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RESUMO

A Tomografia por Coeréncia Optica (OCT) é uma técnica de geracdo de
imagens, com alta resolucdo espacial, utilizada na avaliagcdo da microestrutura interna
de materiais e tecidos biolégicos, medindo a luz que é refletida e retroespalhada em
tempo real, de modo ndo invasivo e sem emitir radiacdo ionizante. As suas
caracteristicas podem apresenta-la como uma estratégia alternativa ou complementar
ao diagnodstico. Apesar de suas vantagens, a técnica ainda nao é utilizada
clinicamente na Odontologia. O objetivo deste trabalho foi aplicar a ténica de OCT em
situacbes distintas nas especialidades de Periodontia e Dentistica, analisando as
possibilidades de aplicacédo da técnica no ambito clinico. Foi realizada a avaliacéo do
comportamento do tecido gingival in vivo e ex vivo. Outro ponto abordado, foi a
perspectiva de inclusdo do OCT como uma nova categoria de sondas periodontais, as
sondas biofotdnicas. Foi realizado o monitoramento de restauracfes laminadas
investigando sua adaptacéo e integridade através de captura de imagens in vivo. Os
artigos contidos na tese abordam os resultados promissores obtidos e reforcam a
relevancia e a contribuicdo para obtencdo de um diagndstico precoce e preciso. Os
resultados permitiram concluir que a Tomografia por Coeréncia Optica € um método
eficaz para a andlise dos tecidos periodontais e de tratamentos restauradores,
permitindo o diagndstico preciso, de maneira ndo invasiva. Porém, algumas limitacbes
precisam ser superadas para sua utilizacdo na clinica odontologica, tais como o custo
de equipamento, aumento no poder de penetracdo, melhoria do contraste e o
desenvolvimento de software para permitir processamento das imagens em tempo

real.

Palavras-chave: Diagndstico por imagem. Tomografia de Coeréncia Optica. Gengiva.
Doencgas Periodontais. Facetas Dentarias.



ABSTRACT

Optical Coherence Tomography (OCT) is a high spatial resolution imaging
technique used to evaluate the internal microstructure of biological materials and
tissues, measuring light that is reflected and backscattered in real time, in a non-
invasive manner and without emitting ionizing radiation. Its characteristics can present
it as an alternative strategy or complementary to the diagnosis. Despite its advantages,
the technique is still not used clinically in dentistry. The objective of this work was to
apply the technique of OCT in different situations in the specialties of Periodontics and
Dentistry, analyzing the possibilities of application of the technique in the clinical scope.
The evaluation of gingival tissue behavior in vivo and ex vivo was performed. Another
point addressed was the prospect of including OCT as a new category of periodontal
probes, the biophotonic probes. Monitoring of laminated restorations was performed
investigating their adaptation and integrity through in vivo imaging. The articles in the
thesis address the promising results obtained and reinforce the relevance and
contribution to obtain an early and accurate diagnosis. The results allowed to conclude
that Optical Coherence Tomography is an effective method for the analysis of
periodontal tissues and restorative treatments, allowing a precise diagnosis, in a
noninvasive way. However, some limitations need to be overcome for use in the dental
clinic, such as equipment costs, increased penetration power, contrast enhancement,

and software development to enable real-time image processing.

Keywords: Diagnostic Imaging. Tomography, Optical Coherence. Gingiva. Periodontal

Diseases. Dental Veneers.
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1 INTRODUCAO

O exame clinico odontoldgico é considerado como padrao para avaliacdo da
saude oral, e quando necessario € associado a radiografias no intuito de auxiliar o
clinico na tomada de decisdo. Na periodontia, o diagndstico é realizado a partir da
avaliacdo clinica periodontal, podendo ser associada a tomada radiografica para
verificacdo do osso de suportel. Na dentistica, a inspecédo visual e as imagens
radiolégicas sao rotineiramente utilizadas como ferramentas de diagnostico para a
deteccdo de alteracbes com sinais e/ou sintomas clinicos. As técnicas de imagem
empregadas na clinica odontolégica seguem a linha tradicional da utilizacdo de
radiacdo X que, apesar de suas vantagens, ndo fornecem resolucao, sensibilidade e
contraste suficientes para detectar alteracdes em estagios inicias nos tecidos orais?.
A especificidade e a sensibilidade desses métodos ainda sdo insatisfatorias e a
deteccdo de defeitos é geralmente afetada por um atraso de tempo, uma vez que o
diagndstico s6 é possivel apos a visualizagcdo de manifestacéo clinica®4.

A necessidade de realizacdo de tratamentos mais simples e minimamente
invasivos alavancam a busca por métodos alternativos de diagndstico. As técnicas
Opticas despertam interesse por propiciarem uma andalise com poucos efeitos
adversos e por permitir avaliacdo de areas nao contempladas pelos exames
tradicionais, identificando altera¢cGes de forma precoce®.

Os métodos oOpticos de diagndstico tem o intuito de capturar imagens de forma
nao invasiva empregando radiacdo ndo ionizante. As pesquisas na area tém como
objetivo tentar extrapolar para o @mbito clinico a utilizacdo de dispositivos 6pticos ou
acusticos, tais como: ultrassom®, sonda optica baseada em LED’, microscopia
confocal®, espectroscopia de infravermelho e a tomografia por coeréncia ética®.

A tomografia por coeréncia 6tica (OCT, acrénimo inglés de Optical Coherence
Tomography) é um dos métodos mais promissores na investigacdo de alteracdes
teciduais nas ciéncias da saude®. OCT permite a formacéo de imagens dos tecidos
biolégicos com alta resolucdo espacial, sensibilidade, precisdo de detalhes
anatdbmicos e preservacdo da integridade da regido avaliada, sem exposicdo a
radiacdo ionizante!!. A técnica possibilita a realizacdo de bidpsia 6ptica, podendo
detectar precocemente alteracdes e patologias'?, como cancer!?, caries'* e doencas

periodontais!®. A simplicidade na aquisicdo das imagens, o monitoramento em tempo
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real e a reprodutibilidade da técnica indicam a provéavel viabilidade clinica para exame
e quantificacdo dos tecidos orais*®.

Na clinica odontoldgica, o exame tatil e o visual dependem da sensibilidade do
examinador, além de ser dificil o acompanhamento da evolucéo entre as sessées?'’.
Por isso especialidades odontoldgicas necessitam de alternativas na identificacdo de
alteracbes e o OCT desponta como um método promissor no diagnostico de
modificagGes antes do surgimento de sinais clinicos®2°, Nos lltimos anos, inmeras
pesquisas foram realizadas aplicando OCT na identificacdo e evolucao de alteracdes
em tecidos orais moles e duros e no comportamento de materiais restauradores?*24,
As imagens obtidas podem orientar a escolha da melhor intervencdo clinica,
viabilizando ainda mais a aplicacdo dos preceitos de uma Odontologia minimamente
invasiva.

Esta tese aborda uma reviséao de literatura sobre a Tomografia por Coeréncia
Otica e sua utilizacdo como método diagndstico in vivo em Periodontia e Dentistica.
Segue como parte integrante do trabalho os artigos publicados no Journal of
Biophotonics (apéndice A), nos Proceedings of SPIE (apéndices B, C e D) e submetido
na Journal of Dentistry (apéndice E), contendo metodologia, resultados e discussao
acerca do tema abordado.

1.1 TOMOGRAFIA POR COERENCIA OPTICA

A Tomografia por Coeréncia Optica € uma técnica de imagem Optica ndo
destrutiva de alta resolucéo para a criacdo de imagens transversais de tecidos duros
e moles em tempo real®®. O método utiliza as propriedades de espalhamento e
reflexdo associado a uma fonte emissora de luz para transmitir informacdes de
diferencas estruturais a um detector coleta dos dados?®.

A tecnologia foi utilizada pela primeira vez em 1991 para aquisi¢do de imagens
transversais ndo invasivas em sistemas bioldgicos!!, e desde ent&o, o sistema evoluiu
e se tornou bem estabelecido na medicina, especialmente no campo da
Oftalmologia?’?8. Na Odontologia, ha muitos relatos sobre o uso do OCT
principalmente no diagnostico de alteracdes teciduais, como em regides de dentes e
do periodonto16:20.21,29,30

OCT usa interferometria de baixa coeréncia para produzir uma imagem

bidimensional de espalhamento Optico a partir de microestruturas internas do tecido
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avaliado, de forma analoga a imagem ultrassdnica de eco de pulso!l. O método
consegue alcancar resolucdes espaciais longitudinais e laterais em escala
micrométrica e tem a capacidade de detectar fragdes extremamente pequenas dos
sinais refletidos3%3?, no qual é possivel identificar e diferenciar detalhes e
particularidades estruturais de tecidos, pois sua capacidade vai além do alcance dos
microscoépios épticos confocais tradicionais!?®: 2.

O OCT pode produzir imagens com uma resolugéao de até 20 ym, uma ordem
de magnitude maior em comparacdo com o ultrassom e sua profundidade de
penetracdo normalmente varia entre 1 e 3 mm, dependendo do tipo de tecido®*. Nos
tecidos bioldgicos, a técnica permite construir imagens das estruturas numa faixa de
até 3mm abaixo da superficie, a depender do indice de refracdo do meio analisado e
consequentemente da estrutura da matriz extracelular e da morfologia celular®. As
imagens obtidas sdo mapas topograficos apresentadas em esquemas de falsas cores,
no qual observa-se areas de alto sinal de retroespalhamento (cores claras) e de baixo
sinal de retroespalhamento (cores escuras).

OCT apresenta vantagens quanto ao baixo custo em relacédo a outras técnicas
de imagem da mesma categoria, a alta resolucdo espacial e a profundidade de
penetracdo®. As imagens obtidas de forma ndo invasiva e a auséncia de radiacdo
ionizante permitem sua utilizacdo in vivo. Porém, existem algumas barreiras que
precisam ser superadas pela técnica, tais como a melhoria do contraste das imagens

e a ndo compensacao entre resolucdo transversal e profundidade do foco®7:38:3°,

1.1.1 Mecanismo de Funcionamento

A interferéncia é um fenémeno fisico no qual ha sobreposicao de duas ou mais
ondas resultando em uma onda de maior ou menor amplitude. A interferometria 6ptica
€ gerada por ondas de luz que se propagam num dado meio e apresentam alguma
correlacdo entre si, através da identificacdo do maior comprimento de coeréncia da
fonte dptica em relacéo a diferenca de percurso 6ptico entre dois feixes de luz?®.

Existem varios tipos de interferometros, porém o mais utlizado € o
Interferdbmetro de Michelson devido a sua versatilidade e facilidade de construcéao.
Esse dispositivo foi desenvolvido em 1881, com o objetivo de identificar a existéncia

do éter e ja foi aplicado na verificacédo do efeito do éter na velocidade da luz, detecgéo
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de ondas gravitacionais, identificacdo de planetas em torno de estrelas préximas e na
espectroscopia de transformada de Fourier.

Para o seu funcionamento, um feixe de luz incidente atravessa um espelho
semitransparente (divisor de feixes), e sera desmembrado em duas partes iguais e
independentes. Cada parte ird em direcdo a um espelho plano especifico, isto €, um
feixe segue para um espelho fixo (objeto) e o outro para um moével (amostra)*!. Ao
encontrar os devidos espelhos, os feixes séo refletidos e tornam a se recombinar no
divisor de feixes. As informacGes sdo captadas por um fotodetector permitindo a
identificacdo de diferencas de fase entre eles, ja que percorreram caminhos épticos
diferentes, decorrentes de um atraso temporal entre as ondas de referéncia e do
objeto*?,

O interferébmetro de Michelson permite identificar a diferenca entre os caminhos
opticos dos feixes, o indice de refracao, variacdes no caminho geométrico e a afericao
de comprimentos de onda com grande precisdo. O sinal captado pelo fotodetector é
resultado da sobreposicao da reflectividade da amostra bioldégica. Com a associacao
do seccionamento Optico longitudinal e o transversal, ha a constru¢cdo de mapas
tridimensionais com resolucdes longitudinais e transversais micrométricas. Nesse
contexto, surge a nomenclatura tomografial®43,

A coeréncia € uma caracteristica primordial para identificar a existéncia de
interferéncia entre duas ondas, detectado pela invariabilidade da relacdo entre as
fases das ondas e o tempo?6. OCT é um método de aquisicdo de imagem que utiliza
a interferometria de baixa coeréncia produzida por feixes de luz coerentes, através da
coleta de informacgdes advindas das medidas das franjas de interferéncia (claras e
escuras) para determinar precisamente distancias e espessuras muito pequenas*'. A
luz de baixa coeréncia é produzida por uma fonte de banda larga, gealmente préximo
da faixa de luz infravermelho (~800nm - 1300nm), que é acoplada ao interferdbmetro
de Michelson. O proprio feixe Optico de baixa coeréncia, ilumina a amostra e executa
0 seccionamento Optico transversal do objeto, através do deslocamento do espelho
de referéncia do interferémetro, resultando na formacdo de imagens de forma néo
invasiva, com elevada resolucdo espacial e em tempo real. Assim, o OCT é
extremamente sensivel a luz que sofreu um ou poucos eventos de dispersao, durante
o retroespalhamento*#4, O fracionamento Optico é semelhante a biépsia tradicional
de tecidos biolégicos, porém de modo virtual, sem invasividade, por isso o OCT é

considerado uma bidpsia éptica?®45.
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1.1.2 Formagé&o das imagens

O tempo de atraso da onda refletida € usado pelo OCT para medir a
profundidade da estrutura-alvo, principio semelhante ao do ultrasom?t. Os
espalhamentos causados pelas diferencas estruturais nos tecidos analisados
interferem na intensidade da interferéncia observada, ou seja, a luz é retroespalhada
de maneira diferente frente a indices de refracéo distintos*’. As maiores interferéncias
sao observadas em areas com maior poder de reflexdo, ndo ocorrendo interferéncia
se o feixe luminoso possuir um atraso maior que o comprimento de coeréncia.

A terminologia em imagens segue a mesma da ultrassonografia. Porém, no
OCT um perfil de profundidade traz informacdes sobre a variacdo do indice de
refracdo Optica dentro do tecido*®. A varredura em profundidade de um Unico ponto,
ou seja, a variagdo na medida de espalhamento em relacdo a profundidade, é
chamada de “A-scan” (Amplitude Scan). Também conhecido como varredura axial,
contém informacdo unidimensional da posicdo axial das estruturas dentro da
amostra*®®°, Os dados de cada A-scan sdo apresentados em um grafico de
refletividade em funcao da profundidade. A terminologia e o sistema de coordenadas
dos planos de imagem de Tomografia por Coeréncia Optica pode ser observada na
figura 1. O eixo z corresponde a coordenada axial (profundidade), enquanto que os

eixos x e y correspondem a coordenadas laterais (transversais).

Figura 1 - Terminologia de planos de imagem de Tomografia por Coeréncia
Optica.

C-scan

- B-scan

X

Fonte: Adaptado de SCHNEIDER et al, 2017.
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O B-scan (Brilho Scan) é composto por uma cole¢do de A-scans adjacentes,
tomadas linearmente em uma diregdo transversal. A varredura transversal produz
informacdes de uma ‘fatia’ de tecido dentario, que é o tomograma®l. As imagens
transversais sao bidimensionais e correspondem ao plano de imagem xz, permitindo
a avaliacdo tanto da profundidade quanto do aspecto lateral do objeto®2.

Para imagens volumétricas sao utilizados mudltiplos B-scans sequenciais
formando um vetor de valores de refletadncia. T-Scan ou varredura en-face é produzido
por um feixe que varre o objeto transversalmente, mantendo um ponto de referéncia
fixo. A varredura coronédria ou C-Scan se da apos uma varredura em uma direcao
transversal do plano xy, ou seja, € uma colecdo de muitas varreduras T
transversais*®°?, Diferentes cortes transversais sdo captados para diferentes
profundidades, quer avancando a diferenca de trajeto éptico em etapas apds cada
varrimento transversal completo, ou continuamente a uma velocidade muito mais

lenta®®.

1.1.3 Resolucao das imagens

Para a formacdo das imagens utilizando o OCT, sdo formados mapas de
reflexdo da amostra através da realizacao de multiplas varreduras. A coeréncia da luz
emitida pela fonte € o fator primordial para determinacao da resolucédo axial, mantendo
alta resolucdo de profundidade. A resolucdo axial € a propriedade que permite
distinguir os limites e os diferentes tipos celulares de acordo com o comprimento de
coeréncia da fonte de luz!°. Em geral quanto menor for a coeréncia da luz utilizada,
maior é a resolucdo longitudinal do OCT?L,

A Figura 2 mostra a representacdo esquematica da resolucdo espacial e
profundidade de penetracdo e velocidade de aquisicdo de imagens da técnica de
Tomografia por Coeréncia Optica em comparacdo com outras modalidades de
imagem. O OCT possui uma maior resolugcdo para a mesma profundidade de
penetracdo quando comparado ao ultrassom e as imagens obtidas apresentam uma

similaridade com cortes histoldgicos.
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Figura 2- Comparacao do OCT com outros métodos de diagndstico por imagem.
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Fonte: Adaptado de ZHU et al®3.

As caracteristicas da imagem de OCT dependem do comprimento de onda
utilizado®®. A profundidade da imagem é determinada pelas especificacdes de
iluminacao e deteccdo, mas € geralmente limitada pelo espalhamento e dependente
do comprimento de onda da amostra*l. Com isso, elevados comprimentos de onda,
entre 800 a 1325nm, proporcionam aquisi¢do de imagens de regibes mais profundas,
por estarem dentro da janela éptica de tecidos vivos®®.

OCT possui uma capacidade de penetracdo em profundidade de até 3 mm,
limitada principalmente pelo espalhamento 6ptico?®, resultando numa imagem com
resolucdo espacial de até 20 um3%32, A resolucdo axial é determinada pelo
comprimento de coeréncia da fonte de luz, e quanto maior a largura de banda
espectral, maior a resolucéo axial. Uma alta resolucéo axial no tecido € alcancada ao
utilizar uma fonte de alta poténcia®*.

A disperséo de luz pelo tecido € determinada pela variacdo espacial do indice
de refracdo que, por sua vez, é resultado da estrutura e organizacdo do tecido. Sabe-
se gque a variacao do indice de refracdo no tecido exibe propriedades fractais devido
a grande variedade de tamanhos de dispersores presentes no tecido, alterando a
resolucdo das imagens®®°°. Quando a luz é focada no tecido, as ndo homogeneidades

dos indices de refracdo fazem com que a luz se espalhe em angulos diferentes.
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Devido a sua alta resolucédo, capacidade de imagem néo invasiva e livre de contato, o
OCT ¢é adequado para uso clinico e intraoperatério®.

Autores como Liu et al®! reforcam a importancia de aumentar a resolucéo dos
sistemas de OCT para a aquisicdo de imagens em areas de dificil manejo, para a
deteccdo, diagnostico e monitoramento de doencas em érgaos luminais. Para isso é
necessario utilizar fontes de luz com comprimentos de onda mais curtos e com
larguras de banda mais amplas para melhorar a resolucéo axial e a lateral. Porém,
essa manipulacdo aumenta o grau de espalhamento em comprimentos de onda mais
curtos, limitando a penetragdo da luz e, consequentemente, diminui bastante a

profundidade da imagem.

