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RESUMO

De Geus, J.L. Efeito do cigarro nos tecidos moles, duros e na eficacia do clareamento
dental. [Tese] Doutorado em Dentistica Restauradora. Ponta Grossa: Universidade Estadual
de Ponta Grossa; 2016.

O objetivo deste estudo foi avaliar clinicamente a longevidade do clareamento dental em
pacientes fumantes, quantificar a nicotina em dentes expostos a fumaca de cigarro, bem como
avaliar o efeito genotoxico do cigarro através da frequéncia de micronucleos. Para tanto foram
realizados quatro estudos. Nos estudos 1 e 2, sessenta pacientes, trinta fumantes e trinta ndo
fumantes, foram submetidos ao clareamento com perdxido de carbamida (PC) 10% por trés
horas diarias durante trés semanas. A cor foi avaliada utilizando o espectrofotometro Vita
Easyshade, e as escalas de cor Vita classical organizada por valor e Vita Bleachedguide 3D-
MASTER, apds 12 e 30 meses do clareamento, antes e depois de profilaxia dental. No estudo
3, sessenta e nove dentes foram expostos & fumaca de 400 cigarros (controle positivo). Em um
grupo foi realizada profilaxia dental e em outro, clareamento de consultério com peroxido de
hidrogénio (PH) 35%. A cor foi avaliada inicialmente, ap6s a exposic¢do a fumaca do cigarro,
e apos a profilaxia dental ou o clareamento em consultério. Os dentes de cada grupo foram
analisados por cromatografia gasosa e espectrometria de massas, a fim de mensurar a
quantidade de nicotina em cada grupo. O estudo 4 consistiu de uma revisao sistematica que
avaliou a frequéncia de micronucleos em fumantes e em ndo fumantes. Os dados dos estudos
1 e 2 mostraram que para ambos 0s grupos, apenas o fator principal tempo foi estatisticamente
significativo (p < 0,001). Um clareamento eficaz foi observado em ambos os grupos na
avaliacdo de 12 meses, apoOs profilaxia dental, no entanto, um escurecimento dental foi
observado ap6s 30 meses para ambos 0s grupos. No estudo 3 a quantidade de nicotina foi
maior no grupo controle positivo (3,3 + 1,3 pg/g de dente), seguida pelo grupo profilaxia (2,1
+ 1,4 ug/g) e grupo clareamento (0,8 = 0,3 pg/g). Houve um escurecimento dental
visualmente perceptivel em todos os grupos expostos a fumaca do cigarro (p < 0,001). No
estudo 4 foi observada uma diferenca significativa na frequéncia de microndcleos em
fumantes quando comparados aos ndo fumantes, porém o teste Chi’ revelou alta
heterogeneidade na metodologia dos estudos avaliados (p < 0,00001). Pode-se concluir que o
clareamento com PC 10% manteve-se estavel em ambos os grupos aos 12 meses, quando as
manchas extrinsecas da dieta e do cigarro foram removidas por profilaxia dental, 0 que nao

ocorreu na avaliacdo de 30 meses. A fumagca do cigarro penetra na estrutura dental, no entanto



a profilaxia dental e o clareamento com PH 35% removeram parcialmente a nicotina do dente.
Foi encontrada uma maior frequéncia de microndcleos em células esfoliadas de fumantes em

comparacdo com nao fumantes.

Palavras-chave: Clareamento dental; Tabaco; Nicotina; Testes para Micronucleos.



ABSTRACT

De Geus, JL. Effect of cigarette on the soft and hard tissues and on efficacy of dental
bleaching. [Tese] Doutorado em Dentistica Restauradora. Ponta Grossa: Universidade
Estadual de Ponta Grossa; 2016.

The aim of this study was to clinically evaluate the longevity of tooth whitening in smokers,
quantify nicotine in teeth exposed to cigarette smoke, as well as evaluate the genotoxic effect
of cigarettes through the micronucleus frequency. For this study were conducted four studies.
In studies 1 and 2, sixty patients, thirty smokers and thirty nonsmokers, were submitted to at-
home bleaching with carbamide peroxide (CP) 10% for three hours daily during three weeks.
The color was assessed using the Vita Easyshade spectrophotometer, and shade guides Vita
classical organized by value and Vita Bleachedguide 3D-MASTER, after 12 and 30 months of
bleaching, before and after dental prophylaxis. In study 3, sixty-nine teeth were exposed to
smoke of 400 cigarettes (positive control). In one group, the dental prophylaxis was
performed and, in another, the in-office bleaching with hydrogen peroxide (HP) 35%. The
color was evaluated initially, after exposure to cigarette smoke, and after dental prophylaxis
or in-office bleaching. The teeth of each group were analyzed by gas chromatography and
mass spectrometry in order to measure the amount of nicotine in each group. The study 4
consisted of a systematic review that evaluated the frequency of micronuclei in smokers and
nonsmokers. Data from studies 1 and 2 showed that for both groups, the main factor was
statistically significant (p <0.001). An effective bleaching was observed in both groups at 12
months after dental prophylaxis, however, a dental darkening was observed after 30 months
for both groups. In study 3, the amount of nicotine was higher in the positive control group
(3.3 £ 1.3 mg/ g of tooth), then the prophylaxis group (2.1 + 1.4 mg / g) and bleaching group
(0.8 £ 0.3 mg / g). There was a visually perceptible dental darkening in all groups exposed to
cigarette smoke (p <0.001). In the study 4 was a significant difference in the frequency of
micronuclei in smokers compared to nonsmokers, however the Chi? test showed high
heterogeneity in the methodology of the assessed studies (p <0.00001). It can be concluded
that the bleaching with 10% CP was stable in both groups at 12 months, while the extrinsic
stains of diet and smoking were removed by dental prophylaxis, which did not occur in the
evaluation of 30 months. Cigarette smoke penetrates in the tooth structure, however the dental
prophylaxis and bleaching with PH 35% removed partially the nicotine of tooth. A higher



frequency of micronuclei in exfoliated cells of smokers was found in comparison with non-

smokers.

Key words: Tooth bleaching; Tobacco; Nicotine; Micronucleus Tests.
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1 INTRODUCAO

Existem mais de um bilhdo de fumantes no mundo de acordo com a Organizacao
Mundial de Satde (WHO,! 2016), representando uma grande parte da populacio (De Vita Jr,?
2011). A fumaca do cigarro contém mais de 4.000 compostos quimicos sendo que mais de 60
destes foram identificados como cancerigenos (IARC,® 1986).

Danos no DNA das celulas da mucosa bucal dos fumantes geralmente representam o
potencial genotdxico do habito de fumar, sendo observados indiretamente pelo aumento na
frequéncia de micronicleos (MN) em células epiteliais esfoliadas (Belien et al.,* 1995;
Sivasankari et al.,> 2012). A avaliacdo da frequéncia de MN é um método viavel para a
deteccdo do risco de cancer nos seres humanos, porque a maioria dos tumores possui origem
epitelial (Cairns,® 1975). Um aumento da frequéncia de MN nas células esfoliadas da mucosa
oral tem tradicionalmente servido como um indice para avaliar a genotoxicidade da exposi¢édo
a vérios agentes cancerigenos (Bhattathiri et al.,” 1996; Basu et al.,? 2004). No entanto, alguns
estudos ndo encontraram um aumento da frequéncia de MN em fumantes em compara¢do com
ndo fumantes (Nersesyan et al.,” 2006; Angelieri et al.,'° 2010).

Os fumantes podem ser considerados bons candidatos para procedimentos
odontolégicos estéticos, visto que a prevaléncia de auto avaliacdo de descoloracdo dental em
fumantes é quase o dobro do que a relatada por ndo fumantes (Alkhatib et al.,** 2005).
Entretanto, diversos estudos clinicos de clareamento dental utilizam como um dos critérios de
exclusdo, o hébito de tabagismo (Krause et al.,** 2008; Meireles et al.,** 2008; Bernardon et
al.,** 2010; Grobler et al.,” 2010; Turkun et al.,'® 2010; de Almeida et al.,"" 2012; Bonafé et
al.,'® 2013; Rezende et al.,* 2013; de la Pefia e Ratén,? 2014). J4 foi demonstrado que houve
clareamento efetivo em fumantes ap6s uma semana do clareamento (de Geus et al.,?! 2015),
porém essa equivaléncia ndo foi observada um més apds o clareamento, onde os fumantes
tinham os dentes levemente mais escuros do que os ndo fumantes, ja que a fumaca de cigarro
deposita manchas escuras na superficie dental, esta situacdo pode ser ainda mais evidente
ap6s alguns meses (Alkhatib et al.,** 2005; Bertoldo et al.,?* 2011).

Durante a queima do cigarro, componentes como alcatrdo, nicotina, aglcares e cacau
sdo transferidos para a fumaca devido ao aquecimento (Wasilewski et al.,”® 2010). Estes
componentes seriam provavelmente os responsaveis pelo manchamento nos dentes, pela sua
tonalidade escura e capacidade de se aderir a superficie (Bazzi et al.,** 2012).

A nicotina € o componente mais especifico do cigarro, sendo responsavel pela

dependéncia do tabaco. Encontra-se presente em uma quantidade relativamente grande (1-2
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mg por cigarro). E absorvida e mensurdvel tanto em fumantes ativos como passivos
(Benowitz e Jacob,® 1993; Robinson et al.,® 1992). A técnica de cromatografia gasosa
acoplada ao espectrometro de massas (CG-MS) pode ser utilizada para a determinacdo da
nicotina em dentes (Pascual et al.,>” 2003) e pode ainda auxiliar na deteccéo da quantidade de
nicotina que permanece aderida na superficie dental e quanto penetra em profundidade na
estrutura.

O manchamento provocado pela nicotina e outros componentes do cigarro parece ser
superficial e facilmente removido pela limpeza mecanica e clareamento dental (Bazzi et al.?*
2012), porém a literatura ainda ndo fornece evidéncias cientificas sobre este aspecto. A
deposicdo de fumaca de cigarro e de corantes advindos da dieta nos dentes promove um
escurecimento dental, que tem sido atribuido a0 manchamento extrinseco (Alkhatib et al.,**
2005, Téo et al.,”® 2010), mas que pode também ser advindo da penetragdo dos componentes
da queima do cigarro na estrutura dental. A avaliacdo do resultado "real™ do clareamento em
fumantes em longo prazo exigiria uma avaliacdo da cor antes e apds a remocao das manchas

extrinsecas por meio de profilaxia dental (Bazzi et al.,%* 2012).

Desta forma o objetivo deste estudo foi conduzir diferentes estudos clinicos,
laboratorial e de revisdo sistematica, com o objetivo de avaliar a longevidade do clareamento
dental em pacientes fumantes, quantificar a nicotina em dentes expostos a fumaca de cigarro
antes e apos profilaxia ou clareamento, bem como avaliar o efeito genotdxico do cigarro

através da frequéncia de MN em fumantes.



2 PROPOSICAO

2.1ESTUDOS1E?2

2.1.1 Proposicéo geral

O proposito do presente estudo foi avaliar clinicamente a longevidade da cor dental de
pacientes fumantes e ndo fumantes, apds 12 e 30 meses do clareamento caseiro com perdxido
de carbamida (PC) 10%.

2.1.2 Proposicéo especifica

1- avaliar a longevidade da cor dental (12 meses) ap6s o clareamento caseiro com PC
10% utilizando as escalas Vita classical e Vita Bleachedguide 3D-MASTER e o
espectrofotdbmetro Vita Easyshade, nos fumantes e ndo fumantes, antes e apés a realizacdo de
profilaxia dental;

2- avaliar a longevidade da cor dental (30 meses) ap6s o clareamento caseiro com PC
10% utilizando as escalas Vita classical e Vita Bleachedguide 3D-MASTER (30 meses), antes

e apos a realizacdo de profilaxia, para ambos 0s grupos.

2.2 ESTUDO 3

2.2.1 Proposicao geral

O proposito do presente estudo in vitro foi quantificar a nicotina em dentes expostos a fumaca

de cigarro.

2.2.2 Proposicéo especifica

1- avaliar a cor nos periodos inicial, apos exposic¢do a fumaca do cigarro, apos profilaxia
e apos clareamento em consultorio com perdxido de hidrogénio (PH) 35% utilizando as
escalas Vita classical e Vita Bleachedguide 3D-MASTER e o espectrofotbmetro Vita
Easyshade, em ambos o0s grupos;

2- quantificar a nicotina presente em cada grupo de dentes (controle positivo, profilaxia e

clareamento) através de cromatografia gasosa e espectrometria de massas.
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2.3 ESTUDO 4

2.3.1 Proposicéo geral

O proposito do presente estudo foi avaliar o efeito genotoxico do cigarro através da
frequéncia de micronicleos (MN) em fumantes por meio de uma revisao sistematica da

literatura.

2.3.2 Proposicéo especifica

1- avaliar a frequéncia de micronlcleos nas células esfoliadas da mucosa oral de
fumantes e ndo fumantes através de uma revisdo sistematica e meta-analise de estudos

clinicos transversais.



3 MATERIAL E METODOS

Nesta sessdo sera descrita a metodologia de forma resumida de cada estudo. As
informacOes detalhadas deste item podem ser encontradas nos artigos referentes a cada

estudo.

3.1ESTUDOS1E?2

O projeto deste estudo clinico foi aprovado pela Comissio de Etica em Pesquisa
(COEP) da Universidade Estadual de Ponta Grossa através do parecer n° 669.914 (Anexo A),
o qual foi protocolado sob o0 numero 16211/2014. O estudo foi registrado no clinicaltrials.gov
sob 0 nimero de identificacdo de NCT02017873 (Anexo B). A metodologia detalhada destes
experimentos esta descrita nos ARTIGOS 1 (pag. 28) e 2 (pag. 47).

3.1.1 Selecdo dos pacientes

Foram selecionados 60 voluntarios (30 fumantes e 30 ndo fumantes) que procuraram
atendimento nas clinicas odontol6gicas da Universidade Estadual de Ponta Grossa (UEPG),
que tiveram interesse em realizar o clareamento dental e que se enquadraram nos critérios de
inclusdo e exclusdo do estudo. O dente incisivo central superior direito deveria ser
classificado como cor A2 ou de menor valor, por comparacdo com a escala Vita classical
(Vita Zahnfabrik, Bad Séackingen, Alemanha), Figura 1. Os fumantes deveriam fumar pelo
menos 10 cigarros ao dia.

BRR TS o v
T b il
Figura 1 - Escala de cor Vita classical (Vita Zahnfabrik, Bad Sackingen, Alemanha).
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3.1.2 Procedimento clareador
A técnica utilizada para os dois grupos foi do clareamento dental caseiro, com gel de
PC 10% (Whiteness Perfect 10% — FGM, Joinville, SC, Brasil). Os pacientes foram instruidos

a utilizar o gel clareador, pelo periodo de trés horas diariamente, durante trés semanas.

3.1.3 Avaliacéo da cor

A cor foi avaliada nos periodos de 12 e 30 meses ap0s o término do clareamento
dental, antes e ap0s a realizacdo de profilaxia dental, atraves das escalas de cor Vita classical
e Vita Bleachedguide 3D-MASTER (Figura 2). Aos 12 meses, a cor também foi avaliada com
0 espectrofotdmetro Vita Easyshade (Vita Zahnfabrik), de acordo com o sistema Vita e
CIEL*a*b*, Figura 3.

45 5

M2 M2 M2 M25 W3

Figura 2 - Escala Vita Bleachedguide 3D-MASTER (Vita Zahnfabrik).

Figura 3 — Valores apresentado eI Espectrofotdbmetro Vita Easyshade a) cores da escala Vita
b) valores CIEL*a*b*.
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A &rea de mensuracédo da cor foi o tergo médio da face vestibular do incisivo central
superior direito, de acordo com as especificagdes da American Dental Association (ADA)
(Arménio et al.?® 2008, Reis et al.*® 2011, Bonafé et al.*® 2013).

3.1.4 Anélise estatistica

Os dados de cor foram tabulados no Programa Sigma Plot for Windows (Systat
Software Inc., San Jose, CA, USA) e foram avaliados por analise de variancia de dois fatores
(ANOVA) de medidas repetidas (Grupo vs Tempo de tratamento), sendo o0 Tempo a medida

repetida (o = 0,05). Foi realizado o teste de Tukey para o contraste das médias (o = 0,05).

3.2 ESTUDO 3

O projeto deste estudo in vitro foi aprovado pela Comissdo de Etica em Pesquisa
(COEP) da Universidade Estadual de Ponta Grossa através do parecer n® 1.065.444 (Anexo
C), o qual foi protocolado sob o nimero 11265/2015. A metodologia detalhada deste
experimento esta descrita no ARTIGO 3 (pag. 66).

3.2.1 Exposicdo a fumaca de cigarro

Sessenta e nove molares foram fixados em um isopor (Figura 4) e colocados em uma
maquina de cigarros (Figura 5) para a impregnacdo de fumaca nas estruturas dentais. Foram
realizados quarenta ciclos (15 minutos/ciclo) com 10 cigarros (Marlboro Red, Philip Morris
Brazil Ind. e Com. Ltda., Santa Cruz do Sul, RS, Brasil), totalizando 400 cigarros.
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Figura 4 — Dentes fixados em isopor.

11

Bt Al

Figu ras— Magquina de cigarros.

3.2.2 Procedimento de remoc¢édo de manchas

Apos a exposicdo a fumaca do cigarro, os dentes foram divididos em trés grupos.
Nos espécimes do grupo controle positivo ndo foi realizado nenhum tratamento, para remover
as manchas produzidas pela fumaca do cigarro. Nos espécimes do grupo profilaxia, os dentes
foram submetidos a uma limpeza com escova rotativa e pasta profilatica. Nos espécimes do

grupo clareamento, foi realizado clareamento em consultério com PH 35% (Whiteness HP
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MAXX, FGM), de acordo com as instru¢fes do fabricante. Foram realizadas duas sessoes,
onde em cada sessdo o gel foi aplicado, sobre toda a superficie dental, trés vezes de 15

minutos.

3.2.3 Avaliacéo da cor

A cor foi avaliada através das escalas de cor Vita classical, Vita Bleachedguide 3D-
MASTER e do espectrofotdmetro Vita Easyshade (Vita Zahnfabrik), antes da exposicdo a
fumaca do cigarro (baseline), ap6s a exposicdo a fumaca do cigarro, e apds o tratamento para
a remocdo de manchas (profilaxia dental ou clareamento em consultdrio). Para a avaliacdo da
cor com o espectrofotdmetro, foi confeccionada uma matriz de silicone (Perfil, Coltene,

Vigodent SA Industria e Comércio) para o local de mensuracgéo (Figura 6).

i
Figura 6 — Matriz de silicone perfurada com bisturi tipo Punch.

3.2.4 Quantificacéo da nicotina por CG-MS

Ap0s a avaliacdo da cor, os dentes foram martelados e quebrados em pedagos (Figura
7) e cada 5 g de dentes foram unidos a 30 g de bolas de aco e pulverizados por uma maquina
moinho de bolas (SPEX SamplePrep 8000M Mixer/Mill, Metuchen, NJ, EUA), mostrado na
Figura 8, durante 60 min a 1.725 rpm.
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Figura 8 — Moinho de bolas SPEX SamplePrep 8000M Mixer/Mill.
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Quinze miligramas do pé dos dentes (Figura 9) foram adicionadas a 1 mL de
hidréxido de amonio (NH4;OH) a 2%, incubadas num banho de sonicacdo (Aquasonic 50HT,
VWR Scientific, Radnor, PA, USA) e, em seguida, 1 mL de cloreto de metileno (CHCI,) foi
adicionado a solucéo, a qual foi centrifugada (NF 800, Nuve, Ankara, CA, Turkey) durante 15
min a 9000 rpm. A camada organica foi transferida para um tubo de ensaio para a realizacéo

da cromatografia gasosa e espectrometria de massas (CG-MS).

Figura 9 — Dentes em p6 ap6s moagem.

A analise foi realizada usando um cromatografo em fase gasosa Agilent 7898B
(Santa Clara, CA, EUA), acoplado a um detector especifico de massas, Agilent 5977 (Figura
10). A identificacdo da nicotina baseou-se no indice de retencdo relativo em comparacéo com

0s padrdes da literatura.
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Figura 10 - Cromatdgrafo Gasoso-Espectrémetro de Massas.

3.2.5 Analise estatistica

Todas as analises foram realizadas com software (Statistica para Windows, Stat Soft
Inc.) e um nivel de significancia de 5%. A quantificacdo da nicotina e alteracdo de cor em
unidades de escala Vita e em AE foram submetidas a uma anélise de variancia de um fator e
teste de Tukey para comparacGes de pares. No caso onde os dados ndo apresentaram
distribuicdo normal, as estatisticas ndo paramétricas (Kruskall-Wallis e teste de Dunn) foram

realizadas.

3.3ESTUDO 4

Este protocolo de reviséo sistematica e meta-analise foi registrado no banco de dados
PROSPERO (CRD42015017053), ANEXO D. Foram seguidas as recomendagdes da
declaracdo PRISMA para a realizacdo desta revisdo sistematica (Moher et al.®! 2010). A

metodologia detalhada deste experimento esta descrita no ARTIGO 4 (pag. 87).



25

3.3.1 Fontes de informacdo e estratégia de busca

O vocabulario controlado e palavras-chave livres na estratégia de busca foram
definidos com base na seguinte pergunta PECO:

1. Populagdo (P): adultos.

2. Exposicéo (E): habito de fumar.

3. Comparacéo (C): ndo fumantes.

4. Resultado (O): frequéncia de microndcleos.

5. Estudos (S): estudos transversais.

Para identificar os estudos a serem incluidos nesta revisdo, foi feita uma busca nas
bases de dados eletrénicas do MEDLINE via PubMeb, Scopus, Web of Science, Literatura
Latino-Americana em Ciéncias da Saude (LILACS), Biblioteca Brasileira de Odontologia
(BBO) e Biblioteca Cochrane. Também foi realizada uma busca na Literatura Cinzenta e nos

Registros de Estudos Clinicos.

3.3.2 Critério de elegibilidade
Foram incluidos ensaios clinicos transversais que compararam a frequéncia de MN em
fumantes e ndo fumantes em pacientes adultos. A frequéncia de MN foi o principal resultado

do estudo. Foram incluidos apenas estudos clinicos em seres humanos.

3.3.3 Selec¢éo dos estudos e processo de coleta de dados

Inicialmente, os artigos foram selecionados pelo titulo e resumos. O texto completo
dos artigos foi obtido quando o titulo e resumo tinham informacgdes suficientes para tomar
uma decisao clara. Posteriormente, dois revisores classificaram aqueles que preencheram os
critérios de inclusdo. Detalhes sobre o estudo, os métodos, os participantes e os resultados

foram extraidos utilizando formas de extragéo personalizadas.

3.3.4 Risco de viés individual dos estudos

A qualidade interna dos estudos incluidos foi avaliada por dois revisores
independentes usando a escala EPHPP (Projeto Pratica de Saude Publica Eficaz) (Moher et
al.,*! 2010), ANEXO E, modificada.

