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RESUMO

A halitose é um termo utilizado para definir o odor desagradavel e fétido que
emana da boca, podendo apresentar origem sistémica (10%) ou oral (90%).
O mau odor é provocado principalmente por compostos sulforados volateis,
produzido pela acdo de bactérias Gram-negativas. A luz acompanhada ou
nao de agentes quimicos tem sido usada para induzir efeitos terapéuticos e
antimicrobianos na terapia fotodindmica (TFD), sendo que o efeito
antimicrobiano fica confinado apenas as areas cobertas pelo corante e
irradiadas pela luz. O objetivo deste estudo foi avaliar o efeito antimicrobiano
da TFD em adolescentes com halitose, pela analise da concentracdo de
compostos sulforados volateis, mensurado por cromatografia gasosa
(OralChroma ™). Por meio de estudo clinico controlado, 45 adolescentes
foram avaliados e divididos aleatoriamente em 3 grupos que receberam
tratamentos distintos: grupo 1 tratamento com TFD aplicada na regidao de
dorso e tergo médio da lingua, grupo 2 raspador lingual e grupo 3 tratamento
combinado de raspador lingual e TFD. O diagndstico de halitose foi realizado
antes e depois do tratamento pela cromatorgrafia gasosa. Foi aplicado o teste
de Kruskal-Wallis para comparagéo seguido do teste Student-Newman-Keuls.
Para todas as analises foi considerado um nivel de significancia de a=0,05.
Apobs o tratamento houve redugéo estatisticamente significante para todos os
grupos (p < 0,001), contudo a associagdo da terapia fotodinamica ao
raspador lingual mostrou ser mais eficiente na redugéo total de sulfidretos
(mediana=0). Conclui-se portanto, que esse estudo traz uma nova op¢ao de
tratamento para halitose, com efeito imediato e sem agress&do mecanica as

papilas linguais comum ao tratamento convencional com raspadores.

PALAVRAS CHAVE: halitose, terapia fotodindmica, adolescentes

Clinical Trials Registration - NCT02007993
Projeto FAPESP n°2013/13032-8



ABSTRACT

Halitosis is a term used to define the unpleasant breath that may have a
systemic or oral origin. Volatile sulfur compounds produced by the Gram-
negative bacteria mainly cause the bad breath. Using light - along with by
chemical agents or not - is common to induce therapeutic and antimicrobial
effects in the photodynamic therapy, and the antimicrobial effect happens only
in the areas covered by the dye and irradiated by light. The aim of this study
was to evaluate the antimicrobial effect of the photodynamic therapy in
adolescent halitosis, analyzing the volatile sulfur compounds concentration,
measured by gas chromatography (OralChroma™). 45 adolescents were
assessed and randomly divided (through controlled clinical study) into 3
groups that received different treatments: group 1 treatment with
photodynamic therapy applied on the back (dorsum) region and on the middle
third of the tongue, group 2 tongue scraper and group 3 treatment with tongue
scraper and photodynamic therapy. The halitosis diagnosis was performed
before and after the OralChroma treatment. The Kruskal-Wallis test was
applied and compared with the Student-Newman-Keuls test. The a = 0.05
significance level was considered for all analysis. After the treatment, there
was a statistically significant decline on all groups (p <0.001); however, the
photodynamic therapy and tongue scraper treatment proved to be more
efficient to fully reduce the hydrogen sulfides (median = 0). This study
provides a new option for treating adolescent halitosis with immediate effects
without mechanical aggression to the lingual papillae, which is common in the

conventional treatment with tongue scrapers.

Keywords: halitosis, photodynamic therapy, adolescents.

Clinical Trials Registration - NCT02007993
Projeto FAPESP n°2013/13032-8
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1. Contextualizagao

A Halitose, também conhecida como mau halito, € um termo utilizado para
definir um odor desagradavel e fétido que emana da boca, podendo apresentar
origem local ou sistémica (QUIRYNEN et al, 2004; ROSENBERG;
MCCULLOCH, 1992; SHIMURA et al., 1997). E considerado um problema
comum que afeta grande parte da populagdo mundial e causa constrangimento
tanto para quem a possui como para as pessoas com as quais o individuo
convive, é um fator negativo importante na comunicagéo social, com impacto
direto na qualidade de vida (KIZHNER; XU; KRESPI, 2011). Estudos sobre
etiologia da halitose mostram que 2% dos casos estdo relacionados a
sindromes metabdlicas, alteragdes renais, hepaticas, endocrinologicas e
gastrointestinais (como infec¢des por Helicobacter pylori e obstrugéo intestinal),
8% por alteragdes respiratérias e otorrinolaringoldgicas como amigdalite aguda,
presenca de escorrimento nasal posterior e sinusites, 80-90% dos casos estao
diretamente ligados as condicbes da cavidade oral, como a presenga de
doenga periodontal (13%), saburra lingual (51%) ou a combinagdo de ambos
(22%), pobre higiene oral, alteragbes salivares (mudanca do pH e hiposialia),
entre outras causas (estomatite, neoplasia intra-oral, exposi¢céo pulpar, feridas
pos extragdo e apinhamento dentario) (AMIR; SHIMONOV; ROSENBERG,
1999; BOLLEN; BEIKLER, 2012; DAL RIO et al.,, 2006; MAROCCHIO;
CONCEICAO; TARZIA, 2009; QUIRYNEN et al., 2009).

O mau halito é provocado principalmente por compostos sulforados volateis
(CSV), produzidos pela acdo de bactérias Gram-negativas anaerobias
(Fusobacterium nucleatum, Selenomonas, Treponema denticola, Prevotella
intermedia, Tannerella Forsythensis, Porphyromonas gingivalis, Bacteroides
forsythus and Eubacterium) (LIU; ZHU; HUANG, 2009) sobre substratos
contendo enxofre encontrados na boca (RAANGS; WINKEL; VAN
WINKELHOFF, 2013; SALAKO; PHILIP, 2011). Os CSV produzidos a partir
desse metabolismo sdo: sulfidreto (SH2) - encontrados principalmente em
dorso lingual - metilmercaptana (CH3;SH) - presentes no sulco gengival - e
dimetilsulfeto (CH3SCH3) - origem extra-oral (CALIL; MARCONDES, 2006;
SPRINGFIELD et al., 2001; TANGERMAN; WINKEL, 2008; TOLENTINO;
CHINELLATO; TARZIA, 2011), e a concentragdo desses gases é usada como
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indicador da halitose (ROSENBERG; MCCULLOCH, 1992; ROSENBERG et
al., 1991). Recentemente a bactéria Gram-positiva anaerobia Solobacterium
moorei (conhecida como Bulleidia moorei) também foi associada a halitose
pela producdo SH; na presenca de diferentes suplementacdes com
aminoacidos, em especial a cisteina (HARASZTHY et al.,, 2008; TANABE;
GRENIER, 2012). Pesquisas vém demonstrando que a presenca destas
bactérias no dorso lingual, saliva e sulco periodontal podem desencadear além
da halitose problemas sistémicos como complicagbes na gravidez, doengas
cardiovasculares e principalmente infecgdo respiratorio baixa (SILVESTRI et
al., 2014) considerada a terceira causa mais comum de mortalidade (BANSAL;
KHATRI; TANEJA, 2013; CHRISTENSEN, 1998; QUIRYNEN et al., 2004;
TANAKA et al., 2004; TARZIA, 2003).

Ha dois principais métodos usados para avaliar o halito: avaliagdo subjetiva
(organoléptica) e avaliagao objetiva (cromatografia gasosa e monitor de sulfeto)
(KARA; TEZEL; ORBAK, 2006; KARA et al., 2008). Estudos realizados
comparando a eficacia dos testes apontaram a cromatografia gasosa como
método objetivo mais eficaz (BOLLEN; BEIKLER, 2012; TANGERMAN;
WINKEL, 2008), e atualmente considerada padrao ouro da literatura (SALAKO;
PHILIP, 2011). Porém, a maioria dos pesquisadores tem usado a combinagao
de ambos, outros apenas o organoléptico por ser o método mais barato e facil
de executar (KARA et al., 2008).

No teste organoléptico um juiz treinado e calibrado posicionado a distancia de
10 cm, distingue o ar expirado pelo olfato e o resultado é determinado usando
a tabela de Rosenberg (“0-5 Rosenberg scale”) (BOLLEN; BEIKLER, 2012;
ROSENBERG; MCCULLOCH, 1992). Onde 0O representa auséncia de odor, 1
odor dificilmente detectavel, 2 odor leve, 3 odor moderado, 4 odor forte e 5
odor extremamente forte. O halito também pode ser examinado por um monitor
de sulfeto como o Halimeter (Interscan Corporation, Chatsworth, CA, USA)
(DONALDSON et al.,, 2007; KIZHNER; XU; KRESPI, 2011; ROSENBERG;
MCCULLOCH, 1992; ROSENBERG, 1990), que determina a quantidade total
de CSV em partes por bilhdo (ppb), em condi¢gdes normais, e de acordo com o
fabricante essa quantidade tem que ser inferior a 80 ppb, contudo, esse
equipamento ndo € capaz de diferenciar a origem ou o tipo CSV, é mais

sensivel ao sulfidreto que a metilmercaptanas e insensivel ao dimetilsulfeto
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(FURNE et al., 2002; TANGERMAN; WINKEL, 2008). A cromatografia gasosa &
o método mais apropriado para detectar a halitose, em 2004, um novo
cromatégrafo gasoso, OralChroma™ (Abilit Corporation, Miyamae-KU
Kawasaki-shi, Kanagawa, Japan), foi desenvolvido no Japao para mensuragao
individual dos 3 principais CSV (sulfidreto, metilmercapitana e dimetilsulfeto),
permitindo avaliar a intensidade do halito e sua origem (BOLLEN; BEIKLER,
2012; SALAKO; PHILIP, 2011; TANGERMAN; WINKEL, 2008).
A falta de padronizag&o no protocolo para diagnostico e tratamento de halitose
dificulta a comparagdo dos dados epidemioldgicos obtidos em diferentes
paises, mas acredita-se que hoje a populagéo afetada por essa desordem é de
aproximadamente 25% (BOLLEN; BEIKLER, 2012).

1.1. Terapia fotodinamica
A terapia fotodindmica (TFD) foi descoberta em 1900 por Oskar Raab e
Hermann von Tappeiner, e na década de 1970 foi inicialmente desenvolvida
como uma terapia para tratamento de cancer. Recentemente, a TFD
antimicrobiana tem sido utilizada como uma alternativa para o tratamento das
infecgdes localizadas (DAl et al., 2012).
A TFD engloba o uso de um corante sensivel a luz (fotossensibilizador) e ndo
téxico combinado a uma luz visivel de comprimento de onda apropriado para
coincidir com o espectro de absor¢do do fotossensibilizador (FS), que apos
absorver os fétons atinge um estado de excitagdo reagindo com o oxigénio do
meio, formando espécies reativas de oxigénio (reactive oxygen species - ROS).
Essa reacgao fototdxica induz a destruicdo da célula bacteriana, porém o efeito
antimicrobiano fica confinado apenas as areas cobertas pelo corante e
irradiadas pela luz agindo no organismos alvo rapidamente, dependendo da
dose de energia de luz e a saida de poténcia usada (DAl et al., 2012;
FONTANA et al., 2009; HOPE; WILSON, 2006; LIU; ZHU; HUANG, 2009;
PERVAIZ; OLIVO, 2006; WILSON, 2004). Além disso, de acordo com
Wainwright (WAINWRIGHT, 1998) a resisténcia bacteriana a TFD é
improvavel, pois o oxigénio singleto e os radicais livres formados interagem
com varias estruturas celulares bacterianas e diferentes caminhos metabdlico
(HOPE; WILSON, 2006; WILSON, 2004).
A halitose esta diretamente relacionada a qualidade de vida e ao convivio

social, por ser uma doenga com etiologia multifatorial porém relacionada a
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presenca de bactérias, Gram negativas principalmente (BOLLEN; BEIKLER,
2012). O tratamento convencional da halitose quando relacionado a alteragdes
orais consiste na redugdo quimica dos microrganismos com enxaguatorios
(clorexidina 0,2%, Oleos essenciais, triclosan e agua oxigenada), redugao
mecéanica dos nutrientes intra-orais com raspador ou escova lingual,
mascaramento do odor (gomas de mascar, tabletes de menta e spray) e
transformagdo do CSV (Zinco associado a clorexidina) (BOLLEN; BEIKLER,
2012; QUIRYNEN; MONGARDINI; VAN STEENBERGHE, 1998; QUIRYNEN et
al., 2004; RAANGS; WINKEL; VAN WINKELHOFF, 2013; SAAD; GREENMAN;
SHAW, 2011; SAAD; HEWETT; GREENMAN, 2012; TOLENTINO;
CHINELLATO; TARZIA, 2011). Por outro lado a redugéo da carga bacteriana &
dificultada devido as caracteristicas irregulares da superficie do dorso lingual
(COLLINS L; DAWES, 1987; QUIRYNEN; MONGARDINI; VAN
STEENBERGHE, 1998; QUIRYNEN et al., 2004), revestido por numerosas
papilas que se apresentam de 4 diferentes formas: fungiformes, filiformes,
circunvaladas e foliadas. As patologias linguais sdo determinadas pelas
caracteristicas papilares condigbes da superficie lingual (tamanho, formato,
fixacdo e carateristicas papilares): lingua pilosa, lingua revestida, lingua
fissurada, atrofia papilar, lingua geografica, glossite romboide mediana, lingua
crenada, macroglossia e anquiloglossia(AVCU; KANLI, 2003).

Sendo assim, frente a essas dificuldades e aos questionamentos referentes ao
tratamento preciso da halitose, bem como a auséncia de estudos relacionados
diretamente ao efeito da TFD na saburra lingual, o objetivo desse estudo foi
avaliar a efetividade da aplicacédo da TFD em dorso de lingua, pela analise do
nivel de CSV em adolescentes com halitose.
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2. Justificativa

A halitose esta diretamente relacionada a qualidade de vida e ao convivio
social (BOLLEN; BEIKLER, 2012), por ser um conjunto de sinais e sintomas
com etiologia multifatorial relacionada a presenca de bactérias, Gram negativas
principalmente, o diagndstico e padrdo ouro da literatura € a cromatografia
gasosa, capaz de medir a quantidade e os tipos de CSV presentes no ar
expirado (BOLLEN; BEIKLER, 2012; TANGERMAN; WINKEL, 2008).

O tratamento para halitose proposto pela literatura € amplo, e de modo geral
consiste na redugcdo mecénica e quimica da saburra lingual (BOLLEN;
BEIKLER, 2012), contudo o uso vigoroso de limpadores linguais pode causar
micro hemorragias (SEEMAN et al., 2014). A terapia fotodindmica € uma
possivel alternativa conservadora para resolugao deste problema. Frente aos
questionamentos referentes a diagnostico e tratamento preciso, bem como a
escassez de estudos relacionados diretamente ao efeito da TFD na halitose,
propde-se a avaliagdo da efetividade da aplicagdo da TFD no biofilme lingual
de adolescentes com halitose, em especial por se tratar de um procedimento

rapido, n&o invasivo, de efeito imediato e sem causar injurias as tecido tratado.
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3. Objetivos

O objetivo deste estudo foi analisar a efetividade da aplicacdo da terapia
fotodindmica em tergo médio e dorso lingual de adolescentes, pela avaliagédo

do nivel de formagao de sulfidreto por meio de cromatografia gasosa.
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4. Material e métodos

O estudo seguiu as normas regulamentadoras de pesquisa em seres humanos
com parecer favoravel do Comité de Etica em Pesquisa da Universidade Nove
de Julho numero 313.779/2013 (anexo 1), e o0s responsaveis pelos
participantes assinaram o termo de consentimento livre apds esclarecimentos
para autorizagdo da participagdo na pesquisa (Anexo 2), de acordo com a
resolucao 196/96 do Conselho Nacional Saude.

4.1.Delineamento

Tipo de Estudo: Estudo clinico, randomizado.

4.1.1. Hipodtese

Hipotese nula: Nao ha alteracido da halitose apds o uso da terapia fotodinadmica

associada ou ndo ao raspador de lingua.
Hipotese experimental: Ha diminuicdo da halitose apds o uso da terapia

fotodinamica associada ou n&o ao raspador de lingua.
4.2, Sujeitos da Pesquisa

Para este estudo foram avaliados os adolescentes de ambos os sexos,
matriculados regularmente no Instituto Meninos de Sdo Judas Tadeu — Sao

Paulo.
4.2.1. Critérios de Inclusao

Foram incluidos nesta pesquisa: adolescentes na faixa etaria de 13 a 18 anos,
com termo de consentimento livre e esclarecido (Anexo 2) e autorizagédo para
diagnostico e tratamento da halitose assinados pelo responsavel (Anexo 3); e
adolescentes com diagnostico de halitose apresentando resultados Oralchroma
com desafio da cisteina SHz = 112 ppb (AIZAWA et al., 2005; PHAM et al.,
2011; SALAKO; PHILIP, 2011; TANGERMAN; WINKEL, 2008).

4.2.2. Critérios de Exclusao

Faram excluidos do estudo individuos (CASEMIRO et al.,, 2008): com
anomalias dentofaciais, em tratamento ortodéntico e/ou ortopédico, com
dispositivo removivel, implante e/ou prétese, com doenga periodontal, com

dentes cariados, em tratamento oncoldgico, com diabetes mellitus, alteragdes
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sistémicas (gastrointestinais, renais, hepaticas), otorrinolaringologicos e
respiratorios, em tratamento com antibidtico até 1 més antes da pesquisa,
gravidas, (BOLLEN; BEIKLER, 2012) e com hipersensibilidade ao FS.

4.2.3. Procedimentos

Por se tratar de um estudo clinico randomizado e buscando uma maior
transparéncia e qualidade dessa pesquisa, utilizamos as recomendagdes
CONSORT (Consolidated Standards of Reporting Trials) (figura 1).

4.3.FLUXOGRAMA

Adolescentes de 13 a 18 anos
matriculados regularmente no
Instituto Meninos de Sao Judas Tadeu

Recrutamento
Cromatografia
EXCLUIDOS Gasosa
Diagndstico <
OralChroma v
SH2 < 112 ppb
Diagnostico
OralChroma
SH2 = 112 ppb
GRUPO 1 GRUPO 2 GRUPO 3
N=15 N=15 N=15

v v v

Tratamento com
Tratamento com PDT Raspador + PDT

Tratamento com
A=660 nm P=100 mW ; _ _
E=9J T=90s Raspador de lingua A=660 nm P=100 mW

E=9J T=90s

Diagnéstico OralChroma
Até 15 minutos apos o
tratamento

v

Analise dos
resultados

Figura 1 — fluxograma do estudo
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Os sujeitos selecionados foram aleatoriamente divididos em 3 grupos por
ordem de chegada, onde o primeiro participante foi direcionado ao grupo 1, o
segundo ao grupo 2 e o terceiro ao grupo 3, dando continuidade a distribuicdo
dos participantes aos 3 grupos seguindo a mesma ordem, e conforme descrito
no quadro 1 todos foram submetidos & avaliagdo com OralChroma™ antes e

depois de cada tratamento proposto.

Quadro 1: Resumo da condi¢ao experimental.

