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RESUMO

O diagnéstico de caries interproximais € desafiador. A inspecgédo visual é
limitada nestas regides das superficies dentarias de dentes posteriores e 0 exame
radiografico pode ser empregado como método complementar de diagndstico. Cerca
de 25% a 40% de perda do conteudo mineral dentario € necessario para a carie ser
visualizada em radiografias. Sabendo disso, novas técnicas de imagem nao invasivas,
nao ionizantes e com maior capacidade de deteccao estdo sendo estudadas. Destaca-
se, recentemente, o uso de uma nova modalidade de imagem dual, a fotoacustica. O
objetivo desta pesquisa foi avaliar a viabilidade do uso da imagem fotoacustica na
investigacdo de lesdes de caries na superficie proximal de dentes posteriores
comparando com a classificagdo de métodos radiograficos ICDAS/ICCMS. Vinte e
quatro dentes foram selecionados, fotografados, radiografados e escaneados por
meio de tomografia computadorizada de feixe cdnico e classificados no critério
ICDAS/ICCMS. Posteriormente foram escaneados em um prototipo de um sistema de
imagem fotoacustica operando em 1064 nm. Foram geradas imagens e dados
quantitativos dos sinais fotoacusticos, que foram analisados visualmente e por
estatistica descritiva e inferencial. Foi possivel detectar as lesbes de carie na
superficie proximal através do sistema fotoacustico. Foi observado que a medida que
o nivel de classificagao ICDAS/ICCMS aumenta, a média do sinal fotoacustico diminui.
Ainda, foi possivel observar que as médias fotoacusticas de cada classificagado sao
estatisticamente diferentes (p<0,0001). Confirma-se o potencial de aplicagdo da
fotoacustica no diagndstico das lesdes de caries interproximais. Esta pesquisa
estimula o desenvolvimento de novos ensaios de aplicagdo e adaptagao da imagem

fotoacustica para uso odontolégico.

Palavras-chave: Diagndstico por imagem; Técnicas Fotoacusticas; Carie Dentaria.



ABSTRACT

The diagnosis of interproximal caries is challenging. Visual inspection is limited
in these regions of the surfaces of posterior teeth, and clinicians can use radiographic
examination as a complementary diagnostic method. Researchers know that mineral
loss of approximately 25% to 40% must occur to visualize caries on radiographs.
Therefore, investigators are studying new non-invasive, non-ionizing imaging
techniques with greater detection capacity. Recently, a new dual imaging modality,
photoacoustic imaging, has been highlighted. This research aimed to evaluate the
feasibility of using photoacoustic imaging to investigate carious lesions on the proximal
surfaces of posterior teeth, comparing it with the classification of radiographic methods
ICDAS/ICCMS. Twenty-four teeth were selected, photographed, radiographed, and
scanned using cone-beam computed tomography and classified according to the
ICDAS/ICCMS criteria. Afterward, they scanned the teeth using a prototype
photoacoustic imaging system operating at 1064 nm. The system generated images
and quantitative data of the photoacoustic signals, which were analyzed visually and
through descriptive and inferential statistics. It was possible to detect carious lesions
on the proximal surface through the photoacoustic system. The mean photoacoustic
signal also increases as the ICDAS/ICCMS classification level increases. Furthermore,
we observed that the photoacoustic means of each classification are statistically
different (p<0.0001). The potential application of photoacoustic imaging in
interproximal carious lesions is confirmed. This research encourages the development

of new application trials and the adaptation of photoacoustic imaging for dental use.

Keywords: Diagnostic Imaging; Photoacoustic Techniques; Dental caries.
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1 INTRODUGAO

O diagnéstico de lesbes de caries ainda € um desafio na pratica odontologica.
A combinacao da inspecao visual e a exploracao tatil sio os métodos rotineiramente
empregado para sua detecgao (Pitts et al., 2017). Entretanto, esta técnica apresenta
importantes limitagées como a identificacdo de lesdes em estagio inicial, a experiéncia
do profissional, determinacdo da extensao e atividade da carie, em especial, nas

superficies proximais dos dentes (Janjic Rankovic et al., 2021).

Pesquisas revelam que até 40% das caries interproximais podem nao ser
diagnosticadas pela inspec¢ao visual, devido estarem geralmente situadas abaixo do
ponto de contato entre os dentes e consequentemente fora do campo visual do
examinador (Abogazalah; Ando, 2017; Baltacioglu; Orhan, 2017).

Adicionalmente, a radiografia interproximal pode ser utilizada como método
complementar neste processo. Todavia, apresentam sensibilidade baixa para caries
incipientes devido as possiveis sobreposicoes de imagem, variabilidade na
experiencia do avaliador que podem subestimar a profundidade da cavidade (Foros et
al., 2021; Gomez, 2015).

Tais limitagdes impulsionaram a pesquisa e o desenvolvimento de novas
tecnologias de diagndstico visando uma maior reprodutibilidade, sensibilidade,
especificidade e eliminagao da radiacio ionizante tais como a transiluminacao por
fibra éptica (Macey et al., 2021b), transiluminagdo com luz de infravermelho préximo
(Baltacioglu; Orhan, 2017; Wang et al., 2022), fluorescéncia induzida a laser (El-
Sharkawy; Elbasuney, 2022; Jablonski-Momeni et al., 2019), conduténcia elétrica
(Macey et al., 2021a), tomografia de coeréncia optica (Das et al., 2022; Shimada et
al., 2020; Yavuz; Kargul, 2021), terahertz (Cai et al., 2022; Kamburoglu et al., 2019)
espectroscopia Raman (Buchwald; Buchwald, 2019; Miyamoto et al., 2020), e a

imagem fotoacustica (Silva et al., 2021; Tasmara et al., 2023).

Vem se observando um crescente numero de estudos de aplicagdo com a
imagem fotoacustica na area das ciéncias da saude (Steinberg et al., 2019). Esta
emergente modalidade de imagem hibrida, ndo invasiva, ndo destrutiva e né&o
ionizante combina técnicas Opticas e acusticas para gerar imagens com excelente

contraste e alta resolugao espacial em tempo real (Neprokin et al., 2022).
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Isto é possivel devido a fotoacustica utilizar como fonte de irradiagao laser
pulsado ou LED, que ao atingir as amostras bioldgicas seus fétons sao absorvidos
pelas moléculas e convertidos em energia térmica. Esse aumento de temperatura
produz uma expansao termoelastica no local gerando ondas acusticas que sao
captadas por transdutores ultrassénicos, e, a seguir um processamento dos sinais
acusticos é realizado, sinais estes que sao diferenciados de acordo com as moléculas
atingidas, para a imagem ser finalmente formada (Attia et al., 2019; Wang; Hu, 20123;
Zhou; Yao; Wang, 2016).

Estudos recentes demostram o emprego bem-sucedido da imagem
fotoacustica na neurologia (Bodea; Westmeyer, 2021; Ovsepian et al., 2017),
oncologia (Gargiulo; Albanese; Mancini, 2019; Jo et al., 2023), na imagem de vasos
sanguineos e linfaticos (Kajita et al., 2020; Kempski et al., 2019) e outras areas
médicas (Steinberg et al., 2019).

Contudo, é evidente na literatura a falta da exploragao dessa técnica multimodal
na odontologia. Suas vantagens ja apresentadas anteriormente, poderiam beneficiar
de forma complementar os diagndésticos das doengas orais em tecidos moles e duros
do complexo oro-maxilo-facial. A resolugéo escalonavel da fotoacustica (Zhou; Yao;
Wang, 2016) poderia permitir o exame minucioso das estruturas microscopicas dos
dentes e mucosa até lesdes de grandes dimensdes. Sua capacidade de diferenciar
moléculas através dos comprimentos de ondas emitidos pela expansao termoelasticas
forneceria dados a cerca da anatomia, processos metabdlicos e moleculares (Wang;

Hu, 2012a) dos canceres orais.

Um dos campos no qual a fotoacustica pode ser bem empregada € a cariologia.
O processo de desmineralizagdo e cavitacdo do esmalte e da dentina causam
alteragcdes na quantidade de energia absorvida na fonte de luz da fotoacustica
gerando alteragdes na intensidade do sinal quando comparada aos tecidos normais

(Alifkalaila; Mitrayana; Widyaningrum, 2021).

Os estudos anteriores publicados sobre o diagndstico de carie através da
imagem fotoacustica sdo em sua maioria com caries na superficie oclusal do dente
(Arabpou et al., 2019; EI-Sharkawy; El Sherif, 2012; Koyama; Kakino; Matsuura, 2018;
Silva et al., 2021; Tasmara et al., 2023). Entretanto, o grande desafio do diagndstico

esta nas lesdes interproximais. Os dados sobre a caracterizagao do sinal fotoacustico
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nessa regiao sao limitados, nao se sabe quais séo as relagées da imagem fotoacustica
gerada comparadas com as técnicas de imagens tradicionais e quais fatores ira

modular o sucesso do diagnaostico.

Portanto, esta tese tem como objetivo avaliar a viabilidade do uso da imagem
fotoacustica na investigagdo lesbes de caries na superficie proximal de dentes
posteriores comparando com a inspegao visual, radiografia interproximal, e tomografia
computadorizada de feixe coOnico (TFCF) baseado nos critérios diagnésticos
radiograficos ICDAS/ICMMS.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a viabilidade do diagndstico de caries dentarias localizadas nas
superficies proximais de dentes posteriores através de um sistema de imagem

fotoacustica laboratorial.

2.2 Objetivos especificos

o Classificar as lesdes de carie interproximal por meio do sistema de
registro ICDAS/ICCMS radiografico;

e Gerar imagens fotoacusticas de lesbes de caries proximais em pré-
molares e molares;

¢ |dentificar as diferengas dos sinais fotoacusticos em lesdes proximais
restrita ao esmalte e em esmalte e dentina, quali-quantitavamente;

e Comparar os sinais fotoacusticos das areas com lesdo de carie e em
tecido sadio.

e Relacionar quantitativamente a extensao da lesdo de carie mensurado

com por TCFC com a média do sinal fotoacustico.
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3 REFERENCIAL TEORICO

3.1 Carie dentaria

O dente é formado pelo esmalte, dentina, cemento e polpa, este ultimo é o
unico tecido ndo mineralizado deste 6rgdo. O esmalte é o tecido que forma a porgao
externa das coroas dentarias e € o material mais duro do corpo humano. Desenvolvido
durante a vida intrauterina é formado pela diferenciacao do epitélio interno do esmalte
em ameloblastos que secretam uma matriz extracelular onde proteinas e proteases
unicas do esmalte - como a amelogenina, ameloblastina, e enamelina, que regulam a
forma, o arranjo e a mineralizagédo dos cristais de fosfato de calcio. Este processo é
orquestrado em diferentes fases: pré-secretora, secretoras, fase de transicdo e
maturagdo (Gil-Bona; Bidlack, 2020; Pandya; Diekwisch, 2021). O resultado é a
formagado de 96% de cristais de hidroxiapatita (Ca10(PQO4)s(OH)2) que representa a
parte inorganica e o restante € composto por biomoléculas que interligam as
hidroxiapatitas (Zhao et al., 2022).

Os cristais de hidroxiapatita (Ca10(POa4)s(OH)2) séo os principais componente
mineralizado dos tecidos dentéarios. O tamanho, forma, e a organizagédo dos cristais
de hidroxiapatita irdo influenciar diretamente as propriedades fisicas dos tecidos.
Estudo com microscopia eletrénica de varredura (MEV) caracteriza a hidroxiapatita do
esmalte com espessura de 25 nm, largura que varia de 40 a 120 nm de acordo com a
regido da coroa e 160 a 1000 nm de comprimento (Maté Sanchez de Val et al., 2016).
Os cristais de hidroxiapatita sdo altamente organizados formando bastonetes que vao
desde a jungcdo amelodentinaria até a superficie externa do dente (Abou Neel et al.,
2016). Entre cada bastonete existe a substancia interbastdo que tem mineralizagéo

menor que o bastonete (Roberts; Mangum; Schneider, 2022).

A dentina é o tecido que forma o arcabouco primario do dente dando a estrutura
interna da coroa e raiz. E formada inicialmente pelos odontoblastos na vida
intrauterina, porém sua deposigao segue ininterrupta pela vida. A parte inorganica da
dentina é também formada por hidroxiapatita e corresponde a 70% de sua
composi¢ao; sua parte organica é composta por 10% de agua e 20% de uma matriz
de colageno do tipo I, lll, V e fosfoproteina dentinaria (Abou Neel et al., 2016). Na

dentina, os cristais sdo semelhantes a placas com 50 nm de comprimento, 20 nm de
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largura e 2 a 5 nm de espessura (Abou Neel et al., 2016). O colageno tem um papel
fundamental na organizacédo da estrutura mineralizada da dentina (Moradian-Oldak;
George, 2021).

O cemento é o tecido dentario que envolve a porcao radicular externa, tem
como principal fungdo a fixagdo do dente ao osso através das fibras do ligamento
periodontal. Possui cerca de 45% de material inorganico em peso por possuir em sua
matriz fibras extrinsecas de Sharpey que sdo apenas parcialmente mineralizadas
(Hughes, 2015).

A polpa é o tecido mole presente no interior do dente tanto na coroa, na camara
pulpar, como na raiz ocupando os condutos radiculares. Ela € composta por vasos
sanguineos, nervosos, vasos linfaticos e varios tipos celulares: como os
odontoblastos, fibroblastos, células tronco e de defesa além de uma matriz
extracelular (Shabbir et al., 2021). A polpa e dentina estéo relacionadas intimamente
pela projegdo dos prolongamentos citoplasmaticos dos odontoblastos dentro dos
tubulos dentinarios, considerados como o complexo dentinho-pulpar (Abou Neel et al.,
2016).

A carie dentaria € uma doenga complexa, multifatorial, crénica, que causa a
destruicdo progressiva dos tecidos mineralizados dentarios pelas mudangas
metabdlicas no biofilme dental, representadas por ciclos de desmineralizagdao e

remineralizacéo (Pitts et al., 2017).

Em termos gerais, o biofilme pode ser definido como comunidades microbianas
incorporadas numa matriz extracelular, formando uma estrutura altamente organizada
(Bowen et al., 2018). O biofilme oral apresenta bactérias, fungos, protozoarios e virus
que em condicdes normais apresentam uma relacdo de comensalismo com o
hospedeiro. Na presenga de alguma desregulagdo uma relagdo parasitaria pode
dominar o comensalismo e o aumento de microrganismos cariogénicos resulta em
carie dentaria (Mosaddad et al., 2019).

A relacao do biofilme e da dieta no processo de carie é explicado por diversos
estudos (Lamont; Koo; Hajishengallis, 2018). De um modo geral a alta ingestao de
carboidratos provenientes da dieta do hospedeiro com sua consequente
metabolizagdo pelos microrganismos do biofilme presente no esmalte dentéario causa

mudancas deletérias na comunidade microbiana local.
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Nesse contexto, Lamont; Koo e Hajishengallis (2018) citam fatores chaves no
processo de modificagdo do biofilme oral: (1) Ocorre uma acidificagdo no biofilme
resultante do aumento de microrganismos acidogénicos e aciduricos como 0s
Estreptococcus mutans e nao-mutans, Actinomyces, Lactobacillus e entre outros; (2)
Reducao da diversidade de bactérias benéficas que crescem em ambientes com pH
neutro; (3) Cooperagao de microrganismos e sua relagdo com a matriz extracelular do
biofilme para formacéo de metabdlitos, acidos, fatores de protecéo e estimuladores e
fatores de protecéo crescimento da colbnia cariogénica (Lamont; Koo; Hajishengallis,
2018). Estas mudancgas provocam uma diminuigdo no nivel de pH abaixo de 5,5 que
resulta na desmineralizagao dos cristais de hidroxiapatita de quebra proteolitica das

estruturas dentarias (Struzycka, 2014).

Takahashi e Nyvad (2011) confirmam que estes processos de adaptacgéo e
selegcdo induzidos pelos acidos microbianos podem, ao longo do tempo, alterar o
equilibrio de desmineralizacdo/remineralizacdo em direcdo a perda liquida de
minerais, levando ao inicio e a progressao da carie dentaria (Figura 1).

Figura 1 - Processo de des-remineralizagao dos tecidos dentarios no processo da leséo
cariosa. Para que inicie o processo de lesao cariosa, uma maior quantidade de

desmineralizagdo deve ocorrer que a remineralizagao. Isso ocorre principalmente pela
acidificagéo do biofilme da superficie dentaria.

DESMINERALIZACAO

REMINERALIZACAO

Fonte: O autor (2024).

Conforme discutido anteriormente, a dissolucédo dos tecidos duros dentarios é

o resultado da alteragdo do pH do biofilme oral. Portanto, o entendimento da
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composicao dos tecidos dentarios se torna essencial para compreender a

fisiopatologia da carie.

A desmineralizacdo em esmalte proveniente da carie ocorre quando ha
exposi¢cao excessiva a acidos que reduz o pH para valores criticos (<5,5) onde ha a
perda inicial de ions minerais dos prismas do esmalte, gerando uma porosidade
superficial subclinica. Sequencialmente, o acido penetra nas porosidades e dissolve

a regiao da substéancia interprismatica (Devadiga; Shetty; Hegde, 2022).

As regides interprismaticas sdo menos susceptiveis a desmineralizagao inicial
devido a sua estrutura se transformar naturalmente em fluorapatita quando ha ions de
fluoreto presente na cavidade oral. Esta forma de cristal € mais resistente a
solubilizagdo ao pH critico. Entretanto, a concentragdo de fluorapatita diminui de

acordo com a profundidade (Roberts; Mangum; Schneider, 2022).

As variagdes entre as regides de prismas e substancia interprismatica geram
rugosidade tecidual, e quando essa rugosidade atinge cerca de 400 nm de
profundidade existe mudancas na refracdo Optica, e, nesse estagio a
desmineralizacdo € vista clinicamente como a macha branca de carie.
Progressivamente, a desmineralizagdo amplia a regido interprismatica e destréi os
prismas de forma difusa e generalizada até causar o colapso tecidual, rompendo sua
superficie dando origem a lesdo cavitada que permite a invasdo bacteriana nas
regides mais profundas do esmalte (Devadiga; Shetty; Hegde, 2022; Roberts;
Mangum; Schneider, 2022).

Na dentina, a desmineralizagao se inicia logo abaixo da jungdo amelodentinaria
que solubiliza sua hidroxiapatita. Em seguida ha invasdo dos microrganismos
cariogénicos para este tecido, que gera uma desmineralizagdo progressiva dos
tubulos dentinarios, ocasionando o alargamento do lumen e ruptura dos tubulos, em
permeio a residuos necroticos e areas proteoliticas. Quando ha a exposicao da matriz
proteica, representada principalmente pelos colagenos, se estabelece um processo
de desnaturagcao mediada por metaloproteinases da matriz do préprio hospedeiro ou
por proteases bacterianas (Devadiga; Shetty; Hegde, 2022; Roberts; Mangum;
Schneider, 2022).

Quando os microrganismos cariogénicos invadem a dentina e ha proliferacéo e

atividade metabdlica, seus residuos sao liberados pelos tubulos dentinarios até chegar
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a polpa periférica e uma série de eventos sao iniciados para defesa do componente
pulpar: Inicia-se uma cascata imunoinflamatéria para eliminacdo da infeccdo
bacteriana através da neoformacéo dentinaria com a formacgao de dentina reacionaria
ou reparadora. A invasao bacteriana ndo controlada pode resultar em inflamagao
pulpar irreversivel, necrose pulpar, infeccdo dos sistemas de canais radiculares e

doencas periapicais (Farges et al., 2015).

Ja esta bem determinado pela literatura o aspecto histopatoldgico das lesées
de carie em microscopia de luz polarizada. Nas lesdes restritas ao esmalte, € notado
um defeito de forma ligeiramente triangular onde sao vistas quatro zonas distintas: (1)
zona superficial: area que se apresenta aparentemente intacta na superficie do dente;
(2) corpo da lesdo: a area principal da lesdo, onde sdo encontrados os poros de
desmineralizacao; (3) zona escura: uma area que apresenta poros com diferentes
tamanhos resultado do processo continuo de desmineralizag&o; e (4) zona translucida:
a area mais interna da lesdo onde ha um nivel menor de perda mineral (Devadiga;
Shetty; Hegde, 2022). Conforme observado na figura 2:

Figura 2 - Esquema representando as caracteristicas histopatolégicas de uma carie em

esmalte. Notar as 4 zonas distintas formadas. E representa o esmalte; D, dentina, CP:
Camara pulpar; JAD: Jungdo amelodentinaria.

Zona superficial

E
. Corpo da lesao
. Zona escura
JAD : Zona transliucida
D

Fonte: O autor (2024).
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Na dentina, o padrao histolégico da carie é relatado nas seguintes camadas:
(1) Zona necrdtica e contaminada: onde ha a presencga do biofilme cariogénico, seus
subprodutos e necrose; (2) zona desmineralizada: area com menor numero de
microrganismos na regido, poucos nutrientes e atmosfera estritamente anaerobica;
(3): zona translucida: area com auséncia de microrganismos onde a desmineralizagao
€ gerada apenas pelos acidos. Neste local ocorrem as reagdes de esclerose pulpar
(Farges et al., 2015). Uma esquematizagao do padrao histolégico de carie dentinaria

€ mostra na figura 3:

Figura 3 - Esquema representando as caracteristicas histopatolégicas de uma carie em
dentina. Observe a localizagdo mais superficial da zona necrética e contaminada, em
seguida a regidao de dentina desmineralizada e a zona translucida que representa a
formacgéao de dentina terciaria. E representa o esmalte; D, dentina; JAD: Jungao
amelodentinaria; P: tecido pulpar; os * representam a inflamacao das células periféricas da
polpa; e o + indica a area de esmalte cavitado.

. Zona necroética e contaminada
j Zona desmineralizada

__‘ Zona translicida

Fonte: O autor (2024)

Embora até o presente momento tenham sido enfatizadas as questbes

patogénicas da lesdo de carie, deve-se levar em consideragao sua multifatorialidade,
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observando genética, fisiologia, fatores ambientais e comportamentais na qual o
doente esta inserido (Pitts et al., 2021b).

Um dos modelos classicos para explicagdo dos fatores determinantes no
processo de carie é o de Ferjeskov e Manji (1990) (Figura 4). Os autores classificam
os fatores em determinantes bioldgicos (representados no circulo interno), que atuam
diretamente na superficie do dente; e determinantes distais agem a nivel individual ou

de populagdes. Na figura 4, observamos este modelo:

Figura 4 - Fatores determinantes do processo de carie proposto por Ferjeskov e Maniji
(1990). Em amarelo, observa-se os determinantes bioldgicos, ou proximais, que agem
diretamente na superficie dentaria. No circulo azul, sdo descritos fatores distais da carie que
podem influir no curso da lesao a nivel individual ou populacional.

Fluxo Salivar

Exposigdo a
fluoretos

Capacidade
tampéo

Dieta

ovZm-

Taxa da
metabolizacao
dos carboidratos Tipos de
microrganismos

Composigdo Salivar

Fonte: Adaptado de Ferjeskov e Maniji (1990).

Astasov-Frauenhoffer e Kulik (2021) listam fatores que desempenham

importante papel no desenvolvimento da carie em diferentes niveis: (1) no individual:
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o aspecto morfolégico do dente, composi¢cao da saliva e do microbioma oral; (2)
comportamentais: perfil da dieta e higiene oral; (3) socioecondmico e genético; e por

fim, (4) os modificadores, como o uso do fluor

Levando em consideragcdo os determinantes sociais da saude como
moduladores do processo de carie Martingnon e colaboradores (2021) apresentam
como um modelo de fatores de risco para o desenvolvimento de carie levando em
consideracao: (1) fatores socioeconOmicos: classe social, ocupagdo, renda e
escolaridade; (2) dados demogréficos: idade, sexo e etnia; (2) fatores
comportamentais: ndo uso de dentifricio fluoretado, consumo de agucar, ma higiene
oral e auséncia consultas odontoldgicas preventivas; e, (3) fatores bioldgicos:
experiéncia recente e lesdes ativas de carie, fatores retentores de biofilme, anomalias
de desenvolvimento do esmalte, alteragcao quantitativa e qualitativa da saliva e biofilme

cariogénico

Pitts e colaboradores (2021) discutiram a importancia de entender a carie como
uma doenca cbdnica nao transmissivel que pode ser evitada. Por partilhar fatores de
risco semelhantes a doengas cronicas, se deve aplicar um modelo de gestao centrada
em prevencgao e promogc¢ao de saude através de acdes sobre os determinantes sociais
de saude que imperam sobre ela. Obtendo-se entdo uma redugao na experiéncia

individual e coletiva de carie, melhorando a qualidade de vida de um modo geral.

Outro aspecto significativo da cérie € a sua alta prevaléncia. Peres et al. (2019)
relatam que a carie dentaria € a doenca mais comum do mundo, com prevaléncia
crescente em paises de média e baixa renda. Esse dado reflete a polarizagdo da
doenca quando correlacionada aos determinantes sociais da saude examinados nos

paragrafos anteriores.

Em um estudo que analisou a prevaléncia global de cérie através dos dados do
Global Burden of Disease Study 2019, foi estimado cerca de 64,6 M de céaries em
dentes permanentes e 62,9 M em dentes deciduos no mundo todo. Ao avaliarem o
perfil sociodemografico, os autores encontraram uma menor prevaléncia de carie em
dentes permanentes em paises mais desenvolvidos e uma tendéncia inversa foi

encontrada na denticdo decidua (Wen et al., 2022).

Em revisdo sistematica que avalia a prevaléncia de carie na primeira infancia

globalmente utilizando os critérios da OMS foi observado uma predominio de carie
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combinada de 48%. Os autores ressaltam que essa prevaléncia pode variar tanto
dentro quanto entre os paises avaliados. Entretanto, os dados careciam de
informagdes essenciais como idade, local de habitagao, etnia (Uribe; Innes; Maldupa,
2021).

Avaliando a prevaléncia global de carie dentéaria e edentulismo em pessoas de
meia idade e idosas através de levantamentos de saude oral de diferentes paises,
Borg-Bartolo e colaboradores (2022) observaram uma variancia de 4,9% - 98% de
carie nos diferentes paises. Mais uma vez, uma das limitagdes do estudo foi a
qualidade dos estudos primarios e auséncia de informagbes essenciais (Chan et al.,
2021).

Outra revisao sistematica, que valia a prevaléncia de carie em idosos com 60
ou mais anos de idade em nivel mundial demostrou uma grande variancia entre a
prevaléncia de carie coronaria de acordo com o pais, variando entre 25% (na
Australia) a 99% (Africa do Sul) da populagéo. Quando avaliado céries radiculares, foi

observado uma variancia de 8% (na Finlandia) e 74% (no Brasil) (Chan et al., 2021).

Um estudo que compara as mudancgas na prevaléncia de carie nao tratada em
dentes permanentes entre 1990 e 2017 no Brasil, demonstrou que houve uma redugao
percentual de -0,71 pontos nestes 27 anos, sendo a prevaléncia de 2017
correspondente a 37,46%. Entretanto o Brasil apresentou uma prevaléncia maior
quando comparado a paises de renda média-alta. Ainda foi observado que os paises
que melhoraram seu indice de Desenvolvimento Humano obtiveram as maiores

reducdes na prevaléncia de carie (Crescente; Gehrke; Santos, 2022).

Um ensaio de coorte, que avaliou a carie dentaria na denticdo decidua de
infantes do nordeste brasileiro, atendidos na atencao primaria a saude, nos anos de
2006 e 2010, encontrou um aumento de carie com prevaléncia de 28,6% na primeira
avaliacao e 68,9% no ultimo ano e ceod (dentes deciduos cariados, perdidos e
obturados) de 1,01 e 3,46, respectivamente. Neste estudo foi possivel identificar que
quanto maior a escolaridade e participagao no mercado de trabalho da mae, menor o

ceod do infante(de Melo; de Souza; de Goes, 2019).

Todos os estudos presentes enfatizam que a alta prevaléncia da carie dentaria

representa um grande desafio de saude publica mundial. Este desafio, aumenta nos
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paises em desenvolvimento e subdesenvolvidos, uma vez que sua incidéncia esta

ligada diretamente aos determinantes sociais de saude.

3.1.1 Classificacdo da carie

Diversos sistemas de classificagdo da carie foram descritos aos longos dos
anos. Nessa sec¢ao, iremos apresentar as formas mais usuais de classificacdo da

lesdo de carie encontradas na literatura.

As céries podem ser classificadas de acordo com sua localizagdo no dente. A

figura 5 demostra as localiza¢gdes mais comum e sua nomenclatura:

Figura 5 - Classificagdo das lesdes de carie de acordo com sua localizagdo anatémica.

. . Y = Oclusal

N Superficies proximais

® Radicular

Fonte: O autor (2024)

Também podem ser classificadas de acordo com o tecido dentario acometido:

e Carie de esmalte;
e Carie de dentina;

e Carie de cemento.

Outra forma de classificacdo € de acordo com a presenca ou ndo de cavidade:
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e Lesao de carie ndo cavitada: refere-se a forma inicial de carie onde ndo ha
formagao de um orificio fisico no dente.

e Lesédo de carie cavitada: ha destruicdo dos tecidos dentarios.

Todos os termos a seguir serdo definidos de acordo com a “Terminology of
Dental Caries and Dental Caries Management: Consensus Report of a Workshop
Organized by ORCA and Cariology Research Group of IADR (2020)”, originado de um
workshop organizado pelas duas organizagdes a afim de padronizar uma terminologia

comum aos clinicos e pesquisadores (Machiulskiene et al., 2020):

e Carie primaria: se refere a uma lesdo de carie em uma superficie dentaria
previamente higida.

e Carie secundaria ou recorrente: lesdo que ocorre adjacente a um material
odontoldgico restaurador ou protético.

e Carie residual: tecido cariado desmineralizado ndo removido durante o
procedimento operatdrio restaurador.

e Carie oculta: lesdo cariosa em dentina nao visualizada no exame clinico,
porém confirmada através de exames complementares como a radiografia.

e Carie rampante: descreve multiplas lesbes de carie no mesmo paciente,

associado geralmente a carie na primeira infancia ou carie de radiagao.

A atividade de cérie pode ser definida como um termo que reflete o equilibrio
mineral das superficies dentarias em termos de perda ou ganho mineral ao longo do
tempo. Caries ativas implicam iniciagdo ou progressao da lesao, as inativas implicam
parada ou regressao da lesdo. Clinicamente sao diferenciadas pelas caracteristicas
clinicas da superficie como textura, translucidez e cor. Os critérios de avaliacdo do
status da atividade de carie vao variar de acordo com o sistema de diagnésticos
utilizado (Machiulskiene et al., 2020).

3.2 Métodos de diagnéstico da carie e seu manejo

As novas abordagens de tratamento da carie visam a maxima preservagao dos

tecidos dentarios, e no contexto de uma odontologia minimamente invasiva, devem
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ser implementadas medidas preventivas em niveis individuais e coletivas, avaliagao
do risco de desenvolvimento da doenca, sua deteccao precoce e remineralizacdo da

les&o ndo cavitada (Warreth, 2023).

Sendo a sua prevencgéao e diagndstico precoce das lesdes de caries junto a seu
correto manejo podem resultar na estabilizagdo do processo patoldgico ou até na
remineralizagdo da superficie dentéria, evitando a sua progressao para niveis mais

profundos dos tecidos dentarios (Pitts et al., 2017).

O diagnostico de carie tradicionalmente € realizado nas consultas
odontoldgicas de rotina através do exame visual e tatil em conjunto com exame
radiografico intraoral complementar. Entretanto, lesdes iniciais com aproximadamente
400 pm de profundidade ndo sédo diagnosticadas clinicamente e novos métodos de
diagnodsticos estdo sendo estudados para superar tal limitagdo. A seguir seréao

apresentados os principais métodos de diagndstico e suas particularidades.
3.2.1 Inspecgédo visual e exploracéo tatil

O exame visual-tatil € a metodologia mais empregada e aceita pela literatura

para determinagéo de lesdes de carie (Pitts et al., 2017).

O exame visual requer boa iluminacao, superficie dentaria limpa e seca. A
avaliagao tatil requer um instrumento manual odontolégico de ponta inativa para
verificar a integridade superficial e textura do dente, de forma atraumatica (Figura 6).
O uso de exploradores e sondas clinicas de pontas afiadas podem causar danos
fisicos irreversiveis aos tecidos dentarios bem como a disseminacao de patdgenos

cariogénicos a areas mais profundas da lesao (Warreth, 2023).
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Figura 6 - Inspecao visual e tatil da superficie oclusal de um molar inferior.

Fonte: Acervo do autor (2024).

Neste método, o profissional consegue identificar parametros essenciais como
a localizacao da lesao, avalicdo profundidade da desmineralizagao e determinagao da

atividade da doenga (Macey et al., 2021c).

