitivity (TS) for each group.

Shade guide unit

% e .
Before After A SGU (*) Tooth Sensitivity
Groups '}’lff;';? 'nf;;a,:,‘ Median (1%/3™ To:.alnt r}umt'?e;t of
Mean * SD . . Mean £ SD . . Mean * SD interquartile pa. ients/patients
interquartile interquartile with TS (*¥*)
ranges)
ranges) ranges)

Control 6.0%£3.0 5(5/9) 6.0£3.0 5(5/9) 0.0+0.0 0(5/9) A 2/0a

CF 3-15 6.0£2.0 5(5/5) 35+1.7 3.5(2/5) 25117 3(3/3)B 5/5b

CF 1-45 6.612.2 5(5/9) 3.8+1.6 5(2/5) 2.8%+1.6 3 (3/4)B 5/5b

CC1-45 74122 9 (5/9) 44+13 5(5/5) 3.0+£1.7 4(3/4)8B 5/1a

(*) Similar upper case letters indicate statistically similar groups for A SGU (Mann-Whitney test, p > 0.05). (**) Similar lower case letters
indicate statistically similar groups for TS (Fisher’s exact, test p > 0.05).
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Table 4 - Number of specimens for each group in each criterion as well as multiple comparisons among the experimental conditions.

Criteria Overall
Groups Inflammatory cell response Tissue disorganization Tertiary dentin formation Median
0 1 2 3 Median 0 1 2 3 Median 0 1 2 3 Median (*)
Control 2 0 0 0 0 2 0 0 O 0 2 0 0 0 0 0B
CF 3-15 0 5 0 0 1 0 1 4 0 2 0 0 4 1 2 2A
CF 1-45 0 4 1 0 1 0 1 4 O 2 0 0 5 0 2 2A
CC1-45 0 5 0 0 1 0 2 3 O 2 0 2 3 0 2 2A

(*) Kruskall-Wallis and Mann-Whitney test. Different letters mean significant differences (p < 0.05).
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Abstract

Objectives: This study evaluated the response of pulps of human incisors from young

and older patients submitted to in-office bleaching with 35% of hydrogen peroxide.

Methods: A 35% hydrogen peroxide gel was applied on the buccal surface of human
incisors from young [BYT, n=5] and older [BOT, n=4] patients. As controls, non-
bleached human incisors from young [CYT, n=4] and older [COT, n=4] patients were
employed. The color was registered at baseline and 2 days after the protocol using a
value-oriented shade guide. The tooth sensitivity (TS) experience (yes/not) was also
recorded during the two days post-bleaching. Bleached and non-bleached [control]
human incisors were extracted 2 days after the bleaching procedure and subjected to
histological analysis. Color change and overall scores from histological evaluation was
evaluated by Kruskal-Wallis and Mann-Whitney tests. TS was evaluated by Fisher’s
exact test (a=0.05). The thickness of the dentin was recorded and evaluated by ANOVA

and Tukey’s tests.

Results: The thickness of dentin from young and old patients differed significantly
(p<0.05). Color change and TS was only observed in the bleaching groups (p<0.05). In
both experimental groups, the coronary pulp tissue exhibited partial necrosis
associated to reactionary dentin deposition. The subjacent pulp tissue exhibited mild

inflammatory response.

Conclusions: Bleaching with 35% hydrogen peroxide caused pulp damage,
characterized by partial necrosis, reactionary dentin deposition and mild inflammation

regardless of the age of the patient.
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Introduction

In-office bleaching has become more widely accepted mainly because of the
intolerance of some patients to the use of at-home bleaching trays as well as their

desire to achieve more immediate results (Haywood, Heymann, 1989; Barghi, 1998).

In spite of the clinical success of in-office bleaching, when applied in more than
one clinical session (Giachetti et al., 2010; Tay et al., 2012), a very common side effect
experienced by patients is the tooth sensitivity (TS), which affects up to 87% of
patients in clinical trials (Marson et al.,, 2008; Kossatz et al., 2011; Reis et al., 2011;

Almeida et al., 2012).

Although this adverse effect is usually considered temporary and mild, it can
produce considerable discomfort to the patient (Jorgensen, Carroll, 2002; Leonard et
al., 2007). A recent study has reported that the pulp damage produced by hydrogen
peroxide (HP) gels is dependent on the tooth type where the product is applied (Costa
et al., 2010). While necrosis were observed in the pulps of mandibular central incisors
after application of a 38% HP in-office bleaching gel (Costa et al., 2010), only a mild

inflammatory reaction was observed in the pulps of premolars.

The authors attributed these findings to the thinner layer of enamel and dentin
presented in the mandibular incisors as compared with that of premolars. It is likely
that the thinner the hard dental structure, the faster is the passage of HP to the pulp
(Costa et al. 2010). This allows less time for the production and release of protective
enzymes against damage by HP and is suggestive that the extent of the damage

produced by HP is related to the thickness of the hard dental tissues.
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A similar condition occurs as the patient ages. Over time, there is continuous
deposition of dentin, which increases the thickness of dentin, as well as, decreases the
diameter of dentinal tubules (Morse, 1991; Murray et al., 2002). Both physiologic
mechanisms decreases dentin permeability (Pashley, 1985; Mjoér, 2009) and may
reduce the amount and the rate of HP diffusion to the pulp tissue, likely reducing the
pulp damage produced by such oxidizing product. Whether or not this has a protective

role against the damage produced by HP on the pulp tissue is yet to be addressed.

Therefore, the aim of this study was to evaluate the response of pulps of
human incisors from young and older patients submitted to in-office bleaching with

35% hydrogen peroxide gel.
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Materials and Methods

Experimental design. This clinical investigation was approved by the Ethics
Committee from the local university under protocol number 09171/10. Based on pre-
established criteria, 18 participants with lower incisors scheduled to be extracted for
orthodontic or periodontal reasons were selected for this study. Half of the selected
participants should be young (age ranging from 18 to 30 years) while the other half
should be from older participants (age equal or higher than 50 years). Each group of
participants (young [YT] and old [OT]) were divided in two groups: the bleached one

(B) and the control (C), where no bleaching was performed.

Inclusion and exclusion criteria. All the participants had the lower incisors with
initial shade A2 or darker as judged by comparison with a value-oriented shade guide
(Vita Lumin, Vita Zahnfabrik, Bad Sackingen, Germany). Two weeks before the
bleaching procedures, all the subjects received a dental screening and dental
prophylaxis. The diagnosis of pulp sensitivity was performed by a cold test application
(Endo-Frost, Roeko, Germany). After 10 s of cold application, all participants should
answer positively indicating few and not lingering pain response. This was considered

evidence of pulp vitality.

Participants included in this clinical study had good general and oral health. The
participants had at least one caries-free mandibular incisor, without restorations and
in need of extraction due to orthodontic (young participants) or periodontal reasons
(older participants). Participants that had undergone tooth-whitening procedures and
presenting anterior restorations were excluded from the study. Pregnant/lactating

women, patients with severe internal tooth discoloration (tetracycline stains, fluorosis,
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pulpless teeth), participants with bruxism habits or any gross pathology in the mouth
were also excluded from the study. Participants using any continuous drug with anti-
inflammatory and antioxidant action were also excluded. Participants were asked if the
tooth presented TS one week before the beginning of the bleaching therapy. Those

who reported any degree of spontaneous TS were not included in the study sample.

Bleaching protocol. After the prophylaxis procedures, the gingival tissue of the
teeth to be bleached was isolated with a light-cured gingival barrier (Top Dam, FGM
Dental Products, Joinville, SC, Brazil). A 35% HP gel (Whiteness HP Maxx, FGM) was

used according to the instructions described in Table 1.

