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RESUMO

E

RESUMO

q

O clareamento dental interno vem sendo empregado com sucesso no

tratamento de dentes ndo vitais escurecidos. Apds o tratamento clareador, muitas
restauracbes estéticas necessitam ser trocadas. Estudos tém revelado alteragBes na
adesdo da resina composta em dentes submetidos ao clareamento, mostrando a
importéncia da avaliagdo interface dente-resina. Dessa forma, este estudo teve como
objetivos: (1) discutir, por meio de uma revisdo de literatura, a aplicagdo clinica do
tratamento clareador interno; (2) analisar, através do grau de microinfiltrac8o, a
interface adesiva de restauragdes classe V de resina composta em dentes submetidos
ao clareamento interno; (3) avaliar a resisténcia de unifo de trés sistemas adesivos
em esmalte e dentina apés o clareamento interno; (4) avaliar a resisténcia adesiva da
resina composta aos dentes clareados, apbs diferentes tempos de espera pés
clareamento (1, 7, 14 e 21 dias). Nos trés estudos laboratoriais, os dentes bovinos
foram submetidos ao clareamento interne, utilizando dois lipes de agentes
clareadores: pasta de perborato de sddio mais dgua e perodxido de carbamida a 37%
pela técnica walking bleach. Os resultados mostraram que o tratamento clareador
interferiu na adesdo da resina composta a¢ dente clareado, dependendo do substrato
(esmalte ou dentina) e do teste aplicado (microinfiltragdo ou cisalhamento). O tipo de
sistema adesivo utilizado ndo interferiu nos valores de adesio em dentes clareados.
Apos um determinado tempo de espera pds clareamento, a resisténcia de unido é
restabelecida. Um periodo de espera pés clareamento de 14 dias € satisfatorio para se

realizar 0s procedimentos restauradores tanto em esmalte quanto em dentina.



ABSTRACT

e

ABSTRACT

q

Nonvital bleaching has been successfully used to treat discolored nonvital

teeth. After the bleaching treatment, many esthetic restorations need be replaced.
Studies have shown alterations in bonding composite resin to teeth submitted to
bleaching treatment, highlighting the importance to evaluate tooth-resin interface.
Thus, the objectives in this study were: (1) to discuss, following the literature review,
the clinical application of nonvital tooth bleaching; (2) to analyze, according to the
degree of leakage, the adhesive interface of class V composite resin restorations o
teeth submitted to nonvital bleaching; (3) to evaluate the shear bond strength of three
adhesive systems on enamel and dentin after nonvital bleaching; (4) to evaluate the
shear bond of composite resin to bleached teeth in different time delays after bleaching
(1, 7, 14, and 21 days). For the three lab studies, the bovine teeth were submitted to
nonvital bleaching, using two bleaching agents: paste of sodium perborate plus water
and 37% carbamide peroxide using the ‘walking bleach’ technique. The results showed
that the bleaching treatment interfered in adhesion of composite resin to bleached
teeth, depending on the substrate (enamel or dentin) and the test used (microleakage
or shear bond strength). The type of adhesive system used did not interfere in shear
bond strength values on bleached teeth. After a certain time delay post bleaching,
shear bond is recovered. A 14 day pericd of time delay after bleaching is satisfactory

to perform the restorative procedures for both enamei and dentin.



1. INTRODUCAO

el

INTRODUCAO

“

O sorriso € alvo de grande valorizacdo estética. A cor dos dentes é uma das

caracteristicas considerada importante para o sucesso do sorriso (BARATIERI et al.,
1993). O escurecimento dental pode provocar problemas estéticos para 0s pacientes
que desejam manter uma aparéncia agradavel. Dentes claros bem contornados e

alinhados estabelecem os padrdes de beleza vigentes.

As alteracbes de cor podem ser causadas, basicamente, por dois fatores:
extrinsecos e intrinsecos. Os extrinsecos sdo ocasionados pelo consumo excessivo de
tabaco, alimentos e bebidas com corantes - como cha e café, Os intrinsecos congénitos
(dentinogénese imperfeita e fluorose) ou os adquiridos, provenientes do uso indevido
das tetraciclinas e do fldor durante a fase de formacdo dental, do envelhecimento
fisiologico e pela decomposicdo de sangue intracoronario, provocados por trauma
acidental e falhas no tratamento endoddntico (BARATIERI et al., 1993; DE DEUS,

1992),

O clareamento dental & uma aiternativa eficaz para o tratamento do
escurecimento dental, pois é considerado conservador, de facil execucdo e de custo
relativamente baixo (HAYWQOOD, 1992; ROTSTEIN et al., 1993; RODRIGUES et al.,

2000).

Os mecanismos de agdo dos agentes clareadores no processo de
clareamento ndo sdo completamente compreendidos, porém envolvemn uma reacgdo de
oxidac8o, na qual as moléculas de perdxido de hidrogénio se quebram, liberando

oxigénio e radicais livres de peridroxil, promovendo a quebra das macromolécuias
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pigmentadas em moléculas menores, proporcionando o ciareamento dos dentes

{HAYWOOD, 1992; BARATIERI et a/., 1993).

O tratamento clareador pode ser de dois tipos: externo {dentes vitais) e
interno {dentes ndoc vitais). O primeiro pode ser feito utilizando o perdxido de
carbamida em concentragdes de 10% a 20% (HAYWOOD, 1992; CREWS et a/., 1992;
BARATIERI et al., 1993; LEONARD et a/.,1998) em moldeiras {caseiro), com peréxido
de carbamida a 35% ou perodxido de hidrogénio a 30-35% (consultério)(BARATIERI et
al., 1993). O segundo, para dentes desvitalizados, utiliza as técnicas termocatalitica,
walking bfeach efou a combinacgdo de ambas (FRECCIA et a/., 1982), podendo ser com
peroxido de hidrogénio ou com uma mistura de perborato de sédio e agua destilada
(FRECCIA et al., 1982; WARREN et a/,, 1990; MACLSAAC & HOEN, 1994; RODRIGUES
et al., 2000), o perdxido de carbamida a 37% também pode ser utilizado (SHINOHARA

et al., 2001; BARREIROS et al., 2002).

Na tecnica termocatalitica, aplica-se perdxido de hidrogénio a 35%
associado ao calor, o qual acelera a reacdo de clareamento (FRECCIA ef a/., 1982). A
aplicagd@o de calor promove a difusdo do perdxido de hidrogénio, considerado caustico
(BARATIERI et al.,, 1993}, através dos tdbulos dentinarios atingindo os ligamentos
periodontais. Istc pode provocar um processo inflamatdrio, causando reabsorgdo
cervical externa (HARRINGTON & NATKIN, 1979; LADO et al;1983; MACLSAAC &
HOEN, 1994). Devido a estes problemas, esta técnica e o perdxido de hidrogénio como

agente clareador tém sido evitados.

Téo efetiva quanto a termocatalitica, a técnica walking bleach que utiliza

perborato de sédio e agua, tem sido a mais recomendada e aplicada (REEVES et
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al., 1995; RODRIGUES et al., 2000}, por ser uma técnica facil, envolver menor tempo

clinico e evitar os possiveis riscos do uso do peroxido de hidrogénio.

Como o emprego do clareamento dental interno induz a realizagdo de novas
restauracbes estéticas nos dentes clareados, € importante avaliar o efeito do agente
clareador sobre a estrutura dental e materiais restauradores (TITLEY ef al., 1988;
TORNECK et al., 1990; TITLEY et al., 1991; CRIM, 1992; TOKO & HISAMITSU, 1993;
DISHMAN et al., 1994; BARKHORDAR et al., 1997; CAMPOS, 1998; PERDIGAQ et al.,
1998) sendo o tempo de espera pods clareamento de fundamental importéncia na

adesdo do sistema adesivo a estrutura dental (FRECCIA et al., 1982; CAMPOS, 1998).

Observou-se, por meio de testes de cisalhamento, que em restauracdes em
dentes submetidos ao clareamento ha diminuicdo significativa na resisténcia adesiva
da resina composta a estrutura dental clarcada (STOKES et al., 1992; TOKO &
HISAMITSU, 1993; BARKHORDAR ef al., 1997}, o que sugere alteracdo no mecanismo
de adesdo resina-dente (STOKES et al., 1992; TOKO & HISAMITSU, 1993). DISHMAN
et al. (1994) constataram que a queda imediata na adesdo em dentes submetidos ao
presenga de oxigénio. Entretanto, a resisténcia adesiva foi estabelecida apés 1 e 7

dias.

Os resultados obtidos em estudos realizados com dentes bovinos,
substitutos eficazes dos dentes humanos na avaliac8o in vitro da adesdo de compositos
(NAKAMICHI et al, 1983, REEVES et al., 1995), mostraram-se semelhantes aos
resultados em estudos com dentes humanos. Dentes bovinos clareados e restaurados
com resinas compostas apresentaram uma queda na resisténcia adesiva (TITLEY et al.,

1988; TORNECK et al., 1990; TITLEY et al., 1991), provavelmente devido a presencga
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de residuos de peroxido proximos & superficie do esmalte, alterando a adesdo da

resina (TORNECK et af., 1990; TITLEY et a/., 1991).

Testes de microinfiltragdo também foram realizados em restauragfes de
composito em esmalte dental tratados com perdxido de carbamida 10%. Observou-se
maior infiltragdo nestes quando comparados aqueles realizados antes do clareamento,
Tal ocorréncia sugere a presenca de radicais livres e oxigénio alterando a adesdo das

resinas compostas (BARKHORDAR et al., 1997).

Foi constatado que dentes humanos, submetidos ao clareamento externo
com peroxido de carbamida 10%, sofreram interferéncia na adesdo de resinas
compostas a estrutura dental, acarretando maior microinfiltracdo. Apos 21 dias
verificou-se que a adesdo fol recuperada (CAMPQOS, 1998). Em contrapartida, CRIM
(1992) observou que dentes clareados com peroxido de carbamida 10%, ndo
apresentaram aumento significativo na microinfiltracdo em restauragGes Classe V

realizadas logo apds o tratamento clareador.

PERDIGAQO et al. (1998) avaliaram o efeito do agente clareador a base de
peroxido de carbamida 10% na interface esmalte-resina. Verificaram que o
clareamento vital ndo causa mudanca significativa na concentragdo de oxigénio na
camada superficial do esmalte, mas produz alteracbes morfolégicas na camada mais
superficial dos cristais do esmalte. Sabe-se, através de varios relatos na literatura, que
os agentes clareadores provocam alteragdo na adesdo dos compdsitos (STOKES et al.,
1992; TOKO & HISAMITSU, 1993; DISHMAN et al., 1994; BARKHORDAR et 2/, 1997;
CAMPQS, 1998), mas o agente causador da diminuico na resisténcia adesiva pos

clareamento ndo esta definido.
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Tais alteragBes na adesdo da resina composta a dentes clareados implicam
na necessidade da avaliagdo da interface dente-resina, por meio do grau de
microinfiltracdo, bem como a resisténcia adesiva de restaura¢bes de resinas compostas
utilizando diferentes sistemas adesivos e diferentes tempos de espera pos
clareamento, Tais avaliacbes objetivaram a seguranca na realizagdo de restauracgdes
sem a interferéncia dos subprodutos dos agentes clareadores, pois se houver falhas no

selamento das margens, o sucesso da restauracdo estara comprometido.



2. PROPOSICAO

e

PROPOSICAO

ﬂ

Este estudo, composto por 4 capitulos, teve como objetivos:

(1) discutir, por meio de uma revisado de literatura, a aplicacéo clinica do clareamento
interno.

(2) analisar, através do grau de microinfiltracdo, a interface adesiva de restauragbes
classe V de resina composta realizadas em dentes submetidos ao clareamento interno.

(3) avaliar a resisténcia de unido de trés sistemas adesivos em esmalte e dentina apds
o clareamento interno.

(4) avaliar a resisténcia adesiva da resina composta aos dentes clareados, apds

diferentes tempos de espera pés clareamento (1, 7, 14 e 21 dias).

11



3. CAPITULO 1

1 3.1. CAPITULO 1

—

Clareamento interno: revisao de literatura '

(aceito para publicacdo na Revista Galcha de Odontologia - RGO)

13
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CAPITULO 1
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*¥| iiz André Freire PIMENTA
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correspondéncias para o Prof. Dr. Luiz André Freire Pimenta):

Faculdade de OGdontologia de Piracicaba - UNICAMP

Av. Limeira, 901 - Bairro Areido
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SINOPSE: A terapia endodbntica ocasionalmente apresenta o efeito indesejavel de
escurecimento dental pés-tratamento. A busca dos pacientes pela reversdo de quadros
de desarmonia estética por dentes com manchas ou alterag8o de cor, para dentes
devidamente clareados ou recuperados esteticamente por outros meios, aumenta a
cada dia. O profissional deve estar ciente ndo sé do diagndstico destes quadros

desarmonicos, mas também da melhor opcdo de tratamento para cada caso.

INTRODUCAO

Ap6s a remogdo da polpa dental, o dente pode perder a sua translucidez,
principalmente por causa da desidratacdo dos tecidos dentais. A perda discreta da
translucidez pode ser revertida pela obturagdo adequada da cdmara pulpar (2). O
endodontista deve estar ciente que a aplicagdo da técnica endoddntica e a escotha da
medicacdo sdo de grande importancia para prevenir a alteracao de cor da coroa dental
apbs o tratamento e a obturagdo do canal (2).