O instrumento de avaliacdo de qualidade utilizado contém os seguintes componentes:

1) viés de selecdo, 2) desenho do estudo, 3) identificacdo e tratamento de fatores de confusao,
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4) cegamento de avaliadores e de participantes, 5) confiabilidade e validade dos métodos de
coleta de dados e 6) desisténcias e abandonos. Os componentes séo classificados como fortes,
moderados ou fracos de acordo com 0 dicionario normatizado
(http://www.ephpp.ca/PDF/QADictionary_dec 2009.pdf, ANEXO F) (Moher et al.,*! 2010).

3.3.5 Meta-analise
A meta-analise foi realizada em estudos classificados como fortes e moderados, de

acordo com a classificacdo final dos componentes de avaliacdo de qualidade.



27

4 ARTIGOS

4.1 One-year follow-up of at-home bleaching in smokers before and after dental prophylaxis:

a randomized clinical trial

4.2 Effects of at-home bleaching in smokers: thirty-month follow-up

4.3 Determination of nicotine content in teeth submitted to prophylaxis and in-office

bleaching by gas-chromatography

4.4 Does smoking habit increase the micronuclei frequency in the oral mucosa of adults

compared to non-smokers? A systematic review and meta-analysis



28

TITULO: ONE-YEAR FOLLOW-UP OF AT-HOME BLEACHING IN SMOKERS
BEFORE AND AFTER DENTAL PROPHYLAXIS: A RANDOMIZED CLINICAL TRIAL

STATUS: PUBLICADO

REVISTA: JOURNAL OF DENTISTRY



29

One-year follow-up of at-home bleaching in smokers before and after dental
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ABSTRACT

Objective: This clinical study evaluated the color longevity after one-year of at-home
bleaching with 10% carbamide peroxide (CP) in smokers and nonsmokers.

Methods: Sixty patients, 30 smokers and 30 non-smokers were subjected to bleaching with
10% CP during three hours daily for three weeks. The color was measured at baseline and one
week, one month and one year after the completion of dental bleaching using the
spectrophotometer Vita Easyshade (DE*), shade guide Vita classical organized by value and
Vita Bleachedguide 3D-MASTER (DSGU). In the one-year recall, the color was assessed
before and after dental prophylaxis with Robinson brush and prophylaxis paste. Data from
color evaluation were analyzed by two-way repeated measures ANOVA and Tukey’s test for
the contrast of means (a = 0.05).

Results: Twenty-seven smokers and 28 non-smokers attended the one-year recall. For both
study groups, only the main factor assessment time was statistically significant for DSGU
(Vita classical) and DE* (p < 0.001). Effective whitening was observed for both groups at
baseline, which was stable at one-month and one year after dental prophylaxis. A slight
darkening was observed after one year when the color was measured without prophylaxis. For
the Vita Bleachedguide 3D-MASTER, color rebound was observed irrespectively of dental

prophylaxis.
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Conclusion: The bleaching with 10% CP remained stable in both groups as long as extrinsic
stains from diet and cigarette smoke were removed by professional dental prophylaxis.
Clinical trials registry: NCT02017873.

Clinical relevance: The results of this study indicate that the bleaching is effective in smokers
even after one-year, but dental prophylaxis may be necessary to remove extrinsic stains
caused by diet and smoking.

Key-words: randomized clinical trial; color longevity; at-home bleaching; smokers; dental

prophylaxis
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1. Introduction

Currently, people give much value to the body and aesthetics. A large number of
people wish not only to have a perfect body, but also a perfect smile [1]. In this context,
smokers are likely good candidates for cosmetic dental procedures since the prevalence of
self-assessed tooth discoloration in smokers is almost twice that reported by non-smokers [2].
They represent a significant portion of the population, since there are around 1.2 billion

smokers in the world [3].

Unfortunately, clinical trials of bleaching agents usually exclude smokers from their
clinical trials [4-13], which prevent us from assessing the feasibility of this cosmetic
procedure in such patients. An earlier publication of de Geus et al. [14] demonstrated that
effective whitening is achieved regardless of whether the patient is a smoker. It was reported
that the magnitude of color change after at-home whitening is equivalent between smokers
and non-smokers at one week [14]; however this equivalence was not seen one month after
bleaching, with smokers having slightly darker teeth than non-smokers. This situation may be
even more evident after some months as cigarette smoke deposits a dark extrinsic stain on the
dental surface [2,15]. However, to the extent of our knowledge, no clinical study has

evaluated the longevity of at-home bleaching in smokers.

Apart from that, we should be able to diagnose if the color rebound results from the
deposition of dyes or smoke on the dental surface or from the reversal of the oxidizing action
of the bleaching agent or dentin deposition over time. Therefore, the evaluation of the “real”
whitening outcome in long-term recalls would require color assessment before and after

removal of extrinsic staining by mechanical cleaning and dental prophylaxis [16].

Although there are numerous studies of at-home dental bleaching, only a few of them
evaluate the color stability over time [7,8,17-24]. None of these studies have attempted to

appraise the bleaching longevity after dental prophylaxis. Therefore, the aim of this controlled
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clinical trial was to compare the one-year color change of at-home bleaching in smokers and
non-smokers before and after dental prophylaxis. The following null hypotheses will be tested
in this study: (1) no difference in color change of teeth will be observed between the
immediate and one-year results for both study groups; (2) the color change before and after

dental prophylaxis will be the same for both study groups.
2. Methods

The State University of Ponta Grossa (protocol 669.914/2014) and the Ethic
Committee approved this equivalence clinical trial. This study is the one-year follow-up of an
earlier study [14] registered at the clinicaltrials.gov under the identification number of
NCT02017873. This earlier study was conducted in the Chile and Brazil centers [14], but the

follow-up was only performed in the Brazilians participants.
2.1. Bleaching procedure

We asked the participants who met the inclusion criteria about their daily smoking
habits. Those who did not smoke were part of the group of non-smokers, and those who
smoked at least 10 cigarettes per day belonged to the group of smokers. We included 30

participants in each group.

We made alginate impressions of each participant’s maxillary and mandibular arch
and poured the impressions with dental stone. We did not apply block-out material to the
labial surfaces of the teeth [25]. We used a 1-millimeter-thick soft vinyl material provided by
the manufacturer (Whiteness, FGM Dental Products) to fabricate the custom-fitted tray to
hold the bleaching gel. We trimmed the bleaching tray one mm beyond the marginal gingiva
and delivered the tray and the 10% CP gel (Whiteness Perfect, FGM Dental Products) to each
participant with oral instructions for use. We instructed all participants to wear the tray with

the bleaching agent for 3 h daily for 3 weeks.
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We instructed the participants to remove the tray after the daily bleaching period,
wash it with water, and brush their teeth as usual. We also provided verbal instructions about
oral hygiene, encouraging participants to brush their teeth regularly with fluoridated

toothpastes without whitening components.
2.2. Sample size

This study is the one-year follow-up of an earlier study [14]. We based the sample size
calculation on the color change measured with the spectrophotometer, the primary outcome of
this study. Sixty participants were required to exclude a difference of means of 2.5 units of
DE* at one week and one year (equivalence limit) with a power of 80% and a of 5%. With
these calculations, we took into consideration a standard deviation of 3.3 in the DE*. The
equivalence limit we chose was lower than the threshold of 3.0 measured with the

spectrophotometer, above which color differences become clinically perceptible [26-28].
2.3. Shade evaluation

We evaluated the color of teeth using objective and subjective methods. For both
devices, we checked the color in the middle third of the labial surface of the anterior central
incisor according to the American Dental Association guidelines [29]. For the objective shade
evaluation, we used a digital spectrophotometer (VITA Easyshade, VITA Zahnfabrik)
because its reliability more than 96% [30]. For this purpose, we took an impression of the
maxillary arch with dense silicone paste (Coltoflax and Perfil Cub, Vigodent), and we created
a window on the labial surface of the silicone guide by using a metal device with a diameter
of 6 mm. The purpose of this procedure was to standardize the area for color evaluation in all

recall periods with the spectrophotometer.

We determined the color using the parameters of the digital spectrophotometer on

which were indicated values: L*, a*, and b*, where L* represents luminosity (the value from
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0 (black) to 100 (white)), and a* and b* represent color along the red—green axis and color
along the yellow-blue axis, respectively. We calculated the difference between baseline and
each recall period (DE*), by using the following formula [31]: DE* = [(DL*)2 + (Da*)2 +

(Db*)2]1/2.

For the subjective evaluation, we used the Vita Bleachedguide 3D-MASTER (VITA
Zahnfabrik), which is originally oriented from lightest to darkest color and the VITA classical
shade guide (VITA Zahnfabrik). For the latter, we arranged the 16 tabs of the shade guide
from lightest to darkest as follows: B1, Al, B2, D2, A2, C1, C2, D4, A3, D3, B3, A3.5, B4,
C3, A4, C4. Although this scale is not linear in the truest sense, we treated the changes as
continuous, with a linear ranking as has been used in several clinical trials on dental bleaching

[9,10,32].

We calculated the color changes from the beginning of the active phase through the
individual recall times by the change in shade guide units (DSGU) that occurred toward the
lighter end of the value-oriented list of shade tabs. In the case of operator disagreement about

color matching, we reached a consensus before dismissing the patient.

Two calibrated evaluators with a previous agreement of at least 85% determined by
means of weighted k statistics recorded the shade of the maxillary right central incisor at
baseline and one week, one month and one year after the end of the bleaching protocol. At
one year, the evaluation was performed before and after dental prophylaxis with a Robinson
brush and prophylaxis paste (Herjos, Vigodent Coltene SA Industria e Comércio, Rio de
Janeiro, Brazil). After dental prophylaxis, the treated teeth were rehydrated in the patient’s

mouth for 15 min before color assessment.
2.4. Statistical analysis

We performed all of the analyses using software (Statistica for Windows, StatSoft
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Inc., Tulsa, OK, USA) and a 5% significance level. Statistical analyses were performed using
per-protocol analysis (only for the available data) and the intention-to-treat approach, where
the last observation was carried forward for the missing data. The color change in DSGU and
in DE* was submitted to a two-way repeated measures ANOVA (Group vs. assessment

period) and Tukey’s test for pairwise comparisons.
3. Results

At baseline, we screened 305 patients to obtain 60 participants from the center in
Brazil who met the eligibility criteria (Fig.1). The mean age and baseline color of the
participants were similar between the groups. Most of the participants were men (Table 1).
The smoking habit did not change among the majority of participants from the smoking group

during the course of the year. Only three of them stopped smoking.

All participants included in this controlled clinical trial finished the bleaching protocol
and attended the one-week and one-month recall visits (Fig. 1); however five participants did
not attend the one-year recall (n = 3 in the smokers group and n = 2 in the nonsmokers group,
Fig. 1). The reason for not attending the recall was that the participants lacked time to return

to the university for a new color assessment.
3.1. Per-protocol vs. intention-to-treat analysis

All statistical analyses were performed with data imputation for missing outcomes
(intention-to-treat) and without data imputation (per-protocol). The same overall conclusions
were reached (data not shown) in all of the analyses. To avoid data repetition we opted to

describe only the results obtained in the intention-to-treat analysis.
3.2. Shade guide data

For the Vita classical shade guide, the two-way repeated ANOVA revealed that the

cross-product interaction group vs. assessment time (p = 0.153) and the main factor group (p
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= 0.345) was not significant. Only the main factor assessment time was statistically
significant (Table 2; p < 0.001). The lack of difference between the groups can also be seen

by the effect size (mean difference) and the 95% confidence interval (Table 2).

A significant average color change (DSGU) of approximately 5.6 shade guide units
was observed after bleaching for both groups, which was stable one month after the procedure
(Table 2). At one year, color change was statistically similar to the immediate result only
when the color was measured after dental prophylaxis. Without dental prophylaxis, the color
change at one year was statistically different from the immediate result (one week

postbleaching).

For Vita Bleachedguide 3D-MASTER, the two-way repeated measures ANOVA
revealed that the cross-product interaction group vs. assessment time (p = 0.80) and the main
factor group (p = 0.05) was not significant (Table 3). Only the main factor assessment time
was statistically significant (Table 3; p < 0.001). The lack of difference between smokers and
nonsmokers can alsobe seen by the effect size (mean difference) and the 95% confidence

interval (Table 3).

According to this shade guide, a significant color rebound was observed over time for

both groups (Table 3), and this color rebound was not affected by dental prophylaxis.
3.3. Spectrophotometer data

The two-way repeated measures ANOVA revealed that the cross-product interaction
group vs. assessment time (p = 0.158) and the main factor group (p = 0.311) was not
significant. Only the main factor assessment time was statistically significant (Table 4; p <
0.001). The lack of statistical difference between the groups can also be seen by the mean

difference and the 95% confidence interval (Table 4).

Compared to the DSGU obtained with the Vita classical to spectrophotometer data, a
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similar trend was observed. A significant color change was observed for both groups, which
represented an average DE* of 10.8. This color change was statistically similar to that
observed after one month and one year when color was measured after dental prophylaxis.
Without dental prophylaxis, the color change at one year was statistically different from the

immediate result (one week post-bleaching).
4. Discussion

Color matching and measurement in dentistry is performed using visual and/or
instrumental methods. The Vita classical shade guide (VITA Zahnfabrik), when arranged
from the lightest to the darkest tab, is the most frequent method used for visual evaluation of
tooth whitening [9,10,32], thus this shade guide was chosen for color evaluation in the present

study.

However, more recently, studies from the group of Paravina [33-35] developed a new
shade guide for color assessment in bleaching studies. Vitapan 3D-Master (VITA Zahnfabrik)
was found to have broader color range, better color distribution, and smaller coverage error as
compared to other shade guides [36,37]. Despite these advantages, this scale is not yet
routinely used for color evaluation in dentistry, so using it would prevent us from making
comparisons with previous literature studies. In our opinion, this scale should be incorporated
in future clinical trials to create a body of evidence regarding of whether it is superior or not
to the traditional value-oriented shade guide Vita classical. In the present study the results of
Vita Bleachedguide 3D-MASTER were not consistent with the results of the
spectrophotometer and the Vita classical. The reason for such a difference among the shade
guides and the spectrophotometer is not clear to the authors and should be a focus of future

investigations.

There is a general acceptance that the consumption of staining beverages and foods is

frequently associated to tooth discoloration [38,39]. This premise is based on the findings of
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in vitro studies that reported that smoking, coffee, tea, and wine can lead to tooth
discoloration [16,40-43] and therefore affect the longevity of tooth bleaching [16,43]. This is
the reason of why dentists have been prescribing a white diet and precluding smokers from
bleaching, to guarantee that the immediacy and longevity of the bleaching effect is not

reduced as a result of diet [44] or smoking habits.

Fortunately, based on two out of the three tools for color evaluation, this was not
confirmed in this clinical study and in others [10,14,45]. An earlier study [14], reported that
neither smoking habits nor coffee consumption jeopardized the whitening produced by at-
home bleaching [10]. This means that in a one month short-term follow-up, the deposition of
cigarette smoke and dyes from coffee, wine, and other colorful foods and drinks does not
produce significant color change, and the bleaching outcome is not affected. This was
recently confirmed in a questionnaire-based study [44] in which the ingestion of different
substances during bleaching was not found to be associated with a lower degree of whitening.
Altogether, these findings suggest that the dentin substrate on which carbamide peroxide
exerts its oxidizing action is probably similar irrespective of the smoking and dietary habits of

the patient during the bleaching [10,14,45].

In regard to the longevity of at-home bleaching, the literature findings report
controversial findings. While color rebound was observed after one year [7,46], two years
[21,22] or longer follow-up recalls [19,20], other authors reported stable color in periods

ranging from one to two years [8,17,18,22-24].

In the present investigation, we observed color stability (color assessed after dental
prophylaxis) and color rebound (color assessed without dental prophylaxis) at the one-year
recall, depending on the previous dental prophylaxis. Although diet and the smoking habit
were not shown to affect the immediate outcome of bleaching [10,14], it is likely that this is

the reason for the color rebound observed in the short-term follow-up of one year when dental
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prophylaxis was not performed. Teeth exposed to coloring agents from diet indeed have
greater potential to stain [47]. Similarly, smokers' teeth tend to develop tobacco stains over
time [2], which may vary from yellow to black stains, and the severity is highly dependent on

the length and frequency of the smoking habit.

Unfortunately, the majority of the clinical studies evaluating the longevity of at-home
bleaching did not report the patients’ dietary habits during and after tooth bleaching treatment,
which prevents us from further comparisons. Only a few studies have attempted to associate
the effect of dietary habits with the longevity of at-home bleaching [18,21,46], and they did

not reach conclusive findings, which emphasizes the need for future studies.

It is worth mentioning however, that although significant differences were detected
between the immediate results and the one-year follow-up without dental prophylaxis, the
differences in the DSGU (less than 1 shade guide unit) and DE* (approximately 2 DE* units)

were probably not within the visually perceptible range.

Visual thresholds for color differences are applied to correlate the instrumental color
values with the clinical evaluation. According to Ghinea et al. [48], the threshold for
acceptability was reported to be 3.5 color difference (DE*) units, and that for perceptibility

was 1.8 DE* units based on the spectrophotometer readings.

In longer follow-ups, color rebound might be associated with other factors. As teeth
get older, there is a continuous deposition of secondary dentin by the pulp [49]. As the dentin
thickness increases, the teeth appear yellower. Unfortunately, the length of time that it takes
to change one Vita shade tab due to deposition of secondary dentin is unknown, and it is

probable that it takes longer than the one-year period of the current study.

Although it is not desirable that extrinsic staining may affect the overall perception of

whiter teeth, such coloration may be easily removed by professional dental prophylaxis. This
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also means that evaluation of the color of the dental structure in clinical trials and also in
dental offices should be done after professional dental prophylaxis to prevent extrinsic

staining from masking the whitening outcome produced by the bleaching procedure.

It is worth mentioning that though no significant difference was detected between
smokers and nonsmokers, the data in Tables 2 and 4 highlight that the effect of dental
prophylaxis was more evident in smokers than non-smokers. Had we recruited more patients
or evaluated this study sample in longer follow-ups, this difference might have become
statistically significant. It is likely that this difference becomes more evident and even
significant after some vyears, with smokers eventually having darker teeth than do
nonsmokers. This should encourage further clinical trials on this issue with longer follow-up

periods.
5. Conclusion

At-home dental bleaching with 10% carbamide peroxide remained stable in both groups at
one year as long as extrinsic stains caused by diet and smoking were removed by dental

prophylaxis.
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Excluded (n = 187)
Incisors lighter than A2 (n = 139)
Presence of restorations (n = 18)

Pregnant women (n = 1)
Endodontic treatment performed
on anterior teeth (n = 4)
More than one criteria (n = 25)

Selected (n = 30)

Received intervention (n = 30)

Received intervention (n = 30)

Follow-up

Lost to follow-up (n = 3)
Discontinued intervention (n = 0)

Lost to follow-up (n = 2)
Discontinued intervention (n = 0)

Analysis

Analysed (n = 30)

Analysed (n = 30)

Figure 1. Flow diagram of the clinical trial, including detailed information regarding the

excluded participants.



Table 1. Demographic characteristics of the participants.
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Characteristics

Groups

Smokers Non-smokers

Baseline color (SGU*; mean + SD**) 78+1.1 82+13
Baseline L*(mean = SD) 83+19.9 82.6£9.1
Baseline a*( mean + SD) 04+0.6 -05+£04
Baseline b*( mean £ SD) 26.8£5.5 23.4+1.6
Age (years; mean £ SD) 26.3+£6.5 24.1+6.8
Sex (male; %) 63.3 53.3
Cigarettes/day (mean = SD) 13.2+4.0 -
Average smoking years (mean = SD) 8059 -

* SGU = Shade Guide Unit; **SD = standard deviation.

Table 2. Means and standard deviations of color change in shade guide units (ASGU)

obtained with the value-oriented shade guide Vita classical at the different

assessment points along with the effect size (mean difference) and the 95%

confidence interval (Cl).

) Groups Main factor Mean difference
Assessment time )
Smokers  Non-smokers Time* (95% CI)
Baseline vs. 1 wk 54+20 58+20 56+23a -0.4 (-1.4100.6)
Baseline vs. 1 mth 52+21 5721 54+23ab -0.5 (-1.6 t0 0.6)
Baseline vs. 1 yr before prophy 49+21 56=x21 53+240D -0.7 (-1.8t0 0.4)
Baseline vs. 1 yr after prophy 52+22 5.6+22 54+24ab -0.4(1.6t00.7)

* Groups identified with the same letter are statistically similar



46

Table 3. Means and standard deviations of color change in shade guide units (ASGU)
using the Vita Bleachedguide 3D-MASTER at the different assessment points

along with the effect size (mean difference) and the 95% confidence interval

(Ch.

) Groups Main factor ~ Mean difference

Assessment time ]

Smokers  Non-smokers Time* (95% CI)

Baseline vs. 1 wk 44+10 50+14 47+12a -0.6(-1.2t00.03)
Baseline vs. 1 mth 41+11 47+14 44+13b -0.6 (-1.2 to -0.05)
Baseline vs.1 yr before prophy  3.5+1.2 42+1.6 38x1l4c -0.7 (-1.4 t0 0.03)
Baseline vs. 1 yr after prophy 35+1.2 42+1.6 39+14c -0.7 (-1.4 t0 0.03)

* Groups identified with the same letter are statistically similar.

Table 4. Means and standard deviations of color change in shade guide units (AE*) at the
different assessment points along with the effect size (mean difference) and the

95% confidence interval.

] Groups Main factor  Mean difference
Assessment time ]
Smokers  Non-smokers Time* (95% CI)
Baseline vs. 1 wk 10.5+£3.9 11.1+£33 108+3.6ab -0.6(-2.5t01.3)
Baseline vs. 1 mth 8.8+3.9 10.7+4.0 9.7+40a -1.9(-3.9t00.1)
Baseline vs.1 yr before prophy 82+438 9.2+35 8.7+42c -1.0(3.2t01.2)

Baseline vs. 1 yr after prophy 99+46 10.3+3.7 10.1+42D -0.4 (2.610 1.8)

* Groups identified with the same letter are statistically similar.
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Clinical Relevance

The results of this study indicate that the dental bleaching is effective in smokers even after 30
months, but dental prophylaxis may be necessary to remove extrinsic stains caused by diet and

smoking.
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SUMMARY

Objective: This clinical study evaluated the color longevity after thirty months of at-home bleaching

with 10 % carbamide peroxide (CP) in smokers and non-smokers.

Methods: Sixty patients, 30 smokers (S) and 30 non-smokers (NS) were subjected to bleaching with
10% CP (Whiteness Perfect - FGM) for three hours daily for three weeks. The color was measured at
baseline, one month and 30 months after the completion of dental bleaching, using the shade guide
Vita classical organized by value (ASGU) and the shade guide Vita Bleachedguide 3D-MASTER. In
the 30 months recall, the color was assessed before and after dental prophylaxis. Data from color
evaluation was analyzed by two-way repeated measures ANOVA and Tukey's test for the contrast of

means (a = 0.05).

