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RESUMO

As lesdes de carie incipiente em fossas e fissuras de dentes posteriores sédo
de dificil diagnostico, sendo muitas vezes subestimadas e somente detectadas em
estagios avancados. A tomografia por coeréncia optica (OCT) tem se mostrado uma
ferramenta promissora para diagndstico e monitoramento dessas lesdes, porém
apresenta algumas limitacbes, como o grande espalhamento da luz incidente nos
tecidos reduzindo a penetragédo da luz e o contraste no mesmo. Para superar essa
limitacdo, os agentes de compensacdo oOtica (ACO), visam permitir um melhor
contraste e visualizacdo de estruturas biolégicas. As nanoparticulas de ouro tém
sido destaque na bioimagem devido as suas propriedades fisicas e quimicas além
de biocompatibilidade. O objetivo deste estudo foi avaliar nanoparticulas esféricas
de ouro (AuNP), nanobastfes de ouro (AuNR) e glicerol como ACOs em imagens de
tomografia de coeréncia optica (OCT) de molares com lesdes de carie incipientes
para melhorar o diagndstico desta condicdo. Dez dentes molares extraidos com
lesbes de cérie incipientes foram visualizados com tomografia de coeréncia Optica
(OCT). O grupo (G1) consistiu de uma amostra sem adicdo de ACO, enquanto
outros grupos tiveram a adicdo dos seguintes componentes: glicerol (G2), AuNP
(G3), AuNP diluido em glicerol (G4), AuNR (G5) e AuNR diluido em glicerol (G6). Os
grupos foram investigados quanto ao realce das lesbes com os ACO pelas
alteracdes do coeficiente de extingdo da luz com o OCT. Um aumento na atenuacao
de luz ocorreu em todos o0s grupos testados quando comparado ao G1 (0,184). Os
grupos G3 e G6 apresentaram maior coeficiente de atenuacao (0,224), (p = 0,341).
A diferenca do coeficiente de atenuacdo entre a regido afetada e a ndo afetada
permitiu a localizacdo das areas desmineralizadas. Foi demonstrado que
nanoparticulas de ouro (AuNP e AuNR) demonstraram bons resultados como ACOs
de lesdes incipientes de carie. A aplicabilidade desses resultados € bem adequada
para o diagndstico precoce de lesdes de carie em odontologia.
Palavras-chave: Tomografia de coeréncia 6ptica. Nanoestruturas. diagnéstico por

imagem. carie dental.



ABSTRACT

Incipient caries lesions in posterior tooth fissures are difficult to diagnose and are
often underestimated and only detected in advanced stages. Optical coherence
tomography (OCT) has been shown to be a promising tool for the diagnosis and
monitoring of these lesions. However, it presents some limitations, such as the large
scattering of incident light on the analyzed surface, which reduces the penetration of
light into the tissue, and decreasing the contrast between different structures. In
order to overcome this limitation, the optic clearing agents (OCA), aim to allow a
better contrast and visualization of biological structures. Gold nanoparticles have
been prominent in bioimaging because of their physical and chemical properties as
well as biocompatibility. The aim of this study was to evaluate gold spherical
nanoparticles (AuNP), gold nanorods (AuNR) and glycerol as OCAs in OCT images
of molars with incipient caries lesions to enhance the diagnostic of this condition in
dental practice. Ten extracted molar teeth with incipient caries lesions were imaged
with OCT. Group (G1) was a control sample, whereas the other groups had the
addition of the following components: glycerol (G2), AuNP (G3), AuNP diluted on
glycerol (G4), AuNR (G5) and AuNR diluted on glycerol (G6). The groups were
investigated for enhancement as optical clearing agents by the alterations of the light
extinction coefficient with OCT. An increase in the light attenuation occurred in all
tested groups when compared to G1 (0.184). Groups G3 and G6 demonstrated a
higher attenuation coefficient (0,224), (p=0,341). The difference of the attenuation
coefficient between the affected and non-affected region permitted the location of
demineralized areas. It was demonstrated that gold nanoparticles (AuNP and AuNR)
are effective as OCAs of incipient caries lesions. The applicability of these results is
well suited for caries lesions early diagnostic in dentistry.

Keywords: Tomography optical coherence. Nanostructures. diagnostic imaging.

dental caries.
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1 INTRODUCAO

A topografia complexa da superficie oclusal de dentes posteriores representa um
desafio na rotina clinica. Dentro desse contexto, as céries incipientes séo dificeis de
detectar em estagios iniciais, sendo frequentemente subestimadas em seu diagnéstico
(ITO et al.,, 2016). Sdo caracterizadas por apresentar a superficie do esmalte sem
cavitacdo, com a camada superficial rica em minerais com menor suscetibilidade a
dissolucéo, diferente da area subsuperficial onde a dissolucdo ocorre e tem menos
contedado mineral (ARENDS; CHRISTOFFERSEN, 1985). Como consequéncia, € mais
comum a identificacdo de tais lesbes em um estagio ja avancado, o que implica na
necessidade de intervencdo restauradora e assim, uma maior perda de estrutura
(FRIED et al., 2002).

Para deteccdo de céries incipientes 0s recursos comumente empregados
incluem o exame clinico por inspecdo visual e exames radiograficos (MELO et al.,
2016). Entretanto em virtude das limitacBes inerentes do exame radiografico, novas
técnicas de diagnostico tem sido desenvolvidas com o intuito de proporcionar a
detecgéo precoce da doenga de maneira ndo invasiva, dentre as quais a tomografia por
coeréncia optica (OCT) (OTIS et al., 2000)(COLSTON JR. et al., 2000).

A tomografia por coeréncia Optica € uma técnica nao invasiva e que utiliza
radiacdo nao ionizante de alta resolucédo espacial baseada na interferometria de baixa
coeréncia, que utiliza uma fonte de luz que produz imagens transversais e
tridimensionais dos tecidos biolégicos em profundidades de até 2 mm com uma
resolucdo espacial de 5-15 um no comprimento de onda da faixa do infravermelho
proximo (NIR) (BRAZ et al., 2012; ITO et al., 2016; ZAGAYNOVA et al., 2008)

Na odontologia, a técnica de OCT tem diversas aplicabilidades, incluindo a
deteccdo precoce de carie (KANG; DARLING; FRIED, 2014; POPESCU DP, SOWA
MG, HEWKO MD, 2009). O método é baseado em medidas quantitativas da intensidade
da luz refletida e retroespalhada sobre o material de maneira ndo destrutiva de acordo
com as alteragcdes morfologicas nas amostras (FRIED et al., 2002). Uma das maneiras
de se quantificar as alteragBes oOticas € medindo o coeficiente de atenuacdo, que tem

mostrado resultados promissores na discriminagdo entre estados saudaveis e
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patolégicos de varios tecidos, incluindo tecidos epiteliais, artérias, pele e linfonodos,
assim como em relacdo a desmineralizacdo e remineralizacdo do esmalte (MANDURAH
et al., 2013). Entretanto, o alto espalhamento em tecidos biologicos turvos limita a
penetracdo da luz, e tanto a resolugdo da imagem quanto o contraste diminuem a
medida que a luz se propaga mais profundamente no tecido (ZHU et al., 2013)

No intuito de superar essa limitacdo, os agentes de compensacédo Otica surgem
com o0 objetivo de melhorar as propriedades de espalhamento da amostra e
consequentemente, a qualidade da imagem do OCT. (BRAZ et al, 2012).
Tradicionalmente, a agua e fluidos como o glicerol, sdo utilizados com o propdsito de
fornecer um ganho significativo com relacao a visibilidade de estruturas como a juncao
dentina-esmalte e lesdes de caries, visto que permitem uma penetracdo mais profunda
da luz (KANG; DARLING; FRIED, 2014; YANG; CURTIS; FRIED, 2019). Nesse sentido,
nanoparticulas de metal nobre tém sido aplicadas com o objetivo de aprimorar as
imagens obtidas pelo OCT, dentre as quais, as nanoparticulas de ouro, que tem se
mostrado eficientes agentes de contraste para imagens Opticas de tecidos bioldgicos.
(BRAZ et al., 2012; OLDENBURG et al., 2009; TUCKER-SCHWARTZ et al., 2012;
ZAGAYNOVA et al., 2008)

As nanoparticulas de ouro tém sido amplamente utilizadas na area de
bioimagem, pois proporcionam um melhor retroespalhamento da luz devido a sua forte
absorcéo e dispersdo derivada de uma intensa ressonancia plasmonica de superficie
localizadas na regido da banda espectral do visivel-infravermelho préximo (NIR). Além
disso, apresentam uma baixa toxicidade, excelente estabilidade coloidal e facilidade de
sintetizacdo (JAIN et al., 2006). O trabalho de Zagaynova et al., 2008 confirmou a
possibilidade de contrastar limites de camada e estruturas da pele pela aplicacéo de
nanoparticulas de ouro, permitindo a visualizacdo das interfaces entre camadas da
pele, além de contraste de estruturas como um foliculo piloso.