Grupo | N Halitose Tratamento
TFD
E=9J T=90s

1 | 15| SH22112ppb

2 15 SH, =2 112 ppb Raspador Lingual

Raspador lingual + TFD

3 15 SH, = 112 ppb
E=9J T=090s

4.4. Avaliagao do nivel de halitose
A literatura descreve alguns métodos de mensuragao de halitose, como a
avaliacdo organoléptica do ar emanado da cavidade oral (ROSENBERG,
1990; ROSENBERG et al., 1991), por monitor de sulfeto (KARA et al., 2008;
MOTTA L et al., 2011; ROSENBERG et al., 1991) e por cromatografia gasosa,
considerado hoje padrao ouro na literatura (MOTTA L et al.,, 2011; SALAKO;
PHILIP, 2011; VANDEKERCKHOVE et al., 2009). Como o teste organoléptico
pode ser influenciado pela capacidade olfatéria, estado emocional do
examinador e por condigdes climaticas (ROSENBERG; MCCULLOCH, 1992),
para este estudo foi utilizado o dispositivo portatil OralChroma™ (Abilit, Japan)
(figura 2), que utiliza um sensor de gas semicondutor altamente sensivel aos

CSV e de facil utilizaggo.

i

Figura 2 — OralChroma®
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A coleta do ar bucal seguiu as orientacdes do fabricante (OralChroma™
Manual Instruction), onde o participante foi orientado a fazer bochecho com
cisteina (10 mM) por 1 minuto para diferenciar a origem dos CSV e abranger as
bactérias Gram-positiva anaerdbia Solobacterium moorei, e permanecer com a
boca fechada mais 1 minuto. Em seguida foi introduzido na boca do paciente
uma seringa estéril do mesmo fabricante, propria para coleta do ar bucal.
Durante 1 minuto o paciente permaneceu de boca fechada, respirando pelo
nariz, sem tocar na seringa com a lingua. Apos coleta do ar e limpeza da ponta
da seringa foi acoplada uma agulha de injegao de gas e removido o excesso de
ar para o conteudo de 0,5ml e injetado na porta de entrada do aparelho com
um movimento unico (figura 3) (TANGERMAN; WINKEL, 2008).

s . Dente superior anterior
Labio superior
Seringa\\ /

Lingua

Labio inferior o _
Dente inferior anterior

Figura 3 — Processo de realizacao da halimetria

O OralChroma™, conectado ao computador (com software especifico) permite
a captura de um grafico correspondente aos picos e valores de concentragcéo
dos gases, medindo os limiares dos CSV (de 0 a 2913 ppd), com muita
precisao apdés 8 minutos (figura 4). Os resultados sdo armazenados tanto no
programa quanto no proprio aparelho e podem ser resgatados e visualizados a
qualguer momento para comparagao antes, durante e apos o tratamento.
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Dados pessoais )
P Valores medidos

dq paciente
/ /
4

1D: alida da Sva
Name: Alcla da Siva O l( rh 4
Comment: r a r 0 m a
Sex: Date of birth:
y A
Date: 04/30/2014 10:17 Device ID: 0003 i erine... Page Setup I Chose J
Resut " ngi1oml * ppb Judgment
High 1469 ' =
+ : +* s Phe range which feels bad breath obvious
) ' ' = and fesls displeasure. .
H2s : CHIsH ! (CHI)2S
+ . - ¢+ The range which fels bad breath &
| . litle (There s no displeasure so much.)
H25 | CHASH | (CHA)2S A
agrve T * T+ 7+ | [iheronkewhich hudy fods a smd,
. T — : — akhougf there is haltosis,
- H25 CHISH | (CHI)S
Low ' :
Gas Hydrogen Sulfide | Methymercaptan | Dimethyd Sufide + T+ T+
H2S : CH35H : (o13)25 [
Hz5 cHIsH | (CH3)2S
The last data [E] The case of a cognitive threshold or more.
| H25 wsm 1009 | (ompesiog) | [ B the case of fower than a cagrtive treeshaid)
Dados da ultima medida Avaliagao dos niveis
Nome do gas e valor medido de halitose

Figura 4 — Resultado obtido pelo software

Da analise dos CSV capturado pelo sistema, temos como indicadores e
halitose:

- Sulfidreto: origem principalmente das bactérias presentes no dorso da lingua.
Valores acima de 112 ppb s&o indicadores de halitose.

- Metilmercaptana: predominantemente mais elevada nas bolsas periodontais.
Valores até 26 ppb s&o considerados normais. A doenca periodontal resulta
tipicamente numa alta razdo entre metilmercaptana/sulfidreto (>3:1)

- Dimetilsulfeto: tanto pode ser de origem periodontal como de origem sistémica
(intestinal, hepatica, pulmonar). Ha possibilidade de se fazer a distingdo entre o
dimetilsulfeto de origem bucal e o de origem sistémica, através da comparacgéo
dos resultados da halimetria feita no oralchroma com e sem o desafio da
cisteina (cisteina 10 mM, ou seja 16 mg de cisteina em 100 ml de agua
destilada — 16 mg%). Outros odores (n&o CSV) podem aparecer em um pico
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anterior ao teoricamente primeiro pico que é o do sulfidreto (TANGERMAN;
WINKEL, 2008).

Para evitar alteragbes na halimetria os participantes foram instruidos a seguir
as seguintes orientagdes: 48 horas antes da avaliagdo evitar a ingestdo de
alimentos com alho, cebola e temperos fortes, consumo de alcool e uso de
antisséptico bucal. No dia da avaliagao, pela manha, puderam alimentar-se até
no maximo 2 horas antes do exame, abster-se de café, balas, goma de
mascar, produtos de higiene oral e pessoal com perfume (pos-barba,
desodorante, perfume, cremes e/ou tdnico) e a escovagdo foi apenas com
agua (DONALDSON et al., 2007; QUIRYNEN et al., 2009).

4.5. Aplicagcao da TFD

Para a terapia fotodinamica foi utilizado o aparelho THERAPY XT-EC® (DMC
ABC Equipamentos Médicos e Odontologicos, SP, BR) (figura 5), com emisséo
de LASER vermelho (660nm) e infravermelho (810nm), e ponta afilada para

uso odontolégico, com diametro de 0,094 cm.

&\ \

()

Figura 5 — Aparelho Therapy XT-EC - DMC ®

No momento da aplicacdo da TFD estavam presentes somente o voluntario a
ser tratado e o profissional responsavel, ambos utilizando 6culos especificos
para protecdo ocular. A ponta ativa do laser foi revestida com plastico
transparente descartavel (PVC) e o profissional foi devidamente paramentado.

Foi realizada 1 sessdo de TFD com FS azul de metileno manipulado na

concentracéo de 0,005% (165 uM) e aplicado em quantidade suficiente para
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cobrir o tergo médio e dorso da lingua com tempo de pré irradiagdo de 5
minutos, o excesso foi removido com sugador de forma a manter a superficie
umida com o proprio FS, sem utilizagdo de agua. Foram irradiados 6 pontos
com distancia de 1 cm entre os pontos, considerando o halo de espalhamento
da luz e efetividade da TFD (figura 6). Com base em estudos desenvolvidos no
tratamento da doenga periodontal com a TFD (BERAKDAR et al., 2012;
BRAUN et al., 2008; DILSIZ; CANAKCI; AYDIN, 2013; GIANNELLI et al., 2012;
LUI; CORBET; JIN, 2011; LULIC M et al., 2009; POLANSKY et al., 2009)
(quadro 2)(BERAKDAR et al., 2012; BRAUN et al., 2008; DILSIZ; CANAKCI;
AYDIN, 2013; GIANNELLI et al., 2012; LUI; CORBET; JIN, 2011; LULIC M et
al., 2009; POLANSKY et al., 2009) e estudo piloto realizado previamente
(LOPES et al, 2014), o aparelho estava previamente calibrado com
comprimento de onda 660nm, energia de 9J e poténcia de 100mW para os
grupos 1 e 3 que foram irradiados durante 90 segundos por ponto, fluéncia de
320 J/cm? e irradiancia de 3537mW/cm?, com método de aplicacdo pontual e

em contato direto com a lingua.

Figura 6 — Pontos de aplicagdo da TFD
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Quadro 2: Caracteristicas dos estudos da TFD no tratamento da periodontite.
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Quadro 3: Parametros do Laser

PARAMETROS LASER VERMELHO
Comprimento de onda [nm] 660
Largura espectral (FWHM) [nm] 5
Modo de funcionamento Continuo
Poténcia [mW] 100
Polarizagéo Random
Diametro de abertura [cm] 0,094
Irradiancia na abertura [mW/cm?] 3537
Perfil do feixe Multimodo
Area do feixe [cm?] 0,02827
Irradiancia no alvo [mW/cm?] 3537
Tempo de exposicao [s] 90
Fluéncia [J/cm?] 320
Energia [J] 9
Numero de pontos irradiados 6
Area irradiada [cm?] 0,169
Técnica de aplicagao Contato
Numero de sessoes e frequéncia 1 sesséao
Energia total irradiada [J] 54

4.6.Calculo da amostra
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Apesar de os dados desse estudo ja indicarem uma diferenga estatisticamente

significativa, o calculo do tamanho amostral foi aprofundado para considerar

também o poder do teste.

Baseado nos dados do estudo, foi feita uma simulagdo do poder do teste

(Kruskal Wallis ANOVA) em fungdo do tamanho amostral, conforme pode ser

observar na figura 07.
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figura 07: poder do teste em fung&o do tamanho amostral

A figura 07 mostra que, para um tamanho amostra N = 15 por grupo, o poder
do teste foi de 80%.

4.7.0rganizagao e Tratamento Estatistico dos Dados
Os dados oriundos do OralChorma foram analisados pelo teste de Shapiro —
Wilk e a hipétese de normalidade foi rejeitada. Para analise estatistica
comparativa entre os grupos foram utilizados os testes de Kruskal-Wallis
seguido pelo teste de Student-Newman-Keuls. A analise dos resultados de
cada tratamento nos dois periodos do estudo foi feita pelo teste de Wilcoxon.

Para todas as analises foi considerado um nivel de significancia a=0,05.
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5. Resultados
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Abstract

Introduction: Halitosis is a common problem that affects a large portion of the
population worldwide. The origin of this condition is oral in 90% of cases and
systemic in 10% of cases. The foul odor is caused mainly by volatile sulfur
compounds produced by Gram-negative bacteria. However, it has recently
been found that anaerobic Gram-positive bacteria also produce hydrogen
sulfide (H2S) in the presence of amino acids, such as cysteine. Light with and
without the combination of chemical agents has been used to induce
therapeutic and antimicrobial effects. In photodynamic therapy, the antimicrobial
effect is confined to areas covered by the photosensitizing dye. The aim of the
present case series study was to evaluate the antimicrobial effect of
photodynamic therapy on halitosis in adolescents through the analysis of
volatile sulfur compounds measured using a sulfide meter (Halimeter®).

Methods: Five adolescents aged 14 to 16 years were evaluated using a sulfide
meter before and one hour after photodynamic therapy, which involved the use
of methylene blue 0.005% on the middle third and posterior thirds of the dorsum
of the tongue and nine points of laser irradiation in the red band (660 nm) with
an energy dose of 9 J, power output of 100 mW and 90-seconds exposure time.

Results: A 31.8% reduction in the concentration of volatile sulfur compounds
was found in the comparison of the initial and final readings. The statistically
significant reduction (p = 0.0091) led to an absence of halitosis following
treatment (mean: 58.2 ppb).
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Conclusion: Photodynamic therapy seems to be effective on reduction the
concentration of volatile sulfur compounds. Considering the positive effects of
photodynamic therapy in this case series, further studies involving
microbiological analyses should be conducted to allow comparisons of the
results.

Conclusion:

Key words: photodynamic therapy; laser; adolescent.
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Introduction

Halitosis (bad breath) is a term used to define a foul, unpleasant odor that
emanates from the mouth stemming from either a local or systemic origin."™
This common problem affects a large portion of the population worldwide and
causes considerable embarrassment. Halitosis therefore has a negative impact
on social communication and quality of life.* While the lack of standardization in
the protocol for the diagnosis and treatment of halitosis hinders the comparison
of data from epidemiological studies carried out in different countries, it is
believed that 25% of the population are affected by this condition.®

Studies on the etiology of this condition report that 2% of cases stem from
renal, metabolic, hepatic, endocrinologic and gastrointestinal disorders (such as
infection by Helicobacter pylori and intestinal blockage), 8% due to conditions of
the respiratory system and conditions of the ears, nose and throat (ENT), such
as acute tonsillitis, postnasal drip, sinusitis and tonsilloliths, and 80 to 90% are
directly linked to conditions of the oral cavity, such as periodontal disease,
coated tongue, poor oral hygiene, salivary abnormalities (change in pH and
hyposialy), stomatitis, intra-oral neoplasm, pulp exposure, extraction wounds
and crowding of the teeth.>®

Bad breath is mainly caused by volatile sulfur compounds (VSCs) produced by
the action of anaerobic Gram-negative bacteria (Fusobacterium nucleatum,
Selenomonas, Treponema denticola, Prevotella intermedia, Tannerella
forsythensis, = Porphyromonas gingivalis,  Bacteroides forsythus and



31

Eubacterium) found in the oral cavity on substrates containing sulfur.®'" The
VSCs produced by the metabolism of these bacteria are hydrogen sulfide (H2S),
found mainly on the dorsum of the tongue, methanethiol (CH3SH) in gingival
pockets and dimethyl sulfide (CHsSCHs), which has an extra-oral origin.’*"* The
concentration of these compounds is used as an indicator of halitosis.>®
Recently, the anaerobic Gram-positive bacterium Solobacterium moorei (also
known as Bulleidia moorei) has been associated to halitosis due to the
production of H,S in the presence of different supplements with amino acids,
especially cysteine.'”'® Studies have demonstrated that the presence of these
bacteria on the dorsum of the tongue as well as in saliva and periodontal
pockets can lead to both halitosis and systemic problems, such as
complications during pregnancy, cardiovascular disease and chronic lower
respiratory infection,’® which is considered the third most common cause of
death 22023

Detection

Two main methods are used to evaluate oral malodor: a subjective
(organoleptic) evaluation and an objective evaluation (quantitative measure of
VSC, GC gas chromatography and monitor analysis).?*** Studies comparing
the efficacy of these methods report gas chromatography (GC) to be the most
objective and efficacious®'® and this method is currently considered the gold
standard in the literature."” However, the majority of researchers have used a
combination of both subjective and objective evaluations, whereas others have
only used an organoleptic evaluation due to its ease of execution and low
cost.*

Organoleptic evaluation

For the organoleptic evaluation, a trained and calibrated rater positioned at a
distance of 10 cm distinguishes the breath through the olfactory sense and a
score is attributed using the 0 to 5-point Rosenberg scale®® (0 = absence of
odor; 1 = nearly undetectable odor; 2 = mild odor; 3 = moderate odor; 4 =
strong odor; and 5 = extremely strong odor).

Portable gas analysis

Mouth air can be analyzed using a sulfide monitor, such as the Halimeter
(Interscan Corporation, Chatsworth, CA, USA),>*?°27 which determines the total
amount of VSCs in parts per billion (ppb) under normal conditions. According to
the manufacturer, this quantity should be less than 80 ppb. However, the
equipment is unable to differentiate the origin or type of VSC, is more sensitive
to H,S than CH3SH and is insensitive to CH;SCH3.">%

Gas chromatography

GC is the most appropriate method for detecting halitosis. In 2004, an new GC
denominated Oral Chroma™ (Abilit Corporation) was developed in Japan for
the individual determination of H,S, CH3SH and CH3;SCHs, allowing the
evaluation of both the intensity of bad breath and its origin.®'"'°

Photodynamic therapy

Photodynamic therapy (PDT) was discovered in 1900 by Oskar Raaband
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Hermannvon Tappeiner. In the 1970s, PDT was used for the treatment of
cancer. Recently, antimicrobial PDT has been used as a treatment option for
localized infections.”® PDT involves the use of a non-toxic light-sensitive
photosensitizer combined with visible light at the appropriate wavelength to
coincide with the absorption spectrum of the photosensitizer, which reaches a
state of excitation after absorbing the photons, reacting with the oxygen in the
medium to form reactive oxygen species (ROS). This phototoxic reaction
induces the destruction of bacterial cells, but the antimicrobial effect is confined
to areas covered by the light-activated photosensitizer, quickly acting on the
target organisms when the appropriate energy dose and output power are
used.>?*** According to Wainwright (1998),3* bacterial resistance to PDT is
unlikely, as the singlet oxygen and free radicals formed interact with different
bacterial cell structures and different metabolic pathways.?%3*

As a condition with a multifactor etiology but related to bacteria, especially
Gram-negative bacteria, halitosis exerts a direct impact on social interactions
and quality of life.® The conventional treatment of halitosis related to oral
conditions consists of the chemical reduction of microorganisms with a
mouthwash, such as chlorhexidine (CHX) 0.2%, essential oils, triclosan and
hydrogen peroxide, the mechanical removal of nutrients with a tongue scraper
or brush, the masking of odor with chewing gum, mints and breath spray and
the transformation of VSC using zinc plus CHX.281%123537 However, the
irregular characteristics of the surface of the dorsum of the tongue make the
adequate reduction in bacterial load a particular challenge.?*** Considering
the issues regarding the precise treatment of halitosis and the scarcity of
studies addressing the effect of PDT on coated tongue, the aim of the present
study was to evaluate the effectiveness of PDT on the dorsum of the tongue in
adolescents with halitosis through an analysis of VSCs.

Methods

This study was carried out in compliance with the norms regulating research
involving human subjects and was approved by the ethics committee of the
University Nove de Julho (Brazil) under process number 037315/2013. After
receiving clarifications regarding the objectives and procedures, all legal
guardians who agreed to the participation of their adolescent son or daughter
signed a statement of informed consent in compliance with Resolution 196/96
of the Brazilian National Health Board.

Male and female adolescents enrolled at the dental clinic of the university were
recruited for the study. Those aged 14 to 16 years with a diagnosis of halitosis
and Halimeter results above 80 ppb during the cysteine challenge'"'*%%4° were
included. The following were the exclusion criteria:*! dentofacial anomalies;
currently undergoing orthodontic or orthopedic treatment; current use of a
removable appliance, implant or dentures; periodontal disease; teeth with
carious lesions; currently undergoing cancer treatment; diabetes mellitus;
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systemic (gastrointestinal, renal or hepatic disorder); ENT conditions;
respiratory condition; antibiotic therapy in the previous month; current
pregnancy; and hypersensitivity to the photosensitizer. The recommendations
of the Consolidated Standards of Reporting Trials (CONSORT) were used to
ensure greater transparency and quality.

Evaluation of halitosis

The literature describes a number of methods for measuring halitosis, such as
an organoleptic evaluation of the air emanated from the oral cavity,'®% the use
of a sulfide meter'®?**? and GC. Although the latter is currently considered the
gold standard,”**** its high cost can be prohibitive. The organoleptic test can
be influenced by the olfactory capacity and emotional state of the examiner as
well as climatic conditions.® Thus, the portable Halimeter™ (Interscan
Corporation, Chatsworth, CA, USA) was employed in the present study, which
uses a sensor that is highly sensitive to the VSC to be evaluated (H.S), is
inexpensive and easy to use. The readings were performed following the
manufacturer’s instructions (Halimeter® Instruction Manual). The participant
was instructed to keep his/her mouth closed for three minutes prior to the exam.
A disposable plastic tube was inserted into the mouth over the dorsum of the
tongue without touching the oral or lingual mucosa. The mouth was maintained
slightly open without breathing as the equipment performed the reading. The
highest score during the reading was recorded. The same procedure was
performed three times at three-minute intervals, resulting in three Halimeter®
readings, the mean of which was calculated by the equipment itself.?” An hour
after the treatment the same halimeter measurement was performed. To
standardize the halimetric readings, the participants were instructed to avoid the
consumption of garlic, onion, strong spices and alcohol as well the use of an
antiseptic mouthwash 48 hours prior to the evaluation. On the day of the
evaluation, the most recent meal had to be consumed at least two hours prior
and the participant was to avoid coffee, cigarettes, breath mints, chewing gum,
oral hygiene product and personal products, such as perfume/cologne,
aftershave lotion, deodorant, creams and tonics, and was to brush the teeth
with water alone.?”**

Photodynamic therapy

The THERAPY XT-EC® device (DMC ABC Equipamentos Meédicos e
Odontoloégicos, SP, Brazil ) was used for PDT, with laser emission in the red
(660 nm) and infrared (810 nm) range and the tip tapered for dental use
(diameter: 0.094 cm). A single session of PDT was held with the Chimiolux®
methylene blue photosensitizer (DMC ABC Equipamentos Médicos e
Odontologicos, SP, Brazil) at a concentration of 0.005% (165 um) applied
immediately after de last halimeter measurement to the middle third and
posterior thirds of the dorsum of the tongue. After five minutes of pre-irradiation
time for incubation, the excess was removed with an aspirator to maintain the
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surface moist with the photosensitizer alone (without the use of water). Before
the application of the laser, the participant and researchers present put on
protective eyewear and the equipment was encased in a plastic protector. Nine
points were irradiated with a distance of 1 cm between points, considering the
light scattering halo and effectiveness of PDT. Based on previous studies
developed for the treatment of periodontal disease with PDT,**®' the device
was previously calibrated to operate with a wavelength of 660 nm, energy dose
of 9 J, power output of 100 mW, 90-seconds exposure time per point, fluency of
320 J/cm? and irradiance of 3537 mW/cm?. The punctual method was used in
direct contact with the tongue.