Shade evaluation. The color was registered at baseline and two days after the
bleaching session using a value-oriented shade guide (Vita Lumin, Vita Zahnfabrik). The
shade guide’s 16 tabs were arranged from highest (B1) to lowest (C4) value
(B1*A1*B2*D2*A2*C1*C2*D4*A3*D3*B3* A3.5*B4*C3*A4*C4). Although this scale is
not linear in the truest sense, we treated the changes as representing a continuous
and approximately linear ranking for the purpose of analysis. The shade changes from
the start of the active phase to the individual recall times were calculated by
calculating the change in the number of shade guide units (ASGU) that occurred
toward the lighter end of the value-oriented list of shade tabs. Only one calibrated and
experienced evaluator recorded the shade of each subject’s tooth at baseline and two
days after the bleaching procedure. The measurement area of interest for shade

matching was the middle third of the facial surface of teeth.
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Tooth sensitivity evaluation. Two days after the procedure, the participants
were asked if they had experienced any TS (yes/no answer) in the bleached tooth. No

attempt was made to record the TS intensity.

Histological evaluation. This protocol followed the description of Costa et al.
(2010). Two days after the bleaching procedure, the teeth were extracted under local
anesthesia. The roots were immediately sectioned midway between the
cement/enamel junction (CEJ) and the root tip with a high-speed hand-piece under
water spray. The teeth were stored for 48 h in formalin fixative solution at pH 7.2,
decalcified in buffered Morse’s solution, dehydrated, vacuum-infiltrated with wax
paraffin and finally embedded in paraffin. Six-micrometer thick serial sections were cut
(“820” Spencer Microtome, Carson, CA, USA), mounted on glass slides and stained with

hematoxylin and eosin (H/E).

Based upon previous in vivo studies (Costa et al., 2001; Accorinte et al., 2006),
all sections obtained from the 18 teeth were submitted to evaluation by a calibrated
examiner blinded to the groups. Using a light microscope (62774; Carl Zeiss,
Oberkochen, Germany) the histopathologic events described in Table 2 were assessed

and classified by a descriptive analysis.

Dentin thickness measurement. Using a light microscope (Diastar; Cambridge
Instruments, Buffalo, NY) adapted to a video camera (DXC-107A/107AP; Sony
Electronics, Tokyo, Japan), 3 linear measures from the enamel/dentin junction to the
pulp chamber were carried out to determine the dentin thickness (DT) of all sections of
the each tooth. The video images were loaded into a computer and processed using

standard software (Mocha; Jondel Scientific, San Rafael, CA). The methodology used in
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the present study to measure the DT was similar to that previously used to determine
the remaining dentin thickness between the cavity floor and the subjacent pulp tissue
(Costa et al., 2006; Costa et al., 2007). The readings from each tooth were averaged to

obtain an average DT of each tooth.

Statistical analysis. The ASGU of the groups were calculated and compared with
the non-parametric Kruskall-Wallis and Mann-Whitney U-test. The TS among groups
was evaluated by Fisher’s exact test. The data regarding the DT were analyzed by
ANOVA and Tukey's test. To evaluate the pulp response, three established
histopathological events were analyzed (Table 2). Thus, 3 scores per tooth were
considered for statistical analysis. The overall comparison of the groups was performed
with the non-parametric Kruskal-Wallis and Mann-Whitney tests. All tests were

performed with appropriately computed critical values (a = 0.05).
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Results

The age of the participants from the young group varied between 18 to 30
years old (mean 20.1 + 4.3) while participants from the old varied between 54 to 62

years old (mean 58.2 + 4.3).

The means/standard deviations and medians/interquartile ranges of ASGU are
shown in Table 3. The ASGU was similar between teeth submitted to the bleaching
protocol, regardless of the participant’s mean age. A higher ASGU was observed in the

bleached teeth than in control groups (p = 0.001).

A statistically higher TS was observed for the bleached groups, regardless of the
participant age (p = 0.003; Table 3). In the control groups, the DT was measured from
the enamel-dentin junction (EDJ) to the predentin. In experimental groups, the DT was
measured from the EDJ to the calcium-traumatic line observed in the sections stained
with H/E or Masson’s Trichrome. The DTs obtained from all human incisors used in this
study are shown in Table 4. Significant differences were only detected for the main
factor age (p = 0.001). A statistically higher DT was observed in teeth from older

participants.

The scores for every criterion determined by the histological assessment of the
specimens according to groups are shown in Table 5. Overall, the teeth from both
control groups showed pulp tissue with normal histological features, which were
characterized by the presence of continuous odontoblast layer as well as defined cell-
free zone and cell-rich zone. No inflammatory pulp reaction or tissue disorganization

was observed (Figure 1a/b).
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Two human incisors from the bleached OT group exhibited moderate pulp
inflammation and tissue disorganization. One of these teeth (DT = 2.04 um) presented
intense deposition of tubular reactionary dentin in the tip of the pulp horn (Fig. 2a/b).
In another tooth that presented DT of 2.12 um, a moderate deposition of reactionary
dentin was observed around the coronal and radicular pulp tissue (Fig. 2c/d). Partial

coronal pulp necrosis occurred in three other bleached incisors.

All five young human incisors from bleached YT group presented partial
necrosis of the coronal pulp tissue (Fig. 3a/b). The subjacent pulp exhibited discrete to
moderate pulp inflammation and tissue disorganization. Three of these teeth showed
moderate reactionary dentin below the coagulation necrosis which was continuous

with that deposited in the radicular pulp.
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Discussion

Although the main goal of the present study was to assess the pulp response
after in-office bleaching, we also attempted to measure the color change and the
prevalence of TS in order to confirm the bleaching effectiveness and the clinical
symptoms associated to the procedure.

Both bleached groups demonstrated similar and significant tooth color
enhancement. A variation of 2-3 SGU was observed between baseline and after-
bleaching and this finding is in agreement with previous studies (Gottardi et al., 2006;
Tay et al., 2009; Bernardon et al., 2010; Reis et al., 2011). Similarly, all bleached teeth
reported TS, confirming that TS is a very prevalent side effect of in-office bleaching
(Marson et al., 2008; Kossatz et al., 2011; Reis et al., 2011; Almeida et al., 2012).

It is likely that the bleaching-related TS is the result by hydrogen peroxide
diffusion into the pulp during tooth bleaching (Cooper et al., 1992, Hanks et al., 1993,
Benetti et al., 2004, Sulieman et al., 2004, Gokay et al., 2005) causing oxidative stress
on pulp cells caused by the HP and its by-products (Kawamoto, Tsujimoto 2004), along
with an inflammatory reaction and all of this is responsible for the tooth sensitivity
(Markovitz et al., 2010).

Previous studies reported that the application of 35% HP produced direct
damage to cultured odontoblast-like cells and a decrease of their metabolic activity
(Dias Ribeiro et al., 2009; Trindade et al., 2009). These in vitro findings were also
confirmed by an in vivo study (Costa et al., 2010). The authors observed sites of pulp
necrosis in young lower incisors after a single clinical session of in-office bleaching

(Costa et al., 2010).
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The present investigation also observed similar findings regardless of the tooth,
suggesting that the extent of the cell damage produced by HP is not dependent on the
age of the tooth scheduled to be bleached.

One of the most obvious features of aging is a reduction in size of the pulp
chamber, caused by the continual secretion of dentinal matrix by odontoblasts,
(Solheim, 1992) known as, tertiary dentin matrix (Cox et al., 1992; Robertson et al.,
1997). This tertiary dentin may be classified as reactionary or reparative in origin,
depending on the severity of the initiating response and the conditions under which
the newly deposited dentin matrix was formed (Lesot et al., 1994). The statistical
difference in the DT of teeth from young and older participants of the present study
indicates that the pathway to pulp chamber was longer in the latter due to the ageing
process.