As caracteristicas das nanoparticulas, como tamanho, forma e propriedades
dielétricas véao influenciar as propriedades Opticas, permitindo ser ajustadas. Uma de
suas caracteristicas fisicas mais relevantes é ressonancia de plasmon de superficie

(SPR). A banda plasmoénica de superficie surge da oscilacdo coletiva dos elétrons de
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conducado devido a excitacao ressonante pelos fotons (ZHOU et al., 2009). As AuNPs
esféricas geralmente mostram um pico de absorcéo relativo de 500 a 550 nm (YEH;
CRERAN; ROTELLO, 2012). Os nanobastdes (nanorods) de ouro possuem, além da
banda plasmonica de superficie ao redor 528 nm (plasmons transversais), também visto
em nanoesferas de ouro, uma banda em comprimentos de onda mais longos, em torno
de 800nm, devido a oscilacdo dos elétrons no plasma do longo eixo (plasmons
longitudinais). Isso permite que o méximo de plasmons dos nanobastdes se encontre
na regido desejavel do NIR, tornando potencialmente Uteis para aplicacdes in vivo.
(JAIN et al., 2006). A ressonancia plasmoénica aumenta o campo elétrico na interface
metal-dielétrico (ouro-dente nesta dissertacdo) o que induz aumento no contraste da
imagem.

Diante do potencial de nanoparticulas de ouro como agentes de contraste, esse
trabalho teve como objetivo analisar lesGes de carie incipiente em dentes posteriores
utilizando nanoparticulas de ouro esféricas e nanobastbes como agentes de
compensacdao oOtica para imagens em OCT. O trabalho ainda comparou o uso de agua e
glicerol como diluentes para 0s nhanomateriais utilizados como agentes de
compensacao oOptica, obtendo os coeficientes de atenuacao do decaimento exponencial
do sinal do A-Scan em imagens de OCT identificando o comportamento do mesmo em

areas higidas e cariadas.
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2 METODOLOGIA
2.1 Caracterizacao do Estudo

Nesta dissertagdo realizamos um estudo laboratorial experimental ex vivo
utilizando dentes humanos para avaliar caries incipientes através da Tomografia por
Coeréncia Optica com as nanoparticulas e nanobastdes de ouro como agente de
compensacao optica.

A pesquisa foi realizada no Laboratério de Fotbnica e Biofotdnica do
Departamento de Fisica da Universidade Federal de Pernambuco, que disponibilizou o
aparelho de Tomografia por Coeréncia Optica, o Microscopio Optico com Luz
Polarizada, assim como a confeccao das nanoparticulas de ouro.

2.2 Critérios de Incluséo

Foram utilizados dentes molares permanentes com presenca de manchas
brancas e amarronzadas nas fossas e fissuras que se enquadram no critério 1 e 2 do
Internacional Caries Detection and Assessment System (ICDAS). Sendo o critério 1
caracterizado por mancha branca ou marrom visivel em esmalte seco e o critério 2
descrito como primeiras mudancas visiveis em esmalte Umido.

2.3 Critérios de Excluséao

Foram excluidos os elementos que apresentavam cavidades de carie ao exame
visual ou restauracoes.

2.4 Preparo das amostras

Molares permanentes com coroa integra (n=10) extraidos nos ultimos 6 meses
foram obtidos através do Banco de Dentes do Centro Universitario Tabosa de Almeida
(ASCES-UNITA). Todas amostras foram descontaminadas com Cloramina T 0,5% e
higienizados com escova de Robinson acoplada ao contra angulo (GNATUS, Sao
Paulo, SP, BR) e detergente neutro, sendo armazenadas em soro fisiolégico para
hidratag&o.

Utilizando uma matriz de metal previamente confeccionada e padronizada, 0s
dentes tiveram suas raizes incluida em blocos de resina acrilica transparente (Jet
Classico, Sao Paulo, SP, BR) sempre deixando livre a juncdo amelocementéria. 1sso

permitiu o posicionamento do espécime em uma base de PVC especifica para o
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escaneamento no OCT permitindo o reposicionamento das amostras a fim de comparar
um mesmo elemento sob distintos ACOs.
2.5 Nanoparticulas e Nanobastdes de Ouro

As nanoparticulas esféricas de ouro (AuNP) foram produzidas e caracterizadas
no Departamento de Fisica e Quimica da Universidade Federal de Pernambuco pelo Dr.
Renato Silva através do tratamento de tetracloroaurato de hidrogénio (HAuCl4) com
polivinilpirrolidona (PVP -Mw = 55.000) em agua fervente, onde a PVP atua como
agente estabilizante. As nanoparticulas de ouro coloidal resultantes séo esféricas e tém
um tamanho de 2,0 = 1,0 nm disperso em solu¢do aquosa, e 0 pico de ressonancia
plasmoénica é em 550 nm (BRITO-SILVA et al., 2013). Os nanobastdes de ouro (AuNR)
foram adquiridos da Nanopartz™, com diametros de 50 nm e comprimento de 160 nm
também dispersos em solucdo aquosa, com dois picos de ressonancia plasmoénica em
520 nm e 825 nm.

Com o obijetivo de testar as propriedades do glicerol juntamente com as AuNP e
AuNR as solucbes aquosas de nanoparticulas e nanobastbes foram diluidas em
glicerol. Uma balanca de precisao foi utilizada para a diluicdo na proporcéo de 50% do
peso da solugcdo contendo a AuNP com 50% de glicerol, a mesma propor¢cdo sera
utilizada para as AuNR.

2.6 Andalise das Amostras

2.6.1 Tomografia por Coeréncia Optica

O sistema de OCT selecionado para este estudo foi um modelo comercial, o
Callisto (Thorlabs Inc, Nova Jersey, EUA), operando no dominio espectral (SD-OCT). A
fonte de luz utilizada é um diodo superluminescente com comprimento de onda central
de 930 nm e largura de banda de 100 nm e poténcia maxima de saida de 3 mW. Este
sistema possui um espectrometro de alta velocidade de captura de dados, permitindo a
geracdo de imagens transversais bi e tridimensionais, com resolucéo axial de 5,3/7um
(ar/dgua) e resolucéo lateral de 8 um e 1,7 mm de profundidade de penetracéo da luz
no interior da amostra. As imagens foram capturadas na forma de matriz com 2000

colunas x 512 linhas e 400 colunas x 400 linhas, respectivamente. A frequéncia de
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varredura axial deste sistema é 1,2 kHz, o que permite a captura de duas imagens por
segundo com 105 dB de sensibilidade.

As amostras foram analisadas de forma padronizada, através do posicionamento
em uma plataforma de PVC com uma marcacéo linear coincidindo com a marcagéo da
plataforma da mesa do OCT (Figura 1). Essa calibracdo serviu para controle e
confirmacdo do reposicionamento correto, para permitir que as diversas tomadas da

mesma amostra fossem comparadas.

Fig.1 Base de PVC para posicionamento no OCT

Cada amostra foi analisada num total de 6 vezes. Inicialmente foi realizada a leitura
do controle negativo (1) sem nenhum ACO, e em seguida foi feita a leitura com os 5
diferentes ACOs. O primeiro ACO foi o glicerol puro como controle positivo (2). Os
outros ACOs foram: (3) nanoparticulas esféricas de ouro (AuNP) dispersa em agua
(HAuCI4 - 3H20); (4) AuNP dispersas em agua e diluida em 50% de peso de glicerol;
(5) nanobastdes (AuNR) disperso em agua (HAuCl4 - 3H20); (6) (AuNR) disperso em

agua e diluido em 50% de peso de glicerol (Tabela 1).
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Tabela 1: Distribuicdo dos grupos

GRUPO AGENTE DE COMPENSACAO

Gl Controle negativo

G2 Glicerol

G3 AuNP + agua

G4 AuNP + 4gua + glicerol
G5 AuNR + agua

G6 AuNR + agua + glicerol

Apés a aplicacdo do agente de compensacdo Otica, toda a superficie dental foi
escaneada obtendo a captura das imagens da varredura do elemento a cada 250 pum
de deslocamento da plataforma. Terminada a varredura a amostra era removida da
plataforma, lavada com agua corrente e realizada a profilaxia com detergente neutro e
escova de Robinson, seguido de banho na cuba ultrass6nica com agua deionizada. Em
seguida a amostra era novamente colocada na base para a confirmacdo do
posicionamento correto e da remocgao completa do ACO, somente depois era iniciada
uma nova varredura com um agente de compensacao seguinte.