Statistical analysis

The data were tabulated and processed using the BioEstat 5.0 program. The
Shapiro-Wilk test was used to determine the distribution of the data (normal or
non-normal). The paired t-test was used for the comparisons of the evaluation
times, with the level of significance set to 5% (p < 0.05).

Results

Five individuals were evaluated (2 males and 3 females; mean age: 15 years).
Table 1 displays the descriptive statistics of the readings before and after
treatment.

Table 1. Descriptive statistics of individuals evaluated

Pre-treatment Post-treatment

Mean 85.4 ppb 58.2 ppb
Standard deviation 7.9 11.7
Standard error 3.5 5.2
Shapiro-Wilk p-value 0.8625 0.6884

Since the data exhibited approximately normal distribution, the differences
before and after treatment were determined using the paired t-test. Although
only a pilot study with a sample size of n = 5, the test power was greater than
80%. A statistically significant difference was found in halimeter readings
(Figure 1), with a mean of 85.4 ppb prior to treatment and 58.2 ppb after
treatment (p = 0.0091).
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Figure 1. Mean (£ SEM) halimeter measures before and after treatment
Discussion

In this study, the effectiveness of PDT for the treatment of halitosis in
adolescence was evaluated through the analysis of the concentration of VSCs,
measured by a sulfide monitor in a single session. PDT applied to the dorsum
of the tongue eliminated bad odors by reducing the concentration of VSCs, as
demonstrated by the Halimeter®, which is highly sensitive to H,S.""*"** Despite
the lack of a microbiological analysis, the bacteria in the condition of coated
tongue were likely affected by PDT, as these bacteria are associated with the
production of high concentrations of H,S,*"" especially in the presence of
cysteine, as demonstrated in both in vivo and invitro models.""2

The effectiveness of PDT on microorganisms has been extensively investigated
using different combinations of light and photosensitizers. The degree of
photodamage depends on the type and concentration of the photosensitizer,
the fluence and fluence-rate of the light as well as the genera of the
microorganisms.>® Most microorganisms tested have proven to be susceptible
to PDT and C. albicans requires a higher dose.>* Moreover, Kormerik states
that PDT is the best treatment option for localized, superficial oral infections.*
Based on the present findings, one may hypothesize that PDT caused the direct
elimination of pathogens that colonized the dorsum of the tongue, thereby
leading to a reduction in halitosis. The microorganisms were submitted to high
concentrations of ROS due to irradiation of the photosensitizer. Although no
evaluation was performed of the microbiological content in the sites treated,
microorganisms are considered responsible for the metabolism of substrates
and the production of volatile compounds in patients.

The application of punctual PDT on the tongue alone is in line with a previous
study involving 2000 patients in whom coated tongue was scored based on a
visual inspection: 0 = absence; 1 = 1/3 of the tongue with thin coating; 2 = more
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than 1/3 with thin coating or 1/3 with thick coating; and 3 = more than 1/3 with
thick coating; the findings demonstrated that 43.4% of cases of halitosis
stemmed from coated tongue, as demonstrated by the organoleptic test and
Halimeter®, whereas 7.4% stemmed from periodontal disease and nearly 2%
had an ENT cause.** Over the years, studies have demonstrated a small, long-
term reduction in the amount of bacteria in coated tongue with the use of a
tongue scraper with or without a concomitant mouthwash.>*® This limited
reduction in bacteria is related to the irregular characteristics of the surface of
the tongue,® which underscores the need for daily oral hygiene control to
maintain a low level of bacterial proliferation. The penetration of light and the
flow of the photosensitizing agent were not affected by the posterior papillae.
Thus, PDT can achieve promising results in the treatment of halitosis, as
suggested by the present study. However, it is possible that the combination of
both methods would achieve the best results, as reported in studies involving
PDT in conjunction with conventional periodontal treatment methods.?*49-%":58

Due to the lack of previous studies involving PDT for the treatment of coated
tongue, the parameters employed in the present study were based on papers
describing the treatment of periodontal disease with PDT,**%4%%0 in which the
use of methylene blue and laser at wavelengths ranging from 635 to 670 nm
proved successful in reducing the amount of the bacteria analyzed
(Porphyromonas  gingivalis, Tannerella forsythensis and Treponema
denticola),*®*° which are also found in coated tongue.

Although no microbiological analysis was performed in the present study, the
reduction in VSCs was likely associated to the reduction in the amount of
bacteria."* The ease of applicability of PDT is believed to favor the control of
oral infection in adolescence, which is a period of intensive hormonal
transformations that exert an influence on the gingival inflammation process,
facilitating the formation of coated tongue due to the increase in the shedding of
the gingival epithelial tissue.**®® This method may also be effective in
adolescents who exhibit the mouth-breathing habit, which causes changes in
salivary flow and the amount of mucin, thereby favoring the formation of coated
tongue and an increase in halitosis.**®" Children with postnasal drip may also
benefit from this method, as a study involving individuals aged five to 14 years
found a significant association between oral mal odor and postnasal drip,’
which leads to direct contact between the mucus of the nasal sinuses and the
dorsum of the tongue.®

Considering the easy application of the photosensitizing agent associated with
the tapered tip of the laser equipment (THERAPY XT—EC®) in areas of difficult
access as the posterior region of the tongue, made PDT a valuable choice for
treatment.. However, some limitations should be addressed. The irradiation time
per point caused patient discomfort and avoidance responses. Thus, the dose
should be altered in further studies or a device should be manufactured to allow
the single application over a larger surface. Moreover, these measures should
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be combined to educational counseling regarding the cleaning of the tongue.

Conclusion

Photodynamic therapy applied to the dorsum of the tongue demonstrated
positive results and could be suggested as conservative, noninvasive, fast,
effective treatment for halitosis in adolescents. As a preliminary study involving
only the analysis of the effect of PDT on the concentration of VSCs, the findings
motivate the researchers to develop further studies for the acquisition of more
detailed data on this innovating treatment for the treatment of a common
problem that affects a large portion of the population.
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Abstract

Background

Halitosis is a common problem that affects a large portion of the population worldwide.
The origin of this condition is oral in 90% and systemic in 10% of cases. The
unpleasant odor is mainly the result of volatile sulfur compounds produced by Gram-
negative bacteria. However, it has recently been found that anaerobic Gram-positive
bacteria also produce hydrogen sulfide (H,S) in the presence of amino acids, such as
cysteine. Light, both with and without the use of chemical agents, has been used to
induce therapeutic and antimicrobial effects. In photodynamic therapy, the antimicrobial
effect is confined to areas covered by photosensitizing dye. The aim of the present study
is to evaluate the antimicrobial effect of photodynamic therapy on halitosis in
adolescents through the analysis of volatile sulfur compounds measured using gas
chromatography and microbiological analysis of coated tongue.

Methods/Design

A quantitative clinical trial will be carried out involving 60 adolescents randomly
divided into the following groups: group 1 will receive treatment with a tongue scraper,
group 2 will receive photodynamic therapy applied to the posterior two-thirds of the
dorsum of the tongue, and group 3 will receive combined treatment (tongue scraper and
photodynamic therapy). Gas chromatography (OralChroma™) and microbiological
analysis will be used for the diagnosis of halitosis at the beginning of the study. Post-
treatment evaluations will be conducted at one hour and 24 hours after treatment. The
statistical analysis will include the Shapiro-Wilk test for the determination of the
distribution of the data. If normal distribution is demonstrated, analysis of variance
followed by Tukey’s test will be used to compare groups. The Kruskal-Wallis test
followed by the Student-Newman-Keuls test will be used for data with non-normal
distribution. Either the paired #-test or the Wilcoxon test will be used to compare data
before and after treatment, depending on the distribution of the data.

Discussion

The results of this trial will determine the efficacy of using photodynamic therapy alone
or in combination with a tongue scraper to treat bad breath in adolescents.

Trial registration

The protocol for this study was registered with Clinical Trials (registration number
NCT02007993) on 10 December 2013.

Keywords

Halitosis, Photodynamic therapy, Adolescent



45

Background

Halitosis is a term used to define an unpleasant odor that emanates from the mouth,
stemming from either a local or systemic origin [1-3]. This common problem affects a
large portion of the population worldwide and causes considerable embarrassment.
Therefore, halitosis has a negative impact on social communication and quality of life
[4]. The lack of standardization in the protocol for the diagnosis and treatment of
halitosis hinders the comparison of data from epidemiological studies conducted in
different countries and yet it is believed that 25% of the population are affected by this
condition [5].

Studies on the etiology of halitosis report that 2% of cases stem from renal, metabolic,
hepatic, endocrinological and gastrointestinal disorders (such as infection by
Helicobacter pylori and intestinal blockage), and 8% are due to conditions of the
respiratory system and conditions of the ears, nose and throat (ENT), such as acute
tonsillitis, postnasal drip, sinusitis and tonsillolith. The majority of cases (80 to 90%)
are directly linked to conditions of the oral cavity, such as periodontal disease, coated
tongue, poor oral hygiene, salivary abnormalities (change in pH and hyposialy),
stomatitis, intra-oral neoplasm, pulp exposure, extraction wounds and crowding of the
teeth [5-8].

Bad breath mainly stems from volatile sulfur compounds (VSCs) produced by the
action of anaerobic Gram-negative bacteria (Fusobacterium nucleatum, Selenomonas,
Treponema denticola, Prevotella intermedia, Tannerella forsythyia, Porphyromonas
gingivalis, Bacteroides forsythus and Eubacterium) found in the oral cavity on
substrates containing sulfur [9-11]. The VSCs produced by the metabolism of these
bacteria are hydrogen sulfide (H,S), found mainly on the dorsum of the tongue,
methanethiol (CH3SH) in gingival pockets and dimethyl sulfide (CH3SCH3), which has
an extra-oral origin [12-15]. The concentration of these compounds is used as an
indicator of halitosis [3, 16].

Recently, the anaerobic Gram-positive bacterium Solobacterium moorei (also known as
Bulleidia moorei) has been associated with halitosis due to the production of H,S in the
presence of different supplements containing amino acids, especially cysteine [17, 18].
Studies have demonstrated that the presence of these bacteria on the dorsum of the
tongue, as well as in saliva and periodontal pockets, can lead to both halitosis and
systemic problems such as complications during pregnancy, cardiovascular disease and
chronic lower respiratory infection [19], which is considered the third most common
cause of death [2, 20-23].

Detection

Two main methods are used to evaluate halitosis: a subjective (organoleptic) evaluation
and an objective evaluation (quantitative measure of VSCs, gas chromatography (GC)
and monitor analysis) [24-27]. Studies comparing the efficacy of these methods report
GC to be the most objective and efficacious method for the individual detection of H»S,
CH;SH and CH3;SCHs, allowing the evaluation of both the intensity of bad breath and
its origin [5, 15]. Indeed, GC is currently considered the gold standard for the detection
of halitosis [11]. However, the majority of researchers have used a combination of both
subjective and objective evaluations, whereas others have only used an organoleptic
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evaluation due to its ease of execution and low cost [24]. Halitosis can be analyzed
using a sulfide monitor, such as the Halimeter (Interscan Corporation, Chatsworth,
California, United States) [3, 4, 26-28], which determines the total amount of VSCs in
parts per billion (ppb) under normal conditions.

Photodynamic therapy

Photodynamic therapy (PDT) was discovered in 1900 by Oskar Raab and Hermann von
Tappeiner. In the 1970s, PDT began to be used for the treatment of cancer. Recently,
antimicrobial PDT has been used as a treatment option for localized infections [29].
PDT involves the use of a non-toxic light-sensitive photosensitizer combined with
visible light at the appropriate wavelength to coincide with the absorption spectrum of
the photosensitizer, which reaches a state of excitation after absorbing the photons,
reacting with the oxygen in the medium to form reactive oxygen species. This
phototoxic reaction induces the destruction of bacterial cells. The antimicrobial effect is
confined to areas covered by the light-activated photosensitizer, quickly acting on the
target organisms when the appropriate energy dose and output power are used [9, 29-
33]. According to Wainwright [34], bacterial resistance to PDT is unlikely, as the
singlet oxygen and free radicals formed interact with different bacterial cell structures
and different metabolic pathways [32, 33].

The conventional treatment of halitosis related to oral conditions consists of the
chemical reduction of microorganisms with a mouthwash, such as 0.2% chlorhexidine,
essential oils, triclosan and hydrogen peroxide, the mechanical removal of nutrients
with a tongue scraper or brush, the masking of odor with chewing gum, mints and
breath spray, and the transformation of VSCs using zinc plus chlorhexidine [2, 5, 10,
12, 35-37]. However, the irregular characteristics of the surface of the dorsum of the
tongue make the adequate reduction in bacterial a particular challenge [2, 36, 38].

Considering the scarcity of studies addressing the effect of PDT on tongue biofilm, the
aim of the present study was to evaluate the effectiveness of PDT on the dorsum of the
tongue in adolescents with halitosis by an analysis of VSCs and microbiological
analysis of the tongue.

Methods/Design

This study will be carried out in compliance with regulatory norms governing research
involving human subjects. Approval was obtained from the Human Research Ethics
Committee of University Nove de Julho (Brazil) under process number 037315/2013,
and the study is registered with the United States National Institutes of Health (Clinical
Trials.gov registration number: NCT02007993). The guardians of the participants will
be informed regarding the procedures and will sign a statement of informed consent
authorizing the participation of their sons and daughters in compliance with Resolution
196/96 of the Brazilian National Health Board.

Male and female adolescents enrolled at the dental clinic of the university will be
recruited for the study. Those aged between 13 and 18 years, with a diagnosis of
halitosis and OralChroma™™ results of H,S >112 ppb during the cysteine challenge [11,
15, 39, 40] will be included. The exclusion criteria will be dentofacial anomalies,
currently undergoing orthodontic or orthopedic treatment, current use of a removable
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appliance, implant or dentures, periodontal disease, teeth with carious lesions, currently
undergoing cancer treatment, diabetes mellitus, systemic (gastrointestinal, renal or
hepatic disorder) conditions, ear, nose or throat conditions, respiratory conditions,
antibiotic therapy in the previous month, current pregnancy [5] or hypersensitivity to the
photosensitizer. As this is a randomized clinical trial, the recommendations of the
Consolidated Standards of Reporting Trials (CONSORT) will be used to ensure greater
transparency and quality (Figure 1).

Adolescents aged 13 to 18
years enrolled at University
Nove de Julho dental clinic

4

Recruitment

v

Gas
Chromatography

|
v v

Diagnosis
Hfé( C<L#J1[‘)2Ep?)b (Oral Chroma™)

H,S =2 112 ppb

hI

Microbiological

Analysis
v y v
GRUP 1 GRUP 2 GRUP 4
n=20 n=20 n=26
\ Treatment with Treatment with
PDT scraper+PDT
Treatment with A= 660 nm A= 660 nm
scraper P=100 mW P=100 mW
E=9J E=9J
T=90s T=90s
\ 4

Further measures
with Oral Chroma

1h and 24h after
treatment

v

Microbiological
Analysis

v

Analysis of
results

Figure 1 Flowchart of study. PDT, photodynamic therapy.
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The subjects selected will be randomly allocated to three groups (Table 1). All
individuals will be submitted to evaluations with OralChroma™ before and after
treatment.

Table 1 Summary of experimental conditions

Group Halitosis Treatment
1 H,S >112 ppb Tongue scraper
2 H,S >112 ppb PDT
E=9] T=90s
3 SH, >112 ppb Tongue scraper + PDT
E=9] T=90s

Microbiological analysis

Microbiological analyses of coated tongue will be performed before and after treatment
using a 1-ul inoculation loop for the collection of biofilm samples from the dorsum of
the tongue. The samples will be transferred to 1.5-ml vials with reduced transport fluid
and placed in a vortex mixer (Prolab, Sdo Paulo — Brazil) for approximately 30 seconds
for homogenization. Ten-fold serial dilution will be prepared in 180 ul of sterile
phosphate buffered saline (Probac, Sio Paulo — Brazil) and aliquots of 1072, 107, 10~*
and 107> will be transferred to plates with brain-heart infusion agar (Probac, Sdo Paulo —
Brazil). As the main bacteria responsible for the production of VSCs are Gram-
negative, the plates will be incubated in anaerobic jar for 72 hours at 37°C, following by
the quantification of colony-forming units [10, 42].

Halitosis detection

The literature describes a number of methods for measuring halitosis, such as an
organoleptic evaluation of the air emanating from the oral cavity [16, 26] using a sulfide
monitor [16, 25, 43] or GC [11, 43, 44]. However, it has been demonstrated that the
organoleptic test can be influenced by the olfactory capacity and emotional state of the
examiner, as well as climatic conditions [3]. Therefore, the portable OralChroma™
device Abilit Corporation, Chuo-ku, Osaka - Japan) will be employed. This device uses
a highly sensitive gas semiconductor sensor.

The participant will first rinse with cysteine (Férmula & Ac¢do, Sao Paulo — Brazil) for
one minute (cysteine 10 mM - 16 mg of cysteine in 100 ml of distilled water - 16 %mg).
A syringe will be placed in the participant’s mouth with the plunger completely
inserted. The participant will close his or her mouth, breathe through the nose and
remain still with the mouth closed for one minute. The participant will be instructed not
to touch the tip of the syringe with his or her tongue. The plunger will then be
withdrawn, pushed back in to empty the air into the participant’s mouth and will be
withdrawn again to fill the syringe with the breath sample. The tip of the syringe will be
cleaned to remove saliva and a gas injection needle will be placed on the syringe. The
plunger will be adjusted to 0.5 ml and the contents will be injected into the input of the
device in a single motion (Figure 2) [15].
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Figure 2 Process for the acquisition of the sample for the halimetric. OralChroma
(Abiliti Corporation, Chuo-ku, Osaka — Japan)

The OralChroma™ will be connected to the computer with a specific software program
that allows the creation of a graph corresponding to the peaks and concentrations of
VSCs (0 to 2913 ppb) with considerable precision after eight minutes. The results are
stored in the program, as well as in the device itself, and can be retrieved at any time for
comparisons of the readings before, during and after treatment.