Frente a um dente tratado endodonticamente que apresenta qualquer tipo de
descoloracdo dental, o profissional pode {angar mdo de alguns tipos de tratamento:
manter o dente intacto, clarear o dente; recuperar a estélica do dente através de
manobras restauradoras ou protéticas, ou ainda associar as técnicas clareadoras com
as restauradoras (2, 13).

O clareamento é a tentativa mais conservadora de restabelecer a cor normal
dos dentes, através da descoloracd@o das manchas dentais por processos de oxidagéo
ou reducdo (3). Sendo assim, o clareamento de dentes ndo vitais é um passo da
terapia odontoldgica simples e de resultados previsiveis, na busca de um perfil estético
capaz de alterar significantemente a auto-estima de nossos pacientes,

Do ponto de vista estético e pratice, os dentes anteriores e, em casos de um

sorriso mais amplo, os pré-molares, s8o os dentes que exigem condutas clareadoras.

16
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Para se executar as técnicas de clareamento com total seguranca, o canal radicular
deve estar hermeticamente obturado; a coroa dental deve estar relativamente Intacta;
deve-se remover toda e qualquer dentina escurecida e/ou amolecida; substituir
restauragles, quando estas s3o responsaveis pelo escurecimento da coroa (2). A
presenca de fraturas, fendas, hipoplasias e outras alteragbes da estrutura do esmalte
podem também dificultar ou até contra-indicar o clareamento interno (2).

De acordo com GOLDSTEIN (4), as manchas e alteragles dos dentes
despolpados de interesse endodéntico imediato podem ser causadas pelos seguintes
fatores: materiais restauradores; hemorragia intracoronaria; decomposigdo de detritos
intrapulpares; medicamentos de uso intracanal e materiais obturadores. Estes residuos
podem penetrar através dos tubulos dentinarios, resultando em um quadro de

descoloracao dental.

MECANISMO DE ACAO DOS AGENTES CLAREADORES

O clareamento de dentes desvitalizados j@ era realizado desde o final do
século XIX, através da utilizacdo de varias substéncias, tais como: oxido oxdlico (1),
hipoclorito de célcio (22), perdxido de hidrogénio (5) e pirozona (22), sendo que o
primeiro relato de clareamento de dentes ndo vitais data de 1877, a partir da utilizagdo
de acido oxalico por Chapple (1).

Os agentes clareadores usados normalmente atuam por reagdes de oxidacéo
(3). Estes agentes apresentam baixo peso molecular e capacidade de desnaturar
proteinas, possibilitando o “trédnsito” de fons através da estrutura dental (6). O
peréxido de hidrogénio se decompde em radicais livres, oxigénio e dgua (7). Por serem
fortes agentes oxidantes estas substdncias reagem com as macromoléculas
responsaveis pelos pigmentos, e por um processo de oxidagdo, os materiais orgéanicos

sdo convertidos em compostos com menor pesos moleculares, e eventualmente em
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didxido de carbono e dgua, removende os pigmentos da estrutura dentéria por difusdo
(7), resultando em um efeito clareador.

Um agente clareador que tem sido amplamente utilizado é o Superoxol®, uma
solucdo de perdxido de hidrogénio a 30% em &gua destilada (15). O Superoxol® é
considerado um potente agente oxidante, por apresentar uma grande concentrac@o de
oxigénio liberada, facilitando assim sua penetragdo por entre o0s espagos
interprismaticos e pelos canaliculos dentinarios (4).

}Ja o mecanismo de agdo do peroxido de carbamida a 37% estd baseado na
dissociacdo em aproximadamente 25% de uréia e 10% de perdxido de hidrogénio (7).
O principal beneficio da utilizagdo deste material estd na baixa concentragdo de
peroxido de hidrogénio liberada, bem como na presenga de uréia. A uréia € um
composto que regula o pH intracoronario durante o processo clareador (7). O baixo pH
intracoronario, associado a difusdo de perdxido de hidrogénio por entre os tibulos
dentinarios em direcdo as fibras do ligamento periodontal, pode dar inicioc a uma
reacdo inflamatdria podendo resultar em um quadro de reabsorcdo radicular externa
(6, 17, 8).

A aplicac8o de géis claredores (com peroxido de hidrogénio ou carbamida em
concentracdo média de 35%) ativados através de fontes de luz ou calor como os lasers
de argbnio ou LED s {Light Emitting Diocdes) também tiveram seu uso muito difundido
nos uGltimos anos (23). As emissGes fotOnicas emitidas por estes aparelhos sdo
radiacBes ndo-ionizantes, que resultam em efeitos fotoquimicos e fototérmicos, tendo
como alvo somente moléculas escurecidas (16). Esses mecanismos geram um
aumento minimo de temperatura sem dano ao tecido pulpar, pois aguecem ¢ produto,
e ndo a estrutura dental. O ideal € obter um pico de emissd@o de energia do ativador
{(laser, LED "s) muito préxime ao espectro de absorgdo do agente clareador (16, 23),

alcancando deste modo, um efeito preciso e especifico para o clareamento dental.
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O perborato de sédio € um pd estavel, e quando em solugdo com Aagua, se
decompbe em metaborato de sédio, oxigénio e perdxido de hidrogénioc em uma
concentracdo mais baixa, entre 10% e 16% (21, 6) - sendo que a taxa de liberagdo de
oxigénio ativo estd diretamente ligada ao g.rau de hidratagdo do perborato de sédio.
Em seguida, o perdxido de hidrogénio libera oxigénio ativo, dando inicio ao processo
clareador (6, 7). SPASSER (21), em 1961, propbs a utilizac8o da pasta de perborato
de sodio e agua para ser colocada no interior da camara pulpar, dispensando o uso de
calor produzido por lampadas e instrumentos metalicos levados ao rubro.

Uma alternativa para o perborato de sédio € o percarbonato de sédio (11). No
Japdo, o percarbonato é normalmente utilizado como detergente, ja que a eficicia
deste agente quando comparada com o perborato de sédio - para as baixas
temperaturas japonesas - € muito maior. O percarbonato de sédio se dissocia em
carbonato de sddio e perdxido de hidrogénio, com uma porcentagem de oxigénio livre

em torno de 9,9%.

CLASSIFICACAO DAS TECNICAS

As técnicas mais amplamente utilizadas no clareamento de dentes
despolpados s8o as técnicas denominadas termocatalitica e walking bleach. A maior
diferenga entre as duas técnicas € o método de liberagdo do oxigénio ativo dos
compostos quimicos clareadores (3).

Na técnica termocatalitica, o calor é usado para liberar oxigénio ativo do
agente clareador, normalimente peréxido de hidrogénio a uma concentracBio de 30%
(3). O calor catalisa os produtos de decomposicdo dos agentes clareadores em radicais
livres oxidantes instdveis, bem como “impulsiona” os agentes clareadores através de

processos de expansao e difusdo por entre os tabulos dentinarios.
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J4 a técnica walking bleach, proposta inicialmente por SPASSER (21), utiliza
como agente clareador o perborato de sodio. Uma pasta espessa de perborato de sédio
e agua destilada € inserida na cavidade pulpar, o dente é posteriormente selado e o
agente clareador mantido na cavidade por no minimo trés dias, podendo ser renovado
por até mais trés sessdes. Esta técnica foi denominada como walking bleach, ja que o
processo de clareamento ocorre entre as consultas, durante o periodo em que ¢ agente
clareador permanece selado na cdmara pulpar.

Uma modificagdo da técnica walking bleach foi publicada por NUTTING & POE
(15) em 1967, baseada na substituicdo da agua destilada pelo peréxido de hidrogénio
a 30%. Esta seria uma tentativa de se potencializar ¢ efeito clareador, j& que tanto o
perborato de sodio quanto o perdxido de hidrogénio apresentam capacidade de liberar
oxigénio.

A técnica walking bleach apresenta a vantagem de requerer menor tempo
clinico, quando comparada as técnicas termocatalitica ou a combinagdo de ambas (3).
Neo entanto, vale ressaltar que normalmente o tempo de tratamento com a fécnica
termocatalitica € mais curto. A utilizacdo da combinacdo do perborato de sodio
tetrahidratado com dgua destilada, como agente clareador em dentes despolpados, € a
mais recomendada por sua seguranca, em virtude da redugdo do risco potencial do
desenvolvimento de um quadro de reabsorgdo radicular externa na regido cervical (3).
A baixa concentracdo de perdxido de hidrogénio liberada pelo perborato de sddio em
conjunto com a agua destilada € um dos principais fatores que asseguram a seguranga
desta técnica (9, 17).

Existem relatos da associaclo das duas técnicas supracitadas, sendc a
termocatalitica realizada no consultério, seguida pela walking bleach entre as sessdes,
na tentativa de se obter um resultado estético rapido e eficaz (3). No entanto, ©

prognodstice deste tipo de sinergismo, principalmente gquanto & seguranca, &
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extremamente duvidoso, principalmente guanto ao risco de reabsorcbes radiculares
externas.

FRECCIA et al. (3) compararam trés técnicas de clareamento para dentes
despolpados: termocatalitica, walking bleach (combinacdo de perborato de sodio e
Superoxol) e a combinagdo de ambas. Todas demonstraram ser efetivas, mas a técnica
walking bleach apresentou como vantagem um menor tempo clinico, além de oferecer
menores riscos de reagdes adversas nos tecidos periradiculares.

HO & GOERIG (9) avaliaram a efetividade da técnica walking bleach quando
da utilizago de uma pasta de perborato de sédio e agua ou de uma pasta de
perborato de sodio e Superoxol. Observaram um efeito clareador e mais rapido com a
combinagdo de perborato de sdédic e Superoxol. No entanto, ressaltam que além da
maior seguranca da técnica que usa dgua como solucdo, o efeito clareador conseguido
& o mesmo, somente levando um maior periodo de tempo.

Uma outra modificacdo da técnica walking bleach com o uso de peréxido de
carbamida 10% foi recentemente proposta (13, 19). Esta técnica foi denominada
inside/outside, consistindo na aplicacdo do agente clareador tanto na parte externa
quanto na parte interna do dente de uma maneira simultdnea, ou seja, a camara
pulpar ndo é vedada (13, 19). De acordo com 0s autores, a grande vantagem deste
tratamento é o curto periodo de tempo necessario para a obtencdo do efeito clareador
necessario. Contudo, a manutenc@o da cdmara pulpar aberta pode comprometer o
selamento bioldgico, promovido inicialmente pelo tratamento endodéntico e pelo
tampéo cervical, alem do fato de dificultar a higienizac@o da cavidade pelo paciente.

KANEKO et al. (11) em 2000, avaliaram a eficiéncia clareadora do
percarbonato de sédic em dentes artificialmente pigmentados através da utilizaco de
um colorimetro. Os resultados mostraram que o percarbonato de sdédio, quando

associado com agua destilada ou perdxido de hidrogénio, apresenta resultados
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similares ao perborato de sédio com agua, mostrando ser um efetivo agente clareador.
No entanto, n8c ha na literatura muites relatos avaliando os efeitos do percarbonato
no clareamento de dentes ndo vitais, bem como a influéncia deste agente sobre as
estruturas dentais e os materiais de base, para que haja uma sequra aplicabilidade
clinica deste material.

O clareamento de dentes ndo vitais tambeém pode ser realizado no consultério,
através da aplicac8o de geis clareadores (com perdxido de hidrogénio ou carbamida
em concentracdo média de 35%) somente no dente escurecido (23). Estes géis
possuem diferentes tonalidades, de acordo com o espectro de luz mais bem absorvido,
sendo que o peroxido de hidrogénio é ativado através de diferentes fontes de luz ou
calor, com diferentes poténcias e comprimentos de onda, tais como: Laser de Argdnio,
Laser de Diodo, LED s e Lédmpadas de Xendnio / Arco de Plasma (23). O efeito do
clareamento com o uso destes equipamentos é também conseguido através de
processos quimicos de oxidacdo, jé& que os iniciadores fotossensiveis do produto
clareador absorvem a energia fototérmica e ativam a quebra do peréxido de hidrogénio

{16, 23).

PROCEDIMENTOS RESTAURADORES

Apds o término dos procedimentos clareadores, uma bolinha de algodao deve
ser temporariamente inserida no interior da cdmara pulpar, por um periodo minimo de
uma semana, para permitir a completa eliminacgdo do agente ciareador e seus produtos
de decomposicdo - principalmente oxigénio residual - da cdmara pulpar, para que ndo
haja interferéncia no processo de polimerizacdo dos materiais resinosos (23).

Alguns autores recomendam que apds o término da aplicagdo do agente
clareador, a cdmara pulpar seja totaimente preenchida com uma pasta de hidréxide de

célcio e agua, sendo mantida na cémara puipar por 7 dias (12). Este procedimento
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visa reverter o pH da regifio cervical para uma normalidade, reduzindo assim os riscos
de um futuro quadro de reabsorgdo radicular externa, principalmente apés a utilizacio
de Superoxol, como agente clareador,

SHINOHARA et al. (20), em um trabatho avaliando a influéncia do perborato
de sodio e do peroxido de carbamida na adesdo de cavidades classe V em resina
composta, observaram um aumento da microinfiltracdo marginal nas margens
dentinarias, mas ndo observaram o mesmo efeito em margens de esmalte. Segundo os
autores, as cavidades foram confeccionadas 24 horas ap6s o término do tratamento,
os residuos dos agentes clareadores - como perdxidos, dgua e oxigénio - podem ter
comprometido a ultramorfologia da interface dente-restauragdo, aumentando a
solubilidade das estruturas dentais, principalmente da dentina.