Results: Twenty-one smokers and 22 non-smokers attended the 30 months recall. For both shade
guides, only the main factor assessment time was statistically significant (p < 0.001). Effective
bleaching was observed in both groups at the baseline, which was stable at one-month. However, color
rebound was observed after 30 months for both groups of participants when color was measured

before and after dental prophylaxis.

Conclusion: Thirty months after at-home bleaching with 10% carbamide peroxide gel, dental
darkening was detected in both groups, which cannot be solely attributed to stains caused by extrinsic

staining from the daily food, drinks and smoke (in smokers).
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INTRODUCTION

Currently dental bleaching is one of the most requested treatments by patients, due to the fact
that white and well-aligned teeth are considered important factors for the concept of a beautiful smile.*
At-home dental bleaching using 10% carbamide peroxide gel with custom-trays is the most widely

used bleaching technique for tooth discoloration treatments.”

Although many studies of at-home bleaching have been conducted, most of them exclude
smokers from their clinical trials,>” which prevent us from assessing the effect of this cosmetic
procedure on such patients. Contrary to this widespread concept, an earlier publication of de Geus et
al.® demonstrated that effective whitening is achievable regardless of whether or not the patient is

smoker.

However smokers' teeth tend to develop tobacco stains over time.® *° Considering that these
stains may vary from yellow to black and the severity is highly dependent on the length and frequency
of the smoking habit, concerns about the longevity of such treatment were raised. The whitening
outcome in smokers was shown to remain stable one year after the bleaching treatment as long as teeth
were submitted to dental prophylaxis before color evaluation.!* These results suggests that color
rebound after bleaching results from the deposition of pigments or cigarette smoke on the dental
surface in such a short one-year follow-up period.

Although there are numerous studies that evaluated the longevity of at-home bleaching, even

12-16

for periods as long as 12 years, none of them have attempted to appraise bleaching longevity after

dental prophylaxis, mainly in smokers patients.

Therefore, the aim of this controlled clinical trial was to compare the 30-month color change
of at-home bleaching with 10% carbamide peroxide in smokers and non-smokers before and after
dental prophylaxis. The null hypotheses tested is that no significant difference will be detected
between smokers and non-smokers after 30 months and no color rebound will be detected in both

groups of participants before and after dental prophylaxis.
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METHODS AND MATERIALS

The State University of Ponta Grossa and the Ethic Committee approved this equivalence
clinical trial (protocol number 16211/ 2014). This study is the thirty-month follow-up of an earlier
study® registered at clinicaltrials.gov under the identification number NCT02017873. This earlier
study was conducted in Chilean and Brazilian centers,® but the follow-up was only performed on the

Brazilians participants.
Inclusion and exclusion criteria

We evaluated participants in a dental chair, after dental prophylaxis with pumice and water to
check whether they met the study’s eligibility criteria. Participants included in this clinical trial were
aged between 18 and 54 years and had good general and oral health. Each participant had at least 1
central incisor of shade A2 or darker as assessed by means of comparison with a value-oriented shade
guide (VITA classical, VITA Zahnfabrik, Bad Sackingen, Germany). Color A2 is the 5" color in the
light to dark value VITA classical shade guide scale, so that there are still 5 shades to allow
measurement of color changes with this scale. This minimal color shade was already employed in

many other clinical trials.*’

We did not include participants who had undergone previous dental bleaching procedures
during orthodontic treatment or those who were pregnant, lactating or with bruxism habits. In addition,
we excluded participants with non-carious cervical lesions and buccal restorations in anterior teeth as
well as those having veneers or full crowns, dental fluorosis, gingival recession, spontaneous tooth
pain, internal tooth discoloration and endodontically treated anterior teeth. Patients with bruxism

habits were excluded as they usually have a high prevalence of dentin sensitivity."’
Study groups

We asked the participants who met the inclusion criteria about their daily smoking habits.
Those who did not smoke were part of the non-smoker group, and those who smoked at least 10

cigarettes per day belonged to the group of smokers. We included 30 participants in each group.



52

Bleaching procedure

We made alginate impressions of each participant’s maxillary and mandibular arch, pouring
the impressions with dental stone. We did not apply block-out material to the labial surfaces of the
teeth.”® We used a 1-millimeter—thick soft vinyl material provided by the manufacturer (Whiteness,
FGM, Joinville, SC, Brazil) to fabricate the custom-fitted tray to hold the bleaching gel. We trimmed
the bleaching tray one mm beyond the marginal gingiva and delivered the tray and the 10% CP gel
(Whiteness Perfect, FGM, Joinville, SC, Brazil) to each participant with oral instructions for use. We

instructed all participants to wear the tray with the bleaching agent for 3 hours daily for 3 weeks.

We instructed the participants to remove the tray after the daily bleaching period, wash it with
water, and brush their teeth as usual. We also provided verbal instructions about oral hygiene,
encouraging participants to brush their teeth regularly with fluoridated toothpastes without whitening

components.
Color evaluation

We checked the color in the middle one-third area of the labial surface in the anterior central
incisor according to the American Dental Association guidelines.*® We used the Vita Bleachedguide
3D-MASTER (VITA Zahnfabrik), which is originally oriented from lightest to darkest color and the
VITA classical shade guide (VITA Zahnfabrik). The 16 classical shade guide tabs (VITA classical,
VITA Zahnfabrik) were arranged from whitest to darkest as follows: B1, Al, B2, D2, A2, C1, C2, D4,
A3, D3, B3, A3.5, B4, C3, A4, C4. Although this scale is not linear, we treated the changes as

continuous, with linear ranking was used in several clinical trials on dental bleaching.“* 6

We calculated the color changes from the beginning of the active phase through the individual
recall times by the change in shade guide units (ASGU) that occurred toward the lighter end of the
value-oriented list of shade tabs. In cases where operators disagree about color matching, we reached a

consensus before dismissing the patient.

Two calibrated evaluators, with a previous agreement of at least 85% determined by means of

weighted k statistics, recorded the shade of the maxillary right central incisor at the baseline, one
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week, one month, 12 and 30 months after finishing the bleaching protocol. At 12 and 30 months, the
evaluation was performed before and after dental prophylaxis with a rotating brush and prophylaxis
paste (Herjos, Vigodent Coltene SA Indlstria e Comércio, Rio de Janeiro, Brazil). After dental
prophylaxis, teeth were rehydrated in the patient’s mouth for 15 min before color assessment. This
care was taken due to the teeth becoming lighter as they were dehydrated % which could have affected

the reliability of the data collected.
Satisfaction assessment

In the 30-month recall, the participants were asked to answer some closed-ended questions
about their satisfaction level concerning the bleaching outcome, their perception of color change, and

their perception of color rebound after 30 months.
Statistical analysis

We performed all the analyses using the statistical software Statistica for Windows (StatSoft
Inc, Tulsa, OK, USA) with a 5% significance level. Two statistical analyses were performed using the
per-protocol (only for the available data) and the intention-to-treat approaches. In the latter, the last
observation was carried forward for the missing data. The color change in ASGU from both shade
guide units was submitted to two-way repeated measures ANOVA (group vs. assessment period) and
Tukey’s test for pairwise comparisons. Due to the exploratory nature of the satisfaction assessment

data, we did not submit these data to statistical analysis, only descriptive analyses were performed.
RESULTS

At the baseline, we screened 305 patients to obtain 60 participants from the Brazilian center
who met the eligibility criteria (Figure 1). Most of non-smokers evaluated were excluded because they
have incisors lighter than A2. Although this is also the main reason for exclusion of smokers, a much
smaller number of these participants had to be evaluated for the selection. The average age and
baseline color of the participants were similar between the groups. Most of the participants were men
(Table 1). The 12-month data was published earlier."* At the 30-month recall, smoking habits did not

change among the majority of participants from the smoking group. Only five of them stopped
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smoking while four reduced the number of cigarettes smoked per day (less than ten cigarettes a day).

All participants included in this controlled clinical trial finished the bleaching protocol and
attended the one-week and one-month recall visits (Figure 1), however 17 patients did not attend the
30-month recall. The reasons for not attending the recall were due to the change of housing location

and | participant’s lacking time availability to return to the university, for a new color assessment.
Per-protocol vs. Intention-to-treat analysis

All statistical analyses were performed with data imputation for missing outcomes (intention-
to-treat) and without data imputation (per-protocol). In all analyses, the same overall conclusions were
reached (data not shown). To avoid data repetition we opted to describe only the results and statistics
obtained in the per-protocol analysis due to the fact that a high percentage of patients (17 out of 60
[28%]) could not be evaluated in the 30-month recall. The distribution of missing data was

homogeneous among groups (n = 9 in the smokers group and n = 8 in the non-smokers group).
Shade evaluation

For both Vita classical shade guide and Vita Bleachedguide 3D-MASTER, the two-way
repeated ANOVA revealed that the cross-product interaction group vs. assessment time (p = 0.079 and
p = 0.378, respectively) and the main factor group (p = 0.517 and p = 0.051, respectively) was not
significant. Only the main factor assessment time was statistically significant (Tables 2 and 3; p <
0.001). The lack of difference between the groups (smokers vs. non-smokers) can also be seen with

the 95% CI interval of the effect size (mean difference) (Tables 2 and 3) that does include zero.

A significant average color change (ASGU) of approximately 5 shade guide units in the Vita
classical guide (Table 2) and 4 shade guide units in the Vita Bleachedguide 3D-MASTER (Table 3)
was observed one month after bleaching for both groups. At 30 months, a slight but significant color
rebound could be detected regardless of whether color was measured before or after dental

prophylaxis (Tables 2 and 3; p < 0.001).
Satisfaction assessment

Participants that attended the shade evaluation at 30 months after bleaching treatment were
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questioned about their satisfaction level (Table 4). The majority of the smokers reported that they still
observed moderate bleaching, while participants in the non-smokers group reported there was still
significant bleaching. Most participants from both groups felt happy with the bleaching result and
would repeat this procedure. After 30 months of the bleaching procedure, 70% of participants reported

that their teeth darkened slightly.
DISCUSSION

As a part of daily life many people smoke, eat dark-colored food, drink coffee, tea, red wine
and other colored drinks. Some investigators have reported that colored beverages and foods can
induce tooth discoloration." ? This fact along with slight demineralization that acidic bleaching gels
produce on dental surfaces” led dentists and product manufacturers’ to request their patients to avoid
smoking, drinking and eating colored beverages and foods during the active bleaching treatment

phase.

However, these dentists’ recommendation seems to be indorsed by bleaching myths, in
relation to efficacy and safety, rather than evidence-based findings.** It was reported in a recent
publication that at-home bleaching did not induce DNA damage to gingival tissue during the
bleaching period in smokers and non-smokers.”® The genotoxicity potencial of smoking detected by
the mean number of micronuclei in exfoliated cells was not increased by at-home bleaching

procedure.”

Considering the effectiveness, the results of the present study highlight that effective
bleaching is achievable in smokers even without requesting them to stop smoking during the active
phase of the bleaching treatment. In a similar trend, an earlier study reported that exposure to coffee
four times a day also did not jeopardize the bleaching efficacy when compared to patients that
followed a white diet.* White diet was a term introduced by Prof. Matis in a recent publication® that
refers to a diet free of colored drinks and foods. This was also confirmed in a recent published study.?
Altogether these three studies provide contrary evidence to this widespread myth that patients should
keep a white diet and/or quit smoking while having their teeth bleached. The self-assessment of the

participants is also in agreement with the results of the shade guide units; most of the participants from
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both groups reported to be happy with the whitening degree and would repeat dental bleaching if

necessary.

On the other hand, we cannot deny the fact that smokers are theoretically more prone to have
stain deposition on their dental surfaces than non-smokers over time. Consequently, concerns about
durability and longevity of the bleaching protocol in such groups of patients are critical. Tobacco has
much nicotine”® and though it is an inherently colorless substance, it turns yellow when put in contact
with oxygen. Nicotine penetrates the nooks and crannies?’ of teeth leading to teeth stains. Apart from
nicotine, tobacco smoke contains carbon monoxide, thiocyanate, herbicide, fungicide and pesticide
residues, tars, sugar, and cocoa,”® which cause dental discoloration due to their dark hue and ability to

adhere to dental surfaces.’

However, our results demonstrated that color rebound was equal in both groups of
participants. We expected that teeth of smokers would be darker than those of non-smokers, which
was not detected by the findings of the present investigation. Perhaps 30-months is still a short-term
follow-up for nicotine and tar to penetrate in the tooth and change its color intrinsically. Another
factor to be considered is that in the 12-month assessment, dental prophylaxis was performed,® so the
extrinsic pigments observed in the 30-month recall were the result of an 18-month accumulation.
Furthermore, some participants stopped or decreased smoking during this 30-month follow-up.
Perhaps the evaluation of such sample in longer follow-ups might allow us to detect if indeed
differences in the longevity of the bleaching outcomes in smokers comparatively to non-smokers may

become evident in longer follow-ups.

Professional mechanical cleaning, such as dental prophylaxis and enamel polishing are
effective means to produce partial or complete stain removal.” Indeed, this was observed in the
present investigation and in the one-year follow-up of this study. By removing the extrinsic stains
presented in the dental surface of the smoker group (produced by diet + cigarette smoke) and in the
non-smokers group (produced by diet), teeth became significantly whiter. This was probably one of

the reasons that reduced the patient’s overall perception of whiter teeth after 30 months of follow-up.

On the other hand, the present study demonstrated that stain deposition is not the single factor
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responsible for the color rebound observed in the present investigation. Contrary to what was observed
in the one-year follow-up,'! the ASGU baseline vs. 30-month after prophylaxis was not statistically
similar to the whitening degree obtained one month post bleaching. Meaning that other factors apart

from superficial dental staining might be associated with such slight but significant color rebound.

As teeth get older, there is a continuous enamel wear and deposition of secondary dentin by
the pulp.® As the dentin thickness increases and enamel thickness decreases,® teeth become
increasingly yellow irrespectively of the dietary conditions or smoking habits. Interestingly, most of
the patients reported that they felt their teeth were darker at the 30-month recall than immediately after
bleaching. In the 30 months recall most of participants of both groups reported that their teeth

darkened slightly.

The participant’s perception is important for clinicians, since a positive correlation was found
between participants’ self-assessment of their tooth shade and that of the clinician.*® One of the most
important factors in determining satisfaction with self-appearance is the tooth color.*® In the present
study most participants, both smokers and non-smokers feel happy with the bleaching treatment result,
which was previously shown in a study to assess patient satisfaction with the whitening treatment
performed.* Some participants reported that the bleaching treatment provided a slight color change,
noticed or not by other people. It has been shown that the patient's expectations regarding the outcome
of the bleaching treatment are higher than those of dentists,® which could lead to a divergence
between them. Meaning that clinical trials should include more patient-centered outcomes rather than
evaluator-centered outcomes, since the patient’s satisfaction or treatment success perception is more
important than the care provider’s perception. It is worth pointing out, however, that the data provided
by the questionnaire included in this trial is just exploratory, as we have not used a validated

instrument for such goal.

The literature findings report controversial findings in regard to the longevity of at-home

bleaching. Some authors reported stable color in periods ranging from one to two years.' *> '® Other

36, 37 13, 38

authors reported color rebound after one year™ “‘and two years and also after longer follow-up

39, 40

recalls, as demonstrated in this study. Indeed, the longevity of such bleaching procedure is yet to
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be determined. In spite of this, 70% of patients reported that they observed a slight color change in

their teeth.

Additionally, the majority of clinical trials that evaluate the longevity of at-home bleaching

did not report the patients’ dietary habits during and after dental bleaching treatment. Only few studies

have attempted to associate the effect of dietary habits with the longevity of at-home bleaching®* 3%

although they did not reach conclusive findings, which emphasizes the need for future studies.
CONCLUSION

After a follow-up of 30 months we detected a significant color rebound in smokers and non-
smokers with 10% carbamide peroxide, which cannot be attributed to extrinsic stains only, as even

after dental prophylaxis, teeth appeared slightly darker than the immediate whitening result.
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Assessed for elegibility

(n= 305)

Smokers (n = 88)

Non- smokers (n = 217)

Excluded (n = 58)
Incisors lighter than A2 (n = 26)
Presence of restorations (n = 12)
Pregnant women (n = 1)
Endodontic treatment performed
on anterior teeth (n = 4)
Smoking less than 10 cigarettes a
day (n = 3)

More than one criteria (n = 12)

Selected (n = 30)

Excluded (n = 187)
Incisors lighter than A2 (n = 139)
Presence of restorations (n = 18)

Pregnant women (n = 1)

Endodontic treatment performed
on anterior teeth (n = 4)
More than one criteria (n = 25)

Selected (n = 30)

Received intervention (n = 30)

Received intervention (n = 30)

Follow-up

Lost to follow-up (n = 9)
Discontinued intervention (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 8)

Analysis

Analysed (n = 21)

Analysed (n = 22)

Figure 1. Flow diagram of the clinical trial, including detailed information regarding the excluded

participants. *An intention-to-treat analysis, where unit imputation was used for missing information,

was also performed and the overall conclusions were the same as the per protocol analysis.
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Table 1. Demographic characteristics of the participants included in this randomized clinical

trial.

Characteristics

Smokers Non-smokers

Baseline color (SGU classical; mean = SD") 6.8+2.3 73%+25
Baseline color (SGU Bleachedguide 3D-MASTER; mean * SD) 78+1.1 82+13
Age (years; mean + SD) 26.3+6.5 24.1+6.8
Sex (male; %) 63.3 53.3
Cigarettes/day (mean £ SD) 13.2+4.0 --
Cigarettes/day at 30 months (mean + SD) 11.8+5.1 --
Average smoking years (mean = SD) 8.0+5.9 --

"SD = standard deviation.
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Table 2. Color change in shade guide units (ASGU) obtained with the value-oriented shade guide Vita Classical at the different assessment points along

with the effect size (mean difference) and the 95% confidence interval (CI).

Medians (interquartile range)

Means + standard deviations

Assessment time

Main factor Mean difference
Smokers Non-smokers Smokers Non-smokers )
Time (*) (95% CI)
Baseline vs. 1 mth 4 (3.75-6.25) 55(4-8) 52+2.1 57+23 55+22° -0.5(-1.9--0.9)
Baseline vs. 30 mths before prophy 4(3-6) 45@3-7) 4722 51%22 50+2.2° -04(1.8-1.0)
Baseline vs. 30 mths after prophy 4 (3.5-6.25) 45@3-7) 5+22 52+23 52+23" -0.2(-1.6-1.2)

* Groups identified with the same letter are statistically similar.
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Table 3. Color change in shade guide units (ASGU) using the Bleachedguide 3D-MASTER shade guide at the different assessment points along with the

effect size (mean difference) and the 95% confidence interval (Cl).

Medians (interquartile range) Means + standard deviations
Assessment time . ) Mean difference (95%
Smokers Non-smokers Smokers Non-smokers Main factor Time* cn
Baseline vs. 1 mth 4 (3-4.25) 4.5 (4-5) 41+11 47+14 4.4 +1.3 0.6 (-1.4-0.2)
Baseline vs. 30 mths before prophy 3(2-3.25) 353-4) 2611 33x12 3.0+1.2° -0.7 (-1.4 -0.0)
Baseline vs. 30 mths after prophy 3(2.75-4) 4(3-4) 3.0+£11 34+£12 32+1.2° -0.4(-1.1-0.3)

* Groups identified with the same letter are statistically similar.



Table 4. Degree of participants’ satisfaction 30 months after bleaching.

QUESTIONS Smokers  Non-smokers _ Swaustical
significance

1 — After the bleaching treatment, you observed that
a) there was no color change in teeth 0 0 n.s.
b) there was mild whitening, not noticed by others 1 0 n.s.
c) there was mild bleaching, noticed by others 2 5 n.s.
d) there was moderate whitening 10 5 n.s.
e) there was a significant whitening 8 12 n.s.
2 —What is your level of satisfaction with the performed bleaching
treatment?
a) Very happy 9 6 n.s.
b) Happy 9 8 n.s.
c) Satisfied 3 8 n.s.
d) Indifferent 0 0 n.s.
e) Dissatisfied 0 0 n.s.
3 — Would you repeat the bleaching treatment in case your teeth get
darker?
a) Yes, because | liked the result 16 16 n.s.
b) Yes, because | would like my teeth become lighter than it is 5 6 n.s.
¢) No, I'm satisfied 0 0 n.s.
d) No, because | experienced pain 0 0 n.s.
4-Does your teeth look darker now (30 months after bleaching)?
a) No 0 1 n.s.
b) Little 14 15 n.s.
¢) Reasonable 6 5 n.s.
d) Too much 0 1 n.s.
e) [ don’t know 1 0 n.s.

* Chi-square test, o. = 0.05.
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Abstract

Objectives To evaluate the dental color exposed to acute cigarette smoke treatment and quantify the
amount of nicotine in samples exposed to cigarette smoke, after dental prophylaxis and after in-office

bleaching.

Materials and Methods Sixty-nine healthy human molars were subjected to cigarette smoke in a cigarette
machine. The teeth were divided into three groups: positive control, prophylaxis, and bleaching. Forty
cycles of smoke exposition with duration of 15 min each were performed using 10 cigarettes (positive
control). Dental prophylaxis was performed with a rotating brush and prophylaxis paste; in-office
bleaching was performed with 35% hydrogen peroxide, in two sessions of three 15-min applications, with
a one week interval between sessions. The color was evaluated at the baseline, after exposure to cigarette
smoke, after dental prophylaxis, and after in-office bleaching. Teeth from each group were powered and
analyzed by gas chromatography-mass spectrometry in order to measure the amount of nicotine present in
each group. Data from quantification of nicotine and color change were analyzed by one-way ANOVA

and Tukey's test (a. = 0.05).

Data For subjective and objective color evaluation, a perceptible dental darkening occurred in teeth after
exposure to cigarette smoke. Dental prophylaxis was able to recover the original color of teeth however,
only after bleaching teeth became whiter than at the baseline (p < 0.001). The amount of nicotine was
significantly different and higher in positive control group (3.3 = 1.3 pg/g of tooth), followed by the

prophylaxis group (2.1 = 1.4 ug/g) and the bleaching group (0.8 + 0.3 ug/g) (p < 0.001).

Conclusions Cigarette smoke penetrates into the dental structure. Dental prophylaxis and bleaching with
35% hydrogen peroxide can partially remove the nicotine from tobacco smoke. However, when in-office

bleaching was applied, a more significant nicotine removal was achieved.

Clinical Significance Nicotine deposit on the external dental surface, and penetration within the dental

structure. Although dental prophylaxis decreased the quantity of nicotine in teeth exposed to cigarette
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smoke, in-office bleaching decreased it even further.