Com relagéo a atividade da doencga, Maltz e colaboradores (2016) destacam

alguns parametros de diagndsticos que sao essenciais no diagndstico clinico:

e Textura: o dente higido apresenta uma superficie lisa no esmalte e sua
dentina possui consisténcia dura; na presencga de ledo ativa, o esmalte
exibe uma superficie rugosa e a dentina esta amolecida, coriacea e
umida; e, na lesao inativa, o esmalte se apresenta liso e a dentina com
consisténcia dura e seca.

e Brilho: Na lesao ativa, o esmalte e a dentina se apresentam e opaco; e
na inativa os tecidos se apresentam brilhantes.

Outro parametro a ser observado € a cor dos tecidos, mas os autores advertem
que este é apenas um indicador, ndo podendo ser considerado um fator deterministico
para definir a atividade de carie. Nos tecidos dentarios higidos, o esmalte é translucido
e a dentina amarelada. O esmalte branco ou amarelado pode indicar presenca de

lesdo ativa, ou ainda branco, amarelado, marrom ou preto na presenca de lesbes



39

inativas. A dentina na presenca de lesdes ativas geralmente se apresenta amarelo
escuro ou marrom claro e nas lesdes inativas, marrom escurecido ou preto (Maltz et
al., 2016).

Uma maior atengdo deve ser dada ao exame tatil-visual na investigagcao de
céarie nas superficies interproximais. Embora a superficie oclusal dos dentes seja o
local de maior prevaléncia de carie devido as suas caracteristicas anatémicas (areas
de cicatriculas e fissuras), sua facil visualizagdo durante o exame clinico facilita a
deteccdo das lesbes. Entretanto, nas areas interproximais o contato entre as
superficies dentarias adjacentes dificulta a visualizagao e inspecédo de forma direta
(Figura 7), necessitando de exames complementares para um diagndstico mais

preciso (Abogazalah; Ando, 2017).

Figura 7 - Inspecgao visual e tatil das superficies proximais. Devido a area de contato entre
os dentes a avaliagdo minuciosa de critérios como textura superficial, brilho e, coloragao sao
impossibilitadas. Ademais, nesta regido ha um maior desenvolvimento de lesdes de carie
logo abaixo do ponto de contato, que na presencga de dentes adjacentes ndo pode ser
analisada clinicamente.

Fonte: Acervo do autor (2024).

Embora a inspecao visual e tatil seja método mais utilizado na pratica clinica
ele é dependente da experiéncia do avaliador na avaliagao dos critérios apresentados,
tornando-o subjetivo (Machiulskiene et al., 2020; Warreth, 2023).
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Devido a isto, varios sistemas foram criados para determinar critérios de
diagndsticos, melhorando a objetividade dos avaliadores, facilitando a comunicagao
profissional e comparacgao entre estudos. Atualmente, os sistemas mais utilizados em
pesquisas clinicas sao o International Caries Detection and Assessment System
(ICDAS); e suas evolugdes: International Caries Classification and Management
System (ICCMS) e o Caries Care International (CClI).

O ICDAS, foi criado em 2002 por um grupo de pesquisadores em cariologia,
epidemiologia e cirurgides-dentistas, que analisaram os sistemas de classificacbes de
carie disponivel na época e com base no estudo de Ekstrand, Ricketts e Kidd
denominado “Reproducibility and accuracy of three methods for assessment of
demineralization depth of the occlusal surface: an in vitro examination”,
desenvolveram um novo método que classifica a carie de acordo com sua severidade,
variando do 0 com o dente higido até o cdédigo 6 com perda de metade da estrutura e
envolvimento pulpar (Ismail et al., 2007). A tabela 1 detalha os cddigos e critérios
estabelecidos no ICDAS:

Tabela 1 - Cddigos e critérios de classificagdo do ICDAS.

Caodigos Descrigao

0 Esmalte sadio. Nenhuma ou sutil alteragao na translucidez do esmalte apds
secagem prolongada.

1 Alteracao inicial. Mancha branca opaca visivel apés secagem prolongada,
sem perda de tecido superficial, ou pigmentagado restrita a regides de
cicatriculas e fissuras.

2 Alteracao superficial. Mancha branca opaca visivel em superficie umida,
sem perda de tecido superficial, ou pigmentagdo amarronzada maior que
area a area de cicatriculas e fissuras.

3 Cavidade em esmalte opaco ou amarronzado sem sinais visuais de
envolvimento dentinario.
Area sombreada em dentina.
Cavidade em esmalte opaco ou pigmentado com exposi¢cao de dentina.
Envolve até metade da superficie dentaria analisada.

6 Extensa cavidade com dentina visivel, envolvendo mais da metade da

superficie dentéria analisada. Podendo ocorrer envolvimento da polpa.

Fonte: Ismail e colaboradores (2007).
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Varios estudos comecgaram a verificar a eficacia do ICDAS. O estudo de (Ismail
e colaboradores (2007), através de uma coorte, utilizou o ICDAS para classificar
visualmente lesdes de caries em superficies oclusais. Posteriormente, os dados foram
correlacionados com achados histopatolégicos dos dentes analisados. Foi encontrada
uma maior desmineralizacdo a medida que aumenta a gravidade do cdodigo. A

confiabilidade entre os examinadores foi considerada entre boa e excelente.

Estudo in-vitro correlacionado o desempenho do exame visual através do
ICDAS com radiografias interproximais e cortes histologicos em caries oclusais, onde
quatro dentistas com mais de cinco anos de experiéncia que analisaram 104 dentes
de higidos a cariados, demostrou que o exame visual apresentou melhor sensibilidade
que o exame radiografico (83% vs. 44%, p<0,0001). Ainda, constata-se uma
correlagdo moderada entre os métodos avaliados e os métodos histolégicos e boa

reprodutibilidade dos métodos (Diniz et al., 2011).

Honkala e colaboradores (2011) investigaram a aplicagdo do ICDAS em 485
criangas denticdo mista por quatro examinadores docentes de odontologias e
previamente calibrados. Como resultado, encontraram alta reprodutibilidade intra e

interexaminadores, com valores de kappa ponderado >0.9.

Numa revisdo sistematica com meta-analise, que utilizou 54 referéncias
primarias, sendo ensaios in-vitro o maior tipo de estudo incluido, determinou-se que o
ICDAS tem alta reprodutibilidade e acuracia para diagnostico de caries coronais,
entretanto, para avaliagdo da progressao da lesdo a acuracia e a precisdo foi

considerada moderada (Chen, 2019).

Outra recente pesquisa de revisdo sistematica com meta-analise, na qual os
autores avaliam diferentes métodos de deteccao e diagnéstico de carie do esmalte,
os dados sobre o ICDAS, obtidos de 38 estudos primarios, revelam uma sensibilidade
média num intervalo de confianga de 0,88 (0,81 a 0,92) e especifidade de 0,76 (0,67
a 0,83) (Macey et al., 2021c).

O ICCMS é considerado uma evolugao do ICDAS. Foi desenvolvido entre 2010-
2017 com aperfeicoamento até 2021. Neste sistema foram incluidos além da
classificagao, fundamentos de promogao e prevengao dentaria, gestdo da lesdo em
niveis de pessoal/paciente, grupos populacionais e ao nivel do dente. Também

objetiva unificagdo das definicbes e convengdes utilizadas para a detecgéo, avaliagéo
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e gestao clinica da carie na investigagao, educagao, saude publica e pratica clinica
(Pitts et al., 2021a). Possui 4 elementos chaves como norteadores do processo de
diagndstico e manejo da carie: a classificagdo, o manejo, a historia do paciente e
tomada de decisdo. Apresenta como vantagem a simplificagdo dos escores clinicos
do ICDAS (Tabela 2), bem como a valorizagdo dos fatores individuais e atividade
caries, além de apresentar norteadores para tomada de decisédo do tratamento (Ismail;
Pitts; Tellez, 2015).

Tabela 2 - Cddigos e critérios de classificagdo do ICCMS.

Categorias Descrigao
Superficie Escore ICDAS correspondente: 0
higida Superficie dentéria higida sem evidéncia de carie quando se observa a

superficie limpa e seca por 5 segundos.

Estagio inicial Escore ICDAS correspondente: 1 e 2

de carie Primeira alteragao visivel ou alteragao detectavel no esmalte vista como
uma opacidade cariosa ou descoloragao visivel (lesdo manchada branca
e/ou marrom) nado consistente com a aparéncia clinica do esmalte
saudavel e auséncia de evidéncia de ruptura superficial ou subjacente
sombra na dentina.

Estagio Escore ICDAS correspondente: 3 e 4

moderado  de Les&o de mancha branca ou marrom com ruptura localizada do esmalte,

carie sem dentina exposta visivel ou com a presengca sombra de dentina
subjacente na superficie avaliada.

Estagio severo Escore ICDAS correspondente: 5e 6

de carie Cavidade detectavel em esmalte opaco ou descolorido com dentina

visivel.

Fonte: Ismail e colaboradores, 2015.

Atualmente, o ICCMS também foi reestruturado e atualizado no CClI, o Caries
Care International (Pitts et al., 2021a). Um sistema baseado em um processo de
quatro etapas, denominado 4D: 1° D: Determinagao do risco de carie; 2° D: Detecgao
das lesbes, classificagdo da gravidade e avaliagdo da atividade; 3° D: Decisdo do
tratamento especifico adequado para o paciente nho momento; 4° D: Realizar os

tratamentos preventivos e intervencionais (Beltran et al., 2019).

As evidéncias revisadas nesta secao enfatizam a importancia da utilizacdo dos

indices tendo em consideragéo a subjetividade inerente a inspecéao visual. Uma maior
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acuracia diagnostica, comparagao de estudos e consequente formagao de evidéncias
mais robustas para o diagndstico e tratamento de carie podem ser atingidas quando

empregados os diversos indices disponiveis na literatura.

3.2.2 Exame radiografico

Conforme discutido anteriormente, a inspecéo visual € limitada nas regides
interproximais das superficies dentarias de dentes posteriores (Abogazalah; Ando,
2017). As lesdes de caries nestes locais s6 sao evidentes clinicamente na presenca
de destruicdo da superficie mesial e distal. Caso a lesao esteja em estagio inicial,
podem nao ser detectadas. Na presenca de sombras marrons ou opacidades na
regidao da crista marginal, juntamente com sintomas como dor ou sensibilidade
relatados pelo paciente, o exame radiografico pode ser empregado como método

complementar de diagnéstico (Rodrigues et al., 2021) .

O uso das imagens oriundas de radiagdo X como método de diagndstico
complementar na odontologia é longinquo e rotineiro. Destacam-se, na pratica clinica
o uso de radiografias dentarias intraorais analdgicas e digitais (radiografias periapicais
e interproximais), a radiografia panoramica e o uso da TCFC, um método de imagem
tridimensional (MacDonald; Reitzik, 2022).

Dentre as incidéncias radiograficas intraorais disponiveis, a radiografia
interproximal, também conhecida como bite-wing (figura 8), € a mais recomendada na
pesquisa de lesdes cariosas devido sua técnica possibilitar que o feixe de raios X
incida perpendicularmente sobre os pontos de contatos dentarios gerando uma
imagem com nenhuma ou pouca sobreposicdo das superficies dentarias
interproximais permitindo uma melhor visualizagdo desta regiao (Whaites; Drage,
2021).
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Figura 8 - Radiografia interproximal da regido de pré-molares. Destaca-se uma discreta
imagem radiolucida em esmalte na regiao mesial do dente 35 (seta amarela). Ademais, na
distal do dente 34 observa-se imagem radiolucida com um formato semelhante a um
tridngulo no esmalte e na dentina (seta azul). Ambas as lesdes compativeis com a cérie
dentéria.

Fonte: Acervo do autor (2024).

Ademais, esta técnica proporciona a visualizagao de varios dentes, superiores
inferiores em um unico filme, utilizando usualmente o tamanho 2, diminuindo a

quantidade de incidéncias radiograficas (Whaites; Drage, 2021).

A radiografia periapical (Figura 9), € recomendada quando ha suspeitas de
lesdes Osseas periapicais associadas as lesbes de carie (Turgeon, 2019). Nestes
casos € importante correlacionar os achados radiograficos com o exame clinico e a

realizacéo de testes de sensibilidade pulpar.
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Figura 9- Radiografia periapical da regido do canino superior do lado direito. Notar nos
dentes 23 e 24 amplas imagens radiolucidas no esmalte e na dentina compativeis com lesédo
cariosa (setas amarelas) com sinais de envolvimento com a camara pulpar € espessamento

do espaco periodontal apical e auséncia de lamina dura (setas vermelhas), sugerindo
quadro de necrose pulpar. Observa-se a presenca de carie secundaria da distal do dente 22

(seta azul).

Fonte: Acervo do autor (2024).

Na radiografia panoramica (Figura 10), uma técnica extraoral, na qual é
formada uma projegdo radiografica completa da maxila e mandibula, pode-se
visualizar lesbes de carie. Entretanto, possuem validade diagndstica razoavel
(Wenzel, 2021). Sendo apenas indicadas para este fim quando pacientes apresentam
limitagao de abertura de boca e alto reflexo de vémito (MacDonald; Reitzik, 2022).

Figura 10 - Radiografia panoramica(a) e seu recorte na regido de molares inferiores(b).

Notar, na oclusal do dente 38 uma imagem radioltcida circular no esmalte e dentina (setas
amarelas) compativel com lesédo de carie. O diagnéstico foi confirmado clinicamente.

Fonte: Acervo do autor (2024)
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Em uma revisao sistematica elaborada por Schwendicke; Tzschoppe e Paris
(2015), foi observado que a detecgao de carie por meio de radiografias possui alta
acuracia para lesdes cavitadas na superficie proximal e lesdes que ja atingiram a
dentina independente da regido. Entretanto, para investigagao de lesdes iniciais sao

necessarios métodos alternativos de maior sensibilidade.

Com relagao ao tipo de radiografia odontoldgica mais adequada Wenzel (2021)
indica a incidéncia interproximal, devido sua precisao e reprodutibilidade para
deteccao de desmineralizacdes em superficies proximais e lesdes na dentina na
oclusal. Porém, é enfatizado que este método nao é capaz de distinguir se as lesdes

sdo cavitadas ou ndo, sendo necessaria a inspecgao clinica.

A literatura relata que para que uma lesdo de cérie seja visivel em uma
radiografia é necessario que cerca de 25% a 40% do conteudo mineral dentario seja
perdido (Warreth, 2023; Whaites; Drage, 2021). Este fato explica a baixa capacidade

de deteccio deste método nas lesdes iniciais.

Deve-se sempre lembrar que as radiografias sdo imagens bidimensionais de
estruturas tridimensionais, e sobreprojegdes de estruturas sadias podem interferir na
interpretacéo da localizagdo e extensao da carie. Varios estudos relatam que as
imagens radiograficas podem subestimar a extensao da leséo cariosa, tendendo a ser
mais profunda clinicamente que na imagem radiografica (Alammar; Sadaf, 2020;
Warreth, 2023).

Para realizacdo das técnicas intraorais, podem ser utilizados receptores de
imagem analdgicos ou digitais. Os receptores analdgicos de imagem sao constituidos
de um filme de poliéster coberto por uma emulsdo gelatinosa de cristais de brometo
de prata. Estes cristais de prata refletem a sensibilidade do filme, e atualmente sao
utilizados na pratica clinica os tipos “E” e “F que apresentam alta resolucdo e menor
quantidade de radiagdo para sensibilizagao. Os receptores digitais sdo a placa de
fésforo fotoestimulada — PSP (do inglés, photostimulable storage phosphor),
dispositivo de carga acoplada - CCD (do inglés, charge-coupled device), semicondutor
de 6xido metalico complementar - CMOS (do inglés, complementary metal oxide

semiconductor) (Dayo et al., 2021; Turgeon, 2019).

A literatura recomenda o uso de filmes analégicos ou placas de fésforo

fotoestimulada como receptores de imagem no diagnéstico radiografico de carie. O
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uso de sensores rigidos intraorais que utilizam as tecnologias CCD e CMOS sao
apresentam as seguintes desvantagens: (1) sua menor area ativa quando comparada
a um filme tamanho 2, mostrando uma quantidade menor de superficies dentarias; (2)
sua maior espessura que causa maior desconforto e ansia de voOmito em pacientes
com a cavidade oral pequena; e, (3) sua rigidez que impede um melhor
posicionamento no arco dentario, em especial na regido de pré-molares inferiores
(Wenzel, 2021; Whaites; Drage, 2021).

Na comparagao entre os receptores digitais ou analdgicos, diversos estudos
demonstram que ambos os métodos apresentam precisdo diagnostica semelhante
(Dehghani et al., 2017; Pontual et al., 2010; Soares Vieira et al., 2015). Entretanto, a
migragdo para sistemas digitais € encorajada devido a menor necessidade de
radiacdo X, auséncia de processamento quimico, agilidade no fluxo de trabalho
clinico, armazenamento seguro, comunicagao interprofissional e capacidade de
manipulagdo da imagem final. O custo da implantagdo dos sistemas digitais segue

sendo a maior limitacdo (MacDonald; Reitzik, 2022; Wenzel, 2021).

A exposicdo a radiagdo ionizante durante o exame radiografico para
investigacdo de carie € outro tema importante. A radiagdo ionizante pode ser
mutagénica e carcinogénica. Embora o risco seja baixo em exposi¢cdes diagnosticas
de baixo nivel, como nas radiografias periapicais, ainda € maior que zero, €, como se
sabe, ndo ha limite absoluto de seguranga para a dose. Seu uso clinico deve ser
ancorado seguindo os principios basicos de radioprotecao: a justificagéo, a limitagéao
de dose e otimizacdo. Ainda deve-se seguir os principios do ALADAIP (do inglés, As
Low as Diagnostically Achievable being Indication-oriented and Patient-specific), que
preconiza a utilizagdo de uma dose de radiagao baixa ao ponto de obter uma imagem
radiografica diagnosticamente aceitavel, sendo orientada pela indicacédo e a

especificidade do paciente (Oenning; Jacobs; Salmon, 2021; Warreth, 2023).

A imagem radiografica da lesdo de céarie, de uma maneira geral se apresenta
como uma imagem radiolucida nos tecidos duros do dente, que varia de formato de
acordo com a regiao dentaria na qual esta presente. Na area do tecido dentario que
possui a carie, caracterizada por desmineralizagdo ou cavitagdo, havera menor
atenuacao dos feixes de raios X, atravessando mais fétons para o filme, gerando uma
imagem mais radiolucida que nas areas sadias dos dentes (Whaites; Drage, 2021).

Este processo, para melhor entendimento, esta esquematizado na figura 11.
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Figura 11 - Formagao da imagem radiografica de um dente cariado.
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Fonte: Elaborado pelo autor (2024).

Na superficie oclusal, quando a lesdo esta limitada ao esmalte, ndo séo
detectadas no exame radiografico devido a sobreposi¢ao das cuspides. Na dentina,
podem ser observadas como uma imagem radiolucida com formato triangular, com o
seu apice para superficie e base para jungdo amelocementaria, ou um ponto circular

difuso ou uma faixa perpendicular radiolucida (Turgeon, 2019; Whaites; Drage, 2021).

Nas lesdes de superficie proximal, a carie no esmalte é vista como uma imagem
radiolucida triangular com sua base voltada para a superficie e o0 apice para a jungao
amelocementaria. Nesta regido, o ponto de contato dentario ou a area abaixo dele séo
criticas para desenvolvimento de carie, e devem ser analisadas com uma cautela
maior. Quando a carie atinge a dentina, pode-se observar a formagao de uma imagem
radiolucida com formato triangular com sua base voltada para a jungao
amelocementaria. Na pratica clinica, variagbes desse formato classico triangular
podem ser encontrados como faixas ou areas circulares radiolucidas (Turgeon, 2019;
Whaites; Drage, 2021).

Existem varias formas de categorizagdo da imagem radiografica das lesdes de
carie, tais como a: American Dental Association Caries Classification System (Young
et al., 2015); o critério de baseado na penetracéo da lesdo nos tecidos dentarios (Dayo
et al., 2021); e o Sistema ICDAS/ICCMS de registro radiografico (Diniz et al., 2011,
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Ismail et al., 2007; Ismail; Pitts; Tellez, 2015). Na tabela 3 é apresentado o critério da

ICDAS/ICCMS e em seguida, na figura 12, sua esquematizagao.

Tabela 3 - Sistema ICDAS/ICCMS de registro radiografico

Categorias Descrigao

0 0 Auséncia de radiolucidez

RA RA 1 Radiolucidez na metade externa do
Estagios iniciais esmalte.

RA 2 Radiolucidez na metade interna do
esmalte aproximadamente na regido da
unido amelo-dentinaria

RA 3 Radiolucidez limitada a 1/3 da superficie
externa da dentina

RB RB 4 Radiolucidez que atinge até 1/3 da regiao

Estagio moderado média da dentina

RC RC5 Radiolucidez que atinge até 1/3 da regiao

Estagio severo interna da dentina, clinicamente cavitada
RC 6 Radiolucidez que atinge a polpa,

clinicamente cavitada.

Fonte: Ismail e colaboradores, 2015.
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Figura 12 - Esquematizagao dos critérios de imagens radiograficas estabelecidos pelo
ICDAS/ICCMS.

RA
Estagio inicial

RB

RC
Estagio extensivo

Fonte: Elaborado pelo autor (2023).

3.2.3 Novos métodos de diagndstico de lesbées de carie

Conforme apontado na segao anterior, 0 exame radiografico possui diversas
limitagdes, tais como o uso da radiagao ionizante, desmineralizag¢ao tecidual acima de
40% para deteccgao, interpretagdo variavel de acordo com a regido e o profissional.
Isto impulsou a pesquisa e desenvolvimento de novas tecnologias para o diagnéstico
de lesbes de carie em seu estagio inicial ou incipiente, além de buscar métodos com

maior reprodutibilidade, sensibilidade, especifidade no diagndstico.

A transiluminagao por fibra éptica (FOTI, do inglés fiber-optic transillumination)

€ um método no qual uma sonda emite uma luz branca de alta intensidade que deve
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ser direcionada perpendicular a superficie do dente. Esta luz aprimorara o contraste
Optico dos tecidos dentarios. Na presenca da lesdo cariosa, a luz sofre mais dispersao
nos poros formados pelo processo de desmineralizacdo quando comparado ao tecido
sadio, sendo evidenciada como uma sombra escura. Quando esta sonda vem
acompanhada com um sensor CCD, que permite a captura da imagem para
posteriores analises, este dispositivo € denominado de DIFOTI (do inglés, digital fiber-

optic transillumination) (Hogan; Pretty; Ellwood, 2019).

De uma forma geral, a FOTI/DIFOTI sdo métodos simples e de facil
aprendizado. Entretanto, em uma revisdo sistematica que analisou o conjunto de 8
estudos, representando 14.858 superficies dentarias, com prevaléncia de 10% de
carie, a FOTI/DIFOTI obteve baixa sensibilidade 0,47 (0,35 a 0,59) e alta 0,92 (0,86 a
0,96), sendo este o motivo de sua baixa adesdo na pratica clinica mesmo estando

disponiveis ha varios anos no mercado (Macey et al., 2021b).

Outra tecnologia conhecida é a transiluminagdo com luz de infravermelho
proximo, o NIR (do inglés, Near-Infrared Transillumination). Trata-se de uma técnica
baseada nas diferencas de dispersdo e absor¢cdo da luz infravermelha proxima,
utilizando comprimento de onda de aproximadamente 780 nm na superficie dentaria.
Devido a estrutura tecidual desmineralizada ter maior poros e quantidade de agua
entre os prismas do esmalte ha um aumento na dispersdo e absorcdo do
infravermelho, resultando numa imagem com menor transparéncia quando

comparada a imagem do esmalte sadio (Kuhnisch, 2019).

No estudo de Wang e colaboradores, foi utilizado um aparelho comercial de
transiluminagdo com infravermelho préximo, o DIAGNOcam para diagndstico de
caries interproximais de dentes permanentes extraidos, comparando com o
diagnodstico visual pelos critérios ICDAS, radiografias interproximais e exame
histolégico. Os resultados obtidos mostraram que o DIAGNOcam obteve
especificidade tao alta quando o ICDAS e a bitewing. A sensibilidade DIAGNOcam foi
maior nas lesdes iniciais do esmalte (0,68), além de mostrar maior forga de associagao

com o exame histolégico (p de Spearman = 0,80) (Wang et al., 2022).

Uma revisédo sistematica que analisou 6 artigos, totalizando 673 superficies

dentarias com uma prevaléncia de 56% de carie, demostra uma menor sensibilidade
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0,58 (0,46 a 0,68) e uma boa 0,86 (0,80 a 0,91) para o uso de transiluminagdo com

infravermelho préximo (Macey et al., 2021b).

O dente tem como propriedade 6ptica natural a fluorescéncia, mas na presenca
de carie esta propriedade é perdida. Com base disso foram desenvolvidos métodos
que analisam qualitativamente (a partir de uma imagem) e quantitavimente (valores
numeéricos) esta perda, as técnicas de fluorescéncia induzida a laser, o QFL (do inglés,
Quantitative light-induced fluorescence). Outra possibilidade com esta tecnologia é a

informacéo de atividade bacteriana através da fluorescéncia no vermelho (Kim, 2019).

Estudo recente avaliou a capacidade de carie dentaria dois sistemas comerciais
de QFL, Qraypen C®(QC) e Qraycam Pro®(QP), em um total de 61 pacientes,
representando cerca de 178 dentes. A acuracia para superficies oclusais foi de 0,83
a 0,96 e 0,81 a 0,82, e nas superficies proximais 0,52 a 0,62 e 0,52 a 0,71 nos
sistemas Qraypen C e Qraycam Pro, respectivamente. Confirmando que
independente das marcas comerciais a fluorescéncia induzida a laser tem alta

acuracia para diagnostico de carie em superficies oclusais (Oh; Choi; Kim, 2022).

Outro estudo, comparou a QFL com o exame visual combinado a radiografias
interproximais em 153 pacientes, totalizando 297 dentes. Demostrou que a QFL
apresentou maior sensibilidade e especifidade para superficie oclusal e as

radiografias interproximais demonstram maior taxa de detecgéo de caries proximais.

Métodos baseados em condutividade elétrica também foram aplicados para o
diagnéstico de carie. O esmalte dentario sadio e maduro possui uma alta resisténcia
a corrente elétrica, as lesdes cariosas devido suas porosidades preenchidas por agua
e saliva possuem menor resisténcia a corrente elétrica (Rodrigues et al.,, 2021).
Comercialmente estdo disponiveis o ECM® (do inglés, Electronic Caries Monitor),

Vanguard Electronic Caries Detector®, CarieScan Pro.

Revisdo sistematica analisou sete estudos de precisdo diagnostica de
comparagao de condutividade elétrica com padrao ouro histoldégico ou exame visual
aprimorado. Foi levantada a escassez de estudos in vivo com esta técnica, importante
variabilidade dos resultados primarios dos estudos, com sensibilidade variando entre
0,55 a 0,98 e especifidade de 0 até 100. Os autores recomendaram que novos estudos
clinicos devem ser elaborados com maior rigor cientifico e com maior proximidade

com a realidade da cavidade oral (Macey et al., 2021a).
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A tomografia de coeréncia optica (OCT, do inglés Optical Coherence
Tomography) € uma técnica de imagem nao invasiva, em tempo real, que nao utiliza
radiagcdo ionizante que gera imagens bidimensionais e tridimensionais de alta
resolucido dos tecidos humanos com base nas diferencas nas propriedades 6pticas,
por meio da medida do atraso e da intensidade da luz infravermelho préoximo
espalhada ou refletida nos tecidos bioldgicos, resultando em imagens tomograficas de

sua estrutura interna (Katkar et al., 2018; Machoy et al., 2017).

Com relacdo ao funcionamento do OCT, um feixe de laser infravermelho
préximo é emitido e dividido no feixe principal e o de referéncia. O feixe principal atinge
a amostra, retroespalha e volta para um sensor onde € recombinado com o feixe
referéncia para criar um interferograma ao longo do tempo. As diferengas de sinais
sdo detectadas, convertidas em sinal elétrico e digitalizadas por um conversor
analdgico digital, criando imagens 2D ou 3D da regido escaneada com resolucéo a

nivel microscopica (Ali et al., 2021).

Em uma revisao de literatura acerca do estado da arte no uso da tomografia de
coeréncia optica na odontologia foram encontrados majoritariamente publicagdes na
area de cariologia e dentistica. Destaca-se também as publicagdes em endodontia,
periodontia, protese, implantodontia, ortodontia e diagndstico oral (Machoy et al.,
2017). Fica evidente a ampla aplicabilidade desse método de diagndstico por imagem

nas ciéncias odontolégicas.

Os OCTs mais utilizados na pesquisa em cariologia sdo os SS-OCT (do inglés,
Swept-source Optical Coherence Tomography). Neste método, a carie € vista como
uma regido mais brilhante quando comparada ao esmalte e dentina sadios devido a
formacdo de numerosas microporosidades onde a retrodifusdo do sinal OCT é
aumentada (Ali et al., 2021; Katkar et al., 2018).

Uma revisao sistematica que analisou 10 estudos com OCT, totalizando 1.171
superficies dentarias, e com prevaléncia de 52% de lesédo cariosa, registrou uma
sensibilidade de 0,94 (0,88 a 0,97) e especifidade de 0,83 (0,68 a 0,91). Neste estudo,
o OCT ainda é comparado com o transiluminacao por fibra éptica e a transiluminagao
com luz de infravermelho, onde o primeiro se apresentou mais sensivel (menor

quantidade de falso-negativos) que os demais. Os autores ainda chamam atencgéo
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para a necessidade de mais pesquisas de aplicacdo e desenvolvimento, pois o OCT

ainda néo esta disponivel para a atividade clinica (Macey et al., 2021b).

Para maiores informagdes sobre o uso de OCT na odontologia e cariologia,
sugere-se a leitura do artigo “Exploiting Nanomaterials for Optical Coherence
Tomography and Photoacoustic Imaging in Nanodentistry” presente no ANEXO D

desta tese.

A imagem terahertz (THz) € um método ndo invasivo e ndo ionizante, que utiliza
fétons de radiagao terahertz que estéo situadas no espectro eletromagnético entre as
micro-ondas e o infravermelho para gerar imagens do organismo (Kamburoglu;
Yetimoglu; Altan, 2014). Embora seja uma técnica de imagem em fase de
desenvolvimento e com pouco uso na odontologia, alguns estudos foram realizados
para provar sua aplicabilidade na detecgédo de carie (Cai et al., 2022; Kamburoglu;
Yetimoglu; Altan, 2014; Kamburoglu et al., 2019).

No estudo laboratorial de Cai e colaboradores (2022), na qual foi utilizado um
sistema de espectrospia THz para analisar os tecidos dentarios higidos e cariados,
pode-se observar que na presencga de lesdo existe uma maior atenuacao das ondas
THz quando comparadas as areas sadias. Os autores refletem que este resultado
abre margem para exploragao deste método na pesquisa de carie, sendo capaz no
futuro de fornecer dados de localizagdo, tamanho e gravidade da lesao auxiliando no

diagndstico precoce.

Outro estudo compara a imagem THz de caries oclusais e proximais de dentes
ex vivo, com radiografias intraorais digitais com PSP e a tomografia computadorizada
de feixe cdnico. Obtiveram os seguintes valores de sensibilidade e especificidade,
respectivamente: Imagem THz estatica: 0,799 e 0,777; THz em video 0,749 e 0,759;
PSP: 0,881 e 0,893; TCFC: 0,891 e 0.899 (Kamburoglu et al., 2019).

A espectroscopia de Raman €& um método baseado nos conceitos do
espalhamento de Raman, que tem a propriedade de detectar vibragdes moleculares
que refletem as estruturas e condicbes quimicas das moléculas de uma amostra
(Dodo; Fuijita; Sodeoka, 2022). Deste modo, na presenga de lesdo de carie, este
método é comumente utilizado para detectar e caracterizar as vibragdes do PO4% na
fase mineral da hidroxiapatita e identificar as alteracbes em suas quantidades, o que

pode identificar a presenga de lesdo cariosa em estagio inicial (Yakubu et al., 2018).
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Varios estudos confirmam o potencial de deteccdo de caries pela
espectroscopia Raman (Buchwald; Buchwald, 2019; Marin et al., 2020; Miyamoto et
al., 2020; Yakubu et al., 2018), entretanto, todos sao de natureza laboratorial. Sendo
necessarias mais pesquisas para desenvolvimento de um sistema clinico com esta

tecnologia afim de determinar sua verdadeira aplicabilidade.

Nesta secao foram descritos os principais métodos alternativos de diagnéstico
das lesbes de carie da atualidade, bem como seus funcionamentos, dados de
sensibilidade e especificidade e algumas limitagcbes. De um modo geral, a literatura
ainda considera o exame radiografico interproximal como o exame complementar
mais eficaz e com melhor custo-beneficio. Entretanto métodos alternativos podem ser

utilizados como coadjuvantes nesse processo diagnéstico.

A proxima parte desta revisdo apresenta uma nova modalidade de imagem que
vem sendo empregada na Odontologia, a imagem fotoacustica. Serao apresentados
seus conceitos, tipos e aplicacbes na area de saude e, em especial, nas ciéncias

odontoldgicas.