Tendo em vista que a restauracdo definitiva em dentes anteriores é
comumente realizada com compésitos, o profissional deve ter cuidado quando da
utilizacdo de materiais forradores e provisérios a base de eugenol, j& que estes
cimentos podem comprometer o processo de polimerizagdo das resinas (14). Logo, o
uso destes materiais previamente ao clareamento deve ser considerado de acordo com
o plano de tratamento restaurador e a conveniéncia clinica do operador (18).

Os hibridos de iondmero de vidro apresentam propriedades fisicas e mecénicas
ideais para esta finalidade (14). Estes materiais 580 fotopolimerizaveis, conferindo uma
facil manipulacdo por parte do operador. Além disso, estes materiais possuem
adesividade a estrutura dental, s8c biocompativeis, apresentam coeficiente de
expansdo térmica similar ao dente e tem total compatibilidade com as resinas
compostas {143},

Apds condicionamento acido total da cavidade por 15 segundos ¢ aplicagéo de
um sistema adesivo hidrofilo, deve-se preencher a cdmara pulpar incrementalmente

com resina composta de acordo com as recomendacdes do fabricante. Em seguida, o
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profissional deve checar os contatos oclusais e realizar os procedimentos de

acabamento e polimento de praxe para restauracdes em resina composta.

COMPLICACOES

Uma das mais indesejdveis complicacBes decorrentes do clareamento de
dentes ndo vitals, quando da utilizagdo de peroxido de hidrogénio como agente
oxidante, é o desenvolvimento de reabsorgdes radiculares externas (6). No entanto, o
mecanismo exato deste processe de reabsorcdo induzida pelo agente clareador ainda
ndo é completamente explicado. O que provavelmente ocorre € uma percolagem de
perdoxido de hidrogénio proveniente da cdmara pulpar através dos tubulos dentinarios
em direcdo aos tecidos periodontais, principalmente na presenga de defeitos
cementarios {17). Assim, o peréxido de hidrogénio daria inicio a uma reagdo
inflamatoria no ligamento periodontal, em funcdo de uma gueda de pH, levando a um
guadro final de reabsorcdo radicular externa (17, 18),

Uma proteclo na base da cé&mara pulpar, recobrindo a obturacdo radicular,
deve ser empregada anteriormente a insergdo do agente clareador, buscando a
obliteragdo dos tubulos dentindrios da regifo, e conseqiientemente, prevenindo a
passagem do peroéxido de hidrogénio em diregdo aos tecidos extrarradiculares, além de
proteger a obturacdo radicuiar de guta-percha de contaminantes bacterianos.

ROTSTEIN et al. (18) avaliando a eficiéncia de diferentes materiais de base
pré clareamento, ndo observaram diferengas na penetracdo de perdxido de hidrogénio
entre a utilizacdo de IRM, pasta de éxido de zinco, resina composta e ionfmero de
vidro. No entanto, postulou-se gue a espessura desta camada protetora em relacdo a
altura da jungdo cemento-esmalte € mais critica na prevengdo da penetracdo do
peroxido de hidrogénio do que o tipo de material protetor utilizado. A espessura

recomendada & de aproximadamente 2mm, ao nivel da juncdo cemento-esmalte, sem
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que haja comprometimento do resultado estético, tanto do ponto de vista clareador
quanto restaurador.

Os cimentos de ionémero de vidro modificados por resina possuem boa adesdo
a estrutura dental, sdo resistentes a acdo dos agentes clareadores sem comprometer o
clareamento, s8o estéticos, de facii manipulacdo e insergdo, apresentam boa
adesividade a estrutura dental, além de ndo comprometerem a restauracéo final (14).

O processo de reabsorgdo radicular externa esta relacionado ao uso da técnica
walking bleach quando da associagdo do perdxido de hidrogénio com perborato de
sadio (6). HELLER et al/. (8), em um estudo com caes, relataram casos de reabsorcao
radicular externa em 2 dos 16 dentes tratados pela técnica walking bleach (com
associacdo de peroxido de hidrogénio e perborato de sédio) em um periodo de 3 meses
pés tratamento.

AvaliacBes in vitro de alteractes em dentes clareados mostram a ocorréncia de
uma queda de pH a valores acidos quando da utilizag8o de perdxido de hidrogénio em
combinacdo com perborato de sédio (12), bem como um aumento das taxas
perirradiculares de peroxido de hidrogénio (17).

Outras complicacbes relacionadas aos procedimentos de clareamento interno
s8o: risco de fratura durante os multiplos periodos de tratamento, subclareamento,

*overlighting”, bem como a regresséo da cor do dente clareado (10).

PROGNOSTICO (CLAREAMENTO / RESTAURADOR)

O paciente devera ser reavaliado um més apds o término do tratamento. Um
fator importante a ser considerado é o grande efeito clareador conseguido logo apds o
término do tratamento clareador, normalmente sucedido por uma leve recidiva da cor
dental. O efeito clareador do produto combinado com a desidratacdo dental,

decorrente do isolamento absoluto, pode explicar a melhora da descoloragao dental ao
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final de cada sessdo. A subseqliente rehidratagdo do tecido dentai, em conjunto com
uma possivel neo-redugdc das moléculas de pigmentos, iniciaimente oxidadas pelo
agente clareador, bem como umas novas impregnagbes de pigmentos extrinsecas {3)
podem explicar tal recidiva.

O prognéstico do sucesso de qualquer técnica de clareamento dental estd
diretamente relacionado a etiologia da descoloragdo dental (10). Quando a alteragdo
de cor é causada por produtos de decomposi¢do pulpar, o prognostico € extremamente
favoravel. Contudo, em manchas metélicas causadas por medicamentos gue contém
prata ou por restauragbes de amalgama, o prognédstico € mais duvidoso, sendo mais
dificil de alcangar resultados satisfatérios (10). Além disso, a probabilidade de uma
recidiva € muito maior nestes casos. HOWELL (10) mostrou que quanto mais

trabalhoso o clareamento de um dente, maior a probabilidade de uma recidiva.

CONCLUSOES

O clareamento interno é uma técnica confortave! e indolor para o paciente,
permitindo um clareamento seletivo, com possibilidade de multiplas aplicagBes,
permitindo um contrele da coloragéo dental desejada, tante por parte do profissional
guanto do paciente.

A melhora imediata da descoloragdo dental ja nas primeiras sessBes da ao
paciente uma malor auto-estima, alem de confiabilidade no tratamento e no
profissional. No entanto, o paciente deve sempre estar ciente de eventuais recidivas
nos dentes tratados, principalmente nos primeiros 7 dias de tratamento, a qual
progressivamente diminul a cada sessio.

E necessario gue se tenha um bom acompanhamento clinico e radiografico do

dente clareado, a fim de que se verifigue a seguranca do método e dos produtos
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utilizados, bem comc a estabilidade dos resultados decorrentes do tratamento

clareador e restaurador.

RESUMO

Atualmente, um dos aspectos mais estimados no conjunto estético da face e o
sorriso. Este fato estimulou o desenvolvimento de técnicas e materiais que
propercionem um resultado mais harmonioso, gue satisfaca os anseios do paciente.
Antigamente, dentes que apresentavam anomalias de cor recebiam desgastes, para
em seguida, serem reconstruidos através de procedimentos diretos ou indiretos. Hoje,
o profissional pode contar com técnicas altamente eficazes e seguras que possibilitam
a reversdo destes quadros de alteragdo de cor. O clareamento é a tentativa mais
conservadora de restabelecer a cor normal dos dentes, através da descoloragBo das
manchas dentais por processos de oxidagao ou redug8o. Sendo assim, o objetivo deste
trabalho elucidar, através de uma revisdo de literatura, as principais técnicas e

procedimentos necessarios para o clareamento de dentes ndo vitais.

SUMMARY

Nowadays, one of the most estimated aspects of facial beauty is the smile.
This concern pushed the development of new materials and techniques that have the
potential to reverse these esthetics disturbs, helping patients to have better confidence
and self-esteem. Lately, discolored anterior teeth were grounded in order to receive
direct or indirect rehabilitation. Dental practitioners are now dealing with extremely
effective and safe cosmetic techniques. Intracoronal bleaching is one of the most
conservative approaches to reestablish endodontically treated, discolored teeth, by

means of oxidation and reduction reactions. Therefore, the purpose of this article is {o
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discuss, by means of a literature review, the procedures and techniques needed for

nonvital tooth bleaching.
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Figura 1. Aspecto esquematico do correto posicionamento do tamp&o cervical.

Observar sua colocacdo a aproximadamente 2mm abaixo da jungdo cemento-esmalte.

Restauracao Provisoria
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In vitro microleakage of composite restorations

after nonvital bleaching .

{publicado na revista Quintessence International 2001; 32:413-417)

(publicado na revista the Quintessence 2001, 20:195-199, Japan)
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ABSTRACT

Objective: After bleaching treatment, esthetic restorations often need to be replaced
due to color changes. Some papers have shown alterations in the bond of adhesive
restorations to bleached teeth. The purpose of this study was to evaluate {ooth and
resin composite adhesion when submitted to nonvital dental bleaching. Method and
materials: One hundred and twenty bovine teeth were assigned to 3 groups (n=40):
paste of sodium perborate and water; 37% carbamide peroxide gel; and non bleaching
(control). After 3 weeks of continuous bleaching treatment, standardized Class V
cavities were prepared at the cementoenamel junction and restored with Single Bond
adhesive system and Z100 resin composite. The samples were thermocycled 1,500
times (5 =1/55+1 °C) with i-minute dwell time. Then, they were immersed in a 2%
methylene blue solution (pH 7} for 4 hours, sectioned, and analyzed by
stereomicroscopy. Microleakage analyses were done, using scores from 0O o 4,
considering leakage on the incisal wall (enamel) and the cervical wall (dentin). Data
were analyzed by Kruskal-Wallis and Mann-Whitney tests (a=0.05). The results
showed that sodium perborate and carbamide peroxide gel significantly increase the
microleakage in Class V resin composite restorations to dentin but not to enamel
margins. Conclusion: The risk of microleakage in dentin margins is increased soon

after bleaching treatment.

Key words: bleaching agents, discolored tooth, microleakage, nonvital tooth, tooth
bleaching, walking bleach

CLINICAL RELEVANCE

After nonvital bleaching with either sodium perborate and water or 37%
carbamide peroxide, the seal of new resin composite restorations is jeopardized,

resulting in increased microieakage of dentin margins.
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INTRODUCTION

Discolored anterior teeth, whether multiple or individual, present a serious
esthetic problem. Dental bleaching should be the first step taken in a treatment, since
it is the most conservative one,

A preparation of sodium perborate and water in the "walking bleach”
technique, for nonvital tooth bleaching, has been the most popular and recommended
cne, since the decomposition reaction of sodium perborate is slow and releases
hydrogen peroxide in low concentration, giving a wider margin of safety in relation to
other techniques.™ Another bleaching agent that may be used in the “walking bleach”
technique is 37% carbamide peroxide, which has been considered to be safe for the
practice.

Once the bleaching process is complete, esthetic restorations may need to be
replaced in order to achieve optimal shade matching. Thus, they are always filled with
esthetic restorative materials such as resin composite or glass-ionomer cement, The
prerequisites of these materials are to prevent microleakage and to improve the
esthetic results.>”

Some authors have reported detrimental effects on resin-tooth bonds as well
as an increase of microleakage for the teeth restored after bleaching treatment.®®®
This effect is attributed to the presence of residual peroxide or oxygen released from
bleaching agents and structural changes on enamel and dentin composition that can
affect the seal at the resin-tooth interface.®”® It is therefore important to know the
real effect of the bleaching agents on the dental structure in order to avoid
unsuccessful resin restorations.'?

The purpose of this paper was to evaluate the microleakage of Class V
adhesive resin restorations in teeth submitted to nonvital bleaching with two different

bieaching agents.
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METHOD AND MATERIALS

One hundred and twenty freshly extracted bovine teeth were stored in 2%
formalin solution, cleaned, selected, and then stored in distilled water at room
temperature to prevent dehydration. The teeth were horizontally sectioned
approximately 7mm incisally and apically to the cementoenamel junction using a
double-faced diamond disc (reference n®. 7020, KG Sorensen) to produce tooth
segments (Fig 1). The contents of the pulp chamber and root canal were removed with
a dental explorer, and the pulp chamber was enlarged with a n9. 8 carbide bur using a
low-speed handpiece (Kavo).

Three millimeters below the cementoenamel junction, a 3-mm thick base of
intermediary restorative material (IRM) (Dentsply}) was placed to prevent apical
leakage of the bleaching material during the "waiking bleach™ technique. The teeth
stored in a humidor (humidifier} were then randomly assigned to following groups:

o Group 1/sodium perborate (SP): 40 bovine teeth bleached by a paste of sodium
perborate (Proderma) and water (2 g of sodium perborate per 1ml of water).

+ Group 2/carbamide peroxide {CP): 40 bovine teeth bleached by 37% carbamide
peroxide gel {Whiteness, FGM Produtos Odontolégicos).

e Group 3/no bleaching {control): 40 nonbleached bovine teeth soaked in distilled
water before restoration.

In groups SP and CP, the respective bleaching material was inserted in the
pulp chamber, and a 2-mm thick surface seal was made with IRM. The bleaching
agents were changed every 7 days for 2 weeks. The bleaching treatments were
performed for 21 days. The teeth were stored in a humidor at 37°9C during the
bieaching period.