2.6.2 Mensuracao do coeficiente de atenuacgéo

Ap6s a aquisicdo, as imagens foram analisadas em software criado para
mensuracdo do coeficiente de atenuacéo oOptica (CAO) (Figura 2). CAO é um valor
guantitativo que caracteriza o decaimento do sinal da luz do OCT quando a luz se
propaga através do tecido analisado. Assim, através do CAO, é possivel usar o sinal
OCT para discriminar quantitativamente entre diferentes tipos de tecidos e seu estado

de saude.
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Fig. 2 Software para mensuracdo do coeficiente de atenuacéo, janela 1 (seta verde)
selecionando uma area higida e janela 2 (seta amarela) na regiao de fossa e fissura.

Para obter o coeficiente de atenuagéo as imagens obtidas eram importadas para
um software para seu processamento. Em cada imagem, o operador seleciona a largura
e a posicdo da janela de duas regifes de interesse (ROI). Para padronizacéo, a largura
da janela serd mantida constante (10 A-scan) durante todas as analises. Como cada
amostra biolégica apresenta caracteristicas morfologicas distintas, a posicdo das
janelas era ajustada para cada imagem, sempre posicionando uma janela em uma
regido de tecido saudavel e a outra em uma regido de tecido anormal.

Usando modo B-scan, o software identifica a superficie do tecido (interface ar-
tecido ou OCA-tecido) e usa-o como referéncia para realizar uma média do A-scan
normalizado dentro de cada janela de ROI, iniciando a leitura a partir deste ponto. O A-
scan foi normalizado pelo valor maximo para evitar valores errados devido a possivel
reflexdo na primeira superficie.

A média A-scan de cada janela de ROI foi usada para ajustar um decaimento
exponencial, baseado na lei de Beer-Lambert (MAIA et al., 2016; POPESCU DP, SOWA
MG, HEWKO MD, 2009), onde | (z) é a intensidade em funcdo da profundidade ze u é
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o coeficiente de atenuacéo Optica. O valor obtido foi registrado para posterior analise.
Este procedimento foi repetido para cada imagem até que todas fossem analisadas.
I(z) = lo exp (-uz)

2.6.3 Microscopia Optica de transmiss&o por polarizacéo cruzada

Para a confirmacgéo das lesdes da carie incipiente em cicatriculas e fissuras foi
realizada a Microscopia Optica de transmiss&o por polarizacdo cruzada como método
comparativo a analise em OCT.

Para tal, os espécimes foram seccionados em fatias com aproximadamente 800
pm de espessura com disco diamantado dupla face (Buehler Ltd., Lake Bluff, IL, EUA)
acoplado a uma cortadeira de precisdo (Isomet 1000 Speed Saw, Buehler Ltd., Lake
Bluff, IL, EUA). Em seguida as fatias foram lixadas manualmente na sequéncia das lixas
de carbono numeros 600, 800, 1000, 1200 e 2000 até obter 80 um de espessura. A
planificacdo e padronizacéo de espessura foi controlada com auxilio de um paquimetro
digital.

Em seguida as fatias foram analisadas no microscépio 6ptico Olympus BX-31
(Olympus Optical Co. Ltd., Tokyo, Japan) para analise com luz transmitida e uso de
polarizadores. O meio de imersado utilizado foi agua e as imagens foram capturadas
com uma camera acoplada ao microscopio, com aumento de magnitude de 50x.

2.7 Andlise Estatistica

A analise estatistica foi realizada utilizando o software GraphPad Prism 7
(GraphPad Software, Inc.). Foram calculadas a média e o desvio-padrédo de cada
grupo. A distribuicdo normal foi determinada pelo teste de Kolmogorov-Smirnov. Em
todos os grupos, foi realizado o teste t de Student. Para verificar se ha diferenca entre
0s grupos, foi usado o teste "repeated measures analysis of variance RM-ANOVA". A

significancia estatistica de todos os testes deve ser considerada como p<0,05.
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3 RESULTADOS

Os resultados obtidos nesta dissertacao estdo descritos na forma de artigo anexo
e parte da dissertacdo. Os resultados mostraram um aumento do coeficiente de
atenuacdo na regido da lesdo cariosa quando utilizada as nanoparticulas de ouro
esféricas ou em bastdo como agente de compensacao otica. Além disso, ao utilizar as
nanoparticulas aumentou a diferenca desse coeficiente entre a area higida e cariada.
Sendo assim, esses resultados sdo promissores para a melhora da visualizacado de
carie incipiente através do OCT.
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4 CONCLUSAO

Esse estudo concluiu que as nanoparticulas de ouro no formato de esferas e
bastdes sdo promissoras para 0 monitoramento de lesdes de carie em esmalte baseada
na atenuacgdo do sinal de OCT. As aplicacdes in vivo e a seguranc¢a da técnica devem
ser estudadas mais profundamente. No entanto, o método deve ser testado para uma
maior variedade de lesGes com varias formas, estruturas e profundidades nos estudos
posteriores antes dos procedimentos clinicos.

As nanoparticulas de ouro possuem grande potencial como ferramentas de
diagnoéstico na area da saude. Tém sido utilizadas para a bioimagem, como sensores e
para desenvolvimento da nanotecnologia. Seu papel na bioimagem & promissor devido
as suas propriedades Gticas que permitem que essas hanoparticulas sejam utilizadas
como agentes de compensacao Gtica. Dentro desse cendrio, os nanobastdes tem se
destacado devido a suas propriedades como a capacidade de sintonizar as suas
bandas de plasmons na regido visivel do espectro eletromagnético, essa entre outras
caracteristicas tornou as nanoparticulas objeto de estudo para diversas aplicacdes
bioldgicas.
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APENDICE A - Artigo

Gold nanostructures as optical clearing agents for incipient occlusal caries
analyses by Optical Coherence Tomography

ABSTRACT

Incipient caries lesions in posterior tooth fissures are difficult to diagnose and are often
underestimated in early stages. Optical coherence tomography (OCT) has been shown
to be a promising tool for the visualization of these lesions. In order to improve the OCT
images, optical clearing agents aim to allow a better contrast and visualization of
biological structures. This study evaluated gold spherical nanoparticles (AuNP), gold
nanorods (AuNR) and glycerol as optical clearing agents in OCT images of incipient
caries lesions to enhance its diagnosis. Ten extracted permanent molars affected by
incipient caries lesions were imaged with OCT. Group (G1) was the control, whereas
other groups were observed using the following components: glycerol (G2), AuNP (G3),
AuNP diluted on glycerol (G4), AuNR (G5) and AuNR diluted on glycerol (G6). The
groups were investigated for enhancement as OCA by the alterations of the light
extinction coefficient with OCT. An increase in the light attenuation occurred in all tested
groups when compared to G1 (0.179). Groups G3 and G6 demonstrated a higher
attenuation coefficient (0,224), (p=0,341). The difference of the attenuation coefficient
between the affected and non-affected region permitted the localization of demineralized

areas.

Descritors: Optical coherence tomography, nanostructures, diagnostic imaging, dental

caries

1 INTRODUCTION

The complex topography of the occlusal surface of the posterior teeth represents
a challenge for diagnosis in dentistry. In this context, incipient caries are difficult to
detect in the early stages and are generally underdiagnosed (FRIED et al., 2002; ITO et
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al., 2016). Furthermore, caries remains one of the most prevalent problems in dentistry
in public health (FERREIRA-NOBILO; ROSARIO, 2014). Microscopic analysis can show
occlusal fissures that appear clinically round and shallow, occasionally harbor deep
grooves that are occluded with debris and microorganisms (ITO et al., 2016).

Occlusal caries lesions are routinely detected using visual, tactile and exploratory
methods in combination with radiographic exam (MELO et al., 2016). Radiographic
methods have low sensitivity for occlusal lesions, and when they are radiolucent, there is
already a deep progression in dentin, making inevitable the restorative treatment
(FEJERSKOV, 2004). Therefore, the early detection of these cavities is important to
avoid damage to the dental tissues, thus allowing minimally invasive dentistry.

Optical coherence tomography (OCT) is a non-invasive imaging technique that
provides high-resolution images of microanatomic structures in living tissues. These
systems offer cross-sectional and 3D images with resolution on the order of few microns
and a depth of penetration of one to two millimeters (BRAZ et al., 2012). OCT can
provide diagnostic information in dentistry regarding dental materials, soft and hard
tissues analysis and can effectively be used to identify demineralized tissues as in
carious lesions (MAIA et al., 2016). However, tissue scattering properties may represent
a major limiting factor for deeper images from biological samples by optical techniques
(ZHU et al., 2013).