Analysis of VSCs

OralChroma™ (Abilit Corporation) was developed in Japan for the individual
determination of H,S, CH3SH and CH3;SCHj;, allowing for the evaluation of both the
intensity of bad breath and its origin [5, 11, 15]. H»S originates mainly from bacteria on
the dorsum of the tongue. Values greater than 112 ppb indicate halitosis. CH3SH is
found in greater concentration in periodontal pockets. Values up to 26 ppb are
considered normal. Periodontal disease typically results in a high CH3;SH:H,S ratio
(>3:1). CH3SCH3; may have a periodontal or systemic (intestine, liver or lung) origin
and may also be temporarily caused by the ingestion of certain foods and beverages.
The distinction between CH3SCH; of an oral or systemic origin can be made through
the comparison of the results of the halimetric (OralChroma™) with and without a
cysteine challenge. The perception threshold for CH3;SCHs is very low (8 ppb). Other
non-VSC odors may appear in a peak prior to the theoretical first peak, which is H,S
[15].

To maximize the standardization of the readings, the exam will be carried out in the
morning and the participants will be instructed to avoid the ingestion of foods with
garlic, onion or strong spices, as well as the consumption of alcohol and the use of an
antiseptic mouthwash. On the morning of the exam, more than two hours should have
passed since any food intake and the participants are to abstain from coffee, hard candy,
chewing gum, oral hygiene products and personal care items containing fragrances
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(aftershave, deodorant, perfume and creams). Brushing will be performed with water
alone [27, 45].

Photodynamic therapy

The THERAPY XT-ES™ (DMC ABC Medical and Dental Equipment, Sdo Paulo,
Brazil) with a red (660 nm) and infrared (810 nm) laser and a fine tip (for regions of
difficult access) will be used. Only the volunteer and operator will be present at the time
of PDT and both will be wearing protective eyewear. The active point of the laser will
be covered with disposable clear plastic wrap (PVC) for hygiene purposes and to avoid
cross-contamination. The operator will use the appropriate clothing.

A single session of PDT will be performed with the Chimiolux™ methylene blue
photosensitizer (DMC ABC Medical and Dental Equipment, Sdo Paulo, Brazil) at a
concentration of 0.005% (165 pm) applied to the middle and posterior thirds of the
dorsum of the tongue. After five minutes of pre-irradiation time for incubation, the
excess will be removed with an aspirator to maintain the surface moist with the
photosensitizer alone (without the use of water). A total of six points will be irradiated
(Figure 3). Based on studies developed for the treatment of periodontal disease with
PDT [46-52] and a previous pilot study [53], the device will be calibrated with a
wavelength of 660 nm, power output of 100 mW, fluency of 320 J/cm?, irradiance of
3537 mW/cm?® and an energy dose of 9 joules for 90 seconds per point in groups 2 and
3. The punctual application method will be used with the conventional tip in contact
with the tongue (Table 2).

Figure 3 Points of photodynamic therapy application.




Table 2 Parameters of laser
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Parameter Red laser
Center wavelength (nm) 660
Spectral bandwidth (FWHM) (nm) 5
Operating mode Continuous wave
Average radiant power (mW) 100
Polarization Random
Aperture diameter (cm) 0.094
Irradiance at aperture (mW/cm?) 3537
Beam profile Multimode
Beam spot size at target (cm?) 0.02827
Irradiance at target (mW/cm?) 3537
Exposure duration (s) 90/120
Radiant exposure (J/cm®) 320/428
Radiant energy (J) 9/12
Number of points irradiated 9
Area irradiated (cm?) 0.254
Application technique Contact
Number and frequency of treatment sessions 1 session
Total radiant energy (J) 81/108

Tongue scraping intervention

A Halicare™ tongue scraper (Odomed, Sdo Paulo, Brazil) will be used for the removal

of biofilm. The participant will be instructed to divide the tongue into two parts and
scrape each side 10 times (Figure 4).

Figure 4 Diagram of tongue scraper use.

Calculation of sample size

The error was established as ¢y = |;1 - x_2 , in which x_l and x, are the means of groups

1 and 2. Assuming both samples as having the same size (n; = ny), the sample size is
obtained from the following equation:
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err

7 [ 012 + 022 (Equation 1)

in which 52 and g2 are the variances in groups 1 and 2, respectively. As more than
! ! group p y

n=n,=

two groups will be studied, the decision was made to employ the largest error found in
the literature [54] to estimate the sample size. Assuming all groups as having normal or
approximately normal distribution, and that the sample will be large enough for a
significance level of o =0.05, the Z value was determined to be 1.96. However, for the
sample size, the test power was established as 1-f = 0.80. In case the hypothesis of
normality in the samples was rejected, the sample size was corrected by 5%. Based on
the experimental groups in the study by Tsai et al. [54] it was determined that each
group should contain 26 participants (n =26).

Outcome measures

Only participants with H,S >112 ppb, CH3SH <26 ppb and CH3SCH; <8 ppb will be
part of the research, which limits participation to individuals with halitosis caused by
coated tongue alone. Immediately after treatment, a second halimetry test will be
performed and the results will be analyzed.

Hypothesis

Our null hypothesis is that there will be no change in halitosis following the use of
PDT. Our experimental hypothesis is that there will be a reduction in halitosis following
the use of PDT alone or in combination with a tongue scraper.

Organization and statistical analysis of data

The Shapiro-Wilk test will be used to determine the distribution of the halimetricdata. If
the data presents with normal distribution, analysis of variance (ANOVA) followed by
the Tukey test will be used to evaluate the correlation between each of the proposed
treatments and halitosis. The paired #-test will be used to compare the data before and
after each treatment and determine whether the treatments reduced the degree of
halitosis. The Kruskal-Wallis test followed by the Student-Newman-Keuls test will be
used for data with non-normal distribution, and the Wilcoxon test will be used to
analyze the data before and after each treatment. Microbiological data presents with log-
normal distribution and will therefore be analyzed using the methods described for data
with normal distribution. A significance level of o = 0.05 will be used.

Discussion

The main objective of the proposed study is to evaluate the effect of PDT with and
without the use of a tongue scraper for the treatment of halitosis in adolescents. This
objective has two aspects: the evaluation of VSC levels before and after treatment
through a quantitative analysis of H,S using GC, and a microbiological analysis of the
effect of PDT on coated tongue. The findings are expected to provide convincing
evidence that PDT is more effective for the treatment of halitosis.
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In the literature, the treatment of halitosis is performed using a tongue scraper with or
without a mouthwash [2], which leads to a small, long-term reduction in the amount of
bacteria on the tongue [38]. Thus, daily oral hygiene is needed to maintain a low level
of bacterial proliferation. As the penetration of light and spreading of the
photosensitizer do not seem to be affected by the posterior papillae of the tongue,
treatment with PDT is promising and may achieve satisfactory results, especially when
combined with conventional treatment.

Trial status

The authors are currently recruiting participants. It begun on March of 2014 and we
pretend to go until August of 2015.

Abbreviations

CH3SCHs, Dimethyl sulfide; CH3SH, Methanethiol; GC, Gas chromatography; H»S,
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Resumo

A luz acompanhada ou n&o de agentes quimicos tem sido usada para induzir
efeitos terapéuticos e antimicrobianos. Na terapia fotodinamica o efeito
antimicrobiano fica confinado apenas as areas cobertas pelo corante e
irradiadas pela luz. O objetivo deste estudo foi avaliar o efeito antimicrobiano
da terapia fotodindmica em adolescentes com halitose, pela analise da
concentracdo de compostos sulforados volateis em especial o nivel de
sulfidretos. Por meio de estudo clinico controlado, 45 adolescentes foram
avaliados e divididos aleatoriamente em 3 grupos: grupo 1 terapia fotodindmica
aplicada na regido de dorso e terco meédio da lingua, grupo 2 tratamento com
limpador de lingua e grupo 3 tratamento combinado de limpador de lingua e
terapia fotodinamica. O diagndstico de halitose foi realizado antes e depois do
tratamento por meio de cromatografia gasosa. Foi aplicado o teste de Kruskal-
Wallis para comparagéo seguido do teste Student-Newman-Keuls. Para todas
as analises foi considerado um nivel de significancia de a=0,05. Apos o
tratamento houve redugao estatisticamente significante para todos os grupos (p
< 0,001), contudo a associagdo da terapia fotodinamica ao raspador lingual
mostrou ser mais eficiente na redugéo total de sulfidretos (mediana=0).Esse
estudo traz uma nova opcgéao de tratamento para halitose em adolescentes com
efeito imediato sem agressdo mecanica as papilas linguais comum ao

tratamento convencional.

Trial Registration: The protocol for this study has been submitted to Clinical

Trials — registration number NCT02007993, registered on 10 December 2013.

Palavras-chave: Halitosis, photodynamic therapy, adolescent.
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INTRODUCAO

A terapia fotodindmica (TFD) foi descoberta em 1900 por Oskar Raab e
Hermann von Tappeiner, e na década de 1970 foi inicialmente desenvolvida
como uma terapia para tratamento de cancer. Recentemente a TFD
antimicrobiana tem sido utilizada como uma alternativa para o tratamento das
infecgdes localizadas (1).

A TFD engloba o uso de um corante sensivel a luz (fotossensibilizador) e ndo
téxico combinado a uma luz visivel de comprimento de onda apropriado para
coincidir com o espectro de absorgdo do fotossensibilizador (FS), que apds
absorver os fétons atinge um estado de excitagdo reagindo com o oxigénio do
meio, formando espécies reativas de oxigénio (reactive oxygen species - ROS).
Essa reacgao fototdxica induz a destruicido da célula bacteriana, porém o efeito
antimicrobiano fica confinado apenas as areas cobertas pelo corante e
irradiadas pela luz agindo no organismo alvo rapidamente, dependendo da
dose de energia de luz e a saida de poténcia usada (1-6). Além disso, de
acordo com Wainwright (7) a resisténcia bacteriana a TFD é improvavel, pois o
oxigénio singleto e os radicais livres formados interagem com varias estruturas
celulares bacterianas e diferentes caminhos metabdlico (5,6).

A Halitose, também conhecida como mau halito, € um termo utilizado para
definir um odor desagradavel e fétido que emana da boca, podendo apresentar
origem local ou sistémica (8-10). E considerado um problema comum que
afeta grande parte da populagdo mundial e causa constrangimento tanto para
guem a possui como para as pessoas com as quais o individuo convive, € um
fator negativo importante na comunicagdo social, com impacto direto na
qualidade de vida (11). Estudos sobre etiologia da halitose mostram que 2%
dos casos estdo relacionados a sindromes metabdlicas, alteragdes renais,
hepaticas, endocrinologicas e gastrointestinais (como infecgbes por
Helicobacter pylori e obstrucdo intestinal), 8% por alteragdes respiratorias e
otorrinolaringologicas como amigdalite aguda, presenga de escorrimento nasal
posterior e sinusites, 80-90% dos casos estdo diretamente ligados as
condigbes da cavidade oral, como a presenga de doenga periodontal (13%),
saburra lingual (51%) ou a combinagdo de ambos (22%), pobre higiene oral,
alteragdes salivares (mudanca do pH e hiposialia), entre outras causas
(estomatite, neoplasia intra-oral, exposicdo pulpar, feridas pds extragcdo e
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apinhamento dentario). (12—-16)

O mau halito é provocado principalmente por compostos sulforados volateis
(CSV), produzidos pela acdo de bactérias Gram-negativas anaerobias
(Fusobacterium nucleatum, Selenomonas, Treponema denticola, Prevotella
intermedia, Tannerella Forsythensis, Porphyromonas gingivalis, Bacteroides
forsythus and Eubacterium)(2) sobre substratos contendo enxofre encontrados
na boca (17,18). Os CSV produzidos a partir desse metabolismo s&o: sulfidreto
(SH2) - encontrados principalmente em dorso lingual - metilmercaptana
(CH3SH) - presentes no sulco gengival - e dimetilsulfeto (CH3SCHj3) - origem
extra-oral (19-22), e a concentragéo desses gases é usada como indicador da
halitose (10,23). Recentemente, a bactéria Gram-positiva anaerobia
Solobacterium moorei (conhecida como Bulleidia moorei) também foi associada
a halitose pela produgao SH; na presencga de diferentes suplementacbes com
aminoacidos, em especial a cisteina (24,25).

Ha dois principais métodos usados para avaliar o halito: avaliagdo subjetiva
(organoléptica) e avaliagao objetiva (cromatografia gasosa e monitor de sulfeto)
(26,27). Pesquisas realizadas comparando a eficacia dos testes apontou a
cromatografia gasosa como método mais objetivo e eficaz (13,22), e
atualmente, considerada padrao ouro da literatura (18). Porém, a maioria dos
pesquisadores tem usado a combinagdo de ambos, outros apenas o
organoléptico por ser o método mais barato e facil de executar (26).

O tratamento convencional da halitose quando relacionado a alteragdes orais
consiste na redugdo quimica dos microrganismos com enxaguatorios
(clorexidina 0,2%, Oleos essenciais, triclosan e agua oxigenada), redugao
mecanica dos nutrientes intra-orais com raspador ou escova lingual,
mascaramento do odor (gomas de mascar, tabletes de menta e spray) e
transformacgéo do CSV (Zinco associado a clorexidina) (9,13,17,19,28-30). Por
outro lado, a redugdo da carga bacteriana é dificultada devido as
caracteristicas irregulares da superficie lingual (9,29,31), revestido por
numerosas papilas que se apresentam de 4 diferentes formas: fungiformes,
filiformes, circunvaladas e folhadas. As patologias linguais sdo determinadas
pelas caracteristicas papilares condicbes da superficie lingual (tamanho,
formato, fixagdo e carateristicas papilares): lingua pilosa (hairy tongue), lingua
revestida (coated tongue), lingua fissurada (fissured tongue), atrofia papilar
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(papillary atrophy), lingua geografica (geographic tongue), glossite romboide
mediana (Median rhomboid glossitis), lingua crenada (crenation tongue),
macroglossia (macroglossia) e anquiloglossia (ankyloglossia)(32).

Sendo assim, frente a essas dificuldade e aos questionamentos referentes ao
tratamento preciso da halitose, bem como a escassez de estudos relacionados
diretamente ao efeito da TFD na saburra lingual, o objetivo desse estudo foi
avaliar a efetividade da aplicacédo da TFD em dorso de lingua, pela analise do
nivel de CSV em adolescentes com halitose.

MATERIAL E METODOS

O estudo seguiu as normas regulamentadoras de pesquisa em seres humanos
com parecer favoravel do Comité de Etica em Pesquisa da Universidade Nove
de Julho numero 313.779/2013, e o0s responsaveis pelos participantes
assinaram o termo de consentimento livre apds esclarecimentos para
autorizacao da participagao na pesquisa, de acordo com a resolugcéo 196/96 do
Conselho Nacional Saude. Foi submetido aprovado pela Clinical Trials em 10
de dezembro de 2103 sob o registro numero NCT02007993 e recebeu auxilio
FAPESP para desenvolvimento da pesquisa (n°2013/13032-8) com publicagdo
do protocolo na revista Trials (33).

Foram avaliados 45 adolescentes de ambos os sexos, na faixa etaria de 13 a
18 anos, matriculados regularmente no Instituto Meninos de S&o Judas Tadeu
— Sao Paulo. O diagnéstico de halitose foi realizado por meio de cromatografia
gasosa com desafio da cisteina antes e depois do tratamento e participaram do
estudos apenas quem apresentou resultados de SH», = 112 ppb (18,22,34,35).
Individuos com anomalias dentofaciais, em tratamento ortodéntico e/ou
ortopédico, com dispositivo removivel, implante e/ou prétese, com doenca
periodontal, com dentes cariados, em tratamento oncolégico, com diabetes
mellitus, alteragbes sistémicas (gastrointestinais, renais, hepaticas),
otorrinolaringologicos e respiratorios, em tratamento com antibiotico até 1 més
antes da pesquisa, gravidas, (36)(13) e com hipersensibilidade ao FS, foram
excluidos do estudo.

Diagnéstico de Halitose

A coleta do ar bucal seguiu as orientagdes do fabricante (Oral Chroma™
Manual Instruction), o participante foi orientado a fazer bochecho com cisteina
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(10 mM - 16 mg de cisteina em 100 ml de agua destilada — 16 mg%)(22) por 1
minuto, e permanecer com a boca fechada mais 1 minuto. Foi introduzido na
boca do paciente uma seringa do mesmo fabricante para coleta de 5ml do ar
bucal, em seguida com uma agulha apropriada injetado na porta de entrada do
equipamento com movimento unico (22).

Por meio de um software especifico o Oral Chroma™, conectado ao
computador permite a captura de um grafico correspondente aos picos e
valores de concentracdo dos gases (SH,, CH3SH, CH3SCH3), medindo os
limiares dos CSV (de 0 a 2913 ppd), com muita precisdo apds 8 minuto.

Da analise dos CSV capturado pelo sistema, s&do indicadores de halitose
medidas de SH; acima de 112 ppb, CH3SH acima de 26 ppb e CH3SCHj; acima
de 8 ppb(22).

Para evitar alteracbes na coleta do halito os participantes foram instruidos a
seguir as seguintes orientagbes: 48 horas antes da avaliagdo n&o ingerir
alimentos com alho, cebola e temperos fortes, evita 0 consumo de alcool e uso
de antisséptico bucal. No dia da avaliacdo puderam alimentar-se até no
maximo 2 horas antes do exame, abster-se de café, balas, goma de mascar,
produtos de higiene oral e pessoal com perfume (pos-barba, desodorante,
perfume, cremes e/ou tdnico) e a escovagéo foi apenas com agua (37,16).

Os participantes foram divididos em 3 grupos por meio da aleatorizagdo por
bloco: grupo 1 tratamento com TFD (n=16), grupo 2 tratamento com raspador
lingual (n=15) e grupo 3 tratamento com a associagdo do raspador lingual e
TFD (n=14).

Aplicagao da TFD

Para a terapia fotodinamica foi utilizado o aparelho THERAPY XT-EC® (DMC
ABC Equipamentos Médicos e Odontologicos, SP, BR). No momento da
aplicacdo da TFD todos os presentes utilizaram O&culos especificos para
protecao ocular. A ponta ativa do laser foi revestida com plastico transparente
descartavel (PVC) (evitando contaminagdes e por motivo de higiene) e o
profissional estava devidamente paramentado.

Foi realizada 1 sessdo de TFD com FS azul de metileno manipulado na
concentracéo de 0,005% (165 uym) e aplicado quantidade suficiente para cobrir
o terco médio e dorso da lingua por 5 minutos para incubagao, o excesso foi
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removido com sugador de forma a manter a superficie umida com o préprio FS,
sem utilizacdo de agua. Foram irradiados 6 pontos com distancia de 1 cm entre
os pontos, considerando o halo de espalhamento da luz e efetividade da TFD
(figura 1). Com base em estudos desenvolvidos no tratamento da doenca
periodontal com a TFD (38—44) e estudo piloto realizado previamente (45), o
aparelho estava previamente calibrado com comprimento de onda 660nm,
energia de 9J e poténcia de 100mW para os grupos 2 e 3 que foram irradiados
durante 90 segundos por ponto, fluéncia de 320 Jicm? e irradiancia de
3537mW/cm?. Foi utilizado o método de aplicacdo pontual, em contato direto

com a lingua (Figura 2). O grupo 1 foi tratado apenas com raspador lingual.

Figura 1 — Pontos de aplicagao da TFD Figura 2 — Aplicagao da TFD

Organizacao e Tratamento Estatistico dos Dados

Os dados obtidos pelo OralChorma foram analisados quanto a sua
normalidade pelo teste de Shapiro — Wilk. Como a hipotese de normalidade foi
rejeitada (p < 0.05 para todos os grupos), foi utilizado o teste Kruskal-Wallis
seguido pelo teste de Student-Newman-Keuls como post hoc. Para analisar os
resultados de cada tratamento nos dois periodos do estudo foi utilizado o teste
de Wilcoxon. Para todas as analises foi considerado um nivel de significancia
a=0,05.