After bleaching, the incisal and the apical regions were sealed with epoxic

resin (Araldite Ciba Especialidades Quimica). A standardized cylindrical Class V cavity
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preparation (approximately 2.0mm in diameter and 2.0mm in depth) was done in the
cementoenamel junction on the facial surface. A special diamond bur (reference n°.
2294/KG Sorensen) in a high-speed handpiece (Kavo) with a constant water-spray
coolant was used to prepare the cavities.

Before restoration, all cavities were rinsed with water in order to loosen all
sediment left during preparation. Then, they were gently air-dried with air for 2
seconds to avoid dentin dehydration. The adhesive system Single Bond (3M Dental)
was placed according to the manufacturer’'s recommendations. The cavity was etched
for 15 seconds with a 35% phosphoric acid gel, and the etchant was rinsed for 10
seconds with water from an air-water syringe and briefly dried with compressed air for
2 seconds. Two consecutive coats of adhesive were applied using a saturated brush tip.
After gently air drying for 5 seconds, the material was light cured for 10 seconds. The
resin compaosite Z100 (3M Dental) was inserted in a bulk increment. The restored teeth
were stored in a humidor at 37 + 1°C for 24 hours, and the composite surface was
polished with a graded series of Sof-Lex discs (3M Dental).

The teeth were placed in separate mesh bags and thermocycled (MCT2,
Instrumental Instrumentos de Precisdo) for 1,500 cycles in water between 5 £ 1°C and
55 + 19C with a dwell time of 60 seconds in each bath. After thermocycling, the
external surface of each tooth was coated with 2 layers of nail varnish, leaving a 1-mm
wide margin around the restoration that was free of varnish. The teeth were placed in
a 2 % methylene blue solution (pH 7) for 4 hours at room temperature and rinsed
under tap water. The teeth were sectioned longitudinally through the center of each
restoration with a slow-speed double-faced diamond disc. The right haif of each
sectioned tooth was evaluated blindly and independently by 3 examiners with a

stereomicroscope {(Meiji 2000Techno, Meiji Techno) at X35 magnification to determine
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the extent of microleakage at incisal and gingival margins. The following criteria were
used to score dye penetration:
{0 = No dye penetration

1

i

Dye penetration to 1/3 of the incisal or gingival wall

it

2 = Dye penetration to 2/3 of the incisal or gingival wall
3 = Dye penetration to full length of the incisal or gingival wall
4 = Dye penetration including axial floor

Data were analyzed by Kruskal-Wallis and Mann-Whitney tests («=0.05}. The
test were chosen due to the nature of the qualitative random variable, which employs
scores to evaluate the phenomenon under study (microleakage). The statistic

calculations were performed by STATA software {Computing Resource Center Stata

Reference Manual).

RESULTS

The microleakage median scores, the sum of ranks per bleaching treatment,
and pair-wise comparisons for the restorative systems are presented in Table 1. The
Kruskal-Wallis test showed no statistically significant differences in microleakage
among treatment groups (P=0.063 % = 5.507; a< 0.05) in enamel margins; however
statistically significant differences in microleakage were seen among the treatment
groups (p=0.0001 3* = 25.009; a< 0.05) in dentin margins.

Comparisons of the sum of ranks on enamel margins showed no statistically
significant differences among control and experimental groups. On dentin margins,
comparisons of the sum of ranks in the bleached groups were statistically significant
different from the unbleached contrel group (p<0.05). An increase in microleakage
was found in both bleaching groups (SP and (P), showing the adverse potential of

sodium perborate and 37% carbamide peroxide.
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PDISCUSSION

Bleaching procedures are often considered to be the first step in improving the
appearance of discolored teeth.”!* Nonvital bleaching is often followed by placement of
esthetic restorations. One of the prerequisites of such treatment is that the esthetic
restoration prevents microleakage.® Several studies have shown that hydrogen
peroxide released from bleaching agents adversely affects the bond strength of
adhesive systems and resin composites to enamel,%%%121¢

This work evaluated the influence nonvital bleaching agents might have on the
microleakage of Class V adhesive restorations, The confrol group showed less
microleakage in enamel and dentin margins than the bleaching groups (SP and CP). An
increase in resin/dentin microleakage was found in groups SP and CP, showing the
adverse potential of sodium perborate and 37% carbamide peroxide,

Some evaluations have dernonstrated that teeth subjected to 10% carbamide
peroxide have greater microleakage compared to nonbleached teeth >®%:%16 A
previous study proved that bleaching with 10% carbamide peroxide increased
microleakage and interfered in the adhesion of resin restorations to dental structures.*’
Another investigation showed no measurable leakage along the enamel margins of
Class V resin restorations, but the gingival dentin margins exhibited ieakage, although
the difference was not statistically significant.”

Barkhordar et al stated that bleaching had a minimum effect on the marginal
seal of the resin restoration within the first 2 days and a significant effect after 4 to 7
days of bleaching, and concluded that the microleakage increased with the extent of
bleaching time.®

Shear bond strength measurements and electron microscopy scanning
examinations have shown changes in the bonds of resin composites after bleaching.*®

 Tensile and shear tests of bleached teeth revealed a significant reduction in bond
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strength that was caused by an alteration _in the adhesion mechanism and changes in
resin quality at the enamel-resin interface, 5913

The loss of adhesive strength may be due to bleaching reactions.®!%1420.2
Although these reactions are not totally known, the hypothesis is that as the oxidizing
agent hydrogen peroxide diffuses through the dentin and enamel, the highly
pigmented carbon ring compounds are opened and then converted into chains, which
are lighter in color. As this process continues, the bleached tissue continually lightens
with further decomposition of organic and incrganic matrix. During this process, water
and oxygen are released.*"??

Some authors have suggested that the adverse effects of bleaching on resin-
tooth bonds are caused by residual peroxides and oxygen that could inhibit the
polymerization process of the adhesive systemns.!**® In an electron microscopic
scanning evaluation, nonbleached teeth presented numerous and clearly defined resin
tags, in contrast with the teeth treated with 35% hydrogen peroxide for 30 minutes,
where the resin tags were sparse, shorter, poorly defined, and structuraily
incomplete.?

However, a recent research study did not detected oxygen on the surface of
bleached enamel, thus rejecting the hypothesis that residual oxygen leached from
bleaching agents may interfere in the adhesive polymerization process.?®> Moreover,
bleaching can induce changes in the ultra-morphology of enamel-resin bonded
interfaces, changing the organic and inorganic component ratios, increasing the
solubility of dental structures, and affecting dentin more than enamel,>*

In this study, the microleakage of dentin margins in groups SP and CP was
significantly higher than in the control group. However, such a difference did not occur
among the enamel margins in groups SP, CP, and control (P=0.063). The reason could

be the difference in the composition of enamel and dentin. Dentin contains less mineral
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and more organic matrix and can easily be affected by hydrogen peroxide-based
materials. These materials are strong oxidizing agents that may cause denaturation of
proteins in the organic components, producing morphologic changes that could reduce
the performance of resin bond restorations.

Another consideration is the presence of dentin tubules that may enhance the
rate of penetration of the bleaching agents and residual oxygen diffusion from the pulp
chamber through dentin. The consequence may be a higher concentration of residual
oxygen in the more porous dentin margins than on enamel margins, thereby increasing
microleakage.

It should be noted that the teeth used in this investigation were bovine, not
human teeth, and the manner in which the bleaching agenits were used was not the
same as when bleaching is clinically performed.’ Moreover, in the oral environment,
the interaction with saliva may repair the tooth by mineral precipitation, and the action
of enzymes (such as peroxidase and catalase) may leach out all residual peroxides and
oxygen from the tooth, over an extended period of time, and improve the quality of
resin-tooth bonds.***

It is necessary to know the time that has elapsed from the bleaching

treatment to the restoration procedure to achieve an optimal seal, as well as to reduce

the risk of microleakage in adhesive restorations.

CONCLUSION

1. Under the experimental circurmstances used in this study, the Class V restorations
in teeth submitted to nonvital bleaching with 37% carbamide peroxide gel or
sodium perborate showed a significant increase in microleakage on dentin margins.

2. On enamel margins, the microleakage was not statistically different from the

control group for both bleaching agents.
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3. Even with regard to distance, the bleaching agents sodium perborate and 37%

carbamide peroxide gel can interfere in the resin-tooth interface.
It is necessary to know the time that has elapsed from the bleaching
treatment to the restoration procedure to achieve an optimal seal as well as to reduce

the risk of microleakage in adhesive restorations.
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Table 1 Statistical resulis
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UNICAMP

§Ey i el
BIBLID HAL

SECAQ CIRCULANTY

P=0.063 Dentin

P<0.05

Enamel
Groups Median n
Sodium Perborate 0 37
37%Carbamide Peroxide 0 35
Control 0 37

Sum of ranks Median

2104.5 a 1
2200.0 a 1
1690.5 a 0

n

37

35

37

Sum of ranks
23135 a
2416.0 a

12655 b

The difference in letters next to the sum

statistical differences.

of ranks column expresses the significant
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Figure 1 Scheme of the experiment
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l 3.3 CAPITULO 3

The effect of nonvital bleaching on the shear bond strength
of composite resin using three adhesive systems

T |

{enviado para revista American Journal of Dentistry)
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ABSTRACT

Purpose; to evaluate the effect of nonvital bleaching on the shear bond strength of

composite resin using three adhesive systems. Materials and Methods: two-hundred

and seventy bovine teeth were assigned into 3 groups (n=90): SP-sodium perborate;
CP-37% carbamide peroxide; CO-control group (no treatment). After the bleaching
treatment, the teeth in each group were separated to enamel (E) and to dentin (D).
The teeth were cut, included in polyester resin, and polished in order to obtain a flat E
or D surface. Each group was divided into 6 subgroups (n=15) according to substrate
(E and D) and adhesive system: SB-Single Bond; PB-Prime & Bond NT; CLF-Clearfil SE
Bond. The adhesive system was applied on each flat surface according to the
manufacturer’s instructions and a cylinder of composite resin Z-250 was overlaid. The
specimens were stored in distilled water for 7 days at 37°C. The SBS test was
performed in a Universal Test Machine with crosshead speed of 0.5 mm/min. Results:
the data obtained in MPa were subjected to statistical analyses (Two-way ANOVA and
Tukey, p=0.05). There was no interaction between bleaching treatment and the
adhesive system used, On enamel, the SP and CP bleaching treatments reduced the
SBS values. On dentin, the SP bleaching agent reduced the SBS values and the CP
bleaching did not interfere on SBS values.

CLINICAL SIGNIFICANCE

Nonvital bleaching treatment with sodium perborate may adversely affect on shear
bond strength values of composite resin for both enamel and dentin. 37% Carbamide
peroxide bleaching agent interferes on enamel bonding strength, but not on dentin.
The use of water/aicohol and acetone-based adhesive systems may not reverse the

effects of bleaching treatments on bond strengths.
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INTRODUCTION

Discoloration of anterior teeth is a serious esthetic problem in restorative
dentistry and it requires effective treatment. Bleaching is the most conservative and
economical alternative to better the appearance of the discolored nonvital tooth.*?

The walking bleach is the most popular and recommended technique for
endodontically treated teeth.® This technique involves sealing a bleaching agent in the
pulp chamber and changing the solution every week for 3-4 weeks.? According to the
literature the use of hydrogen peroxide for bleaching has occasionally been associated
with the development of external root resorption.’

The use of sodium perborate mixed with water is the most accepted bleaching
agent to reduce the risk of cervical root resorption.® Sodium perborate has a slow
process and releases hydrogen peroxide in low concentration.*” Ancther bleaching
agent that can be used is the 37% carbamide peroxide that is considered an efficient
and secure bleaching agent to the walking bleach technique.>®

This way, the bleaching agent diffuses from the pulp chamber dentin into the
enamel. The bleaching effect is a consequence of an oxidation reaction in the
discolored dentin.® After the bleaching treatment, previous restorations may need
replacement to match the correct shade.

Several studies have shown the adverse effects of bleaching treatment on
bond strength between composite resin and tooth substrate.?'"?* Some authors have
suggested that a reduction on bonding strength of composite resin in bleached teeth
may be due to the presence of active chemicals from bleaching agents il 41824
Residual oxygen may be responsible for the inhibition of resin polymerization and
increase in resin porosity.?

Several researchers have found that the optimal bond strengths can be

achieved with a time delay after the bleaching.'*''* According to some findings the use
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of alcohol-based bonding agents may result in less affected composite bond strength
when restorative work is to be completed immediately after bleaching.’>* The
presence of aicohol may have counteracted any residual water and oxygen from the
bleaching agent.?®

The purpose of this study was to evaluate the effect of three different adhesive

systems on shear bond strength of composite resin after nonvital bleaching treatment.

MATERIALS AND METHODS

SPECIMEN PREPARATION TO BLEACHING TREATMENT

Two-hundred and seventy freshly exiracted bovine teeth were selected,
cieaned, and stored in 0.1% thymol solution prior to the study. Each tooth was
horizontally sectioned approximately 1lmm occlusally and 7mm apically to the
cemento-enamel junction using a double-faced diamond disk®. The pulps were
removed with a dental probe, and the pulp chamber was enlarged to a standard size

using a spherical diamond bur 1016HL® using a low-speed handpiece®,

BLEACHING TREATMENT

A 3-mm thick base material (IRM®) was placed in the root canal and leveled 2
mm below the cemento-enamel junction to prevent apicai leakage of the bleaching
material during the walking bleach technique. The apical region was sealed with epoxy
resin®, The teeth were stored in a humidor at 37°C prior to bleaching treatment.