Thus, one could expect that this increase in DT associated to the decrease in
permeability due to the deposition of peritubular dentin (Morse, 1991; Murray et al.,
2002; Pashley, 1985; Mjor, 2009) in older teeth could aid additional pulp protection;
however this was not supported by the findings of the present study.

Perhaps, DT may have a secondary role on pulp protection against damage by
HP. According to several authors, information on odontoblast and other pulp cell
densities is a very critical factor mediating the scale of pulp reparative responses
(Murray et al., 2000; About et al., 2001; Murray et al., 2002). At the same time that
ageing produces continuous dentinal deposition by odontoblasts, with an increase by
around 15.5% of DT in older patients (more than 50 years) in comparison with young
patients (10-30 years); this is accompanied by a 12% and 30% decrease in the density

of odontoblasts and subodontoblasts/fibroblasts cells, respectively.
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The reduced cell density possesses inferior secretory activity of peroxidades,
catalases and oxygenases (Bowles, Burns, 1992; Anderson et al., 1999) to protect the
pulp from the immediate damage caused by HP. Thus, the likely additional advantage
of increased DT may be overwhelmed by the decrease reparative capacity of the pulp
in older patients (Morse, 1991; Murray et al., 2002).

From a clinical standpoint, the results of this study should be interpreted with
caution. Whether or not the pulp damage caused by HP is reversible is yet to be
addressed. Besides that, one could not omit mentioning that to the extent of the
author’s knowledge, no clinical study has so far reported pulp death after in-office
bleaching and thus further studies evaluating pulp vitality and features of pulp tissue at

long-term after in-office bleaching should be conducted.

Conclusions

It may be concluded that 35% hydrogen peroxide in-office bleaching gels
applied on lower human incisors cause pulpal damage, characterized by partial
necrosis of coronary pulp tissue associated with reactionary dentin deposition and

mild inflammatory response and it was occur in teeth from young and old patients.
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Table 1 — Product composition, technique (code) and application regime.

Product

composition

Application mode

35% hydrogen
peroxide,
thickeners, dye
mixture, glycol,
inorganic load
and deionized
water

For the bleaching of each tooth, three drops of phase 1 (hydrogen
peroxide) were mixed with one drop of phase 2 (thickener).

A thin layer of gel, approximately 0.5 mm thick, was applied on the
buccal surface of all teeth undergoing treatment.

The bleaching gel were left on the teeth surface for 15 min and then
removed with an aspirator.

This procedure was repeated 3 times.
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Table 2 - Scores used during the histological examination: inflammatory cell response,

tissue disorganization and reactionary dentin formation.

Score INFLAMMATORY CELL RESPONSE
Characterization
None or a few scattered inflammatory cells present in the pulp area
0 corresponding to the buccal surface of the tooth in which the
bleaching gel was applied
1 Mild inflammatory cell infiltrate with polymorphonuclear or
mononuclear leukocytes
2 Moderate inflammatory cell infiltrate
3 Severe inflammatory cell infiltrate
Score TISSUE DISORGANIZATION
Characterization
0 Normal pulp tissue
Pulp zones (odontoblast, acelular, and cell-rich) disorganization in
1 the buccal surface of the tooth in which the bleaching gel was
applied
2 Coronary pulp tissue disorganization with partial local necrosis
3 Intense pulp disorganization with necrosis in the coronay and root
pulp tissue
Score TERTIARY DENTIN FORMATION
Characterization
0 Absence
1 Modest hard tissue deposition in coronary pulp of the tooth in which
the bleaching gel was applied
Moderate hard tissue deposition in the coronay pulp tissue of the
2 . . . .
tooth in which the bleaching gel was applied
3 Intense hard tissue deposition in the coronay and root pulp tissue
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Table 3 — Means * standard deviations (SD) and medians of shade guide units and A SGU for the experimental groups as well as the

number of patients with tooth sensitivity (TS) for each group.

Shade guide unit

Before After A SGU (*) Sensitivity
Groups Median Median Median Total number of
MeantSD (interquartile MeantSD (interquartile MeantSD (interquartile patients/patients
range) ranges) range) with TS (**)
Control YT 5.0£0.0 5(5/5) 5.0£0.0 5(5/5) 0.0+0.0 0(0/0) A 0/4 a
Bleached YT 5.5+1.4 5(5/5) 24+12 2(2/5) 3.1+£1.2 1.0 (0/3)A,B  5/5b
Control OT 50+0.0 5(5/5) 50+0.0 5(5/5) 0.0+£0.0 0(0/0)A 0/4 a
Bleached OT 5.7+1.6 5(5/5) 3.5+1.3 3(2/5) 22+1.1 3(3/3)B 3/5a,b

(*) Similar upper case letters indicate statistically similar groups for A SGU (Mann-Whitney test, p < 0.05). (**) Similar lower case letters indicate statistically similar
groups for tooth sensitivity (TS) (Fisher exact, test p < 0.05).
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Table 4 — Mean and standard deviation of dentin thickness (um) for each experimental group.

Experimental groups Dentin thickness (um)* Main factor age (um)
Control YT 1.77+0.07 b
+
Bleached YT 1.76 £0.08 b 1.77+0.08
Control OT 1.98+0.11 a
+
Bleached OT 1.99+0.09 a 1.99£0.10

(*) Different letters mean significant differences (ANOVA test, p < 0.05).

Table 5 - Number of specimens for each group in each criterion as well as multiple comparisons among the experimental conditions.

Criteria
Groups Inflammatory cell response Tissue disorganization Tertinary dentin formation Mi);;r:l(l*)
0 1 2 3 Median 0 1 2 3 Median 0o 1 2 3 Median
Control YT 4 0O 0 O 0 4 0 0 O 0 4 0 O 0 0 Oa
Bleached YT 0 3 2 0 1 0O 1 4 0 2 0 1 3 1 2 2b
Control OT 4 0O 0 O 0 4 0 0 O 0 4 0 O 0 0 Oa
Bleached OT O 3 2 0 1 0O 2 3 0 2 0 2 2 1 2 2b

(*) Overall medians for each group. Different letters mean significant differences (Mann-Whitney test, p < 0.05).
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Figure 2: 35% HP - OT. a — Intense deposition of reactionary dentin was observed in the tip of pulp horn (arrow). In an over view, reactionary dentin was also
deposited around the coronal pulp tissue. Note that the DT was measured from the EDJ to the calcium-traumatic line (red color). In this specific sample, the DT
was 1.92 um. Masson’s Trichrome, 32x. b — Detail of the Fig. 2 A. A continuous odontoblast layer (arrows) is underlying the tubular reactionary dentin. Masson’s
Trichrome, 250x. (P = Pulp; D = Dentin; RD = Reactionary Dentin). This is another example of 35% HP — OT (2c¢/d) - ¢ — In this sample in which the DT was 2.125um,
a moderate deposition of reactionary dentin (arrows) was observed around the coronal pulp tissue. Masson’s Trichrome, 48x. d — Detail of the Fig. 3 A. Note that
the reactionary dentin exhibits lower number of tubules than observed in the circumpulpal physiological dentin. Masson’s Trichrome, 250x. (RD = Reactionary
Dentin).
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6 DISCUSSAO GERAL

Embora o principal objetivo destes trés estudos fosse avaliar as
respostas pulpares de incisivos inferiores humanos de diferentes idades a
varias concentracdes, técnicas de aplicacdo e produtos a base de PH aplicado
no clareamento de consultério, a eficacia e sensibilidade dentaria também
foram avaliadas como forma de atestar se a técnica de clareamento estava
sendo corretamente executada.