3.3 A imagem fotoacustica

A fotoacustica € uma técnica de imagem hibrida, que combina técnicas opticas
através do laser e acusticas do ultrassom. Essa combinagao permite formar imagens
com a alta resolugdo espacial da imagem ultrassonografica e alto contraste da
imagem Optica (Beard, 2011; Chan et al., 2019).

O efeito fotoacustico foi descoberto em 1880, por Alexander Graham Bell,
quando observou a geragao de ondas sonoras devido a absorg¢ao de luz (Beard, 2011;
Manohar; Razansky, 2016). As aplicagdes biomédicas da fotoacustica foram iniciadas
a partir da década de 1990. E apenas em 2003, a primeira imagem nao invasiva in
vivo de cérebros de ratos foi apresentada por Wang e colaboradores (Wang et al.,
2003; Xia; Kim; Lovell, 2015).

Devido ao espalhamento éptico, os métodos de imageamento épticos puros
nao possuem capacidade de formar imagens de alta resolugédo em tecidos biolégicos

mais profundos. Quando combinado a alta resolucdo ultrassdnica € possivel obter
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imagens com contraste optico de alta resolugéo de organelas até 6rgaos inteiros (Attia
et al., 2019; Wang; Hu, 2012b).

Na imagem fotoacustica, um laser de pulso curto, geralmente no espectro
eletromagnético do visivel ao infravermelho préximo incide no tecido e penetra até
certa profundidade. Parte da luz € dispersa e outra é absorvida. Logo, o tecido que
absorveu a luz, devido a moléculas cromdforas, se aquece e expande, fendmeno
denominado expansao termoelastica. Durante este fenbmeno ocorre aumento da
pressao interna tecidual que gera ondas ultrassénicas que finalmente sdo captadas
por um detector. Este detector transforma a onda ultrassénica em um sinal elétrico
que € amplificado, convertido em sinal digital e transferido para um computador, onde
ocorre a reconstrugdo final da imagem, conforme observado na figura 13 (Attia et al.,
2019; Beard, 2011; Wang; Hu, 2012b).

Figura 13 - Processo de formagao da imagem fotoacustica. Apds incidir um feixe de laser
em uma amostra tecidual bioldgica, a energia dptica é absorvida e transformada em calor de
forma parcial ou total. O calor induz um aumento de pressao interna que é propagando
como ondas de ultrassom. A onda ultrassénica é detectada por um transdutor ultrassénico
que mapeia a disposi¢cao de energia 6ptica original dentro do tecido (Wang; Yao, 2016).
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Elaborado pelo autor (2024).

Steinberg e colaboradores (Steinberg et al., 2019) listam os pontos fortes do

uso da imagem fotoacustica: seu potencial para alta resolugao espacial e temporal, a
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profundidade de imagem, capacidade de gerar imagens de cromoforos enddgenos e

exdgenos e a auséncia de radiagao ionizante.

Atualmente, devido suas diversas vantagens e potencial de aplicabilidade, uma
gama de estudos a niveis pré-clinicos e clinicos vem sendo elaborados nas ciéncias

da saude.

3.3.1 Modalidades de imagem fotoacustica

Os principais componentes de um sistema fotoacustico sdo: um laser de pulso
curto, um transdutor ultrassénico, um sistema de aquisi¢ao de dados e um computador
(Wang; Yao, 2016).

Os sistemas de imagem fotoacustica podem ser classificados em: tomografia

fotoacustica (sigla em inglés, PAT); mesoscopia e microscopia.

A Tomografia computadorizada utiliza uma fonte de luz de amplo espectro, e
detecta as ondas por: (1) detector unico, que gera imagens estaticas e captura a
amostra de forma mais lenta, inviabilizando seu uso em métodos in vivo; ou por (2)
um conjunto de detectores, que permitem detectar as ondas em varios a angulos, com
maior velocidade de escaneamento e permite a reconstrugdo bidimensional (2D) ou

tridimensional (3D).

A microscopia fotoacustica € uma técnica de alta resolucido. Ela pode ser
categorizada em microscopia fotoacustica de resolu¢ao acustica (sigla em inglés AR-

PAM) e microscopia fotoacustica de resolugao optica (sigla em inglés OR-PAM).

Noss sistemas AR-PAM o foco acustico € mais estreito que o feixe optico e a
resolucdo axial € normalmente mais fina que a resolugao lateral (Wang; Yao, 2016).
Isso implica na possibilidade de gerar imagens de tecidos profundos em alta resolugao
(~ 20-50 um) (Attia et al., 2019) .

Ja os sistemas OR-PAM, se caracterizam pelo foco 6ptico ser mais estreito que
o foco acustico. A resolucao lateral determinada opticamente € normalmente muito
mais fina que a resolugao axial (Wang; Yao, 2016). Permite imagens de organelas e
nivel celular, alcangando centenas de nandmetros a varios micrometros (Attia et al.,
2019).
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A mesoscopia fotoacustica esta relacionada a uma modificagdo de AR-PAM
por meio de um transdutor de banda larga personalizado e um feixe de luz de dois
bracos. Através desta técnica pode-se atingir profundidade de 2 mm, localizagao de

vasos sanguineos e estudo da pele humana (Attia et al., 2019).

3.3.2 Aplicagbes da imagem fotoacustica nas ciéncias da satde

Devido as diversas vantagens e potencial de aplicabilidade varios estudos
comecgaram a examinar a aplicabilidade dos métodos fotoacusticos nas ciéncias da
saude. A maioria dos estudos se concentram na oncologia, neurologia, dermatologia,
urologia, ginecologia, imagem do sistema linfatico, além da utilizagdo da técnica de
forma intraoperatdria e detecgao de células e substancias circulantes (Ahn et al., 2021;
Attia et al., 2019; Beard, 2011; Kajita et al., 2020; Manohar; Razansky, 2016; Neprokin
et al., 2022; Steinberg et al., 2019; Zhou; Yao; Wang, 2016).

Estudos pré-clinicos foram desenvolvidos para obtengdo de imagens
anatbmicas de varios 6rgados pequenos animais, alteragdes hemodindmicas como
vasoconstricao e vasodilatacao e estudo da anatomia e funcéo vascular em modelos
de lesdes cerebrais. Outra aplicagdo importante € o estudo da fisiopatologia de
diversos tumores, visto que a imagem fotoacustica permite mapear a lesdo de forma
nao invasiva, dar dados de oxigenagdo e representar o fluxo da vasculatura
tumoral(Beard, 2011; Brecht et al., 2009; Ku et al., 2005; Li et al., 2010; Stein; Maslov;
Wang, 2009; Yao; Maslov; Wang, 2011).

Estudo de Burton e colaboradores (2013). utilizaram a tomografia optoacustica
multiespectral para caracterizagdo de cérebros e de glioblastomas em camundongos.
Os autores verificaram que a técnica oferece imagens anatdmicas em alta resolugao
e informagdes fisiologicas, como alteragbes hemodindmicas e moleculares. Foi

possivel caracterizar areas isquémicas e regides com lesdes

No artigo de Xia; Kim e Lovell (2015) é demostrado como a fotoacustica pode
ser utilizado para monitorar a distribuicao de medicamentos e agentes de contrastes
absorvedores de luz por meio de mecanismos como resposta vascular,

hemodindmica, conectividade de neurdnios e temperatura local. Ainda apresentado
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que o uso de sondas de imagem molecular expande ainda mais a capacidade de

monitoramento pela fotoacustica.

No estudo de Ahn e colaboradores (2021), os autores utilizaram um modelo
comercial de microscopia fotoacustica de alta resolugcdo como recurso de
monitoramento da dindmica vascular em dedos humanos. Foi comprovada a eficacia
do método para exame vascular periférico, como pulsacdo arterial, saturagcao de

oxigénio e perfusdo sanguinea na ponta dos digitos.

Um estudo clinico utilizou a imagem fotoacustica para avaliagdo de canceres
de tireoide em humanos in vivo. Foram realizadas imagns fotoacusticas
multiespectrais in vivo em nodulos de tireoide de 52 pacientes, compreendendo 23
canceres papiliferos de tireoide e 29 casos benignos. A partir dos dados
multiespectrais da PA, foi calculado o nivel de saturacdo de oxigénio da hemoglobina
na area do nédulo e, em seguida, uma analise multiparamétrica dos nédulos benignos
e cancer de tireoide. Os autores concluiram que a malignidade dos nddulos pode ser

diagnosticada com sensibilidade de 83% e especificidade de 93% (Kim et al., 2021).

Em outro estudo clinico, cerca de 30 pacientes com lesdes oncoldgicas
mamarias primarias foram escaneadas com microscopia fotoacustica nos
comprimentos de onda de 795 nm e 755 nm. Foram observadas caracteristicas
morfologicamente anormais dos vasos sanguineos peritumorais, incluindo sinais
fotoacusticos centripetos e ruptura ou estreitamento dos sinais dos vasos (Toi et al.,
2017).

Um estudo piloto utilizou a imagem fotoacustica multiespectral de campo amplo
para determinacdo de profundidade de melanomas para excisdao cirurgica. Foi
observado, em seis pacientes, que a utilizagdo da imagem fotoacustica traz
informacdes precisas de profundidades e limites quando comparadas aos cortes
histolégicos, além de detalhar a vascularizagéo ao redor de cada tumor (Park et al.,
2021) .

As evidéncias revisadas aqui demostram a variedade de aplica¢des da imagem
fotoacustica nas ciéncias da saude. Embora a maioria dos estudos ainda estejam em
fase laboratorial, é crescente o numero de estudos em humanos nas diversas
subareas. E importante evidenciar também sua usabilidade desde o diagnéstico, o

tratamento e proservagao.



60

3.3.3 A imagem fotoacustica na odontologia: estado atual e potencialidades

Na literatura, a grande maioria dos estudos de aplicagbes da PAI em
odontologia estdo em um estagio incipiente. A sua grande maioria sdo ensaios pré-
clinicos e poucos sao in vivo. Durante a ultima década, a maioria das pesquisas em
fotoacustica na odontologia enfatizou seu uso na cariologia (Arabpou et al., 2019;
Cheng et al., 2016; Das et al., 2022; Koyama; Kakino; Matsuura, 2018; Periyasamy;
Rangaraj; Pramanik, 2018; Sampathkumar et al., 2014; Silva et al., 2021; Tasmara et
al., 2023).

Cheng e colaboradores (2016) utilizaram tomografia fotoacustica de duplo
contraste aplicada para detectar as lesbes dentarias precoces. Utilizaram um
contraste denominado modo B, relacionado a absorcdo Optica caracteristicas
morfolégicas e macroestruturais dos dentes e outro denominado modo S, associado
as propriedades microestruturais e mecanicas do tecido duro. Os autores concluiram
que nos dois modos avaliados a fotoacustica é sensivel na deteccédo das alteracdes

nas propriedades dos tecidos causadas pelas lesdes de carie em estagio inicial.

No estudo de Periyasamy, Rangaraj e Pramanik (2018), foi utilizado um
sistema de imagem de tomografia fotoacustica e microscopia fotoacustica para tentar
detectar lesbes de caries e fissuras dentarias. Foi utilizados dentes humanos ex vivo.
Foi encontrado que a carie demonstrou alteragao in situ na distribuicdo mineral além

de um aumento do sinal fotoacustico em comparacao a dentes normais.

No ensaio laboratorial de Koyama, Kakino e Matsuura (2018), foi utilizado um
laser de 532 nm junto um transdutor de ultrassom para detectar les6es de carie
incipientes através de modelo de carie confeccionado utilizado um corante com
absorbancia semelhante a uma carie verdadeira ex vivo. Os autores constataram que
na frequéncia de 0,5 a 1,5 MHz, as intensidades dos sinais fotoacusticos sao maiores

nas regides dentarias pigmentadas.

Estudo anterior demostrou que dentes com solugbes de hemoglobina na
cavidade pulpar emitem vibragdes ultrassdnicas de alta frequéncia, devido ao grande
coeficiente de transferéncia de calor e coeficiente de absorgdo de hemoglobina. Isto
resulta no potencial de aplicagdo do estudo da vitalidade pulpar através da

fotoacustica (Yamada; Kakino; Matsuura, 2016).
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Em estudos anteriores sobre a aplicacdo da fotoacustica em periodontal,
constata-se sua possibilidade de uso como substituto a sondagem tradicional. Em um
ensaio clinico, foi utilizado o ultrassom fotoacustico para gerar imagens de alta
resolucao espacial das profundidades de bolsas periodontais. 39 dentes suinos foram
preparados com agente de contraste, e as profundidades de sondagem foram
medidas com imagens fotoacusticas e uma sonda periodontal Williams. A imagem
fotoacustica ofereceu precisao de 0,01 mm e pdde varrer toda a bolsa. A analise de
Bland-Altman revelou que todos os valores de viés foram <£0,25 mm e os coeficientes

de variagao para 5 réplicas foram <11% (Lin et al., 2018).

Moore e colaboradores (2018) realizaram o primeiro estudo de sondagem
periodontal em humanos através da imagem fotoacustica. Utilizando uma frequéncia
de ultrassom de 40 MHz escanearam parte do dente, gengiva, margem gengival e
espessura gengival. Obtiveram como resultado que as medidas ultrassonograficas
fotoacusticas foram mais precisas (0,01 mm) do que aquelas realizadas com sondas
fisicas por um higienista dental. Além disso, a geometria completa dos bolsbées pbde

ser visualizada com desvios padrao relativos de 10% (n = 5).

O estudo de Fu e colaboradores (2022), caracterizou um transdutor que gera
imagens dos dentes posteriores, incluindo avaliagao de bolsas periodontais por meio
de uma combinacgao de imagens fotoacusticas e ultrassonograficas. Foram realizadas
imagens de dentes suinos ex vivo e imagens periodontais de pacientes in vivo. Os
resultados demonstraram que o transdutor pode gerar imagens da bolsa periodontal

em molares in vivo.

Dias e colaboradores (2018), utilizaram a espectroscopia fotoacustica para
analisar placas de biofilme em esmalte humano. Foi observado que a placa pode ser
detectada pelo método fotoacustico, que a deposicdo do biofilme proporciona
absorcao O6ptica da banda Soret em 410 nm e aumento da banda de absorcao de
hidroxila e a espessura do biofilme pelo método fotoacustico com resolucédo de fase
esta de acordo com medicdes in situ da literatura. Os autores concluiram que esses
novos conhecimentos podem ajudar no aumento da praticidade e seguranca de

equipamentos capazes de identificar e quantificar o biofilme dental.

A fotoacustica tem potencial para ser aplicada nos estudos de implantes

dentarios. No estudo de Lee e colaboradores os autores demostraram a formacao de
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imagem fotoacustica de um implante dentario embutido em uma mandibula suina ex
vivo. Foi possivel observar imagens de até 10 mm de profundidade, informacdes
anatdmicas do osso maxilar, a localizagcado do implante e a espessura do tecido mole

acima do osso maxilar (Lee et al., 2017) .

Os estudos apresentados até agora fornecem evidéncias de que a fotoacustica
tem potencial de aplicagéo nas subareas das ciéncias odontoldgicas. Esta leitura abre
margem para ampliarmos o numero de pesquisas que ja vem sendo realizadas,
aumentar os campos de aplicacao e principalmente aumentar os ensaios in vivo com

fotoacustica.
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4 METODOLOGIA

4.1 Consideragoes éticas

O presente estudo foi realizado apés a aprovacdo do Comité de Etica em
Pesquisa com Seres Humanos da UFPE (Numero do Parecer: 2.989.712) (ANEXO
A).

4.2 Selegao e preparo das amostras

Foram obtidos 24 dentes posteriores humanos, molares e pré-molares, por
meio do Banco de Dentes Humanos (ASCES-UNITA, Caruaru, Pernambuco). Os
critérios de inclusdo foram: dentes higidos ou que apresentassem carie natural nas
faces proximais em esmalte e/ou dentina. Foram excluidos dentes com ampla
destruicdo coronaria envolvendo trés faces dentarias; dentes com presenca de
material restaurador, lesdes de hipoplasia de esmalte, fluorose, trincas e fraturas na

regiao interproximal.

Posteriormente, os dentes foram higienizados em solugédo detergente neutra,
armazenada em agua destilada e refrigerados durante todo o procedimento para

manutencio da estrutura dentaria.

Estes foram separados em trés grupos através do exame visual, baseado nas
coordenadas do Sistema Internacional de Detecgcdo e Avaliacdo de Carie
(ICDAS/ICCMS):

e Dentes higidos;
e Dentes com lesdo de carie natural em esmalte na regido proximal,
e Dentes com lesdo de carie natural em esmalte e dentina na regido

proximal.

4.3 Métodos radiograficos e tomograficos

Uma série de imagens foram realizadas para caracterizagao da lesao cariosa e
comparagao com a técnica fotoacustica. Inicialmente, foi realizado uma fotografia de
todos os espécimes com a area alvo em foco. Em seguida, foram realizadas

radiografias intraorais que serao descritas nos proximos subtépicos.
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4.3.1 Radiografia

Um aparelho de raios X KaVo, Focus™, (Dexis, Tuusula, Finlandia) foi utilizado,
operando em 70 kVp e 7 mA, ponto focal de 0.7 mm, com filtro de aluminio de 2 mm

de espessura.

Foi utilizado um artificio para padronizar as distancias foco-receptor de imagem
em 20 cm e o feixe de raios X foi direcionado de forma perpendicular ao plano
horizontal dos receptores de imagens (Figura 15). Os tempos de exposigdo foram
determinados em estudo piloto, em: pré-molares 0,18s (16,4 mGycm?) e molares de
0,25s (22,8 mGycm?).

Figura 14 - Exame radiografico dos dentes avaliados.

Fonte: o autor (2024).

O sistema VistaScan Mini View (Durr Dental SE, Bietigheim-Bissingen,
Alemanha) e seus receptores de imagem numero 2 foram utilizados neste ensaio. O
receptor empregado apresenta dimensdes externas de 31 x 41 mm. Os dentes,
individualmente, foram posicionados no receptor simulando suas disposi¢cées na
cavidade oral e imediatamente a exposic¢ao foi realizado o processamento (Figura 16).
A imagem final gerada foi avaliada quanto o posicionamento, presencga de artefatos e

qualidade final de imagem.
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Figura 15 — a) Sistema de processamento de imagem digital Vista Scan. b) Imagem
radiografica final de um pré-molar.

Fonte: o autor (2024).

4.3.2 Tomografia computadorizada de feixe cénico

Outro método de imagem utilizado foi a TCFC. Para obtengdo das imagens
tomograficas foi utilizado o tomografo Veraview X800 (J. Morita MFG. Corp., Kyoto,
Japao). Os espécimes foram dispostos paralelarmente em um bloco de cera que
permitiu fixagdo de forma n&o invasiva. O bloco de cera era acoplado ao tomaografo

para o escaneamento (Figura16).
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Figura 16 - Escaneamento dos espécimes por meio do tomdgrafo Veraview X800 — Morita.
a) Vista frontal do escaneamento. b) Detalhamento do bloco de cera e dentes, posicionados
sobre a mentoneira.

Fonte: o autor (2024).

Os parametros utilizados no escaneamento foram: tamanho do voxel 0,08 x
0,08 x 0,08, FOV de 40 x 40 x 40, tempo de exposi¢ao de 18 s, voltagem do tubo de
101,0 kV e corrente do tubo de 5,1 mA.

Os arquivos DICOM produzidos foram importados para o software OnDemand
3D (Cybermed, Daejeon, Korea), para andlise das imagens pelas reformatagdes
multiplanares e reconstrucdo 3D. Além disso, através deste software foi possivel

calcular a area da lesao cariosa em cada espécime analisado.

4.3.3 Classificagdo radiografica e tomografica de acordo com o0s critérios
ICDAS/ICCMS

Tanto a radiografia quanto a imagem tomografica de cada dente foram
analisadas, classificadas e tabuladas de acordo com os parametros radiograficos
estabelecidos pelo sistema de critérios de imagens do ICDAS/ICCMS localizado na
tabela 3.
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4.4 Sistema fotoacustico

Em seguida, os dentes foram escaneados em um sistema fotoacustico
desenvolvido pelo Laboratério de Fotbnica e Biofotonica, do Departamento de Fisica
da Universidade Federal de Pernambuco. Este sistema ja foi utilizado em pesquisa

anterior de aplicagédo da fotoacustica na odontologia (Silva et al., 2021) (Figura 17).
Figura 17 - Setup do tomadgrafo fotoacustico utilizado nessa pesquisa.

e 98 vase’
¥O

(OCL CH1)

Fonte: Reproduzido com autorizagéo de Silva et al., (2021).

Para efeito de irradiacdo primaria foi utilizado um laser pulsado Q-switched
Nd:YAG (Continuum Surelite 11-10) com comprimento de onda de 1064 nm, largura de
pulso de 4-6 ns e uma taxa de repeticao de 10 Hz. O didmetro medido do feixe de

laser foi de aproximadamente 7 mm.

O feixe pulsado foi direcionado a amostra por meio de um conjunto de prismas
e espelhos. Ademais, parte do feixe foi direcionado a um fotodetector € um

osciloscopio de armazenamento digital.

A amostra foi montada em um suporte de policloreto de vinila e colocada dentro
de um tanque com agua destilada. Para movimentagdo da amostra foi montado
inferiormente ao conjunto tanque-suporte um motor de passo X-Y (2625 (B); MTS50-
Z8, Thorlabs Inc., Nova Jersey, EUA) de modo a fazer a varredura completa nos eixos

citados da interface interproximal do dente.
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Os sinais fotoacusticos foram captados por meio de um transdutor ultrassénico
de imerséao de 5 MHz (V310-N-SU, Olympus, Waltham, EUA). O transdutor foi
posicionado parcialmente na agua, em um angulo de 45° relacionado a interface feixe
de laser-dente. Os sinais captados pelo transdutor foram amplificados por um
amplificador de sinal de banda larga. O conjunto transdutor-amplificador também foi

acoplado ao osciloscépio de armazenamento digital.

Em todo escaneamento, a densidade maxima efetiva do deixe foi mantida
inferior ao limite de seguranca de 20 mJ/cm? definido pelo American National
Standards Institute (ANSI, 2014).

A reconstrucdo da imagem foi realizada em tempo real. Os sinais do
osciloscopio oriundos do laser e transdutor acustico foram sincronizados com os
dados do motor de passo, nos programas LabVIEW (National Instruments, Redmond,
Estados Unidos da América) e Origin Pro (OriginLab, Northampton. Estados Unidos
da América). A amplitude do sinal pico a pico foi captado a cada momento e esse dado
foi inserido em uma matriz bidimensional formando a imagem fotoacustica final.

Imagens do sistema construido sdo apresentadas na figura 18.

Figura 18 - Sistema de imagem fotoacustica. Em a) observa-se a amostra imersa em um
recipiente com agua destilada, um condensador de feixe e o transdutor ultrassénico. Em b)
observamos a captagao dos sinais fotoacusticos em tempo real.

Fonte: Acervo do autor (2024).
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A imagem gerada pelo sistema fotoacustico, além de permitir realizar uma
analise qualitativa por meio da inspecédo visual, também possibilitou realizar a
quantificacdo dos sinais fotoacusticos através do software OriginPro (OriginLab,
Northhampton, Estados Unidos da América). Foram escolhidos trés locais aleatorios
da regido de interesse das areas com lesdes de carie, que foram devidamente

coletadas e performada uma analise estatistica.
4.5 Procedimentos estatisticos

Foram calculados os dados descritivos como média, desvio padrao, mediana,
valor maximo e minimo de todos os sinais fotoacusticos dos dentes selecionados. A
Analise de Variancia com o Post-hoc de Tukey foram realizados para identificagdo das
diferengcas estatisticas entre os grupos determinados pela Classificagéo
ICDAS/ICCMS. Foi performado a Correlagao de Spearman para identificar a relacao
entre as médias dos sinais fotoacusticos e a extensdo da lesdo de carie. Os dados
foram tabulados e os testes estatisticos foram calculados utilizando o software Prism
(GraphPad, Boston, Estados Unidos da América). Em todos os testes, um valor de p

<0,05 foi considerado significativo.
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5 RESULTADOS

Os resultados desta pesquisa sdo apresentados no artigo intitulado Using
photoacoustic imaging to investigate interproximal caries in posterior teeth: a
comparison with radiographic and tomographic methods according to ICDAS/ICCMS

a ser submetido na Journal of Biophotonics, presente na secio 6 desta tese.

Os resultados demonstram a viabilidade de diagnosticar carie na face
interproximal em dentes posteriores através da imagem fotoacustica. Os dados
gerados pelo sistema fotoacustico utilizado apresentam a imagem diagndstica
graficamente e quantitativamente. Nas imagens fotoacusticas, fica evidente a
diferenciacdo de um tecido higido a um cariado. E interessante notar que a medida
que o nivel de classificacdo ICDAS/ICCMS aumenta, a média do sinal fotoacustico
diminui. Este resultado reforgou a hipétese de que a intensidade do sinal fotoacustico

€ dependente da extensao da carie que esta localizada na regiao proximal do dente.

Também s&o apresentados nesta tese os trabalhos desenvolvidos
paralelamente ao ensaio principal, com a participacdo direta do autor, durante o
doutorado. No artigo intitulado Influence of different adhesion strategies on glass fiber
post retention (ANEXO C) foi investigado o desempenho de diferentes cimentos
resinosos, incluindo convencional, autocondicionante e autoadesivo, na resisténcia de
unido dos pinos de fibra de vidro ao longo da dentina radicular, por meio do teste de
resisténcia de uniao por push-out mecanico e microscopia eletronica de varredura. Foi
encontrado que os cimentos autocondicionantes e autoadesivos resinosos
apresentaram resultados de forga de unido imediata na cimentagao de pinos de fibra

de vidro semelhantes aos cimentos resinosos convencionais.

Outro artigo, Exploiting Nanomaterials for Optical Coherence Tomography and
Photoacoustic Imaging in Nanodentistry (ANEXO D), explora um conjunto de aspectos
de duas técnicas de imagem, o OCT e a Tomografia fotoacustica, aplicadas a nano-
odontologia, com uma reviséo de literatura e resultados laboratoriais proprios. Indica-
se fortemente aos leitores desta tese a complementagao do saber sobre fotoacustica

com o artigo supracitado.
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Como resumos publicados em anais de congresso do evento 57° Encontro do
Grupo Brasileiro de Materiais Dentarios foram produzidos: o “Uso de nanoestruturas
de ouro como agentes de compensacgao optica na avaliagdo de caries incipientes por
meio da tomografia de coeréncia optica” e “Avaliacdo do efeito remineralizante do
biosilicato em carie radicular através da tomografia de coeréncia 6ptica” na Revista da
Faculdade de Odontologia de Porto Alegre (ANEXO E).

Na XXIIl Reunidao Anual da SNNPqgO, foram apresentados os anais “Incidéncia
de trincas dentinarias em dentes humanos unirradiculares apds instrumentacdo com
diferentes sistemas reciprocantes e rotatorios”; “Avaliacdo da qualidade,
confiabilidade e leiturabilidade do conteudo on-line sobre tratamento endodéntico”;
“‘Avaliacdo da remineralizagdo em caries radiculares artificiais tratadas com
vitroceramica bioativa por meio da tomografia de coeréncia 6ptica”; “Aplicabilidade de
um sistema fotoacustico para detecgao de caries incipientes”, publicados no Jornal
Pesquisa Brasileira em Odontopediatria e Clinica Integrada. Estes trabalhos renderam
duas men¢des honrosas na categoria forum cientifico com os trabalhos “Aplicabilidade
de um sistema fotoacustico para deteccdo de caries incipientes” e “Incidéncia de
trincas dentinarias em dentes humanos unirradiculares apds instrumentacdo com

diferentes sistemas reciprocantes e rotatorios” (ANEXOS F e G).

Na 402 Reunidao Anual da SBPqO foram publicados os anais “Avalicao da
remineralizacdo de caries radiculares com vitroceramica bioativa: uma analise
com OCT e microdureza de Vickers”; “Avaliacdo do preparo biomecanico com
diferentes sistemas mecanizados por meio da microtomografia computadorizada”;
e “Tomografia por Coeréncia Optica como metodologia alternativa para avaliar a

estrutura dos polidores dentais” na revista Brazilian Oral Research (ANEXO H).
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6 CONCLUSAO

A fotoacustica apresenta um potencial significativo como ferramenta
diagndstica para caries interproximais. Constatamos que houve um decréscimo na
média do sinal fotoacustico a medida que o nivel de classificagdo radiografica da
ICDAS/ICCMS aumenta. O uso futuro dessa tecnologia multi-dual no diagnéstico de
carie representa uma abordagem inovadora que pode melhorar a precisao diagnostica

e permitir intervencdes mais precoces e conservadoras.
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Abstract

To evaluate the feasibility of using photoacoustic imaging to investigate caries lesions
on the proximal surface of posterior teeth, comparing it with the ICDAS/ICCMS
radiographic classification. 24 teeth were selected, photographed, radiographed, and
scanned using cone beam computed tomography and classified according to the
ICCMS/ICDAS criteria. A prototype photoacoustic imaging system operating at 1064
nm scanned them afterward. Images and quantitative data of the photoacoustic signals
were generated and analyzed visually and using descriptive and inferential statistics.
It is possible to detect caries lesions on the proximal surface using the photoacoustic
system. The mean photoacoustic signal increased as the ICCMS/ICDAS classification
level increased. It was also possible to observe that the photoacoustic averages for
each classification were statistically different (p<0.0001) Photoacoustic imaging has
confirmed its potential for detecting interproximal caries lesions. This research
encourages the development of new tests for applying and adapting photoacoustic

imaging for dental use.

Keywords: dental caries; diagnostic imaging; photoacoustic techniques

1 INTRODUCTION

Dental caries is a complex, multifactorial, chronic disease that causes the
progressive destruction of mineralized dental tissues by metabolic changes in the

dental biofilm, represented by cycles of demineralization and remineralization ['l.
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The diagnosis of caries lesions is still a challenge in dental practice. The
combination of visual inspection and tactile exploration are the methods routinely used
to detect them ['. However, this technique has significant limitations, such as
identifying lesions at an early stage, the experience of the professional, and
determining the extent and activity of caries, especially on the proximal surfaces of the

teeth 2,

Clinical and laboratory studies show that up to 40% of interproximal caries may
not be diagnosed by visual inspection because they are usually located below the point

of contact between the teeth and outside the examiner's field of vision 341,

In addition, interproximal radiography can complement this process. However, it has
low sensitivity for incipient caries due to possible image overlaps and variability in the

evaluator's experience, and it may underestimate the depth of the cavity 6l

These limitations have driven research and the development of new diagnostic
technologies aimed at more excellent reproducibility, sensitivity, specificity, and the
elimination of ionizing radiation, such as fiber optic transillumination "1, near-infrared
light transillumination 8l laser-induced fluorescence 19, electrical conductance '],
optical coherence tomography ['>-'4, terahertz ['%16], Raman spectroscopy "8l and

the photoacoustic image 19201,

There has been a growing number of application studies using photoacoustic
imaging in health sciences ?'l. The photoacoustic effect was discovered in 1880 by
Alexander Graham Bell, who observed the generation of sound waves due to the
absorption of light 22231, Biomedical applications of photoacoustics began in the 1990s.

Wang et al. presented the first non-invasive in vivo image of rat brains only in 2003

[24,25]
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This emerging hybrid, non-invasive, non-destructive, and non-ionizing imaging
modality combines optical and acoustic techniques to generate images with excellent
contrast and high spatial resolution in real time 2. Due to optical scattering, pure
optical imaging methods cannot form high-resolution images of deeper biological
tissues. When combined with high-resolution ultrasound, it is possible to obtain high-

resolution optical contrast images from organelles to entire organs [27:28],

Recent studies demonstrate the successful use of photoacoustic imaging in
neurology 293 oncology 332 osteology, blood vessel and lymphatic imaging [33-34

and other medical fields 211,

However, the literature clearly shows that researchers have not explored this
multimodal technique in dentistry. Its advantages could complement the diagnosis of
oral diseases in the soft and hard tissues of the oro-maxillofacial complex. The scalable
resolution of photoacoustics % could allow detailed examination of the microscopic
structures of teeth and mucosa up to large lesions. Its ability to differentiate molecules
through the wavelengths emitted by thermoelastic expansion would provide data on

oral cancers' anatomy metabolic, and molecular processes 361,

Photoacoustics can be used to good use in the field of cariology.[resultados
promissores] The demineralization and cavitation of enamel and dentin causes
changes in the amount of energy absorbed by the photoacoustic light source,
generating changes in the intensity of the photoacoustic signal compared to normal

tissues 1371,

Previously published studies on caries diagnosis using photoacoustic imaging
are mostly on caries on the occlusal surface of the tooth [1920.38-401 However, the

primary diagnostic challenge lies in interproximal lesions. Data on the characterization
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of the photoacoustic signal in this region is limited. It is unknown how the photoacoustic
image generated compares to traditional imaging techniques and which factors will

modulate the success of the diagnosis.