1.1.4 Tipos de OCT

Os primeiros sistemas de OCT foram baseados na tecnologia do dominio do
tempo (TD-OCT), que empregavam um braco de referéncia movel, operavam em
velocidades bastante baixas de até 400 A-scan/s e possuiam resolucao limitada de
até 10 ym. Esses fatos dificultaram seu emprego, limitando sua utilizag&o clinica e
aceitacdo geral*’. O TD-OCT utiliza uma fonte de luz de baixa coeréncia de banda
larga e o atraso no percurso de referéncia € medido de forma repetitiva, alterando a
posicdo do braco de referéncia para detectar a interferéncia entre o caminho de
referéncia e os sucessivos locais de difusdo na amostra®®3*. No sistema TD-OCT
apenas um unico ponto de volume da estrutura de retroespalhamento da amostra é
registrado por vez*.

A técnica evoluiu apés a implementacdo do dominio de Fourier (FD-OCT, do
inglés Fourier Domain Optical Coherence Tomography)®%63 que utiliza um
espectrometro ou um filtro de frequéncia sintonizavel no lugar do detetor para andlise
espectral do sinal interferométrico, medindo a luz interferida do dominio de Fourier®:,
Esse fato proporcionou o aumento da velocidade de acquisicdo da imagem, uma
melhoria na sua qualidade decorrente da maior densidade de pixels, além de
possibilitar a aquisicdo de imagens tridimensionais®.

O FD-OCT utiliza a transformacao de Fourier, uma operacdo matematica, para
converter as medicdes da luz interferida em atrasos fisicos ou distancias34. O FD-OCT

€ capaz de medir toda a luz decorrente de diferentes atrasos, atingindo resolucdes
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axiais préximas de 2 um (com fontes de luz avangadas) e velocidade de aquisi¢cao de
imagem entre 26.000 e 1.700.000 Ascans/s®4.65,

Sistemas FD-OCT subdividem-se em duas categorias distintas: OCT de fonte
de varredura (Swept-source OCT, SS-OCT) e OCT de dominio espectral (SD-OCT).
Os dois modos sdo baseados na interferometria de baixa coeréncia, porém o SS-OCT
usa uma fonte laser de banda estreita e de varredura sintonizavel, enquanto que o
SD-OCT utiliza um diodo superluminescente (fonte de luz continua e banda larga)?®.

A fonte luminosa utilizada no SD-OCT emite uma ampla gama de comprimentos
de onda. Nesse sistema utiliza-se um espectrémetro e uma CCD (acrbnimo em inglés
para “Charge-coupled Device) linear para deteccdo da luz difusa que é lida
digitalmente em alta velocidade®*. A taxa de A-scan é determinada pela exposicdo e
pelo tempo de leitura da camera de varredura linear. No entanto, a resolucdo das
imagens é limitada pela resolucéo espectral do detector®®,

O laser utilizado no SS-OCT emite um Unico comprimento de onda e varre uma
ampla faixa de comprimentos de onda em funcdo do tempo. O espectro de
interferéncia é detectado por um Unico fotodetector cuja saida € digitalizada a medida
que o comprimento de onda € varrido, gerando A-scan de acordo com o fluxo de
varredura da fonte de luz®. SS-OCT utiliza fontes de luz com comprimento de onda
acima de 1000 nm, operando em velocidades iguais ou maiores que 100 kHz®,
permitindo a visualizacdo simultanea de diferentes estruturas e em tempo real®°.

A melhoria das caracteristicas Opticas e a evolugdo do sistema aumentou o
potencial de uso do OCT na area da saude® e, novas alteracdes funcionais foram
desenvolvidas, tais como o Doppler OCT (D-OCT) %8, sistemas de OCT sensiveis a
polarizacdo OCT (PS-OCT) %, OCT endoscopico®® e OCT acustico’®, visando

promover um aumento na eficiéncia de diagnostico pelo OCT.

1.1.5 Bi6psia Optica

Uma bidpsia convencional € um processo em que uma amostra de tecido é
removida do corpo, passa por um processamento quimico, e uma fina fatia de tecido
€ seccionada e lida ao microscopio optico por um patologista. A imagem fornecida na
avaliacdo histolégica do tecido € invasiva, pois ha necessidade de corta-lo para que

possa ser realizada a avaliacao.
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As imagens obtidas com OCT séo semelhantes ao corte histoldgico-padréo, o
que facilita sua interpretacdo’® 2. A ferramenta possui a capacidade de obter imagens
em reconstrucdo de alta resolucédo de uma amostra de tecido com qualidade idéntica
a uma “amostra viva” que é colocada sob o microscopio, porém sem a necessidade
de preparo do espécime’?.

Evidéncias experimentais mostram que mudancas sutis entre células de cancer
pré-invasivas comparadas as células normais’®, e entre células apoptéticas
comparadas a células necréticas’, podem ser detectadas pela técnica através da
medicéo das propriedades de espalhamento da amostra 7374,

O conceito de bidpsia Optica partiu de experimentos realizados por Fujimoto e
equipe, apés o uso do OCT para obtencdo de imagens da retina oculart® 7°, Iniciou-
se uma verdadeira revolucdo no diagnoéstico de retinopatias, permitindo a deteccéo
prematura de problemas estruturais nas camadas retinais, in vivo, em tempo real, de
forma néo invasiva, por seccionamento éptico de finas fatias da retinas?.

Em 2013, Abignano et al’® publicaram um estudo no qual realizam a validagéo
e comparacao de imagens histolégicas com as de OCT, visando avaliar o potencial
clinico da técnica na identificacdo de alteragbes cutédneas decorrentes da
esclerodermia. A figura 3 mostra a comparacao de imagem histologica (a) da pele de
paciente saudavel com B-scan (b) e A-scan (linha verde) obtidos com 0 OCT. Em seu
estudo, os pesquisadores usaram um dispositivo capaz de produzir imagens de alto
contraste de pele com até 2 mm de profundidade e resolugdes de 4 a 10 ym. Os
autores concluiram que a imaginilogia da pele com o OCT poderia oferecer uma
medida de resultado quantitativa viavel e confiavel da esclerodermia, podendo
funcionar como um valioso biomarcador da patologia. Pode-se observar no A-scan
médio das imagens de OCT um ponto mais baixo do vale no que corresponde a jungao
dermo-epidérmica claramente visivel em ambas as imagens. Observou-se um
segundo pico no A-Scan meédio, que correspondeu a regido mais superficial da derme

papilar.
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Figura 3 - Comparacao de imagem histolégica (a) da pele de paciente saudavel com
B-scan (b) e A-scan (linha verde) obtidos com o OCT.

Fonte: Adaptado de ABIGNANO et al’®

Um estudo prospectivo para diagnosico de tumor cerebral, utilizou amostras
neurocirdrgicas de 18 pacientes na avaliacdo de imagens 3D obtidas por OCT de
campo total (FF-OCT), com resolucao de 1 um e com profundidade de penetragéo de
cerca de 200 um. Foi possivel identificar o parénquima epiléptico crénico temporal e
tumores cerebrais, além de uma subpopulacdo de neurbnios, fibras mielinicas e
vasculatura do SNC. O estudo relatou o potencial da técnica como uma ferramenta
intraoperatoria para determinar a arquitetura e o conteddo do tecido em poucos
minutos, viabilizando a identificacdo de caracteristicas de tecidos ndo tumorais e
tumorais, com boa correspondéncia com as laminas histologicas’”.

Alguns estudos relatam o uso do OCT na avaliacao do perfil de refletividade do
tecido, em tempo real, e a capacidade de diferenciar tecido saudavel de doente’®, bem
como a celularidade tecidual’®®. Para facilitar a sua utilizacdo, podem ser
implementados no OCT, pecas de mao, fibra otica, cateteres para avaliacdo da
microestrutura do tecido intersticial em escala micrométrica e determinar sua
celularidade. A técnica pode ainda ser utilizada para orientacdo de bidpsias
excisionais, em que a sonda OCT ¢é incorporada dentro de uma pistola de bidpsia feita
sob medida, que permite a digitalizacdo da area através do orificio da agulha de
bidpsia para avaliar a composic¢ao do tecido na ponta da agulha antes de sua retirada.
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Esta tecnologia tem o potencial de melhorar a taxa de sucesso dos procedimentos de
biopsia®l. Iftimia et al®! testaram uma tecnologia baseada em OCT para avaliar a
celularidade tecidual na ponta da agulha durante a bidpsia, alcancou precisao geral
de 85% na diferenciacdo entre trés tipos de tecido (tumor homogéneo, tecido
heterogéneo e tecido muscular normal). A presenca de regides tumorais heterogéneas
foi detectada com sucesso em todos os casos e confirmada pelos resultados
histopatoldgicos. Entretanto, mais pesquisas precisam ser realizadas para que haja
melhoraria da precisédo da diferenciacéo tecidual.

Outro ponto de relevancia clinica para realizacdo da bidpsia 6ptica com OCT
esta na sua dependéncia de fatores, tais como alta resolugdo, alta velocidade de

obtencdo da imagens e contraste adequado para discriminar as diferencas teciduais®.

1.1.6 Aplicagdes de OCT na Odontologia

Os tecidos da cavidade oral sdo passiveis de escaneamento por OCT, pois
possuem diferentes niveis de transparéncia, caracteristica primordial para a interacao
da luz e captura de informacédo das estruturast. O OCT foi inicialmente utilizado na
odontotologia em 19982%, com o desenvolvimento de um protétipo e para adquisicéo
de imagens de tecidos dentéarios in vivo, demonstrando o potencial da técnica no
diagnéstico da doenca periodontal, deteccdo de caries e avaliacdo de restauracdes
dentarias. A evolucdo da técnica permitiu investigacdo de potenciais areas de
aplicacao do OCT na Odontologia.

O desafio do diagndstico da cérie em fases muito precoces promoveu a busca
por métodos mais eficazes e 0 OCT se destaca por apresentar imagens com facil
identificacdo da extenséo axial e lateral de diferentes zonas desmineralizadas nas
lesGes cariosas, mesmo em estagio subclinico?*. Wijesinghe et al®® avaliaram
guantitativamente o volume, a espessura e a profundidade de lesdes cariosas para
guantificar o esmalte residual utilizando o SD-OCT de 1,3 um e observaram que é
possivel monitorar a perda mineral e sua progressao. Os autores verificaram que havia
uma diminuicdo da reflexibilidade na regido da lesdo cariosa relacionada a perda
mineral.

A técnica OCT tem o potencial de caracterizar morfologicamente e monitorar

caries, inclusive céries de radiagédo, além de parece ser um método mais confiavel e
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preciso que as radiografias interproximais na deteccao e estimativa da profundidade
das lesdes proximais no ambiente clinico'4.

OCT também pode ajudar a diferenciar carie radicular de lesdes cervicais nao
cariosas®, além de permitir a deteccdo de fissuras em esmalte®. Marcauteanu et al®®
utilizaram imagens 2D e 3D para avaliar o potencial do SS-OCT como uma ferramenta
para monitorar a evolugdo dindmica do desgaste dentario patolégico em lesbes
cervicais ndo cariosas artificiais. Foi observada a alta capacidade técnica da
ferramenta para mensurar a perda de tecido dentario com um volume de 2352 ym?3 a
32.352 ym?, adquirido com 25,000 A-scans em 2,5 segundos.

A adaptacédo das restauragOes ceramicas sdo o fator mais importante para
avaliar o sucesso das coroas. Li et al®’ utilizaram o SD-OCT como método de
identificacdo de gap marginal em coroas de dissilicato de litio, e comprovaram sua
eficacia no diagndstico néo invasivo de restauracdes ceramicas. Turk et al® utilizaram
0 método para investigar as adaptac6es marginais e internas de restauracées inlays
de ceramica cimentadas em cavidades classe | de pré-molares superiores humanos
e concluiram que a técnica pode ser utilizada para avaliar quantitativamente a
adaptacao de restauragdes ceramicas.

As imagens podem ser empregadas para monitorar o processo de falha em
interface adesiva, analisar o crescimento de microfissuras por fadiga dinamica®®, bem
como identificar e avaliar dos estratos que compdem a restauracéo®9!, De acordo
com Shimada et al®?, ainda é possivel detectar defeitos dentro das restauracdes a
partir da analise das imagens tomograficas, sintetizadas com base no sinal de
retroespalhamento no interior da restauracdo. Todor et al.®® avaliaram o
comportamento de ceramicas odontolégicas em préteses metaloceramicas
sinterizadas com diferentes temperaturas com OCT e identificaram, de maneira
rapida, que alteracBes decorrentes de temperaturas acima da ideal sdo prejudiciais a
integridade da protese, pois promovem o estresse da ceramica, defeitos no corpo do
material e fraturas no interior das camadas ceramicas das proteses fabricadas e
inseridas na cavidade bucal.

OCT pode ser utilizado na identificacdo de alteracbes na mucosa bucal e
poderia ser um método de identificacéo de alteracdes epiteilais e subepiteiais ao longo
da carcinogénese®®. Heidari et al. 2 avaliaram de forma cega a performance de um
sistema de OCT movel na identificacdo de areas de mucosa bucal saudavel, com

displasia e malignidade em imagens bidimensionais de 20 pacientes com lesbes orais
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suspeitas e 10 individuos saudaveis. Os autores observaram o melhor desempenho
do OCT em relacdo a andlise realizada por inspecéo visual. Tsai et al.®* utilizaram um
SS-OCT para observar diferentes estagios de carcinogénese oral e concluiram ser
possivel diagnosticar e diferenciar as fases displasicas e de carcinoma da mucosa
oral normal.

Imagens de OCT podem fornecer uma avaliagdo dos tecidos adjacentes
implante, podendo identificar os primeiros sinais de inflamacdo, mesmo antes de as
alteracdes clinicas se tornarem evidentes®. Ajuda na visualizacdo do sulco do
implante em duas e trés dimensdes e também fornece informagdes valiosas sobre a
interrelacdo do tecido mole do implante®?. Bordin et al (2017) avaliaram alteracdes
perimplantares através de avaliacao histologia e de imagens obtidas com um protétipo
de OCT para odontologia. Os autores observaram que tanto nas imagens de OCT
quanto nas histolégicas, foi possivel visualizar um desarranjo interno no tecido
perimplantar, mesmo na auséncia de sinais clinicos de inflamacéo e perda de osso
alveolar. A tecnologia pode ajudar na deteccdo e monitoramento de alteracdes
estruturais dos tecidos periodontais moles, fornecendo imagens da microarquitetura
tecidual.

Gladkova et al. ° analisaram a capacidade de polarizagdo cruzada do OCT
(CP-OCT) no diagndstico dos tecidos moles bucais em 35 individuos com implantes
dentarios e 30 individuos com doencas inflamatérias intestinais, mostraram a boa
capacidade da técnica no diagnostico de patologias dos tecidos moles da cavidade
oral, uma vez que foi possivel detectar precocemente doencas inflamatérias do
intestino pelo estado da mucosa oral e a visualizacdo precoce da gengivite em
individuos com fendtipo gengival fino que possuiam implante.

Caracteristicas como a boa profundidade de penetracéo e a alta resolucao das
imagens tornam o OCT uma boa boa ferramenta para o diagnéstico periodontal,
permitindo uma rapida visualizacdo da estrutura superficial do tecido gengival,
reproduzindo suas caracteristicas especificas em diferentes sec¢des da cavidade oral
e morfologia das bolsas®®. Medicées quantitativas em imagens de OCT podem ser
amplamente aplicadas para diagnosticar o estado periodontal, o nivel de insercéo
gengival'®, determinar a espessura gingival®®, caracteristicas do tecido epitelial e
conjuntivo, a posicdo da crista 6ssea alveolar®” e a presenca de calculo dental®®, bem
como para avaliar o grau de regeneragdo gengival®®. Fernandes et al*® avaliaram a

performance do OCT na identificacdo de estruturas periodontais in vivo, apés
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avaliacdo de 23 individuos saudavéis, comparativamente com dois tipos de sondagem
(manual e computadorizada). A analise das imagens permitiu identificar regifes
anatdbmicas periodontais relevantes e determinar uma profundidade média do sulco
gengival. Os autores reforcam o potencial do OCT ser uma ferramenta confiavel para
avaliacdo de tecidos periodontais in vivo e para medidas de profundidade de sulcos
reprodutiveis em locais saudaveis.

Em um estudo preliminar, Baek et al.1% estimaram a utilidade da técnica para
avaliar o comportamento do ligamento periodontal durante 0 movimento dentario sob
tracdo e compressao leves, ao utilizar forcas de distragéo ortoddntica (0, 5, e 10 g)
aplicadas aos incisivos inferiores de 6 ratos brancos (10 semanas de idade), durante
5 dias, usando molas de loop individualizadas. Os autores relatam que é possivel
avaliar com precisdo as alteracbes do ligamento periodontal mediante forcas
ortodonticas utilizando o OCT, podendo medir os ligamentos alterados a partir de
todas as direc¢des, diferentemente das radiografias.

1.1.7 Outras Caracteristicas Relevantes do OCT

Apesar dos pontos ja mencionados, OCT apresenta algumas limitagdes. O
alto custo dos componentes eleva o valor da maquina OCT, tornando-o caro quando
produzida para comercializacdo. DSOUZA et al*® desenvolveram e validaram um
sistema portatii de SD-OCT, de baixo custo, que contém um hardware O6ptico
associado a um espectrometro, uma sonda portatil e um laptop. Além disso, este
sistema utiliza um mosaico Unico em tempo real das imagens de video de superficie
gue sao sincronizadas com rapida aquisicdo de A-scans (10kHz), permitindo a
construcdo de imagens transversais em distancias laterais estendidas, utilizando lente
com distancia focal de 60 mm. A resolucdo axial medida se deteriora com maiores
profundidades de imagem (acima de 2 mm) e as melhores imagens obtidas in vivo
foram a uma profundidade de até 1,5 mm. Todo o sistema pesa 9 kg e custa USD$
8.000 (comparado com USD$ 40.000-60.000 para sistemas atualmente
comercializados) usando componentes prontos para uso, porém ainda necessita de
algumas evolugoes.

E necesséria a realizagdo de mais pesquisas visando aumentar o poder de
penetracdo Optica, melhorar o contraste entre os componentes da imagem e

desenvolver um software com algoritmos para analise de imagens, visando um
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processamento simultineo em tempo real®®. Algumas alternativas estdo sendo
pesquisadas, como os agentes de compensacao optica, para melhorar a visibilidade
de estruturas biologicas pelo aumento da profundidade de penetracdo nos tecidos e
diminuicdo da dispersédo da luz. Em estudo recente Yang et al'%! afirmam que os
agentes de compensacdo Optica podem aumentar o desempenho do OCT,
melhorando significativamente a imagem das raizes dentarias. Braz et al'%? utilizaram
nanoparticulas de ouro como agente de aumento de contraste para imagens de OCT
em odontologia e observaram a melhoria na qualidade de imagem, elevando o grau

de identificacdo das estruturas dentérias.



29

2 OBJETIVOS

2.1 GERAL

Avaliar a capacidade do OCT operando em 1325 nm, na captacdo de dados
guantitativos e qualitativos a partir de imagens e relacionar esses dados com

propriedades estruturais dos tecidos orais e de materiais restauradores.

