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RESUMO

Terapia fotodindmica é um conceito de tratamento sugerido pela literatura como uma
potencial terapia capaz de proporcionar inativacdo microbiana. Desta forma, este estudo
avaliou a acdo da terapia fotodindmica sobre lesGes de carie dentinaria, mediante um
delineamento in situ de Unica fase. Durante 14 dias, 20 voluntarios utilizaram dispositivos
intra-orais palatinos, contendo, cada um, seis blocos de dentina humana. Todos os voluntarios
foram instruidos a gotejar sobre os blocos uma solucdo de sacarose a 40% dez vezes ao dia,
simulando um desafio cariogénico e a utilizar dentifricio fluoretado trés vezes ao dia. No final
deste periodo clinico, os blocos foram randomicamente alocados em um dos seguintes grupos:
sem fotossensibilizador e luz (F-L-); com fotossensibilizador e sem luz (F+L-); sem
fotossensibilizador e com luz com densidade de energia de 47J/cm’(F-L+47); sem
fotossensibilizador e com luz com densidade de energia de 94J/cm® (F-L+94); com
fotossensibilizador e irradiados com densidade de energia de 47J/cm?(F+L+47); com
fotossensibilizador e irradiados com densidade de energia de 94J/cm?(F+L+94). O
fotossensibilizador de escolha foi azul de orto-toluidina na concentragdo de 100 pug/mL e a
irradiacdo originada de um diodo emissor de luz (LED) com comprimento de onda
predominante em 638,8nm. Amostras de dentina cariada de cada bloco foram coletadas antes
e ap0Os os tratamentos e analisadas para contagem de microorganismos totais, estreptococos
totais, estreptococos grupo mutans e lactobacilos. Os dados das contagens foram
transformados em logy 0s valores de log reducdo foram obtidos e as diferencas estatisticas
identificadas através dos testes ANOVA One way e Tukey Kramer (p<0,05). Em ambas as
analises, foram observadas diferencas estatisticamente significativas entre as contagens
microbiologicas antes e depois dos tratamentos nos grupos (F-L+94), (F+L+47), (F+L+94)
para todos os microrganismos testados. Concluiu-se que a terapia fotodindmica foi efetiva na
morte microbiana nos parametros testados e que o tempo de exposic¢do da dentina a luz de 10

minutos, também, promoveu inativacdo microbiana.

Palavras-chave: Cérie Dentaria, Fotoquimioterapia, Analise Microbiologica.



ABSTRACT

Photodynamic therapy is a concept of treatment, suggested by the literature as a potential
therapy capable of inactivating microbial. Thus, this study assessed the efficacy of
photodynamic therapy on injuries of dentine caries by a in situ design of single phase. During
14 days, 20 volunteers wore intra-oral palatal devices containing six human dental dentine
slabs. The volunteers wore asked to drop a 40% sucrose solution onto the slabs ten times per
day, in order to simulate a cariogenic challenge and to use fluoride dentifrice three times per
day. At the end of the experimental period the slabs were randomly allocated into one of the
following groups: without sensitizer and light (S-L-); with sensitizer and without light (S+L-);
without sensitizer and irradiated with 47J/cm? energy density (S-L+47); without sensitizer and
irradiated with 94J/cm? energy density (S-L+94); with sensitizer and irradiated with 47J/cm?
energy density (S+L+47); and with sensitizer and irradiated with 94J/cm? energy density
(S+L+94). The sensitizer of choice was the toluidine blue O at 100 ug/mL concentration and
radiation originated from a light-emitting diode (LED) with a 638,8 nm predominant
wavelength. Before and after the treatments, dentine samples were collected and analyzed to
figure out the total microorganisms, total streptococci, mutans streptococci and lactobacilli.
The data of the counts were transformed into log;o The values of log reduction was achieved
and the statistical differences identified by ANOVA One way and Tukey Kramer tests
(p<0,05). In both analyses, statistically significant difference between the microbial counts
before and after treatment in groups (S-L+47), (S+L+94), (S+L+94) for all microorganisms
tested are founded. It was concluded that PACT in the tested parameters was effective in
promoting microbial death and that the exposure time of dentine to 10 minutes of light was

also effective in microbial inactivation.

Keywords: Dentine Caries, Photochemotherapy, Microbiological Analysis.
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1 INTRODUCAO GERAL

Os primeiros relatos da utilizacdo da terapia fotodinamica (TFD) datam do inicio do
século IXX, quando Oscar Raab, um estudante alemdo de medicina, reportou o conceito de
inducdo de morte celular através da interacdo de agentes quimicos e luz, constatando que a
toxidade do hidrocloreto de acridina contra Paramecia caudatum foi dependente da
quantidade de luz incidida (RAAB, 1900) A TFD, tornou-se uma alternativa promissora para
o tratamento do céancer e outras doencas h& duas décadas, tendo progressivamente sido bem
estabelecida e recebido aprovacdo para uso clinico em muitos paises (HAMBLIN; HASAN,
2004; PLAETZER et al., 2003). Mais recentemente, esta terapia passou a ser pesquisada e
utilizada com o propdsito de reducdo microbiana, recebendo o nome de terapia antimicrobiana
fotodinamica (MALIK; HANANIA; NITZAN, 1990).

O mecanismo de ac¢do da TFD tanto na medicina oncoldgica quanto na microbiologia
se baseia em uma reacdo fotoquimica ndo térmica que requer a presenca de um
fotossensibilizador (em geral um corante), oxigénio e luz visivel (MACROBERT; BOWN;
PHILLIPS, 1989). A terapia consiste na irradiacdo de luz visivel em um comprimento de onda
complementar ao fotossensibilizador, levando a excitacdo da molécula e sua passagem para
um estado singleto. Nessa forma, a molécula apresenta um tempo de vida bastante limitado,
passando, entdo, para um estado tripleto, que apesar de ter baixa energia, tem um tempo de
vida considerado relativamente longo (10°segundos) (RYTER; TYRREL, 1997). Nesse
periodo, aumenta a probabilidade do fotossensibilizador transferir energia para outras
moléculas e seguir um dos dois caminhos denominados como fotoprocesso do tipo | e tipo 1l
(FUCHS; THIELE, 1997; YAVARI, 2006). No primeiro processo, ha interacdo do
fotossensibilizador com moléculas vizinhas ou &tomos de hidrogénio havendo producéo de
radicais livres, ions superperoxidos e radicais hidroxila. No fotoprocesso do tipo I, ha uma
interacdo direta do fotossensibilizador com o oxigénio molecular, gerando oxigénio singleto
(*0;) (BRANCALEON; MOSELEY, 2002; PLAETZER et al., 2003; CASTANO;
DEMINOVA; HAMBLIN, 2004). Juntos, todos estes produtos, podem interagir com
proteinas mitocondriais da célula alvo alterando sua estrutura e atividade, provocar
desnaturacdo de proteinas e lipidios da membrana e modificar a estrutura do DNA celular
(MACROBERT; BOWN; PHILLIPS, 1989; MALIK; HANANIA; NITZAN, 1990; BHATTI
etal., 1997; MITRA, 2004).
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Em microbiologia, a terapia antimicrobiana fotodindmica passou a receber atencdo
especial por apresentar vantagens em relacdo ao tratamento com agentes antimicrobianos
convencionais, tais como: o confinamento do efeito ao local da lesdo pela aplicacédo tdpica do
fotossensibilizador e a irradiacéo restrita a area de interesse, oferecendo baixo risco a outras
células do hospedeiro (HAMBLIN; HASAN, 2004; ZANIN et al., 2005); dano ou morte
bacteriana obtido em curto periodo de tempo, reduzindo a possibilidade de surgimento de
resisténcia microbiana (WAINWRIGHT et al., 2003); e, finalmente, a inexisténcia de reacdes
sistémicas, mesmo apos repetido uso (BACKHAUS et al., 2007).