Therefore, this article aims to evaluate the feasibility of using photoacoustic
imaging to investigate caries lesions on the proximal surface of posterior teeth,
comparing it with visual inspection, interproximal radiography, and cone beam

computed tomography (CBCT).

2 EXPERIMENTAL SECTION

21 Ethical considerations

This study was carried out after approval by the UFPE Human Research

Ethics Committee (Protocol Number: 2.989.712).

2.2 Selection and Preparation of Samples

We obtained twenty-four human posterior teeth, including molars and
premolars, from the Tooth Bank. We excluded teeth with extensive coronal destruction
affecting three tooth surfaces and cracks and fractures in the interproximal region.
These were separated into three groups by visual examination based on the

coordinates of the International Caries Detection and Evaluation System:

e Healthy teeth;

e Teeth with natural enamel caries lesions in the proximal region;
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e Teeth with natural caries lesions in enamel and dentin in the proximal region.

Afterward, the teeth were cleaned in a neutral detergent solution stored in distilled

water and refrigerated throughout the procedure to maintain the tooth structure.

2.2 Radiographic and tomographic methods

We used imaging methods to characterize and compare the carious lesion with
the photoacoustic technique. Initially, we photographed all specimens with the target
area in focus and took intraoral radiographs. We will describe each process in the

subsequent subtopics:

2.2.1 Radiograph

A KaVo X-ray machine, Focus™ (Dexis, Tuusula, Finland), was used, operating

at 70 kVp and 7 mA, focal point 0.7 mm, with a 2 mm thick aluminum filter.

An artifice was used to standardize the image focus-receiver distances at 20
cm, and the X-ray beam was directed perpendicular to the horizontal plane of the
image receivers. Pilot studies determined exposure times for premolars 0.18 s (16.4

mGycm?2) and molars 0.25 s (22.8 mGycm?2).

The VistaScan Mini View system (Durr Dental SE, Bietigheim-Bissingen,
Germany), together with its number 2 image receivers, were used in this test. The
receiver used has external dimensions of 31 x 41 mm. The individual teeth were
positioned in the receiver, simulating their arrangement in the oral cavity, and
processing was carried out immediately after exposure. We evaluated the final

generated image for positioning, presence of artifacts, and overall image quality.
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2.2.2 Cone Beam Computed Tomography

Another imaging method used was cone beam computed tomography. A
Veraview X800 CT scanner (J. Morita MFG. Corp., Kyoto, Japan) was used to obtain
the tomographic images. We arranged the specimens in rows on a wax block to
facilitate non-invasive fixation. The wax block was attached to the scanner, and

scanning began.

The parameters used in the cone beam computed tomography scans were as
follows: voxel size 0.08 x 0.08 x 0.08, FOV 40 x 40 x 40, position time 18 s, tube voltage

101.0 kV, and tube current 5.1 mA.

The software OnDemand 3D (Cybermed, Daejeon, Korea) imported the DICOM
files produced by the CTCB, where the images could be analyzed using multiplanar
reformatting and 3D reconstruction. This software was also used to calculate the area

of the carious lesion in each specimen analyzed.

2.2.3 Radiographic and tomographic analysis

Each tooth's radiograph and tomographic image were analyzed, classified, and
tabulated according to the radiographic parameters established by the ICDAS/ICCMS

image criteria system “'1 (Table 1).

2.3 Photoacoustic system

The teeth were then scanned using a photoacoustic system developed by the

Photonics and Biophotonics Laboratory of the Physics Department at the Federal
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University of Pernambuco. Researchers have previously used this system in dentistry

research involving photoacoustics [,

For primary irradiation, a Q-switched pulsed Nd:YAG laser (Continuum Surelite
[1-10) was used with a wavelength of 1064 nm, a pulse width of 4-6 ns, and a repetition

rate of 10 Hz. The measured diameter of the laser beam was approximately 7 mm.

The pulsed beam was directed at the sample using a set of prisms and mirrors.
In addition, they directed part of the beam at a photodetector and a digital storage

oscilloscope.

For sample movement, an X-Y stepper motor (Z625 (B); MTS50-Z8, Thorlabs
Inc., New Jersey, USA) was assembled beneath the tank-support assembly to perform

complete scanning along the mentioned axes of the tooth's interproximal interface.

A 5 MHz immersion ultrasonic transducer (V310-N-SU, Olympus, Waltham,
USA) captured the photoacoustic signals. The transducer was positioned partially in
the water at an angle of 45° to the laser beam-tooth interface. A broadband signal
amplifier amplifies the signals captured by the transducer. They also coupled the

transducer-amplifier set to the digital storage oscilloscope.

In every scan, they kept the maximum effective density below the safety limit of

20 mJ/cm? set by the American National Standards Institute.

Image reconstruction occurred in real-time. The laser and acoustic transducer
oscilloscope signals were synchronized with the stepper motor data in the LabVIEW
software (National Instruments, Redmond, USA). The amplitude of the peak-to-peak
signal was captured at each moment, and this data was inserted into a two-dimensional
matrix to form the final photoacoustic image. A image of the system in operation can

be seen below (Figure 1).
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The image generated by the photoacoustic system made it possible to conduct
a qualitative analysis by visual inspection and quantify the photoacoustic signals using
OriginPro (OriginLab, Northhampton, USA). Three random locations were chosen from
the region of interest of the areas with caries lesions, which were duly collected, and a

statistical analysis was performed.

Initially, we calculated descriptive data such as the mean, standard deviation,
median, maximum, and minimum values of all the photoacoustic signals from the
selected teeth. Subsequently, an ANOVA was conducted with Tukey's post-hoc test to
identify statistical differences between the groups determined by the ICDAS/ICCMS
classification. All the data was tabulated, and the statistical tests were calculated using

Prism software (GraphPad, Boston, USA). A p-value <0.05 was considered significant.

3 RESULTS AND DISCUSSION

After the ICDAS/ICCMS system classification through analysis of the
radiographs and CT scans, the samples were distributed as follows: 0 with 9
specimens, RA1 with 3, RA3 with 3, RB4 with 5, and RC5 with RC6 with 5 specimens,

respectively.

Initially, we will report the qualitative data regarding the images produced by our

laboratory-created photoacoustic imaging system.

Figure 2 shows the result of the image reconstruction obtained by our
photoacoustic tomography system. In 2a, we can see the reconstruction of a healthy
tooth, with homogeneous signal intensities throughout the corresponding area of the
tooth. In 2b, at height 5 on the x-axis and 1.5 on the y-axis, there is a small, well-

defined area with lower photoacoustic signal intensity. This image corresponds to
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caries restricted to the enamel. Finally, in 2c, there is a large image with no

photoacoustic signal, representing enamel and dentin caries.

Figure 3 illustrates the visual inspection of the tooth using a photograph,
followed by the intraoral radiograph, taken to mimic the tooth's actual position in the
oral cavity, the tomographic images with sagittal, axial, and coronal sections, as well

as the photoacoustic reconstruction.

The first line shows a healthy tooth (3a). Note that we do not see any signs of
radiolucency on the X-ray (3b) and CT scan (3c), indicating that the tooth is healthy.
The PAT image also shows high photoacoustic signals and signal homogeneity, visible

on the lateral scale.

The second row shows a tooth with a white spot on its proximal surface (3e).
The radiograph (3f) shows a discreet radiolucent image, which may indicate
demineralization. The CT scan (3g) confirms this at the enamel level in all sections.
The PAT image (3h) shows an inhomogeneous image with a slight signal loss at the

carious lesion's site.

The last row of Figure 3 shows a tooth with an extensive carious lesion in the
interproximal region (3m). The radiograph (3n) shows a large radiolucency on both
interproximal surfaces. The CT scan (30) shows the extent of this carious lesion, which
is close to the pulp chamber. The PAT image (3p) determines the lesion reasonably,
but due to the extensive loss, it generates an inhomogeneous image in the dental

tissues that underlie the surface and are affected by caries.

Moving on to the qualitative experimental evidence, Table 2 provides an

overview of the mean photoacoustic signals of all the teeth analyzed, their radiographic
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classification according to the ICDAS/ICCMS criteria, the area of the carious lesion

calculated on the CT scan, and descriptive statistics.

Table 2 also shows that our samples were not classified as RA2 according to
the criteria determined by ICDAS/ICCMS. The next step was to analyze variance to
determine whether there are statistical differences between the photoacoustic

averages of these different groups, for which we will look at Table 3.

Interestingly, as the ICDAS/ICCMS classification level increases, the average
photoacoustic signal decrease significantly F (68.75), (P= <0.0001). This result
reinforced the hypothesis that the intensity of the photoacoustic signal is dependent on
the type of caries that is in the interproximal region of the tooth. We conducted a further

analysis using Tukey's posthoc test (Table 4).

Tukey's posthoc test shows that group 0, represented by healthy teeth, shows
statistically significant differences for all groups (0 vs. RA1: p= 0,0024; 0 vs. RA3: p-
0,0008; 0 vs. RB4: p= <0,0001); 0 vs. RB5: p= 0,0006; 0 vs. RB6: p=0,0005).
Confirming the potential of photoacoustic imaging to distinguish decayed tissue from
healthy tissue in the earliest stages of caries to the most advanced stages. The other

groups did not demonstrate statistical differences between them.

The Spearman correlation (Table 5) showed that there is a negative and
moderate relationship between the area of the carious lesion and the average
photoacoustic signal (r=-0,784, Cl= -0,9045 to — 0.5482, p= <0.0001). That is, the
larger the area of carious tissue, the lower the photoacoustic signal, with the inverse

being true.

The diagnosis of interproximal caries lesions represents a challenge for routine

clinical dentistry. A possible explanation is that they are located below the point of
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contact between the teeth, and characteristics such as surface integrity and tooth
texture are not identified in the examiner's field of vision. Because of this, various
complementary diagnostic methods have been used, including interproximal
radiography, transillumination, fluorescence, and electrical conductance ['1:4243]
However, the above methods have distinct disadvantages. This took us to investigate
using a hybrid imaging method that combines LASER light and acoustic waves,

photoacoustics.

Previously published studies on caries diagnosis using photoacoustic imaging
are mostly on caries on the occlusal surface of the tooth [ 20. 38401 Qur results
indicate, for the first time, the feasibility of photoacoustics in determining the presence

of caries lesions on interproximal tooth surfaces.

In photoacoustic imaging, a short-pulse laser, usually in the visible to near-
infrared electromagnetic spectrum, is applied to the tissue and penetrates a certain
depth. Some of the light is scattered, and some is absorbed. As a result, the tissue that
absorbed the light, due to chromophore molecules, heats up and expands, a
phenomenon called thermoelastic expansion. During this phenomenon, internal tissue
pressure increases, generating ultrasonic waves that a detector finally picks up. This
detector transforms the ultrasonic wave into an electrical signal, amplified, converted
into a digital signal, and transferred to a computer, where the final image reconstruction

occurs [22.27.28]

When compared to clinical examination combined with complementary
interproximal radiography, photoacoustics provides a non-invasive diagnosis without
exposure to ionizing radiation, which offers a significant advantage for pediatric

patients and clinical cases that require constant monitoring.
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The photoacoustic method for caries diagnosis presented here provides the
final image of the scanned tooth, which is a great advantage for professionals in clinical
environments, speeding up diagnosis by interpreting the visual scale and quantitative

data, which clinicians and researchers can use.

We must point out some challenges: the limited sample size and the robustness
of the current photoacoustic equipment. In this research, we tried to find teeth with
naturally created cavities, which made it difficult to increase the number of specimens
used. The size of the equipment used is an essential issue for future research. The
current state allows researchers to conduct only laboratory studies. Interdisciplinary
collaboration between physics, engineering, and dentistry researchers is essential for

refining this technology and adapting its applications to clinical needs.

This study assessed the interproximal surface affected or unaffected by caries,
with the central beam incident directly at 90°, which does not occur in the oral cavity
due to the presence of the other teeth. An evolution of this study, which is already
underway, is capturing photoacoustic images simulating the actual state of the human

body. Figure 4 shows a preliminary view of how the image will look.

One of the exciting things to note in our results is that the average photoacoustic
signal increases as the ICDAS/ICCMS radiographic classification level increases. A
possible explanation for this may be related to the size of the caries lesion, which, due

to tissue destruction, intensifies the signal level in the affected area.

4 CONCLUSION

Photoacoustics has significant potential as a diagnostic tool for interproximal

caries. We found a decrease in the mean photoacoustic signal as the ICCMS/ICDAS
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radiographic classification level increased. The future use of this multi-dual technology
in caries diagnosis represents an innovative approach that could improve diagnostic

accuracy and allow for earlier and more conservative interventions.
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FIGURES AND TABLES

TABLE 1. [ICDAS/ICCMS radiographic recording system]

Categories Description
Sound 0 No radiolucency
RA RA 1  Radiolucency in the outer half of the enamel.
Initial stages RA 2 Radiolucency in the inner half of the enamel

approximately in the region of the amelodentinal junction

RA 3 Radiolucency limited to 1/3 of the external dentin surface

RB RB 4 Radiolucency reaching up to 1/3 of the middle dentin
Moderate stage region
RC RC 5 Radiolucency reaching up to 1/3 of the inner region of
Severe stage dentin, clinically cavitated

RC 6 Radiolucency reaching the pulp, clinically cavitated.
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FIGURE 1. [Image of the photoacoustic imaging system. On the left, we see the sample immersed in a container of distilled water, a beam

condenser, and the ultrasonic transducer. On the right, we can see the photoacoustic signals captured in real time.]
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FIGURE 2. [Photoacoustic reconstructions of the proximal faces of posterior teeth]
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FIGURE 3. [Photography of the interproximal face, digital radiography, tomographic

sections and photoacoustic images of teeth in different ICDAS/ICCMS classifications.]
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TABLE 2. [Mean photoacoustic signal and descriptive data]

ID Tooth ICDAS/ICCMS Caries area Mean photoacoustic Standard Median  Minimum Maximum
classification (mm?) signal deviation value value
1 PM 0 0 1,334 0,06488 1,304 1,290 1,409
2 PM 0 0 1,341 0,02685 1,328 1,323 1,372
3 PM 0 0 1,490 0,02913 1,488 1,462 1,520
4 PM 0 0 2,370 0,5741 2,370 1,845 2,983
5 PM 0 0 1,168 0,04037 1,160 1,132 0,07957
6 M 0 0 2,438 0,1478 2,504 2,268 2,540
7 M 0 0 2,266 0,1182 2,328 2,130 2,341
8 M 0 0 1,570 0,02018 1,568 1,551 1,591
9 M 0 0 1,791 0,01654 1,786 1,778 1,810
10 PM RA1 0,172 0,2740 0,3302 0,172 0,006 0,6432
11 PM RA1 0,142 0,0016 0,0001 0,0016 0,0015 0,0018
12 M RA1 0,479 1,138 0,0542 1,117 1,098 1,200
13 PM RA3 0,34 0,9223 0,01953 0,9196 0,9043 0,9431
14 PM RA3 1,013 0,0231 0,0157 0,0180 0,0106 0,0408
15 M RA3 0,636 0,0024 0,0017 0,0032 0,0017 0,0032
16 PM RB4 2.436 0,0069 0,0003 0,0071 0,0065 0,0072
17 PM RB4 3,345 0,0503 0,0330 0,0489 0,0180 0,0840
18 PM RB4 0,957 0,1619 0,2738 0,0046 0,0029 0,4781
19 PM RB4 1,625 0,0109 0,0156 0,0020 0,0018 0,0289
20 M RB4 2,308 0,0054 0,0026 0,0053 0,0029 0,0081
21 PM RC5 4,204 0,0197 0,0073 0,0189 0,0127 0,0274
22 M RC5 2972 0,002 0,0001 0,0029 0,0028 0,0031
23 M RC6 9.826 0,0055 0,0015 0,0060 0,0038 0,0069
24 M RC6 11,85 0,0088 0,0008 0,0093 0,0078 0,0094
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TABLE 3. [Mean photoacoustic signal by group and ANOVA test]

Group n Mean Standard Median Minimum Maximum ANOVA
photoacoustic deviation value value
signal

0 9 1,804 0,4940 1,681 1,168 2,438

RA1 3 04712 0,5933 0,274 0,0016 1,138

RA3 3 0,3159 0,5252 0,0231 0,0024 0,9223 <0,0001

RB4 5 0,04708 0,06681 0,0109 0,0054 0,1619

RC5 3 0,01135 0,01182 0,01135 0,00299 0,0197

RC6 2 0,007150 0,002333 0,00715 0,0055 0,0088
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TABLE 4. [Tukey's posthoc test]

95% Confidence interval of difference

Groups Mean Difference S.tandard error of Adjusted
difference P Value
Lower bound Upper bound
0 RA1 1,333 0,2835 0,0024* 0.4261 2.240
RA3 1,488 0,2835 0,0008* 0,5814 2,395
RB4 1,757 0,2388 <0,0001* 0,9934 2,521
RC5 1,793 0,3311 0,0006* 0,7338 2,852
RC6 1,797 0,3311 0,0005* 0,7380 2,856
RA1 RA3 0,1553 0,3420 0,9971 -0,9386 1,249
RB4 0,4241 0,3059 0,7341 -0,5542 1,402
RC5 0,4599 0,3823 0,8296 -0,7631 1,683
RC6 0,4641 0,3823 0,8244 -0,7589 1,687
RA3 RB4 0,2689 0,3059 0,9465 -0,7095 1,247
RC5 0,3046 0,3823 0,9643 -0,9184 1,528
RC6 0,3088 0,3823 0,9622 -0,9142 1,532
RA4 RC5 0,03574 0,3504 >0,9999 -1,085 1,157
RC6 0,03993 0,3504 >0,9999 -1,081 1,161
RC5 RC6 0,004195 0,4188 >0,9999 -1,335 1,344
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TABLE 5. [Spearman's rank correlation test]

Spearmanr Area Mean photoacoustic
signal
Area 1 -0.7842* (p = 0.0001)
[ -0,9045 to — 0.5482]
n= 24
Mean photoacoustic -0.7842* (p = 0.0001) 1

signal

[ -0,9045 to — 0.5482]
n= 24
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FIGURE 4. [Photoacoustic image of two teeth reproducing the anatomy found in the oral cavity. On the right, a molar can be

Distance (mm)

observed, and on the left, a premolar.]
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Graphical Abstract

The interproximal surface of posterior teeth was analyzed using photoacoustic tomography to determine the ability to detect caries
lesions along with the behavior of the signal in the different caries extensions presented. The potential of photoacoustic tomography

as a complementary method for caries diagnosis was confirmed.

FIGURE 5. [Graphical abstract]]
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Titulo da Pesquisa: Caracterizacdo dos tecidos biologicos da cavidade bucal através de Espectroscopia
TeraHeriz @ Tomografia Foloacistica
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Area Temdtica:

Versdo: 2
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Instituigdo Proponente: CENTRO DE CIENCIAS DA SAUDE

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

MNumero do Parecer: 2 989712

Apresentacho do Projeto:

Em Odontodogia, a cérie dentaria & a doonca periodontal represantam as duas condicies mais prevalentes
apreseniadas em levantamentos epidemicldgicos. Dessa maneira, o manejo adequado de fals doengas
norieard o plano de traiamento & o prognostico, sumentando a probabilidade de sucesso terapéutico. O
diagnostico de lesies cariosas se da rofineiramente através da combinagao dos meétodos visual e
tatiVexpicrador associado ao exame radiografico, este ulitimo com baixa sensibilidade para detecgdes de
lesfes oclussis incipientes. Em Periodontia, a sondagem periodonial & o exame radiografico configuram
como os principais métodos empregados para estabelecer a presenca e a severidade da doenca, bem como
o efeito do tratamento periodontal. A Tomografia por Coeréncia Optica (OCT) & um métododiagndstico par
imagem baseado na interferametria de baixa coeréncia gue usa uma fonte de luz de banda larga no
infravermalho (800nm — 1300nm). Esse dispositivo & capaz de avallar tecidos duros e moles da cavidade
bucal e identificar com precisio suas diferengas estruturals através da formacdo de imagens. Mo enfanto,
possul baixa profundidade de propagacao da luz, imitando a obtencao de imagens superficiais do objeto em
estudo. A imagem fotoachstica, por sua vez, & uma lecnologia emergente para formacio de imagens de
forma ndo invasiva e nio fonizante de estruturas bloldgicas e biomateriaks. Trata-se de uma modalidada
hibrida baseada na geracio de ondas aclisticas estimuladas por laser. A Imagem & formada através da
absorc@o da luz pelas moléculas do tecido iradiade, gerando uma diferenca na presséo induzida
termicamente resultando em ondas
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ultrassdnicas, que sdo lidas por um receplor aclstico para formar a imagem. A pesguisa destes sislamas na
Cdontologia s mostra promissora, enfretanto encontra-se incipients. Dessa modo, o objetive deste trabaiha
serd analisar comparativamente a tomagrafia foloacistica e a espectroscopia por radiagdo TeraHertz na
caracterizacdo de estruturas teciduals dentarias e periodontais como recurso diagndstico.

Ohijetivo da Pesquisa:

Obgetivo Primario:

Analisar, por meio da tecnologia oferecida pela espectroscopia TeraHeriz e tomografia fotoacistica, a
caracterizacao de estruturas dentdrias e periodontais como recurso diagndstico

Objetivo Secundario:

= Produgir um sisiema de THz e TFA para caracterizagio dos corpos de prova;

= Verificar a capacidade da THz e TFA na identificagio de lestes cariosas ocultas e incipientes, comparando
-as com o OCT e microscopia dplica;

= Identificar, por melo dos dispositivos THz & TFA, a interface tecide duroftecido mole, comelacionando-a
com a anatomia do periodonto para o monitoramento das doencas periodoniais.

Avaliacio dos Riscos e Beneficios:

Riscos:

O projeto em questao ndo apresenta qualquer lipa da risco, uma vez que se trata de um esludo laboralorial
exvivo, utilizando com amostras doadas pelo banco de dentes & previamemte desinfetadas, & com
mandibulas suinas frascas coletadas em matadauro local Entrelants. a fim de prevenir contaminacio ou
perda das amosifras, essas sardo armazenadas em lubos Falcon & guardadas no Laboratéro de Fotbnica e
Biofotdnica do Departamento de Fisica da UFPE por no minlmo 5 anos e ficardo sob inteira
responsabllidade da Pesguisadora Principal. Adamais, durante todo o processamento das amosiras serdo
ufilizados todos os EPIs (gormo, mascara, dculos de protegdo, luvas e jaleco) para manipulagio de material
biologico.

Beneficios:

O presente estudo visa ampliar 0 uso dos métodos de imagem na odonlologia para detecgao de lesdes
cariosas & o real curse das doengas periodontais, dessa forma, a validagao deste estudo, inicialmente
laboratorial, pode ser estendida a clinica num fulurg proximo. Sera tambeém avaliado o polencial das
técnicas de TFA e radiagdo THz para geragdo de imagens dos tecidos bioldgicos da
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cavidade bucal, uma vez que possibiliiam uma analise nao invasiva e nda ionizante

Comentarios e Consideraghes sobre a Pesquisa:

Trata-se de um estudo experimental, lsboratorial para elaboracdo de uma Dissertagio de Mestrado do
Cirurgido Dentizta Evair Josino da Siva, | conforme estd declarado na Carta de Anuéncia do Banco de
Dentes da Universitario Tabosa de Almeida ASCES-UNITA) em Caruaru — PE. ) cujo Cumiculo Lattes ndo
informa a data de concluséo do Curso de Odontologia realizado no referido Centro de Caruaur-PE & para
tese de Doutorado da tembém Cirurgid dentista Daniela Siqueire Lopes, Pesquisadora Principal. A pesquisa
sard desenvolvida no laboratdrio de Fotdnica e Biofotbnica do Departamento de Fisica da Universidada
Fedaral de Pemambuco (UFPE) e no Curso de Odontologla {Laboratdrio de Biofotdnica e Materlaks
Aplicados 4 Sadde) do Ceniro Universitario Tabosa de Almeida (ASCES-UNITA) em Caruaru - PE. Serdo
selecionados 100 dentes humaneos, obtldos no Banco de Denles Humanos do Centro Universitario
ASCESUNITAIPE

& lecidos perodontals obtidos de 05 mandibulas suinas, perfazendo um total da 105 espécimes

divididos em dois grupos: 1 — denles humanaos e 2 — mandibulas suinas, o que confraria a infarmacao da
Folha de Rostro (100) & a Plataforma brasil {Grupo Unico - 10. JAparentemente o projeto foi submetido ao
Comité de Etica em Expee rimentacdo Animal do CCB da UFPE (ndo ha comprovacio anexada). As 05
mandibulas suinas frescas, obtidas em um matadoura em Recife — PE, serdo dissacadas e seccionadas,
visando a preservacdo da estrulura dentara e seu oorrespondente periodontal. Posteriorments, as amasiras
serdo armazenadas em solucdo de formalina a 10% par 24 horas. Os cortes serdo realizados no sentido do
longo do eixo sagital, em direcio mesiodistal e divididos por sextantes de acordo com os seguintes estratos:
deposigdo de calculo, juncdo amelecementaria, cemento, gengiva livre, gengiva inserida, interface dente-
gengiva e osso alveolar. A selecio dos 100 dentes humanos obedecera aos Critérios de
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incluséo & Excluséo declarados.

O's denies serdp submetidos a8 secgao coronomadicuiar com disce diamaniedo dupla face sob refrigeracio e
acondicionados em agua deionizada 8 37°C até o inicio da caracterizagdo pelos dispositivos testados. Serdo
avaliados os seguintes estratos: esmalte, denfina, cemento, contomo da juncio esmatlte-dentina, bem como
a interface dentina-polpa, Izsdo cariosa, e interface cemenio e calculo dentario. Ma parte Experimental 1,
sera ufilizado um Laser de femltossegundo com comprimento de onda em tomo de 820 nm e frequéncia de
76 MHz; com antenas fotocondutoras do tipo |PCA-21-05-1000-800-h, tendo como substrato o Arsenieto de
Galio {GaAs) para gerar pulsos THz. Esse fenomeno excita o substrato e gera portadores gue serdo
acelerados em sentido dnico, emifindo culro pulso de radiacdo na faixa do THz com duragao na ordem de
picossegundos (ps). Na parte Exparimental 2, Tomografia Fotoacdstica, serd construide no Departamento
da Fisica da UFPE um tomografo fotoacdstico que incidira de mansira perpendicular & drea de interesse do
elemento dentaria imerso em agua Como padrdo-ouro da determinacdo da presenga ou nao das lesdes
cariosas incipientes dos elementos denlarios e caracterizagio do lecido periodontal nos tecidos dos
espécimes de origem suing. Finalmente sera realizada a analise dos dentes por microscopia dptica de luz
polarizada acoplade com camera CCD [BX-31). Apos o escaneamento com OCT & TFA, as dreas dos
espécimes denlarios anallsadas e dos espécimes sulno serdo seccionadas em fatlas com aproximadaments
imm de sszpessura. Os dados descritivos serdo tabulados em planitha Excel (Microsofi Office 2010) &
anafisados no programa SPS5 na versdo 22.0 (SiatisticalPackage for the Social Sciences, Chicago, USA)
Serdo calculadas as médias & desvio padrio para lodos os pardmetros analisados. A normalidade das
medidas serd avallada através do teste de KolmogorovSmimoy e nos casos em gue a narmalidade astava
presanie ulillzar-se-a o teste da ANOVA (comparacio entre (rés ou mais grupos). Todas as avaliaches serdo
consideradas ao nival de significincia de 5%

Conslderacbes sobre os Termos de apresentacio obrigatdria:
As pendéncias apresentadas foram devidamenie acatadas e comigidas.

Recomendacoes:

Menhuma

Conclusdes ou Pendéncias e Lista de Inadequagies:
Aprovado.
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Consideragdes Finals a criterio do CEP:

As exigéncias foram atendidas e o protocolo estad APROVADO, sendo liberado para o inicio da coleta de
dados. Informamos que a AF‘HD‘H’A’GEEI DEFINITIVA do projeto s6 sera dada apds o envio do Relatdrio
Final da pesguisa. O pesquisador devera fazer o download do modelo de Relatdrio Final para envia-lo via
"MNotificacdo”, pela Plataforma Brasil. Siga as instrugdes do link “Para enviar Relalério Final®, disponivel no
site do CEPICCSIUFPE. Apds apreciacio desse relatdrio. o CEP emitird novo Parecer Consubstanciado
definitivo pelo sistema Plataforma Brasif

Infermamos, ainda, que o (a) pesquisador {a) deve desenvolver a pesquisa conforme delineada neste
profocolo aprovado, exceto quando perceber risco ou dano ndo previsto ao voluntério participanie (ltem V.3,
da Resolugio CHSIMS N 466/12)

Eventuais modificagdes nesta pesquisa devem ser solicitadas através de EMENDA ao projeto, identificando
a parta do protocolo a ser modificada e suas justificativas

Para projetos com mals de um ano de execugdo, & obrigatdrio que o pesguisador responsavel pelo
Protocolo de Pesquisa apresente a este Comitd de Etica relatérios parciais das athvidades desenvolvidas no
periodo de 12 meses a conlar da data de sua aprovacao (item X.1.3.b., da Resolucao CHSIMS N® 466/12).
O CEPFCCS/UFPE deve ser informado de todos o% efeilos adversos ou fatos relevantas gue allerem o Curso
narmal do estudo (Hem V.5., da Resolucio CHSIMS N® 466/12). E papel dofa pesquisadoria assegurar
lodas as medidas imediatas & adeguadas frente a evento adverso grave ocomrmido (mesmo que tenfa sido
&m oulrs centro) & ainda, enviar nofificacio 8 ANVISA - Agéncia Nacional de Vigilancia Sanitara, junto com
seu posicionamenio

Este parecer fol elaborado baseado nos documaentos abaixo relacionados:

Tipo Documanta < L Arguivo Postagem Autor Situagda
Informaches Basicas F'ETIHFGHMM}ﬁESTBASMﬁS"DGf 12102018 Acailo
| do Projeto ROJETO 1194109 pdf 17:43:43
Folha de Rosio folhaderosio pdf 121102018 |Daniela Siguetra Aceiio

174200 |lopes
Cuiros CARTADERESPOSTAPENDENCIAS dof 10/10/2018 |Danlela Siquera Acelio
| _ cx _ 11.02:36 llopes
Projeto Detalhado / |PROJETO_DETALHADO docx 081072018 |Daniela Sigueira Aceito
Brochura 1223231 |Lopes
Culros Lattes_Ewvair_Att pdf 081072018 |Daniela Sigueka Aceito
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Dutros Lanu_EuaIr_An.p-d-r 112008 |Lopes Acalio

'ﬁmﬁamp&n de confidencialidade daniela jpg 07082018 |Danlela Siquekra Acailo

Pesquisadores 12:00:48 Jlopes

Outros carta_de_anuencia_df docx 07082018 |Danlela Sigueka Acaito

10:04:30 |lLopes

Dutros historlco_daniela pdf O7/08/2018 |Dantela Siquetra Acello

- _ _ _ ¥3-34:29 Jlopes

Cstros Curriculos_Laftes Claudia_Cristina_Bral] 040082018 |Danieta Siqueka Arsiin
ner_de Oliveira Mata.pdl 01.00:55 JlLopes

Dutros Curricule_Laties_Anderson_Stevens_Le| 04082018 [Daniela Siqueira Aceiin
onidas Gomes pdf :59.31 Jlopes

Qutras Curmiculo_Lanes Daniela Skqueira_Lop | 040082018 |Danlela Sigueira Aceito

- a5 pdf ks M.5742 Jllopes

Dutros AMUENCIA_ASCES jpg D40B2018 |Daniela Siqueira Acelto

M.5550 Jlopes

Declaracio de declaracac _maierial_biclogico pdf D4/0B2018 . | Daniela Siqueira Aceiln

Manuseio Matarial 5454 |Lopes
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Biarepositorio /
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Situacio do Parecer:
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1. Submission Requirements

2. Article Types

3. Preparing the Submission

4, Editarial Policies and Ethical Considerations
5. After Acceptance

&, Cover Images

7. Appendix

8. Post Publication

9. Editorial Office Contact Details

10. Guides and Templates

1. SUBMISSION REQUIREMENTS

Cnly manuscripts in English are accepted., Contributors should bear in mind the interdisciplinary nature
of the readership.

Mew submissions should be made via the new Research Exchange (ReX) submission portal;
httpsy/fsubmission.wiley.com/Sjournal/|BIO

Authars simply drag and drop their article files into ReX. The system then plugs into SchalarGne for
Reviewing and decision making,

Should your manuscript proceed to the revision stage, you will be directed to make your revisions via the
same submission portal. You may check the status of your submission at any time by logging on to
wiww.submission.wiley.com and clicking the "My Submissions” buttan,

This journal does not charge submission fees.

Details on manuscript preparatlon and file upload are provided in Section 2.