1.2 ESPECIFICOS

I. Avaliar o OCT como método de sondagem Optica;
II. Identificar nos tomogramas o fendtipo gengival e diferenciacdo entre gengiva
livre e inserida;
[ll.  Monitorar com OCT as alteracbes de tecidos moles decorrentes da terapia
periodontal ndo-cirdrgica;
IV. Monitorar com OCT o reparo tecidual em pacientes submetidos a cirurgia
plastica periodontal;
V. Avaliar a integridade da linha de cimentacdo de laminados nas imagens de
OCT;
VI. Investigar a integridade e adaptacdo de laminados ceramicos e pré-fabricados

de resina com auxilio do OCT.
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3 METODOLOGIA

3.1 ESTUDO 1 - COMPARATIVE ANALYSIS OF GINGIVAL PHENOTYPE IN ANIMAL
AND HUMAN EXPERIMENTAL MODELS USING OPTICAL COHERENCE
TOMOGRAPHY IN A NON-INVASIVE APPROACH.

Publicado: International Society for Optics and Photonics, 2015; doi:
10.1117/12.2180856.

Este artigo descreveu as etapas de estudos para validagdo do OCT na

avaliacao periodontal usando modelos animais (ex vivo) e pacientes.

3.1.1 Aspectos éticos

A fase ex vivo com mandibulas suinas foi realizada ap0s aprovacao pela
Comisséo de Etica no Uso de Animais (Centro de Biociéncias da Universidade Federal
de Pernambuco) sob processo niumero 23076057216 / 2013-91.

A fase do estudo com pacientes, por sua vez, foi conduzida apés aprovacao
pelo Comité de Etica e Pesquisa Envolvendo Seres Humanos da Universidade de
Pernambuco, sob parecer 858.202 (ANEXO A).

3.1.2 Espécimes de animais

Para o estudo em animais, cinco mandibulas suinas frescas obtidas de um
matadouro local foram dissecadas, seccionadas e armazenadas em solucdo de
formalina a 10% por 24 horas antes das analises, a fim de preservar a estrutura
dentaria e correspondentes tecidos 0sseo e periodontal. Imagens foram obtidas de
incisivos inferiores, pré-molares e molares e suas estruturas periodontais.

As amostras foram analisadas usando um sistema SS-OCT de dominio de
Fourier operando a 1325 nm (OCS1300SS Swept Source OCT System, Thorlabs Inc,
Nova Jersey, EUA) e Estereomicroscoépio (Stemi 2000-C, ZEISS, Alemanha), como
padrdo-ouro.

O SS-OCT em 1325 nm foi escolhido devido ao comprimento de onda central

mais longo que permite imagens de penetragdo em maior profundidade e,
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principalmente, em fungdo da maior velocidade na aquisicdo de imagens, um fator
essencial para o cenario clinico. O comprimento de onda central da fonte de laser de
varredura € de 1325 nm, com largura de banda espectral > 100 nm, largura de banda
instantanea de 0,13 nm ou 0,5 GHz, taxa de varredura axial de 16 kHz, poténcia média
de 10 mW e 100 dB de sensibilidade. As imagens geradas constituem matrizes com
2000 colunas (pixels por linha no eixo X) e 512 linhas (pixels por coluna no eixo Y),
perfazendo 6 mm de varredura transversal e 1,3 mm de profundidade no ar. Foram
capturadas imagens bidimensionais e tridimensionais. Apos a andlise das amostras
com OCT, os dentes e seus tecidos periodontais e 0sseos correspondentes foram
seccionados ao longo do eixo sagital, da face vestibular a lingual, utilizando discos
flexiveis de diamante 7075 (KG Sorensen, Sdo Paulo, Brasil) sob refrigeracdo com
agua, para posterior analise por estereomicroscopia. As imagens foram obtidas
diretamente a partir da superficie seccionada com uma lente ocular 10x fornecendo
ampliacao de 6,5x a 50x, com 35,4 mm a 4,6 mm de campo de visdo e distancia de

trabalho de 92 mm, acoplada a uma camera CCD com resolu¢gdao nominal de 1,3 pym.

3.1.3 Anélise de Pacientes

Para o estudo clinico observacional, um total de 30 pacientes, de ambos os
sexos, com saude periodontal e presenca de dentes anteriores, foram examinados
usando o mesmo sistema OCT empregado no estudo animal, SS-OCT a 1325 nm e
sondagem periodontal controlada por computador (Florida Probe Corporation, Fl6rida,
EUA).

Foram utilizados os critérios de inclusdo: idade entre 18 a 65 anos; individuos
com saude periodontal determinada por profundidade de sondagem < 3 milimetros e
sangramento a sondagem < 25 %; presenca de dentes anteriores. Como critérios de
exclusdo: mulheres gestantes; individuos analfabetos ou com distdrbios que
comprometessem a compreensao ou a adesdo aos exames e preenchimento das
escalas; utilizacdo de proétese fixa ou movel, recesséo gengival nas faces vestibular
ou proximal, restauracdes cervicais e utilizacao de aparelho ortodontico fixo na regiao
dos dentes anteriores.

A unidade amostral foi o sitio dental, em cada paciente, apenas 3 sitios dos
dentes anteriores foram avaliados (mesiovestibular, médiovestibular, distobucal), o

que resultou em 445 l|ocais disponiveis para o estudo. Para garantir os registros de
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profundidade do sulco em uma posicao padronizada, foi utilizado um stent de acrilico
fabricado individualmente. Trés sulcos foram feitos para determinar os locais mesio-
vestibular, médio-vestibular e disto-vestibular para imagem e sondagem. Para
realizacdo do exame de OCT, os pacientes permaneceram sentados, com a cabeca
apoiada em posicionador especifico, perpendicular ao feixe de luz emitida. Além disso,
utilizou-se um afastador labial para melhor visualizacdo da area a ser estudada.

A aquisicao de imagens relacionadas aos sitios foi realizada utilizando o OCT,
e as informacdes foram armazenadas no formato jpeg. Posteriormente, as imagens
foram analisadas para cada local e as profundidades de sondagem foram obtidas por
meio do ImageJ (Processamento e Andlise de Imagens em Java, National Institutes
of Health, Bethesda, MD). Imediatamente ap6s o escaneamento por OCT, o0s
pacientes foram submetidos ao exame de sondagem periodontal dos sitios
vestibulares, demarcados na moldeira-guia, utilizando sonda de presséo controlada
Florida Probe.

3.1.4 Analise dos Resultados

As imagens foram analisadas qualitativamente quanto a identificacdo das
seguintes estruturas: margem gengival, gengiva livre e inserida, superficie dentaria,
sulco gengival, presenca de calculo/ biofilme, juncdo amelodentinaria e

amelocementaria.

3.2 ESTUDO 2 - OPTICAL COHERENCE TOMOGRAPHY FOLLOW-UP OF
PATIENTS TREATED FROM PERIODONTAL DISEASE

Publicado: Journal of biophotonics, 2018; doi: 10.1002/jbio.201800209

Este artigo consistiu no monitoramento de pacientes encaminhados ao Centro
de Especialidades Odontolégicas (CEO) para atendimento na clinica de Periodontia,
previamente diagnosticados com doenca periodontal cronica e presenca de bosla em
regido vestibular dos dentes anteriores. As avaliagbes foram realizadas antes da
primeira intervengdo no CEO, e apos 30, 60 e 90 dias, visando observar as alteragfes

dos tecidos moles e deposigéo de célculo e biofilme.
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3.2.1 Desenho do estudo e triagem populacional

O estudo observacional in vivo foi aprovado pelo Comité de Etica da ASCES-
UNITA (1.235.385, Anexo B). Um total de 147 sitios vestibulares de 49 dentes em 14
pacientes com idade entre 18 e 65 anos (seis homens com média de 46 anos e oito
mulheres com idade média de 36 anos) foram avaliados. Estes sitios eram referentes
aos dentes anteriores, nos pontos mésio-vestibular, médio-vestibular e disto-
vestibular de cada um. Os voluntarios deste estudo eram pacientes encaminhados
para tratamento no Centro de Especialidades Odontologicas/Periodontia da
Faculdade de Odontologia, ASCES-UNITA (Centro Universitario Tabosa de Almeida),
Pernambuco, Brasil. Todos os pacientes foram submetidos a terapia periodontal
basica e foram avaliados em quatro momentos: dia 0 (antes da primeira intervencao
clinica), dia 30, dia 60 e dia 90, utilizando a imagem de OCT, sonda manual e sonda
automatizada. Excepcionalmente, um paciente foi avaliado 1 ano apés o tratamento.
Foram excluidos os pacientes tabagistas, gravidas, com recessao gengival, que
apresentavam protese, restauracdes ou aparelho ortoddntico fixo em dentes

anteriores.

3.2.2 Medicgao das bolsas periodontais

A profundidade da bolsa periodontal foi medida comparativamente por 3
métodos: (1) Swept Source OCT a 1325 nm (SS-OCT, Thorlabs, New Jersey, Estados
Unidos); (2) sonda computadorizada (sonda da Flérida, Florida Probe Corporation,
Gainsvile, Flérida, Estados Unidos); e (3) sonda manual (sonda Carolina do Norte,
Golgran Millennium, Sdo Caetano do Sul, SP, Brasil). A analise foi realizada pela
interpretacdo visual do B-scan, para identificacdo das estruturas anatomicas e
mensuracao de espessura tecidual e profundidade de bolsa periodontal.

O sistema de OCT utilizado foi um modelo comercial, Swept Source OCT, de
1325 nm, que opera no dominio de Fourier, com resolugdo axial de 12 ym no ar e
resolucao lateral de 25 ym, largura de banda espectral> 100 nm, largura de banda
instantanea de 0,13 nm (0,5 GHz), taxa de varredura axial é de 16 kHz, poténcia de
saida média de até 10 mW e sensibilidade de 100 dB. O sistema captura 25 imagens

por segundo.
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Para realizar o exame de OCT, os pacientes permaneceram sentados em uma
cadeira odontolégica usando um afastador labial para exposicdo dos dentes
anteriores, e o OCT foi posicionado incidindo o feixe de luz perpendicularmente a
superficie dento/gengival. A fim de padronizar a localizacdo das imagens e sondagem,
placas de silicone individualizadas foram confeccionadas para cada paciente,
contendo nichos realizados com uma lamina de bisturi n°15 nos trés locais da
superficie vestibular dos dentes anteriores: mesio-vestibular, médio-vestibular e disto-
vestibular. No momento da aquisicdo da imagem, o paciente foi instruido a pausar
temporariamente a respiragcdo, para que ndo houvesse alteragdo no angulo de
incidéncia do feixe central e da distancia focal. A lente da peca de méo utilizada tem
36 mm de comprimento focal e 25,1 mm de distancia de trabalho.

As profundidades de sondagem foram obtidas através de ferramentas do
software do equipamento e as imagens foram armazenadas no formato BITMAP. As
imagens 2D captadas para cada sitio constituem matrizes numeéricas, compostas por
2000 colunas e 512 linhas, distribuidas ao longo de uma varredura transversal de 6
mm. Com o objetivo de suprimir a saturacao do sinal devido a reflexdes especulares,
a area de interesse foi seca com ar antes da varredura e a peca de mao do OCT foi
posicionada perpendicularmente a superficie durante a varredura. Todas as medidas
obtidas foram corrigidas considerando o indice de refragdo gengival de 1,41+0,06%.

Nas imagens de OCT, foi considerado como padrao de referéncia para medir a
profundidade da bolsa periodontal, o valor correspondente a distancia entre a juncao
amelodentinaria como o limite superior e a regido onde o retroespalhamento muda.
As imagens obtidas em escala de cinza foram avaliadas por dois dentistas calibrados
utilizando o software Image J (processamento e andlise de imagens em Java, National
Institutes of Health, Bethesda, Maryland). A captura das imagens utilizando o OCT foi
sempre o primeiro exame a ser realizado, a fim de diminuir interferéncias decorrentes
do afastamento tecidual promovido pela sondagem periodontal.

Em seguida, os registros de sondagem foram obtidos pelas sondas
computadorizada e manual. Os mesmos avaliadores realizaram 0s registros com
intervalo de 20 minutos entre o uso dos dois instrumentos. A ordem do exame foi
determinada por sorteio. A profundidade da bolsa periodontal para ambos os
instrumentos foi considerada como a distancia entre a margem gengival ou a jungao

amelodentinaria e a base da bolsa periodontal.
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3.2.3 Andlise de dados

Os dados foram analisados através da interpretacdo das imagens e
comparacdo com os valores das profundidades de sondagem. Os dados de
profundidade coletados na pesquisa por dois avaliadores calibrados, utilizando duas
técnicas de sondagem manual, foram utilizados como referéncia para auxiliar na
interpretacdo dos achados nas imagens. Esta andlise qualitativa ajudou na
interpretacdo e compreensao das imagens, proporcionando uma abordagem Unica.
As imagens foram usadas no formato gerado pelo sistema OCT, sem qualquer tipo de
tratamento digital.

3.3 ESTUDO 3 - MONITORING THE GINGIVAL REGENERATION AFTER
AESTHETIC SURGERY WITH OPTICAL COHERENCE TOMOGRAPHY

Publicado: International Society for Optics and Photonics, 2016; doi:
10.1117/12.2213715.

Este artigo consistiu no acompanhamento do reparo tecidual em paciente
submetido a cirurgia plastica periodontal. As avaliagdes foram realizadas antes da
cirurgia, e ap6s 30 e 60 dias, visando observar as alteracdes dos tecidos moles e o

processo de cicatrizacdo gengival.

3.3.1 Historia clinica do paciente

Paciente do sexo feminino compareceu a Clinica Integral do curso de
Odontologia da Universidade Federal de Pernambuco (UFPE) insatisfeita com a
estética de seu sorriso. Durante o exame clinico, foi possivel observar diastemas
generalizados nos arcos superior e inferior, associado a uma desarmonia gengival. O
paciente foi submetido a exames clinicos e radiograficos. Em seguida, procedeu-se a
correcdo estética da gengiva nos elementos superiores (14 a 24) e inferiores (33 a
43), com consentimento da paciente.
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3.3.2 A cirurgia gengival

Foi realizada uma moldagem com alginato (Hydrogum, Zhermack, pais) para
confeccado de modelo de estudo e registro de mordida para realizacdo de enceramento
diagndstico. Foi realizada uma cirurgia no modelo para simular um aumento de coroa
dos elementos. Ainda na fase laboratorial preliminar foi confeccionada uma moldeira
guia em acetato para posterior fase clinica e cirargica.

A cirurgia periodontal a retalho foi a técnica escolhida para o arco superior. Uma
placa de acetato foi usada como guia, para delimitar as novas medidas da margem
gengival. Primeiramente foi executada a remocdo de faixas de tecido mole
queratinizado, cautelosamente desenhada para prover o contorno parabolico estético
da margem gengival. Posteriormente, foi realizado o levantamento do retalho,
osteotomia e osteoplastia precisas para reconfiguracdo do espaco bioldgico e
suavizacdo do arcabouco 6sseo. O procedimento cirdrgico foi concluido apoés o

reposicionamento do retalho.

3.3.3 Avaliacido de Tomografia por Coeréncia Optica

Imagens sagitais de OCT foram capturadas em regido de terco cervical dos
elementos 12 a 22 antes da cirurgia, como imagem de controle da gengiva saudavel
e regido periodontal. Um novo escaneamento foi realizado 15 e 60 dias apds a cirurgia
periodontal para monitorar a recuperacao dos tecidos. O sistema de OCT usado € um
modelo Swept Source operando em 1325 nm (SS-OCT, Thorlabs, Nova Jersey, EUA),
com 12 um de resolucdo axial e 25 um de resolucdo lateral. Durante o exame, a
paciente foi mantida sentada com a cabeca apoiada em posicionador especifico,
perpendicular ao feixe emissor de luz, para padronizar a captacao de imagens. Além

disso, o afastador labial foi utilizado para melhor visualizagdo da area em estudo.

3.4 ESTUDO 4 - OPTICAL COHERENCE TOMOGRAPHY INVESTIGATIONS OF
CERAMIC LUMINEERS

Publicado: International Society for Optics and Photonics, 2016; doi:
10.1117/12.2213672.
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Este artigo consistiu na inspecao de 14 laminados ceramicos, cimentados em
dentes anteriores. As avalia¢cdes foram realizadas antes da cimentacdo e apos 180

dias, a fim de identificar alteracfes na linha de cimentacao.

3.4.1 Recrutamento de pacientes

Paciente do sexo feminino, jovem, da Clinica Integral do curso de graduacéo
em Odontologia da Universidade Federal de Pernambuco (UFPE), insatisfeita com a

estética do sorriso, foi recrutada e formalmente concordou em participar do estudo.

3.4.2 Exame clinico

Durante a avaliacdo clinica, foi possivel observar varios diastemas no arco
superior e inferior da paciente. Ap6s o exame clinico e radiogréfico detalhado, foi
apresentado um planejamento clinico para a fabricacdo dos laminados envolvendo os
dentes 14 a 24 e 33 a 43.

3.4.3 Tratamento

Foi realizada uma moldagem com alginato (Hydrogum, Zhermack, Padoua,
Italia) para obter um modelo de diagndstico para o estudo do caso. Em seguida, a
mordida foi registrada e os modelos foram fixados em um articulador semi-ajustavel
para realizar o enceramento diagndstico. Antes de iniciar o tratamento estético,
realizou-se um clareamento caseiro supervisionado utilizando Peréxido de Carbamida
a 16% (White & Brite Night, 3M ESPE, Sao Paulo, Brasil) durante o periodo de 15
dias.

ApOs esse periodo, foi realizado o desgaste do esmalte com ponta diamantada
3131 (KG Sorense, Sao Paulo, Brasil) e discos de lixa de granulagéo grossa Sof-Lex
Pop-On (3M ESPE, Sé&o Paulo, Brasil), visando adequar o eixo de insercao para
instalacdo das restauracdes ceramicas. Para promover a retragcdo gengival e
proporcionar uma reproducao mais fiel dos tercos cervicais, foram utilizados fios de
retracdo gengival (000, Ultrapack, Ultradent, Rio de Janeiro, Brasil). Ap6s a seu
posicionamento, foram produzidos os moldes em silicone de adi¢cdo (Express XT, 3M
ESPE, Sao Paulo, Brasil).
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Em etapa laboratorial, obteve-se o modelo de trabalho, montagem em
articulador semi-ajustavel e confec¢do das provas/microlaminados em resina e cera,
para teste em boca. Foi realizada a prova dos microlaminados clinicamente,
realizacdo dos ajustes necessarios em resina e cera, reenviando ao labaratério para
confecgdo dos laminados ceramicos.