The specimens were randomly assigned into 3 groups (n=90), according to
the bleaching treatment: SP-sodium perborate; CP-37% carbamide peroxide; CO-
control. The control group was not bleached. The teeth were stored in artificial saliva

at 37°C before the restoration.
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The walking bleach technique was used for both bleaching agents sodium
perborate’ (2g/1mi) and 37% carbamide peroxide gel®. The bleaching materials were
inserted in the pulp chamber, and a 1.5mm thick surface seal was made with a
temporary material IRM. The bleaching agents were changed every 7 days, for three

weeks. The teeth were stored in artificial saliva at 37°C during the bieaching period.

SPECIMEN PREPARATION TO SHEAR BOND STRENGTH TEST

After the bleaching treatment, the specimens were sectioned and the
fragments obtained were included in polyester resin”. The embedded specimens were
polished on a water coolant mechanical grinder using Al,O; sandpapers’ to expose flat
surface areas of 5-6mm?. Half of the specimens of each group was ground to obtain a
flat dentin surface and the other half was ground to obtain a flat enamel surface. After
this, a 3mm diameter area was left uncovered as a bonding site by placing a
fenestrated PVC film with a 3mm diameter hole over the flat surface (dentin and

enamel).

RESTORATIVE PROCEDURES

Following, to obtain the flat surfaces, the specimens of each group (CP, SP
and, CO) were divided into 6 subgroups (n=15), according to the adhesive system
used (Single Bond-SB; Clearfii SE Bond'-CLF; Prime & Bond NT) and flat surface
(dentin and enamel).

A piece of tape with a hole (diameter of 3.0mm) was attached to the specimen
surface in all groups to limit the area of the bonded surface. Each adhesive system was
applied according to the manufacturer’s instructions, (Table 1)

After the application of the bonding agent, a bipartite Teflon ring mold with a

circular hole of 3.0mm in diameter and 5.0mm in depth was positioned over the
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treated flat surface (enamel and dentin). The mold was filled with composite resin Z-
250 and light cured™ for 40 seconds, then light cured again for an additional 40
second period in opposite directions after removing the mold.

The specimens were immersed in distilled water and stored for one week at

37°C before testing.

BOND STRENGTH TEST

The shear bond strength was measured in a Universal Test Machine”. A
parallel knife-edge shearing device was aligned over the bonded interface and the
force was loaded to failure, using crosshead speed of 0.5mm/min. Means and standard
deviations were calculated with units expressed in MPa. The data were subjected to

two-way ANOVA and Tukey test (u=0.05).

RESULTS

Mean bond strengths and standard deviations on enamel and dentin are shown
in Table 2 and Table 3.

Two-way ANOVA test showed no significant interaction between bond strength
to bleaching treatment and the adhesive system used for both enamel and dentin.
Statistical significant differences among the groups were indicated (p<0.05). The
differences were evaluated using the Tukey test.

For enamel, the bleaching treatments with SP and CP reduced the bonding
strength values. For dentin, the bleaching treatment with SP reduced the bonding
strength values, the CP did not interfere in SBS values.

The results indicated that the bleaching treatment on enamel and dentin

interfered in bond strengths, independent from the adhesive system used. Single Bond
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and Clearfil SE Bond showed significant higher mean bond strength values than the

ones of Prime & Bond NT for bleached and unbleached tooth.

DISCUSSION

After nonvital bleaching treatment, the restorative procedure is important to
achieve a pleasant appearance, since the color of composite resin must be compatible
with the bleached tooth. Moreover, the adhesion of composite resin restoration to the
tooth should be able to prevent microleakage and withstand the forces exerted during
mastication.?’

Previous investigations have demonstrated that the bleaching agent interferes
with the adhesion of composite resin restoration to dental structures and also
contribute to the susceptibility of the tooth surface to microlekage®'®?%2%, Qur results
have confirmed other studies®*>*3172! The bleaching treatment interferes in the shear
bond strength of composite resin restorations independent from the adhesive system
used.

In this study, three adhesive systems were evaluated after immediately
nonvital bleaching treatment. According to the some researches, the bonding agent
could improve the adhesion on bleached tooth.'>***® Kalili et a/. suggested that the
application of an alcohol-based adhesive system may have been able to minimize the
inhibitory effects of the bleaching treatment by the interaction of alcohol with residual
oxygen?® and counteract any residual water and oxygen from the bleaching agent®®, An
interaction of high-pressure solvents (acetone and ethanol) with the higher
concentration of water inside the enamel microstructure after bleaching is supposed to
occur.?*

According to the results obtained, Single Bond and Clearfil SE Bond showed

significant higher mean bond strength values than the ones of Prime & Bond NT for
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hleached and unbleached teeth, however there was no interaction between bond
strength to bieached tooth and the adhesive system used.

These findings have suggested that the presence of residual peroxides and
oxygen may be responsible for the decrease in bond strength.'”** The bleaching agent
was applied in the pulp chamber, showing that it is able to interfere in the substrate
even at distance. The bleaching agent spreads from dentin to enamel.

The bleaching agent alters the enamel and dentin substrate and it may
interfere in bond strength of composite resin.®*®%%2% The hypothesis of Toko &
Hisamitsu is that the adverse effect of hydrogen peroxide could be attributed to the
removal of the nonfibrous organic content within the tooth substance.? Hydrogen
peroxide has been suspected to cause denaturation of proteins in the organic
components of dentin and enamel, altering the organic/inorganic ratio with an increase
in organic component.?®

Rotstein et al. indicated that most bleaching agents cause changes in the
levels of calcium, phosphorus, sulfur, and potassium in the tissues. Calcium and
phosphorus are present in the hydroxyapatite crystal, the main building block of dental
hard tissues. Changes in Ca/P ratio indicate alterations in the organic components of
hydroxyapatite.” It seems that bleaching agents may adversely affect dental hard
tissues, Perinka et 5/. have found that the dentinal characteristics {(dentin thickness,
hardness, and Ca-concentration) might influence bond strength of dentin.*

Our data demonstrated that both bleaching agents (sodium perborate and
37% carbamide peroxide) interfered in shear bond strength values for enamel when
compared to the control group (no treatment). Titley et al., in an electron microscopic
scanning evaluation, showed that the resin tags in 35% hydrogen peroxide treated

enamel were sparse, shorter, poorly defined, and structurally incomplete.!?
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Some authors have suggested that the decrease in bond strength may be due
to the residues of bleaching agents that could inhibit resin polymerization”?* and the
released oxygen could interfere with the resin infiltration into etched enamel. 71930
Conversely, Perdigdo et al. stated that the residual oxygen may not be responsible for
this effect. The changes in proteins and in mineral content of the most superficial
layers of enamel may be responsible for reduced bond strengths,?*

For dentin, the use of SP decreased in shear bond strength values. Lai ef al.
have suggested that the reduction in bond strength in hydrogen-peroxide-treated
dentin couid be caused by residual solution in the collagen matrix and dentinal tubules
that occasionally broke down to oxygen and water. Liberation of oxygen could either
interfere with resin infiltration into etched dentin, or inhibit polymerization of resins.*®

Carbamide peroxide did not interfere in the adhesion of composite resin with
dentin. The reaction of carbamide peroxide is immediate and probably the residues of
hydrogen peroxide leach rapidly®, sodium perborate releases less hydrogen peroxide
and has a slower process.”

Furthermore, dentin is a porous substrate and the peroxide residues of CP could
release the oxygen more easily to the dentin tubules than to enamel. Nakamichi et al.
demonstrated that bovine coronal dentin possessed larger dentin tubules.®® Therefore,
the bovine dentin is more porous and the peroxide residues could spread more easily
than in human dentin.

Mechanical properties of dentin vary with distance from the pulp.®**® The effect
of the bleaching agent is likely to be more pronounced in the inner dentin, decreasing
as it approaches the dentinoenamel or dentinocemental junction.®® In this study only
the outer dentin was evaluated. The specimens were polished to obtain a flat outer
dentin surface. This procedure could have removed residues of hydrogen peroxide and

decreased the action of bieaching agent on bonding strength,
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According to the Chng et al. the variation bleaching agent effect concerning the
dentin location is likely to be related to several factors, such as the pH of the bleaching
agents, the buffering capacity of dentin, and the increasing diameter and density of
dentinal tubules near the puip.*

Another study in our laboratory® stated that nonvital bleaching increase the
microleakage on restorations with dentin margins, but not with enamel margins. It
should be emphasized that the methods of work for bleaching/adhesion present in the
literature have differences that may interfere in the results obtained, such as the
concentration of the bleaching agent, the technigue of bleaching treatment, the
preparation of the substrate, the enamel or dentin substrate, the period of bleaching,
the test used, and the performance of the restoration.

Even with these differences, the studies have demonstrated that restoration
procedures performed after bleaching require caution. Several studies have confirmed
that the composite resin restoration performed immediately after bleaching treatment
results in shear bond strength decrease on enameii?®1739.21724  4pg

dentiﬂl 1,13,18,2¢

shear bond strength.

This study showed that the type of adhesive system did not affect the shear
bond strength values in bleached teeth. The use of water/aicohol and acetone-based
adhesive systems may not reverse the effects of bleaching treatment on bond
strengths. Some researchers have found that /n vitro specimens stored in water or
artificial saliva suffer a complete reversal of the reduce enamel bonds.**'*!¥ This
seems to be due to the leaching of hydrogen peroxide into the water. Therefore, the
decrease on shear bond strength values on bleached teoth is time dependent. A delay
in bonding procedures for composite resin restoration is recommended, %13:2430

a. KG Sorensen, Barueri, SP, Brazil.

b. Metaltrgica Fava, Franco da Rocha, SP, Brazil.
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c. Kavo do Brasil S/A, Joinville, SC, Brazil.

d. Dentsply, Petropolis, Rio de Janeiro, Brazil.

e, Araidite Ciba Especialidades Quimica, Tabo#o da Serra, SP, Brazil.
f. Proderma Farmacia de Manipulag8o Ltda, Piracicaba, SP, Brazil.

g. Super Endo Whiteness - FGM Produtos Odontologicos, Joinville, SC, Brazil.
h. Piraglass, Piracicaba, SP, Brazil,

i. Maxigrind, Solotest, S&o Paulo, SP, Brazil.

j. Carborundum Abrasivos, Recife, PE, Brazil.

k. 3M Dental Products, St Paul, USA.

|. Kuraray, Osaka, lapan.

m. Optilux 500/Demetron-Kerr, Danbury, CT, USA.

n. Emic DL-500, S&o José dos Pinhais, SP, Brazil.
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Table 1. Application procedures of adhesive systems.

Adhesive System Frocedures

Etching (15s), rinse (15s), blot dry, apply adhesive
Single Bond (SB) in 2 consecutive coats, air thin gently (2-5s), light-

cure (10s)

Light air drying, apply Primer, wait 20s, evaporate
Clearfil SE Bond (CLF) with light air flow, apply Bond, gently air blow, light

cure (10s)

Etching (15s), rinse (15s), blot dry, apply 1 coat of
Prime & Bond NT (PB)
the adhesive, air thin gently (2-5s), light-cure (10s)

&6



3. CAPITULO 3

Table 2. Resulis of Two-way ANOVA and Tukey tests ~ enamel.

Enamel

Single Bond Clearfil SE Bond Prime & Bond NT

37% Carbamide
20.23(6.30) B a 19.14(9.23) B a 11.93(5.74)Bb
Peroxide

Sodium Perborate 16.56(5.96)Ba 21.62(4.72)Ba 10.92(5.10)Bb
Control (no-

21.44(5.01)Aa 23.69(5.73YAa 17.46(7.42)A b
treatment)

Groups that were statistically different from each other are indicated by different

capital letters (per columm) and small letters {(per row).
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Table 3. Resuilts of Two-way ANOVA and Tukey tests - dentin.

Dentin

Single Bond Clearfil SE Bond Prime & Bond NT

37% Carbamide
19.88(5.536) A & 18.54(6.20) A a 15.41(6.13) A b
Peroxide

Sodium Perborate 14.55(2.58) B a 18.41{4.69) B a 8.50(4.56)B b
Control (no-

19.09(3.30) Aa 22.29(5.11)Aa 11.40(4.58) A b
treatment)

Groups that were statistically different from each other are indicated by different

capital letters (per columm) and small letters {per row)
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3.3 CAPITULO 4

Shear bond strength evaluation of composite resin

on enamel and dentin after nonvital bleaching
l

{aceito para publicag8o na Journal of Esthetic and Restorative Dentistry)

&9



3. CAPITULO 4

CAPITULO 4

#

SHEAR BOND STRENGTH EVALUATION OF COMPOSITE RESIN

ON ENAMEL AND DENTIN AFTER NONVITAL BLEACHING

*Mirela Sanae SHINOHARA
*Alessandra Rezende PERIS

**Lyiz André Freire PIMENTA
***Glaucia Maria Bovi AMBROSANO

*DDS, Graduate Student of the Department of Restorative Dentistry, School of
Dentistry of Piracicaba, University of Campinas, Piracicaba, Sao Paulc, Brazil.

“DDS, MS, PHD, Associate Professor of the Department of Restorative Dentistry,
School of Dentistry of Piracicaba, University of Campinas, Piracicaba, $Sao Paulo, Brazil.