Login to ReX

You cannot use your ScholarOne login on the Wiley authors Submission platform.
IF yau have previously been published in a Wiley journal, you can use the same credentials you use to
access Wiley Author Services far license signing. If you haven't been published in a Wiley journal before,
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you'll probably need to create a new account (visit how to login).
Registration is quick and easy. You can use the login for submissions to all Wiley journals on ReX.

For submissions started prior to January 26, 2023, please visit the ScholarOne Manuscript Submission
site to manage ar complete your submission.

Far technical help with the submission system, please review our FAQS or contact
submissionhelpdwilay com.

Article Preparation Support

Wiley Editing Services offers expert help with Engllsh Language Editing, as well as translation, manuscript
formatting, figure illustration, figure formatting, and graphical abstract design — 5o you can submit your
manuscript with confidence,

Al=g, check out our resources for Preparing Your Article for general guldance about writing and
preparing your manuscript.

Preprint your Manuscript on Authorea

You can now opt to seamlessly preprint your manuscript at submission, through Wiley's Under Review
service, powered by Authorea, Make your work citable and discoverable, before it is accepted or
pubfished,

Free Format Submission

Journol of Biophatonics offers Free Format submission for a simplified and streamiined submission
process,
Befare you submit, you will need:

= Your manuscript: this should be an editable file including text, figures, and tables, or separate files
= whichever you prefer. All required sections should be contained In your manuscript, including
abstract, introduction, methods, results, and conclusions. Figures and tables should have legends.
Figures should be uploaded in the highest resolution possible. References may be submitted in any
style or format, as long as it Is consistent throughout the manuscript. Supporting information
should be submitted in separate files. if the manuscript, figures or tables are difficult for you to
read, they will also be difficult for the editors and reviewers, and the editorial office will send It back
o you for revision, Your manuscript may also be sent back to you for revision if the quality of
English language Is poor.

= An ORCID 1D, freely available at hitps:/Vorcid.org. (Why is this importart? Your orticle, if occepted and
pubifished, will be attached to your ORCID prafife. Institutions and funders are Increasingly reguiring
outhors to have ORCID IDs.)

= The title page of the manuscript, including:

2 Your ca-author details, including affifiation and email address. (Why is this important? We need
to keep all co-authors informed of the outcome of the peer review process.)

@ Statements relating to our ethics and integrity policies, which may include any of the
following (Why are these important? We need to uphold rigorous ethicol stondards for the
research we consider for publication);

& data availabllity statement
s funding statement
= conflict of interest disclosure
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® gthics approval statement

= patient consent statement

= permission to repraduce material from other sources
= clinical trial registration

Open Access

This journal is a subscription journal that offers an open access option. You'll have the option to choose
to make your article open access after acceptance, which will be subject to an Article Publication Charge
{APC),

Some organizations pay APCs for their authors via a Wiley Open Access Account.
You can read more about APCs and whether you may be eligible for waivers or discounts, through your
Institution, funder, or a country waiver,

Preprint Policy

This journal accepts articles previously pubfished on preprint semvers.

Journal of Biophotonics will consider for review articles previously available as preprints. You may also
post the submitted version of a manuscript to a preprint server at any time, You are requested to update
any pre-publication versions with a link to the final pubfished article.

Please fimnd the Wiley preprint policy here,

Data Sharing and Data Availability

This jpurnal expects that data supporting the resules in the paper will be archived in an appropriate
public repository, Authors are required to provide a Data Availability Statement (AS) to describe the
availabifity or the absence of shared data. When data have been shared, authors are required to include
in their Data Availability Staterment a link to the repository they have used, and to cite the data they have
shared. Whenever possible the scripts and other artefacts used to generate the analyses presented |n the
paper should also be publicly archived, If sharing data compromises ethical standards or legal
requirements then authors are not expected to share it.

Review Wiley's Data Sharing policy where you will be able to see and salect the data availability
statermnent that Is right for your submission,

Data Citation

Please review Wiley's Data Citation policy,

Data Protection

By submitting a manuscript to or reviewing far this publication, your name, emall address, and affiliation,
and other contact details the publication might require, will be used for the regular operations of the
publication.

Piease review Wiley's Data Protection Policy to learn more.

Funding
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You should list all funding sources in the Acknowledgments section, You are responsible for the accuracy
of their funder designation. If in doubt, please check the Open Funder Registry for the correct
namenclature,

Authorship

Al listed authors should have contributed to the manuscript substantially and have agreed to the final
submitted version. Review editorial standards and scroll down for a description of authorship criteria.

Author Pronouns

Authors may now include their personal pronouns in the asthor bylines of their published articles and on
Wiley Online Library. Authors will never be reguired to include their pronouns; it will always be optional
fior the author. Authors can include their pronouns in their manuscript upon submission and can add,
edit, or remove their pronouns at any stage upon request. Submitting/corresponding authors should
never add, edit, or remaove a coauthor’s pranouns without that coauthor’s conseant, Where post-
pubfication changes to pronouns are required, these can be made without a correction notice to the
paper, following Wiley's Name Change Policy to protect the author's privacy, Terms which fall outside of
the scope of personal pranouns (e.g. proper or improper nouns), are currently not supported.

ORCID

This journal requires ORCID, Please refer to Wiley's resources on ORCID.

Reproduction of Copyright Material

IF excerpts from copyrighted works cwned by third parties are included, credit must be shown in the
contribution. It is the author's responsibility to also obtain written permission for reproduction from the
Copyright owners.

The correspoending author is responsible for obtalning written permission to reproduce the material "in
print and other media” from the publisher of the original source, and for supplying Wiley with that
permission upon submission. You can contact the respective journal directly but many publishers use
RightsLink. The access to RightsLink usually can be found on the article page under “Request Permission”
of sirmilar Hnks,

Permissions should be uploaded as "Supporting Information Not for Review", Far more information visit
Wiley's Copyright Terms & Conditions FAQ.

{Back to Top)

2. ARTICLE TYPES

Research Articles: Reports of original research that make a significant contribution to knowledge, with
methods, findings and conclusions, A length of about 4,000 words excl, references is recommended.

Reviews: Overview of developments in fields or the current lines of thought. Will usually be written at the
imvitation of the Editors, Unsolicited reviews will be highly welcome but authors wishing to submit a
review are requested to consult the Editors prior to commencement.
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The size of @ Review may differ, a length of about 7,000 words excl, references is recommended,
A short OV and a photo of each author should be submitted.

Letters: Brief observations and research reports that do not warrant a full-length paper. Must be
complete, self-contained papers, and not preliminary reports. A length of about 2,300 words plus 1-3
figures is recommended.

{Bock fa Tap)

3. PREPARING THE SUBMISSION

Authors may use the Word or LaTeX templates to format their manuscripts. Alternatively, manuscripts
can be submitted in Free Format,

File Upload

Microsoft Word manuscripts (.doc or .docx) can be uploaded either as a single document (cantaining the
main text, tables and figures), or with figures and tables provided as separate files,
Should your manuscript reach revision stage, figures and tables must be provided as separate files.

LaTex manuscripts: select the file designation “Main Document = LaTeX _tex Fiie™ an upload. You must
subrmiit:

= g PDF version of the manuscript for Peer Review, Upload this file as "Main Document - LaTeX PDF."

= the LaTeX source code files (text, figure captions, and tables, preferably in a single file), BibTex files
(if used), any associated packagesfiles along with all other files needed for compiling without any
errors. Upload as "Main Document - LaTeX". The zip file must not contain the manuscript PDE.

= electronic graphics files for the illustrations in Encapsufated PostScript (EPS), PDF or TIFF format:
Authors are requested not to create figures using LaTeX codes,

Any supporting files that are referred to in the Latex Main Document should be uploaded as a“LaTex
Supplementary File,”

Revision: When submitting your LaTeX revision you must still upload a single PDF that you have
generated from your now revised source files. You must use the File Designation "Main Document -
LaTeX PDF, In addition you must upload a compressed file with all TeX source files, including figures.
Lpload as "Main Document — LaTex",

Cover Letters and Conflict of Interest statements may be provided as separate files, included in the
manuscript, ar provided as free text in the submission system. A statement of funding (including grant
numbers, if applicable) should be included in the “Acknowledgements” section of your manuscript,

Author and co-authors affiliations: At submission, the author will be prompted to provide the email
addresses for all contributing authors.

For a seamiess manuscript transformation, the manuscript should already contain full names (First,
Middle, and Last) for all authors and the complete affiliation addresses, At minimum, authors should
include the institution name and country, but a complete affiliation also includes department name and
institution city. The institution postal code is optional.

Far help with submissions, please contact jbp@wiley.com.
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Main Text File

The text file should be in Word or LaTeX and include the following elements:

. A brief informative title (up to 150 characters) containing the major key words. The title should not
contain abbreviations (see Wiley's best practice SEO tips);
il. Full names of the authors with institutional affiliatlons where the work was conducted, with a
footnote for the authar's present address if different from where the work was conducted;
iil. Abstract (up to 150 words) containing the major keywards;
iv. Abstract figure;
v. Keywords: (at least four, up to eight keywords) should be taken from those recommended by the
LS Mational Library of Medicine’s Medical Subject Headings {(MaSH) browser list;
wi. Main body: farmatted as introduction, materials & methods, results, discussion, conclusion;
vii. Acknowledgments;
vill. References (numbered in the arder of appearance in the text);
ix. Tables {each table complete with title and footnotes);
x. Figures: Figure legends must be added beneath each individual image during upload AND as a
complete list in the text
¥l Appendices (if relevant),

Separate high-resolution figure files: TIFF, EPS or PG, with a resofution of at least 300 dpi.

The name(s) of any sponsorn(s) of the research contained in the paper, along with grant number(s)
should be included in the Acknowledgements section at the end of the main text,

Acknowledgments

Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section. Financial and material support should
alsa be mentioned, Thanks to anonymous reviewers are not appropriate,

Conflict of Interest Statement

Authars will be asked to provide a conflict of interest statement during the submission process. For
details on what te include in this section, see the '‘Conflict of interest” information in Saction 4, Submitting
authors should ensure they liaise with all co-authors to confirm agreement with the final statement.

Experimental Section

The Experimental Part should contain only descriptions of experiments. It must be sufficiently clear to
enable a repetition of the work. The source and purity of all relevant starting compounds should be
mentioned, Methods used for sample characterization should alse be described (apparatus, conditions,
etc. ) The relevant literature should be cited for known methods and for the description of known
compounds; only modifications should be described.

Materials and Methods

If a method or tool is intreduced in the study, including software, guestionnaires, and scales, the author
should state the license this is available under and any requirement for permission for use. IFf an existing
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method or tool is used in the research, the authors are responsible for checking the license and obtaining
the permission, If permission was required, a statement confirming permission should be included in the
Materials and Methaods section,

Reference Style

This journal uses Wiley Chemistry-Material Science reference style. As the journal offers Free Format
submission, however, this is for infermation only and you do not need to farmat the references in your
article, This will instead be taken care of by the typesetter.

References should be numbered consecutively in order of appearance and should be as complete as
possible. The numbers of references should appear in the text in brackets e.g. [1, 21] ar [1-4]. [ournal
titles are abbreviated; abbreviations may be found in the following: Web of Science Journal Title
Abbreviations.

Please do not format the references section with the Mumbering function of your word-processing
program, We recomimend the use of a tool such as EndMote {e.g. the ChemPhysChem endnote style,
which is similar to the journal style) or Reference Manager (www.refman.com) for reference
management and formatting.

Please give the names of all authors (no “et al.")}!

Footnotes

Footnotes can be placed at the foot of each page. They should be referred to In the text with consecutive,
superscript Arabic numerals, Keep footnotes brief; they should contain only short comments tangential
to the main argument of the paper and should not include references.

Tables

Tables should be self-contained and complemeant, not duplicate, information contained in the text. They
should be supplied as editable files, not pasted as images. Legends should be concise but comprehensive
- the table, legend, and foatnotes must be understandabile without reference to the text,

All abbreviations must be defined in footnotes, Footnote symbols; 1, £, 5 ¥ should be wsed (in that order)
and *, ** *** should be reserved for P-values, Statistical measures such as 5D or SEM should be
identified in the headings.

Figures and Supporting Information
Figures, supperting infermation, and appendices should be supplied as separate files.

You should review the basic figure requirements for manuscripts for peer review, as well as the more
detailed post-acceptance figure requirements.

Suppoerting infermation is information that is not essential to the article but provides greater depth and
background, It s hosted onling and appears without editing or typesetting, It may include tables, figures,
videos, datasets, etc, Note: if data, scripts, or other artefacts used to generate the analyses presented in
the paper are available via a publicly available data repository, authors should include a reference to the
location of the material within their paper. View Wiley's FAQs on supporting infarmation.
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Graphical Table of Contents

The journal's table of contents will be presented in graphical form with a brief abstract,

The table of contents entry must Include the article title, the authars' names (with the corresponding
author indicated by an asterisk), no more than 80 words or 3 sentences of text summarizing the key
findings presented in the paper and a figure that best represents the scope of the paper.

Table of contents entries should be submitted in one of the generic file formats and uploaded during the
initial manuscript submission procass.

The image supplied should fit within the dimensions of 50mm x 50mm and be fully legible at this size, It
can be one from your article or may be specifically designed for the purpose.

Table of contents entries can be added on a separate page at the end of the article or uploaded
separately as ‘Graphical Abstract”.

You must hotd the copyright of the figure and it should not be reproduced from an external source
without permission.

General Stylepoints
The following points provide general advice on formatting and style.

* Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly, and
the abbreviation is helpful to the reader. Initially, use the word in full, followed by the abbreviation
in parentheses, Thereafter use the abbreviation only,

* Units of measurement: Measurements should be given in 51 or Sl-derived units, Visit the Bureau
International des Polds et Mesures (BIPM) website for more information aboaut S| units,

= Numbers: numbers under 10 are spelt out, except for; measurements with a unit (Bmmal/l); age (6
weeks old), or lists with other numbers {11 dogs, 9 cats, 4 gerbils).

* Trade Names: Chemical substances should be referred to by the generic name only. Trade names
should not be used. Drugs should be referred to by their generic names. If proprietary drugs have
been used in the study, refer to these by their generic name, mentioning the proprietary name and
the name and lacation of the manufacturer in parentheses.

* Equations: Equations should be numbered sequentially. Except for small in-line equations, they
should appear on separate lines, Please provide equations in an editable format, like Mathtype, Do
not embed equations as graphics. In the text, equations may be referred to by writing "... in Eqg. (117
At the beginning of a sentence, use the full form "Equation (1) shows ..."

{Back ro Tog)

4, EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Peer Review

This journal operates under a single-blind peer review model, Papers will only be sent to review if the
Editor-In-Chief determines that the paper meets the appropriate quality and relevance requirements.

All contributions will be evaluated according to the standard procedures of peer review, usually by two
referees, To facilitate the refereeing process, please provide the names and email addresses of at
least three referees capable of reviewing your manuscript. Please make sure that the suggested
referees are not too closely related to your own publications,

Please note that not more than two revisions ara allowed for reviewing. A third round of revision will not
be considerad. View Wiley's policy on the confidentiality of the review process.



Appeals and Complaints

Authors may appeal an editorial decision if they feel that the decision to reject was based on either a
significant misunderstanding of a core aspect of the manuscript, a fallure to understand how the
manuscript advances the literature or concerns regarding the manuscript-handling pracess. Differences
in opinion regarding the novelty or significance of the reported findings are not considered as grounds
for appeal. To raise an appeal, please contact the journal by email, guoting your manuscript 1D number
and explaining your rationale for the appeal. The editor's decision following an appeal consideration is
final.

To raise a complaint regarding editorial staff, policy or process please contact the jsurnal in the first
instance. If you believe further support outside the jaurnal's management is necessary, please refer 1o
Wiley's Best Practice Guidelines on Research Integrity and Publishing Ethics,

Refer and Transfer Program

Wiley believes that no valuable research should go unshared. This journal participates in Wiley's Refer &
Transfer program, If your manuscript is not accepied, you may receive a recommendation to transfer
your manuscript to another sustable Wiley journal, either through a referral from the journal's editor or
through Wiley's Transfer Desk Assistant.

Publishing and Research Ethics
Please visit Wiley's Research DE&I Statement and Publishing Policies.

The journal requires that you include in the manuscript details IRE approvals, ethical treatment of human
and anlmal research participants, and gathering of informed caonsent, as appropriate, You will be
expected to declare all conflicts of interest, or none, on submission.

Please review Wiley's policies surrounding hurman studies, animal studies, clinical trial registration,
biosecurity, and research reporting guidelines.

The journal Tollows the core practices of the Committee on Publication Ethics (COPE) and handles cases
of research and publication misconduct accordingly (https://publicationethics.org/core-practices),

This journal uses iThenticate’s CrossCheck software to detect instances of overlapping and similar text in
submitted manuscripts. Read also Wiley's Top 10 Publishing Ethics Tips for Authors and Wiley's
Publication Ethics Guidelines,

Conflict of Interest

The Journal requires that all authors disclose any potential sources of canflict of interest. Any interast or
refationship, financial or ctherwise that might be perceived as influencing an author's objectivity is
considered a potential source of conflict of interest. These must be disclosed when directly relevant or
directly related to the work that the authors describe in their manuscript,

Potential sources of conflict of interest include, but are not limited to; patent or stock ownership,
membership of a company board of directors, membership of an advisory board or committee for a
campany, mambership of the editorial baard of the journal, and consultancy for or receipt of speaker's
fees from a company.
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Please read the following statements, adding those sections which are relevant at the end of your
submitted manuscript under a heading “Statement of Interests’,

1. Authors’ declaration of personal Interests:

I. [Name of individual] has served as a speaker, a cansultant, an advisory board member for [names
of organisations), and has received resedrch funding from [names of organisation].
il [Name of individual] is an employee of [name of organisation].
i, [Name of individual] owns stocks and shares in [name of organisation],
iv., [Mame of individual] owns patent [patent identification and brief description],

The existence of a conflict of interest does not preclude publication. [f the authors have nio conflict of
Interest to declare, they must also state this at submission, including the following or similar statement;

“The authors have stated explicitly that there are no conflicts of interest in connection with this article”, It
iz the responsibility of the corresponding author to review this policy with all authors and collectively to
disclose with the submission ALL pertinent commercial and other relationships.

2. Declaration of funding interests;

i. This study was funded [in part or in full] by [insert name of funding organisation], grant number
[insert grant or other identification number],
il. The [writing or preparation] of this paper was funded in part by [insert name of funding
arganisation].
iii. Initial data analyses were undertaken by [name of individuals if not listed as authars] who are
employees of [mname company] and received funding from [insert name of funding organisation].

Authors should st all funding sources in the Declarations section, Authors are responsible for the
accuracy of their funder designation. I in doubt, please check the Open Funder Registry for the correct
namenclature: https:/fwww.crossref.org/services/funder-registry/.

Publications by the Editors or Editorial Board

The Editor and Editorial Board members are never invalved in editorial decisions about thelr own work.
The Editor, Editorial Board members and other editorial staff {including peer reviewers) will withdraw
from discussions about submissions where any circumstances might prevent him/her offering unbiased
editorial decisions. In particular, when editorial decisions are required about peer reviewed articles where
the Editor or Editorial Board membrer is an author or Is acknowledged as a contributor, the affected
Editor or Editerial Board member will exclude themselves and are not invohad in the publication
decision, When the Editor is presented with papers where their own interests may impair their ability to
make an unbiased editarial decision, decisions about the paper are deputised to a suitably gualified
individual,

Authorship

The journal follows the ICME definition of authorship, which indicates that autharship be based an the
following 4 eriteria:

1. Have made substantial contributions to conception and design, or acquisition of data, or analysis
and interpretation of data; and

2. Been involved in drafting the manuscript or revising [t critically for important intellectual content;
and
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3. Given final appraval of the version to be published. Each author should have participated
sufficiently in the work to take public responsibility for appropriate portions of the content; and

4. Agreed to be accountable for all aspects of the work in ensuring that quastions related ta the
accuracy or integrity of any part of the work are appropriately investigated and resohved,

In addition to being accountable for the parts of the work he or she has done, an author should be able
to identify which co-authers are responsible for specific other parts of the work, In addition, authaors
should have confidence in the integrity of the contributions of their co-authors,

All those designated as authors should meet all four criteria for authorship, and all wha meet the four
criteria should be identified as authors, Those who do not meet all four criteria should be acknowledged,
These autharship criteria are intended to reserve the status of autharship for those who deserve credit
and can take responsibility for the work, The criteria are not intended for use as a means to disqualify
colleagues from authorship who otherwise meet authorship criteria by denying them the opportunity to
meet criterion #s Z or 3. Therefore, all individuals who meet the first criterion should have the
opportunity to participate in the review, drafting, and final approval of the manuscript.

Additional Authorship Options: [oint first or senlor authorship: In the case of joint first authorship, a
footnote should be added to the authar listing, e.g. '% and ¥ should be considered |oint first author' or "%
and ¥ should be considered joint senior authar,’

Acknowledgements

Please acknowledge anyone who contributed towards the article who does not meet the criteria for
authorship including anyone who provided professional writing services or materials.

Authors should abtain permission to acknowledge from all those mentioned in the Acknowledgements
section.

Group authorship (fer manuscripts involving a collaboration groupl: if you would like the names of the
individual members of a collaboration Group to be searchable through their Individual PubMed recards,
please ensure that the ttle of the collaboration Group is included on the title page and in the submission
system and also include collaborating author names as the last paragraph of the “Acknowledgements”
section. Please add authors in the format First Name, Middle initial(s) (optional), Last Mame, You can add
institution or country information for each author if you wish, but this should be consistent across all
authors.
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5. AFTER ACCEPTANCE

After your paper |5 accepted, your files will be assessed by the editorial office to ensure they are ready for
production. You may be contacted if any updates or final files are required. Otherwise, your paper will ba
sent to the production team.

Wiley Author Services
When an accepted article is received by Wiley's production team, the corresponding author will receive an

email asking them ta login or register with Wiley Author Services,
The author will be asked to sign a publication license at this paint.

Copyright and Licensing
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Authars may choose to publish under the terms of the journal's standard copyright agreement, or Gpen
Access under the terms of a Creative Commaons License. Standard re-use and licensing rights vary by
journal, Nate that certain funders mandate a particular type of CC license be used. This journal uses the
CC-BY/CC-BY-NC/CC-BY-NC-ND Creative Commons License. Please click here for more infarmation on
Wiley's compliance with specific Funder Open Access Policies.

Open Access fees! If you choose to publish with open access you will be charged a fee. A list of Article
Publication Charges for Wiley journals is available here.

Self-Archiving definitions ond poficies: Note that the journal's standard copyright agreement allows for self-
archiving of different versions of the article under specific conditions. Visit Wiley's self-archiving
definitions and policies for maore detalled information.

Proofs

Authars will receive an e-mall notification with a link and instructions for accessing HTML page proofs
online. Authors should also make sure that any renumbered tables, figures, or refarences match text
citations and that figure legends correspond with text citations and actual figures. Proofs must be
returned within 48 hours of receipt of the emall.

Early View

Upon publication, articles are available as full text HTML or PDF in Early View prior to inclusion in an issue
and can be cited as references using their Digital Object Identifier (DO numbaear.

Article Promotion Support

Wiley Editing Services offers professional videa, design, and writing services to create shareable video
abstracts, infographics, conference posters, lay summaries, and research news stories for your research —
s0 you can help your research get the attention it deserves,

Author Mame Change Policy

In cases where authors wish to change their name following publication, Wiley will update and republish
the paper and redeliver the updated metadata to Indexing services, Our editarial and production teams
will use discretion in recognizing that name changes may be of a sensitive and private nature for various
reasons including (but not limited to) alignment with gender identity, or as a result of marriage. divorce,
or religious conversion. Accordingly, to protect the author's privacy, we will not publish a correction
natice to the paper, and we will not natify co-authors of the change. Authers should contact the journal’s
Editorial Office with their name change request.

Correction to Authorship

In accardance with Wiley's Best Practice Guidelines on Research Integrity and Publishing Ethics and

the Committee on Publication Ethics' guldance, the journal will allow authors to correct authorship on a
submitted, accepted, or published articie if a valid reason exists to do so. All authors = including those to
be added or removed - must agree to any proposed change. To request a change to the author fist,
piease complete the Request for Changes to a journal Article Author List Form and contact either the
journal’s editorial or production office, depending on the status of the article. Authorship changes will not

132



be considered without a fully completed Author Change form. [Correcting the autharship is different
from changing an author's name; the relevant policy for that can be found in Wiley's Best Practice
Guidelines under “Author name changes after publication,”]

{Back ta Tog)
6. COVER IMAGES

Journol of Biophotonics encourages you to have your article featured on the journal's cover page with an
lustrative and eye-catching figure which graphically represents the essence of your paper, Your artwork
will be featured in the Table of Contents. You will receive a high-resolution PDF file of the cover page for
your personal use,

1. Images that contain text and line art [graphs, charts, maps, etc,) will reproduce best If saved as EPS
ar POF. Please remember to embed fonts. This ensures that any text reproduces exactly as you
intend.

2. Images that contain photographic information are best saved as TIFF or PG, as this ensures that
all data are included In the file. JPEG should be avoided if possible, as information is last during
compression; however, it is acceptable for purely photographic subjects if the image was generated
as a |PEG from the outset.

3. Microsoft Office! IFyou have generated your images in Microsoft Office software (Waord, Excel,
PowerPoint), or similar software, it is best to send us the files in their native file formats.

4, Please ensure all images are a minimum of 600 dpi,

5. Please also submit a short description of the Image or the work It represents,

6. As this 5 a publishing service for authors we do ask authars to contribute to the publication costs.
For more information please contact the publisher at jbp@Ewiley,com.

7. ¥ou must hold the Copyright of the Cover image and it should not be reproduced from an external
source without permission:

Information on cover artwork can be found here: Guide for Cover Artwork Submission (FoF.

{Back ta Tap)

7. APPENDIX
Publication Charges

Color figures are published anline free of charge.
Poge Charges: The journal does not charge for publication.

Resource ldentification Initiative

The journal supports the Resource Identification Initiative, which aims to promote research resource
identification, discovery, and reuse, This initiative, led by the Neuroscience Information Framework and
the Oregon Health & Science University Library, provides unigue dentifiers for antibadies, model
organisms, cell lines, and tools including software and databases. These |Ds, called Research Resource
Identifiers (RRIDS), are machine-readable and can be used to search for all papers where a particular
resource was used and to increase access to critical data to help researchers identify suitable reagents
and tools.

You will be asked to use RRIDS to cite the resources used in your research where applicable in the text,
similar ta a regular citation or Genbank Accession number. For antibodies, you should include in the
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citation the vendor, catalogue number, and RRID both in the text upon first mention in the Methads
section. For software tools and databases, please provide the name of the resource followed by the
resource wabsite, if available, and the RRID. For model arganisms, the RRID alone is sufficient.

Additionally, you must include the RRIDS in the §ist of keywords associated with the manuscript,

To Obtain Research Resource identifiers (RRIDs):

* Use the Resource Identification Portal, created by the Resource ldentification |nitiative Werking
Group,

= Search for the research resource (please see the section titled “Search Features and Tips™ for more
information).

® Click on the "Cite This" button to obtain the citation and insert the citation into the manuscript text

IFthere is a resource that is not found within the Resource Identification Portal, you are asked to register
the resource with the appropriate resource authority. Information on how to do this is provided in the
“Resource Citation Guidelines” section of the Portal.

If any difficulties in obtaining identifiers arise, please contact rii-help@scicrunch.org for assistance.

Example Citotions:

* Antibodies: "Wnt3 was localized using a rabbit pelyclonal antibody CB4F2 against Wnt3 (Cell
Signaling Technology, Cat# 27215, RRID: AB_2215411)"

* Model Organisms: "Experiments were conducted |n ¢, elegans straln SP304 (RRIDNCGC_SP304)"

& Cell lines: "Experiments were conducted in PCT2 CLS cells [CLS Cat# 50031 1/p701_PC12,
RRID:CVCL_04B1)"

= Tools, Software, and Databases: “image analysis was conducted with CellProfiler Image Analysis
Software, V2.0 (http/heww.cellprafiler.org, RRID:nI-0000-00280)"

Species Names

Uipan its first use in the title, abstract, and text, the common name of a species should be followed by the
scientific name (genus, speckes, and authority) in parentheses. Far well-known species, however, scientific
names may be omitted from article tittes, If no comman name exists in English, only the scientific name
should be used.

Genetic Nomenclature

Sequence variants should be described in the text and tables using both DNA and protein designations
whenever appropriate. Sequence variant nomenclature most follow the current HGYS guidelines; see
varnomen.hgvs.org, where exampies of acceptable nomenclature are provided.

Sequence Data

Mucleotide sequence data can be submitted in electranic form to any of the three major collaborative
databases: DDBJ, EMBL, ar GenBank, It s only necessary to submit to one database as data are
exchanged between DDBJ, EMBL, and GenBank on a daily basis. The suggested wording for referring to
accession-number information is: These sequence data have been submitted o the

DOBIEMEL GenBank databases under accesslon number U12345°, Addresses are as follows:

- DNA Data Bank of Japan (DDE): www.ddbj.nig.ac.jp
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- EMBL Nucleotide Archive: ebi.ac.uk/ena
- GenBank: www.ncbi.nlm.nih.gov/genbank

Proteins sequence data should be submitted to either of the following repositories:
- Protein Information Resource (PIR); pir.georgetown.ed
- SWIS5-PROT: expasy.chisprot/sprot-top

Structural Data

For papers describing structural data, atomic coordinates and the associated experimental data should
be deposited In the appropriate databank (see below). Please note that the data in databanks must
be released, at the latest, upon publication of the article, We trust in the cooperation of our authors
to ensure that atomic coordinates and experimental data are released on time.

- Organic and organometallic compounds: Crystallographic data should not be sent as Supporting
Information, but should be deposited with the Combridge Crystallographic Dota Centre (CCOC) at
cede.cam.ac.ukfservices/structuretSrde pasit,

- Inorganic compounds: Fechinformationszentrum Karisruhe (FIZ; fiz-karlsruhe.de),

« Proteins and nucleic acids: Protein Dato Bonk (resb.org).

- MMR spectroscopy data; BioMagResBank (bmrb.wisc.edu).

{Bock ta Togl

8. POST PUBLICATION, PROMOTION

When the article is published online,

- The author receives an email alert (if requestad).

- The link to the published article can be shared through social media.

- The author will have free access to the paper (after accepting the Terms & Conditions of use, they can
view the article).