Optical clearing agents (OCAs) have routinely been used in biological microscopy
and have found recent application in clinical imaging, including OCT (TUCHIN, 2005;
ZHU et al., 2013). When analyzing a tooth surface with the OCT device, the presence of
a caries lesions typically promotes a large increase in light scattering due to
demineralization limiting the light penetration, thereby reducing the OCT signal before it
even reaches the dentin-enamel junction (KANG; DARLING; FRIED, 2016). In this way,
contrast agents may enhance OCT image quality in situ, whereas an agent that modifies
the diffusion properties of a sample may improve the image contrast.

There are some examples of OCAs in the literature, as glycerol, transparent vinyl
polysiloxane impression material, silver nanoparticles, titanium oxide and gold
nanoparticles (CARNEIRO et al., 2018)(YANG; CURTIS; FRIED, 2019)(KANG;
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DARLING; FRIED, 2016)(ZAGAYNOVA et al., 2008). Among these, gold is
biocompatible, and nanoparticles can be manufactured with appreciable colloidal
stability. A relevant feature of these nanostructures is due to an effect called surface
plasmon resonance (SPR). This resonant effect can be tuned into the near-infrared,
allowing the nanoparticles to act as molecular contrast agents in a spectral region where
the tissue is relatively transparent, such as enamel (LIAO; NEHL; HAFNER, 2006).
Studies have shown that the visibility of occlusal lesions occult and hidden in OCT
images can be significantly improved using optical brightening agents and image
analysis methods (KANG; DARLING; FRIED, 2016; ZAGAYNOVA et al., 2008).

The use of nanopatrticles as OCAs to improve OCT image contrast in incipient caries
lesions has not yet been fully explored and there is great potential due to increased
diagnostic information. In dentistry, it has been used for drug release in implant surface
(MOON et al., 2018) and for contrast agent for visualization of dentin structures (BRAZ
et al., 2012). Thus, the aim of this study was to evaluate gold nanoparticles (AuNP) and
gold nanorods (AuNR) as OCAs, comparing with glycerol to enhance the detection of
incipient occlusal caries lesions in OCT images.

2 MATERIALS AND METHODS

2.1. Ethics

This experimental laboratory in vitro study was carried out in accordance to the Helsinki
Declaration, after approval by the Ethics Committee on Humans Research, under
process CAAE 63824216.8.0000.5207.

2.2. Sample preparation

Ten permanent molars teeth, with incipient carious lesions were obtained from a teeth
bank (Centro Universitario Tabosa de Almeida (ASCES-UNITA), Caruaru, Pernambuco,
Brazil). Those teeth contained white or brownish spots accompanying anatomical
accidents of the occlusal surfaces, but they did not have evident cavitation when
analyzed by visual examination in accordance with the ICDAS code (1) first visual
change in dry enamel and (2) distinct visual change in moist enamel. Teeth were

excluded when caries cavities were observed by visual examination or restorations.
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The teeth selected for this study had their root portions included in colorless
chemically activated acrylic resin matrix with the occlusal surface parallel to the ground.
Afterwards they were placed on a PVC platform so they could be repositioned to receive
the OCAs for OCT scanning.

2.3. OCAs

Each sample was analyzed in a total of 6 times, the first one was the negative control
(G1), and then they were analyzed with five different OCAs. The pure glycerol was the
positive control (G2). The other OCAs were: (G3) gold spherical nanoparticles (AuNP)
dispersed in water (HAuCl4 - 3H20); (G4) AuNP dispersed in water and diluted to 50%
by weight of glycerol; (G5) nanorods (AuUNR) dispersed in water (HAuCl4 - 3H20); (G6)
(AuNR) dispersed in water and diluted to 50% by weight of glycerol.

After applying the OCAs, the specimens were scanned by OCT, and then the
samples were washed with neutral detergent with Robinson’s brush, followed by
ultrasonic bath in deionized water for 15 minutes between each NP-enhanced OCA
application. In this way, all samples were able to be observed using OCT in the
presence of all NP-enhanced OCA.

2.3.1 Preparation and acquisition of Gold Nanoparticles (spherical and nanorods)
The spherical gold nanoparticles (AuNP) were produced in the Department of Physics
and Chemistry of the Universidade Federal de Pernambuco, Brazil by treating hydrogen
tetrachloroaurate (HAuCI4) with polivinilpirrolidona (PVP -Mw = 55.000) in boiling water,
where the PVP acts as stabilizing agent. The resulting colloidal gold nanoparticles are
spherical and have an 2.0 £ 1.0 nm in size dispersed in aqueous solution, and the peak
of plasmon resonance is at 550 nm (BRITO-SILVA et al., 2013). The nanorods (AuNR)
were purchased from NanopartzTM, with diameters of 50 nm and length of 160 nm also
dispersed in aqueous solution, have two plasmon resonance peaks at 520 nm and 825
nm, corresponding to the transverse and longitudinal plasmon resonances, respectively.
2.4. Optical Coherence Tomography System

The OCT system employed in this work was a commercially available Callisto (Thorlabs
Inc, New Jersey, USA), operating in the spectral domain (SD-OCT), with 930 nm of

central wavelength, 100 nm of bandwidth, maximum output power of 5 mW, resolution of
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5.3/7 um in air and water, respectively, lateral resolution of 8 ym and depth of light
penetration of 1.7 mm. The analysis was performed along the occlusal surface,
capturing two-dimensional images with 8 mm transverse scan of the specimens. To
standardize the scanning the samples were positioned on a in the x-y translation stage
with the aid of a micrometric screw, with 250 um interval between each image. The two-
dimensional images constitute a numerical matrix of 2000 columns at the x-axis,
corresponding to maximum 8-mm scanning, and 512 rows at the y-axis, with 1,7 mm
maximum depth (in air, considering refractive index 1).

2.4.1 Optical Attenuation Coefficient Measurement

After the acquisition, the images were analyzed on a homemade software to measure
the optical attenuation coefficient (OAC). The OAC is a quantitative value that
characterize the decay of OCT signal when light propagates trough the tissue analyzed.
Thus, by measuring the OAC it is possible to use the OCT signal to quantitatively
discriminate between different types of tissues and their state of health.

For OAC analyzes, the software operator upload the images of each studied group.
In each image the operator selected the width and position of two region of interest
(ROI) window. For standardization, the window width was maintained constant (10 A-
scan) during all the analyses. As each biological sample presents distinct morphological
characteristics, the position of the windows was adjusted for each image, always
positioning one window in a region of healthy tissue and the other 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 a reference to 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 first surface.

The average A-scan of each ROI window was used to fit an exponential decay,
based on Beer-Lambert law, as Equation (1), where 1(z) is the intensity as a function of
depth z and p is the optical attenuation coefficient and obtain the AOC. The obtained

value was recorded for posterior analysis. This procedure was repeated for each image.

2= loexp (-uz)
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2.5. Statistics

Statistical analysis was performed using GraphPad Prism 7 software (GraphPad
Software, Inc). A mean and standard deviation of each group were calculated. Normal
distribution was not performed by the Kolmogorov-Smirnov test. To analyze differences
between the groups, the Kruskal-Wallis test was used. In all groups, Student's t-test was
performed. To verify if there was difference between groups, the "repeated measures of
variance RM-ANOVA" test was used. The statistical significance of all tests should be
considered as p <0.05.

3 RESULTS

The OCT images of 10 molars were examined. OCT B-scan and A-scan mode across
the occlusal surface of molars are presented in Figure 1 as transversal and
bidimensional OCT images, with and without OCAs, of an occlusal surface of a molar
that clinically presented a brown stain in the pit and fissures suspecting of incipient
caries lesions. Fig. 1A shows the B-scan OCT mode without any OCAs (G1).

The other images where taken after application of the following OCAs: fig. 1B,
glycerol (G2); fig.1C, gold spherical nanoparticles (AuNP) dispersed in water (HAuCl4 -
3H20) (G3); fig. 1D, AuNP dispersed in water and diluted to 50% by weight of glycerol
(G4); fig. 1E nanorods (AuNR) dispersed in water (HAuCl4 - 3H20) (G5); fig. 1F, AuNR
dispersed in water and diluted to 50% by weight of glycerol (G6). In order to quantify the
OCT signal intensity in the DEJ area, the attenuation coefficient was obtained (Tabel
01). The figure 2 shows the A-scan graphic of the control group, G3 (AuNP) and G6
(AuNR + glycerol) which evidence the greatest difference of the attenuation coefficient

comparing with the control group.