Para que a terapia antimicrobiana fotodindmica exerca algum efeito na célula
bacteriana, a luz deve ser absorvida por um ou mais de seus constituintes. Embora algumas
bactérias apresentem componentes capazes de absorver parte do espectro de luz visivel, a
maioria das espécies encontradas na cavidade oral ndo apresenta esses componentes, de modo
que o uso de fotossensibilizadores exdgenos, que atraia para si a luz, ¢ fundamental ao
sucesso dessa terapia (WILSON; DOBSON; HARVEY, 1992).

Uma grande variedade de corantes naturais e sintéticos tem sido desenvolvida e
testada com relacdo as propriedades farmacoldgicas e de absorcdo a luz. (PRATES et al.,
2006; PELOI et al., 2008 ). Um largo nimero de fotossensibilizadores tem sido testado in
vitro contra microorganismos orais, incluindo os derivados fenotiazinicos, como azul de
metileno e azul de orto toluidina (ZANIN et al., 2005); os derivados da fitalacionina, como
fitalacionina dissulfonado aluminio (AIPcS;) e fitalacionina catiénica com Zn(Il) (WILSON
et al., 1995); os derivados das clorinas (WILSON, 2004); além de rosa bengal (PAULINO et
al., 2005), verde de malaquita (PRATES et al., 2006), e porfirinas (HAMBLIN; HASAN,
2004).

Assim como o fotossensibilizador, a escolha da fonte de luz € um importante fator
para o éxito da terapia fotodinamica. A fim de otimizar o tratamento, é essencial que a
emissdo de luz coincida com o pico de absorcdo do fotossensibilizador escolhido (FISCHER
et al., 1998). Embora lasers convencionais sejam tradicionalmente utilizados, recentemente o
uso dos LEDs tem se intensificado, uma vez que, por ndo apresentarem boa colimacdo e
coeréncia, resultam em bandas de emissdo de luz mais largas, favorecendo, assim, a
complementaridade com o fotossensibilizador (ZANIN et al., 2006; PELOI et al., 2008;
GIUSTI et al., 2008).

Pesquisas laboratoriais, avaliando o efeito antimicrobiano da terapia fotodinamica,
tendo LEDs como fonte de luz, merecem atengédo especial, uma vez que esses dispositivos

apresentam vantagens em relacdo ao uso dos lasers convencionais por serem dispositivos
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semicondutores pequenos e portateis e por apresentarem baixo custo em comparagao a outras
fontes de luz (ZANIN et al., 2005; KONOPKA; GOSLINSKI, 2007).

A acéo antimicrobiana de lasers ou LEDs, associados a fotossensibilizadores especificos
sobre bactérias crescidas em cultura planctonica, j& esta bem documentada na literatura
(WILSON et al., 1993; BURNS; WILSON; PEARSON, 1994; SOUKOS et al., 1998;
WILLIAMS et al., 2003; MATEVKI et al., 2003; PAULINO et al., 2005). Da mesma forma,
os efeitos desse tratamento, sobre biofilmes bacterianos organizados, ja foram estabelecidos.
(WOOD et al., 1999; O’NEILL; HOPE; WILSON, 2002; GAD et al., 2004; ZANIN et al.,
2005, 2006; WOOD et al., 2006, METCALF et al., 2006). No entanto, ainda ndo ha estudos
que demonstrem o efeito antimicrobiano da terapia fotodindmica em lesdes de cérie dentinaria
humana.

A cérie dentaria € uma doenca crbnica caracterizada pela destruicdo progressiva e
localizada do dente (MARSH; MARTIN, 1992). Ap6s a desmineraliza¢do do esmalte, a leséo
pode progredir para a dentina, sendo caracterizada por duas camadas distintas. A camada mais
externa, denominada de dentina infectada, consiste de uma area amolecida, amarelada e nédo é
passivel de remineralizacdo. A camada mais interna, denominada dentina contaminada, é
escura e endurecida, apresentando uma menor contaminagdo bacteriana e sendo, portanto,
passivel de remineralizacdo. Kidd, Ricketts e Beighton (1996) propuseram que somente a
remocdo da dentina infectada seria necessaria, se as bactérias da dentina contaminada fossem
removidas ou mortas. Contudo a distin¢do entre essas zonas € extremamente critica, de modo
gue os tratamentos atuais envolvem a remocao total da dentina infectada e contaminada,
removendo, desnecessariamente, a dentina passivel de remineralizacdo que se encontra sobre
a polpa, aumentando o risco de uma exposicdo pulpar e comprometendo o prognostico do
dente. Desse modo, a utilizacdo de um tratamento alternativo complementar a remocéo
mecanica e capaz de matar bactérias in situ, poderia diminuir a quantidade de tecido
dentinario a ser removido (BURNS; WILSON; PEARSON, 1995).

Nesse sentido, a terapia fotodinamica pode ser uma alternativa de tratamento para as
lesGes de carie dentaria por consistir em um método conservador local, possivelmente capaz
de eliminar as bactérias presentes no tecido dentinario (WILSON et al., 2004). O uso dessa
terapia, sobre bactérias na lesdo de carie, deve ser bem estabelecido, ja que seu efeito pode ser
reduzido, tanto pela diminuicdo de penetracdo do corante, quanto pela dificuldade de
propagacao da luz no interior dos tubulos dentinarios (BURNS; WILSON; PEARSON, 1995).
Diante do exposto, este estudo teve como objeto avaliar o efeito antimicrobiano da terapia

fotodinamica sobre lesdes de carie dentinaria produzidas in situ.
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2 PROPOSICAO

O objetivo deste estudo foi avaliar o efeito antimicrobiano da terapia fotodinamica em
lesGes de carie dentinaria produzidas in situ, utilizando para tanto a associacdo de um LED
(620-660nm) e azul de orto toluidina.
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3 CAPITULOS