Conforme conclusfes anteriores de estudos clinicos, a aplicacéo de PH
em menores concentragdes, como por exemplo 20%, tal como avaliado no 1°.
estudo demonstra menor intensidade de sensibilidade, mas também menores
graus de clareamento quando comparado ao PH a 35% (Marson et al., 2008;
Kugel et al., 2009; Ontiveros, Pavarina, 2009; Tay et al., 2009; Bernardon et al.,
2010; Kossatz et al., 2011; Reis et al., 2011), fato esperado ja que a eficacia do
clareamento depende da concentragdo do PH e do numero de aplicacdes
(Sulieman et al., 2004), o que significa que o clareamento com géis em
concentracbes mais baixas de PH, requer maior numero de aplicacbes
(Sulieman et al, 2004). Contudo, quando sao avaliadas as técnicas de
aplicacdo de PH a 35% (1 x 45 min ou 3 x 15 min) com produtos sem calcio,
como em parte do 2° artigo, ndo ocorreu uma diferenca significativa, nem no
padréo de clareamento, bem como na sensibilidade advinda do clareamento, o
que é ligeiramente diferente do observado em estudos clinicos aleatorizados
(Matis et al., 2009; Reis et al., 2011). Esta pequena diferenca pode ser
atribuida em parte ao pequeno numero amostral utilizado no presente

experimento em comparacdo aos estudos citados anteriormente, mas
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especialmente aos diferentes géis clareadores utilizados (Matis et al., 2009;
Reis et al., 2011).

Quando o PH a 35% com célcio foi avaliado, como na segunda parte do
2° artigo, os resultados demonstraram um bom padrdo de clareamento com
diminuicdo do padréao de sensibilidade, e isto parece ser justificado ndo apenas
pela presenca de gluconato de calcio a 2% que aumenta a dureza superficial
do esmalte, semelhante ao que se acredita que ocorra com o gel contendo
fosfato de célcio amorfo (Giniger et al., 2005) ou gluconato de calcio (Kossatz
et al., 2012), mas também pela manutencdo do pH ao longo do periodo de
aplicacao (Kose et al., 2011).

Nos dois primeiros estudos as técnicas foram avaliadas em incisivos
humanos de pacientes jovens e, conforme jA demonstrado por Costa et al.
(2010), o substrato dentério pode influenciar a resposta pulpar ao clareamento.
Sendo assim, no 3°. artigo foi avaliado a influencia da idade dos pacientes,
sendo que foram incluidos pacientes jovens e pacientes idosos. Apesar de ser
demonstrado que a espessura de dentina na regiao vestibular dos dentes dos
pacientes idosos era maior, ndo ocorreu diferenca no padréo de clareamento e
no nivel de sensibilidade entre os dentes avaliados.

J4 em relacdo a resposta pulpar aos diferentes procedimentos de
clareamento, em geral todas as concentracdes (1°. artigo) e técnicas (2°.
artigo) testadas, tanto em dentes de pacientes jovens, como em dentes de
pacientes idosos (3°. artigo), demonstraram resultados extremamente
danosos, mostrando sitios de necrose pulpar e presenca de resposta

inflamatéria leve mediada por células mononucleares e vasos sanguineos
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congestionados, como ja demonstrado em estudo anterior, que avaliou a
aplicacdo do PH a 38% (Costa et al . 2010).

Contrariamente a nossa expectativa, ndo foi observada diferenca
significativa quando houve a diminuicdo da concentracao do gel clareador para
20% (1°. artigo), indicando, provavelmente que a quantidade de PH que atinge
a polpa apos aplicacdo de gel de PH a 20% é suficiente para produzir danos
similares aos tecidos pulpares do que gel de PH a 35%, jA que efeitos
citotoxicos em culturas de células também ocorreram ap0s 0 uso de
concentracdes mais baixas de PH (Hanks et al., 1993).

Também ndo foram observadas diferencas entre os dois modos de
aplicacdo de PH (3 x 15 min ou 1 x 45 min), a despeito da nossa expectativa de
que, ao nao renovar a quantidade de gel sobre a superficie dos dentes, uma
menor quantidade de gel clareador estaria disponivel para causar a agressao
pulpar (2°. artigo).

No caso dos dentes de pacientes idosos (3°. artigo), apesar do aumento
da quantidade de dentina funcionar como potencial agente protetor as
agressdes do PH, como esta deposicdo de dentina € feita as expensas do
tecido pulpar também ocorre uma diminuicdo da capacidade de resposta pulpar
(Murray et al., 2002), o que justificaria a semelhanca entre as respostas
pulpares de pacientes jovens e idosos.

Toda esta agressao pode ser justificada pelo fato de que o PH e os
produtos da sua degradacdao, tais como ions hidroxil (OH-), podem atuar como
radicais livres causando stress oxidativo nas células pulpares (Kawamoto,
Tsujimoto, 2004) causando efeitos deletérios sobre diversos componentes

celulares (Sies, 1993; Martindale, Holbrook, 2002), o que pode reduzir a
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proliferacéo de células, resultando em necroses ou apoptoses celulares (Allen,
Tresini 2000; Trindade et al., 2009; Dias Ribeiro et al., 2009).

A Unica técnica que demonstrou um menor grau de agressao foi a que
utilizou o gel clareador com célcio na sua composicéo (2°. artigo), ja que, por
exemplo, 60% dos dentes clareados com este produto exibiram sinais de
necrose pulpar, enquanto que 80% dos dentes clareados com produtos sem
calcio apresentaram necrose pulpar. As caracteristicas desses sitios de
necrose também foram diferentes, enquanto que para aqueles contendo célcio
apenas estreitas zonas superficiais de necrose foram observadas, areas
maiores de necrose envolvendo os cornos pulpares inteiros foram observados
naqueles clareados com produtos livre de célcio, indicando que algumas
caracteristicas do gel contendo calcio poderiam ter evitado efeitos mais
nefastos no tecido pulpar. Infelizmente, os escores utilizados para a
categorizacdo dos eventos histopatolégicos ndo foram discriminativos o
suficiente para detectar algumas diferencas sutis que possam ser observadas
durante a andlise histopatologica o que redundou em resultados
estatisticamente semelhantes. Entretanto, isto abre uma luz para que, géis que
contenham agentes, tais como o testado no presente estudo, possam ser
testados no futuro em concentragbes menores e por menor tempo de uso.

Vale a pena mencionar que a resposta pulpar dos dentes clareados na
presente investigacdo bem como no estudo de Costa et al. (2010), ndo esta de
acordo com achados nas literaturas anteriores, pois estudos in vivo
demonstraram danos pulpares insignificantes apds clareamento em consultério.
Por exemplo, Cohen, Chase (1979), aplicaram PH a 35% associado ao calor

durante trés aplicacdes de 30 minutos e ndo mostraram nenhuma evidéncia
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histologica de danos pulpares. Outro estudo relatou somente uma pequena
inflamacéo apods duas aplicacbes de 5 minutos de um produto a base de PH a
35% (Robertson, Melfi, 1980). Mais recentemente, Kina et al. (2010) também
ndo mostraram quaisquer danos pulpares apo0s uso de gel de PH a 38%
aplicado em 3 vezes de 10 minutos cada, com aplicacdo ou ndo de luz para
ativacdo. A principal diferenca entre estes estudos e o0 presente é o tipo de
dente submetido ao procedimento de clareamento. No presente estudo,
incisivos inferiores em vez de pré-molares tiveram seu tecido pulpar avaliado
apos clareamento em consultério.