31

Figure 1: Optical polarization microscopy and OCT B-scan images across the occlusal surface of molars.
(A) G1; (B) G2; (C) G3; (D) G4; (E) G5; (F) G6. The bright line in figs C to F are reflections at the air-liquid
solution interface.
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Table 1: Mean £ S.D. of attenuation coefficient (mm-1) values taken from OCT Imaging of higid and
carious teeth with Optical Clearing Agents. The test RM-ANOVA indicate that the values are statistically
not different in the groups of higid and caries sufaces (p>0,05)

Mean o . p-
Surface Group (G) N SD Minimum Maximum
(mm-1) valuet
Control (G1) 10 0,161 0,04 0,093 0,251 <0,0001
Glycerol (G2) 10 0,169 0,06 0,087 0,257 <0,0001
Gold Nanoparticles(G3) 10 0,133 0,06 0,036 0,25 0,0001
Higid Gold Nanoparticles and glycerol
10 0,143 0,05 0,063 0,242 <0,0001
(G4)
Nanorod (G5) 10 0,135 0,07 0,007 0,233 0,0002
Nanorod and glycerol (G6) 10 0,168 0,04 0,086 0,248 <0,0001
Control (G1) 10 0,184 0,05 0,136 0,292 <0,0001
Glycerol (G2) 10 0,198 0,07 0,069 0,307 <0,0001
Gold Nanoparticles (G3) 10 0,224 0,03 0,145 0,276 <0,0001
Caries Gold Nanoparticles and glycerol
10 0,191 0,03 0,116 0,259 <0,0001
(G4)
Nanorod (G5) 10 0,214 0,04 0,158 0,269 <0,0001
Nanorod and glycerol (G6) 10 0,224 0,05 0,109 0,291 <0,0001

1 0One sample t test

An increase in the light attenuation was found in all carious tested groups when
compared with G1 (0.184). It was observed that groups 3 and 6 obtained a higher
attenuation coefficient (0.224) on carious surface. However, at the higid areas, gold
nanorods diluted in glycerol (G6 = 0.168) showed an attenuation coefficient with similar
results to those of the isolated samples of glycerol, G2 (0.169).

4 DISCUSSION

Preliminary studies have demonstrated that OCT has great potential for imaging early
caries lesions and for monitoring lesion progression in enamel. In addition, OCAs may
enhance OCT image quality in situ, whereas an agent that modifies the diffusion

properties of a sample may improve the image contrast. Therefore, in present research,
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gold nanoparticles were also studied to improve the OCT imaging, adding knowledge to
the use of this technology in early diagnostic in complex tooth anatomy.

OCT provides cross-sectional images of biological tissues over penetration depths of
typically 1-2 mm. In agreement, the OCT device used in this study shows 1.7 mm of light
penetration depth within the analyzed samples. The penetration depth of OCT is
fundamentally limited by the attenuation of ballistic light propagation via scattering and
absorption. As an OCT beam penetrates deeper into a tissue, the signal strength
diminishes (LARIN et al., 2012).

One way of quantifying optical changes is by measuring the attenuation coefficient,
which has shown promising results in discriminating between healthy and pathological
states of various tissues as well as demineralization and remineralization of enamel
(MANDURAH et al., 2013). This study confirmed that the use of optical clearing agents
increased the attenuation coefficient of subsurface lesions located under enamel in the
occlusal surface.

Demineralization in the fissures typically strongly attenuates the OCT signal
preventing (KANG; DARLING; FRIED, 2014). Differently from some studies in which the
use of optical clearing agents - generally a fluid - decreased the attenuation of light, in
this study it was observed that the use of the NP as agent promoted a greater
attenuation of light in the lesion’s areas, which helped to improve the contrast.
Furthermore, the difference between the attenuation coefficients between the healthy
and carious lesion increased, making the gold NP a potential tool to improve the
identification of lesions.

Researchers proposed the use of optical-clearing agents (OCASs) in order to reduce
scattering and improve penetration of light (TUCHIN, 2005; ZHU et al., 2013). Studies
indicated that higher index fluids, as glycerol, influenced OCT imaging of caries lesions
on enamel surfaces (JONES; FRIED, 2005). The viscosity of the optical clearing agent
may also be important because penetration of the agent into the lesion pores and
dentinal tubule network can decrease the lesion contrast and allow deeper penetration
of light. (YANG; CURTIS; FRIED, 2019)
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Glycerol has a much higher viscosity and presents refractive index of 1.47. This is
well suited for use in dental imaging due to its high biocompatibility (KANG; DARLING;
FRIED, 2016), which is an important advantages for OCT imaging. It is widely used as
tissue optical clearing with various efficiencies, a fact that justifies the use of glycerol in
some groups (G2, G4 and G6). Within the spectral range of interest in this study, the
addition of glycerol caused the attenuation coefficient to remain the same as in the
groups where the gold nanoparticles were diluted. This shows that it is indifferent to use
combined agents to highlight images.

In contrast with the literature, the glycerol increased the attenuation coefficient, which
means that the light penetrated less than in the control group. In order to improve the
nanoparticles properties, such as viscosity, the dispersion of the nanoparticles in
glycerol was tested. However, the results did not show a statistically significant
difference with respect to the other agents tested.

Gold nanopatrticles play a key role in nanotechnology, with applications in many
fields and can have the potential to infiltrate deep into demineralized area (BRAZ et al.,
2012). The capacity to control size, shape and the colloid stability of nanoparticle
dispersions are important issues related to their practical applications (ZHOU et al.,
2009). The advantages of the gold nanoparticles are low toxicity and an ability for
maintenance of localized surface plasmon resonances in the NIR region providing
enhanced backscattering of laser radiation (XIA et al., 2016). Although it is widely used
in bioimaging, there are few studies that aim at the use of gold nanoparticles as clearing
agents in incipient caries, which justified its application in this experiment. Our results
showed a remarkable increase in the attenuation coefficient when using spherical
nanoparticles (G3) and gold nanorods diluted in glycerol (G6) in comparison to the
control (G1).

Studies suggest that optical clearing agents act by filing the pores and tubules
structures to reduce internal light scattering and as index matching agents by reducing
scattering and reflection at surfaces (KANG; DARLING; FRIED, 2016; YANG; CURTIS;
FRIED, 2019). By analyzing different lines of the same sample with demineralization, it

was possible to detect exponential characteristic decay of light, due to the increase of
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the attenuation coefficient of light at demineralized areas, showing similar results as
other studies conducted (CARNEIRO et al., 2018; MAIA et al., 2016; MANDURAH et al.,
2013). However, with reference to the sample of the present research, divergent results
have been observed in the literature showing a decrease of attenuation coefficient in the
lesion area (CARA et al., 2012; POPESCU DP, SOWA MG, HEWKO MD, 2009; YANG;
CURTIS; FRIED, 2019).

One of the early biological application of gold nanospheres was as contrast agents
for imaging in dark or brightfield imaging systems. Since then, other gold nanostructures
as gold nanorods has been tested (OLDENBURG et al., 2009; STONE; JACKSON;
WRIGHT, 2011). Moreover, parameters such as mechanisms and characteristics of
optical clearing, tissues type, and different experimental protocols are differentials for
obtaining quality contrast. Based on this, AUNR is a promising biocompatible agent, with
colloidal stability and so, a truly valid option in Dentistry imaging. In the literature, to
date, only few studies have used it (LUO et al., 2017; MOON et al., 2018).

Another explanation for the use of optical clearing agents is that in the posterior
surfaces the occlusal slopes near the pit and fissures promotes large angles with the
OCT beam. Application of the liquid agents on the occlusal surfaces, fills the fissure
region with the liquid, and reduces the initial angle of incidence at the liquid interface
toward normal incidence. As the beam propagates, the reflective interface of the liquids
to the enamel will be less affected from the high angle slopes because the indexes of
refractions of the agents are closer to enamel. By decreasing the surface scattering and
reflection of the incident beam and increasing the critical angle with a liquid layer applied
to the occlusal surfaces, more light penetrates and exits the tooth enamel (JONES;
FRIED, 2005).

5 CONCLUSION

Monitoring of an enamel lesion based on the OCT signal attenuation over time
appears to be a promising approach. In vivo applications and the safety of the optical
clearing technique should be further pursued. However, the method should be tested for
a larger range of lesions with various shapes, structures, and depths in the further

studies before clinical procedures.
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em tecidos mineralizados devido 3 natureza altamente dispersante dos tecidos bioldgicos. Para contornar
es5s53 Iimiugio. a oompcnuq;io Optica surge como alternativa para promove maior homogeneidade das
amostras bioldgicas, de forma a permitir uma maior profundidade de pmctngio da luz nos tecidos.