Esta dissertacédo esta baseada no Artigo 46 do Regimento Interno do Programa de Pos-
Graduacdo em Odontologia da Universidade Federal do Ceara, que regulamenta o formato
alternativo para dissertacfes de Mestrado e permite a insercdo de artigos cientificos de autoria
e co-autoria do candidato (Anexo A). Por se tratarem de pesquisas envolvendo seres humanos,
ou parte deles, o projeto de pesquisa deste trabalho foi submetido a apreciacdo do Comité de
Etica em Pesquisa da Faculdade de Medicina da Universidade Federal do Ceard, tendo sido
aprovado sob protocolo n® 143/06 (Anexo B). Assim sendo, esta dissertacdo de mestrado é
composta de um capitulo que contém um artigo submetido para a publicagdo no periodico
“European Journal of Oral Science”, conforme descrito abaixo (Anexo C), previamente

analisado e corrigido por um corretor da lingua inglesa (Anexo D):

v’ Capitulo 1

In situ study of the antimicrobial effect of photodynamic therapy in dentine caries
lesions

Lima JPM, Melo MAS, Borges FMC, Teixeira AH, Steiner-Oliveira C, Nobre-dos-Santos

M, Rodrigues LKA, Zanin ICJ.
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Lima JPM”, Melo MAS, Borges FMC, Teixeira AH, Steiner-Oliveira C, Nobre-dos-Santos M,

Rodrigues LKA, Zanin ICJ

In situ study of the antimicrobial effect of photodynamic therapy in dentine caries
lesions
Eur J Oral Sci

Abstract : Photodynamic antimicrobial therapy (PACT) promotes bacterial death due to
photosensitisation of microbial components. This study evaluated the effect of PACT on
dentine caries produced in situ. Over the course of 14 days, 20 volunteers wore intra-oral
devices containing human dentine slabs that received a 40% sucrose solution, 10 times/day.
Afterwards, the antimicrobial effect of toluidine blue O associated with 47 or 94 J.cm™ of a
light emitting diode (LED) was evaluated. Before and after the treatments, dentine samples
were analysed with regard to the total microorganisms, total streptococci, mutans streptococci
and lactobacilli. Log reductions obtained for the several treatments were statistically analysed
by one-way ANOVA and Tukey-Kramer test (p<0.05). Significant reductions were observed
for PACT with both tested energy densities, with the following values observed for 47 and 94
J.cm® for total streptococci, 3.45 and 5.18; for mutans streptococci, 3.08 and 4.16; for
lactobacilli, 3.24 and 4.66; and for total microorganisms, 4.29 and 5.43, respectively. The
control using only irradiation with 94 J.cm™ was also effective against all bacteria.
Concluding, PACT was effective in killing oral microorganisms present in dentine caries
produced in situ and may be a useful technique for eliminating bacteria from dentine carious

lesions prior to restoration.
Keywords: Dentine Caries, Photochemotherapy, Microbiological Analysis.
Reprints to: Iriana Carla Junqueira Zanin. Faculty of Dentistry, Federal University of Cear3,

186 Geraldo Rangel Av., Sobral, Brazil, Zip Code: 62041-380. Telephone number +55 88
36132603, e-mail: irianaz@yahoo.com.br
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INTRODUCTION

Dental caries is a chronic invasive disease involving demineralisation of the tooth
followed by destruction of the organic phase of the dentine (1). During the dentine caries
process, the outer layer of the lesion is characterised by a softened and wet dentine that is
highly infected by bacteria. The inner layer, known as affected dentine, is frequently less
contaminated with bacteria and is usually susceptible to remineralisation. However, the
clinical distinction of these two regions is extremely difficult, and usually current methods of
treating dentine lesions involve the removal of both dentine layers, which, in deep cavities,

can result in pulp exposure (2).

KIDD et al. (1996) (3) proposed that the removal of only the softened and wet dentine is
necessary for successful treatment, and that the effective sealing of a cavity with a restorative
material is sufficient to render residual bacteria dormant. However, since the most restorative
materials currently available are ineffective in promoting long-term sealing of the dental
cavity, an effective way of disinfecting the dentine tissue is highly desirable before

performing the treatment (4).

In this context, photodynamic antimicrobial therapy (PACT) may emerge as a suitable
treatment because of its ability to kill bacteria in situ. The photodynamic process is based on a
two-step protocol, where target cells are selectively loaded with a sensitiser followed by
irradiation with a light of complementary wavelength (the maximum absorption of the
sensitiser), resulting in the production of cytotoxic products, including singlet oxygen and free
radicals (5, 6). These products are capable of damaging essential components of the cells or
modifying metabolic activities in an irreversible way, which may result in cell death (7, 8, 9,
10, 11).

Several studies have shown that the use of PACT was effective against a great number
of oral Gram (+) and Gram (-) bacteria (12, 13, 14, 15, 16, 17, 18), using a large variety of
sensitisers (1, 10, 19, 20) and light sources at different wavelengths (21, 22, 23, 24). Also,
other previous studies have shown that PACT is able to kill oral bacteria in planktonic
cultures (22, 25, 26, 27) and plaque scrapings (1) as well as in intact biofilms (28, 29, 30, 31).
However, there is rare evidence that supports the use of photodynamic antimicrobial therapy
in dentine carious lesions (32). Since bacteria in dentine caries may be less susceptible to

PACT due to limited penetration of the sensitiser as well as the difficulty of light propagation
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throughout dentine structures, the purpose of this study was to evaluate the antimicrobial
effect of PACT in dentine carious lesions produced in situ.

MATERIALS AND METHODS
Study Population and Ethical Aspects

This study protocol was approved by the Research and Ethics Committee of the Federal
University of Ceara Medical School (protocol # 143/2006). 20 healthy adults (14 females and
6 males), aged 19-36 yr, able to comply with the experimental protocol, participated in this
study. They were not admitted to the study if any of the following conditions were present:
active caries lesions, use of any antibiotics within the past 6 months prior to the study, or the
use of antimicrobial dentifrice. 28 adult volunteers were invited to participate; 4 of them used
antibiotics, and 3 refused to participate. Thus, 21 volunteers initiated the study, but one was

unable to comply with the experimental protocol and was excluded.
Experimental Design