Key words Tobacco Products « Gas Chromatography-Mass Spectrometry « Nicotine » Tooth Bleaching

Agents.
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Introduction

Since 1980, large reductions in the estimated prevalence of daily smoking were observed at the
global scale both for men and women, but due to population growth, the number of smokers has increased

significantly [1].

When burning, cigarette components such as tar, sugar, nicotine, and cocoa are transferred to
smoke due to heating [2]. Nicotine is the most specific component of a cigarette, which is responsible for
tobacco dependency. It is present in a relatively large amount (1-2 mg per cigarette). It is absorbed and

measured in active smokers as liabilities [3, 4].

Cigarette smoke by products was already observed in composite resins and dental structures [5].
Nicotine deposit on a dental surface might penetrate enamel grooves leading to dental yellowing.

Although nicotine is a colorless substance, it turns yellow when exposed to oxygen [6].

Whether or not this dental yellowing in smokers is caused by external staining or by the deposits
of cigarette smoke by products within the dental structure is yet to be evaluated. If this yellowing was
caused by the deposits of dark hue cigarette smoke on the dental surfaces of teeth [7], mechanical and
professional cleaning could be appropriate means of recovering natural dental color [8] by decreasing the
amount of nicotine and other pigments on the dental surface. Recently, de Geus et al. (2015) [9] showed
that effective and similar whitening was achieved in smokers; however 1-month post-bleaching smokers
showed slightly darker teeth [10], probably due to the deposition of cigarette smoke stains on the dental
surfaces. After one-year, de Geus et al. (2015) [11] observed the same trend: smokers having slightly

darker teeth than nonsmokers, but this could be reverted by performing dental prophylaxis.

However, one cannot rule out the fact that this yellowing could also be the result of nicotine
deposit within the dental structure. In this case only oxidizing methods, such as dental bleaching could

change the molecular structure of these colorful molecules and recover natural dental color.

Therefore, the aim of this in vitro study was to evaluate the color of teeth exposed to acute
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cigarette smoke treatment and quantify the amount of nicotine in these samples after dental prophylaxis

and in-office bleaching.
Materials and methods

The State University of Ponta Grossa (protocol 11265/2015) and the Ethics Committee from the
same University (protocol number 1.065.444) approved this in vitro study. Sixty-nine sound human

molars were obtained from the Bank of extracted teeth from the same university.
Chemicals

The cigarettes (Marlboro Red) were purchased from Philip Morris Brazil Ind. e Com. Ltda. (Santa
Cruz do Sul, RS, Brazil). Water was purified using a Millipore Milli-Q system (Millipore) and it was used
for all the experiments. Methylene chloride (CHCI,) was GC grade (JT Baker) and ammonium hydroxide
(NH,OH) was analytical grade (Fisher Scientfic). The standards of nicotine (> 97% purity) and

diphenylamine (> 99% purity, IS) were purchased from Sigma—Aldrich (St. Louis, Missouri, EUA).
Teeth samples and cigarette smoke exposure

The sound human molars were placed in a smoke machine to allow for impregnation of cigarette
smoke into the dental structures. Briefly, the home-made machine (Figure 1) aspires and conducts smoke
from the cigarette through glass cannulas aiming to allow it to circulate and deposit the chemical products
on the dental surface. Forty cycles (15 min/each cycle) with 10 cigarettes were performed, totaling 400
cigarettes. This cycle resembles a 1-year smoking habit, considering: 1) an average of 15 cigarettes a day;

2) a 4-second contact time of cigarette smoke with the teeth per inhalation; 3) 11 inhalations per cigarette.
Staining removal procedure

After cigarette smoke exposure, teeth were divided in three groups (n = 23 each). In specimens
from the positive control group, no attempt was made to remove the staining produced by the cigarette
smoke. In specimens from the prophylaxis group, teeth were submitted to dental treatment with a rotating

brush and prophylaxis paste (Herjos, Vigodent Coltene, Rio de Janeiro, RJ, Brazil). On each dental
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surface, the paste was scrubbed with the rotating brush for 60 s using intermittent motion; after that, the
specimens were rinsed abundantly with water (x 100 mL) for 30 s and kept in water at 37°C. On the
specimens from the bleach group, the teeth were fixed in styrofoam and in-office bleaching was performed
using 35% hydrogen peroxide gel (Whiteness HP MAXX — FGM Dental Products, Joinville, SC, Brazil)
following the manufacturer’s instructions. The bleaching agent was applied on all surfaces and refreshed
every 15 min during the in-office process for three times. Two bleaching sessions, with a one-week
interval between them, were performed. In the meantime, teeth were always kept immersed in water at

37°C.
Shade evaluation

The color of the teeth was evaluated using an objective and subjective method. For the objective
shade evaluation, we used a digital spectrophotometer (VITA Easyshade, VITA Zahnfabrik, Bad
Séackingen, Germany). Before color evaluation, an impression of the teeth was taken with dense silicone
paste (Coltoflax and Perfil Cub, Vigodent, Rio de Janeiro, RJ, Brazil), a window was created on the
buccal surface of the silicone guide by using a metal device with a radius of 6 mm, to standardize the area

for color evaluation at the different assessment points.

The color was determined using the parameters of the digital spectrophotometer on which the
following values were indicated: L*, a*, and b*, where L* represents luminosity (the value from 0 [black]
to 100 [white]), and a* and b* represent color along the red-green axis and color along the yellow-blue
axis, respectively. The difference between the baseline and each recall period (AE*) was calculated by

using the following formula (CIE 1978)[12]: AE* = [(AL*)*+ (Aa*)*+ (Ab*)*]*2,

For the subjective evaluation, two shade guides were used. The 16 tabs from the VITA classical
shade guide (VITA Zahnfabrik) were arranged from whitest to darkest as follows: B1, Al, B2, D2, A2,
C1, C2, D4, A3, D3, B3, A3.5, B4, C3, A4, C4. The Vita Bleachedguide 3D-MASTER was also used,
developed for bleaching studies [9, 13-16], in which the color tabs are already organized from whitest to

darkest. The color in the middle one-third area of the labial surface of the teeth was checked. Color
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changes were calculated from the beginning of the active phase through the individual recall times by the
change in shade guide units (ASGU) that occurred toward the lighter end of the value-oriented list of

shade tabs.

The color was measured before exposure to cigarette smoke (baseline), after exposure to cigarette

smoke, and after each treatment for stain removal (dental prophylaxis and in-office bleaching).
Sample Analysis

After color measurements, teeth from each group were broken in pieces, 5 g was pulverized by a
ball mill machine (SPEX SamplePrep 8000M Mixer/Mill, Metuchen, NJ, USA) for 60 min at 1725 rpm.
This procedure was repeated 4 times producing four samples for each study group (Figure 2). The study
groups were processed using the same procedure described below for the calibration curve standards
extraction: 15 mg of sample was added to 1 mL NH;OH 2%, vortex for 20 s, incubated in a sonication
bath at 80°C for 30 min and then 1 mL of CHCI, was added to the solution and the mixture was
homogenized by a vortex for 1 min and centrifuged for 15 min at 9000 rpm. The organic layer was

transferred to a vial prior to gas chromatography-mass spectrometry [17].
Gas Chromatography-Mass Spectrometry analysis (GC-MS)

The analysis was performed using Agilent 7898B gas chromatography (Santa Clara, CA, USA)
coupled with Agilent 5977 with a single quadrupole mass specific detector. The Agilent J&W DB-23MS
fused silica capillary column [(50%-Cyanopropyl) - methylpolysiloxane, 30 m in length x 0.25 mm i.d.,
0.25 um film thickness] was used with helium as the gas carrier at a flow rate of 1.0 mL/min. The oven
temperature program started at 100 °C, then the column was sequentially heated at a rate of 20 °C/min to
250 °C and was held for 10 min. Both the injector temperature and the transfer line temperature were
programmed at 250 °C. The split less injection mode was used with 2 pL injection. The EI spectrum was
recorded at 70 eV from m/z 50 to 500 in both scan and selected ion monitoring (SIM) modes. The ions of
m/z 162 and 169 were selected to monitor nicotine and IS, respectively. The MS source temperature was

set to 230 °C, the single quadrupole temperature was 150 °C. The instrument was controlled by the
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Agilent Enhanced MDS Productivity ChemStation software (version E.02.02). Wiley and NIST library
(version 2.0 g) was used to assist substance identification. Further identification was based on the relative

retention index compared with literature and the reference standards.
Calibration curve and quality control preparation

Nicotine stock solutions (Figure 3) were prepared in MeOH (1000, 500, 200, 100, 50 and 10
ng/mL, volumetric flask). From stock solutions, the calibration curve in matrix was prepared. For this, we
added in an eppendorf 50 pL of IS solution (1 pg/mL in MeOH), 20 mg of matrix (blank powder tooth),
100 pL of nicotine stock solutions to reach final concentrations of 100, 50, 20, 10, 5 and 1 ng/mL) and
ImL NH4OH 2%. This solution was vortexed for 20 s and in the sequence incubated in a sonic bath at

80°C for 30 min.

After that, we added 1 mL of CHCI, and the mixture was homogenized by a vortex for 1 min and
centrifuged for 15 min at 9000 rpm. The CHCI, layer (bottom) was transferred to a vial and injected into
the GC-MS. The quality controls (80, 30 and 15 ng/mL) were prepared in the same way. The calibration
curve and quality control standards were prepared in triplicate and the calibration curve was drawn by

plotting the peak area ratios between nicotine and IS [18].
Recovery, intermediate precision and accuracy

The recovery was evaluated comparing 3 quality control solutions prepared as described above
(extracted solutions) and 3 standard solutions (50 pL of IS solution (1 pg/mL in MeOH), 100 pL of
nicotine stock solutions (80, 30 and 15 ng/mL), and 850 pL of CHCI, to get the perceptual recovery. The
intermediate precision (intra and inter day) was obtained by evaluating the quality control samples in three
non-consecutives days. The accuracy was determined by back calculation of the quality controls measures

(calculated concentrations).
Limits of detection and quantification

The limit of detection (LOD) was determined by taking the signal-to-noise ratio of the three as
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criterion, the limit of quantification (LOQ) was the lowest concentration evaluated with coefficient of

variation (RSD%) smaller than 5% and accuracy below 20% [19].
Statistical analysis

All analyses were performed using a software (Statistica for Windows, Stat Soft Inc.) and a 5%
significance level. The quantification of nicotine and color change in shade guide units and in AE was
submitted to a one-way ANOVA and Tukey’s test for pairwise comparisons. In case the data did not show

normal distribution, non-parametric statistics (Kruskall-Wallis and Dunn’s test) were performed instead.
Results
Color change

The mean shade guide units obtained with both color guides are shown in Table 1. Non-
parametric statistics revealed a significant difference among the groups (Table 1; p < 0.001) for both
scales. Color at the baseline got darker after exposition to cigarette smoke. After dental prophylaxis, color
was statistically similar to the baseline. The lightest color was obtained after dental bleaching (Table 1; p

< 0.001).

The AE mean values can be seen in Table 2. One-way ANOVA revealed a significant difference
among groups (Table 2; p < 0.001). After dental prophylaxis, we could observe a reduction of the AE
values compared to the AE obtained at the baseline vs. after cigarette exposition. The difference was even
more expressive and statistically different when we observe the baseline vs. after dental bleaching values

(Table 2; p < 0.001).
Nicotine determination on teeth

Initially, chromatographic (temperature, injection amount and ion source energy) and extraction
conditions (NaOH/NH,OH, hexane/CHCI, and different times of sonic procedure) were determined to get
the best compromise for nicotine determination. A liquid-liquid procedure using an alkaline solution

(NH,OH) and CHCI, (to improve the nicotine extraction from the matrix) was optimized and a 7.5 min
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chromatographic run was developed and allowed to observe the nicotine peak at 3.8 min showing a

fragment at m/z 162 and the peak of internal standard at 6.6 min (m/z 169) (Figure 4).

The chromatogram was well resolved and peaks from the substances were confirmed, injecting the
standard of both solutions (nicotine and IS) in the same conditions. The nicotine quantification in teeth
samples was obtained after method validation was conducted according to the Brazilian government
validation rules [18, 19]. The linearity was confirmed with the adequate regression equation y = 0.0024x +
0.0065, and good correlation coefficient (r?) of 0.9987. Table 3 presents the obtained values of precision

and accu racy parameters.

The limits of detection (LOD = 0.3 ng/mL) and quantification (LOQ =1 ng/mL) of nicotine were
adequate for the goal of this study, getting RSD% for the LOQ and for the intra and inter day study lower
than 20%. This criterion is considered satisfactory considering that the analysis was executed in a complex
matrix (teeth). The validation of the method was considered adequate for the quantitative purpose and the

method was applied to analyze the teeth samples from the different groups.

The sample from cigarette non-exposed teeth samples did not reveal the presence of nicotine (data
not shown), highlighting that there was no contamination in process. The means and standard deviations
of nicotine in the different groups are shown in Table 4. One-way ANOVA revealed the significant
differences among groups (Table 4; p < 0.001). For the positive control group one can observe the
presence of nicotine in the dental structure of teeth after exposure to cigarette smoke in high amount.
Dental prophylaxis was able to remove approximately 36% of the nicotine presented on the dental

structure; but an expressive reduction (approximately 75%) could only be removed after dental bleaching.
Discussion

Several methods have been proposed to investigate the amount of nicotine within the dental
structure. Deciduous teeth have been proposed as a matrix for measuring the cumulative exposure to
environmental tobacco smoke during the whole childhood [20] and the gas chromatography—mass

spectrometry (GC-MS) technique can be used for the determination of this biomarker in teeth [17].
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Chromatographic methods to measure nicotine in different biological matrix are very useful and described
in the literature [21-23]. However direct methods that allow the determination of this substance in these
matrixes normally requires relatively expensive analytical instruments [23]. The chromatographic method
developed in this study, using the GC-MS equipment, presented an excellent resolution for nicotine and 1S
without additional peaks in the short analysis time (7.5 min of run and initial conditions were restored in

10 min).

For this chromatographic analysis, only a two-step sample preparation method without sample dry
step in the end of the extraction was developed. Marchei et al. (2008) [21] also published a method to
measure nicotine in teeth using chromatography method (LC-MS) but for this goal these authors
developed a very long and with several steps for sample pre-treatment. Additionally, Miyazawa et al.
(2011) [22] developed a sensitive and useful method for the determination of nicotine using the liquid
chromatography. The authors described that the method presented adequate resolution of nicotine and the

sample preparation was very simple, achieving the purpose of the investigation.

Using the GC-MS technique, Shin et al. (2002) [24] proposed the determination of nicotine and
cotinine in human urine, plasma, and saliva and Pascual et al. (2003) [17] the measurement of these
substances in children teeth samples. These last authors described that a validated GC-MS was simple and
reliable to determine the nicotine amount in the samples. In the present study we also reached the same
conclusions using a chromatographic method to determine the amount of nicotine in different samples of
teeth with the advantage to develop a fast and reliable pre-treatment method to extract the nicotine from

the teeth samples.

It is known that cigarette smoke, coffee, and wine and as well as other colorful dyes are
macromolecular compound chains that may adhere to the dental surfaces over time [25]. Nicotine is the
most specific component of cigarettes and its deposition on dental surfaces as well as penetration in teeth
might lead to dental yellowing [6]. Teeth exposed to coloring agents from diet indeed have greater

potential to stain [26]. Similarly, smokers' teeth tend to develop tobacco stains over time [27], which may
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vary from yellow to black stains, and the severity is highly dependent on the length and frequency of the

smoking habit.

In the present study we could observe that teeth color got darker after exposition to cigarette
smoke, which is consistent with the findings of some in vitro studies [7, 8]. By using the GC-MS
methodology, we could observe the presence of nicotine in samples that were exposed to cigarette smoke

(positive control).

However, after dental prophylaxis, we could observe a reduction mean SGU (teeth getting whiter)
compared to that of teeth exposed to cigarette smoke. This was even more expressive in the bleaching
groups. The first conclusion that we can reach from these results is that cigarette smoke really makes a
deposit on the external surface of teeth, as dental prophylaxis, which can only clean teeth superficially,

was capable to reduce nicotine.

Nevertheless, as this cleaning procedure was not capable to eliminate all nicotine presented in the
teeth specimens, one can suggest that nicotine can penetrate the dental structure and become entrapped
within enamel and/or dentin. Indeed, a significant amount of nicotine (around 64%) was still detected in

teeth sample after dental prophylaxis.

Although dental prophylaxis could remove only 36% of the nicotine presented on the external
dental surface of the teeth, this procedure was already enough to allow the teeth to recover their original
color, measured with a shade guide in the shade guide units. This means that the nicotine presented in the
internal structure of the teeth was not in amount enough to alter the color of the teeth. The cigarette cycle
exposure employed in this study resembles a 1-year smoking habit, which is perhaps a short-term
exposition to significantly alter the color of the dental structure by the penetration of the cigarette smoke.
Perhaps, using the same methodology but using longer exposure times to cigarette smoke, one could
detect significant color changes in teeth even after dental prophylaxis. More research on this topic should

be conducted.

In a recent one-year clinical study of at-home bleaching in smokers [11], the authors observed that
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color rebound was observed in smokers when color at one-year was measured before dental prophylaxis
(without removal of cigarette smoke stains), but not after dental prophylaxis. In both situations, in the
clinical study [11] and in this in vitro study, the deposition of dark hue cigarette smoke on dental surface

was responsible for such yellowing.

When we observe the baseline vs. after dental bleaching values, one can see that dental bleaching
with 35% hydrogen peroxide was effective to whiten teeth as already reported in several clinical studies
[28-35] and also effective in removing nicotine significantly. In-office dental bleaching removed
approximately 75% of the nicotine presented on and within the dental structure of the dental specimens.
Therefore, dental bleaching may be considered an effective way to significantly reduce the amount of
nicotine that becomes entrapped within the dental structure produced by smoking habits. Further in vitro

and in vivo studies should be conducted to investigate the hypothesis herein raised.

Conclusions

The chromatographic method allowed the evaluation of nicotine in dental specimens after
cigarette smoke exposure. Cigarette smoke deposit on the external dental surface and also on the internal
dental structure. Dental prophylaxis and in-office bleaching with 35% hydrogen peroxide can reduce the
amount of nicotine deposited on the external surface of teeth as well as the nicotine that penetrates it by

cigarette smoke. However, in-office bleaching showed a more significant removal of nicotine.
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Figure 1. Home-made cigarette smoke machine.
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Figure 2 - Schematic drawing of the milling process of the teeth.
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Figure 3. Mass spectrum and chemical ionization of nicotine.
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Figure 4. Chromatogram of samples. (A) Standard, (B) Positive group tooth sample group, (C) Prophylaxis
tooth sample group, (D) Bleaching tooth sample group; Nicotine Rt = 3.8 min and diphenylamine Rt = 6.6 min.



86

Table 1 — Means and standard deviations (SD) of color in shade guide units (SGU) with Vita classical shade
guide and Vita Bleachedguide 3D-MASTER for the different groups (*)

Means + SD Medians (interquartile range)
Groups
Vita Classical Bleachguide Vita Classical Bleachguide
Baseline 5.9+3.3% 75+244 5(3-9) 8 (5.5 - 10)
After cigarette smoke 9.1+26° 9.1+158 9(8.5—11) 9 (8-10.5)
After dental prophylaxis 50+3.2° 6.4+23° 5(2-8.5) 7(4-9)
After dental bleaching 1.0+£0.2° 25+1.1°€ 1(1-1) 2(2-3)

(*) Comparisons are valid within each column. Kruskall-Wallis test and Dunn’s test (p < 0.001). Distinct letters indicate
means that are statistically different.

Table 2 — Means and standard deviations of color change in shade guide units (AE) of the different groups (*)

Groups AE
Baseline vs. after cigarette exposition 20.8 +6.4%
Baseline vs. after dental prophylaxis 175 +6.28
Baseline vs. after dental bleaching 11.6 +5.2°

(*) One-way analysis of variance and Tukey’s test (p < 0.001). Distinct letters indicate means that are statistically different.

Table 3. Precision (n=3; RDT%) and accuracy (n=9; %) evaluation for nicotine (*)

NICOTINE 1 day 2" day 3" day

Parameters Precision Accuracy Precision Accuracy Precision Accuracy
80 ng/mL 4.1 101.2 11 93.9 3.2 83.6

30 ng/mL 10.0 93.2 6.3 91.1 1.0 100.4

15 ng/mL 3.5 102.8 3.7 109.3 5.0 1185

(*) Analysis in triplicate

Table 4 — Means and standard deviations of nicotine in teeth (*)

Groups Nicotine (ug/g of tooth)
After cigarette smoke exposure 33+1.3°
After dental prophylaxis 2.1+14
After dental bleaching 0.8+£0.3°

(*) One-way analysis of variance and Tukey's test (p < 0.001). Distinct letters indicate means that are statistically different.
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Abstract

Objectives A systematic review of clinical studies to evaluate the micronuclei frequency in
the oral mucosa of smokers and non-smokers in adult patients was performed.

Materials and Methods A comprehensive search was carried out on MEDLINE via PubMeb,
Scopus, Web of Science, LILACS, BBO and Cochrane Library and SIGLE without
restrictions. Dissertations and thesis were searched using the ProQuest Dissertations and
Periodicos Capes Thesis Databases. We included only cross-sectional clinical trials that
compared the frequency of micronuclei in the oral mucosa of smokers and non-smokers in

adult patients.
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Data After title and abstract screening, 35 studies remained. Eighteen studies were further
excluded, whereas 17 studies remained for qualitative analysis and 16 for the meta-analysis of
the primary and secondary outcomes. The standardized mean difference of the frequency of
micronuclei between groups was 1.64, with a 95% confidence interval of 1.09 to 2.20 (p <
0.001). Based on these studies, a significant statistical difference between the groups could be
identified. Data were heterogeneous (chi-square test, p < 0.00001; 1> = 92%), which means
that all studies included in the analysis did not share a common effect size.

Conclusions Despite the high variation in the methodology of the assessed studies, this study
showed a higher frequency of micronuclei in exfoliated cells of smokers compared to non-
smokers.

Clinical significance The use of tobacco is associated with cytotoxic and genotoxic effects

because a higher frequency of micronuclei in exfoliated cells of smokers was observed.

Key words Systematic review * Meta-analysis * Micronucleus tests « Tobacco use
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Introduction

In 2011 there were around 1.2 billion smokers in the world [1]. The number of
smokers has increased steadily worldwide, and there are preliminary indications that global
prevalence among men increased in recent years [2]. Cigarette smoke contains over 4000
chemical compounds. More than 60 of these have been identified as cancer causing [3]. The

smoking habit causes more than 1 million cancer deaths per year [1].