Os laminados foram fabricados usando o sistema IPS e.max Ceramic (Ilvoclar
Vivadent, Schaan, Liechtenstein), seguido de caracterizacdo. A adaptacdo dos
laminados foi avaliada nos modelos gesso e, posteriormente, na boca com material
especifico para este procedimento (Variolink Veneer Try-in, Ivoclar Vivadent, Schaan,
Liechtenstein). ApoGs as etapas anteriores, os laminados de ceramica foram fixados de
acordo com as recomendacdes do fabricante. As superficies internas dos laminados
foram condicionadas com acido fluoridrico (HF) a 4% (lvoclar Vivadent, Schaan,
Liechtenstein) por 30 segundos. Logo em seguida, o acido foi completamente
removido, as pecas foram secas e o silano (Monobond Plus, Ivoclar Vivadent, Schaan,
Liechtenstein) foi aplicado por um minuto, seguido de secagem com jato de ar. Foi
entdo aplicada na superficie interna de cada peca um agente adesivo (Excite F, Ivoclar
Vivadent, Schaan, Liechtenstein), seguido de jato de ar leve e fotoativagéo (LED Radii-
Cal, SDI, Bayswater, Australia) por 15 segundos. O substrato dentério foi preparado
usando &cido fosforico a 37% (Total Etch, Ivoclar Vivadent, Schaan, Liechtenstein) por
15 segundos, lavando e secando em seguida. Uma camada de adesivo (Excite F,
Ivoclar Vivadent) foi aplicada nas superficies dos dentes, seguida por jato suave de ar
e fotoativacdo por 15 segundos. ApGs a preparacao preliminar das facetas e do dente,
os laminados foram cimentados utilizando o cimento Variolink® Veener translicido
(lvoclar Vivadent, Schaan, Liechtenstein) aplicado diretamente nas superficies
internas dos laminados com a ponta do aplicador (Variolink® veener, Ivoclar Vivadent,
Schaan, Liechtenstein). Quando as facetas foram colocadas na posi¢ao correta, uma
leve presséo foi exercida. Apoés a retirada dos excessos, seguiu-se a fotoativacéo por
30 segundos. O processo foi repetido até a cimentagdo do laminado estar completa.
Os excessos foram retirados com pontas de acabamento diamantadas e discos
flexiveis de polimento, nas zonas proximais foram utilizadas tiras de acabamento e
polimento. Os ajustes finais foram cumpridos na maxima intercuspidacao habitual,

considerando os movimentos mandibulares.
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3.4.4 Monitoramento do estudo clinico

Buscando examinar a regido tratada, foram adquiridas imagens sagitais, antes
e apos 6 meses de instalacdo dos laminados ceramicos. A aquisicao das imagens foi
realizada por meio do Swept Source OCT em 1325 nm (equipamento descrito no item
3.3.3). Para facilitar a aquisicdo de imagens, a paciente permaneceu sentada com a
cabeca apoiada em posicéo especifica, permitindo a focalizacdo da luz perpendicular
a area de estudo. Além disso, um afastador labial foi usado para livrar a area de estudo

de qualquer anteparo. As imagens geradas foram salvas em formato JPEG.

3.5 ESTUDO 5 - IN VIVO EVALUATION OF THE INTEGRITY AND ADAPTATION OF
LAMINATES USING OPTICAL COHERENCE TOMOGRAPHY: A PRELIMINARY
STUDY

A ser submetido na Journal of Dentistry.

Este artigo verificou a capacidade de observacdo de alteracdes, no corpo de
restauracdes laminadas e na linha de cimentacdo, nas imagens obtidas in vivo
utilizando o OCT.

3.5.1 Aspectos éticos

Todos os participantes do estudo foram informados por escrito do contetdo da
pesquisa e assinaram o termo de estudo antes de serem incluidos na avaliacdo. O
estudo foi realizado de acordo com a Declaragéo de Helsinki e aprovado pelo Comité
de Etica da Universidade Federal de Pernambuco (protocolo nimero
49742615.0.0000.5208, parecer 1309903 — Anexo C).

3.5.2 Caracterizagédo do estudo
Foi realizado um estudo observacional in vivo de 84 sitios em 28 laminados

ceramicos (IPS e.max Ceramic, Ivoclar Vivadent, Schaan, Liechtenstein) e 18 sitios

em 6 facetas pré-fabricadas de resina composta nanohibrida pré-polimerizada
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(Componeer Brilliant, Coltene, Altstatten, Suica) fixadas nos dentes superiores
anteriores.

Os participantes tinham idade entre 18 e 65 anos, de ambos o0s sexos,
atendidos na Clinica Integral | do curso de Odontologia da Universidade Federal de
Pernambuco, em Pernambuco, Brasil. Foram utilizados os seguintes critérios de
exclusdo: ma higiene bucal;, auséncia de dentes anterossuperiores; presenca de
prétese, restauracdo ou aparelho ortodéntico fixo na regiao avaliada.

Os laminados de resina foram cimentados aos dentes de acordo com as
recomendac¢fes do fabricante, indicando o uso de resina composta nanohibrida de
alta carga como agente fixador (Brilliant NG, Coltene, Altstatten, Suica) sobre o
substrato dental previamente acondicionado (Magic Acid 37%, Coltene, Whaledent,
Suica) e coberto com camada adesiva (One Coat Bond SL, Coltene Whaledent,
Suica). Os dentes submetidos a esse tratamento ndo necessitaram de nenhum tipo
de preparo dentério, apenas ajuste das bordas do laminado com discos de granulagéo
grossa (Sof-Lex, 3M ESPE, Sao Paulo, Brasil).

Para laminados ceramicos, preparacoes ultraconservadoras foram realizadas
em todos os dentes com pontas de diamante (KG Sorense, S&o Paulo, Brasil), apenas
para ajuste do eixo de insercao das restauracdes ceramicas. A superficie interna dos
laminados foi tratada com &cido fluoridrico a 4% (lvoclar Vivadent, Schaan,
Liechtenstein) por 30s, silano (Monobond Plus, Ivoclar Vivadent, Schaan,
Liechtenstein) por 1 min e adesivo (Excite F, Ivoclar Vivadent, Schaan, Liechtenstein).
Os dentes foram condicionados (gel de &cido fosférico a 37%), enxaguados, secos e
tratados com agente de ligacdo de dentina (Excite F, lvoclar Vivadent, Schaan,
Liechtenstein). Os laminados ceramicos foram fixados ao substrato dental com o
auxilio de cimento resinoso (Variolink Veneer, Ivoclar Vivadent, Schaan,
Liechtenstein) e removendo o excesso de agente cimentante com escova e fio dental.

As restauracdes foram polimerizadas de acordo com as recomendacdes do fabricante.

3.5.3 Protocolo do estudo

Todos os pacientes foram avaliados clinicamente quanto a cor, presenca de
gap marginal e fratura, antes da coleta de imagens!©3.
O exame com OCT foi realizado para investigar a regido vestibular de cada

elemento, avaliando os trés sitios (mesial, central e distal) nos trés tercos dos dentes
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(cervical, médio e incisal). As imagens foram capturadas, excepcionalmente, até um
ano em um Uunico paciente. Para uma analise longitudinal padronizada, foi
confeccionada uma placa guia de acetato, com marcacdes delimitando os locais
(mesial, central e distal).

O exame com OCT, os individuos, que permaneceram sentados, com a cabeca
apoiada em posicionador especifico, perpendicular ao foco emissor de luz laser, de
modo a padronizar o posicionamento do mento e da glabela para todos os sujeitos da
pesquisa. Além disso, utilizou-se um afastador labial para melhor visualizacéo da area

a ser estudada.

3.5.4 Sistema OCT, imagem e analise dos dados

O sistema OCT utilizado foi 0 SS-OCT 1325 nm (Thorlabs Inc, Nova Jersey,
Estados Unidos) com largura de banda espectral de ~ 100 nm, taxa de varredura axial
de 16 kHz, captura de 25 imagens por segundo, resolucéo lateral ~ 25um e resolugéo
axial de 12 /9 um (ar/ agua, respectivamente). As superficies vestibulares dos dentes
foram varridas perpendicularmente por um feixe de luz e as imagens bidimensionais
(2D) adquiridas foram armazenadas em formato BITMAP. Visando o monitoramento
longitudinal de algumas regides, imagens tridimensionais foram capturadas com um
volume de 512 pixels nas direcdes -X, -Y, -Z, em 1 minuto.

As imagens foram avaliadas quanto a presenca de alteracdes na superfie e
corpo do laminado, e na linha de cimentacdo ao substrato dentério. Além da anélise
qualitativa das imagens, foi realizada a mensuracdo dos defeitos apresentados em
cada periodo de reavaliacdo, a fim de correlacionar o tamanho do defeito com a
identificacdo de sinais clinicos de mudanca na regido. Todas as medidas
bidimensionais (2D) foram realizadas no software do equipamento, sem qualquer
outro tratamento de imagem, e a mensuracdo do volume de defeitos clinicamente
visivel foi obtida com o software ImageJ (Imaging Processing and Analysis in Java,
National Institutes of Health, Bethesda, MD).
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4 RESULTADOS E DISCUSSAO

Os itens resultados e discussdo do presente trabalho estdo descritos nos

artigos contidos nos apéndices desta tese.
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5 CONCLUSOES

As conclusdes inerentes a cada um dos artigos contidos nesta tese, estdo
apresentacoes individualmente nos estudos.

Todavia, os dados obtidos para esta tese permitem concluir que o OCT
apresenta um bom potencial para utilizagdo clinica aplicada a Odontologia em um
futuro relativamente proximo, visto que permite a geracdo de imagens de elevada
resolucao, adquiridas em tempo real e de forma nao-invasiva, permitindo a realizacao
de diagndstico antes do aparecimento de sinais clinicos. O empenho para introducao
da técnica na clinica alavanca as pesquisas visando superar limitagcdes da técnica,
tais como as observadas nos estudos. Entre as perspectivas para utilizacdo clinica,
relata-se o desenvolvimento de pecas de mao, de sistemas portateis com menor
custo, da melhoria do contraste das imagens e o aumento na profundidade de
penetracdo da luz.
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ABSTRACT

Imaging methods are widely used in diagnostic and among the diversity of
modalities, optical coherence tomography (OCT) is nowadays commercially
available and considered the most innovative technique used for imaging
applications, in both medical and non-medical applications. In this study, we exploit
the OCT technique in the oral cavity for identification and differentiation between free
and attached gingiva, as well as determining the gingival phenotype, an important
factor to determination of periodontal prognosis in patients. For the animal studies,
five porcine jaws were analyzed using a Swept Source SS-OCT system operating
at 1325nm and stereomicroscope, as gold pattern. The SS- OCT at 1325nm was

chosen due to the longer central wavelength, that allows to deeper penetration
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imaging, and the faster image acquisition, an essential factor for clinical setting. For
the patient studies, a total of 30 males and female were examined using the SS-
OCT at 1325nm and computer controlled periodontal probing. 2D and 3D images of
tooth/gingiva interface were performed, and quantitative measurements of the
gingival sulcus could be noninvasively obtained. Through the image analysis of the
animals jaws, it was possible to quantify the free gingiva and the attached gingiva,
the calculus deposition over teeth surface and also the subgingival calculus. For the
patient’s studies, we demonstrated that the gingival phenotype could be measured
without the periodontal probe introduction at the gingival sulcus, confirming that OCT
can be potentially useful in clinic for direct observation and quantification of gingival

phenotype in a non-invasive approach.

Keywords: Optical Coherence Tomography; Periodontal diagnostics; Gingival
Sulcus; Gingival phenotype; Non- invasive periodontal probing.

1. INTRODUCTION

The periodontal probe is the main method used in the diagnosis of periodontal

disease. It is used to establish the presence and severity of the disease and the

effect of periodontal treatmentl. Several factors may influence the values obtained

with the probing, such as those related to the examiner, the instrument or the
conditions of the tissues2'3. Errors during the probing may lead the clinician to the

choice of an inadequate treatment plan4.
For the evaluation of periodontal diseases, the gingival phenotype directly

affects the results of periodontal therapies5

. The gingival thickness is considered a
risk factor for development of changes, such as gingival recession in the presence
of low gingival thickness (thin phenotype) or less likely on patients with thick gum

(thick phenotype) after surgical therapy or restorative®

. The thin phenotype is
characterized by a narrow band of keratinized gingival tissue with an average
thickness of 1.5 mm, while the thick have large amounts of keratinized tissue and

gingival thickness greater than 2.0 mm/.
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The identification of phenotype through the thickness of the gum to be
obtained by various techniques, since there is no standard of evaluation in the
literature and several methods, invasive or not, are used as drilling, cone beam
tomography, histological analysis, the use of ultrasonic devices and visual

inspection7

. Another method used is probing in which a trans gingival periodontal
probe is transfixed through the gum, however, this method is invasive and

inconvenient for the patient, and has to be performed under local infiltration

anesthesia, whose thickness can be influenced by the deposited anesthetic8. The
most used method is the combination of visual inspection to the probing with nhormal

periodontal probe, as a method of execution simple, inexpensive and considered

very effective5'9, but depends directly on the evaluation capacity of each examiner
making the questionable method.

Diagnostic imaging methods are widely used and arouse great interest of
researchers and clinicians. Among the diversity of modalities optical coherence
tomography (OCT) is a noninvasive diagnostic method through image obtained by

non-ionizing radiation, commercially available and considered the most innovative

technique used to obtain medical and non-medical imagelo.

The OCT is capable of evaluating hard and soft tissues of the oral cavity and
accurately identify their structural differences by analysis of the images formedil.
Thus, several authors have suggested the use as a promising method for the early
diagnosis and for the monitoring of periodontal disease with greater accuracy and
sensitivitylz.

In this study, we explored the OCT technique in the oral cavity for the identification
and differentiation between free and attached gingiva and identification of gingival
phenotype, an important factor for determining the prognosis periodontics.

2. MATERIALS AND METHODS
2.1 Animals specimens

For the animal study, five porcine jaws were analyzed using a Fourier Domain
SS-OCT system operating at 1325 nm (Swept Source, SS-OCT, Thorlabs, New
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Jersey, USA) and stereomicroscope, as gold pattern. The SS-OCT at 1325 nm was
chosen due to the longer central wavelength that allows to deeper penetration
imaging, and the faster image acquisition, an essential factor for clinical setting.
Fresh porcine jaws obtained from a local slaughterhouse were dissected, sectioned
and stored in formalin solution at 10% for 24 hours before the analysis through OCT
and stereomicroscope, in order to preserve the dental structure and corresponding
bone and periodontal tissues. Images were obtained from lower incisors, premolars
and molars and their periodontal structures.

The images were performed with 2000 pixels per column at X-axis and 512
pixels per column at Y-axis (6 mm scanning and to 1.3 mm depth in air) to obtain
two- and three-dimensional images. After the OCT analysis of the samples, the teeth
and their corresponding periodontal and bone tissues were sectioned along the
sagittal axis, from buccal to lingual surface, using flexible diamond disks 7075 (KG
Sorensen, Sao Paulo, Brazil) under water refrigeration for further stereomicroscopy
analysis.

The images were performed from the buccal surface of the samples and after
OCT analysis and subsequent samples sectioning, stereomicroscopic images were
performed directly from the sectioned surface with a 10x eyepiece providing
magnification from 6.5x to 50x, 35.4 mm to 4.6 mm field of view and 92 mm working

distance, coupled to a CCD camera with nominal resolution of 1.3um.

2.2 Analysis of Patients

For the human study, a total of 30 patients, of both sexes with periodontal
health and presence of anterior teeth, were examined using the same OCT system
employed to the animal study, SS-OCT at 1325nm and computer controlled
periodontal probing (Florida Probe Corporation, Florida, USA).

In each patient, only 3 buccal sites anterior teeth were evaluated
(mesiobuccal, midbuccal, distobuccal), which resulted in 445 sites available for the
study. To guarantee the sulcus depth records in a standardized position, an
individually manufactured acrylic stent was used. Three grooves were made to
determine mesiobuccal, midbuccal and distobuccal sites for imaging and probing.
To perform the OCT examination, the patients remained seated, with their head

resting on specific positioner, perpendicular to focus laser light emitter. The
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acquisition of images relating to the sites was performed using the OCT and the
information stored in format jpeg. Subsequently, the images were analyzed for each
site and probing depths were obtained through the Image J (Imaging Processing
and Analysis in Java, National Institutes of Health, Bethesda, MD). Immediately after
image capture by the OCT, the patient was submitted to the examination of
periodontal probing of the vestibular sites used controlled pressure probe Florida
Probe.

3. RESULTS AND DISCUSSION

An efficient diagnostic method able to identify early periodontal changes is
fundamental for clinical success and keeping periodontal health. The diagnostic

method most widely used for periodontal evaluation is the probing, due to the higher

reproducibility in healthy and sick patientsl3’14. However the clinical probing is

considered an invasive method because it leads to a mechanical disruption of the

epithelial attachment and this fact can induce errors in diagnosislS. Difficulties
become the Optical Coherence Tomography a promising method for periodontal
clinical evaluation.

In this research, OCT was efficient to identify periodontal structures: gingiva,
cementum-enamel junction and the gingival sulcus in humans and animal models
due to its spatial resolution, as seen in figure 1. In addition, other structures have
been observed, such as dental enamel layer which was identified overlapped to
dentin by dentinoenamel junction and free gingiva portions and inserted, the gingival
margin, the regions of oral, sulcular and junctional epithelium, and adjacent

connective tissue. The images allowed the qualitative and quantitative analysis of

the gingiva and gingival sulcus, similar to the results obtained by Colston et al.16

The presence of supra and subgingival dental calculus was observed in some

images of periodontal area of animal teeth, as also observed by Hsieh et al.17, but
in humans it was only possible to observe the presence of supragingival calculus.
This is probably due to the dehydration caused by formaline solution in porcine soft
tissues, allowing higher light scattering into porcine gingiva than human gingiva. The
presence of calculus in the area leads to disruption of the existing intimate contact

between the tooth and the sulcular epithelium, increasing the distance between
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them, and change the propagation of light through enamel and dentin due to the
standard features and intensity of

scattering by calculations on the tooth surface. It was not possible to distinguish the

structures as cementum and alveolar bone, both belonging to the periodontal
| 18

support, differing from the results of Baek et a

Figure 1 — Images obtained by Swept Source Optical Coherence Tomography at
1325nm showing the distinction between periodontal structures of healthy
individuals (a) and porcine (b): G - gingiva; E - enamel; D - dentin; DEJ — dentino
enamel junction; CEJ - cementum enamel junction; GS — gingival sulcus; C —

calculus; * - subgingival calculus.

As for the sulcus measurement and phenotype, histological gingival sulcus
measurement is around 0.69 mm19, but clinically it ranges from 1 to 3 mm, for

healthy pacientszo. Using Image J software, the thickness and depth of the gingival
sulcus have been measured for the periodontal region of the animal model, since it
presented severe periodontal disease, in order to validate the OCT as an evaluation
method of the parameters. The average value for gingival thickness was 1.18+0.10

mm, whilst a measurement of gingival sulcus depth is 3.33+£0.17 mm, consistent with
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the results of the stereomicroscopy measurements of the model animal, as seen in
figure 2(a).

Monitoring of clinical measures of periodontal probing of patients is critical to

the clinical evaluation of periodontal tissues?L. This study used the OCT technique
as an alternative method in the relevant parameter view used in periodontal
diagnosis, as sulcus depth and gingival phenotype. The comparison of the average
periodontal probing values in healthy individuals obtained by OCT and Florida Probe
showed higher values when the computer controlled periodontal probing was used,
0,86+0,27 and 1,25%0,58, respectively, probably due to technical limitations inherent

to the probing, such as the extent of penetration, the epithelial attachment and

reproduction of probinglz’zz. Furthermore, the OCT enables the measurement and
analysis of periodontal tissue preservation region, therefore optical properties do not
require direct contact with the tissues and, and no pressure. The technique provides

an assessment of healthy tissue without damaging thosel?2

. The obtained images
can be analyzed in different moments, allowing monitoring the evolution of the

disease, even before its clinical manifestationslS.

In healthy subjects analyzed were identified gingival phenotypes from the
measurement of the thickness of the gum in OCT images, the measure was bounded
across from the base of the sulcus to the gingival surface (figure 2b). A mean value

of 1.37 £ 0.29 was obtained and according to Esfahrood et al’ characterized them
as thin phenotype. This fact demonstrates the ability of the OCT in quantitatively
assess the phenotype value, and we suggest the use of OCT should be used as a

standard method in evaluating the human gingival phenotype.
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Figure 2- Measurement of the thickness of the gingival sulcus and in pig (a) and

healthy individuals (b): GS- gingival sulcus; T- gingival thickness.