A técnica de compensagio dptica consiste na interposicdo ou imersao/permeabilizagio de substincias
quimicas biocompativeis sobre os tecidos bioldgicos; baseada em uma série de efeitos dessa substincia
sobre a amostra, como compatibilidade dos indices de refrac3o, efeito da desidratagdo celular e aumento da
solubilidade do colageno por causa das propriedades osmoticas dos agentes de compensacdo, ela
consegue promover um aumento significativo da penetracao de luz nos tecidos, tornando o diagndstico ndo
invasivo mais viavel. Dessa forma, este trabalho propde o uso de agentes para compensacio Optica para
melhoria do espalhamento de luz, baseadas na imers3o de espécimes nesses agentes, utiizando o principio
do indice de refragdo (RI) correspondente entre os agentes de compensacio/meios de montagem e tecido
sob oburvagio. de forma a melhorar a profundidade de pcnctragio da luz em tecidos dentais
mineralizados, estejam eles higidos ou com lesdes de carie oculta, para imagens in vitro desses tecidos
obtidas através de OCT.

A pesquisa sera desenvolvida no laboratério de Fotbnica do departamento de Fisica da Universidade
Federal de Pernambuco (UFPE). Os dados devem ser processados no laboratério de implantologia da
Universidade de Pernambuco (UPE). Os dentes a serem utilizados para a pesquisa serdo fornecidos pelo
banco de dentes Centro Universitario Tabosa de Aimeida (ASCES - UNITA. Vide anexo C). Serdo utiizados
15 elementos dentdrios (molares), que serdo submetidos a distintos agentes de compensacio Gptica, em
toda sua superficie oclusal. Estes agentes constituir-se-30 de nanoparticulas de nitrato de prata (AgNO3,
1,18x 1014 particulas/mL de agua, didmetro aproximado de 10nm) e nanoparticulas de didxido de titinio
(TiO2 P.A. didmetro aproximado de 180nm) homogeneamente dispersas em glicerol em concentracdes
conforme especificas verificadas na tabela 1. As nanoparticulas a serem utilizadas foram sintetizadas no
laboratdrio de Fotdnica e Biofotdnica do Departamento de Fisica da Universidade Federal de Pernambuco
(UFPE) Apés sua manipulago, os agentes de compensacao serdo depositados sobre as amostras
dentarias, de forma recobrir toda a superficie oclusal. Para assegurar o alcance dos agentes de superficie
sobre os sulcos e fissuras mais profundos sera utilizada uma sonda exploradora de ponta romba para
distribuicdo do material juntamente com pincéis de pelo de marta e toray . As
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amostras serdo completamente recobertas por uma fina camada do agente de compensac3o, e entdo
analisadas pela tomografia de coeréncia optica (OCT), buscando-se obter uma espessura ligeiramente
homogénea sobre o corpo de prova, respeitando a distancia focal do equipamento. Além disso, sera
realizada a leitura pelo equipamento de Tomografia de Coeréncia Optica (OCT) sem antefatos interpostos
entre a superficie dentaria e a ponteira.

Objetivo da Pesquisa:

A pesquisa tem por objetivo primario avaliar o uso de nanoparticulas como agentes de compensacio de
superficies dentarias para geracdo de imagens de Tomografia por Coeréncia Optica e, por objetivo
secundario: 1) avaliar o uso de diferentes concentragdes de nanoparticulas de Didxido de Titanio (TiO2)
diluidas em glicerol como agente de compensagdo para formagio de imagens de Tomografia por Coeréncia
Optica (OCT) em superficies oclusais dentarias; 2) avaliar o uso de diferentes concentracdes de
nanoparticulas de Nitrato de Prata (AgNO2) diluidas em agua e glicerol como agente de compensac3o para
formacdo de imagens de Tomografia por Coeréncia Optica (OCT) em superficies oclusais dentarias e 3)
comparar os agentes de compensac3o entre si e com as imagens de superficies que ndo receberam os
agentes (Controle).

Avaliagdo dos Riscos e Beneficios:

A pesquisa nao oferecs risocos 3 sociedade ou 30s pesquisadores envoividos, uma vez que trata-se de uma
pesquisa in vitro, com dentes obtidos a partir de um banco de dentes e, portanto, previamente
descontaminados. Com relacio 3 toxicidade dos compostos empregados como agentes de superficie, os
mesmos nao oferecem riscos a quem os manipular, sendo considerados matenais quimicamente seguros.

Quanto aos beneficios, 0s pesquisadores esperam apresentar a comunidade cientifica e aos profissionais
de cdontologia um composto de baixo custo capaz de melhorar a sensibilidade de imagens de Tomografia
Optica de Coeréncia (OCT) para determinacio de informagbes de lesdes incipientes de superficie oclusal
uma vez que “com o aumento da penstragao de luz nos tecidos, pode-se obter uma otimizac3o das técnicas
de Tomografia dptica de Coeréncia (OCT). que é uma técnica de imagens obtidas por radiacdo nao
ionizante, que podera ent3o se tornar um substituto a radiografias periapicais e interproximais, que é
baseada em radiacio ionizante e com alto indice de “falsos negativos” no diagndstico de lesbes de cdrie
incipientes em superficies oclusais.”

Comentarios e Consideragoes sobre a Pesquisa:
Um dos cbjetivos da biofotnica consiste na aplicagio de técnicas Opticas para andlise estrutural e
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funcional de tecidos e células com boa resoluco e contraste. Seus principais desafios estao associados 3
necessidade de aumentar a resolucdo e a profundidade de imagem, bem como torna-los aplicveis para

estudos in vivo. Os tecidos bioldgicos s30 densamente compostos por diversos tipos de substancias,

incluindo particulas dispersantes contornadas por um meio circundante. Esta arquitetura tecidual faz com
que a luz se propague em diferentes velocidades e dngulos, em funcio das variagdes do indice de refracdo
dos mais distintos componentes, limitando, assim, a pfopagagéo da mesma no tecido. A tomografia por
coeréncia optica (OCT) € uma técnica ndo invasiva de gerac3o de imagens transversais de estruturas
bioldgicas internas a partir da incidéncia e propagacio de um feixe de luz de baixa coeréncia. Na
odontologia, esta técnica tem sido utiizada para imageamento de caries dentais, superficies oclusais e
tecidos moles, todavia, devido 3 limitac3o de profundidade de propagacdo da luz, o seu emprego na analise
de tecidos dentais ainda € restrito. Para contornar este problema. pode-se lancar mao dos agentes de
compensac3o optica, substincias quimicas biocompativeis aplicadas sobre os tecidos bioldgicos para
promover maior homogeneidade de propagac3o da luz. permitindo uma maior profundidade de penstracdo
da luz nos tecidos. Baseado nesta premissa, o presente estudo busca avaliar o uso de agentes de
compensac3o optica 3 base de nanoparticulas de titinio e prata para melhorar a profundidade de
penetrac3o da luz nos tecidos dentais mineralizados ex vivo, estejam eles higidos ou com lesdes de carie
oculta, através de Tomografia de Coeréncia Optica (OCT).

A pesquisa sera desenvolvida no laboratorio de Fotdnica do departamento de Fisica da Universidade
Federal de Pernambuco e os dados processados no laboratorio de implantologia da Universidade de
Pernambuco. Os dentes a serem utilizados para a pesquisa ser3o fornecidos pelo banco de dentes Centro
Universitario Tabosa de Almeida. Ser3o utilizados 15 elementos dentarios (molares), que serao submetidos
a distintos agentes de compensacao Gptica, em toda sua superficie oclusal. “Estes agentes constituir-se-30
de nanoparticulas de nitrato de prata (AgNO3, 1,18x 1014 particulas/mL de agua, didmetro aproximado de
10nm) e nanoparticulas de didxido de titanio (TiO2 P.A. didmetro aproximado de 180nm) homogeneamente
dispersas em glicerol (Amresco, Chio, EUA). As nanoparticulas a serem utiizadas foram sintetizadas no
laboratorio de Fotonica e Biofotonica do Departamento de Fisica da Universidade Federal de Pernambuco.”
Os agentes de compensacao serdo depositados sobre as amostras dentarias, de forma recobrir toda a
superficie oclusal. “Para assegurar o alcance dos agentes de superficie sobre 05 sulcos e fissuras mais
profundos sera utilizada uma sonda exploradora de ponta romba para distribuicio do material juntamente
com pincéis de pelo de marta e toray. As amostras serao completaments recobertas por uma fina camada
do agente de compensaco, e ent3o analisadas pela tomografia

Enderego: Av. da Engennara ' - 1 andar, sala 4, Predio do Certro de Cibncias da Salde

Balrro: Cade Unwersitiva CEP: 50740600
UF: PE Municipio: RECFE
Telefone: (5121268588 E-mall:  copcosiDaton be

Fapaatoe W

44



CEP

— e

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE m"‘"‘“
¥P CIENCIAS DA SAUDE / UFPE-

de coeréncia optica (OCT), buscando-se obter uma espessura ligeiramente homogénea sobre o corpo de
prova, respeitando a distancia focal do equipamento. Além disso, sera realizada a leitura pelo equipamento
de OCT sem artefatos interpostos entre a superficie dentiria e a ponteira.”