DNA damage in cells from the oral mucosa of smokers usually sign the genotoxicity
potential of the smoking habit [4, 5]. This can be indirectly observed by the increase in the
frequency of micronuclei in exfoliated epithelial cells (MN). During the division of the cells
from the basal layer of the mucosa, the damage to the DNA molecule leads to the formation
of micronuclei. This generally occurs days or weeks after the contact with the carcinogenic
agent [6, 7]. Chromosome fragments or whole chromosomes that are not included in the main
cores during nuclear division produce MNs and they reflect chromosomal damage providing
an early marker of carcinogenesis [8]. The evaluation of the frequency of MN is a viable
method for the detection of the risk of cancer in humans, because the majority of tumors
possess epithelial origin [8]. An increased frequency of MN in exfoliated cells of the oral
mucosa has traditionally served as an index to assess the genotoxicity of exposure to various

carcinogens [9, 10].

This explains why the majority of recent studies have shown that the frequency of
micronuclei is significantly higher in smokers than in non-smokers [5, 11-13]. However, the
literature in this issue is not consensual, as there are some studies that did not found
difference in micronuclei frequency of smokers and non-smokers [14, 15]. In face of the
controversial results, the aim of this systematic review of the literature was to answer the
following focused question: Does smoking habit increase the micronuclei frequency in the

oral mucosa of adults compared to non-smokers?
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Materials and methods

Protocol and registration

This study protocol were registered at the PROSPERO database (CRD42015017053),
and we followed the recommendations of the PRISMA statement for the report of this

systematic review [16].

Information sources and search strategy

The controlled vocabulary (mesh terms) and free keyword in the search strategy was

defined based on the following PECO question:

1. Population (P): adults.

2. Exposure (E): smoking habit.

3. Comparison (C): non-smokers.

4. The outcome (O): frequency of micronuclei.

5. Study design (S): cross-sectional studies.

To identify trials to be included for this review, we searched on the electronic

databases MEDLINE via PubMeb, Scopus, Web of Science, Latin American and Caribbean
Health Sciences Literature database (LILACS), Brazilian Library in Dentistry (BBO) and

Cochrane Library. No restrictions to publication date or languages were performed.

Other sources were also used to identify more articles. We explored the grey literature
using the database System for Information on Grey literature in Europe (SIGLE), and
dissertations and thesis using the ProQuest Dissertations and Thesis Fulltext database, as well

as the Periodicos CAPES Thesis database.
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To locate unpublished and ongoing trials related to the review question, we searched

the following clinical trials registry: Current Controlled Trials (www.controlled-trials.com),

International  Clinical trials registry platform (http://apps.who.int/trialsearch/), the

ClinicalTrials.gov (www.clinicaltrials.gov), Rebec (www.rebec.gov.br), and EU Clinical

Trials Register (https://www.clinicaltrialsregister.eu).

Eligibility criteria

We included cross-sectional clinical trials that compared the frequency of micronuclei
in smokers and non-smokers in adult patients of any age group. The frequency of micronuclei

was the primary outcome of the study. We included only clinical studies in humans.

Non-controlled clinical trials, editorial letters, pilot studies, historical reviews, in vitro
studies, descriptive studies, such as case reports and case series were excluded. Additionally,
clinical studies were excluded if 1) studies compared frequency of micronuclei in smokers
and passive smokers; 2) studies evaluated DNA damage in patients who have smokeless
tobacco habits; 3) studies that used “Papanicolau” technique as staining method as this

method is not specific for DNA.

Study selection and data collection process

Initially, the articles were selected by title and abstracts. Articles that appear in more
than one database were considered only once. Full-text articles were obtained when the title
and abstract had insufficient information to make a clear decision. Subsequently, two
reviewers classified those that met the inclusion criteria. Details about the study, methods,

participants and outcomes were extracted using customized extraction forms.


http://www.controlled-trials.com/
http://apps.who.int/trialsearch/
http://www.clinicaltrials.gov/
http://www.rebec.gov.br/
https://www.clinicaltrialsregister.eu/

93

Risk of bias in individual studies

The internal quality of included studies was assessed using the EPHPP Modified scale
(Effective Public Health Practice Project) [17] by two independent reviewers. This quality
assessment tool evaluates the design and quality of randomized clinical trials and
observational studies and also facilitates incorporation of quality assessments in the
interpretation of the meta-analysis results, albeit not used as criteria for inclusion or exclusion

of articles.

The quality assessment instrument used contains the following components: 1)
selection bias, 2) study design, 3) identification and treatment of confounders, 4) blinding of
outcome assessors and of participants, 5) reliability and validity of data collection methods,
and 6) withdraws and dropouts. The components are rated strong, moderate, or weak
according to a standardized dictionary (http://www.ephpp.ca/PDF/QADictionary_dec

2009.pdf) [17].

The overall rating for the study is determined by assessing the six component ratings.
In the original instrument, [17] those with no weak ratings and at least four strong ratings
should be considered strong. Those with less than four strong ratings and one weak rating are
considered moderate. Finally, those with two or more weak ratings are considered weak.

Strong and moderate studies were included in the review [17].

As on our review we only included cross-sectional studies, the item study design was
not computed for the overall rating of the study. As blinding of participants was never

possible and was not likely to affect the outcomes, only evaluator blinding was rated.

We listed three important confounders that should have been taken into consideration

in the study: alcoholism habit, time of smoking and number of cigarettes a day. If the article
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controlled two or three of these items, this study item was considered strong, if the study
controlled only one of these items, this study item was considered moderate, and if the article

did not control any of these confounders, this study item was considered weak.

During data selection and quality assessment, any disagreements between the

reviewers were solved through discussion, and if needed, by consulting a third reviewer.

Summary measures and synthesis of the results

When authors evaluated the micronuclei frequency in different regions in the oral
cavity or when more than one group of smokers was added, we combined these data to make

a single entry in the meta-analysis.

All analyses were conducted using RevMan 5.3 (Review Manager, The Cochrane
Collaboration, Copenhagen, Denmark). Data from eligible studies were continuous
(frequency of micronuclei). The random-effects models were employed for the continuous

data.

Results

Study selection

After database screening and removal of duplicates, 1338 studies were identified
(Figure 1). After title and abstract screening, 35 studies remained and this number was

reduced to 17 after careful examination of the abstracts.

Characteristics of included articles

The characteristics of the 17 studies selected are listed in Table 2. The mean of

cigarettes a day smoked by the participants in the trials varied from 4 to 34 [11, 14, 15,18-24].
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Five out of the 17 studies did not report this data [6, 13,25-27]. Two studies reported the mean

of packs a year [28, 29].

The mean time of smoking ranged from 0.5 to 18 years [11, 13-15, 18-20,23-28]. Four

out of the 17 studies did not report this information [6, 21, 22,29].

The smallest sample size per group was 10 [14] and the highest was 83 in the smokers
group [11] . The mean age of participants ranged from 25 to 51 [11, 13-15, 19-24, 26, 27],
and five out of 17 studies did not report this information [6, 18, 25, 28, 29]. Most of
participants of the studies were male [11, 13-15, 22, 24, 26, 28], with exception of four
studies [19-21, 29]. Five out of 17 studies did not report the sex of participants [6, 18, 23,

25,27].

All studies (n = 17) smeared the mucosa of the cheek [6, 11, 13-15,18-29]. Some of
these studies also used the tongue for collecting exfoliated cells [15, 23, 24], the lower lip [23,

26] and the palate [23, 24].

The number of cells counting per participant ranged from 100 to 2000. Six out from
17 studies performed 1000 cells counting per participant [18, 19, 21, 27-29], four studies
performed 2000 cells counting per participant [11, 15, 20, 25] and the remaining seven studies

performed different cells counting per participant [6, 13, 14, 22-24, 26].

Ten out of 17 studies just evaluated micronucleated cells [6, 13, 21, 23-29]. Three
studies evaluated binucleated cells [11, 14, 20], four evaluated karyolysis, karyorrhexis and
pycnosis [11, 14, 15, 20]. One analyzed apoptosis [19], nuclear bud [20], aberrant cells [18]

and spindle disturbances [22].

According to the staining method used for coloring the cytologic smears, the Feulgen

stain was the most used method, applied in twelve out of the 17 studies [6, 11, 13-15, 18, 20-
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23, 26, 29], followed by Giemsa stain, used in five studies [14, 19, 25, 27, 28]. Two studies
used Acridine orange [24], one study used papanicolau [28] and another one used various

staining techniques [14].
Assessment of the risk of bias

The quality assessment of selected studies is presented in Table 3. In summary, from
the 17 studies, thirteen were considered moderate [11, 14, 15, 18, 20-28] and four were
considered strong [6, 13, 19, 29], according to the quality assessment components of the
Effective Public Health Practice Project (EPHPP). Therefore all the studies met the best

requirement features for inclusion in the meta-analysis of the frequency of micronuclei.
Meta-analysis

All meta-analysis was performed on studies classified as strong and moderate on the
final rating of quality assessment components.
Frequency of micronuclei

This analysis was based on 16 studies [6, 11, 13-15, 18-28]. One study [29] was not
included in this meta-analysis as it did not provide means and standard deviations for this
outcome. This study showed the distribution of 0-5 positive wells for micronuclei separately
among smokers and non-smokers, therefore, we could not extract the mean and standard
deviation data.

The standardized mean difference of the frequency of micronuclei between groups
was 1.64, with a 95% confidence interval of 1.09 to 2.20 (p < 0.001). Based on these studies,
a significant statistical difference between the groups could be identified (Figure 2). Data
were heterogeneous (chi-square test, p < 0.00001; 1 = 92%; Figure 2), which means that all

studies included in the analysis did not share a common effect size.
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Frequency of other DNA damage

The other genotoxic changes were binucleated cells, karyolysis, karyorrhexis and
pyknosis. These genotoxic changes were evaluated by three studies [11, 15, 20] and the effect
estimate and heterogeneity data produced after running the meta-analyses can be seen in
Table 4. In all cases, significant differences were observed between groups, with more
significant DNA damage in the smokers group. Heterogeneity was also significant in almost
all cases, except for binucleated cells and karyorrhexis.
Sensitivity analysis

In order to identify some predictor factors that could be responsible for the high
heterogeneity observed in the frequency of micronuclei we evaluated the impact of the
staining method (Feulgen or Giemsa), the local of smear (cheek or tongue), the quality of
studies (strong or moderate), the mean number of cigarettes a day (less or more than 15), the
smoking time (less or more than 10 years), and the type of smoking (cigarette or beedi) on the
effect estimate as well as in the heterogeneity. In none of the cases, we observed significant
reduction of the heterogeneity, which remained significant in all situations (data not shown).

Discussion

The study of DNA damage in exfoliated cells collected from the oral cavity holds
great promise as a minimally invasive method for monitoring exposure to genotoxic agents
[30]. Oral exfoliative cytology has been largely used for screening of nuclear abnormalities,
such as micronucleus formation, karyolysis, karyorrhexis, pyknosis, binucleated cells, broken
egg nucleus, anucleation, and so on [30]. Its faithfulness to detect malignant changes are
around 95%, which gives sufficient credibility to use it as a screening test in populations at
high risk of oral cancer development [31].

An increased frequency of chromosome breaks has been recently demonstrated to be

an initial event in carcinogenesis, suggesting that these alterations may play a significant role
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in assessing oncogenic risk [32, 33]. Among biomarkers that can be used for this purpose, the
measurement of MN appears to be one of the most suitable. An increased frequency of MN in
exfoliated cells from oral mucosa has served traditionally as an index for evaluating the
genotoxicity of exposure to various carcinogens [9, 10]. MN originates from chromosome
fragments or whole chromosomes that are not included in the main daughter nuclei during
nuclear division. They reflect chromosome damage and may thus provide a marker of early-
stage carcinogenesis.

Several studies have been conducted to determine the association between tobacco
smoking and induction of micronuclei in oral cells [11-14, 18-20, 34, 35]. The carcinogenic
effect of smoking habit is determined largely by the mutagenicity of compounds present in
cigarette smoke. Cigarettes contain a mixture of several carcinogens including polycyclic
aromatic hydrocarbons (PAHS), specific N-nitrosamines, aromatic amines, aldehydes and
other carcinogens [36].

The results of this study point out for the fact that greater genotoxicity in cells of oral
cavity occurs in the smokers comparing to non-smokers. Taking into consideration the
mutagenic effects of tobacco-specific nitrosamines [37, 38], one can consider that these
compounds may product an important function in the induction of MN in oral mucosa cells of
smokers. Tobacco has many genotoxic substances, so cytogenetic damage can be considered a
good biological marker for assessing the effect of exposure to tobacco [37].

The literature shows a variety of staining methods used in micronucleus assessment
studies. Most studies used specific-DNA stains, such as Feulgen staining [6, 11, 13-15, 18,
20-23, 26, 29]. However, we still observed a high fraction of the studies, around 30%, that
used non-specific stains, such as Giemsa [14, 19, 25, 27, 28], reason why we included the two

staining methods in this study. However, it has been shown that the results of the
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micronucleus test in exfoliated oral mucosa cells of tobacco users and non-users of tobacco
depended strongly on the staining method [28].

Another common variation in the micronucleus evaluation method is the site of smear.
Most studies collect the smear from the cheek [6, 11, 13-15, 18-25, 27-29], however
collection from other sites, such as the tongue [15, 23, 24], palate [23, 24] and lower lip [23,
26], have also been performed. Buccal cells have been shown to have limited DNA repair
capacity concerning to peripheral blood lymphocytes, and therefore may more precisely
reflect genomic instability events in epithelial tissues [39].

This highlights that differences may occur depending on the site where the smear was
collected for micronuclei frequency evaluation. Despite claiming that the distribution patterns
of micronucleated cells from different oral sites could be constructed and compared with
distribution patterns of micronucleated cells in patients with oral cancer [24], it has been
shown that high frequencies of micronucleated cells occur in places where the tobacco comes
in close contact with the oral mucosa, and precancerous lesions and carcinomas develop [23].

As already reported in the above two paragraphs, these two factors (type of staining
method and local of smear collection) can affect the frequency of micronuclei evaluation.
However, on a sensitivity analysis, we could not reduce the heterogeneity of the meta-
analyses by controlling these factors. This means that other factors may play an important role
on the high heterogeneity of the results. Perhaps population-related factors or even a better
standardization of technique could reduce this heterogeneity. Large, multicentre, longitudinal
studies involving a standard method are needed to confirm the findings of the present study.
Conclusions

Despite the high heterogeneity in the methodology of the assessed studies, this meta-
analysis showed a higher frequency of micronuclei in exfoliated cells of the oral cavity of

smokers compared to non-smokers.
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Table 1 Electronic database and search strategy.

Pubmed (23/December/2014)

TACCCCCCCCCCCCeeeeCeucheekimesH Terms]) OR Mouth mucosa[MeSH Terms]) OR
Gingiva[MeSH Terms]) OR "jugal mucosa"[Title/Abstract]) OR "oral mucosa"[Title/Abstract])
OR "buccal mucosa"[Title/Abstract]) OR "buccal mucosa cell"[Title/Abstract]) OR "exfoliative
cytology"[Title/Abstract]) OR "buccal cells"[Title/Abstract]) OR "exfoliated
cells"[Title/Abstract]) OR "exfoliated oral cells"[Title/Abstract]) OR "exfoliated oral mucosa
cell"[Title/Abstract]) OR "exfoliated cell"[Title/Abstract]) OR "exfoliated oral
cell"[Title/Abstract]) OR "buccal mucosa cells"[Title/Abstract]) OR "buccal mucosal
cell"[Title/Abstract]) OR "buccal cell"[Title/Abstract]) OR "buccal mucosal
cells"[Title/Abstract]) OR "ephitelial cell"[Title/Abstract]) OR "gingival
tissue"[Title/Abstract]) OR gum[Title/Abstract]) OR gums[Title/Abstract])))

H#2 ((CCCOCCCCCCCeCtctt(smoke[meSH Terms]) OR Tobacco Products[MeSH
Terms]) OR Smoking[MeSH Terms]) OR Tobacco[MeSH Terms]) OR
cigarette[Title/Abstract]) OR cigarettes[Title/Abstract]) OR "cigarette
smoke"[Title/Abstract]) OR "tobacco addictive"[Title/Abstract]) OR
"cigarette smoking"[Title/Abstract]) OR "smokeless tobacco
users"[Title/Abstract]) OR "smokeless tobacco user"[Title/Abstract]) OR
"tobacco harm"[Title/Abstract]) OR cigar[Title/Abstract]) OR
cigars[Title/Abstract]) OR smoke[Title/Abstract]) OR
smoker[Title/Abstract]) OR smokers[Title/Abstract]) OR
nicotine[Title/Abstract]) OR tar[Title/Abstract]))

#3(((((((Healthy Volunteers[MeSH
Terms]) OR Tobacco,
Smokeless[MeSH Terms]) OR
"non smokers"[Title/Abstract])
OR "non smoker"[Title/Abstract])
OR smokeless[Title/Abstract]) OR
"no smoker"[Title/Abstract]) OR
"no smokers"[Title/Abstract]))

#1 AND #2 AND #3

Scopus (23/December/2014)

#1( TITLE-ABS-KEY ( cheek ) OR TITLE-ABS-KEY ( "mouth mucosa" ) OR TITLE-ABS-KEY ( "jugal
mucosa" ) OR TITLE-ABS-KEY ( gingiva ) OR TITLE-ABS-KEY ( "oral mucosa") OR TITLE-ABS-
KEY ( "buccal mucosa") OR TITLE-ABS-KEY ( "buccal mucosa cell") OR TITLE-ABS-KEY (
"exfoliativecitology" ) OR TITLE-ABS-KEY ( "buccal cell") OR TITLE-ABS-KEY ( "exfoliated cell"
) OR TITLE-ABS-KEY ( "exfoliated oral cell") OR TITLE-ABS-KEY ( "exfoliated oral mucosa cell"
) OR TITLE-ABS-KEY ( "buccal mucosa cell" ) OR TITLE-ABS-KEY ( "ephitelial cell") OR TITLE-
ABS-KEY ( "gingival tissue" ) OR TITLE-ABS-KEY (gum))

#2( TITLE-ABS-KEY ( smoke ) OR TITLE-ABS-KEY ( "tobacco products" )
OR TITLE-ABS-KEY ( smoking ) OR TITLE-ABS-KEY ( tobacco) OR TITLE-
ABS-KEY ( cigarette ) OR TITLE-ABS-KEY ( "cigarette smoke") OR TITLE-
ABS-KEY ( "tobacco addictive" ) OR TITLE-ABS-KEY ( "cigarette smoking"
) OR TITLE-ABS-KEY ( "smokeless tobacco user" ) OR TITLE-ABS-KEY (
"tobacco harm" ) OR TITLE-ABS-KEY ( cigar) OR TITLE-ABS-KEY (
smoker ) OR TITLE-ABS-KEY ( nicotine ) OR TITLE-ABS-KEY ( tar))

#3 ( TITLE-ABS-KEY ( "healthy
volunteer" ) OR TITLE-ABS-KEY (
"tobacco smokeless" ) OR TITLE-
ABS-KEY ( "non smoker") OR
TITLE-ABS-KEY ( "no smoker" )
OR TITLE-ABS-KEY ( smokeless ) )

#1 AND #2 AND #3

Web of Science (27/December/2014)

#1

("ephitelial cell") OR Topic: ("gingival tissue") OR Topic: (gum*)

Topic: (cheek) OR Topic: ("mouth mucosa") OR Topic: (gingiva) OR Topic: ("oral mucosa") OR
Topic: ("buccal mucosa") OR Topic: ("buccal mucosa cell") OR Topic: ("exfoliativecitology") OR Topic:
("buccal cell*") OR Topic: ("exfoliated cell*") OR Topic: ("exfoliated oral cell*") OR Topic: ("exfoliated
oral mucosa cell*") OR Topic: ("buccal mucosa cell*") OR Topic: ("buccal mucosal cell*") OR Topic:

#2 Topic: (smoke) OR Topic: ("tobacco products") OR Topic:
(smoking) OR Topic: (tobacco) OR Topic: (cigarette*) OR Topic:
("cigarette smok*") OR Topic: ("tobacco addictive") OR Topic:
("smokeless tobacco user*") OR Topic: ("tobacco harm") OR Topic:
(smoker*) OR Topic: (cigar*) OR Topic: (nicotine) OR Topic: (tar)

3#fTopic: ("healthy
volunteers") OR Topic:
("no* smoker*") OR Topic:
(smokeless)

#1 AND #2 AND #3

Lilacs and BBO (27/December/2014)

#1(MH: cheeck OR "mouth mucosa" OR gingiva OR gengiva OR goma OR "jugal mucosa" OR

| #2(MH: smoke OR MH: "tobacco products” OR MH: smoking OR MH: |

#3(MH: "healthy volunteers" OR

104



"mucosa jugal" OR "oral mucosa" OR "mucosa oral" OR "buccal mucosa" OR "mucosa bucal" OR
"buccal mucosa cell" OR "células da mucosa bucal" OR "exfoliative citology" OR "citologia
esfoliativa" OR "buccal cell" OR "célulabucal" OR "buccal cells" OR "células bucais" OR
"exfoliated cell" OR "célula exfoliada" OR "exfoliated cells" OR "célulasexfoliadas" OR "exfoliated
oral cell" OR "exfoliated oral cells" OR "células orais exfoliadas" OR "exfoliated oral mucosa cell"
OR "exfoliated oral mucosa cells" OR "células exfoliadas da mucosa oral" OR "buccal mucosa
cell" OR "buccal mucosa cells" OR "buccal mucosal cell" OR "buccal mucosal cells" OR "ephitelial
cell" OR "célula epitelial" OR "gingival tissue" OR "tecido gengival" OR "tejido gengival" OR gum
OR gums)

tobacco OR cigarette OR cigarro OR cigarrillo OR cigarettes OR cigarros
OR cigarrillos OR "cigarette smoke" OR "fumagca de cigarro" OR fumo
OR "tobacco addictive" OR "cigarette smoking" OR "fumar cigarro" OR
"smokeless tobacco user" OR "smokeless tobacco users" OR "usuarios
de tabaco" OR "consumidores de tabaco" OR "tobacco harm" OR
"dano do tabaco" OR "dafio del tabaco" OR smoker OR fumante OR
fumador OR smokers OR fumantes OR fumadores OR cigar OR cigars
OR nicotine OR nicotina OR tar OR alcatrdo OR alquitran)

"non smoker" OR "ndo fumante"
OR "no fumador" OR "non
smokers" OR "no fumadores" OR
"ndo fumantes" OR smokeless OR
"no smoker" OR "ndo-fumante"
OR "no smokers" OR "ndo-
fumantes")

#1 AND #2 AND #3

Cochrane Library (15/December/2014)

smokers":ti,ab,kw or "no smoker":ti,ab,kw or "no

variations have been searched)

#1 MeSH descriptor: [Cheek] explode all trees #9 MeSH descriptor: [Tobacco Products] explode all #16 MeSH descriptor: [Healthy Volunteers]
trees explode all trees

#2 MeSH descriptor: [Mouth Mucosa] explode all trees
#10 MeSH descriptor: [Tobacco] explode all trees #17 "non smoker":ti,ab,kw or "non