- The corresponding author and co-authors can nominate up to ten colleagues to receive a publication
alert and free online access to the article;

Make your article discoverable enline! Consult our Search Engine Optimization (SEQ) Tips in order to
maximize online discoverability for your publishad research, Included are tips for making your title and
abstract SEQ-friendly, choosing appropriate keywords, and promaoting your research through social
media. Read more about SEQ and how to promote your work here: Promotional Toolkit,

Video summaries: A video summary can be a quick way ta make the message of your research
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Abstract
Background: Failures in glass fiber post {GFP) retendion may be asseciated with low adhesion achieved in rool
dentin,

Maserial and Methods: 55 single-rooted premolars were endodontically treated and distnbuted according 1o di-
flerent adbesion strategies (n=110 Gil: RelyX ARC (3M ESPE: etch-rinse strategyk G2 Relyn Ultimaie (3M
ESPE; etch-rinse strategy ) G3: AllCem (FGM: etch-rinse stmtegy ), G4: Relys Uiltimote (3M ESPE; sell-etching
strategy)s G5 RelyX U200 (30 ESPE; self-adhestve sirategy), For Bonding Strength (B5) analysis, the roots wene
sectoned in slices {1.0mm thickness) comresponding to ench moot third and submitted to push-out test. The fype of
fuilure wos assexsed by scannimy electron microscopy (SEM),

Resulls: The highest BS averages were found in G2 and G3. However, in the middle and apical rood thirds, G3
showed statistically similar results 1o G4 and G5, In the cervical and middle third, G was statistically similar 1o
G4 and G5, The mized type of failure was the mast common in all groups,

Conclusions: Self-eeching (G4) ond self-adhesive vesin (G3) cements. showed similar BS resuls of immedine
bonding in the eementation of GFPF compared to conventionsl resin cements (G, G2, G

Key wards: Dental Cements, Dewin-Bonding Agewrs, Post and Cove Techmigue, Dewtal Bonding
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Introduction

The increased demand for aesthetie adhedive rehahili-
tation treatments has driven the development of mate-
rinls that meet acsthetic and functional reguiremens lo
ensure the lomgevity of direct and imdireet restomtions
(1} The rehabilitation of endodontically treated teeth
follows this wend. Intrarsbicular retaimers thit present
mechanical charmctenistics similar to the dental structure
hivie thie ability 1o redoce stresses transmitied to the den-
tal remnant. minimising the risk of fmectures and redu-
cing trenfmicnt costs compared 1o molien metal cores (2.
Intrarsdiculnr retalner's failores may be associated with
Lorw adheston achieved in root dentin, this may occur due
to inadequate momechanical preporation, permanenoe
of filling moterinl in the moot canal, tvpe of censent used,
meomect cemenl handbing, peculiar mosphological cha-
ructeristics of the dentinnl tissue, or the complexity and
sensitivity of the adhesive ond cementation technique
(34). To avoid failure in rehebilitation reatments, the
chodce of the ideal huting mnterinl by the professional
st be hased on three fundamenta] sspects: simplicity
of the technigwe, cost-tenefit matio ond available scien-
tific evidence (3). However, this decision is impaired by
the great vanability of protocols and materials available
om mirket, comiined with the scarcity of studies that in-
clude, in egual sainbers, the vast maponty of these,

The most suitable materials for lutinge gipes fiber posts
{GFP) nto the root canal are resin cements, which con
be classified into three types according to their pobyme-
rization method: photoactivated, chemically activated,
and dual (&), In addition, cemenis can adhere and imte-
et with the radicular dentin surface in different waws.
Apcording to the bonding moechaniam, they can be clas-
sificd ps conventionnl, sebf-ciching, and self-adhesive
{7

Self-adhesve cements were designed with the purpo-
¢ of overcoming some of the Hmtations of both con-
ventionn] pad selfeteh resim cements (8). Sell-mthesive
cements do net require any pretreniment of the twoth
subsirate: Oince the cement is mised, the application is
performed i o single clinscal step (9,10}, These coments
hnvee an ndhesion mechanism through micromechanmical
retention and chemical bonding o the dental struchre
(Th A sysicmatic review of in vifm studies has shown
that self-adhesive resin cements ane elfisctive in retai-
miidig GFP i root canals (1),

To study the influence of different adhesion strategies
o GFP retention, it is reguired o thorough analysas due
tor the complexsty of the rood dentin und post interface,
sinee it involves net only the interaction between cement

und dentin but also between cement and the post itsel{

(8} This way. in addition 10 evaluate the bond strength
{B5) valucs trough mechanical tests, it is necessary 1o
wubserve which type of failure moay occurred on the in-
terfoce, those milures may be adbhesive between dendin
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and coement or between cement and post, o cohesiee, ne-
presemted by frsetures m dentin, cement and post. Under
maesticatory forces, it s ulso common for more than one
type of failure 0 pcour simuliancously, and these ore ca-
Tled mixed failures (12}, Both anabyses, between the type
of failure and mechanical pssay, will produce results in
an experimental =tudy with more clinical significance,
This study asmed 1o evaluate the performance of diffe-
rent resin cements, inchiling conventional, self-ciching,
and sell-asdhesive, in the bond strength of GFP along
the root dentin, thrvagh the mechanical push-out bond
stremgth test. In additon, the integrity of the hybrid byver
and the types of fiilures that ocourred ot the adhesive -
terfnce afier the mechandeal test wene evaluated through
scanming electron microscopy { SEM). The null hypothe-
sis admits thut the type of cement and depth of the roots
influgnce the bond strength of GFP o dentin

Material and Methods

This study was submiiied and spproved by the local Re-
search Ethics Comimittee (protocol n. 740.915) and 15 in
aceordance with the Declaration of Helsink:,

Fiftw-five single-rooted extracted hman premolars with
a length of =15mm were selected. The eligible tooth had
1o have a single root canal, no apical curvature, no carles
lesion or oot crack, ond no previous endodontic treat-
ment, The teeth were cleaned and stored for seven days
in (0.3% chlormmine T solution under refrigeration for
disinfection, The samples were then kept in sterile salie
at 37°C, replaced every seven days,

<Rt Canal Preparstion

The erowns were then secioned with a doubbe-saded dio-
o clise mmd discareled wo stansfardiee the oot length by
15 mm. All root conals were instrumented by the samse
aperafor, Crnal patency was established with 0 35-K size
file { Drentsply Maillefer). Endodontic instrumentation was
performed with a Gates Glidden drill no. 1 5o 4 {Dems-
ply-Maillefor, Tulse, USA) and dmizgetion with 2,5% so-
divm hypochlorite. Roots were dried with paper points
{ Dentsply Mailkefer) and then flled with gura percha #33
amd FF ponts {Dentsply-Maillefer, Tulsa, USA), cemen-
il with eugenol-free cement (Sealer 26 Demtsply Caulk,
Mallfisrd, USA) The apex and coronpry partion were pro-
teted from direct contact with mosstang with was and the
sumples svere stored 0 stenle satine at 37°C for one week.
~Post Space Preparation and Expenmenial Groups

The ool canals were preparcd with low-speed Largo
drill n® 2 to 4 (Dentsply Mailbetor, Tulsn, USA) with a
cursor positioned wt 100 mm and finished with the drill
corresponding to the White post T pin 00,5 (FGM,
Joinville, Santa Catareng, Brazil)l. Then the s canaly
were irmigated with saline, The drlls were replaced
every |0 preparitions, Aler removing the Alling mate-
rial, it wos obipdned o post space 1000 mm long uned 5.0
mirn shart of the ros apex.
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Afler post space preparation, roots were mandomly os-
signed to one of the five groups (n=11) according 1o the

Miffereel sllmwan wwtrgies == gl At posl Soen vk

resin cement used (Table 1), the GFP (White posts DC commendations | Table 2).

Talde 1: Compositim of the used muienals sccording o manufborers.

iy, 0.5 = FGM, Jomwville, Santa Caturma, Braal) were
placed in the roof conals aeconding to monufacherer's re-

{IM-ESFE*13I8200193)

Froduct ;
{ Manmisciurer! Lot #) Craganiiion
Fesin Ceiments
Binse paste: Silane-treated glass powder, Z-propenoie acid, 2-nuethd, L1-(F=(hydroxyme-
thyEl-1. 2 othanodiyl) esver, tricthylene dimethacrylnie glyool (TEG-DMA), silane inewed
RedyX L2000 with salane, plass e, sodium and -y per-3.35-rimethylheanseate, Coalyst pasie:

Silone-treated glass powder, dimethacrylate substitute, sélane tnesied silica, sedivm p-io-
loeresulfonnte, | benzylS-phenyl-baric acid, caleium salis, 1,12-dodecane dimethacrytate,
caleim hydroxide o ticaniam dioxide

RolyX ARC
(M-ESPES/ 135700841

BIS-GMA, TEGDMA, pigmenis, lerilary amine, beneoy| peroxide. Cantain Inorganic #p-
conia/silica parncles with 67.5% by weiphe ond sverage particle size of 1. 5um.

RelyX Ultimnte
{IM-ESPE* | 521600T12)

Base pasie: Silane-ineated, 2-propenode, 2-metbvl, 1101 (hvdroxymeibyd) -1,2-cthanodivl)
ester, products of the reaction with I-hydroxy 1, 3-propanoddylodimetbacrylale and phespiie-
rus gide, dimethserylome trigthylene glveol (TEG-DMA), silane treated with silane, ghiss
filser, sodium persulfie and -buryl per-3,3 3-trimethylbesanoae. Cotalyst pasie: Silane-
-trenteid ylnss powder, dimethnerylate substitate, silane treated with sitane, sodium p-tolue-
nesulfinate, | benaydi-phenyl harbituric acid, calemm sali, 1,12-dodecane dimeshacrylse,
caleium hydroside. 2-propienic acil, J-methyl - ([3-methooy propydy invine) di20 ethanedivi
escter and tinnium dioide.

All Cem
{ PG/ 1 1(:416)

Methnerylic monomers dsuch as TEGDM AL BsEMA, and BisGM AL compharguinons,
go-initingors, barmm alominum salicute glm micrrr[mﬂlul:l._ sificon dinxicle nommporticles,
Frigrn:rﬂ: inarganic and preservatives,

Bl Systems

Addper Single Bond 2
M-ESPEYTSI230191)

Bis-CivA, HEMA, diurethane dimsethacryloie, acid copoly mers pelyalkenaie, canphor
tpunneise, walet il ethuned, glycenal 1, 3 dimethacrylate, 10%, by welght of colloidal silica
{filber),

Single Bomd Universal
{IM-ESTE® 153160712}

Bis-CiMA, 2-hydronyethyl methacrylate, silane iresied with silase, alcohol ethyl, decame-

thyleme dimethacrylate, water, 1 10-decanediol phosphate methacrylale, nerylie copolymer

aind flaconie sickl, cumphorgiinoag, N N-dimethylbenzocaine, 2-dimethylaninoethyl me-
thaecry late, methy] cthyl ketone,

Ambar
{ O3 % 0416

Active Ingredéenss: MDF (10-Methacryloylosyidecyl dihydrogen phosphate) Methacrylic
Maonimers, Phatonitistors, Co-pitiators, aol stobifizer. Inactive Ingredivnie Iner Charge
{silbea naioparticles) and Velklche lethamol ).

1M — EST'E, Sewfehd, Oermmamy
*% UM, Samin Cataging, Brasil

Tahle 2 Applying procedures o the evahimed maierbs,

daroup Eiching System Randinmg System Light Curing

Ll Mhosplarke ookl | Single Bomd Adper 2 {3M-ESFE) - Apply vwo Inyers for 155, Light cune Fne 4005
3T npply for dry with mild air jet and absorbent paper and light cure for
158, wnsh with 10

Gz wemter for 056,60 [y versal Single Bond (3% ESPE) - Apply actively for 2, Lizhi cure for 405
dry of paper: mild air pet far S5, and lght cure for 1

Gi3 Ambar (FGMY - Apply for 155, avild air jed oir and Light Light cure for 40s

LT,
e = Universal Single Bond (38 ESPE) - .-'ﬁ,|1|1|!.- for 2=, mild air Lighi owre for 20s
Jet for 5e, and light cure fir | Os
GS - - Light eume for 408
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For ol roots a Cenimx syringe (needle-Tike tph wad used
s insert the cement mio the root canal followmng the
manofactirers’ recommendations, Before cementotion,
cuch GFP was cleaned with 70% aleohol, dried, und o
silane ngent (Angelus, Parandg, Brozil) was applicd ac-
conding to the manufeciurer’s instructions. [n all groups,
except for GF, the adbesives were applicd with an appli-
cator brush (Microaplicador KG Brush - KG SOREN-
SEMN, Breil), 1 ensure than the bonding agent pencira-
ted the entire root canal

The photsactivation procedures were performed with &
LED (Light Emitting Diode) device (Radin Cal - 5D,
Victorin, Australia) with o lght intensity of 1200mW/
em2, mensured by a mdlometer device (Hilux Ledmax,
serial M4D6I0Z2 - Benlioglu Demtal Ine., Anker, Tur-
key), and stnndardized ot all stages, During phdopoly-
marization, the corvical pormion of the roots recedved a
tayer of aluminum foil, leaving exposed only the dia-
mweter of the toath oot to simalate phatoactvation as i
oceurs n the ol eavity, The roets were then stored in
sterile saling i 37°C for one week,

Homeis wene sectioned perpendiculardy to therr long pxis
i shices of 1.0 mm i+ 0.2 mm) with a precision cutter
{Elsaw - S0 Carlos, So Paulo, Brozil) in the cervical
('), middle (M) and apical thirds {A}, 1o acquire sam-
ples for the BS wst push-out test and SEM annlysis. The
sample calculation, estimated at 32 specimens for each
resin cement, wis cirmied out with the G*Power program
version 3.1.9.2 considening an inmterval of confidence of
93% and 3% error,

<Pre-test Stricturil Analysis

T specimens (cervicn] and spicaly of one twoth from
ench group were used for annlysis in the high resolution
Teescan Mim 3 SEM (TECSCAN, Pennsylvani, UISA,
nominal resobution 50mm). To remove the dentimal slu-
dige penernted by friction of the dinmond dises in the
roots section procedure, the fragment destined for the
evaluation of the hvbrid layer wos subjecied to ctching
with 37 phosphoric acid for 30 seconds, washing, dr-
ying, and deproteinization of the dentin with 2.5% so-
disem lypochlorite for 2 minutes, This procedure wis fo-
Henwed by ultrasomic cheaning for 10 minutes o remove
possible debns from the surface of the samples.

The spmples wene dehyidrated by immersion i ascen-
ding degrees of aeetone: 305 {10 min, 3; S0% | 1 min, §;
TO%% (200 minp; 90%% (20 min) and 100% (30 min). Af-
ter delydmiion. the specimens were subjected o o dr-
ying process 1o evaporate all the solvent in a hothoase
fior 24 hasurs and kept in a-silica gel desiceator with blue
indlicator,

Affier deviig, the specimens wire msoamted on o metallic
stub, @ silver paint wias appliced 1o e side of the samples
by imprerve glectron beam comduction, and then the spe-
cimens were sputter comted with gobd {Desk 11 - Denion
Wicuuim, Moorestown, Mova Jersey b with a current of 40
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miA aned a coverage tme of 90 seconds for observation in
the high-resolution SEM through the capture of secon-
dary electrons.

For qualitative pssessment of the adhesive interface and
the hybrid loyer through SEM, the following mspects
were observied: a) uniformity of the lybnd loyer along
the enting length of the adhesive imterface in the roo
thircls ancl absence of cracks and bubbles; by presence of
cracks in the interface: bitween the postand the cement;
insade the cement layer; between the cement and the ad-
hesive laver: inside the adhesive layer; and between the
adbesive lnyer and dentin,

-Push-oul Bonding Strength Test

The eentral slices of each third were considered for the
test Measurements; in millimetres, of the height (h) of
the root conal of ench scgment, and measurements of the
cervical dinmeter (R % 2) and the apical diameter {r x
2} were obtained with the sid of o digital ealiper (LEE
TOOLS, Orawa, Canasta). With these mersurements,
the bonding sorfoce aren (A) was ealculated using the
formmiiba of a coneal Frustum, (Fig. 13: (12),

A= iR+ rWIR+ ) +/t
Fig. 1! Formeila.

It the formula “=2™ it represents the constant 3_1416; *R
s the lorgest rsfios i the cervical portion of the sample;
' the smallest rdins of the root canal in the apical peor-
tion: ‘h" s the thickness of the sample.

The specimiens were submitted 1o the push-out extrusion
compression test inoa universal EMIC testing machine
{580 Jos¢ dos Pinhais, Parma, Brazil). A compressive
load {2.00kg ) wos applied using o cylindrical diameter
plunger {1 imm) ot & constant-speed of 0.5 mm‘min in
an apical coronal directeon until the post was dislodged.
The plunger was placed at the centre of each sample, di-
rectly in contact with the post fiber. Push-oul bond stren-
wihs (MPaj were caleulaied for each specimen from the
maximum fofee required o dislodge the post Trom the
bomading surface aren (A),

“Characterzation of the type of folure through SEM
All samples were evalunted with a low reselution scumn-
ning electron micmscape (TM 1000 HITACHL S3o0
Puale, Brazil), Represeniative aress were photorraphed
at BOX and 120X magnification (nominal resolution
Jinm). The images were evalusted by an experienced
operator, which was blinded tothe experimental groups.
To evaluate the type of failure, ihe following classifica-
fion was adopred: |, Adhesive Falune in the dentin-ce-
ment interfice; 2. Adhesive failure iy the cement-post
imterfisce; 3. Cobesive failure mcement; 4. Cobesive
post fallure; 5, Cobesive Milure in dentin: 6, Mixed fal-
lure {when co-existmg m the same specimen, adhesive
and cohesive (milure of oy type),
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~Stufisticn] Anabysis

Deata were submitted 1o stiatistical mmalysis, all tests were
applied considering an error of 5% and the confidence
interval of 95%, and the mmalyzes were carmed oul using
Statistical Package for the Social Sciences -5F8S ( [BM
sofiware version 23.0 (SPSS Inc. Chicago, IL, UISA)
For the bond sirength data, the means and standard de-
vititions were calculsted. The normality of the daim was
verified using the Shapiro-Wilk tess, The groups were
l,'m:npan‘d usIng the ANOVA test with Tambane sl
hoe for comparison bétween ceiments and Bonferron
for ceanparison between root thirds, To determine the
statishical significance of the types of adhesive failures.
Fisher's exact fest was performed

Results
The megepasenl averages {MPa) of the BS of each ex-
penmentn] group per thied are shown in Table 3. In the
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comparison belween the groups, the highest BS avera-
pes were lound m G2 and 3, However, in the maddle
and apical thicds, (G} showed resulis statistically similar
1o (34 and G- In the cervical and middie thirds, G1 was
statistically similar to G4 and G5, In the comparizon
between the msot thirds, higher values of adhesion were
observed in the apical third for the groups G2 (13,79
MPa), G1013.49 MPa) and G ¢ 10,72 MPa). According
1o the Bonferroni mulliple comparison test in e coampa-
rison between the thirds of the roots, within each cement
proup, sigmifican differences were observed between
the wpical third and the other taa thinds of the roods in
the (31 and G4 groups, and between the thinds of the
cervical ond aplenl roots in (3

The SEM findings showed that three of the six types of

frilure adoped for this stdy were recorded: adhesive
fuilure af the dentin-cement interfice, cohesive failure
im dentin and miced failure (Fig, 2. However, due to the

Table %; Mesn | MPa) e stapdard devnation (335 of the bonil stremgth through posh-out 1est aecording

W i ivpe of @ il roand thiml

Group Cervical Third Middle Third Apleal Third -value!
4l A1ER § 1RO 447 (1.70p 13,49 (4.90"™ = 0aae
G2 401 (4.279 05 188y PX M (5 HAY = T
(il TEIOTH 531 2310 1072 (8™ o = DT
i 340 {1 3The 1A (162 TIR (2.5~ p = 0003
G35 LAT (L1 402 (.09 446 221 =0T
prvalue? pre(LIKH*® flge At oo

I ANERYA Bl Tk e imeasirie winl Bl
distinei i there are
I ANOVA fesi with
can] difTeresges hetaden 1he fofresgn
3. Signaficam difference & the lovel of 507

ikl coinparmons All e nigd capiial lgmes an
ificant differences between the corresponding groaps.

pmbane comparisons, Al superscrpl lowercase Ietters are disimet if there ane
i i

Fha: T Mhosomssengraphe obiaised by Koo-pe il SENE 1echnigue, chnrsetesiging che types of Tnibare, (A ) Adhgsog Fuluse in
the dentin-cement interface - errow 1, (1) Adhesive Bulure in the cemenl-post interfce - srnowe 10 Cobeseve fallure in resis
cxmmend - ame 1, [ D Cohesive post faklure - gomow 4 (E) Cobesive Baibere @ dentin - arrow 5 (F) Mixed failise - combrnation

| Blie waane apedsmen, mdhesbve end coheaive Tuibare of soy 1ype
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oceurrence of only five cises of cohesive Fankure in deri-
tin among the sumples, it was excluded from the stitis-
tical analyses. Tuble 4 shows the frequencics mmd amaly-
sis of the types of fmilure by group for each oot third.
Mixed foilure wus more froguent than dennin-cement
ncdhesive faihure in all the root thinds, with perceniages
rnging from 662 {cervical) o 81 2% (apical), however,
withast sigmificant differences (p (L03) between groups
fiar each root thind,

The plhisomicrographs repoesemtative of the marphelo-
gicnl patters of the desitin-coment-post interfoce of the
proups studied are shwn in figure 3. In images A and 13,
comespomding o G, it is possible to observe the most
regulir cemeni-dentin mterface in the cervieal third. [ma-
pes Cand D {G2) showed cement-dentin inserfices with
o clear hybrid layer, with the presence of resinows tags n
the two thirds unalysed. In the E {G3) image, there is also
o chear hvbrid loyer with the fonmation of resinons cxten-
sicns; however, in e apical thind, there s 2 gap between
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adbesive and dentin (F), In the other grompe, (4 and (55,
although there is a pood interaction between cement and
dentin, there i= an absence of resinous tags.

[hiscussion

According to the results oblamed, the null bypothesis
was rejected sinee there was influence of the type of ce-
meil atwd the ool depth on the bond strength of gliss
faber post fx dentin

GFP technology extended the bemefils of adhesive te-
chibgues fe the rehabilitmtion of endodontically treated
teeth, which favoured a significant reduction n root
fractures, altowed better use of the dental remnant and
restored topth finction with pood acsthetic resalts {13),
Howewver, catnblishing an effective adbhesion within the
oot cnnal s stll o clinical challenge, sinee it s directly
reluted to the guolity of the interaction between the -
ting agent ond dentin { 14 ). Some fctars such as dentin
mowrphasloy, characteristics of the adlesive system, resin

Table 4- Froguescres of Gilure type according bo roat third and comens,

Liroup Type of Failure
Hsind Aulhesive Mined Tintal evilue
Third Dentin-Cemen
(%) o (%) n{"
Cervical
Gl 3 300p T TR0 o' { ooy p= 0288
G2 5 (5.5} & [Sd5) B (16NN
[ 5 (300 5 (300 ([ NELT]
G4 L{354) T (R34 LLRRLIER
GS (RUEAY] 10 {%40,5) IL 100
Final sample of Cervical 1hinl 18 734.0) 15 (0,01} 3310
Middie
Gl 5(455) o [ ShE) LI RLET] p=iee7?
G2 2 (20 # (R, 1x) J{EM R}
3 330,00y LRELHAT L1 1
G 2(IR2) 9 (E1_H) 11100y
Gs (30,1 T (7000 1| 1K
Final samphe of the middbe third I3 (24.8) F{TLY 521 W
Apieal
(9] I {125) TIRT5) R (111} pr=luhdT
G2 [LEAN] 16 (LS L1 (0T
G3 1L HIBES & (1ieR)
Gid ¥ (30,00 T (T AL
LEL] 3 (0.0 T ULy LLERTL ]
Fimal sasoplbe of apecal thind Qi IEH) e ELT) A% { 1y

1, Flsher™s gxoct ici
*n=81 due 10 fos of specimen afier mochanscal besi

Lo
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Flg. X Charncterization of the comentidestin intecfuce in SEM. The first line shows images of the tooth/cement iolerface a the
cervigal thind of tha root. The socond o nepr sl (b imsgoe im e apical thinl. Bach ol nepessents (i siffonmt Gypars of
ceents fested. The symbals (mdicase (o) lybesd lover, (4 seakn umgs and | B gaps, vespeciiely,

coment and its cure inside the ot canal, can interfere
thi< tteeaction -"!"“"E the psod canal walls, |||TI.."I."|.i!I*I, sl
retentron atd causing i1s early displacement 14,15}
The highest values of BS were observed in the apical
third of the rood canls in seeerdinee with a previous fin-
ding (7). These resulis mny be associated with the lower
degree of polymeric conversion or the slower polymeri-
zation of dual cements im the wpical third, which can lead
to bess contruction stress and reduced effocts of © foctors
(1), The type of post wsed is also on important factor,
while once the intrardicular preparntion is finished
with a dnll eomesponding 10 the diameter of the post,
the thaickness of the cementanon line decreases in the
third apical, therefire the resistance 1o friction 10 post
displacement inereases {12, The role of the thickness of
the cementstion line oo the BS of GFF i3 quite refevani
ond due 1o this foct. some studies suppested the use of
mmatormical posts or the sssocmtion of multiple GFP to
improve the BS in the cervical thard where the cementa-
tion line tends 1o be thicker {1 T

It was observed a good performance of convendional
dual resin cements (G, G2 and G3) that obtained high
valaes of BS, which is probably related w the dentin de-
mineralization pattem produced by phosphone acid and,
5r|1|.|||'|:':|h.'nl;|}|1:_.', better bond infilraton on dentin (1 8),
l'|lu:l|nr|1i|:r|.||§|—.||1|'|su altarned In- livw-resilution  SEM
(Fig. 2) reinforee this hypothesas, as, {or these cements,
expecially the RelvX Ultimmle Conventionnl, o mone
unifirm hybeid laver amd more regalar dentin - cement -
post interfaces were ubserved

The RelyX Ultimate resin cement showed a different
behavioar when wsed in different protocols. Although
the manufsciurer indicates its use under conventional
or self-eiching technigues, the result of the Single Bond

Lo

Universal adhesive system (self-etchy when used wi-
tiieet the wse of phosphoric acid, in this work, revealed
the lowest retention values, The SEM images revesbed
ahsenee of resinous ngs at the dentm-mdhesive inerfa-
ce of this sysiem, in accordance with previous literatu-
re fineding (15), These findings may be associated with
the ultramild scidity of the odhesive system (pH=2.7),
which can affect its internction with the thick smear la-
yer and does not result in an authentic hybrid layer (200,
Furthermore, the high viscosity of the self-ctching ce-
mant can abso affect the fow and wettability of the oot
dentin substrate { 1H,21). However, RelyX Ultimate (Gd)
showed BS voloes simalor 1w ARC (G in all root thinds,
The selvents Tound i adbesives also play an ioyportant
r||||.' iy INOnoOemer III'||'II'|=!|'|I.I.1|I.II:|. ks :I1I,.'!|-' can T|,.'|‘,|.1I.I;.'I." r|1l,!
viscosily of the material and thcreass the mie of repla-
cement of water, thus facilitating the displacement of
waler within the deminerolized collogen fibnls (22-24).
Although the adbhesives tested have ethonal ps solvent
{Adper Smige Bond Z'Relyx ARC: Single Bond Univer-
sal’ RelyX Ultimote Conventional and Ambar/A1 Cem)
different behaviours were observied. The presence of es-
ters derived from methacrylic acid in the composition of
the Smghe Bl 2 and Single Bond Universal mihesives
could |,:.\Fr|||.i|| the hener rr|,.'rr'|.1r.|l1|.|||¢|.: ol these materials,
Thede eslers, dise i their ql:iqlhl\-. wolld act & cubsirate
surface recomditioners, mproving the performance of
adhesives (22). Each system contains o specific functio-
nal monomer that determines, among other properties,
its retention power. The presence of the 10-MDP fune-
tiomal monamer { [0-methacryloyloxidecy]  hydrogen
phiosphate) in the adhesives Single Bond Universal and
Ambne, may explain is good performance, becawse, due
to s mild conditioning potential, it would also preserve
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the hydrosyapatile, serving as i receplor for sdditional
chemienl adhesion thus making the bond more stable
even in agquesus mediom (200

The results obtnined for G2 amd G3 may have been in-
Aucnced by the composition of the respective adhesive
systems. In wddition o the incorporation of 10-8DP, us
already described, G presents o silane agent What also
comtributes 10 the high values of BS. Silane is o che-
micul bonding agent, its charncleristics being (he ability
i copolymense with monomers present in resin cement
{25}, Furthermore, the cemen contaims in it formula-
tHiom m late curing: setrvator for the single bond universal
adhesive, which shows betier perfommance when used
together, as recommended by the manufaeturer.

The similarity between the BS means between the
self~adhesive coments and the others reveals that the sci-
die claracteristics of this cement afier mixing were su-
flicient o sansfactorily demineralize the dentin. Althou-
gh shwdies report that sell-adhesive cement interacts only
superficially with dental sirectures; { 149,26, ps found 1n
the SEM biages of the present study, this anleractiodn
wits shown to be mhequute for satisfactory adbherence, -
ghlighting the clinical sigmificonce of the technical sim-
plification represented by this material (3,11.24),
Begarding the type of fiilure, there wis no siatistically
significant differences between coment groups nnd thirds.
The most frequent failures after extrusion lests were
muixed failures represented by the associonon of adhesive
and cohgsive Bailure, sccording e a previous fnding in the
literature, {27) The failuse padtern observed m this stusdy
is consistent with the results of the mechumcal test, the
remter the resistance of the specimen o post=dislocation,
the preater the possibility of erack genertion, moinky i
dentin and cement. In disagreement with previons reports
that identified the adbesive fmbure m the cement-dentin
interface as the main fiilure type (28).

The uwse of lw-resolution SEM was quite adeguate for
the study of failures, as the resolution (300nm} is su-
fficient, and sample preparaion in this case is pob ne-
cessary, that is, there is no need for metalliation. In
adiditbon, due 1o the low vacuum ased in the equipment
(compared to the high-resolution - SEM), whose svs-
tem ean be opened and closed mo5 minutes, the image
iz obtained much Gaster, wsually 5-10 min for every 3
samples. Therefore, the mmages sne selecled amd saved
immediately.

Tor obtwin o proper sdhesion between dentin and resinous
materinl, & thorough exccution of the GFP comentation
is pecessary. Mot only s the g agent imporng, b
ol therapeutic care, since planning, can interfere with the
suecess of rehabilitation with isirarsdicular retention.

Conclusions
The sell-eiching (G4) and self-adhesive (G5} resin ce-
fents comparndd bo conventional resin cements (G, G2

L]

1Tutmbt wifrrres sprasgees vo glaes B prs e

and Gi3) showed similar results of immedhote BS for ce-
menting GFP. Conventional resin cements presented a
more uniform hybrd layer with o greaster number of re-
sin taps compared to self-ctching and self-ndhesive resin
cements. There was predominance of mixed type fixiluno
afier push-out tesis for all fested muterials. Achieving
the highest BS values between cement and GFP depends
o the selection of mutenials and their imeraction,
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Abstract These is already a socletal awareness of the growing impact of nanosclence and nanotechnol-
ogy, with nanommaterials (with ab beast one dimenshon less than 100 nm) now incorporated in iems as
diverse as mobile phiones, cdothes or dentifrices, 1n the healthear: area, nanoparticles of blocompalible
maderials have already been used for cancer reatment or biodmaging enbancement. Manobechnology
it dentstry, of nanodentistey, has already found some developments in dental nencmaterials bor
caries management, restorative dentistry and orthodontic adhesives. In this review, we prsent
state-od-the-art scientific development i oancdentistry with an emphasiz on bwo mmaging technigues
expliiting nanomaterials: optical coherence tomography (C0CT) and photoacoustic imaging (PATL
Examphes will be given using OCT with nanomateriaks to enhance the acquinsd imaging, acting as
nptical chearing agents for OCT, A novel application of godd nanoparticles and nanomds for imaging
enbancement of incipient occhasal carics wsing OCT will be deseribed. Additionally, we will highlight
hoaw the OCT technigque can be properly managed to provide imaging with spatial resolution down
t0 1 s=100's nm nesolution, For PAT we will describe how new nanoparticles, namely TiN, propared
by femtosecond laser ablation, can be wsed in nanodentistry and will show photoacoustic micriscopy
and tomaegraphy images for such exogenows agents,

Keywords: nanomaterial; nanodentisiry; optical coberence tomography; photoacoustic imaging

1. Introduction

Manoscience and nanotechnology, which deals with science and technology at the
nancacale, have developed in such a way that it has aleeady been used in several areas of
knowledge, with social applications and economic impact [1]. From the Intemet of Nano
Things [2] to health benefits [3], exploiting the nanoworld has made a big impact. This is
no different in dentistry, although stll in its infancy with respect to other sreas of health-
care [4]. The authors of ref. [5] provided & good and updated account of nanomaterials in a
diversity of dentistry applications. Among those, dental materials bave received increasing
attention [&], dental nanomaterials for caries management [7], restorative dentistry [4] and
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arthodontic adhesives [4], Additionally, another importance to nanodentistry is silver
napoparticles, due to their antibactericidal properties [ 10], Nanomatenals can be prepared,
grown of synthesized using bottom-up or top town technigues, and refs. [5,11] brings
an updated moview highlighting recent developments regarding therapeatic applications
of nanomaterials in dentistry, including chemistry, synthesis, properties and benefits of
therapeutic nanomaterials over conventional materials,

From the point of view of imaging techniques, nanomatenials of different materials
and shapes have already played an important role, as reviewed in [12]. Within the scope of
this review, we will describe how nanomaterials have beenexploited with optical coherence
tomography (OCT) and photoacoustic imaging (PAT), in two medalities: photoacoustic
microscopy (PAM) and photoacoustic tomography {(PAT). We anticipate that both OCT
and P4l are well-known and established imaging methods, as will be described in mome
detail In Section 3, As a common feature fo both, a light source is wssd to illuminate (or
excite) the sample, whereas the detection in the OCT is also in the optical regime, and
the PAL detection is in the acoustic regime. Two important features are penetration depth
and spatial resalistion. For OCT, the penetration depth is lmited by the absorption and
scattering to a few millimeters, whereas for PAL it can achieve a centimeter range, thanks
o acoustic wave propagation, Furthermore, spatial resalution, which means how small
can one reselve the spatial features in the sample, can be measured in submicrometers in
both methods. For (T, this spatial resolution is determined in the axial direction by the
optical source band width, amd the lateral resolubion by the optics employed. In PAL this is
given by a combination of the incident optical geometry and acoustic detector bandwidth.
Therefore, to overcome some of these issues, a combination of OCT+PAL operating in a
multimadal fashion has been reported, which ovescomes the penctration depth-resolubon
duality. Moticeable is that because the PAL detection is in the acoustic regime, a single
detector can be used atany optically excited range, and this is a great advantage. This paper
highlights to thee readers the combination of the o imaging technigques, their application
in nanodentistry which is related to the dental application in the nanoscale regime; and
i= organized as follows: In Section 2, we briefly give a background account on the field of
nanpdentistry, highlighting nanofabrication methods. In Section 3 and its subsections, we
start with & general view on imaging technigues, and then describe imaging by OCT, from
the basics to applications in nanodentistry, Further, we describe imaging by photoacoustics,
with basic insights and imaging by PAM and PAT with Ti nanoparticles. In Section 4, we
draw some conclusions and provide an outhook.