RESULTADOS

Um total de 45 participantes foram incluidos nesse estudo, com idade minima
de 13 anos e maxima de 17 anos (média de idade de 13,96 anos, com desvio
padrao de 1,43) e 42% do género masculino (n=19) e 58% do género feminino
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(n=26). Apoés halimetria inicial foi constatado que todos os participantes
estavam com halitose proveniente do biofilme lingual, com nivel de SH;, acima
de 112 ppb, sem diferenga significativa entre os grupos (p=0,258), grupo 1
mediana SH>=791 ppb, grupo 2 mediana SH»=466 ppb e grupo 3 SH>=1508
ppb (tabela 1).

Tabela 1 — Mediana de valores obtidos de SH» na halimetria inicial.

N Mediana Minima Maxima
(SH2 em ppb)
Grupo 1 16 791 130 2913
Grupo 2 15 466 170 2913
Grupo 3 14 1508 170 2913

Abreviagdes: SH2 — sulfidreto; ppb — partes por bilh&o.

Comparando os grupos depois do tratamento a analise de Kruskal — Wallis
mostra diferencga significativa entre os grupos (p=0,0008). Na analise estatistica
intergrupos antes e depois do tratamento a redugdo de SH, foi significativa
quando comparadas as medianas antes e depois do tratamento, o grupo 1
reduziu em 88,6% (TFD p=0,0004), o grupo 2 reduziu 97% (raspador lingual
p=0,0007) e o grupo 3 reducédo de 100% do nivel de SH, (TFD+Raspador
lingual p=0,001) (tabela — 2).

Tabela 2 — Mediana de valores obtidos de SH»> na halimetria final.

N Mediana (ppb) Minima Maxima Outlayer
Grupo 1 16 20 0 332 332
Grupo 2 15 53 0 238 238
Grupo 3 14 0 0 73 73

Por se tratar de dados ndo paramétricos os resultados foram distribuidos em
Boxplot (grafico 1), contudo é possivel visualizar o limiar para halitose em ppb
(112 ppb) e a diferenga entre os grupos antes (a) e depois (b e c) do
tratamento (all p <0,001).
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Figura 3 — Grafico comparativo entre grupos e inter grupos antes e depois do
tratamento.
(Abreviagdes: TFP — terapia fotodindmica; SH,; — sulfidreto; a — antes do

tratamento; b — pds tratamento; c¢ — pos tratamento com maxima reducéo;

— outlier)

DISCUSSAO

Possivelmente este seja o primeiro estudo da literatura a avaliar a efetividade
da TFD no tratamento da halitose em adolescentes pela analise da
concentracdo de CSV especificamente de SH2. A cromatografia gasosa
realizada pelo equipamento OralChroma®, considerada padrdo ouro na
literatura para analise objetiva do nivel de halitose(18,30,16), demonstrou que
o tratamento em sessio unica eliminou o mal odor pela redu¢ao dos niveis de
SH,. A TFD aplicada no dorso lingual apresentou resultado semelhante ao
tratamento com raspador lingual, porém com a vantagem de n&o ter efeito
agressivo causado pela estimulagdo mecénica da lingua, o que de acordo
com levantamento realizado na literatura(46) pode induzir a ruptura da
membrana plasmatica de células da lingua além de causar micro hemorragia,
sugerindo assim uma limpeza lingual com baixo vigor e de forma
cuidadosa(46).
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Ao longo dos anos, alguns estudos clinicos randomizados mostraram que a

geografia da lingua fornece um refugio para as espécies microbianas e

funciona como um reservatério de detritos orais dificultando a agado do fluxo

salivar e forca mastigatoria, e os resultados desses estudos que avaliam o

impacto da escovagédo lingual sozinha, associada ao raspador lingual ou a

enxaguatorios, indicam que a flora bacteriana da lingua é resistente a

intervengcdo mecanica, o que corrobora com os resultados obtidos no grupo 2

do nosso estudo; os resultados da associacdo da escova a outros produtos

apresenta maior redugao bacteriana, contudo essa diferencas € pequena

(9,31,47,48). Ao utilizar a TFD junto ao raspador lingual a redugdo do mal

odor foi total firmando a alta eficiéncia da técnica desenvolvida.

A acdo da TFD em microorganismo tem sido extensamente investigada

usando diferentes combinagdes de luz e fotossensibilizadores, e o grau de

dano causado pela luz depende do tipo e concentracao do FS, fluéncia e taxa

de fluéncia da luz bem como o género das espécies (49), e a maioria dos

microorganismos testados mostram ser susceptiveis a TFD(50). Em pesquisa

realizada com TFD, Kormerik conclui que € a melhor opgdo de tratamento

para infecgdes orais superficiais e localizadas(51). No presente experimento,

a hipdétese que pode explicar a diminuicdo da halitose dos pacientes dos

grupos 1 e 3 € que a TFD atuou na eliminagao direta dos patdégenos que

colonizavam a regidao superficial de dorso da lingua e entre as papilas

respectivamente. O efeito fototdxico ocorreu pois estes microorganismos

foram submetidos a altas concentracées de espécies reativas de oxigénio

gerados pela irradiagdo do FS. Contudo, a espessura do biofilme lingual n&o

permite a penetragdo total do FS entre as papilas gustativas, por isso ha

semelhante nos resultados do grupo 1 e grupo 2.

A aplicagao pontual da TFD apenas na lingua corrobora a pesquisa realizada
com 2000 pacientes adultos, a qual comprova que 43,4% dos casos de halitose
tem origem da saburra lingual quando avaliados por teste organoléptico,
Halimeter® e Oral Chroma™(16), e resultados semelhantes foram obtidos na
avaliacao da origem da halitose em criangas de 5 a 14 anos(12). Pela auséncia
de estudos utilizando TFD na saburra lingual, os parametros utilizados nesse
estudo foram baseados em artigos de tratamento da doenga periodontal
associado a TFD (38,39,41-43), onde a utilizagdo do azul de metileno



68

associado a comprimentos de onda que variaram de 635nm a 670nm
obtiveram sucesso para bactérias analisadas (Porphyromonas gingivalis,
Tannerella forsythensis e Treponema denticola) (41,42), presentes também na

saburra lingual.

Durante a pesquisa a penetracdo da luz emitida e o escoamento do

fotossensibilizador ndo foram afetados pelas papilas linguais, apenas pela

espessura do biofilme lingual. O tratamento com a TFD teve resposta

expressiva, entretanto a associagdo de ambas técnicas mostrou melhor

resultado final, como também evidenciam pesquisas com uso da TFD em

conjunto as técnicas convencionas de tratamento da doencga periodontal

(26,42,52,53). O resultado efetivo observado no grupo 3 provavelmente tenha

sido alcancado devido a associagao de tratamentos, promovida pela redugao

inicial da carga bacteriana realizada com o raspador lingual, que diminuiu a

espessura do biofilme da lingua e possivelmente, permitiu melhor penetragéo

do fotossensibilizador e consequente agdo da TFD nos microrganismos

restantes presentes entre as papilas. Contudo, acredita-se que as bactérias

presentes no dorso lingual, provenientes da saburra, foram afetadas de

alguma maneira pela TFD, uma vez que as mesmas estdo associadas a

producdo de altas concentracbes de SH, (2,17,18) principalmente na

presenca de aminoacidos como a cisteina, o que demonstram modelos de

estudos in vivo e in vitro (18,54).

A facilidade de aplicabilidade da técnica e a resposta imediata fazem com que
o tratamento proposto pela pesquisa favoreca o controle de infeccdo oral em
pacientes jovens, onde as intensas transformag¢des hormonais influenciam no
processo inflamatério gengival, facilitando a formagao de saburra pelo aumento
da descamacédo do epitélio gengival (55,56). Ou ainda em adolescentes com
respiragdo oral cuja alteragbes do fluxo salivar e quantidade de mucina
propiciam a formacdo da biofiime lingual e consequente aumento da
halitose(57,58), e em criangas com gotejamento nasal posterior, onde estudos
comprovam relagao significativa do mal odor oral com contato direto do muco

dos seios paranasais com o dorso lingual(12,13).

Portanto, a facil aplicagdo do corante em regides de dificil acesso e a ponta
afilada do equipamento favoreceu a técnica escolhida e o tratamento na regido
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posterior da lingua, contudo consideramos como limitagdo do estudo o tempo
de irradiagdo por ponto que gerou desconforto ao paciente e isso sugere a
realizagdo de mais estudos alterando doses e/ou a fabricagdo de um

equipamento de aplicacdo unica em superficies maiores.
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6. Consideragoes finais

Nossos resultados demonstraram que a aplicagdo da TFD em saburra lingual
presentes no tergco meédio e dorso lingual teve efeito imediato estatisticamente
significativo, acabando com o mal odor bucal ao diminuir os niveis de
sulfidretos (SH2<112ppb). Acredita-se que houve uma diminuigdo da carga
bacteriana para todos os tipos de tratamentos avaliados pois o SH, é um tipo
de CSV produzido por bactérias encontradas principalmente no biofilme lingual.
A TFD pode ser uma alternativa de tratamento para substituir o uso de
raspadores linguais em situagcdes de impossibilidade de remogao mecénica da
saburra lingual e por ndo causar injurias as papilas, ou ainda, pelo fato da
associacdo de ambos tratamentos apresentar nivel zero de SH; torna-se uma
opgao para casos que se faz necessario maior redugdo da carga bacteriana
dessa regido.

S&0 necessarios mais estudos envolvendo analise microbiolégica para que
haja melhor compreensédo do efeito da TFD nas bactérias do biofilme lingual
em adolescentes com halitose, bem como pesquisas alterando o tempo de
irradiacdo do laser.

6.1.Limitagoes do estudo

Tempo de aplicagdo da TFD deixou o paciente cansado de ficar com a lingua
exposta.



75

7. REFERENCIAS BIBLIOGRAFICAS

AIZAWA, F. et al. The analysis of characteristics of elderly people with high
VSC level. Oral diseases, v. 11 Suppl 1, p. 80-2, jan. 2005.

AMIR, E.; SHIMONQV, R.; ROSENBERG, M. Halitosis in children. J Pediatr, v.
134, n. 3, p. 338—43, mar. 1999.

AVCU, N.; KANLI, A. The prevalence of tongue lesions in 5150 Turkish dental
outpatients. Oral Dis, p. 188-195, 2003.

BANSAL, M.; KHATRI, M.; TANEJA, V. Potential role of periodontal infection in
respiratory diseases - a review. J Med Life, v. 6, n. 3, p. 244-8, 15 set. 2013.

BERAKDAR, M. et al. Comparison between scaling-root-planing ( SRP ) and
SRP / photodynamic therapy: six-month study. Head Face Med, v. 8, n. 1, p.
12, 2012.

BOLLEN, C. M. L.; BEIKLER, T. Halitosis: the multidisciplinary approach. Int J
Oral Sci, v. 4, n. 2, p. 55-63, jun. 2012.

BRAUN, A. et al. Short-term clinical effects of adjunctive antimicrobial
photodynamic therapy in periodontal treatment: a randomized clinical trial. J
Clin Periodontol, v. 35, n. 10, p. 877-84, out. 2008.

CALIL, C. M.; MARCONDES, F. K. Influence of anxiety on the production of oral
volatile sulfur compounds. Life sciences, v. 79, n. 7, p. 660—4, 10 jul. 2006.

CASEMIRO, L. A. et al. Effectiveness of a new toothbrush design versus a
conventional tongue scraper in improving breath odor and reducing tongue
microbiota. J Appl Oral Sci, v. 16, n. 4, p. 271-4, 2008.

CHRISTENSEN, G. Why clean your tongue? J Am Dent Assoc, v. 129, n. 11,
p. 1605-7, 1998.

COLLINS L, M.; DAWES, C. The surface area of the adult human mouth and
thickness of the salivary film covering the teeth and oral mucosa. J Dental Res,
v. 66, n. 8, p. 1300-2, 1987.

DAI, T. et al. Concepts and principles of photodynamic therapy as an alternative
antifungal discovery platform. Front Microbiol, v. 3, p. 120, jan. 2012.

DAL RIO, A. C. et al. CO2 laser cryptolysis by coagulation for the treatment of
halitosis. Photomed Laser Surg, v. 24, n. 5, p. 630-6, out. 2006.

DILSIZ, A.; CANAKCI, V.; AYDIN, T. Clinical Effects of Potassium—Titanyl—
Phosphate Laser and Photodynamic Therapy on Outcomes of Treatment of
Chronic Periodontitis: A Randomized Controlled Clinical Trial. J Periodontol, v.
84, n. 3, p. 278-286, 2013.



76

DONALDSON, A. C. et al. Clinical examination of subjects with halitosis. Oral
Dis, v. 13, n. 1, p. 63-70, jan. 2007.

FONTANA, C. R. et al. The antibacterial effect of photodynamic therapy in
dental plaque-derived biofilms. Journal of Periodontal Research, v. 44, n. 6,
p. 751-759, dez. 20009.

FURNE, J. et al. Comparison of volatile sulfur compound concentrations
measured with a sulfide detector vs. gas chromatography. J. Dent. Res., v. 81,
p. 140-3, 2002.

GIANNELLI, M. et al. Combined photoablative and photodynamic diode laser
therapy as an adjunct to non-surgical periodontal treatment . A randomized
split-mouth clinical trial. J Clin Periodontol, v. 39, p. 962-970, 2012.

HARASZTHY, V. I. et al. Characterization and prevalence of Solobacterium
moorei associated with oral halitosis. J Breath Res, v. 2, n. 1, p. 017002, mar.
2008.

HOPE, C.; WILSON, M. Induction of lethal photosensitization in biofilms using a
confocal scanning laser as the excitation source. J Antimicrob Chemother, v.
57, p. 1227-1230, 2006.

KARA, C. et al. Effect of Nd: YAG laser irradiation on the treatment of oral
malodour associated with chronic periodontitis. Int Dent J, v. 58, p. 151-158,
2008.

KARA, C.; TEZEL, A.; ORBAK, R. Effect of oral hygiene instruction and scaling
on oral malodour in a population of Turkish children with gingival inflammation.
Int J Paediatr Dent, v. 16, n. 6, p. 399—404, nov. 2006.

KIZHNER, V.; XU, D.; KRESPI, Y. P. A new tool measuring oral malodor quality
of life. Eur Arch Otorhinolaryngol, v. 268, p. 1227-1232, ago. 2011.

LIU, P.-F.; ZHU, W.-H.; HUANG, C.-M. Vaccines and Photodynamic Therapies
for Oral Microbial-Related Diseases. Current Drug Metabolism, v. 10, n. 1, p.
90-94, 2009.

LOPES, R. G. et al. Photodynamic Therapy as Novel Treatment for Halitosis in
Adolescents: A Case Series Study. J Laser Med Sci, v. 5, n. 3, p. 146-152,
2014.

LUI, J.; CORBET, E.; JIN, L. Combined photodynamic and low-level laser
therapies as an adjunct to nonsurgical treatment of chronic periodontitis. J
Periodontal Res, v. 46, p. 89-96, 2011.

LULIC M et al. One-year outcomes of repeated adjunctive photodynamic
therapy during periodontal maintenance: a proof-of-principle randomized
controlled clinical trial. J Clin Periodontol, v. 36, p. 661-666, 2009.



77

MAROCCHIO, L. S.; CONCEICAO, M. D. DA; TARZIA, O. Remocéo da saburra
lingual: comparacé&o da eficiéncia de trés técnicas. RGO, v. 57, p. 443-448,
2009.

MOTTALL, J. et al. Association between halitosis and mouth breathing in
children. Clinics, v. 66, n. 6, p. 939-942, 2011.

PERVAIZ, S.; OLIVO, M. Art and science of photodynamic therapy. Clin Exp
Pharmacol Physiol, v. 33, p. 551-556, 2006.

PHAM, T. et al. Clinical trial of oral malodor treatment in patients with
periodontal diseases. J Periodont Res, v. 46, n. 6, p. 722-9, dez. 2011.

POLANSKY, R. et al. Clinical effectiveness of photodynamic therapy in the
treatment of periodontitis. J Clin Periodontol, v. 36, p. 575-580, 2009.

QUIRYNEN, M. et al. Impact of tongue cleansers on microbial load and taste. J
Clin Periodontol, v. 31, p. 506-510, 2004.

QUIRYNEN, M. et al. Characteristics of 2000 patients who visited a halitosis
clinic. Journal of clinical periodontology, v. 36, n. 11, p. 970-5, nov. 2009.

QUIRYNEN, M.; MONGARDINI, C.; VAN STEENBERGHE, D. The effect of a 1-
stage full-mouth disinfection on oral malodor and microbial colonization of the
tongue in periodontitis. A pilot study. J Periodontol, v. 69, n. 3, p. 374-82,
1998.

RAANGS, G.; WINKEL, E.; VAN WINKELHOFF, A. In vitro antimicrobial effects
of two antihalitosis mouth rinses on oral pathogens and human tongue
microbiota. Int J Dent Hyg, v. 11, n. 3, p. 203-7, 1 fev. 2013.

ROSENBERG, M. Bad breath, diagnosis and treatment. Univ Tor Dent J, v. 3,
n. 2, p. 7-11, 1990.

ROSENBERG, M. et al. Reproductibility and sensitivity of oral malodor
measurements with a portable sulfide monitor. J Dental Res, v. 70, n. 11, p.
1436-1440, 1991.

ROSENBERG, M.; MCCULLOCH, C. A. Measurement of oral malodor: current
methods and future prospects. J Periodontol, v. 63, n. 9, p. 776-82, 1992.

SAAD, S.; GREENMAN, J.; SHAW, H. Comparative effects of various
commercially available mouthrinse formulations on oral malodor. Oral Dis, v.
17, n. 2, p. 180-6, mar. 2011.

SAAD, S.; HEWETT, K.; GREENMAN, J. Effect of mouth-rinse formulations on
oral malodour processes in tongue-derived perfusion biofilm model. Journal of
breath research, v. 6, n. 1, p. 016001, mar. 2012.



78

SALAKO, N. O.; PHILIP, L. Comparison of the use of the Halimeter and the
Oral Chroma™ in the assessment of the ability of common cultivable oral
anaerobic bacteria to produce malodorous volatile sulfur compounds from
cysteine and methionine. Med Princ Pract, v. 20, n. 1, p. 75-9, jan. 2011.

SHIMURA, M. et al. Correlation between measurements using a new halitosis
monitor and organoleptic assessment. J Periodontol, v. 68, n. 12, p. 1182-5,
dez. 1997.

SILVESTRI, L. et al. Effectiveness of oral chlorhexidine on nosocomial
pneumonia, causative microorganisms and mortality in critically ill patients: a
systematic review and meta-analysis. Minerva Anestesiol., v. 80, n. 7, p. 805—-
20, 2014.

SPRINGFIELD, J. et al. Spontaneus fluctuations in the concentrations of oral
sulfur-containing gases. J Dental Res, v. 80, n. 5, p. 1441-1444, 2001.

TANABE, S.; GRENIER, D. Characterization of volatile sulfur compound
production by Solobacterium moorei. Archives of Oral Biology, v. 57, n. 12, p.
1639-1643, 2012.

TANAKA, M. et al. Contribution of periodontal pathogens on tongue dorsa
analyzed with real-time PCR to oral malodor. Microbes Infect, v. 6, n. 12, p.
1078-83, 2004.

TANGERMAN, A; WINKEL, E. G. The portable gas chromatograph
OralChroma™: a method of choice to detect oral and extra-oral halitosis. J
Breath Res, v. 2, n. 1, mar. 2008.

TARZIA, O. Halitose: um desafio que tem cura. 1. ed. Sdo Paulo: EPUB,
2003.