Arg Eng, MS, PHD, Assistant Professor of the Department of Community Health,
School of Dentistry of Piracicaba, University of Campinas, Piracicaba, Sdo Paulo, Brazil.

Adress:

Prof. Dr. Luiz André Freire Pimenta

Department of Restorative Dentistry

School of Dentistry of Piracicaba ~ University of Campinas
Av. Limeira, 901 - Postal Box 52

13414-900 Piracicaba, SP, Brazil

Telephone: +55-19-3412-5340

Fax: +55-19-3412-5218

E-mail: [pimenta@fop.unicamp.br

71



3. CAPITULO 4

ABSTRACT

Background: studies have shown that bleaching agents interfere in adhesion of
compasite resin placed immediately after bleaching (AB). The aim of this study was to
evaluate the shear bond strength (SBS) of composite resin after nonvital bleaching in
four different times post-bleaching (1 day and 1, 2 and, 3 weeks).

Materials and Methods: two-hundred and seventy bovine teeth were assigned into 9
groups (n=30): Gl-sodium perborate (SP)/1dayAB; G2-SP/iweek (w)AB; G3-
SP/2wAB; G4-SP/3wAB; G5-37% carbamide peroxide (CP)/1dayAB; G6-CP/1wAB; G7-
CP/2wAB; GB8-CP/3wAB; G9-control group (no treatment). After bleaching treatment,
the teeth in each group were separated to enamel and to dentin. The teeth were cut,
included in polyester resin, and polished to obtain a flat enamel and dentin surface. On
each flat surface the adhesive system was applied and a cylinder of composite resin
was bonded. The specimens were stored in distilled water for 7 days at 37°C. The SBS
test was performed in a Universal Test Machine at a crosshead speed of 0.5 mm/min.
Results: the data, converted in Mpa, were subjected to ANOVA, Dunnett, Tukey,
p<0.05 and showed a statistically significant decrease in bond strengths of composite
resin for enamel and dentin 1 day after the nonvital bieaching.

Clinical significance: The decrease in SBS values is time dependent. A delay in
bonding procedures for composite resin restoration is recommended. According to the
results, 2 weeks afier bleaching is satisfactory time to perform the restoration of

composite resin for both enamel and dentin.

INTRODUCTION

One of the factors that contributes most to the success or failure of a pleasant
smile is the color of an isolated tooth or of the teeth as a whole.! Discoloration of

nonvital teeth is an esthetic problem which frequently requires treatment.? Bleaching
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permits successful esthetic outcome while conserving tooth structure at minimal
expense.®

Endodontic therapy occasionally has the undesired effect of darkening the
treated tooth® Nonvital tooth bleaching has been shown to be an effective and
conservative technique,s Thus, the bleaching treatment is an important phase of
restorative procedure. This is an attempt to restore normal shade of a tooth by
decolorizing the stain with an oxidizing agent.®

For nonvital tooth bleaching, a preparation of sodium perborate/water paste in
the "walking bleach” technigque has been the most popular and recommended one.
Since the decomposition reaction of sodium perborate is siow and releases hydrogen
peroxide in low concentration, it gives a wider margin of safety in relation to other
techniques.®*®”® Another bleaching agent that could be used in the “walking bleach”
technique is the 37% carbamide peroxide which has been used and considered a
secure practice,**

Nonvital bleaching is often followed by the placement of esthetic restorations.
Several studies have demonstrated the decrsase in bond strengths of composite resin
to bleached enamel and dentin after the bleaching process. 1112132415

The influence on bond strength may be due to an interaction between peroxide
or peroxide-related substances and the resin at or near the enamel surface.!® Nikaido
et al. have suggested that reduction in bond strength in hydrogen peroxide treated
dentin could be caused by residual solution in the collagen matrix and dentinal tubules
that eventually broke down to oxygen and water.’”'® Oxygen release could either
interfere with resin infiltration into etched dentin and enamel, or inhibit polymerization

of resins.,’"*?
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However, Perdigdo et al. has indicated that the residual oxygen may not be
responsible for this effect. The changes in proteins and in mineral content of the most
superficial layers of enamel may be responsible for the reduced bond strengths.*®

Previous studies stated that the elapsed time after bleaching decreases the
hydrogen peroxide adverse effects of bonding procedures,!1-#31%21-23

To achieve a good adhesion it is necessary to know the time that has elapsed
from the bleaching treatment to the restoration procedure.!® The purpose of this study
was to evaluate the shear bond strength of a composite resin after nonvital bleaching

in four different times post-bleaching (1 day and 1, 2 and, 3 weeks).

MATERIALS AND METHODS

Specimen preparation to bleaching treatment

Two-hundred and seventy freshly extracted bovine ieeth were selected,
cleaned, and stored in 0.1% thymol solution prior to the study. Each tooth was
horizontally sectioned approximately 11 mm occlusally and 7 mm apically to the
cemento-enamel junction using a double-faced diamond disk (KG Sorensen, Barueri,
SP, Brazil). The pulp was removed with a dental probe, and the ;.;)utp chamber was
enlarged to a standard size with a spherical diamond bur 1016HL (Metaltrgica Fava,
Franco da Rocha, SP, Brazil) using a low-speed handpiece (Kavo do Brasil S/A,

Joinville, SC, Brazil),

Bleaching treatment
A 3-mm thick base material {Cavitec-DentalTEC, Juinville, SC, Brazil) was
placed in the root canal and leveled 2 mm below the cemento-enamel junction to

prevent apical leakage of the bleaching material during the “walking bleach” technique.
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The apical region was sealed with an adhesive system Single Bond (3M Dental
Products, St Paul, USA) and composite resin Fill Magic {Vigodent, Bonsucesso, RJ,
Brazil). The teeth were stored in a humidor at 37°C before bleaching treatment.

The specimens were randomly assigned into 9 groups {n=30), according to
the bleaching treatment and the different post-bleaching times {Table 1). The control
group was not bleached and stored in artificial saliva at 37°C before the restoration.
The bleaching treatment was conducted considering different initial times so that ali
groups reached post-bleaching time simultaneously, allowing restorative procedure at
the same stage.

The “walking bleach” technique was used to both bleaching agents sodium
perborate (2g/iml distilled water) (Proderma Farmacia de Manipulagdo Lida,
Piracicaba, SP, Brazil) and 37% carbamide peroxide gel (Super Endo Whiteness - FGM
Produtos Odontologicos, Joinviile, SC, Brazil). The bleaching materials were inserted in
the pulp chamber, and a 1.5 mm thick surface seal was made with a temporary
material Cavitec. The bleaching agents were changed every 7 days, for three weeks.

The teeth were stored in artificial saliva at 37°C during the bleaching period.

Specimen preparation to shear bond strength test

After bleaching treatment, the specimens were sectioned and the fragments
obtained were included in polyester resin (Piraglass, Piracicaba, SP, Brazil). The
embedded specimens were polished on a water coslant mechanical grinder {Maxigrind,
Solotest, S&8o Paulo, SP, Brazil) using AlO; sandpapers {Carborundum Abrasivos,
Recife, PE, Brazil) to expose flat surfaces areas of 5-6 mm?. Half of the specimens of
each group was ground to obtain a flat dentin surface and the other half was ground to

cbtain a flat enamel surface. After this, a 3 mm diameter area was left uncovered as a
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bonding site by placing a fenestrated PVC film with 2 3 mm diameter hole over the flat

surface (dentin and enamel).

Restorative procedures

Single Bond (3M Dental Products, St Paul, USA) adhesive system and Z-250
(3M Dental Products, St Paul, USA) composite resin were used according to the
manufacturer’'s instructions to the bonding procedures.

A piece of tape with a hole (diameter of 3.0 mm) was attached to the
specimen surface in all groups to limit the area of the bonded surface. The flat surface
(ename! or dentin) was etched for 15 seconds with 35% phosphoric acid gel, rinsed
with water for 15 seconds, and briefly dried leaving a moist surface. Two consecutive
coats of the adhesive were applied, lightly air dried for 2 seconds, and light cured
{Optilux 500/Demetron-Kerr, Danbury, CT, USA) for 10 seconds.

After application of the bonding agent, a bipartite Teflon ring mold with a
circular hole 3.0 mm diameter and 5.0 mm deep was positioned over the treated flat
surface (enamel or dentin). The mold was filled with composite resin and light cured
for 40 seconds, then light cured again for an additional 40 seconds in opposite
directions after removing the moid.

The specimens were immersed in distilled water and stored for one week at

37°C before testing.

Bond strength test

The shear bond strength was measured in a Universal Test Machine (Emic DL-

500, S&do José dos Pinhais, SP, Brazil). A parallel knife-edge shearing device was
aligned over the bonded interface and the specimen was loaded to failure using

crosshead speed of 0.5 mm/min. Means and standard deviations were caiculated and
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expressed in Mpa. The data were subjected to two-way ANOVA with an additional
treatment (non treated-control group). Dunnett's test was applied to compare the
treated groups with the control group, and Tukey test compared the bleaching agents
used. The data of different times (1 day, 1, 2, and 3 weeks) were analyzed by

polynomial regression {a=0.05).

Figure 1

RESULTS

Mean bond strengths and standard deviations are shown in Table 2 and Table 3.

For enamel, the Dunnett's test showed a statistically significant decrease in
bond strengths for G-1 (p=0.03), G-2 (p=0.0007), and G-5 (p=0.004) compared to
the G-9 control group {no treatment). For dentin, the Dunnett's test showed a
statistically significant decrease in bond strengths for the G-1 (p=0.019) compared to
the G-9 control group {no treatment).

The results suggest that the bleaching treatment with sodium perborate and
37% carbamide peroxide interferes in adhesion of composite resin restoration for both
anamel and dentin.

The Tukey test showed higher bond strength values for teeth bleached with
37% carbamide peroxide when compared to teeth bleached with sodium perborate for
both enamel (p=0.03) and dentin (p=0.001)

The F test revealed a statistically significant difference among groups of
different post bleaching times for both sodium perborate and 37% carbamide peroxide
disregarding the substrate {enamel and dentin). The graphics of polynomial regression
demonstrated a statistically significant difference among treated groups for both

enamel {p=0.00018) and dentin (p=0.00025). (Figure 2)

77



3. CAPITULO 4

For enamel, the results suggested that the 2 week period elapsed from the
bleaching treatment (PS and PC) to restorative procedure does not reduce bond
strengths compared with control group.

For dentin, the results suggested that the 1 week period elapsed from
bieaching treatment with sodium perborate to restorative procedure does not reduce
bond strengths, and the 37% carbamide peroxide agent does not interfere in shear

bond strength values.

DISCUSSION

Nonvital bleaching treatment is a well accepted clinical procedure. An
important and necessary step after bleaching is the esthetic restorative procedure.
Several researches have demonstrated that bleaching reactions interfere in bond
strength of adhesive systems and composite resing®*!/#24415189.212224 ghinohara et al.
stated that nonvital bleaching increase the microleakage on dentin margins of
composite resin restorations.’

The findings in this work have confirmed previous studies, >3%:12/141519.21,22,24
The bleaching treatment might alter the substrate and interfere in adhesion of
composite resin restorations for both enamel and dentin. One of the hypothesis is that
the presence of residual peroxides and oxygen could inhibit the poiymerization process
of the adhesive systems and adversely affect bond strengths.**?°

Our results have suggested that residual oxvgen may be responsible for the
decrease in bond strength. The bieaching agent was applied in the pulp chamber,
showing that it is able to interfere in the substrate even at distance. The bleaching
agent spreads from dentin to enamel, Conversely, Perdigdo et al. found that the

reduced bond strengths are due to the changes in the superficial layers of enamel.?®
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Another explanation is that the hydrogen peroxide has been suspected to
cause denaturation of proteins in the organic components of dentin and enamel,
altering the organic-inorganic ratio with an increase in inorganic component.*!

According to the results obtained, the enamel substrate showed to be
vulnerable to the bleaching reactions. The shear bond strength vaiues were
comparable to the control group (no treatment) after 2 weeks of bleaching treatment.
In accordance to Josey et al. and Garcia-Godoy et al., the characteristics of the etched
enamel after bleaching seem altered and this may affect the bonding of composite
resin to bleached enamel.}213

Bovine teeth were used in the present study. If an interprismatic presence of
peroxide is the explanation for the adverse influence on resin adhesion, it is highly
likely that it may be more marked in bovine enamel than it is in human enamel, due to
inherent differences in the structure and size of their interprismatic areas. '8

Our data showed that after 2 weeks of elapsed time from bleaching treatment
on enamel is sufficient to perform the restoration. Several studies have found that “in
vitro” specimens stored in water or artificial saliva suffer a complete reversal of the
reduced enamel bonds.'”?

This seems to be due to the leaching of hydrogen peroxide during the storage
in artificial saliva after bleaching for both enamel and dentin. Demarco et al. reported
that the increase of the adhesion in bleached teeth after the storage in distilied water.
The hydrogen peroxide left on the dentin surface by bleaching treatment loses its
activity with time because of its instability.*®

As 1o dentin, the results showed that shear bond strength returns to the
values similar to the control group 1 week after the bleaching treatment with sodium
perborate. The 37% carbamide peroxide did not alter the shear bond strength of the

adhesive system used. A possible justification for the results in dentin is that the
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porous substrate and the peroxide residues could release the oxygen more easily than
in enamel substrate,

Ancther reason could be explained by the methodology of the present study
which used the “walking bleach” technique. Different from the previous works where
the specimens were immersed in bleaching agent®® or the bleaching agent was placed
on the ground dentin surface.’® In our study, after the bleaching treatment was
finished the specimens were polished to obtain a flat dentin surface. This procedure
could ailter the dentin surface and removed residues of hydrogen peroxide.