4. CONCLUSION

This study demonstrated that OCT is able to investigate and identify non-
invasively and with good spatial resolution, structures located in periodontal region,
such as gingiva and cementum-enamel junction. The acquired image analysis of
tooth/gingiva interface proved to be sufficient to make quantitative measurements of
the sulcus and identification of phenotype. Thus it was proposed to use the OCT as
standard technique for analysis of periodontal tissues and evaluation and

determination of the gingival phenotype.
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Optical coherence tomography (OCT) is one of the
most  important imaging  modalities  for
biophotonics applications. In this work, an g
important step towards the clinical use of OCT in
dental practice is reported, by following-up \

patients treated from periodontal disease (PD). A -

total of 147 vestibular dental sites from 14 patients iz

diagnosed with PD were evaluated prior and after
treatment, using a swept-source OCT and two periodontal probes (Florida probe and

North Carolina) for comparison. The evaluation was performed at four stages: day 0, day
30, day 60 and day 90. Exceptionally one patient was evaluated 1-year after treatment.
It was possible to visualize in the two-dimensional images the architectural components
that compose the periodontal anatomy, and identify the improvements in biofilm and
dental calculus upon treatment. In the follow-up after the treatment, it was observed in
some cases decrease of the gingival thickness associated with extinction of gingival
calculus. In some cases, the improvement of both depth of probing with the traditional
probes and the evidence in the images of the region was emphasized. The study
evidenced the ability of OCT in the identification of periodontal structures and alterations,
being an important noninvasive complement or even alternative for periodontal probes
for treatment follow-up. OCT system being used in a clinical environment. Above OCT
image (left) prior treatment and (right) 30 days after treatment.

KEYWORDS diagnostic imaging, gingiva, optical coherence tomography, periodontal

disease.
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1 INTRODUCTION

Periodontal diseases (PD) are chronic multifactorial con- ditions, characterized
by the destruction of periodontal tissues and causes 5% to 15% of dental losses in
suscepti- ble individuals [1, 2]. Periodontal health depends on the balanced
relationship between the dental biofilm and the immunoinflammatory response of the
host [3]. Tradition- ally, PD diagnosis is performed through clinical examina- tion by
the insertion of periodontal probing, which can be prone to errors [4], or periapical
radiographs can be required [5].

Optical coherence tomography (OCT) is recognized as one of the most
important imaging modalities in Biopho- tonics [6], providing optical biopsies with
micrometer spatial resolution and few millimeters penetration depth (tissue dependent),
with 107-10° voxels/s imaging speed, besides its capability of multimodality integration
[7]. The recent review in Ref. [6] shows the fantastic scientific, clinical and commercial
advances of OCT in several biomedical areas. The OCT technique, initially used to
evaluate the transparent tissues of the eye [8], has come out of age [6] and is now
widely used for investigations in other medical areas [6, 7, 9], besides non-medical
subjects [10, 11]. It is also recog- nized as an optical biopsy method [12].

Despite being a promising method for optical diagnosis in dental practice, as
reviewed in [13-15], there are few reports of its applications in periodontics [16—20],
including one of the pioneer applications of OCT in dentistry [21], and to the best of
our knowledge none in clinical practice for treatment follow-up.

Reported here is the result of a sequence of studies which first exploited OCT
characterization of the tooth/gin- giva interface in an animal model [16], then to clinical
evalu- ation of the periodontal structure in healthy patients in a clinical environment
[19], and arriving at the present results demonstrating that OCT is a very effective

method for clinical follow-up of the treatment progression of PD.

2 METHODS
2.1 Study design and population screening

This observational in vivo study was approved by the Ethics Committee of ASCES-
UNITA (CAAE: 43293715.1.0000.5203). A total of the 147 vestibular dental sites from 49
teeth in 14 patients aged 18-65 years old (six males with 46 years old average and eight

females with 36 years old average age) were selected from the anterior teeth, three sites
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per tooth (mesiobuccal, midbuccal and distobuccal) of the participants with periodontal
disease, from the Center of Dental Specialties at the Faculty of Dentistry, ASCES-UNITA
(Centro Universitario Tabosa de Almeida), Pernambuco, Brazil. All patients underwent basic
peri- odontal therapy and were evaluated at four stages: day 0, day 30, day 60 and day 90
using the OCT imaging, manual probe and automated probe. Exceptionally one patient was
evaluated 1 year after treatment. Excluding criteria were smoking; pregnancy; gin- gival

recession, prosthesis, composite restoration or fixed ortho- dontic appliance in anterior teeth.

22 Periodontal pocket measurements

Periodontal pocket depth was comparatively measured by 3 instruments: (1)
Swept Source OCT at 1325 nm (SS-OCT, Thorlabs, New Jersey); (2) computerized
probe (Florida probe, Florida Probe Corporation, Gainsvile, Florida); and (3) manual
probe (North Carolina probe, Golgran Millen- nium, Sdo Caetano do Sul, SP, Brazil).
The OCT technique is based on the reflectometry of a light beam of low coherence, which
crosses the different structures of the tissue, forming the image. Each fixed point traveled
by the light, in depth, generates information in graph form, called A-scan. The set of them
results in a two-dimensional (2D) image (B-scan) [9]. The analysis was performed by the
visual interpretation of B-scan, since they contribute more in terms of information than
the isolated A-scan.

The image acquisition was performed using the Swept Source OCT at 1325 nm
(SS-OCT, Thorlabs, New Jersey), which operates in the Fourier Domain, with axial
resolution of 12 ym and lateral resolution of 25 pym, spectral bandwidth of >100 nm and
instantaneous bandwidth of 0.13 nm (0.5 GHz), axial scan rate is 16 kHz, average output
power up to 10 mW, and 100 dB sensitivity (Figure 1A). The coherent and narrow- band
light source is divided into sample and reference arms. The backscattered light from the
sample, according to the different refractive indices within it, is redirected to the sample
arm fiber and then combined with light that has traveled a fixed optical path length along
the reference arm, interfere and detected inthe balanced detectors whose signals are sent
to the data acquisition card to form the image through appropriate software. The system
captures 25 frames per second. To perform the OCT examina- tion, the patients remained
seated in a dental chair, with their head supported perpendicular to the focus of the laser
guide light emitter (Figure 1B,C). In addition, a lip retractor was used for better exposure of
the anterior teeth (Figure 1B-D). In order to standardize the location of the OCT images

and probing, customized silicon trays were prepared for each patient, containing niches
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performed with a 15-scalpel blade at the three sites on the vestibular surface of the anterior
teeth: mesiobuccal, midbuccal, distobuccal (Figure 1E). At the moment of image
acquisition, the patient was instructed to temporarily pause the breath, so that there was no
change in the angle of incidence of the central beam and the focal length. The lens placed
in the handpiece has 36 mm of focal length, and 25.1 mm of working distance. The probing
depths obtained through tools of the equipment software and the images were stored in
BITMAP format. The 2D OCT images obtained from each site constitute numerical arrays,
com- posed by 2000 columns and 512 lines, distributed along 6-mm transversal scanning.
Aiming to suppress the signal saturation due to specular reflections the area of interest was
air-dried previ- ous to scanning, and the OCT handpiece should be positioned
perpendicular to the surface during scanning. The same system and procedure was
employed to demonstrate, in healthy patients, the measurements of pocket depth and other
periodontal struc- tures, therefore validating its use in the present work. All mea- surements
obtained were corrected considering the gingival refractive index of 1.41 0.06 [19].

A reference standard to measure the depth of the peri- odontal pocket was
considered, corresponding to the dis- tance between the enamel dentinal junction as
the upper limit and the region where the backscattering changes (as seen in Figure 2).
The images obtained in gray scale were evaluated by two calibrated operators using
Image J software (processing and image analysis in Java, National Institutes of Health,
Bethesda, Maryland). Then sulcus depth records were also obtained by computerized
and manual probes. The same examiner performed the records with 20 minutes' inter-
val, with the OCT image being performed first. Periodontal pocket depth for both
instruments was considered as the dis- tance between gingival margin or enamel

dentin junction and the base of periodontal pocket.
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FIGURE 1 (A) The Swept Source OCT (SS-OCT) system simplified scheme. DAQ: data acquisition
card; PC: polarization control; FC: fiber connector; CIR: circulator. (B) Patient positioned in a dental
chair for OCT images scanning. The tooth surface is positioned perpendicularly to the incident beam,
at the appropriate focal distance as shown in (C). To allow the images capture, a lip retractor was used
(D), and a silicon plate containing three niches in each tooth (mesiobuccal, midbuccal and distobuccal)

standardizes the point of data collection at each session (E)

2.3 Data analysis

The data were analyzed through the interpretation of the images and
comparison with the values of the depths of sounding. The depth of survey data
collected by two calibrated evaluators, using two manual probing techniques, was used
as reference to aid in the interpretation of the find- ings in the images. This qualitative

analysis helped in the interpretation and understanding of the images, providing a
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unique approach. The images were used as they are provided by the OCT system,
without further digital treatment.

3 RESULTS

Figure 2 shows an illustrative OCT image of a healthy indi- vidual (A) and a
patient with periodontal disease (B). In the 2D images, it is possible to visualize the
architectural com- ponents of the periodontal anatomy, both in healthy and unhealthy

region.

FIGURE 2 Images of the periodontal region of a lower incisor and its anatomical constituents obtained
from a healthy (A) and an unhealthy (B) patient. (A) Corresponding to a healthy periodontium, it is
possible to identify: gingiva (G), enamel (E); dentin (D); gingival thickness (GT); dentin-enamel junction
(DEJ); gingival sulcus (GS), connective tissue (CT); biofilm / dental plaque (*); cement-enamel junction
(CEJ); gingival margin (GM); oral epithelium (OE); free gingiva (FG) and attached (AG). (b) Shows
some of the same structures visualized in (A), the cement (C) and part of the periodontal pocket (P).

The horizontal and vertical scale bars represent 500 um.

The following images are representative examples of data clinically obtained
using the OCT. In Figure 3, itis possible to observe alterations in the periodontal tissue,
such as the increase of biofilm thickness and deposition of sub- gingival plague when
comparing before (day 0) and 30-days after the treatment be carried out (Figure 3A,C,
respectively). Comparative images allowed visualizing indicative characteristics of the
disease regression 30-days after treat- ment, such as the decrease of gingival

thickness (Figure 3A, C). Conversely, images in Figure 3B,D show an increase of
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thickness observed, indicating that the periodontal therapy was not efficient. A dentin
exposure area (Figure 3B,D) is also visualized with a decrease in the area of dentin
exposure possibly associated with gingival thickness increasing. It is still possible to

notice the presence of vacuolar alterations, suggestive of inflammation (Figure 3D).

FIGURE 3 OCT images showing changes in periodontal tissues, observed at the initial evaluation (A,

B) and after 30 days of periodontal therapy (C, D). (A) and (C) show the reduction of gingival thickness
and possible reduction of gingival edema in the region, which may indicate involution of the disease. In
(A), it is noted the presence of gingival anatomy components, besides the presence of saliva in the
gingival margin region (8) and plaque/biofilm deposition (*). However, it can be observed that in the
second assessment (C) there is a greater deposit of supragingival plague (*), indicating the patient's
lack of collaboration with the periodontal therapy. (B) and (D) Correspond to a second patient; in these
images the area of exposure of the root dentin (D) can be observed. It is still possible to observe a
change in depth periodontal, increasing from 4.32 mm (B) to 6.20 mm (D). After 30 days (D),
suggestive areas of vacuolar zones (arrows) may be observed, indicating a sign of active

inflammation. All images are in 500 ym scale.

Comparative images of the periodontal region at day O and day 60 are shown
in Figure 4, exhibiting an increase in subgingival calculus deposition 60-days after
periodontal therapy and it is possible to verify the increment in the dis- tance between
the cemento-enamel junction and the gingival margin, indicating an increase in gingival
recession (Figure 4A,D). Figure 4A,B show initial images obtained which, at 60th day
after therapy (Figure 4D,E, respectively) is possible to visualize an increase in gingival
thickness, indicating a possible reactivation of the inflammatory pro- cess: 1.51 mm
(Figure 4A) to 1.92 mm (Figure 4D) and 1.32 mm (Figure 4B) to 2.68 mm (Figure 4E).
In the Figure 4C,F note the decrease of the gingival thickness vary- ing from 2.03 mm
(Figure 4C) to 1.24 mm (Figure 4F).
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FIGURE 4 OCT images obtained from different patients at day 0 (A-C) and the corresponding images

obtained at day 60 (D-F), respectively. By comparing and (D), it is possible to verify in day-60 the
increase of: subgingival plague deposition evaluation, in the distance between the cemento-enamel
junction and in the gingival margin, indicating gingival recession. It is still possible to observe a change
in gingival thickness, increasing from 1.32 mm (B) to 2.68 mm (E) and decreasing from 2.03 mm (C) to

1.24 mm (F). The presence of saliva in the gingival margin region (§). All images are in 500 um scale.

The disintegration of the cement layer, probably removed during periodontal
scaling (Figure 4B) and the presence of a small amount of supragingival plaque (*), is
initially observed in (Figure 4B) and (Figure 4E). In addi- tion, areas of exposed dentin
(D) reduced in the images cap- tured at day 60 (Figure 4E), if compared to those at
day 0. In the Figure 4C the cement layer is evident (C), whereas in Figure 4F it is
observed the loss of this structure and conse- quent dentin exposure.

The images of Figure 5 show an increase in the exposure of dentin after period
of 90 days (Figure 5A). Additionally, it was possible to identify the dentin-enamel

junction in all images (Figure 5A,B), as well as the presence of supragingival plaque.

FIGURE 5 OCT images obtained from a lower incisor, evidencing the changes observed initially in the
periodontal tissue (A) and 90 days after the initial evaluation (B). Arrows point the area of exposed
dentin, which increases after a period of 90 days (B). Increased enamel loss in the region is visible
after 90 days. In addition, it was possible to identify the presence of supragingival plague (*) at both

moments. All images are in 500 um scale.
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Figure 6 shows images of a single patient followed up until 1 year after
treatment. We can observe the absence of supragingival plaque in Figure 6A and its
presence in Figure 6B,C in this last one it is still possible to visualize an increase of
biofilm deposition, if compared to Figure 6B. It is clear the variation visualization of the
gingival thickness, with moments of increase (Figure 6B) or decrease (Figure 6C),
according to the moment evaluated.

FIGURE 6 Sequence of images obtained from a lower canine and followed up until 1 year after
periodontal therapy. The images show the changes observed in periodontal tissue on day 0 (A), day
60 (B) and year after the initial evaluation (C). It is interesting to note that gingival thickness varied by
increasing and decreasing (C), according to the moment evaluated. Supragingival plague (*) can still

be observed. It is possible to identify gingival changes (A) suggestive of vacuolar zones (arrows),
increasing (B) or decreasing (C) as gingival thickness also varies in this proportion. All images are in

500 pym scale.

From the images of each patient, data of pocket depth can be quantified in
millimeters for further analysis. Table 1 shows the mean of the quantitative information
from images to 6 obtained using the probe manual instruments (NC/North Carolina;
FP/Florida Probe) and OCT. Two evaluators were used for each technigue to assure
the reliability of the evaluators.
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TABLE 1 Mean of the measurements equivalent to the images of Figures 3—6 obtained by two evaluators
(1 and 2) using two traditional probe manual instruments (NC/North Carolina; FP/Florida Probe) and
OCT.

Periodontal probe Pocket depth (mm)

NC 3.1 +1.03
FP 3.6£1.21
OCT 3.3+£1.09

4 DISCUSSION

The identification of alterations in periodontium in the subclinical phase, and
monitoring of the progression of the peri- odontal disease are still a great challenge in
the dental clinic. The measurements obtained with the periodontal probes are essential
for the distinction between the depth of healthy areas and regions affected by PD [22].
Measurement errors associated with the instrument and/or technique induced the
evolution of the periodontal probes, which is currently in the fifth generation [23].
According to this evolution, OCT could be the sixth generation of periodontal probes,
the first using photonics, because it captures bi and three- dimensional images,
obtaining transverse images with high resolution in micrometric scale in situ, without
physical con- tact or excision, allowing analysis in places where a biopsy could be
nonfeasible. The technique can still be used to determine the profiles of in vivo
periodontal tissue, such as gingival, epithelial and connective tissue thickness and the
position of the alveolar bone crest [20].

Although previous studies have also used the technique for assessing
periodontal disease in animal models [16-18, 24], this is the first study that
longitudinally evaluates the evolution of periodontal disease in patients. Through OCT
images the following structures can be identified, as shown in Figure 2. gingiva;
enamel; dentin; dentin-enamel junction; cement bonding; free gingiva; portions of
inserted gingiva; gingival margin; oral epithelium; sulcular epithelium; part of the
gingival sulcus/periodontal pocket; junctional epithe- lium; connective tissue; calculus
deposition; cement; biofilm / plaque deposition. These findings corroborate the results
of previous animal model studies [16—18] and healthy individuals [19] in identifying the
dental anatomical regions and the periodontal images obtained by the OCT. In

addition, it is still possible to see the dentin-enamel junction in all images obtained,
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unlike the cemento-enamel junction, which was visualized in most, but not all, of the
images.

When evaluating each patient individually, it was possi- ble to observe changes
and variations in the regression, maintenance or progression of the periodontal
disease in the period evaluated. It is important to notice that not all patients reacted
positively to the treatment, which is a common fact in treating periodontal disease since
the therapy is very patient dependent, requiring strict oral individual hygiene to be
followed. That does not mean that the treatment was not efficient, but clearly shows
that it is not being properly followed by the patient and the results are not adequate.
For patients following good oral hygiene, the data shows that the treatment is
adequate.

Concerning the measurements obtained by the conventional inspection
techniques, difference between the moments of the inspection were observed, as well
as between the evaluators. This can be illustrated by the mea- surements obtained in
patient 1, the depth of probing detected by the evaluator 1 using the hand probe was
6, 2 and 4 mm at the initial evaluation, and 5, 1 and 5 mm after 60 days, to the distal
sites, central and mesial, respectively. For evaluator 2, using the same evaluation tool,
the values of 5, 2 and 3 mm were initially identified, and after 60 days 4, 1 and 4 mm,
respectively, for the same distal, central and mesial sites.

Using an OCT miniature endoscope probe, Meng-Chun et al [25] performed the
insertion and visualization of the periodontal pocket and could identify dental calculus
in the subgingival region and stated that it is possible to follow the dental surface after
periodontal treatment. In our experi- ment, regions with calculus were observed, and
identified the increase in supragingival plague thickness, as can be seen in Figure 3.
When comparing the values of depth of probing and the images with 30 days of follow-
up, it is possible to affirm that Figure 3B shows a periodontium in regenera- tion, whilst
Figure 3D could represent a progression of the disease, justified by the presence of a
vacuolar zone.

Hsieh et al [26] demonstrated that OCT images could be used for the detection
of subgingival calculus in dentistry. The calculus can be easily distinguished from
carious lesions, indicating that OCT is a valuable technique in its detection. In the
images obtained, the presence of salivary calculi and biofilm deposition was observed
on the surfaces of the elements in the initial image or even in their worsen- ing or

improvement after periodontal therapy, as observed in Figure 4A,D and Figure 4B,E,
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which shows the biofilm/cal- culus deposition on the images collected 60 days after the
periodontal therapy is noted.

After the 60 days' period, areas with dental exposure are probably noticed due
to the removal of the cement layer during the periodontal scaling (Figure 4). Figure 4E
shows the increase in gingival thickness and may indicate the reactivation of the
inflammatory process, a fact evidenced by the depth of the pocket obtained by FP.
Possibly the manual probe has not been able to iden- tify the change related to the
transition between subclinical and clinical manifestations.