Haywood (2005) relatou que clareamento induzia sensibilidade dentéria,
principalmente, nos dentes com menor espessura, como 0s laterais superiores
e os incisivos inferiores. Isto também foi comprovado por Costa et al. (2010),
que avaliaram a resposta pulpar histoldgica de incisivos e pré-molares
submetidos a clareamento em consultorio. Os autores mostraram necrose do
tecido pulpar coronario dos incisivos inferiores, mas nao dos pré-molares,
qguando gel de clareamento com PH a 38% foi avaliado (Costa et al., 2010).

Do ponto de vista clinico, os resultados deste estudo devem ser
interpretados com cautela, pois danos causados pelo PH a polpa serem ou nao
reversiveis, ainda deve ser esclarecido. Além disso, ndo foram encontrados
relatos de caso na literatura indicando a necessidade de endodontia devido aos
procedimentos de clareamento em consultério e, portanto, mais estudos
avaliando a vitalidade pulpar em longo prazo apés clareamento em consultério
devem ser realizados. Contudo, enquanto mais estudos néo foram feitos para

esclarecer estas questfes, o clareamento em consultério de dentes incisivos
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inferiores deve ser evitado, devendo ser indicado o clareamento caseiro que

utiliza concentracdes mais baixas de PH.
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7 CONCLUSAO

O primeiro estudo permite concluir que:

O clareamento com géis de PH a 20% ou 35% aplicados durante 45
minutos (3 x 15 min) sobre a superficie do esmalte vestibular de incisivos
inferiores humanos causam danos pulpares semelhantes, caracterizados por
necrose parcial do tecido pulpar coronario associada a deposicao de dentina
reacionaria e resposta inflamatoria leve.

O segundo estudo permite concluir que:

O clareamento com géis de PH a 35%, sem a presenca de calcio,
aplicados durante 45 minutos sobre a superficie do esmalte de incisivos
inferiores humanos causam danos pulpares intensos semelhantes ao
observado no primeiro estudo, independentemente do modo de aplicagéo.
Danos pulpares menos intensos foram produzidos por géis de PH a 35%
contendo calcio, além de causar menor sensibilidade nos dentes comparado
aqueles sem a presenca de calcio.

O terceiro estudo permite concluir que:

O clareamento com géis de PH a 35% aplicados durante 45 minutos
sobre a superficie do esmalte vestibular de incisivos inferiores humanos
causam danos pulpares semelhantes independentemente da idade dos

pacientes.
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ANEXO 1

COMITE DE ETICA EM PESQUISA PARA ESTUDOS EM SERES

HUMANOS (COEP)
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COEP

COMISSAQ DE ETICA EM PESQUISA

PARECER N° 76/2010
Protocolo: 09171/10

Em reunido ordinaria, realizada dia 26 de Agosto de 2010,
a Comissdo de Etica em Pesquisa, APROVOU o protocolo de
pesquisa intitulado “Avaliagdo In vivo de Alteracgodes
Histologicas Pulpares em Dentes Humanos submetidos a
Agentes Clareadores” de responsabilidade do pesquisador

Alessandro Dourado Loguercio.

Conforme Resolugdo CNS® 186/06, solicitamos dque sSejam
apresentados a esta Comiss&o, relatdérios sobre andamento

da pesquisa, conforme modelo (http://www.uepg.br/coep/).
Data para entrega do relatério Final: Setembro de 2011

Ponta Grossa, 27 de Agosto de 2010.

UNIVERSIDADE ESTADUAL DE PONTA GROSSA
COMISSAO DE ETICA EM PESQUISA - COEP

\\ -

Prof. Dr. Ulisses Coelho
Coordenador

Av. Carlos Cavalcanti, 4748 - CEP: 84030-900 — Ponta Grossa - PR — BRASIL
Bloco M Sala 12 - Campus Universitario em Uvaranas
Fone (42) 3220-3108 - Fax: (42) 3220-3102
e-mail: seccoep@uepg.br Home page: www uepg.br
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ANEXO 2

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

AVALIACAO In Vivo DE ALTERAGCOES HISTOLOGICAS PULPARES EM DENTES HUMANOS SUBMETIDOS A
AGENTES CLAREADORES

Universidade Estadual de Ponta Grossa — UEPG- PR .Doutorado em Odontologia — Area de Concentracdo Dentistica
Restauradora

Vocé esta sendo convidado(a) a participar deste Projeto de Pesquisa que tem a aprovagao da UEPG. As informagdes
abaixo tém por objetivo lhe dar condi¢bes para que tome a decisédo de participar ou ndo deste estudo conscientemente.
Vocé podera receber resposta a qualquer pergunta e esclarecimento a qualquer divida acerca de assuntos
relacionados com esta pesquisa, além de que n&do havera custo algum em sua participagdo, assim como nenhuma
forma de pagamento ou premiagéo pela mesma.

1. O objetivo deste estudo é o de avaliar in vivo a resposta histoldgica (se ocorre inflamac&o ou ndo) em polpas
dentarias (nervo dentario) de dentes humanos submetidos a tratamento de clareamento dentario com peréxido de
hidrogénio (agua oxigenada) 35% e 20%, lembrando que este material € liberado para uso em Odontologia.

2. O tempo que sera utilizado na primeira consulta serd de aproximadamente 60 minutos (1 hora) e nesta sera
realizado o clareamento dental com perdxido de hidrogénio 35% ou 20% e serdo tomadas todas as medidas de
protecdo que o tratamento exige, tais como, barreira dental (para evitar que o produto entre em contato com a
gengiva)

3. Ap6s 2 (dois) dias uma nova consulta serd marcada, onde sera entdo extraido(s) aquele(s) dente(s) que
recebeu(ram) o clareamento dental, lembrando que ap6s a extragé@o sera realizado sutura (dado pontos) e que estes
deverdo ser removidos por nés apds uma (1) semana. Ao final da intervengéo, sera dado informagdes de como deve
agir apos a(s) extracao(des), assim como, sera fornecido 4(quatro) comprimidos de paracetamol 750 mg para ser
tomado de 6 em 6 horas caso haja necessidade (dor) e se ndo houver necessidade estes deverdo ser devolvidos na
consulta onde sera retirado os pontos.

4. Vocé sera diretamente beneficiado(a) por participar deste estudo pelo fato de ter seu(s) dente(s) que
deve(rdo) ser extraido(s), o ser(em) de uma maneira consciente e realizadas com técnica apurada e responsavel.
5. Todas as anotacdes relativas ao seu(s) dente(s) e a sua pessoa serdo mantidas confidenciais. Vocé néo sera

identificado(a) em nenhum relatério ou publicacéo.

6. Se houver alguma complicacao p6s-operatério decorrente da(s) extracéo(des), tais como hemorragias, alveolite
ou alguma outra, estas serdo devidamente solucionadas, pelos pesquisadores, sem nenhum custo.

7. Vocé pode sair deste Projeto de Pesquisa a qualquer hora. A possivel sua saida ndo afetara sua oportunidade
de obter tratamento nos dispensarios de Odontologia da UEPG ou qualquer outro beneficio que vocé possa receber.

8. Questdes relativas ao Projeto e a sua participagdo poderdo ser esclarecidas pelos Pesquisadores Prof. Dr.
Alessandro Dourado Loguercio ou pelo cirurgido-dentista Douglas Augusto Roderjan, pelos fones 0xx42-9902-9903
ou 0xx42-9127-8023 respectivamente.