TOLENTINO, E. D. S.; CHINELLATO, L. E. M.; TARZIA, O. Saliva and tongue
coating pH before and after use of mouthwashes and relationship with
parameters of halitosis. J Appl Oral Sci, v. 19, n. 2, p. 904, abr. 2011.

TSAI, C.-C. et al. The levels of volatile sulfur compounds in mouth air from
patients with chronic periodontitis. J Periodontal Res, v. 43, n. 2, p. 186-93,
abr. 2008.

VANDEKERCKHOVE, B. et al. Clinical reliability of non-organoleptic oral
malodour measurements. J Clin Periodontol, v. 36, n. 11, p. 964-9, nov. 2009.

WAINWRIGHT, M. Photodynamic antimicrobial chemotherapy (PACT). J
Antimicrob Chemother, v. 42, p. 13-28, 1998.

WILSON, M. Lethal photosensitisation of oral bacteria and its potential
application in the photodynamic therapy of oral infections. Photochem
Photobiol Sci, v. 3, p. 412-418, 2004.



79

ANEXOS

ANEXO 1 - CEP

UNINOVE

UNIVERSIDADE NOVE DE Plataforma
XX ¥ %
Universidade Nove de Juiho JULHO - UNINOVE -

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: ENSAIO CLINICO CONTROLADO DO USO DA TERAPIA FOTODINAMICA EM
ADOLESCENTES COM HALITOSE

Pesquisador: Rubia Garcia Lopes

Area Tematica:

Versao: 2

CAAE: 17482113.1.0000.5511

Instituicio Proponente: Universidade Nove de Julho - UNINOVE
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 313.779
Data da Relatoria: 24/06/2013



80

ANEXO 2 - TCLE

UNIVERSIDADE NOVE DE JULHO
DIRETORIA DA SAUDE
MESTRADO EM BIOFOTONICA APLICADA AS CIENCIAS DA SAUDE
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Telefone para contato: Cidade: CEP:
Email:
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conhecimento da natureza dos procedimentos e riscos a que se submetera, com a
capacidade de livre arbitrio e sem qualquer coacéo.

1. Titulo do Trabalho Experimental: Terapia Fotodindmica No Tratamento Da Halitose
Em Adolescentes

2. Objetivos: avaliar o efeito antimicrobiano da terapia fotodindmica (TFD) no nivel de
halitose em adolescentes de 14 a 18 anos.

3. Justificativa: diante da auséncia de relatos na literatura relacionandos a utilizagao
da terapia fotodindmica no tratamento da halitose, faz-se necessario avaliar esta
relagdo, assim como identificar o nivel e o tipo de halitose presente em adolescentes e
um protocolo eficaz de tratamento.

4. Procedimentos da Fase Experimental: A pesquisa sera realizada com pacientes de
ambos os sexos matriculados regularmente na Clinica de Odontologia da
Universidade Nove de Julho — Sdo Paulo. Primeiramente sera verificada a presenca
ou nao de halitose por meio do dispositivo portatil OralChroma, onde, coloca-se a
seringa propria para a coleta do ar bucal na boca do paciente, com o émbolo
completamente inserido. O paciente fecha a boca, respira pelo nariz e aguarda com a
boca fechada por 1 minuto. Pede-se ao paciente que nao toque a ponta da seringa
com a lingua. Puxa-se o émbolo para fora, volta-se a esvaziar o ar da seringa na boca
do paciente e novamente puxa o émbolo para encher a seringa com a amostra do
halito. Para o tratamento da halitose, o grupo 1 recebera raspador de lingua com
cerdas, o grupos 2 e 3 terapia fotodindmica na lingua (regiao de dorso e tergo médio),
e grupos 4 e 5 ambos tratamentos.

5. Desconforto ou Riscos Esperados: Os voluntarios ndo serdo submetidos a riscos
durante o periodo experimental. Nenhum desconforto é esperado para analise dos
niveis de halitose. No tratamento com a TFD o paciente pode sentir ndusea quando o
profissional manipular a lingua.

6. Informacdes: O voluntario tem garantia que recebera respostas a qualquer pergunta
ou esclarecimento de qualquer duvida quanto aos procedimentos, riscos beneficios e
outros assuntos relacionados com pesquisa. Também os pesquisadores supracitados
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assumem o compromisso de proporcionar informacao atualizada obtida durante o
estudo, ainda que esta possa afetar a vontade do individuo em continuar participando.
Qualquer duvida os responsaveis poderao ser contatados pelos fones: Dra. Sandra
(11) 98381-7453 ou Rubia (11) 98593-9878. Duvidas sobre questdes éticas deveréo
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comiteetica@uninove.br.
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DF.
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12. Local da Pesquisa: A pesquisa sera desenvolvida na Universidade Nove de Julho
localizado a Rua Vergueiro, 235 — Liberdade, Sao Paulo, SP.

Endereco do Comité de Etica em Pesquisa da Uninove: Rua. Vergueiro n® 235/249 —
Liberdade — SP - CEP. 01504-001 -1° andar

13. Nome Completo e telefones dos pesquisadores para contato:

Orientador: Prof® Dr? Sandra Kalil Bussadori — Tel (11) 98381-7453

Pesquisadora: Rubia Garcia Lopes — Tel (11) 985939878

14. Consentimento pds-informacao:

Eu, , responsavel pelo
menor , apos leitura e
compreensao deste termo de informagao e consentimento, entendo que a participagéo
€ voluntaria e que € permitido se retirar do estudo a qualquer momento, sem prejuizo
algum. Confirmo que recebi codpia deste termo de consentimento, e autorizo a
execucao do trabalho de pesquisa e a divulgacdo dos dados obtidos neste estudo no
meio cientifico.

* Nao assine este termo se ainda tiver alguma duavida a respeito.

Sao Paulo, de de 2013.

Nome do responsavel (por extenso):
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12 via: Instituicao

22 via: Voluntario



82
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AUTORIZAGAO PARA TRATAMENTO COM LASER DE BAIXA POTENCIA

Os lasers de baixa poténcia possuem efeito analgésico, antinflamatério e
biomodulador, sendo utilizados como nos casos de aftas, herpes labial, queilite
angular, trismos, parestesia, hipersensibilidade dentinaria, poés-cirurgias, pos-
intervencdes endodoénticas. Como efeitos da laserterapia pode-se citar os aumentos
da microcirculagdo local e da velocidade da cicatrizagdo, além da analgesia
temporaria e da mudancga na polarizag&o celular, permitindo diminuir estados e hiper e
de hiposensibilidade. E capaz de auxiliar na resposta imunolégica do organismo de
forma local e sistémica.

Riscos: Se todas as normas de seguranga para a aplicagdo da luz laser de baixa
intensidade forem corretamente respeitadas, ndo existe nenhum risco ao paciente,
operador e equipe, durante e apds o procedimento clinico.

Beneficios: Tratamento menos agressivo e mais rapido, preservando tecidos
saudaveis.

Alternativas: tratamento odontologico convencional adequado para cada caso.

Eu, portador do
RG: , CPF: , responsavel legal do
menor , concordo com

a terapia com laser de baixa intensidade. Eu tive a oportunidade de questionar o(a)
operador(a) sobre os riscos, beneficios e alternativas para o tratamento. Eu também
tive a oportunidade de questionar sobre as atuais pesquisas e sobre a importancia
desse procedimento. Nao me foram feitas promessas ou garantias em relacdo aos
procedimentos em obter resultados miraculosos, existem hipdteses e resultados
clinicos e experimentais que tém sido satisfatérios. Eu dou a permissdo para que o
tratamento seja documentado com fotografias e radiografias com finalidade didatica e
profissional.

Eu dou a permisséo para realizagao da laserterapia.

Resp. Legal:
(nome legivel)

(assinatura)

Operador(a):
(nome legivel)

(assinatura)
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Abstract:

Introduction: Halitosis is a commoa problem that affects a large portion of the populatica
worldwide. The origia of this coadition is oral in 90% of cases and systamic in 10% of cases.
The foul odor is caused mamly by velatile sulfur compounds produced by Gram-negative
bacteria. However, it has recantly beea found that anasrobic Gram-positive bacteria also produce
hydrogea sulfide (H,S) in the proseace of amino acids, such as cysteime. Light with and withont
the combination of chemical agents has been used to induce therapeutic and amtimicrobial
effects. In photodynamic therapy, the antimicrobial effect is confined to areas covered by the
photosensitizing dye. The aim of the proseat case series stady was to ovaluate the antimicrobial
effect of photodynamic therapy ca halitosis in adolescents through the analysis of volatile sulfer
compounds moasured using a sulfide meter (Halimeter®).

Methods: Five adolescents aged 14 to 16 yoars were ovaluated using 2 sulfide moter before
and one hour after photedynamic therapy, which mvelved the use of methylene blue 0.005%
on the middle third and posterior thirds of the dorsum of the toague and nine peints of laser
irradiation in the rod band (660 nm) with an energy dose of 9 J, power output of 100 mW and
90-seconds exposure time.

Results: A 31.8% reduction in the concentration of volatile sulfur compounds was found in the
comparison of the initial and fimal readings. The statistically significant reductica (p = 0.0091)
lod to ax absence of halitosis following treatment (mean: 58.2 ppb).

Conclusion: Photodynamic therapy seems to be effective oa reduction the concentration of
volatile sulfur compounds.Coasidering the pesitive effects of photodynamic therapy in this
caso series, further studies involving microbiological analyses should be coaducted to allow
comparisons of the results.

Keywords: photodynamic therapy; laser; adolescent.
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- commoen problem affects a pertion of the population
Intreduction worldwide and causes «:z'.klbb embarrasiment.
Halitosis (bad breath) is 2 term used to define 2 Halitosis therefore has 2 negative impact on social
foul, unpleasant odor that emanates from the mouth commnication and quality of life.* While the lack of
stemuming from either a local or systemic origin. ** This standardization in the protocol for the diagmosis and
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treatment of halitosis hinders the comparison of data
from epidemiological studies carried out in different
countries, it is believed that 25% of the population are
affected by this condition.®

Studies on the etiology of this condition report
that 2% of cases stem from renal, metabolic, hepatic,
endocrinologic and gastrointestinal disorders (such as
infection by Helicobacter pylori and intestinal blockage),
8% due to conditions of the respiratory system and
conditions of the ears, nose and throat (ENT), such as
acute tonsillitis, postnasal drip, sinusitis and tonsilloliths,
and 80 to 90% are directly linked to conditions of the
oral cavity, such as periodontal disease, coated tongue,
poor oral hygiene, salivary abnormalities (change in pH
and hyposialy), stomatitis, intra-oral neoplasm, pulp
exposure, extraction wounds and crowding of the teeth.>

Bad breath is mainly caused by volatile sulfur
compounds (VSCs) produced by the action of anacrobic
Gram-negative bacteria (Fusobacterium nucleatum,
Selenomonas, Treponema denticola,
intermedia, Tannerella forsythensis, Porphyromonas
gingivalis, Bacteroides forsythus and Eubacterium) found
in the oral cavity on substrates containing sulfur.”!' The
VSCs produced by the metabolism of these bacteria are
hydrogen sulfide (H,S), found mainly on the dorsum of
the tongue, methanethiol (CH,SH) in gingival pockets
and dimethyl sulfide (CH,SCH,;), which has an extra-oral
origin.'>!3 The concentration of these compounds is used
as an indicator of halitosis.'® Recently, the anaerobic
Gram-positive bacterium Solobacterium moorei (also
known as Bulleidia moorei) has been associated to
halitosis due to the production of H,S in the presence
of different supplements with amino acids, especially
cysteine.!”!® Studies have demonstrated that the presence
of these bacteria on the dorsum of the tongue as well
as in saliva and periodontal pockets can lead to both
halitosis and systemic problems, such as complications
during pregnancy, cardiovascular disease and chronic
lower respiratory infection,' which is considered the
third most common cause of death.>20-23

Prevotella

Detection

Two main methods are used to evaluate oral malodor:
a subjective (organoleptic) evaluation and an objective
evaluation (quantitative measure of VSC, GC gas
chromatography and monitor analysis).?*?% Studies
comparing the efficacy of these methods report gas
chromatography (GC) to be the most objective and
efficacious®!® and this method is currently considered

the gold standard in the literature.'! However, the majority
of researchers have used a combination of both subjective
and objective evaluations, whereas others have only used
an organoleptic evaluation due to its ease of execution
and low cost.?*

Organoleptic evaluation

For the organoleptic evaluation, a trained and calibrated
rater positioned at a distance of 10 cm distinguishes the
breath through the olfactory sense and a score is attributed
using the 0 to 5-point Rosenberg scale® (0 = absence
of odor; 1 = nearly undetectable odor; 2 = mild odor;
3 = moderate odor; 4 = strong odor; and 5 = extremely
strong odor).

Portable gas analysis

Mouth air can be analyzed using a sulfide monitor,
such as the Halimeter (Interscan Corporation, Chatsworth,
CA, USA),3*2627 which determines the total amount of
VSCs in parts per billion (ppb) under normal conditions.
According to the manufacturer, this quantity should be
less than 80 ppb. However, the equipment is unable to
differentiate the origin or type of VSC, is more sensitive
to H,S than CH;SH and is insensitive to CH;SCH,.!%28

Gas chromatography

GC is the most appropriate method for detecting
halitosis. In 2004, an new GC denominated Oral
Chroma™ (Abilit Corporation) was developed in Japan
for the individual determination of H,S, CH,SH and
CH,SCH,;, allowing the evaluation of both the intensity
of bad breath and its origin.®!:!3

Photodynamic therapy

Photodynamic therapy (PDT) was discovered in 1900
by Oskar Raaband Hermannvon Tappeiner. In the 1970s,
PDT was used for the treatment of cancer. Recently,
antimicrobial PDT has been used as a treatment option
for localized infections.?” PDT involves the use of a
non-toxic light-sensitive photosensitizer combined with
visible light at the appropriate wavelength to coincide
with the absorption spectrum of the photosensitizer, which
reaches a state of excitation after absorbing the photons,
reacting with the oxygen in the medium to form reactive
oxygen species (ROS). This phototoxic reaction induces
the destruction of bacterial cells, but the antimicrobial
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effect is confined to areas covered by the light-activated
photosensitizer, quickly acting on the target organisms
when the appropriate energy dose and output power are
used.”?-3% According to Wainwright (1998),3* bacterial
resistance to PDT is unlikely, as the singlet oxygen and
free radicals formed interact with different bacterial cell
structures and different metabolic pathways.3%3

As a condition with a multifactor etiology but
related to bacteria, especially Gram-negative bacteria,
halitosis exerts a direct impact on social interactions and
quality of life.® The conventional treatment of halitosis
related to oral conditions consists of the chemical
reduction of microorganisms with a mouthwash, such
as chlorhexidine (CHX) 0.2%, essential oils, triclosan
and hydrogen peroxide, the mechanical removal of
nutrients with a tongue scraper or brush, the masking of
odor with chewing gum, mints and breath spray and the
transformation of VSC using zinc plus CHX 26:10:12.35-37
However, the irregular characteristics of the surface of
the dorsum of the tongue make the adequate reduction
in bacterial load a particular challenge.?3%% Considering
the issues regarding the precise treatment of halitosis
and the scarcity of studies addressing the effect of PDT
on coated tongue, the aim of the present study was to
evaluate the effectiveness of PDT on the dorsum of the
tongue in adolescents with halitosis through an analysis
of VSCs.

Methods

This study was carried out in compliance with the
norms regulating research involving human subjects
and was approved by the ethics committee of the
University Nove de Julho (Brazil) under process number
037315/2013. After receiving clarifications regarding the
objectives and procedures, all legal guardians who agreed
to the participation of their adolescent son or daughter
signed a statement of informed consent in compliance
with Resolution 196/96 of the Brazilian National Health
Board.

Male and female adolescents enrolled at the dental
clinic of the university were recruited for the study.
Those aged 14 to 16 years with a diagnosis of halitosis
and Halimeter results above 80 ppb during the cysteine
challenge!’!33%40 were included. The following were
the exclusion criteria:*' dentofacial anomalies; currently
undergoing orthodontic or orthopedic treatment; current
use of a removable appliance, implant or dentures;
periodontal disease; teeth with carious lesions; currently
undergoing cancer treatment; diabetes mellitus; systemic

(gastrointestinal, renal or hepatic disorder); ENT
conditions; respiratory condition; antibiotic therapy in the
previous month; current pregnancy; and hypersensitivity
to the photosensitizer. The recommendations of the
Consolidated Standards of Reporting Trials (CONSORT)
were used to ensure greater transparency and quality.

Evaluation of halitosis

The literature describes a number of methods for
measuring halitosis, such as an organoleptic evaluation
of the air emanated from the oral cavity,'®?¢ the use of
a sulfide meter!'®?**? and GC. Although the latter is
currently considered the gold standard,''*>* its high
cost can be prohibitive. The organoleptic test can be
influenced by the olfactory capacity and emotional state
of the examiner as well as climatic conditions.? Thus, the
portable Halimeter™ (Interscan Corporation, Chatsworth,
CA, USA) was employed in the present study, which
uses a sensor that is highly sensitive to the VSC to be
evaluated (H,S), is inexpensive and easy to use. The
readings were performed following the manufacturer’s
instructions (Halimeter® Instruction Manual). The
participant was instructed to keep his/her mouth closed
for three minutes prior to the exam. A disposable plastic
tube was inserted into the mouth over the dorsum of the
tongue without touching the oral or lingual mucosa. The
mouth was maintained slightly open without breathing as
the equipment performed the reading. The highest score
during the reading was recorded. The same procedure
was performed three times at three-minute intervals,
resulting in three Halimeter® readings, the mean of
which was calculated by the equipment itself.?’An hour
after the treatment the same halimeter measurment was
performed. To standardize the halimetric readings, the
participants were instructed to avoid the consumption
of garlic, onion, strong spices and alcohol as well the
use of an antiseptic mouthwash 48 hours prior to the
evaluation. On the day of the evaluation, the most recent
meal had to be consumed at least two hours prior and
the participant was to avoid coffee, cigarettes, breath
mints, chewing gum, oral hygiene product and personal
products, such as perfume/cologne, aftershave lotion,
deodorant, creams and tonics, and was to brush the teeth
with water alone.?”*

Photodynamic therapy

The THERAPY XT-EC® device (DMC ABC
Equipamentos Médicos e Odontologicos, SP, Brazil)
was used for PDT, with laser emission in the red (660
nm) and infrared (810 nm) range and the tip tapered
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for dental use (diameter: 0.094 cm). A single session
of PDT was held with the Chimiolux® methylene blue
photosensitizer (DMC ABC Equipamentos Médicos e
Odontolégicos, SP, Brazil) at a concentration of 0.005%
(165 pm) applied immediately after de last halimeter
measurement to the middle third and posterior thirds
of the dorsum of the tongue. After five minutes of pre-
irradiation time for incubation, the excess was removed
with an aspirator to maintain the surface moist with
the photosensitizer alone (without the use of water).
Before the application of the laser, the participant and
researchers present put on protective eyewear and the
equipment was encased in a plastic protector. Nine points
were irradiated with a distance of 1 cm between points,
considering the light scattering halo and effectiveness
of PDT. Based on previous studies developed for the
treatment of periodontal disease with PDT,*! the device
was previously calibrated to operate with a wavelength
of 660 nm, energy dose of 9 J, power output of 100 mW,
90-seconds exposure time per point, fluency of 320 J/cm?
and irradiance of 3537 mW/cm?. The punctual method
was used in direct contact with the tongue.

Statistical analysis

The data were tabulated and processed using the
BioEstat 5.0 program. The Shapiro-Wilk test was used
to determine the distribution of the data (normal or non-
normal). The paired t-test was used for the comparisons
of the evaluation times, with the level of significance
set to 5% (p < 0.05).