Diante do exposto, o projeto é relevante, com metodologia adequada aos objetivos propostos.
Consideragdes sobre os Termos de apresentagdo obrigatoria:

O protocolo foi submetido na Plataforma Brasil em nome da orientadora e 0s termos de apresentacdo
obrigatdria (Carta de anuéncia/declaracdo e Infraestrutura da UFPE, da UPE e do Centro Universitario
Tabosa de Almeida; Lattes de Marleny Elizabeth Marquez de Martinez Gerbi e Vanda Sanderana Macédo
Carneiro e termo de confiabilidade) foram anexados a Plataforma Brasil. No entanto n3o foi anexado 3
Plataforma Brasil o Lattes do Professor Anderson Esteves Lednidas Gomes e da pos-doutoranda Claudia
Cristina Brainer de Oliveira Mota.

Por se tratar de uma pesquisa in vitro 05 pesquisadores solicitaram dispensa de TCLE.

Recomendagdes:

Por se tratar de pesquisa na qual a UFPE é Centro Coparticipante a pesquisadora deveria ter anexado a
Plataforma Brasd o5 cumiculos de toda a equipe de pesquisa em atendimento as normas do CEP/UFPE mas
tendo em vista que a pesquisa foi aprovada pelo CEP da Universidade de Pernambuco (PROPEGE),
recomendamos que em outra oportunidade (emenda p. x.), a pesquisadora verifique as normas do CEP da
Instituicso C Saris

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Protocolo Aprovado.

Consideragoes Finais a critério do CEP:

O Protocolo foi avaliado na reunido do CEP e esta APROVADO para iniciar a coleta de dados. Informamos
queaAPRWA@;\ODEFINITNAdoprojeoosésgidadaapésom&NoﬁwgioeomoRehléfianal
da pesquisa. O pesquisador devera fazer o download do modelo de Relatdrio Final para envia-lo via
“Notificagdo”, pela Plataforma Brasil. Siga as instrucdes do link “Para enviar Relatdrio Final, disponivel no
site do CEP/UFPE. Apds apreciac3o desse relatdrio, o CEP emitira novo Parecer Consubstanciado defintivo
pelo sistema Plataforma Brasi.

Informamos, ainda, que o (3) pesquisador (a) deve desenvolver 3 pesquisa conforme delineada neste
protocolo aprovado, exceto quando perceber risco ou dano n3o previsto 30 voluntario participante (item V.3.,
da Resolucio CNSMS N° 468/12).
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Eventuais modificagdes nesta pesquisa devem ser solicitadas através de EMENDA ao projeto, identificando

a parte do protooolo a ser modificada e suas justficativas.

Para projetos com mais de um ano de execucio, é obrigatorio que o pesquisador responsavel pelo
Protocolo de Pesquisa apresente a este Comité de Etica. relatdrios parciais das atvidades deservolidas no
periodo de 12 meses a contar da data de sua aprovagdo (item X.1.3.b., da Resolugio CNS/MS N* 488/12).

O CEP/UFPE deve ser informado de todos os efettos adversos ou fatos relevantes que alterem o curso
normal do estudo (item V.5., da Ruolu;io CNS/MS N* 466/12). = papel do'a pesquisador/a assegurar
todas as medidas imediatas e adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido
em outro centro) e ainda. enviar notficacio 3 ANVISA - Agéncia Nacional de Vigilincia Sanitaria. junto com

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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ANEXO B — Normas da revista

Sample manuscript showing style and formatting specifications for SPIE journal papers

First Author,2 Second Author,2 Third Author,? Fourth Authora?”

aUniversity Name, Faculty Group, Department, Street Address, City, Country, Postal Code
bCompany Name, Street Address, City, Country, Postal Code

Abstract. This document shows the required format and appearance of a manuscript prepared for SPIE e-
journals. The abstract should consist of a single paragraph containing no more than 200 words. It should
be a summary of the paper and not an introduction. Because the abstract may be used in abstracting and
indexing databases, it should be self-contained (i.e., no numerical references) and substantive in nature,
presenting concisely the objectives, methodology used, results obtained, and their significance. A list of up
to six keywords should immediately follow, with the keywords separated by commas and ending with a

period.

Keywords: optics, photonics, light, lasers, templates, journals.

*Fourth Author, E-mail: myemail@university.edu

1 Introduction

This document shows the suggested format and appearance of a manuscript prepared
for SPIE journals. Accepted papers will be professionally typeset. This template is
intended to be a tool to improve manuscript clarity for the reviewers. The final layout of
the typeset paper will not match this template layout.

1.1 Use of This Template

Authors may use this Microsoft (MS) Word template by employing the relevant styles
from the Styles and Formatting list (which is accessed from the Styles group in the
Home ribbon, Fig. 1):


mailto:myemail@university.edu
mailto:myemail@university.edu
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@l Pt < @ == YENE - :t_ journal Word template.doc [Compatibility Mode] - Microsoft Wor_ g

Home Insert Page Layout References Mailings Review View MathType Acrobat
i - - A A LoomLoa= L éﬁFmdv
 |[[mestewBon 712 T[A a7 [ Aam | 5P = AsBhCeDd AaBbCcl AaBbCc AaBbCel % Repiace
E fac
Paste - o ar . A - i i i i — Change
- J B I U abe x, X p- Caption Emphasis  THeadingl THeading2 Syless | [y Select
Clipboard 1 Font = 2 styles < | Edifffig
[u] [ e e s A N

Fig. 1 MS Word 2010 Home ribbon. Red arrow indicates where to access Styles Window.

To view which style is being used in any part of this document, place the cursor on the

line and look in the style list (Fig. 2):

Styles * X

Clear All =
Abstract

Article Tite

Author Affiliations
Author Mames

Body Text

Body Text Indented

m

Caption

Corresponding Author Foot
Display Equation

Figure caption

Figure number
FollowedHyperlink

Footer

Heading 1
Heading 2
Heading 3
Hyperlink

A g oA ARy BE RS

Keywords

[] Show Preview
[7] Disable Linked Styles

Options...

Fig. 2 Styles window.

If you are using Word 2003 you can select Format on the menu bar and Reveal
Formatting to view the style palette.

1.2 English

Authors are strongly encouraged to follow the principles of sound technical writing.
Manuscripts that do not meet acceptable English standards or lack clarity may be
rejected. Authors whose native language is not English may wish to collaborate with a

colleague whose English skills are more advanced. Alternatively, you may wish to have
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your manuscript professionally edited prior to submission by Editage, our recommended

independent editorial service: http://www.editage.com/spie. SPIE authors will receive a

15% discount off their services.
1.3 Page Setup and Fonts
Top, bottom, left, and right margins should be 1 inch. Use Times New Roman font

throughout the manuscript, in the sizes and styles shown in Table 1.

Table 1 Recommended fonts and sizes.

Style name Brief description
Article Title 16 pt, bold
Author Names 12 pt, bold
Author Affiliations 10 pt
Abstract 10 pt
Keywords 10 pt
Heading 1 12 Pt, bold
Heading 2 12 pt, italic
Heading 3 11 pt, italic
Body Text 12 pt
Figure caption 10 pt
Table caption 10 pt

2 Parts of a Manuscript

This section describes the normal structure of a manuscript and how each part should
be handled.

2.1 Title and Author Names

The article title appears left justified at the top of the first page. The title font is 16 pt,
bold. The rules for capitalizing the title are the same as for sentences; only the first word,
proper nouns, and acronyms should be capitalized. Do not begin titles with articles (e.qg.,
a, an, the) or prepositions (e.g., on, by, etc.). The word “novel” should not appear in the
title, as publication will imply novelty. Avoid the use of acronyms in the title, unless they
are widely understood. Appendix A contains more about acronyms.


http://www.editage.com/spie
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The list of authors immediately follows the title. The font is 12 pt bold and the author
names are left justified. The author affiliations and addresses follow the names, in 10 pt
normal font and left justified. For multiple affiliations, each affiliation should appear on a
separate line. Superscript letters (a, b, c, etc.) should be used to associate multiple
authors with their respective affiliations. The corresponding author should be identified
with an asterisk, and that person's email address should be provided below the
keywords.