9. Este Projeto tem sua aprovacg&o pelo Comité de Etica em pesquisa da UEPG. Se vocé tiver qualquer duvida,
podera contatar este Comité pelo fone 0xx42-3220-3108 de segunda a sexta no periodo das 13:30 hs as 17:30 hs ou
pelo email: seccoep@uepg.br

Tendo lido e sendo esclarecido esta declaraGo, EU ........ccccooiiiiiiiiiiiiie i ,

residente @ RUA .......ccoceviiiiiiiiiiicc e n% e na Cidade de .......ccccoovvviiniiennnnn. , tendo
comoN®do RG .....cocvveeiiireciieecis Concordo em participar desta Pesquisa Clinica
Assinatura do paciente ou responsavel !/

Assinatura do pesquisador /1
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ANEXO 3

RECOMENDACOES DO FABRICANTE DO WHITENESS HP MAXX
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cof do deme ¢ eliminagdo do axgénio residual)

_a:a_-x. s Adicional
eral

A grande maworia dos manchamentos dentais pode ser removida com
uMa unica Sessan Oe clareamento. Ha, entretanto, depencendo da
angem e idade do manchamento. tasos onde Mais de uma sessao de
clareamento pode sef necessana

Se 0 clareamento obYG0 BM LM SeS540 140 alender 3 eApecialiva & se
G paciente ndo aprésentar sensibiidade ou oulra contra indicagdo, 2
reaplicagao do produls pods ser fsita por até mais duas sessdes Ho
€as0 e Mais 68 LMa SESS30 Ser necessana, deve ser dado um intervalo
minima de 7 dias entre sessdes

Caso 0 pacieme desenvolva sensibidade que ndo consiga ser
controlada, pode-se aernativamente diminuir o tempo de claream
€ dividi-lo em J sessbes. Nests caso sugere-se verficar se nao ha
renhuma anomalia na eslrutura dental que possa ser causadora da
sensbilidade (fissuras, exposicho de dentina, etc) Quando a
sensibilidade for ag oificil controle ou entdo, por Alguma razao nova
5e5530 de clareamento ndo for possivel ou ndo & recomendada. pode-
5& emao complementar o Clareamento uihzando clareadores de uso
casefo (Whiteriess Perfect 4 10% de pertxido de carbamida por
exempio)
Da mesma forma que. com as demais lecnicas de clareame
registro da cor dos dentes antes do cClareamento, 0 esclaretimento ac
paceen Jbre as reals perspectivas do seu caso (WMitagoes nos tasos
de manchamemo por tetracicling. coloragdo atnzentada, et¢). aviso
sobre possivel sensibilidade, necessidade de roca de restauragoes,
540 recomendados. Ha casos em que. por caractensticas particulares
5 dBMES (caraclenisticas do asmalte tipo 88 pigmentagds
desejado pode ndo Ser poss

Sobreoge
0 produto tecém manipulado possu Coloragao vermeino carmim & esta
para verde dentro oe certo peniodo. Este processo
0 de £of leva, 6a10min agao de
alet5m

O produto possui afto

teor de Perowd0 MesmMo 0epois de altefadaa sua cor

Armazene o8 1rascos Sempre Ma posicao verlical para evitar que o
aumente de pressao interna cause vazamentos

Certa vatiagdo na concentragao de peroxido pace ser esperata em
decorrancia de variagOes duramte o preparo 0o gel Para minimizar esta
variagao deve-se lomar o cuidado para que as golas estejam serpre
isentas de bothas & com o mesmo tamanha

Sobre 03 Equipamentos

Caso se desee ubiza um fgtopuhmenzadar para
clareamento dental, recomenda-se que este tenha pot
600 mWatts  Cuidado espec:
uIpamento uliizado nae 1omega cal
Cada equipament deverd fornecer seu protocolo de utilzag
SEQUPANGA LBia & compreenda as instrugbes de uso do equipamento e
cfuze com as informagoes dadas para o Clareador Whiteness HP Maxx
Siga as insirugbes de Mdo atomar o BTOCESSD 0 IMals SEgur0 POSSIve:

Conservagda e Armazenamento

Lawe 2 placa de mMistura do gel co agua em abunddncia, seque-a com
papeitaaina e guarde-a novamente no
N30 use Calor ou autociave para Secar ou esierlizar a placa e espatuia
£ stas ndo suportam atas lemperaturas

Tampe bem o5 frascos tomando o cuidado para evitar residuos no sey
exienor ¢ guarde-0s em sua embalagem onginal ou em local seguro, na
POSIGA0 vertical 10ra 4o alcance de pessoas nao habiitadas

Armazene o produlo em lemperatiras entre 5 e 20 °C para melhor
r o produto. Proteger da

Adveriéncias
Nito utifizar o produto se este estiver lora do prazo de vaidade. Para

Manter fora

descarte do produto $iga 3 legisiagao oe seu pa
alcance de crangas

Manudl de Instrugoes
whiteness
Fabricade por.
DENTSCARE LTDA - Av. Edgar Neison Mester, 474 - Bairro Distritg
Indusinial mam 9-501 Jownwikie SC - Fone: (047) 34416100 Fax: (47

34273377 - Autorizago de Funcionamento MS PEX4AXYDX(28
CNPJ: 05 106.8450001-06 - INDUSTRIA BRASILEIRA - Registro 2
ANVISA n° 80172310013 - Responsavel Técnico Freanch Georg
Mimeistadt - CRO. 13100147.5C - Marca FGM PRODUTCS
ODONTOLOGICOS LTOA

Atendimernto 20 Profissional + 55 (47) 34416700 - www fg
fgm@tgm ind br

Av Ressano Garcia 41 - 19F - 1070234
213867321

boa Por Fone. +351

Este marerial foi labricado sumente para uso denial e Odeve ser
manipulado de acordo com as ivstrugoes de uso. O labricante ndo ¢
1eSPONSvVe! DOF daNas Causados Por oulros uSOs Ou Por mampulagio
rrela. Além disto, 0 usuano estd obrgaco a COMProva!, antes do
gc € sob sua responsabiidade. se este matenal & compalivel
COM & ViNZEGa0 deseada. prncipdimente quando esta uliizacao nao
,)n.::.. ,.q:w, mstgdes de uso Descngdes de dados ndo
T P 08 Garanha &, por isto, ndo possuem Qualjuer

whileness

Blanqueamiento Dental para Consultorio
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ANEXO 4

DECLARACAO DA UNESP



UNESP "N UNIVERSIDADE ESTADUAL PAULISTA

CAMPUS DE ARARAQUARA
FACULDADE DE ODONTOLOGIA

\/

Araraquara, 22 de Agosto de 2010.

Ao Presidente do COEP
Universidade Estadual de Ponta Grossa

Declaro, a quem possa interessar que, o processamento histolégico de
todos os dentes da Tese de Doutorado do Prof. Ms. Douglas Augusto Roderjan
intitulada: “AVALIACAO In Vivo DE ALTERACOES HISTOLOGICAS
PULPARES EM DENTES HUMANOS SUBMETIDOS A AGENTES
CLAREADORES?” e orientada pelo Prof. Dr. Alessandro D. Loguercio serdo
processadas nos Laboratérios do Departamento de Fisiologia e Patologia da
UNESP, Araraquara/SP

Atentamente,

|

i
Prof. Dr. Carlos Alberto de Souza Costa
Universidade Estadual Paulista / UNESP
Faculdade de Odontologia de Araraquara
Departamento de Fisiologia e Patologia
Rua Humaité, 1680 — CEP: 14.801-903
CP: 331 / Araraquara SP Brasil
E-mail: casouzac(@foar.unesp.br

Phone: +55(16) 3301 6477
FAX: +55(16) 3301 6488

Rua Humaita, 1680 - C.P. 331 - Araraquara-SP - CEP 14.801-8903
Fone: (016) 201-6334 - FAX (016) 201-6329
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ANEXO 5