Furthermore, the reaction of carbamide peroxide is immediate and probably
the residues of hydrogen peroxide leach rapidly,” while sodium perborate releases less
hydrogen peroxide and has a slower process.?® The difference between the releases of
bleaching agents could explain the variation of results shown in several researches
about the elapsed time between bleaching treatment and restorative procedure.

The present studies in the literature suggest that the bleaching treatment
alters the bond strength in vital and nonvital teeth. The reduction in adhesion can also
induce microleakage, that is the main cause of color reversal after the bleaching
procedure.*®

The decrease in shear bond strength values is time dependent. A delay in
bonding procedures for composite resin restoration is recommended. According to the
results, 2 weeks after bleaching is satisfactory to perform the restoration of composite

resin.

CONCLUSIONS

- the decrease in shear bond strength values after nonvital bleaching is time

dependent;
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- 2 weeks after nonvital bieaching treatment is satisfactory to perform the
raestoration of composite resin for both enamel and dentin;
- teeth bleached using 37%carbamide peroxide showed higher SBS values than

the ones bleached with sodium perborate.
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Table 1

GROUPS . BLEACHING TREATMENT /POST-BLEACHING
{N=30) | TIMES

Gl Sodium perborate / 1 day

G2 Sodium perborate / 1 week

G3 Sodium perborate / 2 weeks

G4 Sodium perborate / 3 weeks

G5 37% Carbamide peroxide / 1 day
G6 37% Carbamide peroxide / 1 week
G7 37% Carbamide peroxide / 2 weeks
&8 37% Carbamide peroxide / 3 weeks
G9 No treatment / control group
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Table 2

Enamel

Perborate Carbamide

1 day

1 week
2 weeks
3 weeks

control

14.96(2.62)* B 16.48(4.46)* A
16.65(3.36)* B 18.60(3.85) A
19.12(2.98) B 20.00(3.58) A
18.47(4.35) B 20.65(5.26) A

20.07(3.39)

* indicates the statistical difference with the control group for both enamel and dentin.

Statistical differences between bleaching agents are expressed by different letters in

rOwWs,
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Tabie 3
Dentin
Perborate Carbamide
1 day 11.49(3.09)* b 13.98(4.85) a
1 week 15.98(3.45) b  18.03(2.93) a

2 weeks 14.41(4.14) b 19.04(4.75) a
3 weeks 15.88(5.29) b  16.98(5.44) a

control 16.99(6.80)

* indicates the statistical difference with the contral group for both enamel and dentin.
Statistical differences between bieaching agents are expressed by different letters in

rOws.
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Figure 2
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lLegends

Table 1. Groups according to the bleaching agent and post-bleaching times.
Table 2. Shear bond strength mean values (standard deviations} in Mpa - enamel.

Table 3. Shear bond strength mean values {standard deviations) in Mpa - dentin.

Figure 1. Scheme.

Figure 2. Polynomial regression to the post-bleaching times for enamel and dentin.
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CONSIDERACOES
T

Estudos tém mostrado que o tratamento clareador, em dentes vitais ou ndo
vitais, interfere na ades@o de restauragbes de resinas compostas realizadas
imediatamente apdés o procedimento clareador. Os resultados apresentados
anteriormente nos capitulos 2, 3 e 4 confirmam os dados presentes na literatura
(TITLEY et al., 1988; TORNECK et al., 1990; TITLEY et a/., 1991; CRIM, 1992; TOKO &
HISAMITSU, 1993; DISHMAN et al., 1994; BARKHORDAR et af., 1997; CAMPOS, 1998;

PERDIGAQ et al., 1998).

Conforme o capitulo 2, o tratamento clareador com pasta de perborato de
soédio mais dgua ou com gel de perdxido de carbamida a 37% levou ao aumento do
grau de microinfiltrag8o em restauragBes de resina composta realizadas 24 horas apos
o procedimento clareador, nas margens em dentina. Nas margens em esmaite, ndo
houve aumento significativo dos vaiores de infiltragao, quando comparados aos valores

do grupo controle, ndo clareado.

Nos capitulos 3 e 4, os espécimes foram submetidos a;as mesmos agentes
clareadores utilizando a mesma técnica walking bleach, ou seja, 0 mesmo método de
tratamento clareador do capitulo 2, diferindo quanto ao teste de adesio aplicado. No
capitulo 3 foram avaliados trés diferentes sistemas adesivos (a base de acetona ou
etanol/agua), partindo do conceito de estudos anteriores que a aplicagdo de adesivos a
base de acetona, podem promover a interacdo do solvente com ¢ oxigénio residual,
neutraiizando residuos de dgua e oxigénio dos agentes clareadores, dispensando o

tempo de espera pos clareamento para realizar o procedimento restaurador.
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Os resultados do capitulo 3 mostraram ndeo haver interagdo entre o tipo de
sistema adesivo utilizado e o tratamento clareador, indicando que o clareamento nao
vital diminui a resisténcia adesiva independente do tipo de adesivo aplicado. Assim, o
tratamento com perborato de sédio ou com perodxido de carbamida a 37% diminuiu a
resisténcia adesiva no esmalte, enquanto que a dentina, apenas o perborato de sédio

reduziu os valores de adesio.

O perborato de sddic e o perdxido de carbamida a 37% apresentam efeitos
menos prejudiciais, quando comparados aos efeitos causados pelo peroxido de
hidrogénio a 30-35%. O perborato de sodio é uma substancia estavel, em contato com
a agua se decompbe em metaborato e perodxido de hidrogénio, apresentando uma
reacdo lenta com menor concentracdo de perdxido de hidrogénio. O perdxido de
carbamida a 37%, por apresentar uréia nos componentes de sua decomposicédo, tem
pH neutro ou proximo a neutro, e assim & um agente menos danoso a superficie

dental.

O fato do peroxido de carbamida a 37% ndo ter interferido nos valores de
adesdo, pode estar relacionado a liberacdo mais rapida dos residuos de oxigénio da
dentina quando comparado ac perborato de sédio, que possui uma reacdc ienta. Além
disso, a superficie de dentina foi desgastada para a obtencio de uma superficie plana.
Nesta etapa, 0s residuos de oxigénio presentes na superficie podem ter sido
eliminados com mais facilidade do que na superficie de esmalte, por ser um substrato

mais poroso.

Diante das informacbes obtidas nos estudos dos capitulos 2 e 3, foi
delineado o trabalho citado no capitulo 4, no qual foram avaliados 4 tempos de espera

pos ciareamento (1, 7, 14 e 21 dias) para a reaiizacio do procedimento restaurador.
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Os resuitados mostraram que 7 dias de espera ap6s o clareamento foi suﬁc_iente para
se realizar uma restauracdc de resina composta em dentina. Em esmalte, a espera
necessaria foi de 14 dias. Portanto, duas semanas de espera apds a finalizagdo do
clareamento dental interno € satisfatorio para a execugdo do procedimento

restaurador.

Em vista dos trabalhos realizados, observou-se que os agentes clareadores
podem interferir na adesfo da resina composta ao dente clareado, dependendo do
substrato avaliado (esmalte ou dentina), do teste aplicado (cisalhamentc ou
rmicroinfiltracdo) e do tempo de espera pos clareamento (1, 7, 14 e 21 dias) para a
confeccdo das restauragBes. O tempo de espera pos clareamento permite que o0s
valores de unido da resina composta ao dente sejam restabelecidos, proximos aos dos

especimes ndo submetidos ao clareamento.

E importante ressaltar os diferentes métodos utilizados nos trabalhos
citados na literatura (TITLEY et a/., 1988; TORNECK ef al., 1990; TITLEY et a/., 1991;
CRIM, 1992; TOKO & HISAMITSU, 1993; DISHMAN et al., 1994; BARKHORDAR et a/.,
1997; CAMPOS, 1998; PERDIGAO et al., 1998). Embora grande parte dos trabalhos
mostre que o tratamento clareador, de alguma forma, influencia na unido
dente/restauracdo. Algumas diferencas entre 0s estudos implicam em provaveis

variagdes nos resultados.

Diferencas quanto as concentracfes de peréxido de hidrogénio presentes
nos agentes clareadores € um fator importante, uma vez que a agdo do peréxido de
hidrogénio a 30-35% € mais intensa do que a do perdxido de carbamida a 10% e o
perborato de sédio. O tempo e a forma de aplicagdo dos agentes clareadores também

influenciam na quantidade de residuos liberados pelo perdxide de hidrogénio. A
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intensidade da agdo dos agentes clareadores difere dependendo do local de sua

aplicacdo, superficie dental planificada ou cdmara pulpar.

Alem disso, os tipos de testes utilizados para a avaliacdo da ades8o s&o
diferentes. Dentes clareados, submetidos a testes mecénicos, podemn apresentar
valores de adesdo reduzidos, e guando submetidos ao teste de microinfiltracdo, ndo
apresentam diferengas significantes em relacdo ao grupo dos ndo clareados. Essas
diferencas implicam numa avaliagdo detalhada dos diversos estudos, levando em
consideracao todos os fatores que podem interferir nos resultados finais encontrados.
(TITLEY et al., 1988; TORNECK et a/., 1990; TITLEY et a/., 1991; CRIM, 1992; TOKO &
HISAMITSU, 1993; DISHMAN et al., 1994; BARKHORDAR et al., 1997, CAMPQS, 1998;

PERDIGAQ et a/l., 1998)

Para trabalhos in vitro de adesBo em dentes submetidos ao clareamento, o
método utilizado tem grande importéncia, uma vez que a acdo do agente clareador é o
principal fator, assim como o substrato avaliado. Esses trabalhos laboratoriais s3o
extremamente importantes para o conhecimento e aprimoramento clinico do material,

assim como seu desempenho no substrato dental juntamente com outros materiais.

Diante dos resultados obtidos neste estudo, a ades8o ao substrato clareado esta
comprometida se realizada imediatamente apds o término do tratamento clareador.
Segundo varios autores, residuos de peroxido e o oxigénio liberado pela reagdo dos
agentes clareadores podem inibir a polimeriza¢do da resina composta, impedindo
adesdo adequada, promovendo falhas na adesdo e conseqtientemente comprometendo
a longevidade da restauragdo, assim como o da estética. Muitos estudos também
indicam, como conseqgiiéncia, uma alteracdo nos componentes quimicos do substrato

dentai.
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O clareamento dental interno, se aplicado com cautela, € uma aiternativa muito
eficaz no tratamento de dentes escurecidos tratados endodonticamente. A técnica
walking bleach é considerada prédtica e segura, sendo a mais recomendada nos dias
atuais. Ao final de todo tratamento clareador deve-se aguardar um periodo poés
clareamento para se realizar as restauracfes de resina composta. Segundo os dados
obtidos, um periodo de 14 dias é suficiente para que subprodutos dos agentes
clareadores néo interfiram na adesdo da restauracdo tanto em esmalte quanto em

dentina.

95



4. CONCLUSAOQ

o

CONCLUSAO

“

Diante dos 4 capitulos deste trabalho, pode-se concluir que:

(1) O clareamento dental interno, com perborato de sédio ou perdxido de
carbamida a 37% utilizando a técnica walking bleach, é considerada uma alternativa
eficaz e segura, se aplicada com cautela.

{2) O tratamento clareador pode interferir ha ades8o da resina composta ao
dente, dependendo do substrato (esmalte ou dentina) e do teste avaliado
(microinfiltrag@o ou cisalhamento).

{3) O tipo de sistema adesivo avaliado ndo influenciou nos valores de
adesdo dos dentes submetidos ao tratamento clareador. Independente do sistema
adesivo aplicado, a resisténcia adesiva apos o clareamento fol menor em relacdo ao do
grupo ndo clareado, dependendo do substrato e do agente clareador.

(4) Apds o término do tratamento clareador, deve-se aguardar um periodo
de 14 dias para se realizar o procedimento restaurador definitivo, tanto em esmailte
como em dentina, diminuindo 0s possiveis danos dos subprodutos dos agentes

clareadores na ades8o da resina composta ao substrato dental.
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after nonvital bleaching

- In vitro microleakage of composite restorations

Mirela Sanae Shinohara, DDS'/José Augusto Rodrigues, DDS?/Luiz André Freire Pimenta, DDS, ScD3

Objective: After bleaching treatment, esthetic resiorations often need 10 be replaced due to color
changes. Some papers have shown aiterations in the bond of adhesive restorations to bleached teeth.
The purpese of this study was to evaiuate tooth and resin composite adhesion when submitted o nonvital
dental bleaching. Method and materials: One hundred and twenty bovine feeth were assigned to 3
groups (n = 40): paste of sodium perborate and water; 37% carbamide peroxide gel; and no bleaching
{controi). After 3 weeks of continuous bleaching treatment, standardized Class V cavities were prepared at
the cementoenamel junction and restored with Single Bond adhesive system and 2100 resin composite.
The samples were thermocycled 1,500 times (5 = 1/55 = 1°C) with a 1-minute dwell time. Then, they
were immersed in a 2% methylene blue soiution {pH 7) for 4 hours, sectioned, and analyzed by stereomi-
croscopy. Microleakage analyses were done, using scores from 0 to 4, considering leakage on the incisal
wall (enamel) and the cervical wall (dentin). Data were analyzed by Kruskal-Wallis and Mann-Whitney
tests {a = 0.05). Resulis: The results showed that sodium perborate and carbamide peroxide gel signifi-
cantly increase the microleakage in Class V resin composite restorations to deniin but not to enamel mar-
gins.Ceonclusion: The risk of microleakage in dentin margins is increased soon after bleaching treatment.