#3 MeSH descriptor: [Gingiva] explode all trees

. - . - . #11 smoke:ti,ab,kw or smoking:ti,ab,kw or smokers":ti,ab,kw or smokeless:ti,ab,kw (Word
#a jugalmocosa":ti,ab,kw or "oral mucosa":ti,ab,kw or "buccal cigarette:ti,ab,kw or cigarettes:ti,ab,kw or "cigarette
mucosa":ti,ab,kw or "buccal mucosa cell":ti,ab,kw or "buccal mucosa cels":ti,ab,kw smoke":ti,ab,kw (Word variations have been searched)

(Word variations have been searched)

#12 "tobacco addictive":ti,ab,kw or "cigarette
#5 "buccal cell":ti,ab,kw or "buccal cells":ti,ab,kw or "exfoliated cell":ti,ab,kw or smoking":ti,ab,kw or "smokeless tobacco user":ti,ab,kw or
"exfoliated cells":ti,ab,kw or "exfoliated oral cell":ti,ab,kw (Word variations have been "smokeless tobacco users":ti ab.kw or "tobacco
searched) harm":ti,ab,kw (Word variations have been searched)
#6 "exfoliated oral cells":ti,ab,kw or "exfoliated oral mucosa cells":ti,ab,kw or #13 smoker:ti.ab,kw or smokers:ti.ab kw or
"buccal mucosal cell":ti,ab,kw or "buccal mucosal cells":ti,ab,kw or "ephitelial cigar:ti,ab,kw or cigars:ti,ab,kw or nicotine:ti,ab,kw (Word
cell":ti,ab,kw (Word variations have been searched) variations have been searched)
#7 "gingival tissue":ti,ab,kw or gum:ti,ab,kw or gums:ti,ab,kw (Word variations #14 tar:ti,ab,kw (Word variations have been searched)
have been searched)

#15 #9 or #10 or #11 or #12 or #13 or #14

#8 #1 or #2 or #3 or #4 or #5 or #6 or #7

#18 #16 or #17

#8 AND #15 AND #18
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Table 2 Summary of the studies selected for this systematic review.
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Mean Smoking Number of Subjects” age % of Cell counting/ Other genotoxic alterations
Study ID cigarettes/ time (yrs) participant mean+SD subjects Local of smear ounting 9 Stain method used
participant evaluated?
day /range s/ group [range] (yrs) [Male]
Cheek and
. S-15 S-377+65 S-60 . . .
Angelieri 2010 [15] >20 >10 NS _17 NS _30.6 + 5.4 NS _ 65 lateral border of 2000 Pyknosis, karyolysis, karyorrhesis Feulgen
the tongue
Chandirasekar 2014 [18] 10 125+6.3 ’\188_755?7 n.r. n.r. Cheek 1000 Aberrant cells Feulgen
S_43 S-26.0£35 S_a7
Haveric 2010 [19] 16.8+75 83+36 NS-253+ Cheek 1000 Apoptosis Giemsa
NS - 44 3.30 NS -39
S-15 S-370+7.6 S-0 Binucleated, karyolysis, karyorrhesis,
Kausar 2009 [20] 24 20.5 NS - 30 NS -39.7+5.6 NS - 50 Cheek 2000 pkenosis and nuclear bud Feulgen
S-50 S-50
Konopacka 2003 [21] >10 n.r. NS - 70 36.8+12.4 NS - 50 Cheek 1000 No Feulgen
Mr 2014 [25] n.r. >5 '\18514455 n.r. n.r. Cheek 2000 No Giemsa
$-39.0+205
. S-40 S-100
Naderi 2012 [13] n.r. 3-52 NS - 23 NS-37.8% NS - 100 Cheek 500 No Feulgen
17.3
. Giemsa, May-
Broken eggs, binucleated, condensed N L
S-20 S-36.1+8.1 S-80 - . B Griinwald-Giemsa,
Nersesyan 2006 [14] 34+11.9 122+4.0 NS - 10 NS _ 303+ 8.7 NS - 60 Cheek 1500 chromatin, karyolll(zlcs),SiI;aryorrhexm and Feulgen, DAPI and
Py ' acridine orange
s_83 S-470+9.1 S_ 100 Broken eggs, binucleated, condensed
Nersesyan 2011 [11] 31.8+7.6 17.2+45 NS-439+ Cheek 2000 chromatin, karyolisis, karyorrhexisand Feulgen
NS - 20 NS - 100 -
10.9 pyknosis.
S—46.2+n.r. .
S-14 S-100 Lower lip
Ozkul 1997 [26] n.r. 176+29 NS - 15 NS 7;1?.62 + NS — 100 mucosa 100 No Feulgen
>80 S-15 S-100 Papanicolau and
Palaskar 2010 [28] packs/yr >5 NS - 15 n.r. NS - 100 Cheek 1000 No Giemsa
Lo 20 S-39 S-51
Piyathilake 1995 [29] packs/year n.r. NS - 60 n.r. NS - 20 Cheek 1000 No Feulgen
S-25 S-377+111 S-60 S -2927 . .
Sarto 1987 [22] 21.6+9.0 n.r. NS - 25 NS - 377 +9.0 NS - 60 Cheek NS - 3187 Splindle disturbances Feulgen
S-14 S-345+0.9 .
Sellappa 2009 [27] n.r. 13.2+57 NS_ 15 NS _38.6 + 05 n.r. Cheek 1000 No Giemsa
. S-36
Stich 1983 [6] n.r. n.r. NS_ 15 n.r. n.r. Cheek 500 No Feulgen
Palate, tongue
. S-25 S-514+72 ! !
Stich 1992 [23] 8.8+49 11-36 NS - 50 NS nr. n.r. cheek Ei:];;j lower 300 No Feulgen
S-376+116
S-25 S-100 Cheek, tongue -
Suhas 2004 [24] 13 (5-60) 15 (2 - 45) NS 25 NS 113(2)5 + NS - 100 and palate 500 No Acridine Orange

ID — identification; SD — standard deviation; yrs — years; # — number; n.r. — Not reported; S — smokers; NS — non smokers.




Table 3 Quality assessment components and final rating of the studies.
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WITHDRAWS

STUDY ID SELBEI(ZQON CONFOUNDERS BLINDING DAT'?\\ACI;?_HE)EDCSTION AND RI;I\"}IEAI\\ILG
DROPOUTS
Angelieri 2010 [15] WEAK STRONG MODERATE STRONG STRONG MODERATE
Chandirasekar 2014 [18] MODERATE WEAK MODERATE STRONG STRONG MODERATE
Haveric 2010 [19] MODERATE STRONG STRONG STRONG STRONG STRONG
Kausar 2009 [20] WEAK STRONG STRONG STRONG STRONG MODERATE
Konopacka 2003 [21] WEAK MODERATE MODERATE STRONG STRONG MODERATE
Mr 2014 [25] STRONG WEAK STRONG STRONG STRONG MODERATE
Naderi 2012 [13] MODERATE STRONG STRONG STRONG STRONG STRONG
Nersesyan 2006 [14] WEAK STRONG MODERATE STRONG STRONG MODERATE
Nersesyan 2011 [11] WEAK STRONG MODERATE STRONG STRONG MODERATE
Ozkul 1997 [26] WEAK STRONG STRONG STRONG STRONG MODERATE
Palaskar 2010 [28] WEAK STRONG STRONG STRONG STRONG MODERATE
Piyathilake 1995 [29] MODERATE STRONG STRONG STRONG STRONG STRONG
Sarto 1987 [22] WEAK STRONG STRONG STRONG STRONG MODERATE
Sellappa 2009 [27] WEAK MODERATE STRONG STRONG STRONG MODERATE
Stich 1983 [6] STRONG MODERATE MODERATE STRONG STRONG STRONG
Stich 1992 [23] WEAK MODERATE MODERATE STRONG STRONG MODERATE
Suhas 2004 [24] MODERATE WEAK MODERATE STRONG STRONG MODERATE




Table 4 Data from secondary outcomes.
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Statistical Method

Effect Estimate

Outcome Studies Participants
Binucleated cells 3 178
Karyolisis 3 178
Karyorrhexis 3 178
Pycnosis 3 178

Std. Mean Difference
(IV, Random, 95%
Cl)

Std. Mean Difference
(IV, Random, 95%
Cl)

Std. Mean Difference
(IV, Random, 95%
Cl)

Std. Mean Difference
(IV, Random, 95%
Cl)

1.28 [0.90, 1.66]

1.12[0.11, 2.14]

1.22[0.81, 1.62]

152 [0.10, 2.95]

Heterogeneity
Chi-square 1°
0.36 3%
0.05 75%
0.32 13%
< 0.00001 92%




Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
I, Random, 95% CI

Smokers Mon-smokers
Study or Subgroup Mean SD Total Mean SD Total Weight
Angelieri 2010 0.o0s 004 1 0.05 004 17 B.3%
Chandirasekar 2014 206 1.28 ag n3 022 ar 6.6%
Haveric 2010 3.04 3 43 2 203 44 B.7%
kausar 2009 046 0.38 19 0.07 0.04 a0 B.2%
konopacka 2003 1.5 047 a0 085 032 FiL B.E%
hir 2014 311 04 45 ns 08 45 B.2%
Maderi 2012 141 2749 40 226 217 23 aT%
Mersesyan 2006 1.79 1.84 20 063 06 10 B.1%
Mersesyan 2011 1.26 0.5 a3 1 0.1 20 G.6%
Czkul 1987 189 112 14 084 084 14 B.1%
FPalaskar 2010 17.87 476 18 383 14 14 a.4%
Sarto 1987 066 0.46 28 035 034 25 B.5%
Sellappa 2009 2 1.1 14 081 0.E4 14 B.0%
Stich 1933 0.3 003 I 023 004 14 B.2%
Stich 1992 1.3 1 24 ns 0.2 an B.5%
Suhas 2004 272 0141 28 204 079 25 B.5%
Taotal (95% CI) 523 476 100.0%

Heterogeneity: Tau®=1.15; Chi*=189.88, df=14{F = 000001}, F=92%
Test for overall effect: £=5.82 (F = 0.00001)

0.00 [-0.59, 0.69]
1.90[1.45, 2.34]
0.40 [-0.02, 0.83]
1.7411.01, 2.46]
242 [1.95, 2.90]
409 [2.35, 4.83]
4.3 [3.56, 5.48]
0.72 [-0.06, 1.51]
0.57 [0.08, 1.08]
113 [0.34,1.92)
326 [2.12, 4.40]
0.75[0.18,1.33]
1.28 [0.47, 2.08]
208 [1.34, 2.81]
1.33 [0.80, 1.86]
0.70[0.13,1.27)

1.64 [1.09, 2.20]

Fig. 2 Forest plot of the frequency of micronuclei for smokers vs non-smokers.
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5 DISCUSSAO

H& um consenso geral de que o consumo de bebidas e alimentos com corantes é
frequentemente associado ao escurecimento dental (Joiner,* 2006). Esta premissa é baseada
nos achados de estudos in vitro que relataram que o cigarro, café, cha e vinho podem levar ao
escurecimento dos dentes (Bazzi et al.,* 2012; Watts e Addy,*® 2001; Attin et al.,** 2003; Ley
et al.,* 2006; Attia et al.,*® 2009) e, por conseguinte, afetar a longevidade do clareamento
dental (Bazzi et al.,* 2012; Attia et al.,*® 2009). Esta é a razdo pela qual dentistas tém
prescrito uma dieta sem corantes e impedido fumantes de realizar o clareamento, para garantir
que os efeitos imediatos e a longevidade do clareamento ndo sejam reduzidos pelos resultados
da dieta (Matis et al.,*” 2015) ou habito de fumar.

Dentes expostos a agentes corantes na dieta realmente tem um maior potencial para
manchar (Téo et al.,?® 2010). Da mesma forma, os dentes dos fumantes tendem a desenvolver
manchas de cigarro ao passar do tempo (Alkhatib et al.,** 2005), as quais podem variar de
amarelas a marrons, e a gravidade é altamente dependente da duracdo e frequéncia do habito
de fumar. Embora ndo seja desejavel que a coloracdo extrinseca possa afetar a percepc¢éo geral
de dentes mais brancos, estas manchas podem ser facilmente removidas por profilaxia
dentéria profissional, como demonstrado no Estudo 1. Em estudos de longos
acompanhamentos (Tay et al.,® 2012; Tsubura,® 2010; Turkun et al.*® 2010; Auschill et al.,*
2012; Mondelli et al.,** 2012), a recidiva de cor pode estar associada a outros fatores, como o
envelhecimento dos dentes, onde hd uma deposicao continua de dentina secundaria pela polpa
(Nanci,*> 2013). A medida que a espessura da dentina aumenta, os dentes aparecem mais
amarelados, independentemente das condicGes dietéticas ou habitos tabagistas. Uma alteracéo
de cor significativa foi demonstrada tanto para fumantes como para ndo fumantes no Estudo
2.

No Estudo 3 pode-se observar que a cor dos dentes ficou mais escura apés a
exposicdo a fumaca do cigarro, o que é consistente com os resultados de alguns estudos in
vitro (Bazzi et al.?* 2012; Bertoldo et al.,* 2011). Usando a metodologia CG-MS, foi
possivel observar a presenca de nicotina em amostras que foram expostas a fumaga do cigarro
(controle positivo). A profilaxia dental removeu apenas 36% da nicotina apresentada na
superficie externa dos dentes e o clareamento em consultério removeu cerca de 75% da
nicotina apresentada na superficie externa e interna dos dentes. Estes resultados sugerem que

a nicotina penetra na estrutura dental e embora ndo tenha afetado negativamente a cor dos
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dentes tanto nos experimentos clinicos como no laboratorial, isto possa ser atribuido ao pouco
tempo de avaliagéo que foi de 12 a 30 meses.

A nicotina possui a capacidade de promover a progressdo de tumores ja
estabelecidos, estando associada principalmente com a progressdo do cancer de pulmao, de
estdbmago e de colo (Grando,*”® 2014). Um aumento da frequéncia de quebra do cromossomo
foi demonstrado como um evento inicial na carcinogénese, sugerindo que estas alteracoes
podem desempenhar um papel significativo na avaliacdo do risco oncogénico (Hagmar et
al.,** 1998; Bonassi et al.,*> 2000). Entre os marcadores que podem ser utilizados para este
proposito, a contagem de microndcleos (MN) parece ser um dos mais adequados. Um
aumento da frequéncia de MN em células esfoliadas do tecido gengival tem servido
tradicionalmente como um indice para avaliar a genotoxicidade de exposicao a varios agentes
cancerigenos (Bhattathiri et al.” 1996, Basu et al.2 2004). MN se originam de fragmentos do
Cromossomo ou cromossomos inteiros que ndo estdo incluidos nos principais nucleos filhos
durante a divisdo nuclear. Eles refletem danos cromossomicos e podem, assim, proporcionar
um marcador inicial da carcinogénese.

Vaérios estudos tém sido realizados para determinar a associacdo entre tabagismo e
inducdo de MN em células orais (Nersesyan et al.,*® 2011; Bansal et al.,*” 2012; Naderi et
al.,*® 2012; Nersesyan et al.,” 2006; Chandirasekar et al.,*® 2014; Haveric et al.,*® 2010;
Kausar et al.,>* 2009; Braga et al.,>> 2004; Motgi et al.,>® 2014). O efeito cancerigeno do
habito de fumar é determinado em grande parte pela mutagenicidade dos compostos presentes
na fumaca do cigarro. Os cigarros contém uma mistura de varios agentes cancerigenos
incluindo os hidrocarbonetos aromaticos policiclicos (PAH), a N-nitrosaminas especificas,
aminas aromaticas, aldeidos e outros agentes cancerigenos (Hoffmann et al.,>* 2001).

Os resultados do Estudo 4 apontam para o fato de ocorrer uma maior genotoxicidade
em células da cavidade oral nos fumantes comparando-os aos ndo fumantes. Levando em
consideracdo os efeitos mutagénicos de nitrosaminas especificas do tabaco (IARC,* 2007),
pode-se considerar que estes compostos podem ter uma funcdo importante na inducdo de MN
em células da mucosa bucal dos fumantes. Entretanto, um estudo recente publicado por nosso
grupo de pesquisa, mostrou que ndo houve uma maior genotoxicidade em fumantes quando
este foi submetido ao tratamento clareador caseiro (de Geus et al.,*® 2015). Apesar de ter sido
demonstrado que o PH pode causar alteragdes nos tecidos moles (Weitzman et al.,> 1986;
Minoux e Serfaty,”® 2008), o clareamento em consultério com PH ndo aumentou induziu
danos a0 DNA no tecido gengival e bucal durante o tratamento clareador (Rezende et al.,>
2016).



6 CONCLUSAO

A cor obtida com o clareamento dental caseiro com perdxido de carbamida 10%
manteve-se estavel em ambos 0s grupos no Estudo 1, quando as manchas extrinsecas

causadas pela dieta e tabagismo foram removidas por profilaxia dental.

No Estudo 2, ap0s trinta meses de acompanhamento, detectou-se uma alteracéo de
cor significativa em fumantes e ndo-fumantes, que ndo pode ser atribuida exclusivamente a
manchas extrinsecas, pois mesmo apés a profilaxia dental, os dentes aparentaram um pouco

mais escuros do que o resultado imediato do clareamento.

O método de cromatografia do Estudo 3 permitiu a avaliacdo de nicotina em
espécimes dentarios ap0s a exposicdo a fumaca do cigarro. Houve depoésito de fumaca de
cigarro na superficie dentaria externa e também sobre a estrutura dental interna. A profilaxia e
o clareamento em consultério com peroxido de hidrogénio 35% reduziram a quantidade de
nicotina depositada sobre a superficie externa dos dentes, bem como a nicotina que penetrou
pela fumaca do cigarro. No entanto, o clareamento em consultério mostrou uma remogao mais

significativa da nicotina.

A meta-anélise realizada no Estudo 4 mostrou uma maior frequéncia de
micronucleos em células esfoliadas da cavidade oral de fumantes em compara¢do com nédo

fumantes.
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Projeto de pesquisa que teoriza a avaliacao clinica da sensibilidade, genotoxicidade e efetividade do
clareamento dental caseiro em pacientes fumantes.

Obijetivo da Pesquisa:

Objetivo Primério:

O proposito do presente estudo sera avaliar clinicamente a efetividade, a genotoxicidade, a longevidade da
cor & a sensibilidade dental de pacientes

fumantes e nao fumantes submetidos ao clareamento caseiro com PC 10%.

Objetivo Secundario:

1-comparar a efetividade do clareamento dental caseiro utilizando PC 10% em pacientes fumantes e nao
fumantes;2-avaliar a seguranca do

clareamento através da contagem de microntcleos do epitélio gengival dos pacientes, antes e apos o
clareamento dental;

A estetica dental € de grande importancia para muitos pacientes. A demanda publica de odontologia
estética, incluindo clareamento dental, tem

aumentado nos dltimos anos (Kihn, 2007). Atualmente, existem algumas tecnicas de clareamento dental
disponiveis para uso clinico. Os
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clareamentos caseiro e de consultorio sao amplamente utilizados na pratica odontologica (Auschill et al.
2005, Joiner 2006). Uma das vantagens do

clareamento caseiro relatada € a sua eficacia, que € facilmente notada pelos pacientes (Grobler et al. 2010,
Basting et al. 2012). Alem disso, esta

técnica apresenta menor custo e tempo clinico, quando comparada com a técnica de consultorio.Apesar de
o clareamento dental ser um

procedimento efetivo, ele pode causar alteragdes na superficie do esmalte (Hosoya et al. 2003, Espina et al.
2008, Bodanezi et al. 2011), como por

exemplo, 0 aumento da permeabilidade dental (Candido et al.9 2005). Por isso, ndao € raro que o0s
profissionais solicitem aos pacientes que evitem

fumar durante a execucao do tratamento clareador a fim de evitar a impregnacao de manchas escuras
(Watts e Addy 2001, Wasilewski et al. 2010,

Bertoldo et al. 2011) na estrutura dental recém-clareada.Segundo Wasilewski et al. (2010) a fumaca do
cigarro contém Agua, ar, monoxido de

carbono (CO), dioxido de carbono (CO2) e alcatrao. Durante a queima do cigarro, componentes como
alcatrao, acucares e cacau sao transferidos

para a fumaca devido ao aquecimento. E de acordo com Bazzi et al. (2012) estes componentes seriam
provavelmente os responsaveis pelo

manchamento nos dentes, pela sua tonalidade escura e capacidade de se aderir ao dente. Poréem, o
manchamento provocado pelo cigarro parece

ser superficial e facilmente removido pela limpeza mecanica e clareamento dental (Bazzi et al. 2012).A acao
genotdxica de substancias que entram

em contato com o epitélio bucal pode ser refletida em danos ao DNA tecidual, como por exemplo, formacao
de micronticleos nas células epiteliais

(Nerseyan et al. 2011, Bansal et al. 2012, Sivasankari et al. 2012). Para avaliar a seguranca do clareamento
dental caseiro, pode-se lancar mao do

Teste de Micronucleos, principalmente se tratando de pacientes fumantes (Martins e Filho 2003, Nerseyan
et al. 2011, Sivasankari et al.

2012).Microndcleos sao estruturas que medem de 1/3 a 1/5 do tamanho do nucleo, possuem formato
redondo ou oval e estdo localizados proximos

ao nucleo da célula (Schmid 1975). A sua causa € a destruicao da molécula de DNA, dias ou semanas apos
agentes carcinogenos atuarem quando

as células da camada basal estao em divisao (Stich e Rosin 1983, Stich et al. 1984). Portanto,
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celulas micronucleadas podem representar a

incidéncia de eventos genotoxicos sobre a mucosa oral (Bellien et al. 1995).0 dano causado por um agente
ambiental no processo de divisao celular

nos tecidos pode refletir na presenca de micronucleos nas celulas, o que significa que houve alteracao do
DNA tecidual e, conseqguentemente ha

uma maior predisposicao de desenvolvimento de cancer bucal (Vine 1990). Portanto o Teste de
Micronucleos pode ser utilizado para a avaliacao e

identificacao de fatores que podem provocar danos ao DNA dos tecidos.Na Odontologia, a aplicacao deste
teste consiste em uma ferramenta

extremamente valiosa para avaliarmos a acao genotoxica de substancias que entram em contato com o
epitélio bucal, como por exemplo colutorios,

tabaco, bebidas alcodlicas, agentes clareadores caseiros, entre outros. Tais substancias, assim como
agentes fisicos (trauma mecanico por

préteses, méa oclusao, aparelhos ortoddnticos) ou biologicos (biofilme dental), sao exemplos de fatores de
presenca comum no ambiente bucal, e

que podem refletir uma potencial formacao de microntcleos as células do epitélio (Fenech et al. 1999).0utro
efeito colateral causado pelo

clareamento dental externo € a sensibilidade dental, sendo considerado o efeito mais comum (Jorgensen e
Caroll24 2002). Varios estudos tém

relatado sensibilidade dental utilizando diferentes concentracoes de perdxido de carbamida (Leonard et al.
2007, Krause et al. 2008, Turkun et al.