RECOMENDAGCOES DO FABRICANTE DO WHITENESS HP BLUE
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Manua! de iInstrugbes

whiteness

Clareador dental para dentes vitais
Somente Uso Profissional

Leia com atencéic iodas as informactes desta bula antes de utiizar o
M.G:n&-o.nmm_mmmn a1 10tal consumo do

Emma«;auanrp-mem mnmﬂrmnmm
de pertxido, pode
dental durante @lou apés o

contato acidental do produlo com a pele e roupas.
“Whiteness HP Biue é um mmmmﬂunmﬁmuwﬂum
mento branco

um manchar
m\a-;&o mmf&m da regao m (wmms gesaparece em nu
quaiquer sequela)

contato acdental COM a pele Ou 1eCidos VIVOS intra-ofass,
fneulralize 0 PEroXIOC cobrindo a regidc com algumas gotas da SOluCao

Perdxido (fase 1) & outra

mw contalo com o 18660
adi que udos de menor ag de uso
Descrigio do Produto caseiro -E horas, sem
Whiteness HP Biue é um produto gue redne a tecnologia dos melhores mmm
clareadores dentais e mw odontologia mundial em Composicao Basica
termos de sgquruplrl em 20% ou 35% (apd f
Tratn-e di p A énic a das fases) O claread por urna fas:

zms-:sx Smmumoemmsmmmr‘ow

dmmm mmaum eficaz mesmo com
wumm DprodﬁnWth:HPﬂmpossm

ingredientes inativos: Espessantes. Pigmento inerte Azul (HP Biue 20%)
ou Pigmento merte Violeta [HP Biue 35%) agentes neutralizantes,
ci0, Deionizada

wﬂmm

minimzar a r-dm;la da microdureza do osm«-nn ao
ativadota

para
W-ummmmmmwnuwm bngndo
Processo & faciita o
protocoio de utiizacéo, o prnm\nnlu necessita de m unw-a
com fontes de iuz (folopolimerizador, laser, limpadas de plasma, etc) e 2

06 (1,2g por conjuntc, 7.2 de gel nototal)
01 frascocom 2g de Neutralize
o1 6

(Reg. ANVISA BO172310023)

mm-wmum'immmpammwm
wmmummmnmm.w

06
Manual de Instruges para o profisional

chamada Emﬂ’ﬁ ffase 2) as quais deverao ser rmsm-aoas hO
nm\emnnuuso Cuidado deve ser tomado 20 se manipular a

"“'-anium’alw
zox;.sox(pm-aupaussssa
0

ter vazado dewido a condigbes adversas de esiocagem Antes de abrir 8
embalagem proteja suas maos e olhos {Crurgido dentista e a\mlu:] e
observe se nao ha liquido vazado em seu interioi Caso constale
vazamento solicite a froca do maienal.

Proceda a manipulagio do produto ionge do paciente, sobre uma pia ou

-Apos 0 us0 Jo Produto ave bem as MAcs e materiais contaminados com
perdxido. Pense em a

oproduto.
Faga um eficiente : mmmdobcﬂcwdmmamm

02 o i Yquwum"

Q. RNVESABU'I

mmlMﬁmemnmamm
tecidos intra-orais.

-Dentes Viais escurecicos pela idade

afastador labial &nmmmmmtwmummemm
doperéxido com 08 16ciCS inra-orais

nﬂmm:mmpummmmmmumm

-mamemnwmwsmwsnwm

Precaucoes e Contra-indicacoes
-0 produto 6 de uso exclusivo em
mmmmmmnmmmm e :

@ deve ser manipul

immmmmmmrmm

ummu-wnm Omtm&

-ApGS a mistura das fases, msi

para a liberacdo do gel clareador antes de wwmwwm
Se houver resisténcia, froque a pondeira e leste em uma superficie {por
exemplo, bloco de

mistura).
-0 produto deve ser utilizado conforme fecomendado em seu protocolo
Néo deve ser injetado em hipotese alguma.

-Dentes Vitais que se e

tabmehidc

-Ymmmmmmmmmwmm
impedem o clareamento, ocorrer casos com dores Efeitos colaterais.
mmwmmmwmaomm mwmmwmmmmw
o pacente o
mmm.mmwmm ° e lrate os dentes com o
W'w frer " KF 2%. Sea Ppersistr @ nao
30 se pode precetes profundidade ca 1ri e for possivel dar continuidade ao clareamento, Margue Nova sesséo com
m e m:.n:l e is um intervalo minimo de 7 dias. Avalie se nio hd anomalia nos

Mo infensa. apique um agente

/i GI0S Mals desaliadonss: (eac " Ainda, se esta dentes que possa se corigida para eliminar tal sensibiidade. Ha casos
swmwmm-m;ma : s conduta nao for eficaz, considere diminuir o Qw!po de aplicacio do w* iy mm {1 0u2 horas
" . sea for alta,
o btk Lot P 10 produkarias & um e um  anti- . conforme
© com manchamentos considerados de mais facil remogao. Esta versdo mperena, fi intensos
000 Uit Soric e e cbusca: por Imalor Lo © outras alias de esmatie @ dentina que coloquem em cmummmammmm;”
risco a wtaixiade doderte existenies devido ao dferente compoflamento de Clareamento (mam

Ommammmmmmmmﬁ

qms-hntnn

o clareamento. Em casos extremos
1mmmnmmwmmmmn

wwmmm Apoipa
D.

Nota: & imponanie observar que a eratura mundial demonstra que ©
clareamento de pode menor

puipar.
& Ommommmmmwmme

de cor

fongo do lempo) que a técnica caseira. mumumom
dental & maior ¢ mais freqaente. Dados da
Ineratura combinada oferece resultados bastante
mlm-rnwn-’mmusmm Por esta razdo, &
necessano rofissionat/pacients no

clareador com a estrutura denftal
atchica

wm“mmn

tocants

15a

-Omwommamwmmn

Antes oe iniciar o tratamento leia com atencic as Advenéncias,
. Contra- s,

Colatera

WWU

A ol

meumymmm

& desnecessario o uso de fontes de

800
d6 LED, LASERS di

clinicas & escala de cores Em ainda, que o profissional
pacrente que seus dentes possuem UM grau de saluracao,

‘esclareca ao

am fotos

Ao a0 nivel idealizado pelo mesmo

4cido do esmatte dental previamente ac clareamento
do produto, Wﬁnupmﬁssoﬂ:lqu-mmw

5
Fone: (D47) 34416100 Fax: (47}34273377

Funcanamento MS PEXASXVOIOEE

acoplamaniosire sargas 1. Maniors & paciente &0 rwacia 4
s dental & possivess pontos de TGS por cortto com DENTSCARE:
8510 pO0w #51a” 50D pressad. perteas Case hays sgum <cas
s o Asmriol
Misuo as auas apos o a0 pacense 10 Esedon Colaterars). e e
30 uso Go gel) Dbsurve Que =s senges de Percrco so 2. Caso o pacients que ndo consiga ser
Concentzacso © o et FTCR0AS, 410 8, 0 . sugers- ® verficas se ndo bk
r de

Aunnzagaa oe
CNPJ: 05 106 345/0001.06

Clarsarmento ge denies Visa sessda ce clareament ‘podete
[y (Whteness Partect 10%. por exsmpio). Regiskona ANVISA ~ 80172310040

IeRABGORS RACENES, KRB N0 SSTaRe. ‘Genguas k25 ik & Responssvel Tecnio Fradneh Georg Waoisiadt

ko resularem em um nwel sasiEno Ge Ceamwnto fcascs de OO 13100147.8C

i
acopacente. g por mas
casos_ainga uma combinacko 08 classadores - S547) 34416100

= {Cormuino ' casera) pOGe 3t FACASS B4 ACOd0 Com MRS s

Fig 1. Poscone o atestacor ol Arc Fiex (FGM) para stastamento de
o

Fig 2. Reatze uma profiax.a COM DRaT DOMAS 8 80ua.