A simple-blind in situ design was conducted in one phase of 14 d, during which 20
volunteers wore palatal devices containing 6 human dental dentine slabs. At the end of the
clinical phase, the slabs were randomly allocated into one of the following treatments as
observed in figure 1: without sensitiser and light (S-L-), with sensitiser and without light
(S+L-), without sensitiser and irradiated with 47 J.cm? (S-L+47), without sensitiser and
irradiated with 94 J. cm™ (S-L+94), with sensitiser and irradiated with 47 J.cm? (S+L+47),

and with sensitiser and irradiated with 94 J.cm™ (S+L+94).
Specimen Preparation

160 sound third molars were used to perform this in situ study. The teeth were stored in
a 0.01% (v/v) thymol solution at 4°C for thirty days and refrigerated until use (33). 160
dentine slabs were obtained using a water-cooled diamond saw and a cutting machine
(IsoMet Low Speed Saw, Buehler, Lake Bluff, IL, USA). In order to remove occlusal
enamel, a polishing device (Arotec, Sdo Paulo, SP, Brazil) was used with silicon carbide

waterproof 100 grit paper under abundant irrigation. The plane surfaces obtained were
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assessed by microscope examination at 40x magnification to ensure complete enamel
removal. Thus, the fragments were fixed in acrylic devices and cut using a water-cooled
diamond saw and a cutting machine (IsoMet™ Low Speed Saw, Buehler, Lake BIuff, IL,
USA) to obtain dentine slabs (5 x 5 x 2 mm3). The occlusal dentine face was used once only;
the remaining surfaces of the slabs were protected with resistant acid varnish (Colorama-
CEIL, S&o Paulo, SP, Brazil). Afterwards, the specimens were polished using three different
silicon carbide waterproof papers (300, 600 and 1200 grit) as well as polishing cloths with 1-
pum diamond paste (Buehler, Lake Bluff, IL, USA). Microhardness measurements were
performed in a hardness tester (Shimadzu HMV-2000 Shimadzu Corporation, Kyoto, Japan)
using a Vickers diamond under a 50 g load for 10 s to select dentine slabs with similar
hardness (50 to 70 Vickers Hardness Number). Since 40 dentine slabs were excluded due to
higher hardness numbers, 120 dentine slabs were selected. Finally, the slabs were autoclaved
(121°C 15 min) (34) and stored in 100% humidity until being inserted into the palatal
appliances (Figure 2A).

Palatal appliance preparation

For each subject, an acrylic palatal device was fabricated, in which 6 cavities (6 x 6 x 3
mm?3) were prepared on the left and right sides; one slab was attached with wax in each cavity
(35). In order to allow biofilm accumulation, and to protect it from mechanical disturbance, a
plastic mesh was positioned on the acrylic resin, leaving a 1-mm space from the slab surface
(35, 36, 37).

Intraoral phase

During the lead-in period (7 d) and throughout the clinical phases, the volunteers
brushed their teeth with a fluoridated dentifrice ((Sorriso Super Refrescante — calcium
carbonate-based dentifrice, 1,450 pg F.g*, as MFP, Colgate-Palmolive, S&o Paulo, SP,
Brazil). Also, the volunteers received oral and written instructions to wear the appliances at
all times, including nights. They were allowed to remove the appliances only during meals,
acid drink and when performing oral hygiene. When removed, the devices were kept moist in
plastic boxes to keep the bacteria biofilm viable (38). The cariogenic challenge was provided
by dripping a 40% sucrose solution (39) onto all dentine slabs 10 times a day at a pre-
determined schedule (8.00, 9.30, 11.00, 12.30, 14.00, 15.30, 17.00, 18.30, 20.00 and 21.30)



22

(40, 41). Before replacing the palatal appliance in the mouth, a 5-min waiting time was
standardised for sucrose diffusion into the dental biofilm (Figure 2B).

The dentifrice treatment was performed 3 times a day, after mealtimes when
volunteers’ habitually performed their oral hygiene. The appliances were extra-orally brushed,
except the slab area, and volunteers were asked to brush carefully over the covering meshes,
to avoid disturbing the biofilm. All volunteers consumed fluoridated water (0.70 mg F.I™,

and no restriction was made with regard to the volunteers’ dietary habits.
Microbiological analyses

The microbiological analyses of carious dentine were performed on the 14™ d of the
intraoral phase, immediately before and after performing the treatments. Around 12 h after the
last sucrose solution application, the volunteers stopped wearing the intraoral device. After
removing the plastic mesh, the biofilm formed on dentine slabs was removed with a scalpel,
lamina #15C, and the dentine carious tissue was exposed. The baseline dentine sample was
collected from half of each slab using a #5 carbide bur in a low-speed drill (Labordental, Sdo
Paulo, SP, Brazil), as described by KIDD et al. (1995) (42) (Figure 2C). The dentine samples
were analytically weighed using pre-weighed microcentrifuge tubes containing the bur, to
which 0.9% NaCl solution was added (1 ml.mg™ dentine). In order to detach the bacterial
cells, the tubes were agitated for 1 min in a Disrupter Genie Cell Disruptor (Precision
Solutions, Rice Lake, WI, USA) after receiving three sterile glass beads (0.1-mm diameter).
Afterwards, the suspension was serially diluted (1:10, 1:100, 1:1000, 1:10000, 1:100000 and
1:1000000) in 0.9% NaCl solution. In order to assess microorganism viability, samples were
plated in triplicate in mitis salivarius agar (MSA agar) containing 15% sucrose to determine
total streptococci (TS); mitis salivarius agar plus 0.2 bacitracin ml™ (MSB agar) to determine
mutans streptococci (MS) (43); Rogosa agar supplemented with 0.13 % glacial acetic acid to
assess the number of lactobacilli (LB) (44); and blood agar to determine total microorganisms
(TM) (Figure 2D). The plates were incubated for 48 h at 37°C in a partial atmosphere of 10%
CO.. Representative colonies of MS, TS, LB and TM were counted using a colony counter,

and the results were expressed in CFU.mg™ of dentine.
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Photosensitiser and light sources

Toluidine blue O (TBO) was obtained from Sigma Chemicals (Sigma-Aldrich
Foundation, Poole, UK), dissolved in deionised water (100 ug.ml™) and stored in the dark.
The light source used was a red light-emitting diode (LED; Laserbeam, Rio de Janeiro, RJ,
Brazil), with a spectrum of emission ranging from 620 to 660 nm and a 638.8 nm
predominant wavelength. The light was distributed by a fibre optic cable with a 9.5 mm spot.
Irradiation was performed with a focused beam maintained at a 2.0 mm distance from the
dentine slab. A power meter Lasermate (Coherent Inc, Santa Clara, CA, USA) was used to
measure the power of the LED device; an output of 40 mW was used.

Photodynamic therapy

Following the first dentine sample collection (baseline value for tissue contamination
verification), PACT was performed using a random distribution of slabs into treatments. The
groups that received sensitiser (S+L-; S+L+47; S+L+94) were maintained in contact with 5
pL of TBO solution during a pre-irradiation time of 5 min in the dark. Other groups (S-L-; S-
L+47; S-L+94) received an equal volume of sterile 0.9% NaCl solution during the same
period of time. Irradiated groups (S-L+47; S-L+94; S+L+47; S+L+94) received LED light for
5 (47 J.cm™) or 10 min (94 J. cm™), while groups that did not receive light (S-L-; S+L-) were
submitted to a 10 min waiting period in order to simulate the irradiation conditions (Figure
2C). The distribution of treatments on the palatal device was determined randomly; one
option can be observed in figure 1. After each treatment, a second dentine sample was
collected from another intact half of each slab and was microbiologically processed as

previously described.
Statistical analysis

In order to assess the effect of the treatments, the variable log reduction promoted by
each treatment was analysed. The normality distribution of the data and equality of variances
were checked by using the Kolmogorov-Smirnov and Levene tests, respectively. The log
reduction results were calculated by subtraction of the initial values from the final values of
CFU.mg™ of dentin after being transformed by Logso. These data were analysed by a one-way

ANOVA followed by a Tukey-Kramer test. The significance level was set at 5%. The
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software BioStat 2007 Professional (AnalystSoft Robust business solutions company,

Vancouver, Canada) was used.