{Quintessence int 2001,32:413—417}

Key words: bleaching agents, discolored tooth, microleakage, nonvital tooth, tooth bleaching, walking

bleach

CLINICAL RELEVANCE: After nonvital bleaching with
either sodium perborate and water or 37% carbamide
peroxide, the seal of new resin composite restorations is
ieopardized, resulting in increased microleakage of dentin
margins.

iscolored anterior teeth, whether multiple or indi-

vidual, present a serious esthetic problem. Dental
bleaching should be the first step taken in a treatment,
since it is the most conservative one.

A preparation of sodium perborate and water in the
“walking bleach” technigue, for nonvital tooth bleach-
ing, has been the most popular and recommended cne,
since the decomposition reaction of sodium perborate
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is slow and releases hydrogen peroxide in low concen-
tration, giving a wider margin of safety in relation to
other techniques.!~* Another bleaching agent that may
be used in the “walking bleach” technique is 37% car-
bamide peroxide, which has been considered to be safe
for the practice.

Once the bleaching process is complete, esthetic
restorations may need to be replaced in order to
achieve optimal shade matching. Thus, they are always
filled with esthetic restorative materials such as resin
composite or glass-lonomer cement. The prerequisites
of these materials are to prevent microleakage and to
improve the esthetic results.>7

Some authors have reported detrimental effects on
resin-tooth bonds as well as an increase of microleak-
age for the teeth restored after bleaching treatment.®®®
This effect is attributed to the presence of residual per-
oxide or oxygen released from bleaching agents and
structural changes on enamel and dentin composition
that can affect the seal at the resin-tooth interface 5%
1t is therefore important to know the real effect of the
bleaching agents on the dental structure in order to
avoid unsuccessful resin restorations.!?

The purpose of this paper was to evaluate the
microleakage of Class V adhesive resin restorations in
teeth submitted to nonvital bleaching with two differ-
ent bleaching agents.
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Nonvital bleaching: "walking bleach” technique

_
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Fig1 Scheme of the experiment.

METHOD AND MATERIALS

One hundred and twenty freshly extracted bovine
teeth were stored in 2% formalin solution, cleaned,
selected, and then stored in distilled water at room
temperature to prevent dehydration. These teeth were
horizonially sectioned approximately 7 mm incisally
and apicaliy to the cementoenamel junction using a
double-faced diamond disc (reference no. 7020, KG
Sorensen) to produce tooth segments (Fig 1}. The con-
tents of the pulp chamber and root canal were
removed with a denta! explorer, and the pulp chamber
was enlarged with a No. 8 carbide bur using a low-
speed handpiece {Kavo).

Three millimeters below the cementoenamel junc-
tion, a 3-mm thick base of intermediary restorative
material (IRM)} (Dentsply) was placed to prevent api-
cal leakage of the bleaching material during the
“walking bleach” technique. The teeth stored in a
humidor {humidifier) were then randomly assigned to
the following groups:

414

+ Group i/sodium perborate (SP): 40 bovine teeth
bleached by a paste of sodium perborate {Pro-
derma) and water (2 g of sodium perborate per 1
mL of water).

»  Group 2/carbamide peroxide (CP): 40 bovine teeth
bleached by 37% carbamide peroxide gel (White-
ness, FGM Produtos Odontoldgicos).

* Group 3/n0 bleaching (control): 40 nonbleached
bovine teeth soaked in distilled water before
restoration.

In groups SP and CP, the respective bleaching
material was inserted in the pulp chamber, and a 2-mm
thick surface sea] was made with TRM. The bieaching
agents were changed every 7 days for 2 weeks. The
bleaching treatments were performed for 21 days. The
teeth were stored in a humidor at 37°C during the
bleaching period.

After bleaching, the incisal and apical regions were
sealed with epoxy resin (Araldite Ciba Especialidades
Quimica). A standardized cylindrical Class V cavity

Volurne 32, Number 5, 2001
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TABLE 1 Statistical resulis

| P YT & oy oA
Enamel (P = 0.063) Dentin (P < 0.08) é&**:f VR LT LA
g\
Sum of Sum of *?ggﬁg CE%Q&@?@%Tg
Groups Median n ranks Median n ranks
Sodium perborate 0 37 21045a 1 37 23135a
37% Carbamide peroxide 0 35 22000a 1 35 24160a
Control 8] 37 18905a 0 37 128550D
The differsnce in fetters next to the sum of ranks column expresses the significant statis-
fical differences.

preparation (approximately 2.0 mm in diameter and
2.0 mm in depth) was done in the cementoenamel
junction on the facial surface. A special diamond bur
{reference no. 2294/KG Sorensen} in a high-speed
handpiece (Kavo) with a constant water-spray coclant
was used to prepare the cavities.

Before restoration, all cavities were rinsed with
water in order to loosen all sediment left during
preparation. Then, they were gently air-dried for 2
seconds to aveld dentin dehydration. The adhesive
system Single Bond (3M Dental} was placed accord-
ing to the manufacturer's recommendations. The cav-
ity was etched for 15 seconds with a 35% phosphoric
acid gel, and the etchant was rinsed for 10 seconds
with water from an air-water syringe and briefly dried
with compressed air for 2 seconds. Two consecutive
coats of adhesive were applied using a saturated
brush tip. After gently air drying for 5 seconds, the
material was light cured for 10 seconds. The resin
composite Z100 {3M Dental} was inserted in a bulk
increment. The restored teeth were stored in a humi-
dor at 37 £ 1°C for 24 hours, and the composite sur-
face was polished with a graded series of Sof-Lex
discs {3M Dental).

The teeth were placed in separate mesh bags and
thermocycled in a thermocycling machine (MCT2,
Instrumental Instrumentos de Precisdo) for 1,500
cycles in water between 5 + 1°C and 35 + 1°C with a
dwell time of 60 seconds in each bath. After thermo-
cycling, the external surface of each tooth was coated
with 2 layers of nail varpish, leaving a 1-mm wide
margin around the restoration that was free of varnish.
The teeth were placed in a 2% methylene blue solu-
tionn (pH 7} for 4 hours at room temperature and
rinsed under tap water. The teeth were sectioned lon-
gitudinally through the center of each restoration with
a slow-speed double-faced diamond disc. The right
half of each sectioned tooth was evaluated blindly and
independentiy by 3 examiners with a stereomicro-
scope {Meiji 2000Techno, Meiji Techno} at %35 mag-
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nification to determine the extent of microleakage at
incisal and gingival margins. The following criteria
were used to score dye penetration:

0 = No dye penetration

1= Dye penetration to % of the incisal or gingival wall

2 = Dye penetration to % of the incisal or gingival wall

3 = Dye penetration to full length of the incisal or gin-
gival wall

4 = Diye penetration including axial floor

Data were analyzed by Kruskal-Wallis and Mann-
Whitney fests {a = 0.03). These tests were chosen due
to the nature of the qualitative random variable, which
employs scores to evaluate the phenomenocn under
study (microleakage). The statistic calculations were
performed by STATA sofiware (Computing Resource
Center Stata Reference Manual).

RESULTS

The microleakage median scores, the sum of ranks per
bleaching treatment, and pair-wise comparisons for
the restorative systems are presented in Table 1. The
Kruskal-Wallis test showed no statistically significant
differences in microleakage among treatment groups
P = 0.063, ¥* = 5.507; « < 0.05) in ename] margins;
however, statistically significant differences in
microleakage were seen among the treatment groups
{P=0.0001, ¥y*=25.009; « <0.05) in dentin margins.
Comparisons of the sum of ranks on enamel mar-
gins showed no statistically significant differences
among control and experimental groups. On dentin
margins, comparisons of the sum of ranks in the
bleached groups were statistically significantly differ-
ent from the unbleached control group (P < 0.05). An
increase in microleakage was found in both bleaching
groups (SP and CP), showing the adverse potential of
sodium perborate and 37% carbamide peroxide.

415
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DISCUSSION

Bleaching procedures are often considered to be the
first step in improving the appearance of discolored
teeth.»! Nonvital bleaching is often followed by place-
ment of esthetic restorations. One of the prerequisites
of such treatment is that the esthetic restoration pre-
vents microleakage.® Several studies have shown that
hydrogen peroxide released from bleaching agents
adversely affects the bond strength of adhesive systems
and resin composites to ename] 58912-%

This work evaluated the influence nonvital bleach-
ing agents might have on the microleakage of Class V
adhesive restorations. The control group showed less
microleakage in enamel and dentin margins than the
bleaching groups (SP and CP). An increase in resin/
dentin microleakage was found in groups SP and CP,
showing the adverse potential of sodium perborate
and 37% carbamide peroxide.

Some evaluations have demonstrated that teeth
subjected to 10% carbamide peroxide have greater
microleakage compared to nonbleached teeth 389.12-16
A previous study proved that bleaching with 10%
carbamide peroxide increased microieakage and inter-
fered in the adhesion of resin restorations to dental
structures.” Another investigation showed no measur-
able leakage along the enamel margins of Class V
resin restorations, but the gingival dentin margins
exhibited leakage, although the difference was not sta-
tistically significant.”

Barkhordar et al stated that bleaching had a mini-
mum effeét on the marginal seal of the resin restoration
within the first 2 days and a significant effect after 4 to
7 days of bleaching, and concluded that the microleak-
age increased with the extent of bleaching time.?

Shear bond strength measurements and eleciron
microscopy scanning examinations have shown
changes in the bonds of resin composites after bleach-
ing.?®-2¢ Tensile and shear tests of bleached teeth
revealed a significant reduction in bond strength that
was caused by an alteration in the adhesion mecha-
nism and changes in resin quality at the enamel-resin
interface 81013

The loss of adhesive strength may be due to bieach-
ing reactions.312#2021 Although these reactions are not
totally known, the hypothesis is that as the oxidizing
agent hydrogen peroxide diffuses through the dentin
and enamel, the highly pigmented carbon ring com-
pounds are opened and then converted into chains,
which are lighter in color. As this process continues,
the bleached tissue continually lightens with further
decomposition of organic and inorganic matrix. Dur-
ing this process, water and oxygen are released 212
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Some authors have suggested that the adverse
effects of bleaching on resin-tooth boads are caused
by residual peroxides and oxygen that could inhibit
the polymerization process of the adhesive systems. ¥
in an electron microscopic scanning evaluation, non-
bleached teeth presented numerous and clearly
defined resin tags, in contrast with the teeth treated
with 35% hydrogen peroxide for 30 minutes, where
the resin tags were sparse, shorter, poorly defined, and
structurally incomplete.’2

However, a recent research study did not detect
oxygen on the surface of bleached enamel, thus reject-
ing the hypothesis that residual oxygen leached from
bleaching agents may interfere in the adhesive polymer-
ization process.” Moreover, bleaching can induce
changes in the ultra-morphology of enamel-resin
bonded interfaces, changing the organic and inorganic
component ratios, increasing the solubility of dental
structures, and affecting dentin more than enamel 62

In this study, the microleakage of dentin margins in
groups SP and CP was significantly higher than in the
control group. However, such a difference did not
occur among the enamel margins in groups SP, CP, and
control (P = 0.063). The reason could be the difference
inn the composition of enamel and dentin. Dentin con-
tains less mineral and more organic matrix and can
easily be affected by hydrogen peroxide-based materi-
als. These materials are strong oxidizing agents that
may cause denaturation of proteins in the organic com-
ponents, producing morphologic changes that could
reduce the performance of resin bond restorations.

Another consideration is the presence of dentin
tubules that may enhance the rate of penetration of
the bleaching agents and residual oxygen diffusion
from the pulp chamber through dentin. The conse-
gquence may be a higher concentration of residual
oxygen in the more porous dentin margins than on
enamel margins, thereby increasing microleakage.

It should be noted that the teeth used in this
investigation were bovine, not human teeth, and the
manner in which the bleaching agents were used was
not the same as when bleaching is clinicaliy per-
formed.? Moreover, in the oral environment, the
interaction with saliva may repair the tooth by min-
eral precipitation, and the action of enzymes (such as
peroxidase and catalase) may leach out all residual
peroxides and oxygen from the tooth, over an
extended period of time, and improve the quality of
resin-tooth bonds.# %

It is necessary to know the time that has elapsed
from the bleaching treatment to the restoration proce-
dure to achieve an optimal seal, as well as to reduce
the risk of microleakage in adhesive restorations.

. Volume 32, Number 5, 2001t
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CONCLUSION

. Under the experimental circumstances used in this

study, the Class V restorations in teeth submitted to
nonvital bleaching with 37% carbamide peroxide
gel or sodium perborate showed a significant
increase in microleakage on dentin margins.

. On enamel margins, the microleakage was not sta-

tisticaily different from the control group for both
bleaching agents,

. Even with regard to distance, the bleaching agents

sodiurn perborate and 37% carbamide peroxide gel
can interfere in the resin-tooth interface.

It is necessary to know the time that has elapsed

from the bleaching treatment to the restoration proce-
dure to achieve an optimal seal as well as to reduce
the risk of microleakage in adhesive restorations.
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