The images obtained after a period of 90 days showed the presence of dentin,
dentin-enamel junction and presence of supragingival biofilm/plaque. Some images
showed areas of dentin exposure, with increase after 90 days. In Figure 5, it is still
possible to observe the evolution of tooth mineral loss, characterizing a non-carious
cervical lesion in progres- sion, corroborating the findings of Sugita et al [27], which
investigated the progression of non-carious cervical lesions using SS-OCT, and
observed that the technique can morphologically differentiate the types of lesions as
well as the vari- ations of the disease progression.

Figure 6 allowed to analyze the changes over the course of 1 year; the gingival
thickness varied according to the moment of evaluation, showing that the periodontal
disease oscillated between the clinical stages, identified by the value of probing (Table
1) and subclinical characteristics seen exclusively in OCT images. In addition,
regarding the gingi- val thickness, another notable fact is the presence of vacuo- lar
structures (identified by the arrows), which increased (Figure 6B) or decreased (Figure
6C) in the same proportion as the gingival thickness.

It is important to notice that, regardless of the evaluated moment, plaques and
calculus were identified in the OCT images, even if they were not clinically evident,
reinforcing the importance of the technique for periodontics.

It should be emphasized in this study that the periodontal evaluation was carried
out by OCT, computed-controlled and manual probing, from three sites in buccal
surface, similar to that recommended in the conventional periogram exam.

It was evident that, although the technique could not sweep the entire extension
of the periodontal tissue into a single imaging, OCT was able to identify their
anatomical characteristics, such as the extension of pockets to the visu- alization of
early biofilm deposits, as well as early tissue changes subclinical level. Park et al [18]

observed that the measurements obtained with OCT were smaller than the his-
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tological measurements, but the images showed details that allowed the early
detection of periodontal disease.

The storage of the captured images at the different moments of evaluation will
allow the comparison with future periodontal examinations, to detect changes or
inflammatory response in regions of interest. The images can also be easily made

available online and even in real time for evaluation at a distance by experts.

5 CONCLUSION

In conclusion, this longitudinal study evidenced the impor- tance of using OCT
in the identification of periodontal structures in follow-up of PD treatments. Despite the
present limitations, depth of light penetration and scan window lower than the size of
the pockets, the technique is efficient in monitoring the periodontal disease. Further
studies are certainly necessary to overcome the limitations of the tech- nique. The
advances in the development of low cost OCT systems will be of great importance to

push its use in not yet exploited clinical environment [28].
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Optical coherence tomography (OCT) is already one of the most important
imaging modalities in biophotonics [1], widely used in Ophtalmology, providing optical
biopsies with micrometer spatial resolution. Penetration depth of up to 3mm is typical
and tissue dependent. Imaging speed of 107-10° voxels/s can be achieved, and OCT
is capable of multimodality integration [2]. Although the recent review in ref. [1] shows
the fantastic advances of OCT in several biomedical areas, in Dentistry a lot more
research is required before clinical/commercial impact becomes beneficial for the
society.

Among oral cavity diseases, periodontal diseases (PD) are chronic multifactorial
conditions, characterized by the destruction of periodontal tissues. Periodontal health
depends on the balanced relationship between the dental biofilm and the
immunoinflammatory response of the host [3].

Traditionally, PD diagnosis is performed through clinical examination to detect
signs of inflammation, calculus and supra and subgingival presence, as well as
evaluation of clinical insertion and loss of bone through periodontal probing. Despite
the low cost, wide use and acceptance in the scientific and clinical environment,
traditional periodontal probing is prone to errors during its execution, in addition to not

identifying PD in the subclinical phase [4].
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The search for an early diagnosis method, as well as the monitoring of
periodontal tissues with greater precision and sensitivity allied to noninvasiveness, has
triggered interest in the use of alternative techniques such as OCT [5,6 and refs
therein].

Following the work of [5,6], besides other literature studies, our group has
performed a clinical study by following-up patients treated from periodontal disease
with OCT, and comparing the results with traditional periodontal probes. 14 patients
aged 18-65 years old diagnosed with periodontal disease were evaluated prior and
after treatment, and a total of 147 vestibular dental sites from 49 anterior teeth were
analyzed. Preliminary results were already reported [7]. Our conclusions from the
longitudinal study clearly point out to the importance of using Optical Coherence
Tomography in the identification of periodontal structures in follow-up of treatments.
Despite some present technical limitations, such as light penetration depth and scan
window lower than the size of the pockets, OCT presents advantages as
noninvasiveness, possibility of 2D and 3D images in real time, which can be assessed
at distance by experts, providing a real case for telemedicine. The technique is efficient
in monitoring not only, periodontal disease but has also applications in other niches in
dentistry, both in soft and hard tissue, as well as dental materials. In the particular case
of PD, manual periodontal probes have evolved to minimize errors and operator
manipulation, and are currently in their fifth generation [8]. When one associate the
advantages of OCT as a noninvasive method associated to appearance of low cost
OCT systems [9], we as the question whether it would not be the ideal tool for the next

— 6" - generation of periodontal probes, the first one to exploit photonics.
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ABSTRACT

The aim of this study was to use the Optical Coherence Tomography (OCT)
technique working in spectral domain (Swept Source OCT at 1325 nm, Thorlabs, New
Jersey, USA) to monitor the tissue repair in patients undergoing periodontal plastic
surgery. The evaluations were done over a period of 60 days. It was observed that 15
days after periodontal surgery the gum was still in different healing process as
compared to the observation after 60 days. Thus it is clear that, despite some technical
limitations, the OCT is an efficient method in the evaluation of regeneration gingival.

Keywords:Optical coherence tomography; Investigative Techniques; Gingiva; Clinical

Evaluation.

1. INTRODUCTION

The facial aesthetic standard adopted by society is based on a beautiful and
harmonious smile, and to supply this need, there is a big search for new treatments.
The matching of gum and teeth, especially the front ones, plays an important role in
aesthetics, and seeks to meet the current standards of beauty through periodontal
surgery.1

Periodontal plastic surgery presents a high impact on the self-esteem of the
patients and, consequently, in their quality of life in society. The gingivoplasty aims to
corrector eliminate abnormal gingival anatomy by trauma or development, providing
there establishment of gingival aesthetics.* Clinically, the recovery of normal gingival

appearance is observed 14 days after the surgery, despite the knowledge that this
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period is enough just to complete reepithelization and histological healing takes 4 to 5

weeks.>

1.1Imaging by Optical Coherence Tomography

New non-invasive diagnosis methods through image and using the non-ionizing
radiation draw attention and great interest of researchers and clinicians. Optical
coherence tomography (OCT)® is a noninvasive image diagnostic technique, which
provides high-resolution in almost real time images.’ It is considered an optical biopsy
because it allows the visualization of cellular and extracellular structures typically up to
3 mm below the surface, depending upon the tissue and wavelength employed, with a
spatial resolution ranging from 1 to 20 um. 8

The OCT is one of the few instruments that exploit the benefits and the
properties of light coherence and is very useful in healthcare.® Colston et al.1°were the
first to study the oral cavity tissues using the OCT, in vitro, identifying the great clinical
potential for research the periodontal tissues. Thus, the technique became a good tool
for periodontal diagnosis because it is able to penetrate deep enough, keeping a
reliable high resolution.? It ensures a quick view of the superficial structure of the
gingival tissue, reproducing their specific characteristics, in different sections of the
oral cavity, and also the study of the gingival morphology.*?

The aim of this study was to use the Optical Coherence Tomography (OCT)
technique, working in spectral domain, to monitor the process of tissue reparation in
patient undergoing periodontal plastic surgery, observing the gingival behavior over a
period of 60 days from 42 sites on the vestibular face of the anterior teeth.

2. METHODOLOGY
2.1The patient

A young female patient went to the Integral Clinic of the Dentistry course, at the
Federal University of Pernambuco (UFPE) dissatisfied with the aesthetics of her smile.
During clinical examination, it was possible to observe diastemas widespread in the

upper and lower arch plus a gum disharmony (Figure 1).
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Figure 1. Initial appearance of the patient smile (from the authors archive).

The patient was submitted to clinical and radiographic examinations. After that,
it was suggested that gingival esthetics correction should be performed on the upper
(from 14 to 24) and lower (from 33 to 43) elements. After the written consent of the

patient, the treatment was properly planned and started.

2.2The gingival surgery

The periodontal flap surgery was the technique chosen for the upper arch. An
acetate tray was used as guide, for marking the new measure of the gingival margin
(Figure 2 A).

First, the slices of keratinized soft tissue were carefully removed, aiming to

provide the aesthetic contour of the gingival rgin (Figure 2 B).

Figure 2. A, the use of acetate tray as guide for the marking of bleeding points;

B, Removal of keratinized soft tissue (from the authors archive).
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After that, it was performed the gingival flap surgery, osteotomy and osteoplasty,
accurately, for recovering the periodontal biological width and smoothing the bone

structure. The surgical proceeding was concluded after the flap replacement.

2.30ptical Coherence Tomography evaluation

In applying the OCT technique, sagittal images of the cervical third of the
element 11, 12, 21 and 22 were obtained before surgery, as a control image of the
healthy gingiva and periodontal region. Images were acquired again 15 and 60 days
after periodontal surgery to monitor the recovery of tissues.

The OCT Swept Source 1325 nm (SS-OCT, Thorlabs, New Jersey, USA) with
12 um depth resolution and 25 um lateral resolution which operates in the spectral
domain, was used for the acquisition of images. During the examination, the patient
was kept sat with her head resting on specific positioner, perpendicular to the focus
emitting laser light, in order to standardize the capture of images. In addition, lip
retractor was used for better viewing of the area being studied. Figure 3 shows a
sagittal image of the middle third of the element 21 obtained through OCT in which it
is possible to observe the enamel (E), the dentin (D), the dentino-enamel junction
(DEJ), the gingival (G) and gingival sulcus (GS).

Figure 3. The sagittal image of the element 21, middle third, showing structures such

as: E-enamel, D - dentin, DEJ-dentino-enamel joint, G-gum and S - gingival sulcus.
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3. RESULTS AND DISCUSSION

As pointed out before, the smile is one of the most important facial expressions
and it is essential in expressing friendliness, agreement, and appreciation. A pleasing
smile clearly enhances the acceptance of an individual in our society by improving the
initial impression in interpersonal relationships. However, a defective smile might be
considered properly as a physical handicap.? For this reason, aesthetics has motivated
the patients to seek dental treatment.

Currently, patients are aware that the aesthetic appearance of the smile is
determined not only by the shape and color of the teeth, but also by the harmony and
health of the gingival tissue. In many cases, the blend of periodontal cosmetic surgery
with other restorative procedures can create a synergistic result, which would not be
obtained with the single treatments.

In the present case, plastic surgery for leveling periodontal gingival margin is
previously indicated to the aesthetic restorative treatment. For this reason, the
treatment proposed in this clinical case associated periodontal surgery prior to placing
lumineers.

To assess the tissue recovery after surgery, the Optical Coherence Tomography
technique was chosen. OCT is an-imaging technology that produces high-resolution
cross-sectional images of the internal microstructure of living tissue. It is already in use
since 1991.° OCT was initially applied for imaging in ophthalmology.®** However, it is
now being widely used in dentistry,®*Sincluding dental materials.'6'” Regarding soft
oral tissues, in vitro evaluation of periodontal morphology in animal has been recently
reported!® as well as phenotype evaluation in animal and human patients.*®

During the healing process of the present case, the tissue recovery was
accompanied. For this, OCT images were acquired in three moments: before the
surgery when the tissues had suffered no damage, 15 and 60 days after the surgery,
always at the cervical region of the upper anterior teeth, as shown in Figures 4 (A), (B)

and (C), respectively.
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Figure 4. Sagittal images of the element 1.1 cervical third: A, before surgery, B,
15 days and C, 60 days afier pericdontal surgery. E-enamel, D - dentin, DEJ- dentino-

enamel joint, and G-gum. Arrows indicates the area of tooth-gum interface.

In analyzing Figure 4, attention should be paid to the gingival sulcus indicated
by the arrows in Figures 4A, 4B and 4C. In Figure 4A it is possible to visualize the
gingival sulcus close to tooth surface, and with its natural inclination; in Figure 4B, 15
days after the gingivoplasty, there is no continuity between the free gingiva and tooth
surface, due to the surgery incision. It can also be seen the dentin exposure and
possibly some biofilm. 60 days post-operative procedure (Fig. 4C) it is possible to
observe the reinsertion of gingival epithelium over the tooth, indicating the healing of
the surgical procedure. Notice that the gingival sulcus position is rather horizontal, if
compared to the pre-operative procedure image of Figure 4A.

Another important information observed after Figure 4 analysis is about the
dentino-enamel joint. It is wholly covered by the gingiva before the surgery (Figure 4A).
After that, it is exposed to oral environment, as observed in Figure 4B. Its exposition
to salivary fluid and its pH and temperature variations can be uncomfortable and even
painful to the patient. This problem was solved after the tissue reepithelization, as
shown in Figure 4C, which shows this area cover again.
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The aspect presented by the OCT images after the 60 days period showed full
recovery of periodontal tissues, as well as the presence of new periodontal sulcus. The
clinical aspect in Figure 5 confirms the fact. Only after the period, the restorative

treatment has started.

Figure 5. Gingival clinical aspect 2 months after the periodontal surgery (from the

authors archive).

4. CONCLUSION

After using OCT images to evaluate periodontal structures, it is possible to
assure that this technique is promising method to follow up the tissues recovery after
a surgical procedure, adding to the clinical visual observation. The images obtained
were consistent with the clinical inspection of the region under went to surgery,
confirming the OCT efficacy without the patient to undergo invasive tests, as the use
of dental probes, or ionizing radiation. Quantitative measurements of the tissue

recovery can also be implemented using the OCT.
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ABSTRACT

Lumineers are veneer laminates used as an alternative for aesthetic dental
solutions of the highest quality, but the only current means of its performance
assessment is visual inspection. The objective of this study was to use the Optical
Coherence Tomography (OCT) technigue working in spectral domain to analyze in vivo
in a single patient, 14 lumineers 180 days after cementation. It was possible to observe
images in various kinds of changes in the cementing line and the laminate. It was
concluded that the OCT is an effective and promising method to clinical evaluation of
the cementing line in lumineers.

Keywords: Optical Coherence Tomography, Dental Porcelain; Clinical Evaluation

1 INTRODUCTION

Oral aesthetics is related to social, cultural and psychological factors. Recent
studies have provided the development of new dental materials, including ceramic
laminates, which are reduced veneer laminates with thickness ranging from 0.2 to
0.8mm. They are a treatment option that ensures a good aesthetic result, allowing a
correction for color, shape and teeth position. Its great advantage is that preparation is
not required, or at most minimal intervention to the tooth surface. Therefore, this
treatment is based on the adhesive dentistry and the cementation is a fundamental
procedure for the clinical success of the restorations 1.

To date, the evaluation of lumineers adaptation and of their clinical integrity is
limited to visual inspection, which can compromise the success of the treatment and is

dependent on the clinician ability only 2.
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The aim of this study was to use the Optical Coherence Tomography (OCT)
technique, working in spectral domain, to analyze the integrity and adaptation of 14

lumineers, 180 days after cementation, in vivo.

1.10ptical Coherence Tomography

Optical Coherence Tomography (OCT) was proposed in 1991 by Huang et al. 3
who demonstrated its ability to acquire cross-sectional images in high resolution,
identifying the internal microstructure of materials and biological systems. The images
are obtained by measuring the light that is retro-reflected and scattered, without
needing to cut the samples to be studied, or even exposing the patient to ionizing
radiation. OCT has a penetration capacity in depth of up to 3 mm, depending upon the
tissue, resulting in imaging with resolution 1-20 ym.

Initially OCT was mainly used in Ophthalmology, but nowadays its widespread
applications incudes dermatology, dentistry and other medical and non-medical
areas are using the technique #°. In dentistry, it can be used to evaluate the tooth-
restoration interface 8, which could have positive implications in noninvasive
diagnosis for secondary caries, adhesive failures in indirect restorations, as well as

fractures and cracks in composite resins’2.

2 METHODOLOGY

2.1Patient recruitment

A young female patient at the Integral Clinic of the Dentistry undergraduate course,
at Federal University of Pernambuco (UFPE), dissatisfied with her smile aesthetics,

was recruited and formally agreed to participate.

2.2Clinical examination

During clinical evaluation, it was possible to observe widespread diastemas in the
upper and lower arch (Figure 1) of the patient. After clinical and radiographic detailed
examination, a clinical planning for lumineers fabrication, involving the upper elements

14 to 24 and the lower elements 33 to 43, was presented to the patient.
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Figure 1. Initial appearance of the smile. It is possible to observe the upper

and lower diastemas (From the authors archive).

2.3Treatment

After the patient formally agreeing with the proposed treatment, an alginate
impression (Hydrogum, ZHERMACK) was taken to obtain a diagnostic cast for
studying. Then, the bite was registered and the casts were fixed at a semi-adjustable
articulator to perform the dental diagnostic wax-up.

Before starting the aesthetic treatment, a homemade teeth whitening was
accomplished for 15 days by using Carbamide Peroxide 16% (White & Brite Night,
3M/ESPE). After the whitening 15 days finished, dental drill 3131 (KG Sorense) and
Sof-Lex Pop-On discs (SM/ESPE) were used for teeth abrasions.

To promote the gingival retraction and provide a more faithful reproduction of
cervical thirds, gingival retraction cords (000, Ultrapack / Ultradent) were used. After
their localization, molds were acquired by using addition silicone (Express, 3M/ESPE).

Dental models for waxing, digital photographs and informations related to
morphology, color and teeth details were sent to prosthesis laboratory, aiming the best
aesthetic result. The prosthesis laboratory returned lumineers for test, made by wax
and resin (Figure 2 A). They were proved, adjusted and sent off to the laboratory for
lumineers manufacturing.

The lumineers were fabricated by using IPS e.max Ceramic system (Ivoclar
Vivadent), followed by characterization. The lumineers adaptation was evaluated in the
plaster models (Figure 2 B) and, later, in the mouth, with specific material for this
procedure (Variolink Veneer Try-in, Ivoclar Vivadent). After the former steps, the

ceramic lumineers were fixed according to the manufacturer recommendations.
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Figure 2. Manufactured lumineers. A, for test, made by wax and resin. B, final

lumineers in ceramic (From the authors archive).

The internal surfaces of the lumineers were etched with hydrofluoric acid (HF)
4% (Ivoclar Vivadent) for 30 seconds. After that, the acid was completely removed.
Then the pieces were dried and silane (Monobond Plus, Ivoclar Vivadent) was applied
for one minute, followed by drying with compressed air. It was then applied an adhesive
(Excite F, Ivoclar Vivadent), followed by mild air stream and cured for 15 seconds.

The dental substrate was prepared by using 37% phosphoric acid (Total Etch,
Ivoclar Vivadent) for 15 seconds, washing and drying after that. A layer of adhesive
(Excite F, Ivoclar Vivadent) was applied at the teeth surfaces, followed by mild air blow
and cured for 15 seconds.

After the preliminary preparation of the facets and the tooth, lumineers were
cemented. At this stage, Variolink® veener cement translucent, previously selected,
was directly applied on the internal surfaces of the facets with the applicator tip
(Variolink® veener). When the facets were placed in the correct position, light pressure
was exerted. After, removal of the excess with a brush followed the
photopolymerization, for 30 seconds. The process was repeated until the cementing of
the laminate was completed (Figure 3). The final adjustments were fulfilled in maximum

intercuspation, considering the jaw movements.
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Figure 3. Aspect of lumineers |mmed|ately after cementation of the teeth in the

patient mouth (From the authors archive).