RESULTS

The log reductions found after PACT on tested microorganism growth in situ can be
seen in figures 3-6. Results show that neither incubation with TBO alone nor irradiation with
47 J.cm™, in absence of sensitiser, had a significant effect on the viability of these
microorganisms, when compared to the control group (S-L-). On the other hand, irradiation
with an LED device for 10 min, which resulted in an energy density of 94 J.cm? had a
significant effect on bacterial reduction in dentine caries even in the absence of sensitiser.
Also, the association of TBO and LED resulted in a significant decrease in the viability of
total streptococci (p<0.0004), mutans streptococci (p<0.0223), lactobacilli (p<0.0092) and
total microorganisms (p<0.0004).

DISCUSSION

Dental caries may be a disease well suited to photodynamic antimicrobial therapy.
Caries is often a localised infection, so the sensitiser may be applied to the lesion by means of
a syringe; light can then be delivered via an optical fibre. If bacteria within carious lesions
could be eradicated by photosensitisation in vivo, there would be beneficial consequences for
dental health. Dentine tissue could be better preserved, thereby making patient treatment
easier for the dentist and more comfortable for patients, by enabling lesions to be restored
with minimal tissue removal, and improving the long-term prognosis for the repaired tooth
(19).

A great number of the studies evaluating the antimicrobial effect of photodynamic
therapy involve the use of conventional lasers with different wavelengths. The option of using
an LED source instead of a laser device in this study has obvious economic advantages when
compared to photosensitisation using conventional lasers. In addition, the lack of collimation
and coherence of LEDs, which result in wider bands of emission (620-660 nm), provide light
emission throughout the entire absorption spectrum of sensitiser, which may promote
optimisation of photodynamic processes (24). Furthermore, ZANIN et al. (2005) (23)
demonstrated that the use of a HeNe laser or an LED light in association with TBO had the

same antimicrobial effect on S. mutans biofilm viability.
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Sensitisers as well are essential elements in PACT; several studies have demonstrated
the efficacy of a range of sensitisers in the elimination of oral bacteria (1, 19, 45). TBO is an
attractive option due to its accessible cost and intense absorption in the red spectrum (>600
nm) (46). Also, TBO association with different light sources at a specific wavelength seems to
be effective in producing microbiological reductions in planktonic cultures (27), scrapping
plaque (1) and intact biofilms (24).

Observation of parameters used to kill bacteria in culture suspensions demonstrates that
PACT is more effective at eliminating cells in planktonic cultures than in biofilms. When
considering the use of photodynamic therapy on intact biofilms, it is also important to
remember that bacteria in such a state are far less susceptible to antimicrobial agents because
of the polymeric matrix, lower growth rate, metabolic activity and specific gene expression
(47). In carious tissue, the treatment is difficult because bacteria are protected by a dentinal
structure, which may limit the penetration of both the sensitiser and light (4). Moreover, the
interaction of light with dentine is complex due to refraction and reflection at the surface of
the peritubular and intertubular dentine. Also, it has been previously demostrated that
bacterial death is lower when the microorganisms are irradiated with light passing through
demineralised dentine slices and that there is no direct relationship between the extent of
dentine demineralisation and the degree of bacterial death after PACT (14). Consequently,
BURNS et al. (1995) (14) have suggested that there is a finite distance between the dentine and
light source beyond which the irradiation will be not effective, even in highly demineralised
dentine.

Although some in vitro studies simulated the effect of PACT on caries lesions using
demineralised slices of dentine, (14) bacteria embedded in a collagen matrix (4, 14), bovine
dentine (32), and ex vivo carious dentine (4), this is one of the first studies verifying the
antimicrobial effect of photodynamic therapy on human dentine caries produced in conditions
very close to those found in vivo. In situ models of caries involve the use of devices that
create conditions that simulate the process of dental caries, serving as a link between the
clinical uncontrolled situation and the highly controlled laboratory experiments. The model
aims to simulate what occurs in the natural process of caries and also to provide information
in a short period of time without causing damage to the natural teeth of volunteers (48). In this
way, this model may be considered a proper tool for testing the effect of PACT on
microorganisms involved in the dentine caries process.

The in situ caries model, based on multispecies biofilm accumulation and sucrose

exposure, was previously reported to be a cariogenic model of human dental enamel and
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dentine (38, 39, 49). Although the majority of in situ experiments have used a 20% sucrose
solution 8 times/d (41, 50, 51), in this study the authors used a 40% sucrose solution 10
times/day since the demineralisation process seems to be more evident with carbohydrate
consumption frequency equal to or higher than 6 times/d (41). A 40% sucrose solution was
used in the present research, according to AIRES et al. (2006) (39), who demonstrated that this
sucrose concentration is effective in producing extracellular polysaccharide on enamel slabs.
However, when producing caries lesions on dentine slabs, AIRES et al. (2008) (49) used a
sucrose concentration of 10%, which was different from that used in this study. This can be
justified due to the necessity of obtaining a softened and drilled dentine in order to perform
appropriate dentine harvest and microbiological analyses. In addition, fluoride from the
toothpaste used by volunteers during all intraoral periods could decrease the progression of
dentine caries. The use of fluoride-containing dentifrice was included in this experimental
model, since over 95% of all dentifrices sold in the U.S., Brazil and Western Europe contain
fluoride (52, 53, 54).

The results of this study show that photodynamic therapy was effective in significantly
reducing all examined microorganisms at both energy densities tested. To our knowledge,
there is no other in situ study testing PACT in dentine caries lesions. Thus, our results
confirmed those found in a previous in vitro study performed by our research group, which
used the same light source and sensitiser, concluding that photodynamic antimicrobial therapy
was effective against mutans streptococci using energy densities of 47 and 94 J.cm™ (data not
published). Our work also agrees with that carried out by GiusTi et al. (2008) (32), which
demonstrated that the use of LED in association with TBO was effective in bacterial reduction
of S. mutans and L. acidophilus in carious bovine dentine; a 400 mW LED device was used in
an in vitro protocol. Furthermore, the authors used an unusual method for calculating the
antimicrobial effect.