2010, Cardoso et al. 2010, Basting et al. 2012, de Almeida et al. 2012, Rezende et al. 2013). Até 0 momento
nao ha estudos que tenham avaliado a

efetividade do clareamento dental caseiro em pacientes fumantes, bem como e a seguranca do mesmo e a
sensibilidade dental. Portanto, o objetivo

do presente estudo sera avaliar clinicamente a efetividade, seguranca e sensibilidade causada pelo
clareamento dental caseiro em pacientes

fumantes e nao fumantes.3-avaliar a longevidade da cor nos periodos de 1 semana, 1 més e 1 ano apos o
clareamento em ambos os grupos;4-avaliar a sensibilidade dental

durante o clareamento caseiro atraveés da escala visual analogica (VAS) e da escala numeérica analdgica
(NRS) em ambos os grupos.

Avaliagao dos Riscos e Beneficios:
Bem delineados no projeto
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Comentarios e Consideractes sobre a Pesquisa:

Q=

Serdo selecionados 60 voluntarios que procurem atendimento nas clinicas odontologicas da Universidade

Estadual de Ponta Grossa (UEPG) e que

se enquadrem nos critérios de inclusao e exclusao do estudo.Apbs a assinatura do termo de consentimento

livre & esclarecido (TCLE) (Apéndice),

sera realizada profilaxia dental com jato de bicarbonato de sodio (Profi Class, Ribeirdo Preto, Sao Paulo,

Brasil) nos dentes das arcadas superior e

inferior, para remocao das manchas extrinsecas, duas semanas antes do inicio do clareamento dental

Consideracoes sobre os Termos de apresentacao obrigatoria:
De acordo com as normas

Recomendacdes:
Nao se aplica

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Aprovado

Situacéo do Parecer:
Aprovado

Necessita Apreciacéao da CONEP:
Nao

Consideracoes Finais a critério do CEP:

PONTA GROSSA, 02 de Junho de 2014

Assinado por:
ULISSES COELHO
(Coordenador)
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Longevity and Effectiveness of Bleaching in Healthy and Smokers

Patients (BLESMOK)

This study has been completed.

Sponsor:

University of Chile

Information provided by (Responsible Party):

Eduardo Fernandez, University of Chile

ClinicalTrials.gov Identifier:

NCT02017873

First received: December 5, 2013

Last updated: May 26, 2015
Last verified: May 2015
History of Changes

Tracking Information
First Received Date '“*®
Last Updated Date

Start Date '“™E

Primary Completion Date

Current Primary Outcome
Measures '“F

(submitted: February 20, 2014)

Original Primary Outcome
Measures '“"F

(submitted: December 16, 2013)

Change History

Current Secondary Outcome
Measures '“"F

(submitted: December 16, 2013)

Original Secondary Outcome

Measures '“"E

December 5, 2013
May 26, 2015
December 2013

January 2014 (final data collection date for primary outcome
measure)

Color [ Time Frame: 1, 2, 3, 4, 8 weeks and 3, 6, 9 and 12 month ]
[ Designated as safety issue: Yes ]
Obijective ( Vita Easy shade ), Subjective measurement

Color [ Time Frame: 1, 2, 3, 4, 8 weeks and 3, 6, 9 and 12 month ]
[ Designated as safety issue: Yes ]

Obijetive ( Vita Easy shade ) , Subjetive measurement

Complete list of historical versions of study NCT02017873 on

ClinicalTrials.gov Archive Site

Sensitivity [ Time Frame: 1, 2, 3, 4, 8 weeks 3, 6, 9,12 month ]
[ Designated as safety issue: Yes ]
VAS Scale 0-4 Pain Scale

Same as current
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Brief Title '“"E
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Brief Summary
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Longevity and Effectiveness of Bleaching in Healthy and Smokers
Patients

"Evaluation of the Effectiveness and Longevity Post Whitening
Carbamide Peroxide 10% in Smokers and Nonsmokers. Double-blind
Multicenter Clinical Trial. "

The main objective of this study is to evaluate the effectiveness and
longevity of color and Tooth sensitivity of patients undergoing home
whitening peroxide 10% carbamide ( Whiteness Perfect , FGM ,
Joinville , Santa Catarina , Brazil) , and the relationship with the
cigarette use for tooth whitening. They will be selected 120 patients
with incisors darker than A2, higher plants will be divided into 2
groups per center (n = 30) , GE - Group Experimental ( smoking) and
GC - Group Control ( non-smoking) . For the two groups will be used
Carbamide peroxide 10% for 3 hours daily for a period of 3 weeks.
Color will evaluated through the Vita Classical scale and Vita
Easyshade Spectrophotometer in the periods: Home , for tooth
whitening (1st, 2nd and 3rd week) and post- whitening ( 1 week and
1 month , 2 and 3 months). Patients recorded the perceived
sensitivity through Numerical Analogue Scale (NRS ) with values from
0 to 4, where 0 = no sensation, 1 = mild, 2 = moderate, 3 = severe
and 4 = significant , also in the Visual Analogue Scale (VAS ), with
values from 0 to 10 where 0 = 10 = severe tenderness and sensitivity.
for color analysis will be made two-way ANOVA (group vs. treatment
time ), being Over time the repeated measure ( a = 0.05). Test will be
held on Tukey to contrast the average ( a = 0.05). The sensitivity will
be evaluated by the Fisher exact test . It is expected that there is no
difference on the effectiveness of home whitening and tooth

sensitivity between smokers and nonsmokers.

This study will be conducted under the CONSORT recommendations

and respecting the principles of Helsinsky convention and
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corresponds to a multicenter study in conjunction with the University
of Ponta Grossa Brazil (Deputy resolution protocol and ethics
committee (Appendix A and B ) . Will be invited to participate in the
study to patients who come to the clinic through FOUCH public
posters. Subsequently 120 volunteers will be selected on the criteria
that qualify inclusion and exclusion from the study will be reported all
volunteers were examined not qualify under the criteria for inclusion
as part of the initial n , according to CONSORT recommendations .

After signing the informed ( TCLE ) consent (Appendix 3 ) shall be
made prophylaxis teeth of the upper and lower teeth , for the removal
of extrinsic stains jet sodium bicarbonate ( Profi class , Ribeirao Preto
, Sao Paulo , Brazil) , two weeks before the beginning of tooth
whitening.

Inclusion and exclusion criteria:

Patients included in this study must be over 18, in good general
health and buccal, have teeth free of carious lesions and periodontal
disease, which agree with the informed consent document . And the
color of the anterior teeth higher is classified as A2 or greater value ,
according to the scale VITA Classical (Vita Zahnfabrik, Bad
Sackingen, Germany) and the spectrophotometer Easyshade Vita
(Vita Zahnfabrik, Bad Sackingen, Germany). Evaluation of color
through the VITA scale Classical will be made independently by two
calibrated investigators and blind.

Be excluded from the study patients: they have already made
treatment tooth whitening, or dental prosthesis having options at the
upper front teeth , who are pregnant or lactating , presenting gingival
recession, sensitivity dental, endodontic treatment in anterior
maxillary teeth, which have a coloring severe internal, if they have
non-carious cervical lesions, are taking medications , using fixed
orthodontic appliances, submit bruxism habits, which have visible

teeth cranks and those who are not available to attend the controls.

Study Design Patients will be divided into two groups (n = 60 ), GC
(control group) and GE (group experimental ). At the initial
consultation volunteers will be asked about smoking habits daily.
Patients who do not smoke will be part of the GC, and heavy smokers
(more than 10 day ) will be part of GE.A cigarettes all smokers are
complementary be given a booklet of tips for quitting smoking and
damage, and sites where to find more information. (Annex C ) The

teeth whitening technique selected for this study, is the technique of
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home bleaching, validated for both groups. Treatment and follow-up
will no cost to the patient . For the development of individual buckets,
this will be through impression of the upper and lower arch of each
patient Jeltrate Plus alginate ( Dentply, Petrépolis, Rio de Janeiro,
Brazil), the molds will be cast in plaster and immediately after printing.
After obtaining this plaster model is cut and taken to the vacuum
laminator ( Protécni, Araraquara, Sao Paulo, Brazil) for making
buckets individual vinyl acetate 1 mm thick (Plate Pail Whiteness -
FGM, Joinville, Santa Catarina, Brazil). Cuvettes acetate be cut an
inch margin on gingival . For both groups of PC gel will be used 10% (
Whiteness Perfect, FGM, Joinville, Santa Catarina, Brazil ), for a
period of 3 hours a day for three weeks ) . After the test cuvette
acetate individual, the method of application of the product will be
carefully explained to each patient in the study as follows : Dispense
a drop in the region of the product corresponding to the buccal
surface of each tooth in the tray. The amount of gel should be
sufficient to remain in contact with the buccal tooth surface without
covering the gingival third, preventing injuries from it. After this period,
patients will be instructed to withdraw the tray with the whitening gel
and perform vigorous mouth rinsed with water to complete removal of
the product.

Evaluation of Color Subjective method Color will be assessed by the
scale VITA Classical (Vita Zahnfabrik, Bad Sackingen, Germany ),
consisting of 16 color guides, organized by value, higher value (B1 )
to low value ( C4 ). Although this scale is not linear, it is organized
according to a ranking range valor. Represent and the purpose of
analysis.

Two blind reviewers record the color of the right maxillary central
incisor patients through the scale VITA Classical (Vita Zahnfabrik,
Bad Sackingen, Germany). At the following times : initial, 1st week,
2nd week, 3rd week (active phase bleaching) and post- bleaching
periods : 1 week, 1 month, 2 and 3 months. Evaluators always record
the color independently in the same room with the same lighting. If
there is a discrepancy in the color registration, a new evaluation will
be conducted together until a consenso. The area chosen for color
measurement is the middle third of the labial surface of the central
incisor, according to the ADA specifications . The color change will be
evaluated by means of varying scale Vita units ( AUEV ) organized by

value.
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Objective method The color will also be measured with the
spectrophotometer Easyshade ( Vita Zahnfabrik, Bad Sackingen,
Germany ) according to the CIELab system of Vita. Calibration of
equipment will always be made before each measurement, and three
measurements for each tooth will be made. The evaluation will be
conducted at the same times that the method subjective. For
standardize the measuring of color, a mold of the teeth of the upper
arch with heavy condensation silicone (Coltoflax profile and cub,
Vigodent, Rio de Janeiro will be held, Brazil ) for making a silicone
matrix. The matrix was used to standardize the region of the tooth in
which the color is measured with the spectrophotometer. The matrix
will be drilled in the vestibular region, in the middle third, in the upper
teeth, using a scalpel circular 6 mm in diameter, Biopsy punch (
Miltex, York, PA USA), similar diameter to the tip of the
spectrophotometer Vita Easyshade. Color recurrence begins the day
the patient is bleached, the spectrophotometer used has a sufficient
sensitivity to determine minimal color changes, is based on the
construction algorithm for the detection of the dimensions h and b
color . (Jadad et al. , 2011)

Evaluation of the Dental Sensitivity In the initial clinical examination of
patients , baseline sensitivity is measured by the vertical , horizontal
drum , air jet application and probing of all teeth, so it can be
compared with the sensitivity during the whitening dental.Durante
whitening, patients record the presence or absence of tooth
sensitivity, in a newspaper of tooth sensitivity using analog numerical
scale (ENR ), with values from 0 to 4, where: 0 = no tenderness, 1 =
Slight, 2 = moderate 3 = considerably and 4 = severe. And on the
visual analogue scale (VAS ) with values from 0 to 10 where 0 = no
sensitivity and 10 = severe. Patients mark a vertical line across the
horizontal line of the scale corresponding to the intensity of tooth
sensitivity. After measurement in millimeters are made with the aid of
a millimeter ruler. Annex 5 and 6 values will be organized into two
categories: percentage of patients with tooth sensitivity at some time
during treatment ( absolute risk sensitivity ) and intensity of tooth

sensitivity.

Patients with severe sensitivity will be immediately assisted by
investigators to reverse the painful picture using desensitizing and / or
analgesics and anti-inflammatories for pain relief, the patient will be
removed from study. If sensitivity is used desensitizing FMG KF 2% (

nitrate Potassium and Sodium Fluoride 2%, Joinville, Brazil) , the
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literature does not present any report about RAM, if for any reason
there is any Medical Adverse Event the research team will be
responsible for any additional medical or dental treatment required
and its follow-up, in the wake of whitening procedure ( restorations,
endodontics, etc. )

Statistical Analysis The color data obtained by the objective and
subjective analysis will be evaluated by analysis of variance of two
factors (ANOVA ) for repeated measures ( time vs. treatment groups )
(a=0.05). Tukey's test performed to test the means ( a = 0.05). The
absolute risk of sensitivity will be evaluated by the Fisher exact test .

Sampling calculation was obtained by the G -Power 3.1 program
considering a Beta error 0.8, and an alpha error 0.05, meaning a
sample calculation of 25 patients per group per center, considering
the drop-out reported in other published work ( 5%) was decided to
increase to 30 the n sample size for each group per center.
Coincident with the Odds Ratio of all clinical work whitening the past
10 years.

Interventional
Phase 4

Allocation: Non-Randomized

Endpoint Classification: Bio-equivalence Study
Intervention Model: Parallel Assignment

Masking: Double Blind (Investigator, Outcomes Assessor)
Primary Purpose: Treatment

Dentin Sensitivity

Drug: Peroxide Carbamide 10% - Dental bleaching treatment
During 3 hours in 3 weeks of bleaching in both groups in healthy
patients and smokers patients

Other Name: FGM Peroxide Carbamide ( Joinville , Brazil )

e Active Comparator: healthy patients bleaching

Healthy patients Peroxide Carbamide 10% - Dental bleaching

treatment

Intervention: Drug: Peroxide Carbamide 10% - Dental
bleaching treatment
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e Experimental: Smokers bleaching

smokers patients Peroxide Carbamide 10% - Dental bleaching
treatment

Intervention: Drug: Peroxide Carbamide 10% - Dental
bleaching treatment

Publications * de Geus JL, Bersezio C, Urrutia J, Yamada T, Fernandez E, Loguercio AD,
Reis A, Kossatz S. Effectiveness of and tooth sensitivity with at-home
bleaching in smokers: a multicenter clinical trial. J Am Dent Assoc. 2015

Apr;146(4):233-40. doi: 10.1016/j.adaj.2014.12.014.

* Includes publications given by the data provider as well as publications identified by

ClinicalTrials.gov Identifier (NCT Number) in Medline.

Recruitment Information

Recruitment Status '“’& Completed

Enrollment '“¢ 120

Completion Date January 2014

Primary Completion Date January 2014 (final data collection date for primary outcome
measure)

Eligibili iteria "¢ . .
Igibility Criteria Inclusion Criteria:

Patients included in this study must be over 18 years with good
general and oral health

Free teeth having carious lesions and periodontal disease agree with

the informed consent document

The color of the upper anterior teeth is classified as A2 or greater
value, according to the scale VITA Classical (Vita Zahnfabrik, Bad
Sackingen, Germany) and the spectrophotometer Easyshade Vita
(Vita Zahnfabrik, Bad Sackingen, Germany).

Exclusion Criteria:
Have already made treatment tooth whitening
Dental prosthesis having options at the upper front teeth

Who are pregnant or lactating


https://clinicaltrials.gov/ct2/bye/rQoPWwoRrXS9-i-wudNgpQDxudhWudNzlXNiZip9Ei7ym67VZR08ORC5cgCVA6h9Ei4L3BUgWwNG0it.
https://clinicaltrials.gov/ct2/bye/rQoPWwoRrXS9-i-wudNgpQDxudhWudNzlXNiZip9Ei7ym67VZR08ORC5cgCVA6h9Ei4L3BUgWwNG0it.
https://clinicaltrials.gov/ct2/bye/rQoPWwoRrXS9-i-wudNgpQDxudhWudNzlXNiZip9Ei7ym67VZR08ORC5cgCVA6h9Ei4L3BUgWwNG0it.
https://clinicaltrials.gov/ct2/bye/rQoPWwoRrXS9-i-wudNgpQDxudhWudNzlXNiZip9Ei7ym67VZR08ORC5cgCVA6h9Ei4L3BUgWwNG0it.

Gender

Ages

Accepts Healthy Volunteers

Contacts '“™&

Listed Location Countries '“"¢

Removed Location Countries
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Presenting gingival recession

Tooth sensitivity

Endodontic treatment in anterior maxillary teeth
Which have a severe internal coloring

Cervical lesions carious

Taking medications (AINES)

Fixed orthodontic appliances

Submit bruxism habits

Having visible cracks in teeth

Those who are not available to attend the controls.

Both

18 Years and older (Adult, Senior)

Yes

Contact information is only displayed when the study is recruiting subjects

Brazil, Chile

Administrative Information

NCT Number '“"E

Other Study ID Numbers '“**&

Has Data Monitoring

Committee

Plan to Share Data

IPD Description

Responsible Party

Study Sponsor '“*¢

Collaborators '“"&

NCT02017873
N° 2013/41 FOUCH

Yes

Eduardo Fernandez, University of Chile

University of Chile
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Investigators '“*¢

Principal Eduardo Fernandez, University of
Investigator: Prof. Chile
Information Provided By University of Chile
Verification Date May 2015

'WE  Data element required by the International Committee of Medical Journal Editors and the World

Health Organization ICTRP


http://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
http://www.who.int/ictrp/network/trds/en/index.html
http://www.who.int/ictrp/network/trds/en/index.html
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ANEXO C

UNIVERSIDADE ESTADUAL DE £ Platoforma
PONTA GROSSA - UEPG %M

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Quantificagdo da nicotina em dentes submetidos a fumaca de cigarro - analise em
GC/MS

Pesquisador: Stella Kossatz Pereira

Area Tematica:

Versdo: 1

CAAE: 44733215.4.0000.0105

Instituicdo Proponente: Universidade Estadual de Ponta Grossa

Patrocinador Principal: Universidade Estadual de Ponta Grossa
DADOS DO PARECER

Numero do Parecer: 1.065.444
Data da Relatoria: 28/05/2015

Apresentagdo do Projeto:

O objetivo do estudo sera quantificar a nicotina presente em dentes expostos & fumaca de cigarro, através
da cromatografia gasosa. Sessenta

dentes serdo submetidos & fumaca de cigarro em uma magquina propria para tal func&o. Os outros vinte
dentes servirdo como grupo controle. Os

dentes dentes expostos serdo divididos em 3 grupos: expostos (G1), expostos + profilaxia (G2) e expostos +
clareamento dental (G3). Os dentes

serdo pulverizados em um moinho de bolas. Vinte miligramas do po dos dentes seréo adicionados a 1 mL
de NaOH, em aquecimento, durante 30

min. A solugdo sera submetida a um processo de extracio em fase solida. Um volume de 3 mL serra
injetado no sistema GC-MS acoplado a um

espectrometro de massas. Os ions selecionados para cada compostos serdo. m/ z 84, 133 e 161 para a
nicotina e m/z 168 e 169 para a

difenilamina, que sera usado como padrio interno. Espera-se encontrar uma quantidade significativamente
maior de nicotina em dentes expostos a

fumaca de cigarro, quando comparados aqueles ndo expostos, e que a profilaxia e o clareamento dental

diminuam a quantidade de nicotina

Enderego: Av. Gen. Carlos Cavalcanti, n® 4748. UEPG, Campus Uvararanas, Bloco M, Sala 100.

Bairro: Uvaranas CEP: 84 .030-900
UF: PR Municipio: PONTA GROSSA
Telefone: (42)3220-3108 E-mail: coep@uepg.br
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UNIVERSIDADE ESTADUAL DE £ Plabaforma
PONTA GROSSA - UEPG %orl

Continuagdo do Parecer: 1.065.444

presente nos dentes

Objetivo da Pesquisa:

Obijetivo Primario:

Quantificar a nicotina em dentes expostos a fumaca de cigarro através da cromatografia gasosa

Obijetivo Secundario:

Validag&o do método de quantificacédo da nicotina em dentes utilizando a cromatografia gasosa.

Avaliagao dos Riscos e Beneficios:

Riscos:

Durante a exposicéao dos dentes a fumaca de cigarro, o operador pode inalar a fumaca do cigarro. Por isso
ele deve estar paramentado e utilizando

mascara e 0s outros componentes do EPL.

Beneficios:

Este estudo abrira portas para utilizar o GC-MS como metodologia de quantificacdo de diversas substancias
em dentes.

Comentarios e Consideragoes sobre a Pesquisa:

Espera-se encontrar uma quantidade significativamente maior de nicotina em dentes expostos a fumaca de
cigarro, quando comparados aqueles

néo expostos. Espera-se que a profilaxia e o clareamento dental diminuam a quantidade de nicotina
presente nos dentes dos grupos expostos.

Consideragdes sobre os Termos de apresentagédo obrigatoria:

Em anexo

Recomendacdes:

Né&o se aplica

Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Aprovado

Situagdo do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:
N&o

Consideragoes Finais a critério do CEP:

Enderego: Av. Gen. Carlos Cavalcanti, n® 4748. UEPG, Campus Uvararanas, Bloco M, Sala 100

Bairro: Uvaranas CEP: 84.030-900
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Continuagdo do Parecer: 1.065.444

PONTA GROSSA, 15 de Maio de 2015

Assinado por:
ULISSES COELHO
(Coordenador)
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ANEXO D

National Institute for
Health Research

PROSPERO International prospective register of systematic reviews

Review title and timescale

1

Review title

Give the working title of the review. This must be in English. Ideally it should state succinctly the interventions or
exposures being reviewed and the associated health or social problem being addressed in the review.

Does the smoking habit increase the mucronuclei frequency in the oral mucosa of adults compared to non-smokers?
A systematic review.

Original language title

For reviews in languages other than English, this field should be used to enter the title in the language of the review.
This will be displayed together with the English language title.

O habito de fumar aumenta a frequéncia de microndcleos na mucosa oral de adultos comparados com nao-
fumantes? Uma revisdo sistematica

Anticipated or actual start date
Give the date when the systematic review commenced, or is expected to commence.
10/12/2014

Anticipated completion date
Give the date by which the review is expected to be completed.
15/07/2015

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have progressed beyond the
point of completing data extraction at the time of initial registration are not eligible for inclusion in PROSPERO. This
field should be updated when any amendments are made to a published record.

The review has not yet started %

Review stage Started Completed
Preliminary searches Yes No
Pilating of the study selection process No No
Formal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No
Data analysis No No

Provide any other relevant information about the stage of the review here.