2.4Monitoring the clinical study
The clinical study was evaluated after 6 months. Seeking to evaluate the treated
region, sagittal images were obtained by Optical Coherence Tomography. The
acquisition of images was performed using the Swept Source OCT at 1325 nm (SS-
OCT, Thorlabs, New Jersey, USA), with 12 um depth resolution and 25 um lateral
resolution, which operates in the spectral domain. To facilitate the acquisition of
images, the patient remained sitting with her head resting on specific position, allowing
the light focusing perpendicular to the study area. In addition, a lip retractor was used

to avoid the study area of any bulkhead. The information was stored in jpeg format.

3 RESULTS AND DISCUSSION

A harmonious and aesthetic smile is generally desirable for any patient. This fact
drives the development of new materials and techniques in dentistry, seeking more
conservative procedures and better results. Among various treatment options for
cosmetic purposes, the lumineers are noted for aesthetic naturally present, appropriate
color, morphological stability and acceptability by biological and periodontal tissues,
and are also considered as a conservative treatment °. Current adhesive systems and
resin cements enables an effective interaction between the ceramic and the tooth
structure, providing that the techniques of ceramics restorations preserve healthy tooth
structure and promote the physical and mechanical retention 19,

Advances in adhesive dentistry optimized the use of veneers and porcelain crowns.
Initially conventional ceramics were used, however, they were limited by high failure
rates due to the high friability and low flexural strength. They were not able to withstand

the mechanical stresses in the buccal environment and could generate more wear on
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the opposing tooth. The increased resistance of ceramic veneers was possible with
the development of new ceramic systems reinforced by leucite and lithium disilicate.
These systems require no metal, providing excellent cosmetic result without
compromising the mechanical performance 1 12,

In this clinical study IPS e.Max system was used because it is a lithium disilicate
glass ceramic with optimized translucency, durability and strength for full anatomical
restorations. IPS e.Max truly mimics the natural translucency necessary for
outstanding aesthetic appearance. It has been the material of choice for minimally
invasive aesthetic dentistry.

Because of the new ceramic system, it is possible to use very thin ceramic
laminates (0.1 to 0.7 mm thick) on tooth structure, with minimal or no wear. Therefore,
the color of the cement used is fundamental on the final aesthetic result, especially
when the election of ceramics have high translucency. Variolink Veneer Ivoclar
Vivadent was the cement chosen because of its advantages such as ease of excess
removal, shades available and high mechanical resistance.

Laminates when fully cemented are extremely resilient. The perfect continuity
between the cement and the tooth surface gives superior resistance, required for
successful treatment. However, current available cementing techniques are prone to
the appearance of bubbles in cement line (due to mixing and handling), difficulting an
ideal cementing.

Very recently, an in vitro study was performed to evaluate the cementation after
aging simulation of 20 lithium disilicate laminates divided into 4 groups, with images
made by SD-OCT 3. From the OCT images, it was readily found — almost real time -
that all groups showed various types of failure, such as bubbles, gaps or even
interruption of the cementation line. It results in variations in the thickness of cement
and certainly contributes to the air bag formation and cracking, which increases over
time and culminates in the detachment of the restoration or its fracture as a result of
the creation of a weak area resulting from a discontinuity in the adhesion line. The OCT
showed to be able to view the cement layer below the ceramic laminate, validating the
technique as an accurate method in the investigation of lumineer- cement- tooth 3. As
in that study, the findings visualized corroborate the observation in the in vivo case
reported here (see Figure 4).

The methods currently available for evaluating failure in the cementing line (clinical

and radiographic inspection) often do not allow its correct identification 2. In the present
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study this limitation has been overcome since the OCT allowed in vivo imaging of
cementing line and identifying defects in the interface laminate- cement- tooth, which
can be performed in almost “real-time” and during or after the procedure.

The case reported was evaluated after 6 months, when a color change, between
the middle and incisal thirds, was detected at element 11, as pointed out in Figure 4A.

By analyzing the tomographic images, it was observed that the cement line is
clearly visible and homogeneous between the enamel dental and the lumineer, as can
be seen in the cervical third image (fig. 4B). In the medium and incisal thirds, faults
have been clearly identified in the cementing line in the form of bubbles at the location
where the color change was clinically detected (Figures 4C and D). We propose that
this observation of bubble formation (as as example of failure), which can be detected
in very early stages, right after the cementation procedure, see 13, can be the cause
for further failures, including color changes.

It is important to draw attention to the fact that in the present case, the failure
appeared externally in the color change, which induced our OCT study. The ideal
situation is to employ the OCT to evaluate the cementation procedure immediately
after the lumineer placement, to verify the presence of bubbles or other undesirable
artifacts.

As far as we know, OCT is presently the only way to verify and even quantify the
presence of undesirable artifacts and failures in the particular case of lumineers

placement, providing in vivo noninvasive observation.
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Figure 4. A, photograph of the patient after 6 months of lumineers placement.
The arrow indicates the site of the color change. B, image acquired by Optical
Coherence Tomography from the cervical third. The arrow indicates the cement
layer located between the lumineer (I) and the dental enamel (e); C, OCT image
from the middle third and D, from the incisal third. The arrows in both indicate

the detected failure (bubble). (From the authors archive).

4 CONCLUSIONS

We have demonstrated, for the first time, the use of OCT in a clinical environment
for evaluation by imaging of lumineers placed in a female patient. The evaluation was
triggered by the observation of failure (color change) in one of the 14 laminates placed
in the patient teeth (upper elements 14 to 24 and the lower elements 33 to 43).

OCT was employed as a new and efficient method to evaluate the cement line and
proved to be efficient by acquiring tomography images. The images made possible
monitoring the cement line in both areas: where it has remained intact, and where
failures were observed, showing that the OCT technique was an effective method to
evaluate lumineers. We believe that this result opens up yet another clinical application

of optical coherence tomography in dentistry.
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ABSTRACT

Objectives: The aim of this study was to verify the ability of OCT in the in vivo
assessment of the integrity of dental laminates fixed in anterior teeth.

Materials and Methods: A total of 84 sites were evaluated in 28 ceramic laminates
(lvoclar Vivadent, Lichtenstein), and 18 sites in 6 prefabricated facets of
prepolymerized nanohybrid composite resin (Componeer Brilliant, Coltene), fixed to
the anterior superior teeth. The analysis was done using images obtained with Optical
Coherence Tomography (SS-OCT 1325nm, Thorlabs). The perpendicular scan of
three vestibular sites (mesial, central and distal) was performed in the three thirds of
the teeth (cervical, middle and incisal). In one patient, the imageology was performed
for a period of one year, capturing the images using an acrylic plate with markings to
standardize the longitudinal analysis. Two-dimensional images were acquired and
analyzed qualitatively and quantitatively.

Results: The images obtained allowed to carry out the inspection of the body and
surface of the laminate and the fixing layer, in all cases. In the ceramic laminates, there
was presence of areas indicative of tension in the laminate body (15%), disadaptation
(38%), spaces not filled by cement (28%) and areas of probable inclusion of air (10%)
in the cementing line. In resin laminates, the type of defect visualized was the presence

of bubbles in the body in 16% of the images and in the fixation layer in 15%.
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Conclusions: OCT images allowed in vivo monitoring of defects in laminates before
they even become clinically perceptible, but still require further studies to be used in
the dental clinic.

Clinical Significance: The Optical Coherence Tomography allows the in vivo and non-
invasive evaluation of the integrity and adaptation of ceramic laminates as well as of

the cement line in real time and non-destructive way.

Key words: Cementation, Ceramic, Laminate, Gap, Diagnostic imaging, tomography,

optical coherence.

1. Introduction

The evolution of adhesive technique and dental ceramics allowed more
conservative treatments to be applied in dentistry. The laminates are used in modern
Dentistry because it is a minimally invasive procedure, but they need good planning
for the treatment to be successful [1].

Prefabricated resin laminates stand out clinically because they require only one
session for finalization, with minimal or no wear and a lower cost than ceramics [2].
Prefabricated composite resin laminates currently used are of nanohybrid composition,
with a laser surface vitrification that provides a hard and shiny surface similar to enamel
[3]. However, composites may have limitations such as shrinkage, limited toughness,
color instability and susceptibility to wear [4].

Ceramic laminates are one of the most conservative ceramic restorations and
have an excellent esthetic-longevity ratio [5, 6]. They have excellent color stability,
wear resistance, biocompatibility and durability [7, 8]. However, this type of restoration
requires a greater technical ability, is more time consuming, has a high cost,
susceptible to detachment, fracture, chipping, marginal defects and microleakage. [9,
10].

The preparation and cementation are similar for the two types of restorations,
but the resin laminate restorations usually require an individualization of the cervical,
proximal and incisal regions [3]. Another important point is the cementing technique,
which is made with resin cement for the ceramic and composite resin for the

prefabricated laminate, allowing an easy alignment of the part to the tooth [11].
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The evaluation of the laminate, the adaptation on the dental substrate and the
survival time of these restorations is still a challenge in dentistry. Therefore, Optical
Coherence Tomography (OCT) emerged as a diagnostic method in the identification
and evaluation of the strata that make up the restoration (laminate-cement-tooth layer)
[12, 13]. This technology was first used in ophthalmology, and since then has had its
applicability extended to several specialties in the area of health [14]. The OCT is
based on low coherence interferometry with a micrometric resolution, non-invasive
penetration of millimetric order [15], with high acquisition speed and better sensitivity
when compared to other imaging techniques [16].

The objective of this study was to evaluate in vivo the integrity and adaptation
of dental laminates of different materials (ceramic and resin) fixed to the anterior teeth
in order to identify and describe possible defects in the adhesive layer through

inspection with Optical Coherence Tomography (OCT).

2. Materials and Methods

2.1  Ethical aspects

All study participants were informed in writing of the research content and
signed the study term before inclusion in the evaluation. The study was carried out in
accordance with the Declaration of Helsinki and approved by the Ethics Committee of
the University of Pernambuco (protocol number 30543914.0.0000.5207).

2.2 Characterization of the study

The participants were aged between 18 and 65 years, of both sexes, taken at
the Integral Clinic I, of the Dentistry course of the Federal University of Pernambuco,
Pernambuco, Brazil. The following exclusion criteria were used: poor oral hygiene;
absence of anterosuperior teeth; prosthesis and composite restoration or fixed
orthodontic appliance in the evaluated region.

An in vivo observational study of 84 sites in 28 ceramic laminates (IPS e.max
Ceramic, Ivoclar Vivadent, Schaan, Liechtenstein) and 18 sites in 6 prefabricated
facets of prepolymerized composite nanohybrid resin (Componeer Brilliant, Coltene,
Whaledent, Switzerland), fixed to the anterior superior teeth, was performed.

The resin laminates were cemented to the teeth according to the manufacturer's

recommendations, indicating the use of a high-load nanohybrid composite resin as a
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fixing agent (Brilliant NG, Coltene Whaledent, Switzerland) on the previously
conditioned dental substrate (Magic Acid 37%, Coltene, Whaledent, Switzerland) and
covered with adhesive layer (One Coat Bond SL, Coltene Whaledent, Switzerland).
The teeth submitted to this treatment did not require any type of dental preparation,
only adjustment of the edges of the laminate with discs of coarse granulation (Sof-Lex,
3M ESPE, Séo Paulo, Brazil).

For ceramic laminates, ultraconservative preparations were performed on all
teeth with diamond tips (KG Sorense, Sdo Paulo, Brazil), only to adjust the insertion
axis of the ceramic restorations. The internal surface of veneers was treated with 4%
hydrofluoridric acid (lvoclar Vivadent, Schaan, Liechtenstein) for 30s, silane
(Monobond Plus, Ivoclar Vivadent, Schaan, Liechtenstein) for 1 min and bonding agent
(Excite F, Ivoclar Vivadent, Schaan, Liechtenstein). The teeth were etched (37 %
phosphoric acid gel), rinsed, dried, and treated with dentin bonding agent (Excite F,
Ivoclar Vivadent, Schaan, Liechtenstein). The ceramic laminates were fixed to the
dental substrate with the aid of light-curing veneer luting resin cement (Variolink
Veneer, Ivoclar Vivadent, Schaan, Liechtenstein) and removing the excess of luting
agent with a brush and dental floss the restorations were light polymerized according
to the manufacturer’'s recommendations.

All patients were clinically evaluated for color, presence of marginal gap and

fracture, before image collection [17].

2.3  OCT system, imaging and analysis

Optical Coherence Tomography (OCT) imaging was performed to investigate
the vestibular face of each element, evaluating the three sites (mesial, central and
distal) in the three thirds of the teeth (cervical, middle and incisal). The images were
captured up to one year in a single patient and for a standardized longitudinal analysis,
an acetate guiding plate was made, with markings delimiting the sites (mesial, central
and distal).

The OCT system used was the SS-OCT 1325nm (Thorlabs) with a spectral
bandwidth of ~100nm, axial scan rate of 16kHz/25fps, lateral resolution ~25um and
axial resolution of 12/9um (air/ water). The buccal surfaces of the teeth were swept
perpendicularly by a light beam and the two-dimensional (2D) images acquired were

stored in bitmap format. Aiming at the longitudinal monitoring of some regions, three -
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dimensional images were captured with a volume of 512 pixels in the X - Y - Z
directions, within 1 minute.

The images were evaluated for the presence of changes within the laminate
body and in the fixation line to the dental substrate. In addition to the qualitative
analysis of the images, the measurement of the defects presented in each reevaluation
period was performed in order to correlate the size of the defect with the identification
of clinical signs of change in the region. All two-dimensional (2D) measurements were
taken in the equipment software, without any other image treatment, and clinically
visible defect volume measurement was obtained with ImageJ (Imaging Processing
and Analysis in Java, National Institutes of Health, Bethesda, MD) software.

3 Results

All the patients evaluated did not present any clinically visible changes in the
laminates. A total of 54 images were obtained for the resin laminates and 252 images
for the ceramic laminates.

By analyzing the adaptation of the laminates, regardless of the material, it was
possible to visualize areas of marginal adaptation, defects within the layer of resin
adhesive cementation and resin cement. In some sites of the cervical third the biofilm
deposit in the region were visualized, while in others there was cementing material,
even after the period of one year. The presence of a large distance between the
gingival margin and the laminate was observed in some elements with resin laminate,

a fact that served as a niche for biofilm deposition (fig 1).
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Figure 1- The OCT images show biofilm deposition (B) in the cervical region of teeth
with resin laminate (a) and ceramic (b). The figure a shows the presence of a great
distance between the gingival margin and the resin laminate. G-gingiva, B - biofilm, L-
laminate, C- cementing line, R- resin, «~- bubbles. All images are in 500 um scale.

In some images obtained in the ceramic laminates we can notice the presence
in the body of a wider bright area followed by a darker area (15%), which is indicative
of stress or tension in the laminate (fig 2a). In relation to the cementing line, only 25%
of the images showed total marginal adaptation. Marginal maladaptation was observed
of the cervical third (17%) and incisal third (21%), corresponding of the 38% the failures
(fig 2d). 28% images evidenced probable areas with presence of space, not filled by
cement, between the laminate and the dental surface, with several dimensions. The
investigations revealed areas of probable aerial inclusion (10%).

In the evaluation of resin laminates, it was possible to identify the presence of
bubbles in the body, limited to the incisal third (central site) in 16% of the images, with
a mean diameter of 0.11 mm and a surface depression in 5% of the images (fig. 2e-
h). In relation to the resin laminate fixation layer, the only type of defect visualized was
the presence of bubbles, in 15% of the images, with the greater part (60%) located in

the central portion of the cervical and middle thirds.
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Figure 2- The images allow to identify the integrity and adaptation of ceramic (a-d) and
resin (e-h) laminates. In the ceramic laminates we can notice the presence of area
marginal maladjustment («), presence of space not filled by cement, besides an area
of probable inclusion of air and area of stress concentration (*). In resin laminates, the
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presence of depression in the incisal (arrow) and bubble regions can be observed in
both the laminate body and the cementation line («). E-enamel, G-gingiva, B - biofilm,
L- laminate, C- cementing line, F- defect in the body of the ceramic laminate, R- resin,
, * - area of stress concentration area with increased reflectivity of ceramics , -
bubbles and , #- inversion of images. All images are in 500 ym scale.

In the areas accompanied for one year in the ceramic laminates, it was possible
to observe the progression of the finding until it became clinically perceptible. The
mean initial volume of the defect located in the middle third was 1.05mm3, and evolved
to 13mm?3 when clinically visible. It is worth mentioning that the clinical identification
occurred through the color change present in the middle third, after 6 months of fixation
to the tooth (fig 3).

I 18 NS " = LB & g
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Figure 3- The images show the longitudinal follow-up of the middle third of the
element 11: prior to the installation of the ceramic laminate (a), immediately after (b),
3 months (c), 6 months (d) and one year after cementation (e). E-enamel, D - dentin,
DEJ- dentin-enamel junction, L- laminate, C- cementing line, * - area of stress
concentration , «- bubbles. All images are in 500 ym scale.

It should be noted that the manufactured ceramic laminates did not present any
defects such as bubbles or cracks, only the presence of wide bright/darker stripes

characteristics of stress on tension in the laminates.

4 Discussion
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The success of laminated restorations is mainly related to color stability and
cementation made with resinous composite [18, 19]. The appearance and propagation
of defects such as fatigue microcracks in the adhesive layer is difficult to monitor
because they require sectioning or dissolution of the samples to confirm failure paths
[20]. The OCT allows direct and real-time evaluation [21], through the noninvasive
acquisition of images of the structures, providing important information [22]. The optical
differences allow to identify the presence of secondary caries, distinguish the tooth-
restoration interface [23], tooth-laminate [13] and marginal adaptation [24].

Marginal adaptations are important factors for the longevity of restorations,
impacting on the prevention of secondary caries and microleakage [25]. A uniform
cementation layer determines the internal adaptation and durability of the restoration
[26]. In our study, we observed the marginal adaptation, the fixation layer, as well as
the laminate body. The technigue allowed the identification of areas without adaptation,
fixation layer defects, biofilm accumulation and excess resin cement (fig 1). Another
point observed was the position of the margin of the laminates, independent of the
material and technique of cementation, since if it is in the gingival supra will have
aesthetic consequences and if subgingival can cause periodontal damages. Excess
cement or resin in the marginal region of the gingiva requires careful removal so as not
to induce gingival trauma in the region and a good polishing, avoiding plaque
accumulation and induction of periodontal disease.

Prefabricated resin laminates have advantages over direct resins, such as
reduction of polymerization stress, less formation of gaps, post-operation
hypersensitivity, microleakage and optimum marginal adaptation [27, 28]. We can
observe the presence of bubble in the body of the resin laminates and the layer of
cementation, besides a superficial depression. Erickson et al [28], states that the
presence of defects or imperfections can accelerate the development of cracking and
microleakage. Perdigao et al [30] claims that if the resin laminate is damaged, it can
be easily restored with composite resin, a fact that may extend to the laminate body
that already presents defect prior to cementation.

Using ceramic laminates are one of the methods of reestablishing the smile
aesthetics. In the images captured, the presence of areas of marginal maladaptation
in the cervical and incisal regions was observed. Insufficient sealing between

restorations and preparations can lead to oral fluid leaks along the interfaces between
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blades and teeth, and may result in cement dissolution, postoperative sensitivity,
marginal discoloration, and recurrent caries [31, 32].