Several previous in vitro reports have demonstrated that using light and a sensitizer
separately no effect on viability of oral organisms was found (24, 26, 55). However, in the
current work, the LED irradiation (94 J.cm™) in the absence of sensitiser resulted in
significant reduction in viability of all tested microorganisms. These results differ from those
shown by ZANIN et al. (2005) (23), where the same association of light and sensitiser was
used and no differences in S. mutans biofilm viability were found, even when higher energy
densities (147 and 294 J.cm™) and irradiation times (15 min) were tested. These different
results may be explained by the different substrates used, inasmuch as bacteria organised as

biofilms in ZANIN et al. (2005) (23) were protected from dryness by the presence of
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polysaccharide matrix and water. However, in carious dentine, the exposure to LED
irradiation longer than 5 min may have caused drying of the substrate due to faster water
evaporation, thus resulting in decreased bacterial viability. Consequently, some cytotoxicity
from the light source might have occurred, since no effects on bacterial viabilty were obtained
in the control group, which was subjected to an air-exposure time of 10 min. Nevertheless, to
avoid dentine dryness and for clinical convenience, it is essential and desirable that shorter
exposure times to light be achieved, while still ensuring effective killing of bacteria in the oral
cavity. An alternative scenario for future research is the use of more powerful light sources
because the LED currently used has a maximum output power of 40 mW. In this way, with
the increase of power, the energy dose applied to bacteria could be achieved with lower
exposure times, representing an advantage for clinical use.

In conclusion, our results demonstrate that the association of TBO and a red LED, with
energy densities of 47 and 94 J.cm™, was effective in reducing the viability of a large range of
bacterial growth in conditions very similar to those found in the oral cavity in vivo. Although
the results of this study are encouraging, the delineation of adequate parameters, especially
related to irradiation time, is essential for clinical use of photodynamic antimicrobial therapy

in disinfecting carious dentine.
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Figure 1: Representation of the distribution of treatments on the palatal device. Slabs
were randomly allocated into one of the following groups: (S-L-), (S+L-), (S-L+47),
(S-L+94), (S+L+47), (S+L+94).

EXPERIMENTAL DESIGN
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Figure 2. (A) Dentine slabs prepared from human sound third molars stored in 0.01%
thymol. (B) Clinical phase to provide a cariogenic challenge. (C) Harvest of the first
dentine sample for baseline values and of the second dentine sample from the other
intact half of each slab after the treatments: (S-L-), (S+L-), (S-L+47), (S-L+94),
(S+L+47), (S+L+94). (D) Dentine caries samples plated in triplicate in mitis salivarius

agar; mitis salivarius agar plus 0.2 bacitracin m.I™; Rogosa agar and blood agar.
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Figure 3 Effects of the treatments (S-L-), (S+L-), (S-L+47), (S-L+94), (S+L+47),
(S+L+94) on the viabilities of total streptococci in dentine caries lesions. Data represent the

Log reduction and error bars represent standard deviations.
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Figure 4 Effects of the treatments (S-L-), (S+L-), (S-L+47), (S-L+94), (S+L+47),
(S+L+94) on the viabilities of mutans streptococci in dentine caries lesions. Data represent

the Log reduction and error bars represent standard deviations.
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Figure 5 Effects of the treatments (S-L-), (S+L-), (S-L+47), (S-L+94), (S+L+47),

(S+L+94) on the viabilities of lactobacilli in dentine caries lesions. Data represent the Log

reduction and error bars represent standard deviations.
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Figure 6 Effects of the treatments (S-L-), (S+L-), (S-L+47), (S-L+94), (S+L+47),

(S+L+94) on the viabilities of total microorganisms in dentine caries lesions. Data represent

the Log reduction and error bars represent standard deviations.
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4 CONCLUSAO GERAL

Nas condigdes desse estudo in situ, a terapia antimicrobiana fotodindmica foi efetiva

na redugdo microbiana em lesGes de carie dentinaria.

e A terapia antimicrobiana fotodindmica, utilizando uma fonte de luz LED (620-660
nm) na presenca de azul de orto-toluidina, mostrou-se efetiva na reducdo de
microorganismos totais, estreptococcos totais, estreptococos do grupo mutans e
lactobacilos presentes em lesdes de cérie dentinaria produzidas in situ.

e Utilizando os parametros testados, a terapia ndo foi dose dependente e a irradiacao
prolongada da dentina teve efeito significativo na reducdo de todos os
microrganismos testados. Assim, novos estudos devem ser realizados, a fim de
estabelecer pardmetros adequados a utilizacdo clinica da terapia antimicrobiana

fotodindmica.
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APENDICE A

IN~FORMA(;C)ES E CONSENTIMENTO PC')S}-INFORMA(;AO PARA
PARTICIPACAO EM PESQUISA - PARA OS VOLUNTARIOS QUE DOARAO OS
DENTES

Nome do Voluntario:

As informagdes contidas neste prontuario foram fornecidas por Juliana Paiva Marques Lima
(aluna de mestrado do curso de Odontologia) e Profa. Dra. Iriana Carla Junqueira Zanin, onde
vocé autoriza, por escrito, sua doacdo de dentes terceiros molares, extraidos por necessidades
clinicas, apds conhecer os procedimentos que serdo realizados e tendo liberdade para decidir
sem qualquer coagéo.

Titulo do trabalho: “Estudo in situ do efeito antimicrobiano da terapia fotodinamica das lesdes
de cérie dentinaria”.

Obijetivos: Este estudo vai avaliar a se a terapia fotodindmica (associacdo de um Laser de
baixa poténcia e de um corante) é capaz de matar bactérias presentes na carie dental.

Justificativa: A maioria dos estudos que avaliou o efeito antimicrobiano da terapia
fotodindmica, utilizou como fonte de luz, lasers convencionais. Recentemente, os diodos
emissores de luz (LED) surgiram como fonte de luz alternativa a serem utilizados nessa
terapia. Tanto os Lasers convencionais, quanto os LEDs associados a corantes, matam
microrganismos presentes na cavidade bucal. Isso é conhecido como terapia fotodindmica.
LEDs iguais ao utilizado neste estudo séo vendidos no Brasil e seria interessante verificar se
eles, também, sdo capazes de matar as bactérias que causam a doenca carie. Estudos
realizados em nosso laboratério demonstraram que a terapia fotodindmica pode matar
bactérias crescidas no laboratorio e, agora, queremos observar se é possivel matar as bactérias
presentes na carie dental.

Procedimento experimental: Para a realizacdo desse estudo, serdo selecionados terceiros
molares nao erupcionados (“o dente do ciso””) que ndo contenham fraturas e rachaduras. Os
dentes serdo cortados em blocos de dentina, medindo 5x5x2 mm com uma cortadeira elétrica,
serdo lixados e polidos. Apos o polimento final, os blocos serdo lavados em &gua corrente e
mantidos em ambiente imido até serem inseridos nos dispositivos intra-orais palatinos.

Desconforto ou riscos esperados e beneficios vinculados a pesquisa: Os voluntarios que
doarem os seus dentes extraidos ndo sofrerdo nenhum risco porque os dentes utilizados serdo
extraidos, segundo razdes clinicas e decisdo de tratamento do cirurgido dentista do proprio
voluntario.

Forma de acompanhamento e assisténcia: A assisténcia necessaria sera dada pelo dentista
responsavel pela extracdo dos dentes, ndo estando vinculada aos pesquisadores.