2.2  Abstract

The abstract should be a summary of the paper and not an introduction. Because the
abstract may be used in abstracting journals, it should be self-contained (i.e., no
numerical references) and substantive in nature, presenting concisely the objectives,
methodology used, results obtained, and their significance. It should be 200 words,

maximum. For further guidelines, please read the brief article titled "How to Write an

Abstract (PDF)," by Philip Koopman. (Courtesy of Philip Koopman, Carnegie Mellon

University.)

2.3 Subject Terms/Keywords

Keywords are required. Please provide 3-6 keywords related to your paper.

2.4  Body of Paper

The body of the paper consists of numbered sections that present the main findings.
These sections should be organized to best present the material.

It is often important to refer back (or forward) to specific sections. Such references are
made by indicating the section number, for example, “In Sec. 2 we showed...” or
“Section 2.1 contained a description....” If the word Section, Reference, Equation, or
Figure starts a sentence, it is spelled out. When occurring in the middle of a sentence,
these words are abbreviated Sec., Ref., Eq., and Fig.

At the first occurrence of an acronym, spell it out followed by the acronym in
parentheses, e.g., charge-coupled diode (CCD).

2.5 Footnotes


http://spie.org/Documents/Publications/How%20to%20Write%20an%20Abstract.pdf
http://spie.org/Documents/Publications/How%20to%20Write%20an%20Abstract.pdf
http://spie.org/Documents/Publications/How%20to%20Write%20an%20Abstract.pdf
http://spie.org/Documents/Publications/How%20to%20Write%20an%20Abstract.pdf

Use textual footnotes only when necessary to present important documentary or
explanatory material whose inclusion in the text would be distracting.”

2.6  Appendices

SPIE journals do not accept supplementary materials. However, it is acceptable to
include an Appendix when necessary, such as derivations of equations, proofs of
theorems, and details of algorithms. Equations and figures appearing in Appendices
should continue sequential numbering from earlier in the paper.

2.7 Disclosures

Conflicts of interest should be declared under a separate header, above
Acknowledgments. If the authors have no competing interests to declare, then a
statement should be included declaring no conflicts of interest. For assistance
generating a disclosure statement, see the form available from the International
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Committee of Medical Journal Editors website: http://www.icmje.org/conflicts-of-interest/

2.8  Acknowledgments

Acknowledgments and funding information should be added after the conclusion, and

before references. Include grant numbers and the full name of the funding body. The
acknowledgments section does not have a section number.

2.8 References

The References section lists books, articles, and reports that are cited in the paper. The

references are numbered in the order they are cited. Examples of reference styles are

given at the end of this template.

For books?? the listing includes the list of authors (initials plus last name), book title (in

italics), page or chapter numbers, publisher, city, and year of publication. Journal article

references®# include the author list, title of the article (in quotes), journal name (in italics,

“ Due to problems with HTML display, use of footnotes should be avoided. If absolutely

necessary, the footnote mark must come at the end of a sentence. To insert a footnote,

use the Insert menu, select Reference, then Footnote, change the number format to the style of

asterisk, dagger, double-dagger, etc., and click OK.


http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
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properly abbreviated), volume number (in bold), inclusive page numbers or citation
identifier, and year. A reference to a proceedings paper or a chapter in an edited book>®
includes the author list, title of the article (in quotes), conference name (in italics), editors
(if appropriate), volume title (in italics), volume number if applicable (in bold), inclusive
page numbers, publisher, city, and year.

The references are numbered in the order of their first citation. Citations to the
references are made using superscripts, as demonstrated in the preceding paragraph.
One may also directly refer to a reference within the text, for example, “as shown in Ref.
5 ...” Two or more references should be separated by a comma with no space between
them. Multiple sequential references should be displayed with a dash between the first
and last numbers.=

2.8.1 Reference linking and DOls

A Digital Object Identifier (DOI) is a unique alphanumeric string assigned to a digital
object, such as a journal article or a book chapter, that provides a persistent link to its
location on the internet. The use of DOIs allows readers to easily access cited articles.
Authors should include the DOI at the end of each reference in brackets, if a DOI is
available. See examples at the end of this manuscript. A free DOI lookup service is

available from CrossRef at http://www.crossref.org/freeTextQuery/. The inclusion of

DOls will facilitate reference linking and is highly recommended.

2.9 Author Biographies and Photographs

Author biographies are encouraged, especially for primary and corresponding authors.
Biographies are not to exceed 75 words. Biographies should be placed at the end of the
manuscript. Personal information such as hobbies or birthplace/birthdate should not be
included.

3 Section Formatting (Heading 1)

Type each section heading on a separate line using the appropriate style from the style
list. Sections should be numbered sequentially.

Paragraphs that immediately follow a section heading are leading paragraphs and
should not be indented, according to standard publishing style. The same goes for

leading paragraphs of subsections and sub-subsections. In this MS Word template, use


http://www.crossref.org/freeTextQuery/
http://www.crossref.org/freeTextQuery/

the Body Text style for leading paragraphs and the Body Text Indented style for all
subsequent paragraphs.

3.1 Subsection Headings (Heading 2)

Subsection headings should be numbered 1.1, 1.2, etc.

3.1.1 Sub-subsection headings (Heading 3)

Sub-subsection headings should be numbered 1.1.1, 1.1.2, etc. Only the first word is

capitalized.
4 Figures and Tables
4.1  Figures

Figures are numbered in the order in which they are called out in the text. Figures
should be embedded in the manuscript for the initial submission, and individual figure
files will be requested for the first revision in .tif, .eps, .png, or PDF format. We cannot
accept application files, i.e., Corel Draw, Microsoft Word, PowerPoint, etc. All figure
parts must be labeled (a), (b), etc. Each figure file should contain all parts of the figure.

For example, Fig. 3 contains two parts (a) and (b); therefore, all of the labeled parts
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should be combined in a single file for Fig. 3. Further details about figure formatting can

be found in the author guidelines for each specific SPIE journal:

https://www.spiedigitallibrary.org/journals/journal-authors. A figure caption list should b

provided after the references.

a
Fig. 3 Example of a figure caption: ( n and (b) blob. (b
4.2 Tables

e


https://www.spiedigitallibrary.org/journals/journal-authors
https://www.spiedigitallibrary.org/journals/journal-authors
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Tables are numbered in the order in which they referred to. They should appear in the
document in numerical order and as close as possible to their first reference in the text.
Table captions are handled identically to those for figures, except that they appear
above the table, and when called out in the text, the word “Table” is always spelled out.
See Table 1 for an example.

4.3 Multimedia

Please refer to the multimedia section of the author guidelines (see link above) for
specific submission guidelines and requirements. The following types of multimedia files
are accepted: QuickTime Non-Streaming video (.qt or .mov), MPEG (.mpg or .mp4). The
recommended maximum size for each multimedia file is 10-12 MB. Authors must insert
a representative “still” image from the video file in the manuscript as a “figure.” This still
image will be linked by the publisher to the actual video file, as will the caption label.
Video files should be named Video 1, Video 2, etc. Otherwise multimedia files are
treated in the same manner as figures. The multimedia file type should be included in

parentheses at the end of the figure caption, along with the file size. See Video 1 for an

example.

Video 1 Example of a multimedia still image (MPEG, 2.5 MB).

Appendix A: Miscellaneous Formatting Details

A.1  Formatting Equations

Equations may appear inline with the text, if they are simple, short, and not of major
importance; e.g., a = b/c. Important equations appear on their own line. For example,

“The expression for the field of view is
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9g < (b+1)’ (1)

3c

where a is the ...” Principal equations are numbered, with the equation number placed
within parentheses and right justified. Authors are strongly encouraged to use MS Word
Equation Editor or MathType to create both in-text and display equations. Equations are
considered to be part of a sentence and should be punctuated accordingly.

A.2  Formatting Theorems

To include theorems in a formal way, the theorem identification should appear in a 10-pt,
bold font, left justified and followed by a period. Formal statements of lemmas and
algorithms receive a similar treatment. The text of the theorem continues on the same

line in normal, 10-pt font. For example,

Theorem 1. For any unbiased estimator...

Disclosures

Conflicts of interest should be declared under a separate header. If the authors have no
relevant financial interests in the manuscript and no other potential conflicts of interest to
disclose, a statement to this effect should also be included in the manuscript.
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Fig. 1 MS Word 2010 Home ribbon. Red arrow indicates where to access Styles
window.

Fig. 2 Styles window.

Fig. 3 Example of a figure caption: (a) sun and (b) blob.

Video 1 Example of a multimedia still immage (MPEG, 2.5 MB).
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