Results

Five individuals were evaluated (2 males and 3 females;
mean age: 15 years). Table 1 displays the descriptive
statistics of the readings before and after treatment.

Since the data exhibited approximately normal
distribution, the differences before and after treatment
were determined using the paired t-test. Although only a
pilot study with a sample size of n =5, the test power was
greater than 80%. A statistically significant difference
was found in halimeter readings (Figure 1), with a mean

Table 1. Descriptive statistics of individuals evaluated

Pre-treatment Post-treatment

Mean 85.4 ppb 58.2 ppb
Standard deviation 7.9 11.7
Standard error 3.5 5.2
Shapiro-Wilk P-value 0.8625 0.6884

100

ppb

Before After

Figure 1. Mean (+ SEM) halimeter measures before and after treatment

of 85.4 ppb prior to treatment and 58.2 ppb after treatment
(p = 0.0091).

Discussion

In this study, the effectiveness of PDT for the treatment
of halitosis in adolescence was evaluated through the
analysis of the concentration of VSCs, measured by a
sulfide monitor in a single session. PDT applied to the
dorsum of the tongue eliminated bad odors by reducing
the concentration of VSCs, as demonstrated by the
Halimeter®, which is highly sensitive to H,S.!:3744
Despite the lack of a microbiological analysis, the
bacteria in the condition of coated tongue were likely
affected by PDT, as these bacteria are associated with the
production of high concentrations of H,S,”!" especially
in the presence of cysteine, as demonstrated in both in
vivo and invitro models.!!?

The effectiveness of PDT on microorganisms
has been extensively investigated using different
combinations of light and photosensitizers. The degree
of photodamage depends on the type and concentration
of the photosensitizer, the fluence and fluence-rate of the
light as well as the genera of the microorganisms.** Most
microorganisms tested have proven to be susceptible to
PDT and C. albicans requires a higher dose.>* Moreover,
Kormerik states that PDT is the best treatment option
for localized, superficial oral infections.>> Based on the
present findings, one may hypothesize that PDT caused
the direct elimination of pathogens that colonized the
dorsum of the tongue, thereby leading to a reduction
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in halitosis. The microorganisms were submitted to
high concentrations of ROS due to irradiation of the
photosensitizer. Although no evaluation was performed
of the microbiological content in the sites treated,
microorganisms are considered responsible for the
metabolism of substrates and the production of volatile
compounds in patients.

The application of punctual PDT on the tongue alone
is in line with a previous study involving 2000 patients
in whom coated tongue was scored based on a visual
inspection: 0 = absence; 1 = 1/3 of the tongue with thin
coating; 2 = more than 1/3 with thin coating or 1/3 with
thick coating; and 3 = more than 1/3 with thick coating;
the findings demonstrated that 43.4% of cases of halitosis
stemmed from coated tongue, as demonstrated by the
organoleptic test and Halimeter®, whereas 7.4% stemmed
from periodontal disease and nearly 2% had an ENT
cause.** Over the years, studies have demonstrated a small,
long-term reduction in the amount of bacteria in coated
tongue with the use of a tongue scraper with or without
a concomitant mouthwash.>% This limited reduction in
bacteria is related to the irregular characteristics of the
surface of the tongue,*® which underscores the need for
daily oral hygiene control to maintain a low level of
bacterial proliferation. The penetration of light and the
flow of the photosensitizing agent were not affected by
the posterior papillae. Thus, PDT can achieve promising
results in the treatment of halitosis, as suggested by the
present study. However, it is possible that the combination
of both methods would achieve the best results, as
reported in studies involving PDT in conjunction with
conventional periodontal treatment methods.?+437-38

Due to the lack of previous studies involving PDT for
the treatment of coated tongue, the parameters employed
in the present study were based on papers describing the
treatment of periodontal disease with PDT,*-46:48-50 i
which the use of methylene blue and laser at wavelengths
ranging from 635 to 670 nm proved successful in reducing
the amount of the bacteria analyzed (Porphyromonas
gingivalis, Tannerella forsythensis and Treponema
denticola),*** which are also found in coated tongue.

Although no microbiological analysis was performed
in the present study, the reduction in VSCs was likely
associated to the reduction in the amount of bacteria.''3’
The ease of applicability of PDT is believed to favor
the control of oral infection in adolescence, which is a
period of intensive hormonal transformations that exert
an influence on the gingival inflammation process,
facilitating the formation of coated tongue due to the
increase in the shedding of the gingival epithelial

tissue.>®® This method may also be effective in
adolescents who exhibit the mouth-breathing habit, which
causes changes in salivary flow and the amount of mucin,
thereby favoring the formation of coated tongue and an
increase in halitosis.*>! Children with postnasal drip
may also benefit from this method, as a study involving
individuals aged five to 14 years found a significant
association between oral mal odor and postnasal drip,’
which leads to direct contact between the mucus of the
nasal sinuses and the dorsum of the tongue.®

Considering the easy application of the photosensitizing
agent assosiated with the tapered tip of the laser equipment
(THERAPY XT-EC®) in areas of difficult access as the
posterior region of the tongue, PDT can be considered a
valuable choice for treatment. However, some limitations
should be addressed. The irradiation time per point caused
patient discomfort and avoidance responses. Thus, the
dose should be altered in further studies or a device
should be manufactured to allow the single application
over a larger surface. Moreover, these measures should
be combined to educational counseling regarding the
cleaning of the tongue.

Conclusion

Photodynamic therapy applied to the dorsum of
the tongue demonstrated positive results and could be
suggested as conservative, noninvasive, fast, effective
treatment for halitosis in adolescents. As a preliminary
study involving only the analysis of the effect of PDT
on the concentration of VSCs, the findings motivate the
researchers to develop further studies for the acquisition
of more detailed data on this innovating treatment for
the treatment of a common problem that affects a large
portion of the population.

Conflict of Interests

The authors declare no conflicts of interest.

References

1. Shimura M, Watanabe S, Iwakura M, Oshikiri Y, Kusumoto
M, Ikawa K, et al. Correlation between measurements using
a new halitosis monitor and organoleptic assessment. J
Periodontol 1997;68(12):1182-5.

2. Quirynen M, Avontroodt P, Soers C, Zhao H, Pauwels M,
Van Steenberghe D. Impact of tongue cleansers on microbial
load and taste. J Clin Periodontol 2004;31:506—10.

3. Rosenberg M, McCulloch CA. Measurement of oral

150 Journal of Lasers in Medical Sciences : Volume 5 i Number 3 { Summer 2014



Photodynamic Therapy Treatment for Halitosis

11.

14.

16.

17.

Journal of Lasers in Medical Sciences : Volume 5 i Number 3 { Summer 2014

malodor: current methods and future prospects. J Periodontol
1992;63(9):776-82.

. Kizhner V, Xu D, Krespi YP. A new tool measuring

oral malodor quality of life. Eur Arch Otorhinolaryngol
2011;268:1227-32.

. Amir E, Shimonov R, Rosenberg M. Halitosis in children.

J Pediatr 1999;134(3):338-43.

. Bollen CML, Beikler T. Halitosis: the multidisciplinary

approach. Int J Oral Sci 2012;4(2):55-63.

. Dal Rio AC, Passos C a C, Nicola JH, Nicola EMD. CO,

laser cryptolysis by coagulation for the treatment of halitosis.
Photomed Laser Surg 2006;24(5):630—6.

. Marocchio LS, Concei¢do MD da, Tarzia O. Remogao da

saburra lingual: comparagdo da eficiéncia de trés técnicas.
RGO 2009;57:443-8.

. Liu P-F, Zhu W-H, Huang C-M. Vaccines and Photodynamic

Therapies for Oral Microbial-Related Diseases. Curr Drug
Metab 2009;10(1):90-4.

. Raangs G, Winkel E, van Winkelhoff A. In vitro antimicrobial

effects of two antihalitosis mouth rinses on oral pathogens and
human tongue microbiota. Int J Dent Hyg 2013;11(3):203-7.

Salako NO, Philip L. Comparison of the use of the Halimeter
and the Oral Chroma™ in the assessment of the ability
of common cultivable oral anaerobic bacteria to produce
malodorous volatile sulfur compounds from cysteine and
methionine. Med Princ Pr 2011;20(1):75-9.

. Tolentino EDS, Chinellato LEM, Tarzia O. Saliva and

tongue coating pH before and after use of mouthwashes
and relationship with parameters of halitosis. J Appl Oral
Sci 2011;19(2):90—4.

. Calil CM, Marcondes FK. Influence of anxiety on the

production of oral volatile sulfur compounds. Life Sci
2006;79(7):660-4.

Springfield J, Suarez F, Majerus G, Lenton P, Furne J, Levitt
M. Spontaneus fluctuations in the concentrations of oral
sulfur-containing gases. J Dent Res 2001;80(5):1441-4.

. Tangerman a, Winkel EG. The portable gas chromatograph

OralChroma™: a method of choice to detect oral and extra-
oral halitosis. J Breath Res 2008;2(1): 017010.

Rosenberg M, Kulkarni G, Bosy A, McCulloch C.
Reproductibility and sensitivity of oral malodor
measurements with a portable sulfide monitor. J Dent Res
1991;70(11):1436-40.

Tanabe S, Grenier D. Characterization of volatile sulfur
compound production by Solobacterium moorei. Arch Oral
Biol. Elsevier Ltd 2012;57(12):1639-43.

. Haraszthy VI, Gerber D, Clark B, Moses P, Parker C,

Sreenivasan PK, et al. Characterization and prevalence
of Solobacterium moorei associated with oral halitosis. J
Breath Res 2008;2(1):017002.

. Silvestri L, Weir I, Gregori D, Taylor D, Van Saene J, Van

Saene H. Effectiveness of oral chlorhexidine on nosocomial
pneumonia, causative microorganisms and mortality in
critically ill patients: a systematic review and meta-analysis.
Minerva Anestesiol 2013; [Epub ahead of print]

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Christensen G. Why clean your tongue? J Am Dent Assoc
1998;129(11):1605-7.

Tarzia O. Halitose: um desafio que tem cura. 1st ed. Sao
Paulo: EPUB; 2003.

Tanaka M, Yamamoto Y, Kuboniwa M, Nonaka A, Nishida
N, Maeda K. Contribution of periodontal pathogens on
tongue dorsa analyzed with real-time PCR to oral malodor.
Microbes Infect 2004;6(12):1078—83.

Bansal M, Khatri M, Taneja V. Potential role of periodontal
infection in respiratory diseases - a review. J] Med Life
2013;6(3):244-8.

Kara C, Demir T, Orbak R, Tezel A. Effect of Nd: YAG laser
irradiation on the treatment of oral malodour associated with
chronic periodontitis. Int Dent J 2008;58:151-8.

Kara C, Tezel A, Orbak R. Effect of oral hygiene instruction
and scaling on oral malodour in a population of Turkish
children with gingival inflammation. Int J Paediatr Dent
2006;16(6):399-404.

Rosenberg M. Bad breath, diagnosis and treatment. Univ
Tor Dent J 1990;3(2):7-11.

Donaldson AC, Riggio MP, Rolph HJ, Bagg J, Hodge PJ.
Clinical examination of subjects with halitosis. Oral Dis
2007;13(1):63-70.

Furne J, Majerus G, Lenton P, Springfield J, Levitt D
G, Levitt M D. Comparison of volatile sulfur compound
concentrations measured with a sulfide detector vs. gas
chromatography. J Dent Res 2002;81:140-3.

Dai T, Fuchs BB, Coleman JJ, Prates RA, Astrakas C, St
Denis TG, et al. Concepts and principles of photodynamic
therapy as an alternative antifungal discovery platform.
Front Microbiol 2012;3:120.

Pervaiz S, Olivo M. Art and science of photodynamic therapy.
Clin Exp Pharmacol Physiol 2006;33:551-6.

Fontana CR, Abernethy a D, Som S, Ruggiero K, Doucette
S, Marcantonio RC, et al. The antibacterial effect of
photodynamic therapy in dental plaque-derived biofilms.
J Periodontal Res 2009;44(6):751-9.

Hope C, Wilson M. Induction of lethal photosensitization
in biofilms using a confocal scanning laser as the excitation
source. J Antimicrob Chemother 2006;57:1227-30.

Wilson M. Lethal photosensitisation of oral bacteria and
its potential application in the photodynamic therapy of
oral infections. Photochem Photobiol Sci 2004;3:412-8.

Wainwright M. Photodynamic antimicrobial chemotherapy
(PACT). J Antimicrob Chemother 1998;42:13-28.

Saad S, Greenman J, Shaw H. Comparative effects of
various commercially available mouthrinse formulations
on oral malodor. Oral Dis 2011;17(2):180-6.

Quirynen M, Mongardini C, Van Steenberghe D. The effect
of a 1-stage full-mouth disinfection on oral malodor and
microbial colonization of the tongue in periodontitis. A
pilot study. J Periodontol 1998;69(3):374-82.

Saad S, Hewett K, Greenman J. Effect of mouth-rinse
formulations on oral malodour processes in tongue-
derived perfusion biofilm model. J Breath Res [Internet]

151



Photodynamic Therapy Treatment for Halitosis

38.

39.

40.

41.

42

43.

44,

45.

46.

47.

48.

49.

152

2012;6(1):016001.

Collins L M, Dawes C. The surface area of the adult human
mouth and thickness of the salivary film covering the teeth
and oral mucosa. J Dent Res 1987;66(8):1300-2.

Aizawa F, Kishi M, Moriya T, Takahashi M, Inaba D,
Yonemitsu M. The analysis of characteristics of elderly
people with high VSC level. Oral Dis 2005;11(1):80-2.

Pham T, Ueno M, Zaitsu T, Takehara S, Shinada K, Lam P,
et al. Clinical trial of oral malodor treatment in patients with
periodontal diseases. J Periodont Res 2011;46(6):722-9.

Casemiro LA, Martins CHG, de Carvalho TC, Panzeri H,
Lavrador MAS, Pires-de-Souza FDCP. Effectiveness of a
new toothbrush design versus a conventional tongue scraper
in improving breath odor and reducing tongue microbiota.
J Appl Oral Sci 2008;16(4):271-4.

. Motta L J, Bachiega J C, Guedes C C, Laranja L T, Bussadoril

S K. Association between halitosis and mouth breathing in
children. Clinics 2011;66(6):939—42.

Vandekerckhove B, Van den Velde S, De Smit M, Dadamio
J, Teughels W, Van Tornout M, et al. Clinical reliability
of non-organoleptic oral malodour measurements. J Clin
Periodontol 2009;36(11):964-9.

Quirynen M, Dadamio J, Van den Velde S, De Smit M,
Dekeyser C, Van Tornout M, et al. Characteristics of 2000
patients who visited a halitosis clinic. J Clin Periodontol
[Internet] 2009;36(11):970-5.

Berakdar M, Callaway A, Eddin MF, Rof3 A, Willershausen
B. Comparison between scaling-root-planing (SRP) and
SRP / photodynamic therapy: six-month study. Head Face
Med. BioMed Central Ltd 2012;8(1):12.

Braun A, Dehn C, Krause F, Jepsen S. Short-term clinical
effects of adjunctive antimicrobial photodynamic therapy
in periodontal treatment: a randomized clinical trial. J Clin
Periodontol 2008;35(10):877-84.

Dilsiz A, Canakci V, Aydin T. Clinical Effects of Potassium—
Titanyl— Phosphate Laser and Photodynamic Therapy
on Outcomes of Treatment of Chronic Periodontitis: A
Randomized Controlled Clinical Trial. J Periodontol
2013;84(3):278-86.

Giannelli M, Formigli L, Lorenzini L, Bani D. Combined
photoablative and photodynamic diode laser therapy as an
adjunct to non-surgical periodontal treatment. A randomized
split-mouth clinical trial. J Clin Periodontol 2012;39:962-70.

Lui J, Corbet E, Jin L. Combined photodynamic and low-
level laser therapies as an adjunct to nonsurgical treatment

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

of chronic periodontitis. J Periodontal Res 2011;46:89-96.

Lulic M, Leiggener GI, Salvi GE, Ramseier CA, Mattheos
N, Lang NP. One-year outcomes of repeated adjunctive
photodynamic therapy during periodontal maintenance: a
proof-of-principle randomized controlled clinical trial. J
Clin Periodontol 2009;36:661-6.

Polansky R, Haas M, Heschl A, Wimmer G. Clinical
effectiveness of photodynamic therapy in the treatment of
periodontitis. J Clin Periodontol 2009;36:575-80.

Kleinberg I, Codipilly D. Cysteine challenge testing: a
powerful tool for examining oral malodour processes and
treatments in vivo. Int Dent J 2002;3:221-8.

Hamblin MR, Hasan T. Photodynamic therapy: a new
antimicrobial approach to infectious disease? Photochem
Photobiol Sci 2004;3(5):436-50.

Dahl T, Midden W, Hartman P. Comparison of killing of
gram-negative and gram-positive bacteria by pure singlet
oxygen. J Bacteriol 1989;171:2188-94.

Komerik N, MacRobert AJ. Photodynamic therapy as an
alternative antimicrobial modality for oral infections. J
Environ Pathol Toxicol Oncol 2006;25(1-2):487-504.

De Boever E H, Loesche W J. Assessing the contribution
of anaerobic microflora of the tongue to oral malodor. J
Am Dent Assoc 1995;126(10):1384-93.

Betsy J, Prasanth C, Baiju K, Prasanthila J, Subhash
N. Efficacy of antimicrobial photodynamic therapy in
the management of chronic periodontitis: a randomized
controlled clinical trial. J Clin Periodontol 2014;

Sgolastra F, Petrucci A, Gatto R, Marzo G, Monaco
A. Photodynamic therapy in the treatment of chronic
periodontitis: a systematic review and meta-analysis. Lasers
Med Sci 2013;28(2):669-82.

Demir T, Orbak R, Tezel A, Canak¢ V, Kaya H. The
changes in the T-lymphocyte subsets in a population of
Turkish children with puberty gingivitis. Int J Paediatr
Dent 2009;19(3):206—12.

Sakai V T, Campos M R, Machado MAA M, Lauris JR
P, Greene A S, Santos C F. Prevalence of four putative
periodontopathic bacteria in saliva of a group of Brazilian
children with mixed dentition: 1-year longitudinal study.
Int J Paediatr Dent 2007;17(3):192-9.

Joda J, Olukoju O. Halitosis amongst students in tertiary
institutions in Lagos state. Afr Health Sci [Internet]
2012;12(4):473-8.