As a diselaimer, we point out that this is not a broad and deep literatore review, but
rather a review of some aspects of two imaging techniques (OCT and PAT) applied to
nanodentistry, with literature and our own laboratory results,

2. Manodentistry

MNanodentistry deals mainly with nancbiomaterials applied to dentistry and is a
growing field of research with high potential for clinical translation [4,5,13-14]. It is.a term
also emiployed when characterization lechnigques in the nanoscale regime are employed
tor demtal materials and tissues, The so-called dental namobiomaterials are fabricated
by well-developed nanofabrication processes (see more details inoref. [15]), Naturally
occurring nanostruckuees, particularly nanchiostructires present in biotissues, ane subject
to intense attention from researchiers worldwide, not only for imaging but also for seeing
therse nanostructures in site and working i cut of the scope of this article.

Manofabrication processes are generally classified by two approaches: the top-dosm
and the bottom-up. As the terms indicate, the former means that, by starting from bulk
materials, nanosised structunes are formesd, Conversely, starting with atoms or moleculbes,
nanoatructures can be formed. Figure | shows examples of top-down and bottom-up routes,
indicating some of the techniques that have been used to achieve nanostruchures, From an
ecanomic point of view, the bottom-up approach s cheaper than the top-down,
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Figure 1. Top-down and bottom-up approaches ured n nanofabrication.

As a result of the growth and development of the nanofabrication processes, it is
possible powadays to have access to organic or inorganic nanostructures, which can be
dielectric, such as TiCk or rare-earth-doped materials, semicondecting, as Zn0, or metallic
nanoparticles, as Au or Ag, and of different structures and shapes, such as nanoparticles,
nanashells or nancrods, dimensions, and so on,. These make the physical properties of
these nanomaterials very morphology dependent.

Figure 2 shows examples of organic and morganic nanomaterials, with typical shapis
widely explodbed in nanoscience and manoechnology,
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3. OCT and PAl Imaging Techniques

Diagnostica by medical imaging is one of the mest prominent diagnosing technigques
for pathologies due to some of their unique advantages: noninvasiveness, the amplitade
af penetration depth and spabial resolution (depending upon the technigue eovployed),
roal-time assessment and, nowadays, using artificial intelligence methods [20]. Besides
exploiting the mternet-of-things associated with 5 or the arriving 60, this technology pro-
miotes online acciss for specialists anyvtime, anyvwherne [21]. Among the myrad of methods,
this review focuses on two complementary and already well-known binimaging techniques:
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optical coherenoe tomography (OCT) [22] and photoacoustic imaging (PAT | 23], focusing
on nancdentistry, As already menbioned, in common, these two methods use optical excita-
tion sources, and differ in the detection method, with OCT keeping an all-optical setup,
whereas Al uses acoustic detection. In Figure 3, a comparison of three key factors—spatial
reanlution, penetration depth, and imaging speed—which are characteristics of imaging
techniques, were compiled by £hu and co-workers in the context of neurcimaging |24] but
applies well to other medical imaging applications, In the X-axis, the penetration depth
for each technigue indicated is shown, which for OCT depends upon the absorption and
scattering coefficients (which, when combined, gives the tissue extinction coefficient). Note
the typical 1-3 mm penetration depth for OCT, and Tmm to several cms for PAL with
an :weﬂap region in the mm spatial regime. The Y-axis gives the spatial resolution {see
Section 1.1}, mainly given by the axial resolution. For OCT, it is the inverse of the source
bandwidth which determines the axial reselution, such as those arizing Fermtosecond laser
sources of superluminescent diodes, or even from a swepl-source with a narrow line laser.
Por OCT, as seen in the Yeaxis of the figure, sub-micron spatial resolution can be achieved.
Thes transverse reselution (see Section 3, 1) is given by the optics emploved—normally micro-
scope objectives. On the other hand, the spatial (axial} resolution for PAT is lower than for
OCT, although nowadays it can also o into the submicromiter regime (see Section 3.4 for
details and references), The image speed on the righi-hand side includes the computational
process, For OCT, its order of magnitude varies if one considers an A, B or C-scan. For
PAI, the overall image procedure is displivyed on the screen for analysis, This ilustrative
Figure 3 shows (a) how fast OCT response i compared to PAL (b) the penetration depth
for both methods: and (¢} the higher spatial resolution of OCT compared to PAL at the
expense of penetration depth, By combining bath techmigues for a given samplie and negion
of interest, it may be very feasible to extend the spatial resolution range by about a factor of
10606} and penetration depth by a factor of 100, All the above features are valid for biclogical
tisstes, but can also be emploved for nonbiological tissues, as long as thene is absorption in
the region of interest of the sample.

Imaging speed

Minute

Second
Millisecond
Microsecond
1w 10’ 10 i 10" 10"

Penetration depth (mm)

Figure 3. Comparisons of the peneteation depth, spatial resclution and image speed among vanious
technlgues for neurdmaging. including magnetic resenance imaging (MRI), computed tomography
(CT); pocitron emisskon tomography (PET), ultrasound imaging (US), optical coherence tomography
(OCT), photeacoustae imaging (PATL Auorescence microscopy {(FM), near-infrared spectral imaging
(MIRS), and laser speckle imaging [LS51), Reprinted with permissien from ref. [24],
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OCT exploits the broad spectral width of a low coherence optical source, in combi-
nation with a Michelson-type interfernmeter, to retrieve high resolution {submicrometer)
images with low penetration depth (few mm), relying on the interference between the
backscattered light from tissue and the reflected beam from the reference arm. The OCT
technique was pioneered in 1991 when Huang and co-workers first described a tomo-
graphic image of the eye retina [25], Since then, scientific and technological divelopments
im the OCT technigque evolved exponentially, and the reader is referred to the authoritative
book by Fujimoto and Drexler [26]. Instead of giving an extensive list of references in
OCT and its diversity of applications in masdical and non-medical arees, the reader is also
referred to the public webpage wwwicimews org, a trusted and always updated webpage
for OCT developments.

Conceptually, OCT is a very simple methodd (see Figune 4A): a spectrally broadband
aptical beam, which can be generated by coherent or incoherent sources and travels through
a Michelson-interferometer, with the beam being split to the reference arm and the other
arm which has the sample under study, When ultrashort Fourer transformed Hmited
pulses are emplioyed, they are not chirped. Otherwise, the optical sources emploved are
chirped, The reflected light from the surface and inner parts {including scattered light)
of the bislogical samples thus interferes with the light retuened from the reference arm,
providing an interference pattern that carries the image information. The spatial resolution,
Figure 46, i= provided in two directions: the axial resolution of the system is determined
by the optical source and is inversely proportional to its bandwidth. The lateral resolution
depends on the employed focusing optics, either lenses or microscope objectives. A very
impartant point is the role of absorption and scattering, For this reason, an OCT system
performs better in the B00 nm—1300 nm spectral window, also known as the NIR-1or NIR-T1
window [27], Below B0 nm (towards the visible) absorption may hinder light penetration,
and therefore working in the NIR-T and NIR-1 allows desper penetration, Furthermaorns,
tissue scattering, is also reduced as the light wavelength increases from the visibie to the
MIE, which is another advantage. The pioneer OCT systems operated in the so-called
temporal or time-domain OCT (TD-0CT), but the echnological development led to the
exploitation of Fourier-domain methods, which can be spectral-domain OCT (SD-0CT)
and swept-sounce OCT (S50CT), Figure 4, adapted from ref, [22], depicts the diffegent
experimental schemes for those systems, indicating the detection systems (photodetector
or CCD array), axial and lateral image resolution and depth of field {which depends upon
souroe bandwidth and optics), In the SD2OCT, because the spectrum of the beamn after
interference is obtained by the spectrometer, rather than by a single detector as in the
S5-0CT, the nomenclature is slightly different in Figure 44, although both are optical
dedectors.

Figure . (A} Key concepts of OCT, including TD-0CT, SD-0CT, and S5-0CT detection: (B) Axial
and lateral image resclution and depth of feld; Adapted with permissaon from ref. [Z2].
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The results obtained by OCT can be displayed by the so-called A-scan, whereby a
single depth profile is shown (without lateral displacerment of the beam); B-scan, whersby
the beam is laterally displaced and the collected data is composed of a set of 20 frames and
finally, the C-sean, which provides a 30 image by acquiring a volume dataset of B-scans.
Figure 5 shonws diagrammahically each scheme, applied to OCT in the eve as an example.
For further details and alternative schemes for OCT, the reader should consult ref, [26].

A-San B-Scam C-5canm (Volume)
irgiiucinal wan = Engls LongRudira + Lalerat scam A0 Cufisast = Lumgitesinal =
dwprih probbe comyinl ol 20 Latiral siarm

Vet reflerlines

Figure 5. Dlagram showing the A-scan, B-scan and C-scan obtained from the OCT method.

32 0CT in Nﬁrmdfmj'ﬁiry.' Imizge Enturncenrent weitly Gold Mﬂm.'-mr!irﬂs

The applications of OCT in dentistry have been reviewed on a number of occa-
o [25-30], O group in Brazil has employed OCT for dental apphications in the aneas
of carinlogy, endodontics, periodontology, acsthetics and dental materials, as exemplified
by refs. [31-41], OCT in nanodentistry can be seen from two perspectives: (a) the OCT
technigue aperates such as to improve the sensitivity or detect i the nanometes regime
ar (b} the OCT technigque can be emploved to study nanastructures in dental materials or
dental tissues (hard or soft).

From the first perspective, we call the readers s aitention to the work of bMartin Leahy's
group [42—44] and the work of |, Yi and co-workers [45]. In [42—4], a technigque called
nanosensitive OCT (nsOCT) was developed and demonstrated, which expioits proper
manipulation of the micrometer resolution data from Fourter-domain OCT to resolve
the images in the nanoscale (10's nm) regime and was recently applied to assess wound
healing within the cornea [44], Further, 1. Yi and co-workers developed o so-called inverse
spectroscopic OCT (ISOCT), which, upon quantification of the wavelength-dependent
backscattering coefficient p(A) and the scattering coefficient (), quantify the mass-density
correlation function to schieve detectable structural changes ranging from =340 o -450 nm.
The authors validated their findings by mumerical simulations, tssue phantom studies,
and exsvivo celon tissue measurements, which were cross-validated by scanning electron
microscopy. For further details of both methods, the readers should assess the glven
references,

From the second perspective, OCT can be employed to assess nanostructures within
the sample. We give some examples from our own group, whereby a commercially available
OCT system was employed. In reference [46], within an international collaborative work, a
pioreer application of OCT in nanodentistry was reparted, whereby gold nanoparticles
(AUNP) were formed in situ and immediately used as a contrast agent for dental OCT. This
development was essential to imaging the desired region. Figure fa shows an artistic view
of a tooth structure, highlighting the dentinal tubules.
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'ﬁg‘uw B {a) Artistic n"n.r_iu,mng_r-r dentinal tuboles and its comnection o thse ]:!ulp; (b !'iths four thae
in situ p,u!d n:lru:rp.rrﬂr!o pn']'l.'l.mti.qm; {c} SEM imagus of dentinal tubules, showing thie g\q‘uld M
{d} OCT image of the dentinal tubules, only possible due to the presence of gold NP Figures. (b-d)
reprinted with permission from [46].

I perform the work, an innevative in sita photothermal reduction procedure was
developed and implemented, which allowed the production of spherical AuNT inside
dentinal layers and tubules. A three-step procedure was performed: First, gold ions were
dispersed in the primer of a commercially available dental bonding systemn, Secondly, the
modified adhesive system was applied bo the dentin, and the dental bonding materials werg
photopolymerized using a commercially available photopolymerizer, simultaneously with
the: formation of AulNT, as shown in Figure 6b, The presence of AuNT was confirmesd by
scanning electron microscopy in the hybrid layver and dentinal fubules, as seen in Figure fc.
The diameter of the AuNIP was determined to be in the range of 40 to 120 nm, while it
1= krwown that the dentin fubule’s diameters !;\ng\{-l.! Frowm SO0—4000 rmy |’igun' i shows
the OCT images of the samples with and without AuNE The ultra-intense regions of
OCT images show highly scattering portions and high levels of direct light backscatter,
due to the presence of AuNTF within the imaged volume, This information is displayed
in false colors in Figure 6d: warm colors for higher and cool colors for lower scattering
intensitics, respectively. Without AuNE the image is not shown since it cannat be mesolved,
In comparison, as indicated by the arrows In Figure 6d, the tubules become detectable and
easily visible with the presence of the AuME, acting as contrast agents to enhance the OCT
image. Further details can be appreciated in ref, [40]

3.3 OCT i Nanogentisiry: Association of AulNF amd AuNK o5 Contrast Agents for Inaging
Esthandenient

As anther nanodentistry application, our group has exploted silver and gold nanos-
tructures as optical clearing agents (CKA), or contrast agents, as enhancers to improve
caries diagnostic by optical coherence tomography. Silver nanoparticles are well-known
as bipcompatible and antibactericidal agents, already employed in nanodenlisiry [47-50].
Manethebess, the role of optical clearing agents in biotissue imaging is a very active subject,
which found its way after Tuchin and co-workers [51], as recently reviewed inoref. [52], A
handbeok on the subject covers a highly updated acoount of this field [53]. The final action
of optical clearing agents is to provide deeper penetration depth for imaging and other
healthcare purposes. As pointed out in [47-52], the phvsical process of optical clearing
comsists of the immersion/ permeabilization of biocompatible chemical substances in bio-
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loggical tissues. Due fo a series of effects of these substances on the biosample, such as the
compatibility of refractive indices, cell dehydrabon and the increase of collagen solubility
arising from csmotic properties of the OCA, the optical clearing effect ocours. OCA using
biocompatible chemical substances have been used in skin, bone, cartilage, luminal organs
angd other connective tissues (see [52,55] and refs therein). There s a vast literature on
O As assocated with OCT applied to the skin [54]. malecular diffusion in tissue [35],
the role of glucose concentration [56] and: articular cartilage in subchondral bone [57].
With similar aiming of enhancing imaging in OCT systems, nanomaterials—particularly
geld nanoparticles, nanoprisms and nanorods, besides Ti0p nanoparticles—have been
explotted as contrast agents in cardiovascular OCT maging [58], anglography [59], breast
carcinoma [60], as well as phantoms [61]. OCA also plays an important role in dentistry
When analyzing a tooth surface with the OCT device, the presence of caries lesions typically
promotes a large inciease in light scattering due o demineralization, therefore limiting
the light penetration, and reducing the OCT signal before it even reaches the dentin-
ename] junction [62], In this way, OCA may provide deeper penetration and improve
OCT image quality in situ, whereas an agent that modifies the diffusion properties of o
sample may improve the image contrast. The use of nanoparticles as contrast agents in
dentistry was already mentioned in this review [46]. More recently; silver nanopartiches
(AENT in aqueous solubion and diluted in glyceral have been exploited as OCA for a
diagnostic of occlusal incipient caries lesions through OCT imaging, based on the changes
in emarme] birefringence and highlighting demineralized areas [£7]. Asa conclusion of
ref. [47], OCA with AgNP evidenced the enamel birefringence and demarcated initial
demineralization areas, presenting images with defined margins, a higher contrast bebwesn
sound and demineralized regions, with higher OCT signal intensity in such areas, Asa
follow up of that work, and in order to give some more technical details, we added (o
this review further results using gold nancoparticles and nanorods, a bicompatible noble
metal, as OC A in dentistry, whose compliste account can be found elsewhere (Gisele C
Cruz, M5 Thesis, "Use of gold nanostructures as optical compensation agents for in-
cipient caries analysis with optical coherenee tomography” available in Portuguoese at
l'l!1|H: ) ,."n-iuﬁ's!nl'lq|.|_||:F1L'.hr Hhandle /1258789 /517940, pogessed on 9 Iﬂl'l'l-'llﬂl"!f' Em}

The experiments were carried out with ten extracted permanent molars with incip-
ient caries lestons that were obtained from a teeth bank (Centro Universitino Tabasa de
Almeida (ASCES-UMNITA), Caruaru, Pernambuco, Brazil) which, after being divided into
groups, were investigated for contrast enhancement by the alterations of the light extinction
coefficient with OCT. Group (G1) was the control, whereas ather groups wene observed
using the following components: glycerol (2], AuNF (G3); AuNF diluted on glvcerol (G4,
AuNR (G5), and AuMNE diluted on glycerol (Ge). [t is important to note that occlusal cares
lestons are routinely detected using visual, tactile and exploratory methods in combination
with radiographic exams |63], which have low sensitivity for scclusal lesions. The spherical
mold nanoparticles {AuNP) were produced in the Department of Physics and Chemistry in
the Universidade Federal de Pernaimibuco, Brazil by treating hydrogen tetrachlomaurate
(HAuCL) with polyvinylpyrrolidone (FYP-MW 2 55,000) in boiling water, where the PVP
acts as a stabilizing agent. The resulting colloidal gold nanoparticles are spherical and
have 2.0 £ 1.0 nm dispersed in an aqueons solution, and were charscterizsd by the peak
plasmon resonance at 550 nm [64]. The nanorods (AuMNR), however, were purchased from
ManopartzTW (NManopartz Inc., Denver, CO, USA}, with 50 nm diameters and 160 nm
length, ard were alse dispersed in aqueous solution, with two plasmaon resonance peaks at
5200 nm and 825 nm, comesponding to the transverse and longitudinal plasmon resonances,
respectively.

The studied teeth contained white or brownish spots accompanying anatomical acci-
dents of the ooclusal surfaces, but they did not have evident cavitation when analyzed by
vigual examination in accordance with the ICDAS code (1) first visual change in dry ename]
and (2) distinct visual change in moist enamel. Teeth were excluded when caries cavities
were observed by visual examination or restorations. The teeth selected for this study had
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their root portions included in a colorless chemically activated acrylic resin matrix with the
occlusal surface parallel to the ground. Afterwards, they were placed on a PVC platform
s0 they could be repositioned o receive the (CAs for OCT scanming. Each sample was
analyzed a total of six times, The first one was the negative control (G1), which did not
unclergo any treatment, and then they were analyzed with five different combinations
of optical clearing agents ((MCA) and contrast agents (CA). Pure glvoerol was a positive
control (G2). The other OCA SCA combinations were: (G3) godd spherical nanoparticlies
(AuNF] dispersed in water; (G4 AuNT dispersed in water and diluted o 50% by weight of
ghvcernl; (G5) nanorods {AuNE) dispersed in water; (G6) AuNR dispersed in water and
diluted to 50% by weight of glyvoerol, After applying the OCA S CA, the specimens wiene
scanned by (T, and then the samples were washed with neutral del.e:gem (¥pé, Amparo,
Sao Paulo, Brazil) with Robinson's brush, followed by an ultrasenic bath in deionized water
for 15 min belwesn each OCA/CA application, In this way, all samples could be scanned
by OCT in the presence of each OCA SCA combination.

The OCT system emploved was a commercially available model {Callisto, Thoriabs
Ine., Mewton, NJ, LISA], operating in the spectral-domain (SD-00CT), with 930 nm of central
wavelength, 100 nm of bandwidth, a maximum output power of 5 m¥W, resolution of
5.3/7 um in air and water, respectively, and a lateral resolution of 8 wm and depth of light
penetration of 1.7 mm, The analvsis was performed along the occlusal surface, capturing
twio-dimensional images with an 8 mm transverse scan of the specimens. To standardize the
scanning, the samples were positioned on a fwoeaxis linear lranslation stage with a rotiting
platform and solid top plate, and images were aoquired every 250 wm along the mesiodistal
dimension. The two-dimensional images constitute a numerical matrix of 2000 columns
at the X-axis, cormesponding to maximum B mm scannimg, and 512 mows at the Y-axis,
with 1.7 mm maximum depth {in air, refractive index 1), The acquired OCT images were
analyzed using in-house developed software to measure the optical attenuation coefficient
{u). The p coefficient 15 a quantitative value that characterizes the decay of OCT signals
when light propagates through the tissue analyzed. Thus, by measuring the w it is possible
to use the OCT signal to quantitatively discriminate between ditferent types of tissues and
their state of health [62.65]. For the p coefficient analysis, the software operator uploaded
the images of each studied group. In each image, the operator selected the width and
position of bwo windows with the region of interest (RO1, For standardization, the window
width was maintained constant (10 A-scan) during all the analyvzes. As each biological
sampli presents distinct morphological characteristics, the position of the windows was
adjusted for cach image, always positioning one window in a region of healthy tissue and
the ather one in a region of abnormal tissue.

Using the B-scan mode, the software identifies the surface of the tissue {air-tissue
interface) and uses it as o reference o perform an average of the normalized A-scan inside
each ROI window, The A-scan was normalized by the maximum value to avoid erroneous
values due to possible reflection on the first surface. The average A-scan of each ROI
window was ised to it an exponential decay, based on the Beer-Lambert Law, 12} = [y exp
{—pz), whera I{Z) is the intensity as a function of depth, z and i is the optical attenuation
coefficient. The obtained p value was recorded for posterior analysis. This procedure
wias repeatied for each image. Statistical analysis was petformed using GraphPad Prism 7
software (GraphPad Software, Inc., San Diego, CA, USA). A mean and standard deviation
of each group werne calculated. Normal distribution was not perfermed by the Kolmogonowy-
Smirmov test, To analyze differences between the groups, the Kruskal-Wallis test wias used.
In all growps, Stadent’s ~test was performed. To verify if there was a difference between
groups, the “repeated measures of varianoe RM-ANOVA" test was used, The statistical
significance of all tests should be considered as p < 005,

In order to quantify the OCT signal intensity in the dentin-enamel junction (DE[)
area, the g coefficient of each group was obtained in sound and affected areas (Table 1),
Figure 7 shows the B-scan (2D pictures) and the A-scan graphics (on the right-hand side) of
the window corresponding to the pit area in G1 (control), G3 (AuNT), and Go {AuNR +
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glvcerol}, Both G3 and Gé evidenced the greatest difference in the attenuation coefficient
n;'|m1'|'r.|r!'|:| with the congrol RO The |rrL..1.|._:|e-e< were ohtained with a horzonkal Swheep af
funm, and the bar scale is the same for all pictures. The central vellow line shows where the
M-scan was measured.
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according to OCAs used on the surface: (a) Gl—Control; (b)) G3—AuMPs; and (¢) GH—AuMNRs in
ghycesol.

Table 1. Mean £ 5.0 of the w cocflickent (mm I:l values, taken from O] FLGRTL of soind and
cariows areas of teeth analvzed with optical clearing agents and contrast agents (OCA SCAY The
BEM-ANOVA analysis indicabes that the valies are not statistically different in the groups for sound
and caries surfaces {p = 0.05),

Mean

Surface Group (G} N imasa=1) &0 Minimum Maximum p-Value '

Control (51) 1] .16l LT pa3 0,251 <LLIKNN

Glyesral (GI) Li} n1a% e (AT 0257 <[L0OCKY]

Souni ama Gobd Manoparticles (G3) kil 133 B 0436 0325 (L0

GoMd Manopsrticles-snd 10 0.143 0405 01063 0242 <0,0001
Cilyceral {G4)

Nanorod {G3) (1] 013z 007 L7 233 (L2

Manorod and glyceral (L) il L1568 {E (LM 244 <LLIEHI]

Conrtrol (1) I 1154 LT 136 (292 <100

Glyderal (G2) []1] L1945 LiXirg Lkt 0307 <L{LHY]

I — Gold Nanoparticles ({3) {1 D224 003 0145 0276 <[1.{XH1]

' Colibsmoputiceind 4 0191 0.03 116 0259 <0001
';.u:\.'l.'l.'ﬂ:ll (Lo }]

Manvrod (G5) 1 0214 LUTE L1548 0268 <[1LXHT]

*anaorod and Hi:,';'l'ml (L) 11} 1224 L5 {10 L29] <[1,(KHT]
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An inspection of Table | shows an increase in the light attenuation in all caricus tested
groups when compared with G1 (V184), It can be observed that groups three and sic
abtained a higher w (0.224) on the carious surface. However, at the sound areas, gold
nanorods diluted in glycerol (G = (1168) showed an attenoation coefficient similar to that
obtained from the isolated samples in the presence of glveerol isolated G2 (0.169).

As already discussed in this review, OCAs may enhance the OCT depth penetration,
whereas a contrast agent that modifies the diffusion properties of a sample may improve
the image contrast. The results of this section, exploiting gold nanoparticles and gold
nanorods, confirmed that the use of contrast agents increased the optical attenuation
coefficient of subsurface lesions located under enamel on the occlusal surface. Furthermons,
the difference betwern the optical attenuation coefficients of sound teeth and cariows lesions
increased, making the gold NP and MR a potential tool to improve the identification of
lesions, Glveerol is one of the most used and tested OCAs, both in soft and hard tissue, as
already indicated by several references. 1t has a high viscosity, 1.42 pa at room temperature,
and refractive index n o= 147, This is well suited for use in dental imaging due to its
Biocompatibility, constituting an important advantage for OCT imaging, and therefore
justifying the use of glycerol in some groups (G2, G4 and G6) of the present study. Within
the spectral range of interest in this study, the attenuation coefficient remained similar in
all groups which had a glycerol addition, even with gold nanoparticles.

In order to improve the NP OCAs properties, such as viscosity, the dispersion of the
MNP in glveerol was tested {to compare with them in water, the vehicle used fo NPs which is
less viscous than glyveersl), However, the results, In this case, did not show a statistically
sigmificant difference. Finally, we note that, in contrast with the literature, the glycerol
increased the optical attenuation coefficient, which means that the light penetrabed less
than in the control group, and thus opposed literature findings, as this agent promoted
an increase in light penetration [55,66], One possible explanation is that in the mentioned
refs, [35,66], the OCA i used in soft Hssues, not hard Sssoe as here; however, this claim
needs Lo be further verified,

A4, PAL: From Brsics fo Naowdentistry Applications

As pointed out in the introduction of this section, PAT relies on the acoustic response
of a biotissue upon excitation with light, which is absorbed by the medium. The absorbed
photons lead to local heating, followed by the expansion /contraction and generation of
acouatic waves. PAI can be understood as a hybrid maodality that relies on the interplay
between absorption of light with subsequent ultrasound emission. 1t is a well-known
imaging modality [23,67,658] and well-developed technologically.

Figure 5 shows the basic principles of the photoacoustic effect [69]. A pulsed optical
source, generally a laser due to its high intensity, is used to excite the medium under
study. Chnee the light is absorbed by endogenous or exogenous substances, the tanget is
heated, which in turn generates acoustic waves, This created photoacoustic signal is directly
proportional te the light absorption and exctation fluence, (fluences of ~m| /em?, below
Hssue damage threshold, are used, and no damage was verified o the Hssue), and is not
affected by light scattering, since the acoustic scattering signal of tissues is approximately
three orders of magnitude less than optical scattering. That fact leads to one of the main
advantages of PAT in relation to all-optical imaging methods, which is its ability for deeper
imaging (several cms) while a spatial resclution of <100 um is kept [67].
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Figiire 8, Physical prnciples of PAL Figure reprinted with peemission from [69]

PAl has emerged in different modalities, as shown in Table 2, from ref, [70]. The
different methods for PAT can be implemented with proper modifications from the basic
experimental setup. As seen in Table 2, clinical applications of PAl are already being
emploved. PAL has already been demonstrated for imaging at o molecular or cellular
level, asseen in Figure 9, which shows ils multiscale capability; particularly photoacoustic
computed tomography (PACT), which can be exploited from a single cell or organelles to
whole-body small animal dimensions.

Table 2 Difterent modalitics of FAL Table reprinted with permission feom [7].

Maodality Application Advantage Status
BACT Peripheral joants, brain, Ry ]-timar amich Preclinical and
whole-body study tomographic imaging clinical
Microcirculation
TAM "‘“’L:‘::‘?’ ctllulir imaging withoud Prectinical
B CEDZETWIS COntTast
Gastrointestimal or Castrodniestinal tract = i seal
AR cardiovascular imaging Imaging I ye
Clirculating tumor cells Cuantitative flow
BARC detection cylometry imaging Posckiniical
: : Specilic contrast
mmPAl Clrcuilating tusaoe cells enhancerment Freclindcal

cletection avaitability
Abbreviations: PAL photoacoustic imagong: FALT, pholoacoostic computed omogmpby, PAM, phoboacoustic
micrescopy;: PAE, photacoustc endoscopy; PAFC, photoacoastic Bow oy tometry; mmiAl, magnetomotive PAL

Whereas endogenous substances are widely used for light absorption, exogenous
comtrast agents for PAL also play an important role in the image generation from a tar-
geted bcinlagjcal site. Although PA already provides deeper penetration depth in tissue,
wavelengths in MIR-11 and the NIR-1I biclogical window will gain further benefits,
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Figure %, The multiscale capability of PAL Figure mprinted with permission from [71]

The scope of PAI can be significantly expanded, lor instance, to several cms if deeper
tissue-penetrating light in the NIR-11 window could be used to excite an exogenous FA
comtrast agent, In this sense, a recent development s nonlinear PAT using multiphoton
absorption {wo or more photons) of a NIR light which can be used as a mechanism to over-
come or mitigate this challenge [72], In ref, [73], the photoacoustic Z-scan was employed to
estimate the efficlency of photothermal relaxation, therefore characterizing the metrics for
a photoaconstic contrast agent to be used for nonlinear photoacoustic imaging. Besides
emploving endigenoes substances or biocompatible exogenous as contrast agents for PAL
nanoparticles as gold —silica nancshells [71] or conjugated polymer [75] nanopartictes have
also been used as a contrast agent tor photoacoustic tomography. The applications of PAI
in dentistry started in 2006 |76 and have since been used in studies of caries diagnostics,
penodontelogy; dental implants and blood detection in dental pulp [77-42] Due to the
almeady described difficulties for imaging approaches to detect occlusal caries, besides OCT
with the aid of OCA described before, we emploved PAL and more specifically PAM, to
image occlusal caries [83]. The results of ref. [83] are shown in Figure 100 Part A shows
the experimiental setup, which employed & Qeswitched M- YAG laser with selective wave
lengths of 532 nm and 1064 nm, a pulse width of 6 ns, and a repetiion rate of 10 Hz, The
laser beam diameter was measured to be approximately 7 mm. The sample (extracted
human tooth) was placed on a holder inside a distilled water tank. The entine assembly was
supparted on a computer-controlled motorized X-Y translation stage, The PA signals were
acquired by emploving an immersion-type ultrasonic transducer V310-M-5U (Olympus,
Waltham, MA, USA) with a center frequency of 5 MHz, Part B of the figure shows the PA
imaging resulls for excitation at 532 nm and 1064 nm [or a sound tooth, as well a5 teeth
with incipient and advanced caries, The transducer was partially immersed into the water
potnting at the laser beam-tooth nterface at 457 for optimal acouste coupling with the
sample. For the depth measurements shown in part C, the PA detector was placed on the
tooth side and moved vertically from top to bottom with a computer-controlled :r'-nxl.r-
transiation stage. For the measurements, the lght Auence was kept at 17 m] fem=, and
therefore below the ANSI established threshold. Besides clearly seeing occlusal caries, it is
worth noting that, at either wavelength, images with a penetration depth of 4 mm could be
detected—well above the noise foor shown in part C of Figure 10, Further development
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Figure 10. (A} Schematic diagram of the lab-made photoacoustic imaging system. (B) Photoacowstic
[PA) Images of sound and carkous teeth at 532 nm and 1064 nm with a 5 MHz photoacoustic detector.
Thae rowes represent the sound toosth (A-C); inciplent caries {D-F); and advanced caries (G-I} groups.
From the left to the right, the first column shows the photopraphic image of the represcniative
samples, and the second and third columne show the corresponding PA images at 532 nm and
14 nm, rcspl;-qn'.:l}' PATL ]'!hcﬂn:s;.cnu:.fic i:mnging. [C) Peak to Fn'.'s.L' rl_'.lfngc for thie dqprh of the
F|I1v:|¢|.1r|n:y||.-=1'u' xi;n.:l in a tooth with innpwn: carsers, The scale bar 15 2.5 mm h'\-ng. From ref. |!"'-] with

permission.