45

Métodos alternativos existentes: Os pesquisadores preferiram, nessa pesquisa, utilizar dentes
humanos ao invés de dentes bovinos, para simular uma condicdo o0 mais proxima possivel
daquela existente na cavidade bucal.

Garantia de esclarecimento: O voluntario tem garantia de que recebera resposta a qualquer
pergunta ou esclarecimento de qualquer ddvida quanto aos procedimentos, riscos, beneficios e
outros assuntos relacionados a pesquisa. Além disso, 0s pesquisadores proporcionardo
informacdo atualizada sobre essa pesquisa. O voluntario tem, também, liberdade para deixar
de participar da pesquisa a qualquer momento. Qualquer davida, favor comunicar 0 mais
rapido possivel. Tel: 3366-82-32 (Mestrado odontologia) ou 9925-25-84 (Juliana Paiva)

Retirada do Consentimento: O voluntario tem a liberdade de retirar seu consentimento a
qualgquer momento e deixar de participar do estudo sem prejuizo de ordem pessoal-
profissional com os responsaveis pela pesquisa.

Garantia de sigilo: Os pesquisadores asseguram a privacidade dos voluntarios quanto aos
dados confidenciais envolvidos na pesquisa.

Formas de ressarcimento e indenizagdo: Como 0s pesquisadores ndo participardo dos
procedimentos de decisdo e extracdo dos dentes, ndo havera formas de ressarcimento e
indenizacéo.

ATENCAO: A sua participacdo em qualquer tipo de pesquisa € voluntaria. Em caso de
duvida, quanto aos seus direitos, escreva para 0 Comité de Etica em pesquisa da UFC.

Eu, , certifico que tendo lido as informac6es
acima e suficientemente esclarecido(a) de todos os itens pela aluna Juliana Paiva Marques
Lima e Profa. Dra. Iriana Carla Junqueira Zanin, estou plenamente de acordo com a realizacéo
do experimento. Assim, eu autorizo a utilizacdo dos meus dentes, que foram extraidos por
razBes alheias a vontade dos pesquisadores na pesquisa acima mencionada.

Fortaleza, de de 2007.

Nome (por extenso):

Assinatura:
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APENDICE B

INFORMACOES E CONSENTIMENTO POS-INFORMAGAO PARA
PARTICIPAGAO EM PESQUISA — PARA OS VOLUNTARIOS QUE UTILIZARAO
OS DISPOSITIVOS INTRA-ORAIS PALATINOS

Nome do Voluntario:

As informacdes contidas neste prontuario foram fornecidas por Juliana Paiva Marques Lima
(aluna de mestrado do curso de Odontologia) e Profa. Dra. Iriana Carla Junqueira Zanin, onde
VOCé autoriza, por escrito, sua participacdo como voluntario, dessa pesquisa, apos conhecer 0s
procedimentos que serdo realizados e tendo liberdade para decidir sem qualquer coacéo.

Titulo do trabalho: “Estudo in situ do efeito antimicrobiano da terapia fotodindmica sobre
lesdes de carie dentinaria”.

Objetivos: Este estudo vai avaliar a se a terapia fotodindmica (associacdo de um Laser de
baixa poténcia e de um corante) € capaz de matar bactérias presentes na carie dental.

Justificativa: A maioria dos estudos que avaliou o efeito antimicrobiano da terapia
fotodindmica, utilizou como fonte de luz, lasers convencionais. Recentemente, os diodos
emissores de luz (LED) surgiram como fonte de luz alternativa a serem utilizados nessa
terapia. Tanto os Lasers convencionais, quanto os LEDs associados a corantes, matam
microrganismos presentes na cavidade bucal. 1sso é conhecido como terapia fotodindmica.
LEDs iguais ao utilizado neste estudo sdo vendidos no Brasil e seria interessante verificar se
eles, também, sdo capazes de matar as bactérias que causam a doenca carie. Estudos
realizados em nosso laboratério demonstraram que a terapia fotodindmica pode matar
bactérias crescidas no laboratério e, agora, nds queremos observar se é possivel matar as
bactérias presentes na carie dental.

Procedimento experimental: O periodo total do estudo compreendera uma etapa de quatorze
dias durante a qual 20 (vinte) voluntarios utilizardo dispositivos intra-orais palatinos,
contendo seis blocos dentais. Durante esse periodo, os voluntarios deverdo ingerir agua
fluoretada do municipio de Fortaleza e pingar solucdo de sacarose a 40% sobre os blocos
dentais dez vezes ao dia.

Desconforto ou riscos esperados vinculados a pesquisa: Os voluntarios poderdo apresentar um
pouco de mau halito durante o periodo experimental, 0 que podera ser controlado com a
adequada higiene bucal e a limpeza do dispositivo. O uso da sacarose sera apenas como gotas
sobre os blocos de dentina presentes nos dispositivos intra-orais, ndo implicando em qualquer
aumento de carie dental nos voluntarios. O dispositivo intra-oral pode causar um leve
desconforto que é, inclusive, semelhante ao desconforto causado por um aparelho ortoddntico
movel.

Forma de acompanhamento e assisténcia: Havera aconselhamento quanto a melhoria da
higiene bucal durante o periodo experimental. Os pesquisadores, envolvidos na pesquisa,
estardo a disposicdo dos voluntarios para qualquer ajuste no dispositivo intra-oral, a fim de
minimizar possiveis desconfortos.
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Métodos alternativos existentes: Embora existam outros métodos de coleta de placa
bacteriana, os autores optaram pela utilizagdo do dispositivo intra-oral, a fim de que possam
promover o acimulo de uma grande quantidade de placa bacteriana e realizacdo da terapia
fotodinamica sem desorganizar o biofilme existente.

Garantia de esclarecimento: O voluntario tem garantia de que recebera resposta a qualquer
pergunta ou esclarecimento de qualquer duvida quanto aos procedimentos, riscos, beneficios e
outros assuntos relacionados a pesquisa. Além disso, 0s pesquisadores proporcionardo
informacdo atualizada sobre a pesquisa. O voluntério tera, também, liberdade para deixar de
participar da pesquisa a qualquer momento. Qualquer davida, favor comunicar o mais rapido
possivel. Tel: 3366 8232 (Mestrado Odontologia) ou 9925 2584(Juliana Paiva).

Retirada do Consentimento: O voluntario tem a liberdade de retirar seu consentimento a
qgualquer momento e deixar de participar do estudo sem prejuizo de ordem pessoal-
profissional com os responsaveis pela pesquisa.

Garantia de sigilo: Os pesquisadores asseguram a privacidade dos voluntarios quanto aos
dados confidenciais envolvidos na pesquisa.

Formas de ressarcimento: Como a remocao dos blocos dentais deve ser feita em jejum, no dia
do recolhimento dos dispositivos intra-orais, serd oferecido um café da manhd aos
voluntarios. Além disso, os voluntarios serdo ressarcidos de eventuais despesas com o
transporte nos dias que tiverem de comparecer ao laboratério.

Formas de indenizacdo: N&o ha danos previsiveis decorrentes desta pesquisa.