Journal of Lasers in Medical Sciences : Volume 5 i Number 3 { Summer 2014



ANEXO 5 - ARTIGO PUBLICADO 2

Lopes et . Trisk 2004, 18443

STUDY PROTOCOL Open Access

Photodynamic therapy as a novel treatment for
halitosis in adolescents: study protocol for a
randomized controlled trial

Rubk Garcia Lopes, Camia Haddad Leal de Godoy, Assandro Meb Deana, Mere Eugenia Simdes Ondfe de Sant,

Fenato Asup Pates, Cestiane Miranda Franga, Krstanne Ponta Santos Femandes, Raquel Agrel Mesquitafera
and Sandez Kall Bussador

Abstract

Badkground: Hamoss & & common peotiemn tha Sfect & lage podion of the popdation warldwide. The angn of
this condition is ol in 909 and syssemicin 109 of caes. The unplesant odor i mainly e sesul of volate sl
compounds peoduced by Gram-negatve bacess Howeve, & ha scently been found ha areenbic ranpoatve
bactess abo peoduce hydmogen suilide (H:5) in the prevence of amno acds, such & cysene. Lght, bath with and
without the use of chemicd agents, ha been wsed 10 induce thespeutc and antimicobid efeas In phatodynamc
ther gy, the antmicrobial effect is confinad 10 2esss covered by phatosenstiang dye The sim of the prevent study s
10 enashuste the antmacabal efiect of phatodynamec ey on haitoss in addesents fiough fe anshes of volutle
wifur compounds messared usng gas clvomatogaphy and meccbolbged andye of maed vngue
Methods/Design: A quanttatve dirncal 1l will be caried out mvalving 60 adokescents randomiy daided into the
falvang goups goup 1 will secerne begment with & ongue scpes, group 2 willl ceve photodynamec thespy
apgiied 10 e poskron two-thrds of the dosum of e ngue, sid goup 3 willl eceve @mbinad restmen ftongue
wraper and photodyramic teragy) Ga dometogaghy (OrdChvama™) and micsobiciogical anabysis will be used for
the dagnoss of hanoss &t e begnning of e study. Post-pestment evalugons willl be conduaed &t one how and
24 hours after tosatment. The statsical anshyss wall inchude the Shapeo-Wilk 1=t for fhe detesnnaton of the dsyibuton
of the daa ¥ nommal dsrbution & demonstasted, anshess of warance folowed by Tukey's =it wall be wsad 1o compae
goougy, The Kruskal-Wals st followed by the Studen t-Newrman Keuls teg willl be used for das with non-noemal
desmbuson. Exther the pased St or he Wilcaoon st will be used 10 comgues dats bedors and after tasatment,
depending on the datsbuson of the dats

Discussion: The sesults of this vl will detemine the eficacy of uang phatadynamec thergpy done o in ambnason
with & tongue scraper 10 taat bad besath in addlerents

Trial registration: The protocol for $iis study wes segstessd with Oincal Tk pegegaason number NCTR007993) on
10 Dexcenribesr 2013

Keywards Hinoss, Photodynamic ey, Addlescent

* Commpodecs wodadbPgn aloom

Urnwrity Nove d Juba fusWguee, 29 Lbetad, So Pab, 9
01504000, Brerd

© D4 Lopm ot al; kyrvwe SN i Cortal Utd Nalaan Coen Acoom st ce ditt usd undder the terraof e et
( Ww CorrmmmAtriasion | cwme frrmiretecomromon / rmeaty's 0 which peris unsetricted uw, diet bt on, and

rpexdctonin any medium, povided e of grd werk b propely cred d. T Ot Cormmarn b ie Darmeing

Dwel ot onwaivw Pet/Erethecrmromon add iord /a1 ) sy m ot des made avd it e 0 this stce,

uriem cttwrwie Wil

90



Lopes et al. Trials 2014, 15:443
http://www.trialsjournal.com/content/15/1/443

Background

Halitosis is a term used to define an unpleasant odor that
emanates from the mouth, stemming from either a local
or systemic origin [1-3]. This common problem affects a
large portion of the population worldwide and causes con-
siderable embarrassment. Therefore, halitosis has a nega-
tive impact on social communication and quality of life
[4]. The lack of standardization in the protocol for the
diagnosis and treatment of halitosis hinders the compari-
son of data from epidemiological studies conducted in dif-
ferent countries and yet it is believed that 25% of the
population are affected by this condition [5].

Studies on the etiology of halitosis report that 2% of
cases stem from renal, metabolic, hepatic, endocrino-
logical and gastrointestinal disorders (such as infection
by Helicobacter pylori and intestinal blockage), and 8%
are due to conditions of the respiratory system and con-
ditions of the ears, nose and throat (ENT), such as acute
tonsillitis, postnasal drip, sinusitis and tonsillolith. The ma-
jority of cases (80 to 90%) are directly linked to conditions
of the oral cavity, such as periodontal disease, coated tongue,
poor oral hygiene, salivary abnormalities (change in pH and
hyposialy), stomatitis, intra-oral neoplasm, pulp exposure,
extraction wounds and crowding of the teeth [5-8].

Bad breath mainly stems from volatile sulfur com-
pounds (VSCs) produced by the action of anaerobic
Gram-negative bacteria (Fusobacterium nucleatum, Sele-
nomonas, Treponema denticola, Prevotella intermedia,
Tannerella forsythyia, Porphyromonas gingivalis, Bacter-
oides forsythus and Eubacterium) found in the oral cavity
on substrates containing sulfur [9-11]. The VSCs pro-
duced by the metabolism of these bacteria are hydrogen
sulfide (H,S), found mainly on the dorsum of the
tongue, methanethiol (CH3SH) in gingival pockets and
dimethyl sulfide (CH3SCH3), which has an extra-oral
origin [12-15]. The concentration of these compounds is
used as an indicator of halitosis [3,16].

Recently, the anaerobic Gram-positive bacterium Solo-
bacterium moorei (also known as Bulleidia moorei) has
been associated with halitosis due to the production of
H,S in the presence of different supplements containing
amino acids, especially cysteine [17,18]. Studies have dem-
onstrated that the presence of these bacteria on the dor-
sum of the tongue, as well as in saliva and periodontal
pockets, can lead to both halitosis and systemic problems
such as complications during pregnancy, cardiovascular dis-
ease and chronic lower respiratory infection [19], which is
considered the third most common cause of death [2,20-23].

Detection

Two main methods are used to evaluate halitosis: a
subjective (organoleptic) evaluation and an objective
evaluation (quantitative measure of VSCs, gas chroma-
tography (GC) and monitor analysis) [24-27]. Studies
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comparing the efficacy of these methods report GC to
be the most objective and efficacious method for the
individual detection of H,S, CH3SH and CH3;SCH;,
allowing the evaluation of both the intensity of bad
breath and its origin [5,15]. Indeed, GC is currently
considered the gold standard for the detection of hali-
tosis [11]. However, the majority of researchers have
used a combination of both subjective and objective
evaluations, whereas others have only used an organo-
leptic evaluation due to its ease of execution and low
cost [24]. Halitosis can be analyzed using a sulfide
monitor, such as the Halimeter (Interscan Corporation,
Chatsworth, California, United States) [3,4,26-28], which
determines the total amount of VSCs in parts per billion
(ppb) under normal conditions.

Photodynamic therapy

Photodynamic therapy (PDT) was discovered in 1900 by
Oskar Raab and Hermann von Tappeiner. In the 1970s,
PDT began to be used for the treatment of cancer. Re-
cently, antimicrobial PDT has been used as a treatment
option for localized infections [29]. PDT involves the use
of a non-toxic light-sensitive photosensitizer combined
with visible light at the appropriate wavelength to coincide
with the absorption spectrum of the photosensitizer,
which reaches a state of excitation after absorbing the
photons, reacting with the oxygen in the medium to form
reactive oxygen species. This phototoxic reaction induces
the destruction of bacterial cells. The antimicrobial effect is
confined to areas covered by the light-activated photosensi-
tizer, quickly acting on the target organisms when the ap-
propriate energy dose and output power are used [9,29-33].
According to Wainwright [34], bacterial resistance to PDT
is unlikely, as the singlet oxygen and free radicals formed
interact with different bacterial cell structures and different
metabolic pathways [32,33].

The conventional treatment of halitosis related to oral
conditions consists of the chemical reduction of micro-
organisms with a mouthwash, such as 0.2% chlorhexi-
dine, essential oils, triclosan and hydrogen peroxide, the
mechanical removal of nutrients with a tongue scraper
or brush, the masking of odor with chewing gum, mints
and breath spray, and the transformation of VSCs using
zinc plus chlorhexidine [2,5,10,12,35-37]. However, the
irregular characteristics of the surface of the dorsum of
the tongue make the adequate reduction in bacterial a
particular challenge [2,36,38].

Considering the scarcity of studies addressing the
effect of PDT on tongue biofilm, the aim of the
present study was to evaluate the effectiveness of
PDT on the dorsum of the tongue in adolescents with
halitosis by an analysis of VSCs and microbiological
analysis of the tongue.
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Methods/Design

This study will be carried out in compliance with regula-
tory norms governing research involving human subjects.
Approval was obtained from the Human Research Ethics
Committee of University Nove de Julho (Brazil) under
process number 037315/2013, and the study is registered
with the United States National Institutes of Health
(Clinical Trials.gov registration number: NCT02007993).
The guardians of the participants will be informed regard-
ing the procedures and will sign a statement of informed
consent authorizing the participation of their sons and
daughters in compliance with Resolution 196/96 of the
Brazilian National Health Board.

Male and female adolescents enrolled at the dental clinic
of the university will be recruited for the study. Those
aged between 13 and 18 years, with a diagnosis of halitosis
and OralChroma™ results of H,S >112 ppb during the
cysteine challenge [11,15,39,40] will be included. The ex-
clusion criteria will be [41] dentofacial anomalies, cur-
rently undergoing orthodontic or orthopedic treatment,
current use of a removable appliance, implant or dentures,
periodontal disease, teeth with carious lesions, currently
undergoing cancer treatment, diabetes mellitus, systemic
(gastrointestinal, renal or hepatic disorder) conditions, ear,
nose or throat conditions, respiratory conditions, anti-
biotic therapy in the previous month, current pregnancy
[5] or hypersensitivity to the photosensitizer. As this is a ran-
domized clinical trial, the recommendations of the Consoli-
dated Standards of Reporting Trials (CONSORT) will be
used to ensure greater transparency and quality (Figure 1).

The subjects selected will be randomly allocated to three
groups (Table 1). All individuals will be submitted to eval-
uations with OralChroma™ before and after treatment.

Microbiological analysis

Microbiological analyses of coated tongue will be performed
before and after treatment using a 1-ul inoculation loop for
the collection of biofilm samples from the dorsum of the
tongue. The samples will be transferred to 1.5-ml vials with
reduced transport fluid and placed in a vortex mixer (Prolab,
Sdao Paulo — Brazil) for approximately 30 seconds for
homogenization. Ten-fold serial dilution will be prepared in
180 pl of sterile phosphate buffered saline (Probac, Sdo
Paulo — Brazil) and aliquots of 1072, 1072, 10™* and
10> will be transferred to plates with brain-heart infusion
agar (Probac, Sdo Paulo — Brazil). As the main bacteria
responsible for the production of VSCs are Gram-negative,
the plates will be incubated in anaerobic jar for 72 hours at
37°C, following by the quantification of colony-forming
units [10,42].

Halitosis detection
The literature describes a number of methods for meas-
uring halitosis, such as an organoleptic evaluation of the
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Figure 1 Flowchart of study. P = output power; E =energy and
T=time in seconds.

J

air emanating from the oral cavity [16,26] using a sulfide
monitor [16,25,43] or GC [11,43,44]. However, it has been
demonstrated that the organoleptic test can be influenced
by the olfactory capacity and emotional state of the exam-
iner, as well as climatic conditions [3]. Therefore, the port-
able OralChroma™ device Abilit Corporation, Chuo-ku,
Osaka - Japan) will be employed. This device uses a highly
sensitive gas semiconductor sensor.
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Table 1 Summary of experimental conditions

Group Halitosis Treatment
1 H,S 2112 ppb Tongue scraper
2 H,S 2112 ppb POT
E=9)J T=90s
3 SH> 2112 ppb Tongue scraper 4+ PDT

E=9J T=90s

H,S = hydrogen sulfide; ppb = part per billion; PDT = photodynamic therapy;
E=energy; T=time in seconds.

The participant will first rinse with cysteine (Férmula &
Acgdo, Sdo Paulo - Brazil) for one minute (cysteine
10 mM - 16 mg of cysteine in 100 ml of distilled water -
16% mg). A syringe will be placed in the participant’s
mouth with the plunger completely inserted. The partici-
pant will close his or her mouth, breathe through the nose
and remain still with the mouth closed for one minute.
The participant will be instructed not to touch the tip of
the syringe with his or her tongue. The plunger will then
be withdrawn, pushed back in to empty the air into the
participant’s mouth and will be withdrawn again to fill the
syringe with the breath sample. The tip of the syringe will
be cleaned to remove saliva and a gas injection needle will
be placed on the syringe. The plunger will be adjusted to
0.5 ml and the contents will be injected into the input of
the device in a single motion (Figure 2) [15].

Analysis of VSCs

OralChroma™ (Abilit Corporation) was developed in Japan
for the individual determination of H,S, CH3SH and
CH;3SCHj, allowing for the evaluation of both the intensity
of bad breath and its origin [5,11,15]. H,S originates

Page 4 of 7

mainly from bacteria on the dorsum of the tongue. Values
greater than 112 ppb indicate halitosis. CH3SH is found in
greater concentration in periodontal pockets. Values up to
26 ppb are considered normal. Periodontal disease typic-
ally results in a high CH3SH:H,S ratio (>3:1). CH3SCHj3
may have a periodontal or systemic (intestine, liver or
lung) origin and may also be temporarily caused by the in-
gestion of certain foods and beverages. The distinction be-
tween CH3SCHj3 of an oral or systemic origin can be
made through the comparison of the results of the hali-
metric (OralChroma™) with and without a cysteine chal-
lenge. The perception threshold for CH3SCHj3 is very low
(8 ppb). Other non-VSC odors may appear in a peak prior
to the theoretical first peak, which is H,S [15].

To maximize the standardization of the readings, the
exam will be carried out in the morning and the partici-
pants will be instructed to avoid the ingestion of foods with
garlic, onion or strong spices, as well as the consumption
of alcohol and the use of an antiseptic mouthwash. On the
morning of the exam, more than two hours should have
passed since any food intake and the participants are to ab-
stain from coffee, hard candy, chewing gum, oral hygiene
products and personal care items containing fragrances
(aftershave, deodorant, perfume and creams). Brushing will
be performed with water alone [27,45].

Photodynamic therapy

The THERAPY XT-ES™ (DMC ABC Medical and Dental
Equipment, Sdo Paulo, Brazil) with a red (660 nm) and
infrared (810 nm) laser and a fine tip (for regions of dif-
ficult access) will be used. Only the volunteer and oper-
ator will be present at the time of PDT and both will be
wearing protective eyewear. The active point of the laser
will be covered with disposable clear plastic wrap (PVC)

Lower ip

; >

Figure 2 Process for the acquisition of the sample for the halimetric. OralChroma (Abiliti Corporation, Chuo-ku, Osaka — Japan). The
OralChroma™ will be connected to the computer with a specific software program that allows the creation of a graph corresponding to the
peaks and concentrations of VSCs (0 to 2913 ppb) with considerable precision after eight minutes. The results are stored in the program, as
well as in the device itself, and can be retrieved at any time for comparisons of the readings before, during and after treatment.
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for hygiene purposes and to avoid cross-contamination.
The operator will use the appropriate clothing.

A single session of PDT will be performed with the
Chimiolux™ methylene blue photosensitizer (DMC ABC
Medical and Dental Equipment, Sdo Paulo, Brazil) at a
concentration of 0.005% (165 pum) applied to the middle
and posterior thirds of the dorsum of the tongue. After
five minutes of pre-irradiation time for incubation, the
excess will be removed with an aspirator to maintain
the surface moist with the photosensitizer alone (without
the use of water). A total of six points will be irradiated
(Figure 3). Based on studies developed for the treatment
of periodontal disease with PDT [46-52] and a previous
pilot study [53], the device will be calibrated with a wave-
length of 660 nm, power output of 100 mW, fluency of
320 J/cm?, irradiance of 3537 mW/cm® and an energy
dose of 9 joules for 90 seconds per point in groups 2 and
3. The punctual application method will be used with the
conventional tip in contact with the tongue (Table 2).

Tongue scraping intervention

A Halicare™ tongue scraper (Odomed, Sdo Paulo, Brazil)
will be used for the removal of biofilm. The participant
will be instructed to divide the tongue into two parts
and scrape each side 10 times (Figure 4).

Calculation of sample size
The error was established as err = |7 —&, |, in which %
and %, are the means of groups 1 and 2. Assuming both

Figure 3 Points of photodynamic therapy application.
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Table 2 Parameters of laser

Parameter Red laser
Center wavelength (nm) 660
Spectral bandwidth (FWHM) (nm) 5
Operating mode Continuous wave
Average radiant power (mW) 100
Polarization Random
Aperture diameter (cm) 0.094
Irradiance at aperture (MmW/cm?) 3537
Beam profile Multimode
Beam spot size at target (cm?) 0.02827
Irradiance at target (mW/cm?) 3537
Exposure duration (s) 90/120
Radiant exposure (J/cm?) 320/428
Radiant energy (J) 9/12
Number of points irradiated 9
Area irradiated (cm?) 0.254
Application technique Contact
Number and frequency of treatment sessions 1 session
Total radiant energy (J) 81/108

samples as having the same size (n; =n,), the sample
size is obtained from the following equation:

err

—_— 1
Z\/o? + o} @

ny =ny =

in which 07 and o7 are the variances in groups 1 and 2,
respectively. As more than two groups will be studied, the
decision was made to employ the largest error found in
the literature [54] to estimate the sample size. Assuming
all groups as having normal or approximately normal dis-
tribution, and that the sample will be large enough for a
significance level of a = 0.05, the Z value was determined
to be 1.96. However, for the sample size, the test power
was established as 1-f = 0.80. In case the hypothesis of
normality in the samples was rejected, the sample size was
corrected by 5%. Based on the experimental groups in the
study by Tsai et al. [54] it was determined that each group
should contain 26 participants (n = 26).

Outcome measures

Only participants with H,S >112 ppb, CH3SH <26 ppb
and CH3SCHj3; < 8 ppb will be part of the research, which
limits participation to individuals with halitosis caused
by coated tongue alone. Immediately after treatment, a
second halimetry test will be performed and the results
will be analyzed.
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Figure 4 Diagram of tongue scraper use.

Hypothesis

Our null hypothesis is that there will be no change in
halitosis following the use of PDT. Our experimental hy-
pothesis is that there will be a reduction in halitosis fol-
lowing the use of PDT alone or in combination with a
tongue scraper.

Organization and statistical analysis of data

The Shapiro-Wilk test will be used to determine the
distribution of the halimetricdata. If the data presents
with normal distribution, analysis of variance (ANOVA)
followed by the Tukey test will be used to evaluate the
correlation between each of the proposed treatments
and halitosis. The paired ¢-test will be used to compare
the data before and after each treatment and determine
whether the treatments reduced the degree of halitosis.
The Kruskal-Wallis test followed by the Student-
Newman-Keuls test will be used for data with non-
normal distribution, and the Wilcoxon test will be used
to analyze the data before and after each treatment.
Microbiological data presents with log-normal distribu-
tion and will therefore be analyzed using the methods
described for data with normal distribution. A signifi-
cance level of a = 0.05 will be used.

Discussion

The main objective of the proposed study is to evaluate
the effect of PDT with and without the use of a tongue
scraper for the treatment of halitosis in adolescents. This
objective has two aspects: the evaluation of VSC levels
before and after treatment through a quantitative ana-
lysis of H,S using GC, and a microbiological analysis of
the effect of PDT on coated tongue. The findings are
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expected to provide convincing evidence that PDT is
more effective for the treatment of halitosis.

In the literature, the treatment of halitosis is performed
using a tongue scraper with or without a mouthwash [2],
which leads to a small, long-term reduction in the amount
of bacteria on the tongue [38]. Thus, daily oral hygiene is
needed to maintain a low level of bacterial proliferation. As
the penetration of light and spreading of the photosensi-
tizer do not seem to be affected by the posterior papillae of
the tongue, treatment with PDT is promising and may
achieve satisfactory results, especially when combined with
conventional treatment.

Trial status

The authors are currently recruiting participants. It begun
on March of 2014 and we pretend to go until August of
2015.

Abbreviations

CH3SCH5: Dimethyl sulfide; CHsSH: Methanethiol; GC: Gas chromatography;
H,S: Hydrogen sulfide; PDT: Photodynamic therapy; VSC: Volatile sulfur
compounds.
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