'l exploits different types of nanomaterials, and in ref. [70] the readers can find
a very good account of PAL being applied to nanomedicine, Among the photoacoustis
agents based on nanoparticles, we point oul a somewhat unexploited metatlic nanoparticle,
Titanium MNitride (TiN), which is a promising nanomaterial for biomedical applications,
including PAI[S) TIN is an altemative plasmonic material to other noble metals, such
as gold or silver, presenting a redshifted plasmonic extinction band (GO0-300 rum), well
within the first biological window. As we already highlighted, one possible way to improve
further depth penetration of light in biotissues is 10 use wavelengths in the NIE, and benefit
from multiphoton absorption. We have recently characterized the nonlinear photoacoustic
response of TiN NP using a photoacoustic Z-scan [55]. The Tid NPs in solution was
synthesized by femtosecond laser ablation, starting from a solid target, as detailed in
ref. [84]. Figures 11 and 12 show the details of the experimental setup, morphological
characterization and nonlinear absorption measurements for TiN NP
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Figure 11. {a) Schematic of the s laser ablation method; (b) Stze distribution of TiIN NP prepared by
laser ablation; fe) EDS of the ME, identifying the NP confents; (d) Absorbance spéctra of 40 nm TiM
NI in acetene; (2} Experimental scheme for photoacoustic Z-scan. Beprinted with permission from
ret, [85]. Copyright Chptica Publishing Group, 2030,
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Figure 12. Experimental results (dots) and theoretical fits {lines) of the nonlinear absorption from Til
P with the OPAZ setup. Left colummn {a-c), PAS-scan measurements; right cohamn (d-f), optical
Zescan with open aperture, simultaneously measured, Reprinbed with permission from ref, [55].
Copyright Optica Mublishing Crowp, 2020,

As the results from the measurements and theoretical fits {see ref. [55]), the values of
nomlinear absorption coctficients from PAZ-scan (and optical Z-scan, between parenthesis)
are'obtained ko be 3.27 + 0.17 = 1078 (240 = 1075), 641 4 0.32 = 1079 (1.04 = 1073}, and
322 £ 016 = 10 % {123 « 10 %) em /W for an excitation wavelength of 600 nm, 700 nm,
and B0 nm, respectively,
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The studies of ref. [85] corroborated the importance of TiN NI for applications where
linear and nonlinear absorption plays an important role. Although NI has been used as
agents for PALin a diversity of applications, o the best of our knowledge, applicalions in
nanodentistry have not been reported. Tikd may be an important NP for this application,
and we present for the first ime bidimensional PAM in TiN NP solution in sacetone, placed
inside an Eppendorf tube. The experimental schems and setup were simitar to Figure 104,
and Figures 15 and 14 show the obtained images, In Figuee 13, the proof of concept for the
PAM is shown.

1] 10 20 a0 a0
X (mm)

Figure 13, {a) Image of Tis NP/ acetome samples with 10045 and 50 concentration, acetone and 3,1
water, (b} PAT of the samples excited with & ml/ems, 532 nm, 10 He, =5 ns pulsed laser source. The
PAL s obtained with o single edement 5 MHz altrasonic transduscee, (VI10-N-5U (Olyrpus, Waktham,
MA, USAL.

The lateral resolution in the PAM systemn s detesmined by the diffeaction-limited
optical spot size |56,47], which is usually limited by the beam size of 1000 wm. The axial
resolution of the FAM (ARpag) is related to the velocity of sound in the coupling medium
and bandwidth of the ultrasonic transducer as [86,57]:

ARpan =088 i
where © is the speed of sound in the medium and Af; is the bandwidth of the I"A signal
which is approximately equal fo the ultrasonic transducer bandwidth. Considesing, the
speed of sound of 1160096 m /s in acetone media (since TiN NPs are suspended in ace-
tone) [44] and a —6 dB detection bandwidth of B3.54%, the axial resolution is calculated
o b 244 i, Such lateral and axial resolution can further be enhanced ko subwavelength
by employing high numerical aperture objective optics and high bandwidth transduc-
ors [86,59), The total time for a full X-Y PAM scan is observed to be around 20-25 min. In
Figure 14, we show a very promising result of three-dimensional (3D) PAT imaging of TiN
NP in both bare and beneath Hssue form.
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Flgure 14. (a} Real picture of TiMN/acetone sample filled inside a centrifuge tube {length = 30 mm,
O = i mm), (b} 30-PAT setup containing TiN sample covered with 2 em of chicken breas! tssue
The PAT is performed for both bare TitN and TiN with chicken under 5 ns, 10 He, 1064 nm excitation
where the poak oneriy density on the sample surface is maintained to be 40 ml fem?; deptheresolved
2D-PAT recomstructod im.'l.p' alives For {e) Tits and (d) TiN coverned with 2 om thick chicken broast
tissye, obtained from a different scan dq-prh. F.w.'r:.-' alice dimension s 20 mrme = 30 mm; 30-PAT
reconstructed image for () TiM and (f) TiN covered with 2 cm thick chicken breast tissoe, obtained
alter r;'ndt'ring 20 slices (from fe,d)) s Image | sosftware The axes are scaled to 20 om = 20 mmex
Ny mm.

The Eppendorf tube with the Til NI was placed undermeath 2 om thick chicken breast
fissue, and 20-PAT imaging was clearly abtained for each vertical position (see Figure Lid)
To obfain a 30-PAT image, the 20-PAT slices obtained in Figure 14c,d are rendered by
Image | software, as shown in Figumne 14e,f.

Although we employed only two wavelengths in our demonstration studies—532 nm
and 1064 nm—a tunable source, such as an optical parametric oscillator can be used from
the: visible to the NIR in PAT systems, [f there is enough endogenous absorption in specific
wavelengths, or, if exogenous absorbers are to be used, they can be tailoved to absorb in
required regions, This i one of the material's scientists” important tasks, and nanomaterials
are particularly important to be tailored for specific absorption regions.
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4. Discussion and Conclusions

Manodentistry is a young and growing area of research, with an open mad ahiead, bBoth
from the scientific as well as from the technofogical and clinical viewpeint. This review
highlighted several aspects of nanodentistry, with iterature examples and some novel
results using two different imaging methods, OCT and PAL With OCT, applications in
nanodentistry have already been reported, and several examples were given, Addition-
ally, original results on the wse of gold nanestructures—nanoparticles and nanorods—o
improve OCT contrast with OCA. The presented results demanstrated the potential of gold
nanostruchumes to improve imaging by OCT, and further studies and applications can be
envisaged. We also highlighted and reférenced am important method, called nanosensi-
tive OCT, which is a potentially applicable method to nanodentistry. One aspect related
to the use of nanomaterials in biotissues, particularly in vive, is related fo nanotosxicity.
This is still debatable and there i=a vast hterature on the subject, as can be seen from
ref, [6]. Ome important point is the concentration of nanoparticles, besides, of course, its
material, which should be within a range already accepted and demaonstrated not to be
harmful [6]. Regarding PAL two modalities, PAM and PAT, were described, and again
these methods are widely knwwwn and exploited, even with nanomaterials as exogenous
agents. Applications in biotissues, including soft and hard tissue from thie oral cavity, have
been reported. One important tssoe to be addressed 5 the use of PAT with heterogensous
materials. The literature on this subject is still scarce [901,51] and it certainly deserves further
studies, particularly when applied to dentistry and nanodentistry. However, PAl applicd
to nanodentistry, to the best of our knowledge, has vet to be reported. We described a
nanomaterial, Tid, which has several advantages for PAL such as easy fabrication when
using fembosecond lasers, biocompatibility and plasmonic enhancement. Wi have shown
its nonlinear optical characterization using a photoacoustic nonlinear method, and also
two examples of PAM and PAT images, with a 30 image in the latter case.

Looking ahead, Further studies and research in nanodentistry can find important
applications in detecting biofilm formation in natural or artificial teeth, which is the starting
point for caries or other oral diseases in the case of artificial teeth, particularly in complete
or partial dentures. Another way where nanomaterials are important in nanodentistry
is in dental materials. This requires new developments, which include rare-earth-doped
nanomaterials, which can be simultaneously used for imaging, temperature measanements
and curing, using, for instance, photodynamic therapy [92]. Antibacterial nanotherapy is
also an interesting field of research. Periodontal diseases can also benefit from nanoden-
tistry, exploiting the so-called nanorobots. An extensive list of different aspects of novel
approaches in nanodentistry can be found in eef. 93]
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1701 —AVALIACAO DO EFEITO REMINERALIZANTE DO BIOSILICATO EM
CARIE RADICULAR ATRAVES DA TOMOGRAFIA DE COERENCIA OPTICA

Cecilia Vilela Vasconcelos Barros de Abmeida®. Evall 1o8ine ol 51160, Chiudia Cristina Brainer de
Oliveira Mota, Camila Tirapelli, Anderson Stevens Lednidas Comes

Universidade Federal de Permambuco

Objetivo: Avaliar o biosilicato come agente remineralizante em caric radicular através
da tomografia de coeréncia dptica {TCO). Materlaiz ¢ Métodos: Este & um estudo experimental
i vitro com dentes humanos higidos (N=10), sem a presenga de ciries, trincas ou fraturas.
Apds aprovacio do comitd de éeica (CAAE: 37321820.7.0000.5208), a5 amostras foram seccio-
nadaz com disco flex diamantade, obtendo-ze as dimensdes: Smm de comprimento {2mm
de coroa, 3Imm de raiz), amm de laegura @ 2mm de espessura. Depois foram polidas com lixa
didgua expondo a dentina radicular, Trés periodos de leltura na TCO foram determinados:
To (antes da desmineralizagio); T1 (apds desmineralizagio) e T2 (apds remineralizacio). A
desmineralizacio consistiu na inclusio dos dentes em solugio dcida por 7 diag a 37°C, E na
remineralizacio, uma suspensio do blosilicato a 10% foi aplicada por 5 minutos. As imagens
obtidas foram analisadas através do software MatLab para obtencio do coeficiente de
atenuacio dptica (CAD). A andlise estatistica foi realizada através de técnicas descritivas, =,
inferenciais através do Teste de Fricdman e post-hoc de Dunn. Resultados: A média do CAG
fol maior no grupo T2 {5,876E-02 ax), seguido do To (5,14E-02 au.} ¢ menor no grupo T1
{4, 509E-02 ax.). O ceste de Friedman revelou que o CAQ fo! significativamente afetado pela
presenga do blosilicato [=0,0001). A andlise de comparacio midltipla de Dunn mostrou gue
houve diferenga significativa entre To @ T1 (p=0,0817}, e entre Tt & T2 (p=0,0001), Conclusia:
A técnica de TCO comprovou a eficicia do blosilicato na remineralizagio de superficies em
caries radiculares,

1702 -~ SIMULACAO IN-LAB DA USINAGEM EM CAD/CAM
DE ESPECIMES DA CERAMICA DE DISSILICATO DE LITIO CIMENTADOS
ADESIVAMEMNTE: EFEITO NO COMPORTAMENTO A FADIGA

Rafaela Gliveira Pilecca®, Fernanda Dalla-Mora, Luis Felipe Cuilardi, Gabriel Kalil Rocha Pereira,
GCuitherme Schmitt de Andrade, Renata Marques de Melo, Luiz Felipe Valandro, Marilia Pivetta Rippe

Universidade Federal de Sanca Maria, Universidade Estadual Paulista Jodo Mesquita Filhe

Objetivo: Awaliar diferentes métodos de simulacio da topografia da usinagem om CADY
CAM na confeccio de espécimes de uma cerdmica de dissilicato de litlo cimentada adesi-
vamente em andlogo & dentina no comportamento & fadiga € nas alteraghes topogrificas.
Materials e Métodos: Discos de disstlicato de Hilo (@= 13,5 mm; espessyra= 1,5 mim) foram
usinados em CATVCAM (grupo CADJCAM); ou confecclonados em laboratdeio, os quals foram
aleatoriamente distribuidos em um gropo polido (grupo POL) @ quatro protecolos de simu-
lagin: lixa d'dgua de granulagio 60 (griupo 5iC); lixa de madeira de granulagio 60 (grupo W),
ponta diamantada de granulagio fina (grupo DRE); € broca de sistema CAD/CAM adaptada a
um mandril [grope MANDREL), Os discos foram cimentados adesivamente 4 discos de resina
epixica (@ 12 mm; espessura= 2,0 mm) ¢ o teste de fadiga (n= 19 discos) fol realizado pela
metodologia step-stress. Anilises complementares de rugosidade, Sngulo de contato e de
microscopia eletrinlca de varredura foram realizadas. Resultados: O0s métodos de fabricagio
afetaram o comportamento i fadiga do material {p= 0,001) (CAT/CAM 1250 N < SIC 1355 M = W5
1357 N < DB 1476 N = MANDREL 1526 N < POL 1752 M), Os grupos SIC, WS @ MANDREL apre-
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de cilcio-fosfato (20% p/p) constituidas pela mistura de monohidratade de fosfato mona-
cdlelo (9% pin), fosfato beta-rreicdlelen (10,5% pip) e CalOH)2 (0,5% p/p). Adper Scotchbond
multipurpose (SB) fol urilizado como controle comerclal. A caracterizacio dos sistemas
adesivos baseou-se na avallagio do grau de conversdo, sorcio € solubilidade, A estabilidade
adesiva Foi avaliada através da resisténcia de unido (microtragio) apds 26h e 12 messes, em
DH e DC, A andlize estatistica utilizou testes Shapiro-Wilk e Levene; andlise de variancia de
multiplos fatores ¢ o teste de Tukey H53D. Todas as andlises consideraram nivel de signifi-
cancia de a = 0,05 Resultados: Nio fol observada diferenga no grau de conversao entre os
adesivos. EXP-AB apresentou maior valor de solubilidade (68,92+0,1%) quando comparado
a0s outros grupos. Os valores de sorgio foram semelhantes entre EXP-AB (152,520,0%) e 5B
{146,441,5%), mas maiores que sistema adesivo controle (EXP-CT) (031,2400,0%). Observou-se
aumento significative da resisténcla de uniio do EXP-AB (28,4124, 27MPa) em DG apds 12 meses
comparado com EXP-CT (20,2941,47MPa) e 5B (20,11+2.96MPa), Conclusio: A incorporagia
de andlogos blomiméticos de proteinas nio colagenosas ao sistema adesivo nio interferiu
no grau de conversdo, aumentou a sorcio € solubilidade, Adicionalmente, apts 12 meses, a
forga de adesio foi anmentada em DE

1760—USO DE NANOESTRUTURAS DE OURO COMO AGENTES
DE COMPENSACAD OPTICA NA AVALIACAO DE CARIES INCIPIENTES
POR MEIO DA TOMOGRAFIA DE COERENCIA OPTICA

Eeair losinn da Sla®, Gisele Cruz Camboim Raposo, Yanda Sanderana Macédo Carneiro, Renato
Barbosa Silva, Anderson Stevens Leonidas Comes

Universidade Federal de Pernambuco

Objetivo: Avaliar nanoestruturas de oure come agentes de compensacio Gptica [ACO)
em imagens de tomografia de coeréncla dptica (OCT) em molares com lestes de cdrle
inciplentes, Materlals ¢ Métodos: Apds aprovagio do Comité de Etica em Pesguisa (CAAE:
63824 216.8,0000.5207), dez dentes molares extraldos com lesfies de cdrie Incipientes foram
escaneados através do 0CT Calliste (Thorlabs Inc). O grupo (G1) consistiu em vma amastra
sem adigio de ACO, enquanto outros grupes tveram a adigio dos seguintes componentes:
glicernl (G2}, nanoparticulas esféricas de ouro (AuNP) (G3), AuNP diluido em glicerol (Ga),
nanobasties de ouro (AUNR), &, AuNER diliido em glicerol (Gs). Totalizando um total de seis
leitisras intervaladas em cada amostra. As Imagens obtidas foram analisadas por meio do
software MATLAB de modo a obter o coeficiente de atenuacgio da luz devide as alteracies de
contraste. Resultados: Um aumento na atenuacio de luz ocorreu em todos os gropos testados
quando comparado ao G1 (0,184 mm-1). 0= grupos G3 e G6 apresentaram maior coeficiente de
atenuacio {0,224 mm-1). Conchisio: A diferenca do coeficlente de atenuagio entre a Teglio
afetada e a ndo afetada permitiu a localizagio das dreas de cdrie. As nanoparticulas de ouro
no formata de esferas e bastdes sio promisseras para 0 moniteramento de lesdes de cirle
em egmalte baseada na atenuagio do ginal de OCT,
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Aplicabilidade de um sistera fotoacistico para detecgdo de caries incipientes
Suai Jodino da Blva, Claudia Cristina Brainer de Oliveira Mota, Avishek Das, Anderson Stevens
Leonidas Gomes

Objetive: Verificar a aplicabilidade de um sistema de PAI com LASER visivel e infravermaiho
praximo no diagnostico de cares incipientes. Metodologia: Foram utilizados 10 dentes
classificados em dois grupos: dentes sadios e carie incipiente. Um faser Q-switched Nd:YAG com
comprimento de onda seletivo de 532 nm e 1064 nm foi empregado como fonte de irradiagio
primaria, para Irradiar perpendicularments a regido de interesse das amostras imersas em um
recipiente de agua. Um transdutor ulfrassonico com frequéncia de 5§ MHz delectou os sinais
aclsticos gerados. Um motor de passo fol usado para maover as amosiras nos eixos X a Y permitindo
o escaneamento toda a superficie oclusal do dente. Os dados foram capturados por um osciloscopio
& transferndos para o compulador para reconstrugio da imagem. Resultados: Mos dois
comprimentos de onda utilizadas, e am todas as amaostras, as imagens foloactsticas reconsiruidas
revelam uma maior intensidade do sinal foloacistico nas regibes de cane incipienta, quando
comparada as regides dentarias sadias. Tal efeito & explicado devido a quantidade do sinal
fotoacistico ser diretamente proporcional 4 taxa absorgdo de luz nos tecidos aplicados. Conclusio:
Confirma-se o potencial da imagem fofoacustica como uma ferramenta complementar na pesquisa
de lesbes canosas incipientes.

Palavras-chave: Carie Dentaria, Diagnostico por imagem. Técnicas Fotoaclsticas

Avaliagio dos modos de falha de pinos de fibra de vidro convencionais, individualizados
com resina composta e fresados em CADICAM apés ensaio push out

YVanessa Gabrially da Silva, Ruana Maria da Rocha Branddo, Jullana Raposo Souln Major Cosla,
Bruna de Carvalho Farias Vajgel

Objetivo: Comparar os modos de falha de dentes restaurados com trés tipos de pinos de fibra de
vidro, apds teste push-oul. Metodologia: A amostra constou de 33 pré-molares unirradiculares, gue
foram endodonticamente tralados & preparados para receber o5 pinos. Foram separados em 1rés
grupes: PPF (pinos pré-fabricados);, PPF+RC (individualizados com resina composta) @ PCAD
{fresados em CADICAM). O cimanto resinoso autoadesivo (Relyx U200 3M/ESPE) foi utiiizado para
a cimentagao dos pinos. Apds isso, as raizes foram separadas e preparadas para o teste push-out.
Posternormente, as amostras foram avaliadas em lupa estereomicroscopica. Fol feita a analise das
finhas de cimenlagio de uma amosira de cada grupo alravés de Microscopia Eletrdnica de
Varradura (MEV). Para obter a avaliagio estatistica foram utilizados os testes Kappa e qui-quadrado
de Pearson. Resultades: Foi chservada predominancia de falha do tipo adesiva cimento/dentina
para todos 05 grupos, com prevaléncia no grupo PPF. Quanto ao grupo PPF+RC, mesmo nio
apresentando  diferenga  significativa, houve elevado percentual de falha adesiva resing
compostalpino e coesiva de resina composta, Mo grupo CAD/CAM observou-se 60% de falhas lanlo
adesiva cimenta/pino, quanto coesiva do cimento, mostrando diferenca significativa. Ma analise no
MEVY, verificou-s& no grupo PPF consideravel quantidade de bolhas e espessa camada de cimento,
diferentements dos grupos PPF+RC e PCAD que mostraram & espessura de cimento reduzida.
Conclusado: Os frés grupos de pinos apresentaram padroes de falhas elevados, Sendo assim, sao
necessanos mais estudos, afim de analisar a longo prazo o comportamento de cada tipo de pino.

Palavras-chave: Materiais Dentarios, Pinos de Fibra de Vidro, Testes Mecanicos,
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Andlise da rugosidade superficial de pinos de fibra de vidro convencionais e CAD-CAM
através de microscopia eletrénica de varredura

Wanessa Gabrielly da Silva, Nairomberg Cavalcanti Portela Junior, Ruana Maria da Rocha Brand&o,
Juliana Raposo Souto Maior Costa, Luiz Carlos Alves, Fabio Brayner

Objetivo: Analisar a rugosidade superficial entre pinos de fibra de vidno pré-fabricados e pinos
CADICAM e suas diferencas, atraves da microscopia eletrdnica de varmedura. Metodologia: A
amostra consistiu de quatre dentes unirradiculares fratados endodonticamente para a moldagem
&m resina acrilica dos condutos. Os moldes em acrilico foram digitalizados em laboratério & os pinos
foram fresados em discos de fibra de vidro através de CAD/CAM. Os pinos fresados e o5 pré-
fabricados foram metalizados com uma camada de ouro e analisados por meio de microscopia
eletrdnica de varredura. Resultados: Foi visto que a supericie dos pinos pré-fabricados apresenta
fibras mais wniformes, com pouca exposicio e unidirecionais. Alem disso, a regido apical pode
desfavorecer a adaplagdo com o malerial oblurador reslante, caso ele nao seja aplicado
corretaments, devido a presenca da angulos mais vivos nas |aterals. J& nos pinos fresados em
CADICAM ha uma maior exposi¢io, malhor delimitacio das fibras da vidro @ apresenta um aspacto
mais rugoso de sua superficie, assim como um término apical gue sugere uma melhor adaptacio e
escoamento do material cimentante, além de boa retencido no conduto radicular, Conclusdo; Os
pinos de fibra de vidro fresados em CAD/CAM, por apresentarem a sua morfologla estrutural mais
individualizada, favorece a sua adaptacao no canal radicular, diminuindo o indice de falhas na linha
de cimentagao.

Palavraschave: Relenlores Intrarradiculares, Pinos Fibra e Vidro, Pinos CADICAM, Rugosidade
Superficial, Microscopia Eletrdnica de Varmadura.,

Avaliagao da remineralizacio em caries radiculares artificiais tratadas com vitroceramica
hluatlva pur mnln da tomografia de coeréncia dptica

Jasin I I, Cecilia Vilela Vasconcelos Barros de Almeida, Claudia Cristina Brainer de
Dlwedra Muﬁa Carnﬁa Tlrapelfl Denise Valente, Andarson Stevens Leonidas Gomes

Objetivo: Avaliar a remineralizacao de caries radiculares artificiais por meéo de uma vitroceramica
bicativa comercial (Biosilicato) e o diaminofluoreto de prata afraves da Tomografia de Coeréncia
Optica (OCT). Metodologia: Foram obtidos 20 dentes multiradiculares separados aleatoriaments
em dois grupos (n=10) BIOS, na qual fol utilizado o Biosilicato como agente reminarnizador; e, SOF
remineralizados com diaminofluoreto de prata como controle. Os denles foram seccionados em
blocos de Smim de compriments, preservando parte da dentina corondria @ o terco cervical radicular.
As amostras foram escaneadas no OCT Callisto ThorLabs em trés tempos: estagio inicial, sem
intervencao (TO);, apds & desmineralizagdo (T1) e depois da reminerglizagao (T2). Para a
desmineralizagao, os espacimes foram imersos individualmente em solugdo dcida tamponada por
T dias em estufa a 37°C. Os agentes remineralizadores foram aplicados na superficie dentéria
seguindo as recomendagies dos fabricantes. Em todas as elapas, as imagens de OCT foram
analisadas no software MATLAB para obtencio do coeficiente de atenuacdo aptica (CAO),
permitindo & quantificacio da mineralizagdo dentaria. Resultados: As médias & o desvio padrio do
COA no grupo controle foram: 00580006, 004640008, 0.064+0.005 &, no grupo BIOS:
0.051+0.003; 0.045+0.004; 0.058+0.005, noz tempos TO, T1 e T2 respectivameanta. Houve diferenca
significativa nos valores madios entre T0, T1 & T2 de BIOS (p<0,0001) e SDF (p<0,0001). Ma
comparagao enfre o BIOS e SOF foi encontrada significéncia estatistica antes (T0, p=0,0029) e apos
o ratamento de remineralizagao (T2, p= 0,043}, Conclusae: BIOS e SDF mostraram potencial
remineralizante no tratamento de carie radicular artificial quando avaliados por OCT.

Palavras-chave: Biosilicato, Tomografia de Coeréncia Opfica, Dentina, Carie Radicular,
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Autopercepcio de edéntulos totais nieo adaptados a protese total convencional submetidos
a cirurgia para instalagdo de sobredentadura mandibular com implante Gnico

Daniel Mariano Sousa e Silva, Aretha Heitor Verissimo, Anne Kaline Claudino Ribeiro, Euler Maciel
Dantas, Adriana da Fonte Porto Carreino

Objetivo: Avaliar a autopercepcdo da edéntulos totais ndo adaptados a pratesa total mandibular
{PTCM) quanto ao procedimento cinirgico para Instalagio de implante Gnico e posterior reabilitagao
com sobredentadura mandibular, Metodologia: Vinte e dois pacientes (PTA - adaptados a PTCM
{n=10); PTN — n&o adaptados a FTCM (n=12) foram reabilitados com FTCM & submetidos apas 3
mesas A cirurgia (protocolo tardio) para instalagdo de um implante em sinfise mandibular, Os
pacigntes foram guestionados sobve aspectos relacionados a cirurgia para instalagéo do implante
a reabilitacao com sobredentadura. A analise estatistica foi baseada no teste Exato de Fisher com
nivel de significancia de 5%. Resultados: A amostra do estudo foi predominantemente do sexo
famining (idade média 65 6846,38 anas). Foram Instalados implantes nas dimensdes 8,5, 10,0 ou
11, 5mm (SIM implantes). Nao houve associacao significativa entre 08 grupos quanto aos aspeclos
protéticos @ cinirgicos (p=0,05). Mais de 60% dos pacientes desejavam implante para malhorar a
mastigagio. A maioria dos pacientes do grupo PTN afirmaram que o maior desconforio pos-cirdrgico
foi dor apos efeilo anestésico (n=41,7%). A autopercepgao quanto as relagdes sociais, familiares e
profissionais melhorou consideravelmente apos reabilitacio com sobredentadura, Todos os
pacientes se adaptaram a PTCM apods a reabilitacio com a protese implantossuportada, com nivel
de satisfagdo acima de 80% na maiora da amostra. Conclusdo: Apesar dos relatos de dor e
desconforto pds-cirlingico, 8 maioria se submeteria novaments ao tratamento. A reabilitacio com
implante dnico atendeu as expeclalivas do paciente, melhorando a autopercepcdo quanto a
masligacao e netengio,

Palavras-chave: Implantagdo Dentaria, Overdenture, Protese Total, Qualidade de Vida, Satisfacdo
do Paciente.

Avaliagdo da qualidade, confiabilidade e leiturabilidade do contedado on-line sobre
tratamento endodéntico

Paule Cardoso Lins-Filho, Elizabeth Louisy Margues Soares da Silva, Djalma Satumo Barboza-
Junior, EVa ine d (v, Millena Mirella Silva de Aradjo, Thuanny Silva de Macédo, Maria
Cecilia Freire de Melo, Amaldo de Franga Caldas Janior

Objetivo: Avaliar a qualidade, confiabilidade e leiturabilidade das informacies sobre tratamento
endodbntico disponiveis nos buscadores mais acessados pelos usuarnos de ferramentas de busca
an-fime no Brasil. Metodologia: Foram selecionados cento @ oilo sites por meio do Google, Bing e
Yahoo. A qualidade e confiabilidade do conteddo dos sites foram avaliadas por dois examinadoras
independentas, ambaos especialistas em endodontia, usando o questionario DISCERM e os critérios
de “benchmark” do Journal of American Medical Association (JAMA), também foi registrada a
presenca da cerificacio Health on Net (HON). A leiturabilidade dos sites fol avaliada pelo Flesch
Reading Ease adaptado para o porugués do Brasil (FRE-BF), Além disso, os sites foram
categonzadoes de acordo com a afiliagdo. A analise estatistica foi realizada por meio do coeficients
de correlagao de Spearman e feste Mann-Whitney U, pois a hipitese de distribuicdo nomal dos
dados nado foi confirmada pelo teste de Shapiro-Wilk. Resultados: Os conteGdos disponiveis on-
fire foram considerados de baixa gualidade pelos escores DISCERN e JAMA, apresentando em
sua maioria niveis de leitura muito dificeis. Apenas 1,9% da amostra apresentou cerlificagio HON.
A correlagao entre medidas distintas fol encontrada entre os escores meédios do JAMA e DISCERN
e antre 05 escores médios do JAMA e FRE-BP. As medidas de qualidade & lagibilidade nédo se
correlacionaram com o tipo de autoria das paginas da web. Conclusde: O= conteddos ralacionados
ao tratamento endoddntico disponiveis em sites brasileiros foram considerados de baixa qualidade
g nan acessivels, independentemeante do tipo de autoria.

Palavras-chave: Endodontia, Informacio de Sadde ac Consumidor, Intemet,
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Incidéncia de trincas dentinarias em dentes humanos unirradiculares apds instrumentagao
com diferentes sistemas reciprocantas @ rotatérios

Thayana Karla Guerra Lira dos Santos, ©oar losno de Siva, Claudia Crstinag Brainer de Oliveira,
Danial Amancio Duarte, Antdnio Celso Dantas Antonino, Anderson Stevens Lednidas Gomes

Objetivo: Avaliar a presenca de trincas dentinarias em dentes humanos apds instrumentacio com
sistemas endodinticos mecanizados, por meio de microtomografia computadorizada (pCT).
Metodologia: O estudo in vitro foi realizado com 80 dentes incisives inferiores humanos. As coroas
foram seccionadas e as raizes avaliadas em microscapio operatdrio (16 x). A amosira foi dividida
am quatro grupos (n=20) G1, Wave One Gold25.07 [ Dentsply (WOG), G2, Reciproc Blue
25.08NVDW (RB): G3, Protaper Next X1 e X2/Denisply (PTN); G4, Protaper Gold 5%, 51, 32, Fl e
F2 { Dentsply (PTG). Os escaneamentos das amostras por maio da pCT foram realizados em dois
momentos, antes & apds a instrumentacio mecanica dos canais radiculares, As imagens oblidas
foram reconstruidas com software especifico e analisadas pelo Image. O leste de Wilcoxon fol
utilizado para verificar as diferencas entre as imagens oblidas previameanta e apos a instrumentacio,
enquanto o teste de Kruskal-Wallis verificou as diferangas entre os grupos e o teste de Mann
Whitney para avaliar os diferentes movimentos da instrumentacdo. Resultados: Em todos os
sistemas utilizados, foram enconfradas diferengas significativas enfre o nimero de Irincas antes e
apds a instrumentacio (p<0,05). No entanto, ndoe houve diferengas estatisticas no namero de trincas
entre os sistermas (p=0,182}, nem gquando comparados os sistemas com movimentos alternativos e
rotatérios (p=0,1048). Conclusdo: A maiona dos defeitos dentinarios estava presente nas imagens
pré-operatdnas, no enfanto, houve um aumento no nimero de imagens comprometidas com trincas,
independentementa dos sislemas endodonticos ulilizados, sugerindo que a instrumentagao
mecdnica poderia aumeantar a propagacao das trincas dentindrias.

Palavras-chave: Tratamenio do Canal Radicular, Preparo de Canal Radicular, Microtomografia por
Raio-X.

Utilizagao do laser nas pesquisas odontoldgicas: analise bibliométrica dos anais da SBPgO
Amanda de Carvalho Taveira, Walker Pereira Guimaraes, Sandy Tangino Albuquerque Da Silva,
Ana Maria Gondim Valenga, José Maria Chagas Viana Filho

Objetivo: Reunir as diferentes aplicactes do laser em pesquisas as quais foram apresentadas nas
uitimas 38 reunibes anuais da Sociedade Brasileira de Pesquisa Odontoldgica (SBPqO).
Metodologia, Trata-se de uma andlise bibliomélrica. Foram analisados 58414 resumos
catatogados em todos os anais disponivels no site do SBPgO e a busca fol realizada utilizando-sa
o0z termos "laser” e "laserterapia”, sendo excluidos os estudos em que o laser foi ulilizado para
capiura de imagem, soldagem e resumos com informacies incompletas. Os dados relacionados 2o
local da pesguisa, tipo de instituigio, desenho do estudo, apoio financeire e poténcia do laser,
configuraram as varidveis independentes. Resultados: Foram selecionados 1.570 (2.64%)
resumos, dos gquais 1,143 (72,80%) foram preduzidos no Estado de S&o Paulo e 1,193 (75,98%)
pertencentes a instituigies pablicas. Os estudos laboratoriais prevaleceram (n=1.224; 77,96%), bem
como os estudos que ndo contaram com apoio financeira (n=953; 60,70%). A maioria das pesquisas
utilizou o laser de balxa poléncia (n= B36; 53 24%) e area de dentistica fol a que mais apresentou
frabalhos (n=182; 11,58%). Conclusdo: Obsanvou-sa um expressivo interessa pela realizacio de
pesquisas com o laser, predominantemente produzidas por grupos paulistas, em instituigdies
piUblicas e sem apoio financeiro. A maioria foram pesgquisas laboratoriais, com laser de baixa
poténcia, na drea da denlistica.

Palavras-chave: Terapia com Luz de Baixa Intenzidade, Pesquiza em Odontologia, Resumo da
Reunides.
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