ATENCAO: A sua participacdo em qualquer tipo de pesquisa é voluntaria. Em caso de duvida
quanto aos seus direitos, o voluntario deve escrever para 0 Comité de Etica em pesquisa da
UFC.

Eu, , certifico que tendo lido as informac6es
acima e suficientemente esclarecido(a) de todos os itens pela aluna Juliana Paiva Marques
Lima e Profa. Dra. Iriana Carla Junqueira Zanin, estou plenamente de acordo com a realizacéo
do experimento. Assim, autorizo a execuc¢do do trabalho de pesquisa exposto em mim.

Fortaleza, de de 2007.

Nome (por extenso):

Assinatura;
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APENDICE C

INSTRUCOES AOS VOLUNTARIOS

Cada voluntario recebera:

2 tubos de dentifricio Sorriso- Colgate;

1 escova dental;

7 frascos conta-gotas com solugéo de sacarose a 40%;

Isopor 500mg a fim de manter em congelador os frascos com solucéo de sacarose;
Estojo de aparelho ortodéntico (acomodacéo do dispositivo);

1 pacote de gaze estéril.

Os voluntarios deverdo seguir as seguintes instrugdes:

1.

2.

Este estudo consiste de uma etapa de 14 dias.

A &gua ingerida durante este periodo deveréd ser necessariamente de abastecimento
publico de Fortaleza.

Durante o periodo do experimento, ndo utilizar nenhum outro produto contendo fluor,
exceto agua.

Os dispositivos intra-orais deverdo ser utilizados durante todo o dia (inclusive para
dormir), exceto durante as refei¢bes e higiene oral. Durante esses periodos, deverdo
ser colocados na caixa plastica, fornecida pelos pesquisadores, que contém em seu
interior um algoddo ou gaze umedecida.

A escovacdo habitual deverd ser feita apenas com o dentifricio fornecido. Os
dispositivos deverdo ser higienizados e escovados somente na parte interna do
aparelho.

Sera fornecida aos participantes solucdes de sacarose 40% em frasco conta-gota. O
voluntario devera colocar uma gota desta solucdo sobre cada bloco de dentina, esperar
cinco minutos e recolocar o dispositivo na boca. Esse procedimento devera ser feito
dez vezes ao dia.

Caso haja necessidade de ingestdo de antibidticos, comunicar imediatamente ao

pesquisador.
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UNIVERSIDADE FEDERAL DO CEARA
FACULDADE DE FARMACIA, ODONTOLOGIA E ENFERMAGEM

§2° - No caso de ndo cumprimento do prazo estipulado no §1°, o orientador devera
encaminhar, antes de seu vencimento e ouvido o aluno, solicitacdo de ampliagdo
do prazo, mediante justificativa e descricdo da etapa de desenvolvimento do
projeto.

§3° - O aluno que néo obtiver aprovacéo no Exame Geral de Conhecimentos, tera
direito a nova oportunidade, desde que respeitados os artigos 4 e 5 das Normas
para os Cursos de Pos-Graduacao da UFC.

§4° - O aluno s6 podera defender a Dissertagdo ap6s aprovacdo no Exame Geral
de Conhecimentos de que trata este artigo.

Artigo 46 - As dissertacdes apresentadas ao Programa de Pos-Graduagdo em
Odontologia da Universidade Federal do Ceara poderdo ser produzidas em formato
alternativo ou tradicional. O formato alternativo estabelece: a critério do orientador e com
a aprovacéo da Coordenacéo do Programa, que os capitulos e os apéndices poderdo
conter copias de artigos de autoria ou co-autoria do candidato, publicados ou submetidos
para publicacdo em revistas cientificas, escritos no idioma exigido pelo veiculo de
divulgacéo.

§1° - O orientador e o candidato dever&o verificar junto as editoras a possibilidade
de incluséo dos artigos na dissertagéo ou tese, em atendimento a legislacdo que
rege o direito autoral, obtendo, se necessaria, a competente autorizacdo, deverio
assinar declaracdo de que ndo estdo infringindo o direito autoral transferido &
editora.

§2° - A dissertacdo em formato tradicional ou as sessdes gerais do formato
alternativo deverdio seguir as normas preconizadas pelo Guia para Normalizagéo
de Trabalhos Académicos da Biblioteca Universitaria disponivel no site
http://www biblioteca.ufc.br/servicos.html#apoio. As partes especificas do formato
alternativo deverdo ser feitas em concorddncia com o MANUAL DE
NORMALIZAGAO PARA DEFESA DE DISSERTAGAO DE MESTRADO E TESE
DE DOUTORADO NO FORMATO ALTERNATIVO do PPGO.

Artigo 47 — Para cada aluno devera ser constituida uma banca examinadora, que sera
formada por 03 (trés) professores ou especialistas, com o titulo de Doutor, como membros
efetivos e dois suplentes.

§1° - Os membros da banca examinadora de que trata o caput deste artigo
constituirdo a Comissdo Julgadora, cuja presidéncia cabera ao orientador da
Dissertacéo.

§2° - Dentre os membros efetivos da banca examinadora, 01 (um) devera ser
professor ou especialista de outra Instituicdo, com titulo de Doutor, sugerido pelo
orientador € homologado pela Coordenacéo do Programa.

§3° - Dentre os membros suplentes da banca examinadora, 01 (um) devera ser
professor ou especialista de outra Instituicdo, com titulo de Doutor, sugerido pelo
orientador e homaologado pela Coordenagéo do Programa.

§4° - Quando na orientacdo da dissertacdo houver a participacéo de co-orientador,
este néo podera participar da banca examinadora.
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ANEXO B

Universidade Federal do Ceara
Comité de Etica em Pesquisa

Of. N° 324/2006 Fortaleza, 31 de julho de 2006
Protocolo n°® 143/06

Pesquisador responsavel: Lidiany Karla Azevédo Rodrigues
Dept®./Servigo: Departamento de Odontologia/lUFC

Titulo do Projeto: “Estudos in vitro, in situ e in vivo do efeito
antimicrobiano da terapia fotodinamica sobre lesdes de carie dentinaria”

Levamos ao conhecimento de V.S2. que o Comité de Etica em
Pesquisa da Universidade Federal do Ceara — COMEPE, dentro das
normas que regulamentam a pesquisa em seres humanos, do Conselho
Nacional de Saude — Ministério da Salde, Resolugdo n°196 de 10 de
outubro de 1996 e Resolugdo n°® 251 de 07 de agosto de 1997,
publicadas no Diario Oficial, em 16 de outubro de 1996 e 23 de setembro
de 1997, respectivamente, aprovou o projeto supracitado na reunido do
dia 06 de julho de 2006.

Outrossim, informamos, que o pesquisador devera se comprometer
a enviar o relatério parcial e final do referido projeto.

Atenciosament

O, Fernando A Frota Bezerra
Coordenador do Comité
de Etica em Pesquisa
COMEPE/UFC
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