Fgl

]

caso il
Fig 4. Apiou 2% po uma

mder

s

Ay Ressans Garca d1 - 19F

{protetor gengaal
margnal & a5 papids com uma
1 A rrens

emseguca ave s secue
Fig 5 Faca 0 isclamento reiatvo com Top Dam
Koip0imenzive) cobmndo & gengve.

& Uma vez Telta misturn OO CIBrEAJOr, €ste GEverk Ser Corsumido e

togal
Fone: +351 21 3967321

Este material fue fabricado solaments para uso dental y Gebe ser

clareamento:
(dentista e auxifiar) Com séu equpamento de seguranca
gﬂm écuios, gomo, méscara e avental) para manipular o produto

, também, seu paciente para evitar contato indevide do gel
whiizando goro, dculos de prolecao e um adequado atastador labial
(Arctiox - FGM)

2. Retire o clareador da as rec des de

seguranga.
3. Retite a tampa da seringa com Espessante e acople o dispositvo de

whiteness

FESPONSabiS Dor dafios Causados por OOS USCS O pOT manpuUlacen
incomecta 3 aries

coegan
gergea e durante a sessio, esie Devera ser descartatn (IS COM 0US § e m""m“‘““"'_"“‘“"‘""’f:“""ﬁ
Oescanano na oo e

Fig 8. Poimerae a rewra Top Dam wilzendo 20 & 30 segundos oo o : WW“““W““!WMMMW

paca Cata Grupo e 3 centes.
OTA € TN & NSOIVEL, PROVENNG evertual ATRMGD BOr HIOACS ey it e Pl 00
agressaas
Fg T L

por a4 8 weres.
B850 asSm prontD

Para uso. Motam: | - Tome Cuad Para Que aMDas 35 Sermgas EslewT Amazens © prOGLED &M lemperuis e S o 25 °C pars mehor

2 separaso s oo CONEHVatO.
aicance do Ma0 congelar o

pacente:
Fig & Coloque uma porsia i Sernga que FEmanesosr oom o gel @
Careanos (MCANGO 88 FISDIOKIMAN) & 8418008 U POUCO has laces

ssura.
2P

‘motar do S0 #FG),

produle
Proteger daincidéneia da i solar dveta.

Aeverttrcian
ko utfizar o produtn s este estver Yors 50 pras de aidace. Para 0
saCranas

mininea o do amcs.
Fig 9. Doam 5 5o/ PErmanece: SO0 B SUPEMCE CENta DHIOS S0guntcs
m ommmamb—m-mm—lnwn

demies. Wecuentuments (a cada § Ou 10 MHLACS) DTS DMK BUENTLAS

admrsstracios peo Profissenal Tempos MeS Ct0s Gu AT 30
Fig %o

snunadne.

greal destacardo-G GO WA SORGS BKDICLS00Ta.
£ 1. Faga o posmento dos dertes com pases 0s pofemerso Diamones
@ iaCa de Mo Diawond o Diamond Flex
ke
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ANEXO 6

FICHA CLINICA PERIODONTAL



NOME:
IDADE:
SEXO: ( )F
ENDEREGO:

(™

FICHA CLINICA PERIODONTAL

No: CEP: Fone:

ELEMENTO(S) DENTARIO(S) :

INDICE DE SUPURACAO MARGINAL

ELEMENTO
DENTARIO

0

1

0 - Auséncia de supuragao

1 - Presenca de supuragao

INDICE DE PLACA

ELEMENTO
DENTARIO

0

! l

0 - Auséncia de placa

1 - Presenca de placa.

SANGRAMENTO A SONDAGEM

ELEMENTO
DENTARIO

0
1

0 - Auséncia de sangramento

1- Presenca de sangramento

PROFUNDIDADE CLINICA A SONDAGEM

ELEMENTO
DENTARIO

0
1

0 - bolsas periodontais menores que 7 mm

1- bolsas periodontais maiores que 7 mm

Apés presséo digital sobre a gengiva

132



OBS.: Os parametros foram identificados sempre pelo mesmo examinador, utilizando sonda milimetrada

periodontal

PERDA CLINICA DA INSERGAO

ELEMENTO
DENTARIO

0

1

0-néo

1-sim

ELEMENTO
DENTARIO

MOBILIDADE

0

1

0-<que2mm

1->que2mm
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ANEXO 7

CARTA DE SUBMISSAO AO CLINICAL ORAL INVESTIGATIONS
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FW: CLOI: Submission Confirmation for Effect of concentration of
in-office bleaching treatments on human pulp responses

Rodrigo Zuk (rodrigozukl@hotmail.com)
quarta-feira, 19 de setembro de 2012 17:08:11
loguercio alessandro (aloguercio@hotmail.com)

> From: darlen.basillaje@springer.com

> To: rodrigozukl@hotmail.com

> Date: Wed, 19 Sep 2012 16:04:50 -0400

> Subject: CLOL Submission Confirmation for Effect of concentration of in-office bleaching
treatments on human pulp responses :

>

> Dear Mr. Stanislawczuk,

>

> Your submission entitled "Effect of concentration of in-office bleaching treatments on human pulp
responses” has been received by Clinical Oral Investigations

>

> You will be able to check on the progress of your paper by logging on to Editorial Manager as an
author. The URL is http://cloi.edmgr.com/. Alternatively, please call us at 001-630-468-7784 (outside
the US)/(630)-468-7784 (within the US) anytime from Monday to Friday.

>

> Your manuscript will be given a reference number once an Editor has been assigned.

>

> Thank you for submitting your work to our journal.

>

Kind regards,

Editorial Office
Clinical Oral Investigations

ViV MM Y
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ANEXO 8

CARTA DE SUBMISSAO AO JOURNAL OF ORAL PATHOLOGY AND

MEDICINE
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FW: Journal of Oral Pathology and Medicine - Manuscript ID
JOPM-11-12-0A-2370

De: Rodrigo Zuk (rodrigozuk1@hotmail.com)
Enviada: terca-feira, 6 de novembro de 2012 00:11:03
Para: loguercio alessandro (aloguercio@hotmail.com)

> Date: Mon, 5 Nov 2012 21:07:57 -0500

> From: ame@dadinet.dk

> To: rodrigozukl@hotmail.com

> Subject: Journal of Oral Pathology and Medicine - Manuscript ID JOPM-11-12-OA-2370

>

> 05-Nov-2012

>

> Dear Mr. Rodrigo Stanislawczuk,

>

> Your manuscript entitled "Human pulp response to different in-office bleaching techniques" has
been successfully submitted online and is presently being given full consideration for publication in
the Journal of Oral Pathology and Medicine. Should your manuscript not comply with the Journal's
requirements, however, the Journal's administrator will notify you via email that you need to make
specific changes to your manuscript before it can be considered for publication in the Journal of Oral
Pathology and Medicine.

>

> Your manuscript ID is JOPM-11-12-0OA-2370.

>

> Please mention the above manuscript ID in all future correspondence or when calling the office for
questions. If there are any changes in your street address or e-mail address, please log in to
Manuscript Central at http://mc.manuscriptcentral.com/jopm and edit your user information as
appropriate.

>

> You can also view the status of your manuscript at any time by checking your Author Center after
logging in to http://mc.manuscriptcentral.com/jopm .

>

> Thank you for submitting your manuscript to the Journal of Oral Pathology and Medicine.

>

> Sincerely,

> Anne-Marie Engel

> Administrator, Journal of Oral Pathology and Medicine
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