Review team details

6

10

Named contact

The named contact acts as the guarantor for the accuracy of the information presented in the register record.
Juliana de Geus

Named contact email
Enter the electronic mail address of the named contact.
ju_degeus@hotmail.com

Named contact address
Enter the full postal address for the named contact.
Barbosa Lima Street, 50. Uvaranas, Ponta Grossa, Paran, Brazil. ZIP CODE: 84.020-180

Named contact phone number
Enter the telephone number for the named contact, including international dialing code.
(+5542) 8402-3103

Organisational affiliation of the review

Page: 1/5
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12

13

14

National Institute for
Health Research

Full title of the organisational affiliations for this review, and website address if available. This field may be completed
as "'None’ if the review is not affiliated to any organisation.
none

Website address:
none

Review team members and their organisational affiliations
Give the title, first name and last name of all members of the team working directly on the review. Give the
organisational affiliations of each member of the review team.

Title First name Last name Affiliation

Miss Juliana de Geus State University of Ponta Grossa
Miss Leticia Maira Wambier State University of Ponta Grossa
Professor Alessandra Reis State University of Ponta Grossa
Professor Stella Kossatz State University of Ponta Grossa

Funding sources/sponsors

Give details of the individuals, organizations, groups or other legal entities who take responsibility for initiating,
managing, sponsoring andfor financing the review. Any unique identification numbers assigned to the review by the
individuals or bodies listed should be included.

none

Conflicts of interest

List any conditions that could lead to actual or perceived undue influence on judgements concerning the main topic
investigated in the review.

Are there any actual or potential conflicts of interest?

None known

Collaborators

Give the name, affiliation and role of any individuals or organisations who are working on the review but who are not
listed as review team members.

Title First name Last name Organisation details
Professor Ana Claudia Chibinski State University of Ponta Grossa

Review methods

15

16

17

18

Review question(s)
State the question(s) to be addressed / review objectives. Please complete a separate box for each question.
Does the smoking habit increase the mucronuclei frequency in the oral mucesa in adults compared to non-smokers?

Searches

Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full search
strategy is not required, but may be supplied as a link or attachment.

A systematic review will be performed to evaluate the frequency of micronuclei in the cral mucosa of smokers and
non-smokers in adult patients. Methods: A comprehensive search will be carried out in the MEDLINE via PubMeb,
Scopus, Web of Science, LILACS, BBO and Cochrane Library and SIGLE without restrictions. The annual conference
of the IADR abstracts (1990-2014), and unpublished and ongoing trials registry will be alsc searched. Dissertations
and theses will be searched using the ProQuest Dissertations and Periodicos Capes Theses Databases.

URL to search strategy

If you have one, give the link to your search strategy here. Alternatively you can e-mail this to PROSPERQO and we
will store and link to it.

| give permission for this file to be made publicly available
No

Condition or domain being studied

Page: 2/3
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20

21

22

23

24

25

26

27

137

National Institute for
Health Research

Give a short description of the disease, condition or healthcare domain being studied. This could include health and
wellbeing outcomes.
Smokers and non-smokers who underwent exfoliative cytology in the oral mucosa to assess DNA damage.

Participants/population

Give summary criteria for the participants or populations being studied by the review. The preferred format includes
details of both inclusion and exclusion criteria.

Inclusion criteria: smokers and non-smokers adults. Exclusion criteria: adults that use other types of drugs, children.

Intervention(s), exposure(s)
Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed
The smoking habit.

Comparator(s)/control

Where relevant, give details of the alternatives against which the main subjectitopic of the review will be compared
(e.g. another intervention or a non-exposed control group).

Adults who don't have the smoking habit.

Types of study to be included initially

Give details of the study designs to be included in the review. If there are no restrictions on the types of study design
eligible for inclusion, this should be stated.

We will include cross-sectional and prospective studies.

Context
Give summary details of the setting and other relevant characteristics which help define the inclusion or exclusion
criteria.

Primary outcome(s)
Give the most important outcomes.
Frequency of micronuclei in oral mucosa.

Give information on timing and effect measures, as appropriate.

Secondary outcomes

List any additional outcomes that will be addressed. If there are no secondary outcomes enter None.

Other types of DNA damage, for example binucleated, karyorrhectic, karyolytic, pycnotic, and condensed chromatin
cells.

Give information on timing and effect measures, as appropriate.

Data extraction, (selection and coding)

Give the procedure for selecting studies for the review and extracting data, including the number of researchers
involved and how discrepancies will be resolved. List the data to be extracted.

The titles and/or abstracts of studies retrieved using the search strategy and those from additional sources will be
screened independently by two review authors to identify studies that potentially meet the inclusion criteria outlined
above. The full text of these potentially eligible studies will be retrieved and independently assessed for eligibility by
two review team members. Any disagreement between them over the eligibility of particular studies will be resolved
through discussion with a third reviewer.

Risk of bias (quality) assessment

State whether and how risk of bias will be assessed, how the quality of individual studies will be assessed, and
whether and how this will influence the planned synthesis.

Article quality assessment (Newcastle-Ottawa scale) The internal quality of included studies was assessed using the
Newcastle-Ottawa scale, which evaluates the design and quality of nonrandomized studies, and also facilitates
incorporation of assessments of quality in the interpretation of the meta-analysis results, albeit not used as a criterion
for inclusion or exclusion of articles. The evaluation of each article is given a score consisting in a number of stars
from three perspectives: a) selection (maximum: four stars), b) comparability (maximum: two stars), and c) results
(maximum: three stars). Thus, when processing the article quality analysis, a maximum of nine stars can be obtained
for high-guality studies. Lower-guality studies receive fewer stars.
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28 Strategy for data synthesis
Give the planned general approach to be used, for example whether the data to be used will be aggregate or at the
level of individual participants, and whether a quantitative or narrative (descriptive) synthesis is planned. Where
appropriate a brief outline of analytic approach should be given.
The extracted data will be analyzed using EndNote Web (Thomson Reuters, NY, USA). Data from eligible studies will
be continuous (prevalence of micronuclei).

29 Analysis of subgroups or subsets
Give any planned exploration of subgroups or subsets within the review. ‘None planned’ is a valid response if no
subgroup analyses are planned.
None planned

Review general information

30 Type of review
Select the type of review from the drop down list.
Epidemiologic

31 Language
Select the language(s) in which the review is being written and will be made available, from the drop down list. Use
the control key to select more than one language.
English

Will a summary/abstract be made available in English?
Yes

32 Country
Select the country in which the review is being carried out from the drop down list. For multi-national collaborations
select all the countries involved. Use the control key to select more than one country.
Brazil

33  Other registration details
Give the name of any organisation where the systematic review title or protocol is registered together with any unique
identification number assigned. If extracted data will be stored and made available through a repository such as the
Systematic Review Data Repository (SRDR), details and a link should be included here.

34 Reference and/or URL for published protocol
Give the citation for the published protocol, if there is one.
Give the link to the published protocol, if there is one. This may be to an external site or to a protocol deposited with
CRD in pdf format.

| give permission for this file to be made publicly available
No

35 Dissemination plans
Give brief details of plans for communicating essential messages from the review to the appropriate audiences.
Do you intend to publish the review on completion?
Yes

36 Keywords
Give words or phrases that best describe the review. (One word per box, create a new box for each term)
Micronucleus tests

Smoking

37 Details of any existing review of the same topic by the same authors
Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.
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38 Current review status
Review status should be updated when the review is completed and when it is published.
Ongoing

39  Any additional information
Provide any further information the review team consider relevant to the registration of the review.

40 Details of final report/publication(s)
This field should be left empty until details of the completed review are available.
Give the full citation for the final report or publication of the systematic review.
Give the URL where available.
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ANEXO E

QUALITY ASSESSMENT TOOL FOR _
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COMPONENT RATINGS

1] SELECTION EIAS

(1] Are the individusls selected io participaie in the sindy likely fo be representative of the tanpet popalation®
1 Vary likaky
¢ Somowhat biméy
3 Kot likaly
4 Can’tisll

(02] What percestage of selecied individusls spreed 1o participate?
1 #1- 1% agreaman
§ Bl 5% agreomant
3 lass than BI% agroamont
{ Kot appliczhin
5 Can't tell

RATE THIS SECTION ETEONG MIODERATE WEAK
Soa dict ionany 1 1 3

B STUDY DESIGN

Indicmie the study design
Rarndomimd controliod 2l

Controlied dinical trial

Cohor! analiytic (twe group pre + post]
[ase-oomim

Cohort {on groep pra + post (befora 2nd st}
Intermupisd tima sanas

o 00 UN L R =

[thar spacity
Can’t 1zl
Was the stedy desoribed 2= rendomired? H &0, go io Component C.
No ji-
li ¥es, was the method of mademization desoribed? |See dicbonanyi
No Yiam
Ii ¥es, wos the method appropriate? (See dictiananyi
No Yoo
RATE THIS SECTIDN ETRONG MIODERATE WEAK

See dictioeary 1 i 3




Ci COMFOUNDERS

(1] Were thers imporimst ditferences bebaeen groups prior to the imerseation?

T Yas
I Hao
3 Cant el

The following are examgles of canfounders:

R

Bax

Mantal statusTamily

fizn

S inmmma or chass)

Education

Health ==1ies

Pro- mienvarion s on SUS e MEsEm

00y 00 N ) R o=e

141

(02 Hyes, indicate e peroestage of relevant cosfounders thed wers ponirolled (either in the design (=g

strtification, matohing) or snalysis)?
1 20-100% jmost)
¥ El- 7% (=ome)
3 Lisss thon GIFG (e o none
4 Can't Tal

RATE THIS SECTIDN ETEONG MODERATE
See dicticsary 1

(]

L

1] BLUNDING

(0] Was (werel the owioome sssessons) swane of the int=vemtion or expesore sistus of particigants?

T Yas
I Hao
3 Cant el

(0¥ Were the study participasts sware of the ressarch geestion?
1 Yas
! ko
3 [Can'tll

RATE THIS SECTIDN ETRONG MDDERATE
See dictiosary 1

L]

[E

Ei DATA CILLECTION METRODS

1] Were daia collection baals shown ba be valid?
T Yas
I Ha
3 Can't el

(IE]  Were daia collection baals shown ba be relisble?
T Yas
I Hao
3 Can't sl

RATE THIS SECTIDN ETRONG MDDERATE
See dicticeary 1

L]

[E )




Fi

WITHDRAWALS AND DRDP-DUTS

(01)  Were withdrawals and drop-outs reporied in f2ms of nembers andfar ressons per group?
1 Yas
I Mo
3 Can't el
1 Kot Agplicable (Le. ona tma surveys of imendews)

(0] Indicate the peroentage of participants campleting the study. (Hthe percestage diflers by groups. record the
|oweesst].

1 E0-100%
{ E1-TIE
3 lass than BI%
4 Can't 1all
L Kot Applicabla |i o Retmspedinve @so-mamolj
RATE THIS SECTIDN STRONE MODERATE WEAK
See dictionary 1 z 3 ot Apphctile

INTEAVENTION INTEGRITY

(01)  What perceatage of participants recerved the allacated isterve miion or exposere of imerest?
1 E0-100E
7 E0-TOE
3 lass than BI%
i Can't tall

(IZF] Was the consisiency of the isberee nion measared?
1 Yas
I Mo
3 Can't il

(2 lzitlikely the sebjects received an usistended imersestizn (contamisation ar co-intervention) that may
influesce the resalis?

Yas

Ha

Can’t 1all

[T

ANALYSES

(015 Indicate the unit of allocasian [circle e}
mEmney  omEniationnsttdion peacticn’oHicn irdwidial

(0] Indicate the unit of anskysis (zirole one)
mAnnE  oEniEtonnstitetion precianiohian indwidual

(03] e the statistice] methods approprise for the study desiga?
1 Yas
? Mo
3 Can't el

(4] |s the snalysis perivrmed by imenention allocstion states (i_e. istention te treat) rather then the acual
imenention receed?
1 Yas
I Mo
3 Can't il
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GLOBAL RATING

COMPONENT RATINGS
Pimsa transribe tha information from the gry boaes on pages 1-4 omio thes page. Soa Siclionany on how 1o rats this saction

A SELECTIONEIAS STRONG MODERATE WEAK
| ? 3

B STUDYDESIGN STROMG MODERATE WEAK
| 7 3

€ COMFOUNDERS STROMG MODERATE WEAK
| ? 3

D BLINDING STROMG MODERATE WEAK
| ? 1

E '}""E'I:ggm" STRONG MODERATE WERK
| ? 1

. m“'l‘r‘l:‘"jm STRONG MODERATE WERK
1

Mat Bpplicablio

GLOBAL RATIMG FOIIR THIS PAPER |circle one):

1 STRMNE |ro WEAK ratings)
? MIDERATE |ona WEAK rasng|
| WEHAK {twn or mors WEAK asings|

With both roverwers dsoussing the ratings:

I= them a derrapancy betwaan tha two reviewars with respect 1o 1he component |- atingsT

Mz Yo

H yas, indicaa the reason for the discrepangy

1 harsight
s Difigronces in ntarpratzbon of oatem
1 Difiaronoss in marpratzbon of sudy
Final decizion of bath reviewers (circle onel: 1 STRONE

2 MODERATE
k! WERK
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ANEXO F

»

Quality Assessment Tool
for Quantitative Studies P P
Dictionary Effective Public Health Practice Project

Tha purpose of this dicthonary is to describe items in the teol thareby assisting raters to score study quality. Due to
under-reporting or lack of clarity in the primary study, ratars will need to maka judgements about the extent that biss
may be present. ¥When making judgaments about each component, raters should form their opinion based wpan
information containad in the study rather than making inferancas about what the authors intended.

Al SELECTION B1AS

{01} Partcipents are moe likely to be representative of tha temet population if they ane randomby selectad from &
comprehensive list of indridugls in the tesget populstion {score very Ikelyl. They may not be representatie if thay ere
refamed fom & sounce (2. dinic] in & systematic menner {score somawhat [kely| or self-refamed {zcona not lketyl.
{0} Refers to the % of subjects in the control end intervention groups thet agreed to participate in the study before
they wene assigned to intenention or controd groups.

Bl STUDY DESIGN

In this s=ction, raters ess=ss the lkelihood of biss due to the allocation process in an expaimentsl study. For
oirservationsl studies, raters assess the extent that assessmants of exposure and outcome gse likaly 1o be indapandent
IGanerally, the type of design is & good indicator of the extent of bias. In stronger designs, an equivalent control group
15 presant end the ellocation process is such that the investigators are unable to predict the sequence.

Randomized Controlled Trial (RCT)

Mn experimental design where investigators rendomiby sllocate eligible pecple o &n intervention or comtrol group. A
reber should describe & sbudy &5 an ACT if the rendomization sequence allows esch study paricipant to have the zema
chance of receiving 2ach intervention end the investigetors could not predict which intervention wes next. [f the
mvestigators do not describe the allocation process end onby use the wonds ‘random’ or “endomily’, the shedy is
described s & controlled clinical trigl.

See below for more details.

Mg fro sivay desoribad 25 moamiad?

Score YEE, if the authors used words such &= random &llocation, randomily assigned, and random essignment.
Scone NO, i no mention of rendomization = made.

ias e metivd of ranobmastinn desobad7
Scone YES, if the authors describe any method used to genesate a random allocation sequence.

Score MO, if the suthors do not desoribe the allocation method or describe methods of allocation such 23 sltemation,
cese recond numbers, dates of birth, day of tha week, and any allocation procadure that iz entinaly transperent bafore
gssignment, such g5 an open list of mndom numbers of essigiments.

If MO is scored, then the study is a contralled clinical mal.



HWas the metfod sqorop ate?

Score YEE, if the randomizetion saquance allowed esch study participant to heve the seme chance of recaiving sach
intervention and the investigators could not predict which intervention wes next. Examples of appropriate approaches
includa azsignment of subjects by a central office unawara of subject charactaristics, or sequentially numberad, seslad,
opaque envelopes.

Spore NO, if the rendom izstion sequence is open to the indiidusls responsible fior recuiting and ellocating participants
or providing the imervenition, sinca those individuals can influence the allocation procsss, either knowinghy or
uriknoraingly.

If M0 is scored, then the study is & contralled clinical misl.

Cantralled Clinical Trial {CCT]

An experimental study design whena the mathod of sllocating study subjects to intervantion o control groups & open
to individuzls responsible fior recruiting subjects or providing the intersention. The method of allocation i transparent
before assignmant, e.g. an apean list of endom numbers or allocation by dete of bith, eic.

Cohaort analytic (two group pre and post]

An obssnational study design where groups are essembled according to whethar oo not exposune o the intersentian
Firs ocoumed. Exposure to the intersention is not undar the control of the investigetors. Study groups might be non-
equivelant or not compasable on some feature that affects ouicome.

Case control study

A retrospective study design whene the investigetors gether ‘ceses” of peopla wiio alraady hewe the outcome of interest
and ‘contrals” who do not. Both groups aee than questionsad or their records examined sbout whether they received the
intervention exposure of intzrest.

Caohaort {one group pre + post (befora and afier)
Tha sama group i pretestad, givan an intsnvantion, and tested mmedistely aftar the intsrvention. The intenventian
group, [y means of the peetast, act es their own controd group.

Intemupied time saries

A time senes consists of multiple obserations over time. Oibservations can ba on the same unils je.g. individusls ovar
time) or on different but similar units [e.g. student achievement scores for particular grade and school]. Internupted
time seri=s englysis requires knowing the spedfic point in the senes when an intervantion ocoumsd.

By definition, & confounder &5 & variable that is associated with the intenention or exposure and ceuselly releted o the
ouicome of int=eest. Even in & robust shudy design, groups may not be belanced with respect to important variables
mior to the intersention. The suthors should indicata if confounders were controlled in the design {by stretification or
matching) or in the analysiz. If the ellocation to intervention and contol groups & randomized, the swthors must report
that the groups were balanced at baseling with respact to confounders [either in the text or 3 tablal.

{01] A=sessors should be describad 2z blindad to which participents were in the control and intersention groups. The
puwrpose of blinding the outcome assass0rs [who might &lso be the care providars| is 1o protect against detection biss.

(02| Study participants should not be aware of [iLe. binded to] the ressarch question. The purpose of blinding the
participants is to protect against reparting biss.
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DATA COLLECTION METHODS

Toals for primary outcome messurss must ba describad as relisble and velid. | "face” welidity or ‘content’ validity hes
besn demonstrated, this is acceptabla. Some sowes from which dats mey be collected ere described below:

Salf reported data includes deta that is collectad from participents in the study (2.0 completing & guestionnaire,
SUNVEY, anawering questions during an inteniew, eic.)

Assement/Screening includes chiective deta that is retrieved by the ressemchers. (2., obsarvations by
[ —
Madical Bacords/ital Statislics refers to the types of formal reconds wsed for the extraction of the dats.

Reliability and validity can be reported in the study or in a separate study. For example, some
standand assessment tools have known relisbility and validity.

WITHDRAWALS AND DROP-OUTS

Scare YES if the suthors describa B0TH the numbers and razsons for withdrawals and drop-outs.
Scare MO if either the numbers or resnes for withdrawals and drog-outs sse niot reported.

The percentage of participams completing the sbudy refers to the % of suljscts remaining in the study st the fingl data
collection pariod in all groups [i.e. control and intervantion groups.

INTERVENTIDN INTEGRITY

The number of participants receiving the inended intervention should be noted |consider both frequancy and intsnsity]
For example, the authors may hawve reporied that at least B pecent of the participants received the complete
intervention. The authors should describe @ method of measuring if the intervention wes provided to all participants
thie same wey. As well, the authors should indicate if subjscts recaived en unintendad intervantion that may have
influenced the outcomes. For example, co-intervention ocours when the study group recaives an additionzl intervention
{other than that intended). In this case, it i possibke that the effect of the intervention may be over-estimated.
Contaminztion refers to siustions whera the control group accidemzlly receives the study inbansntion. This could
result in an under-estimation of the impact of the intersention.

ANALYSIS APPROPRIATE TO QUESTION

Was the quantitative analysis appropriate to tha resaarch question being asked?

Bn intention-to-treat analysis is one in which all the participants in a izl ese anelyeed sccosding to the intervantion to
which they wers allocted, whather thiey received it or not. Intsntion-to-trest enalysss ere fawoured in essesemants of

effactivensss as they minor the noncompliance end freatmeant changes that anz liksly to ocour when the intervention i
used in prectice, and becausa of the risk of atirition biss when participents are excluded from the analysis.
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Component Ratings of Study:
For each of e s components A - F, use the following descriptions as a roadmap.

LY

Fi

SELECTION BIAS

Strong: The selpcted individuabs s very Bedy to ba repeesentative of the tamet population (01 i= 1) &nd there is
greater than BO% participation (02 i 1)

Moderaie: The selected individusls are at least somewhat likely to be representative of the targed poputation i1 is 1
or 21 and there is B0 - 79% participation (02 = 2. Woderate” may also be azsigned if O &5 1 or 2 and [F is 5 jcan't
il

Weale The seleciad individuals are not [isly bo be representative of the tamet population {00 i 33 or thers i less than
% peicipation §02 i 3} or selection i not desoribed |01 is £f 2nd the level of participstion is not described (02 is 5.

DESIGN

Stroay: will be a=signed 1o those articles thet described LTS and CCTa

Mosderate: will he assignad to those that describad a cohort 2nalytic study, 3 case control study, & cohort design, o
an interrupded me senies.

Weal: will be as=gnad to those that wsed any other method o did not state the method wsed.

CONFDUNDERS

Swong: will be assigned o those articles hat contrlied fior at least B0 of relevant confounders (01 s Zr (02 s 1)
Muslerste: will be given io thoss shadies that controlled for B0 — 79% of relevant confoundsars |01 = 1)and |02 = 3

Wealc will be assignad when less than B0% of relevant confounders were mntrollad (01 & 1) and |12 is 3) or
controd of confounders weas not described (00 & 3) and )02 i )

Stromg: The ouicome assessor is not aware of the intersention stabss of participants |01 iz 2]; and the study
perticipznts are not aware of the research question (02 i 7).

Moderate: The oulcome assesson is not awere of the intervention status of participants {00 is 21 or the sudy
perticipants are not aware of the resaanch question (02 i 2 or blinding i= not describead (01 iz 3 and 7 is 3).

Weale The outcoma sssessor is aware of the intersention status of participants: (01 is 1) and the study perficipants
an awans of the research question |2 s 1.
DATA COLLECTION METHODS

Stroay: The data colizction tools feve been shown 1o be valid (01 & 1) and the dats collection iooks have bean
shiran B be reliable 07 = 1)

Musderate: The data collection ipols have been shown o be walid (01 is 11 and the dets collection fools have nol
basn shown fo be reliable {0 is 2) or reliabilty & nof described 102 & 31

Wealc The data collection toods hawe not bean shown to be valid )00 is 7] o both relzbilty and walidity — are not
described i i 3 and 02 &5 3

WITHDRAWALS AND DROP-DUTS - a rating of:

Strong: will be assigned whan the follow-up rale is 8076 o greater |02 is 1)

Muslerste: will ba z=signad when the oliow-up rate is 60 — 7% (02 is 2) DR 02 i= 5 (NP

Wealc will ba azsignad when a folioe-up rate is less than B0 (02 i 3) of if the withdrawels and drop-ouls wens nol
dascribed (07 41
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