We can note that the evident changes in the images had a location closer to the tooth-
line interface of cementation, especially when located in the cervical region. Haralur
[33] evaluated the presence of microinfiltrations in ceramic laminates of lithium
disilacate and observed that the cervical region had a higher microleakage index, and
that the tooth-cement interface was the most affected.

Todor et al. [34] evaluated the behavior of sintered dental ceramics at different
temperatures with the aid of the OCT and identified that the elevation of temperature
above the ideal can increase the reflectivity of the ceramic, indicating stress that could
induce ceramic defects. Some of the obtained images observed a pattern similar to
those observed here, but without the identification of any type of defect in the body of
the ceramic laminate. At this point, during the laminates fabrication process, regular
monitoring using the OCT would be interesting, since the technique allows the
identification of changes in micrometric scale.

Lack of cement and / or the presence of a bubble may lead to laminate take-off,
color change or secondary caries. The growth of defects due to stress, such as
microcracks in the cement layer, is difficult to monitor from in vitro studies that require
sectioning or dissolving the sample tissues to confirm failure paths [20]. We highlight
that the OCT allowed the identification of spaces not filled by cement, areas of tension
and bubbles of various sizes and location. Li et al. [35] evaluated OCT as a marginal
gap identification method and proved their efficacy in the noninvasive diagnosis of
ceramic restorations.

Some authors state that most frequent failures in the first year are related to
adhesive failure in the cementation, occur mainly in the first 6 months after the end of
the work, after the problems tend to decrease or stabilize at low rates [17,36]. Ge et al.
[37] state that porcelain thickness, enamel thickness, and their combination influenced
all the loads required to produce catastrophic failure. In our experiment, we noticed the
coalescence of defects reported previously, after the period of one year. We observed
that the clear majority of changes identified in OCT images were not clinically visible.
This fact may be due to the technique's ability to acquire images with high resolution
power.

In longitudinal monitoring, the clinical identification of defects in ceramic

laminates was due to color change. Probably, this finding was due to a set of factors,
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such as: stress concentrations; dissolution of the cementing agent [5]; marginal and
internal maladaptation [38]; and oral fluid leaks along the cementation interface [32].

Interface failures are still a challenge for Dentistry and in an attempt to repair the area
with color change, the repair was performed using a fluid resin. The images show that
the fluidity of the composite resin incorporated a large amount of micrometric bubbles
in the bonding interface, when compared to the image of the cementation with
nanohybrid resin (fig. 4). Authors such as Gresnigt, Magne and Magne [39] advocate
this type of intervention, but argue that highly filled composite resins should be used
because they are less prone to discoloration than fluids. According to our evaluation,
we can assume that the increase in the number of bubbles in the region repaired with
fluid resin negatively affects the stability of the cementation line through biomechanical

stress.

Figure 4- The images show the behavior of the laminate cementation layer using
nanohybrid resin (a) and fluid resin repair area (b). In picture b it is possible to see
large amount of bubbles of varied size in the union interface. All images are in 500

Mm scale.
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5 Conclusions

The studies that explore the images associated with the OCT aim to try to
provide a tool to go beyond the current clinical parameters. We can conclude that the
technique allows the identification and follow-up of defects in vivo before they become
clinically perceptible and may become a modern diagnostic method in the evaluation
of laminated restorations.

Future studies should be conducted to determine the best time to capture OCT
images, whether before or after cement polymerization. In addition, it should be
investigated whether the images can determine the best time for intervention in

laminated restorations.
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Improved, non-invasive techniques for the diagnosis, classification and
monitoring of patients with systemic sclerosis (SSc) are needed. One potential
technique for quantifying the extent of cutaneous sclerosis in these patients is optical
coherence tomography (OCT).12Recently, Abignano et al3 suggested the use of
OCTas a feasible and reliable technique to evaluate skin fibrosis in SSc. Based on that
initial work, the aim of this study was to evaluate OCT images and compare the findings
with the modified Rodnan skin score (mMRSS) in patients with SSc. Thirty-three
Brazilian patients with SSc (28 women; mean age 46.1 years; range 19-71 years) were
recruited and fulfilled criteria for SSc proposed by American College of Rheumatology
(ACR), 19804 or ACR/European League Against Rheumatism, 2013.5 Patients were
classified into limited SSc (n=18) and diffuse SSc (n=15) groups. The mean disease
duration was 9.7 years (median 8 years, range 2—-26 months). Thirty-five healthy
control (HC) (28 women, mean age 39.2 years; range 20-68 years) were also included.

The OCT scans were performed using a Swept Source-OCT at 1325 nm (Thorlabs,
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Newton, New Jersey, USA). All subjects had OCT scans and mRSS performed on
specific sites such as proximal third finger and dorsal forearm, both sides. The tissue
optical density at 300 um depth (OD300) from OCT images was obtained using the
Matlab programme. The study protocol was approved by the Ethics Committee of the
Universidade Federal de Pernambuco and informed consent was obtained from all
patients. Spearman’s rank correlation coefficient, Mann-Whitney U-test or Kruskal-
Wallis test and Dunn test were employed. Values of p<0.05 were considered
statistically significant. In a descriptive analysis, one can readily see that the air—skin
interface in forearm between patients with SSc (figure 1A) and HC (figure 1B) shows
a difference in rugosity, as well as in the visual scattering behaviour observed in both
images. In the quantitative analysis of the scattering intensity as a function of depth in
the skin (figure 1C), a difference is observed especially in the dermal—epidermal
junction (indicated by the arrow). At 300 um depth, the photon attenuation was higher
for patients with SSc (figure 1C, dashed line).

Stratifying patients according to mRSS, there was a significant overall difference
across the five groups (p=0.0045 for finger and p=0.0145 for forearm). After Tukey
correction for multiple variables, the difference remained significant between HC or
patients with mRSS=0 or 1 and patients with mRSS=3 in finger (figure 2A) and between
HC or patients with mRSS=0 and patients with mRSS=3 in forearm (figure 2B).
However, there was no difference between HC and patients with mRSS=0 or 1,
indicating that this measure could not discriminate between HC and these patients and
this could be a potential limitation of this technique. Besides, we also found a negative
correlation between OD300 values and mRSS groups (r=-0.66, p<0.0001 in finger;
r=—0.55, p=0.0008 in forearm) (figure 2C, D) and total mRSS (r=-0.59, p=0.0003 in
finger; r= -0.69, p<0.0001 in forearm) (figure 2E, F). These results corroborate the
findings of Abignano et al3 on the usefulness of OCT in evaluating cutaneous fibrosis.
In conclusion, the skin appearance of patients with SSc in OCT images is clearly
different from HC, and OCTcan provide a unique perspective for objectively assessing

skin thickness.
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Figure 1 Qualitative analysis of the forearm by optical coherence tomography
(OCT). (A) OCT image of the patient with systemic sclerosis (SSc); (B) OCT image
of the healthy control (HC); (C) graphical representation of the optical density mean
in HC and SSc, where the difference in the dermal-epidermal junction (arrow) and

intensity of light penetration at 300 um depth (dashed line).
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Figure 2 - Graphical representation of the measurements obtained from the optical
density at 300 ym depth (OD300). (A) OD300 between healthy control (HC) and
the modified Rodnan skin score (MRSS) systemic sclerosis (SSc) patients on the

finger and (B) on the forearm; (C) correlation of the OD300 between the mRSS
groups on the finger and (D) on the forearm; (E) correlation of the OD300 between
mRSS total on the finger and (F) on the forearm. *p<0.05.
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ABSTRACT

Objective: to evaluate the applicability of Optical Coherence Tomography (OCT) in
the oral cavity as an alternative biomarker for diagnostic of patients with systemic
sclerosis (SSc).

Methods: An observational clinical study was developed with 33 SSc patients: 18 of
the limited cutaneous and 15 of the diffuse cutaneous forms. The healthy control (HC)
consisted of 35 individuals. All of them underwent evaluation of the inferior labial
mucosa by OCT.

Results: It was observed that the OCT optical density measured at 300 um depth was
higher in SSc patients when compared to the HC (p=0.016). The thickness (um) of the
labial mucosa epithelium (p<0.0001) was lower than those observed in the HC. There
was no statistically significant difference between the early and established phases in
the 1cSSc (p=0.9) and dcSSc (p=0.4). No statistical difference was found in the
correlations with the following parameters: disease time, clinical form, modified
Rodnan score, Raynaud's phenomenon, digital ulcers, interstitial lung disease,
pulmonary arterial hypertension, esophageal dysfunction and musculoskeletal
involvement.

Conclusion: As labial mucosa evaluation with OCT in SSc patients showed a clear
distinct pattern with respect to the controls, even in the early stage, it is proposed as

an alternative biomarker with potential use in SSc diagnosis and follow up.

Keywords: Scleroderma. Optical Coherence Tomography. Oral Mucosa. Oral health.

Diagnosis.

SIGNIFICANCE AND INNOVATIONS

o Oral abnormalities are usually seen in patients with systemic sclerosis
but have not been adequately exploited as a clinical marker.
o Optical coherence tomography (OCT) has been shown to be a promising

method in evaluating skin and mucosal tissue in various clinical conditions.
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o In this cross-sectional study, we evaluated the qualitative and quantitative
characteristics of the labial mucosa in patients with systemic sclerosis and
healthy controls using OCT and we found significant differences between the
two groups.

o Significant changes were identified even in patients with early disease,
suggesting the use of OCT as an instrument for the evaluation of systemic
sclerosis patients.

INTRODUCTION

Systemic Sclerosis (SSc) is frequently an insidious disease, clinically
heterogeneous, of unknown cause. It is characterized by inflammation and hyper-
reactivity of micro and macro vascular circulation associated with excessive collagen
deposition in tissues, resulting in fibrosis of the skin and/or internal organs, with varying
severity and prognosis (1-4).

Oral abnormalities are usually seen in SSc patients. The most common oral
changes, resulting from altered collagen deposition, are: microstomia, xerostomia,
periodontal disease and teeth loss (5-9). These changes in the oral region have been
somehow neglected when compared to evaluation in other parts of the human body
(10-12), and therefore deserve further investigation. Evaluation of the patient’s oral
biological structure have not been exploited as a correlation clinical marker, even
though it is already known that structural tissue modifications are highly prevalent in
patients with SSc.

Optical imaging technigues have been widely employed in several medical
areas, and are contemplated to be introduced in primary care, because in the early
stages of many diseases, it is difficult to see abnormalities with limited tools currently
available to medical doctors in such service sector (13, 14). Among the several optical
imaging methods, Optical Coherence Tomography (OCT) is presented as an
established clinical method in ophthalmology (15). It is a technique of particular
importance for providing in vivo, noninvasive real time diagnostics. The generated
images are regarded as an optical biopsy due to its ability to expose micro structural
details of living tissue, allowing the verification of structures which could often be
assessed only by histopathology, without excision and processing of the samples and

without producing known harmful effects, as recently reviewed by Swanson et al (16).
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Abignano et al (17) were the first to apply OCT to SSc and demonstrated that
this imaging technique can visualize the skin subsurface with high spatial definition,
proposing it as a potential sensitive image biomarker to evaluate and quantify skin
fibrosis in SSc. This method was subsequently reproduced by our group, also in arm
and hand skin tissue, reinforcing the role of OCT in the non-invasive evaluation of SSc
patients (18). More recently, Abignano’s group demonstrated the potential of OCT as
biomarkers for nail disease in psoriasis and psoriatic arthritis (19), expanding the scope
of OCT use in autoimmune diseases evaluation.

In this work, we explore for the first time the applicability of OCT in the oral cavity,
namely the lower lip mucosa, as an alternative biomarker for diagnostic of patients with
SSc, as a complementary method prior further patient examination. When compared
to the evaluation in the arm and forearm skin regions, the labial mucosa presented

improved sensitivity to the OCT measurement.

PATIENTS AND METHODS
Study design and population

The study was carried out in accordance to the Declaration of Helsinki, and
approved by the Ethics Committee of Universidade Federal of Pernambuco (protocol
number 54101316.1.0000.5208). Written informed consent was obtained from each
patient and health control before participation in the study. All patients were properly
informed of the nature, benefits and possible risks of the study.

An observational clinical study was developed and carried out at the
Rheumatology Department of Hospital das Clinicas, Universidade Federal of
Pernambuco, Brazil, where the collection of rheumatologic clinical data and imaging
procedure was performed.

Thirty-three Brazilian patients with SSc were recruited. All patients were = 18
years of age and fulfilled criteria for SSc proposed by the American College of
Rheumatology (ACR) (20) or criteria of the American College of
Rheumatology/European League Against Rheumatism (ACR/EULAR, 2013) (21) and
were classified into limited cutaneous SSc (IcSSc; n=18) or diffuse cutaneous SSc
(dcSSc; n=15) groups. Up to 03 years (diffuse) and 05 years (limited) of disease onset,
it was considered at an early stage (20). Patients answered a clinical questionnaire
from which demographic and clinical data were collected and additional information

was obtained from hospital records and reviewed by experienced physicians (Table 1).
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Table 1. Demographic and clinical characteristics of the systemic sclerosis patients
(n=33).

Characteristics

Age (years) - mean + SD (range) 46.1 +11.4 (19-
71)
Female gender n (%) 28 (84.8)
Disease duration (years) median (IQR) 08 (4-14.5)
Clinical subgroups N (%)
Diffuse cutaneous 15 (45.5)
Early diffuse cutaneous 3/15 (20.0)
Limited cutaneous 18 (54.5)
Early limited cutaneous 5/18 (27.8)
Clinical manifestations N (%)
Esophageal dysfunction 29 (87.9)
Raynaud phenomenon 26 (78.8)
Interstitial lung disease 18 (54.5)
Digital ulcer 16 (48.5)
Musculoskeletal involvement 9 (27.3)
Pulmonary arterial hypertension 4(12.1)
Modified Rodnan skin score mean = SD 19.2 £ 13.2 (0-45)
(range)

IQR= interquartile range; SD= standard deviation

Thirty-five healthy control (HC) were also included as a comparison group.
Individuals with disorders that compromise the understanding and adherence to the
tests, patients with other known autoimmune rheumatic diseases and clinical evidence

of any other type of injury in the area being studied were excluded of the study.

Clinical evaluation

All individuals selected for this study underwent a rheumatologic clinical
assessment with a professional experienced in the diagnosis of SSc. Lung involvement
was observed using high-resolution computed tomography (HRCT) and a pulmonary
function test (PFT); esophagus involvement was determined by scintilography and/or
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endoscopy; proximal muscle weakness and elevated serum creatine kinase indicated
muscle involvement; and pulmonary hypertension was evaluated by Doppler
echocardiogram (22). The modified Rodnan total skin score was used to evaluate skin
fibrosis (23).

OCT evaluation

The images were acquired with a Swept Source-OCT (SS-OCT, Thorlabs Inc.,
New Jersey, USA), operating at 1325 nm central wavelength, spectral bandwidth of
>100 nm and instantaneous bandwidth of 0.13 nm (0.5 GHz). Acquisition was
performed with 512 pixels in the X-axis and Z-axis, using a 6 mm width window in the
X axis and 3 mm depth in the Z axis. The axial scan rate is 16 kHz, average output
power up to 10 mW, and 100 dB sensitivity. The system captures 25 frames per
second, with axial resolution in air/water of 12/9 ym and lateral resolution of 25 um. All
images were stored in BITMAP format. For the measurements, the patients were
placed in appropriate chair, with the head resting on a positioner (see fig. 1a),
perpendicular to the laser guide light beam from the OCT head. Fig. 1(b) shows an
expanded view of the OCT head and the black mark shows the inferior labial position

of the beam.

Fig. 1 — (a) Patient position in the adapted head resting positioner and (b) close-up

showing the OCT head and the position where the beam is incident on the lower lip.

Data and statistical analysis
A gquantitative analysis of the OCT images was obtained from a computational
processing, through the calculation of the intensity attenuation as the light beam

penetrates the mucosa, which leads to the tissue optical density (OD), represented by
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a graph of the normalized intensity as a function of depth, using the MATLAB software
(Mathworks Inc., Massachusetts, USA). The images were analyzed using ImageJ
(Imaging Processing and Analysis in Java, National Institutes of Health, Bethesda, MD)

for measuring the thickness of the epithelium (in pum).

Statistical Analysis

Aiming at statistical comparison of the optical density, the optical density at a depth of
300um (OD300), to keep the same depth as in (17, 18), and the data were tabulated
in Excel (Microsoft Office 2007). Numerical data were expressed as mean + standard
error (SE) if they were in normal distribution or median and interquartile range (IQR) if
they were not in Gaussian distribution. The test of Shapiro/Wilks was applied to verify
the normality of data set. In order to verify the degree of association between the
considered variables, the Pearson correlation coefficient was applied. Later, a variance
analysis (ANOVA) was carried out. In the event of significance by F test, then
proceeded to the mean comparison tests using Tukey's test. p Value<0.05 was
considered statically significant. Data were analyzed employing the SYSTAT 9.0

Version Demo.

RESULTS

Figure 2 (a and b) shows the images obtained by the OCT in the central region of the
inferior labial mucosa, where a clear distinction between the two layers representing
the epithelium (hypodense) and the lamina propria and submucosa (hyperdense) is
observed. It was found a distinct template of epithelial thickness in the image obtained
in healthy patients (fig 2a) with SSc patients (fig. 2b). It is also observed a difference
in the total thickness of the layers of the mucosa, corresponding to the light penetration
behavior, where in the healthy individuals it is deeper (Fig. 2a) compared to the
unhealthy (fig. 2b). In the OD graphic, fig 2c, the normalized intensity attenuation
curves clearly showed the difference between the HC with respect to those with SSc.
When this characteristic curve is compared to the similar ones in (17, 18) for
arm/forearm skin, it is clear that the labial mucosa presents a more pronounced

difference between healthy and unhealthy patients.
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Fig. 2 - a) illustrative image of the healthy control (HC); b) illustrative image of the
patient with systemic sclerosis (SSc); ¢) graphical representation of the optical
density mean in HC e SSc. The arrows indicate the thickness of the epithelial layer of
the oral mucosa (e) and lamina propria (l).

In the quantitative analysis, the differences between healthy and scleroderma
labial mucosa were significant. It was observed that the optical density at 300 um depth
(OD300) was higher in patients with SSc when compared to the control group (0.87
and 0.82, respectively; p=0.016) as shown graphically in fig 3(a) suggesting a marked
density of the region analyzed in the SSc group. The thickness of the labial mucosa
epithelium was lower in SSc patients compared to HC (290.90um and 442.63um,
respectively, p<0.0001), figure 3(b).

The analysis of the labial mucosa thickness did not allow differentiating between
dcSSc (261.7 ym) and IcSSc (283.2 um) subsets (p=0.83). Also, there was no
difference between early and established forms, both in patients with dcSSc (330 pm
and 285 um, respectively, p=0.4) and IcSSc (291um and 286 pm, respectively, p=0.9).

Comparisons were also made between mucosa thickness and other clinical
parameters such as disease time (p=0.85), modified Rodnan score (p=0.51),
Raynaud’s phenomenon (p=0.86), presence of digital ulcers (p=0.21), interstitial lung
disease (p=0.44), pulmonary arterial hypertension (p=0.90), esophageal dysfunction
(p=0.54) and musculoskeletal involvement (p=0.31), where none of them presented

significant statistical difference, as seen by the indicated p-values.
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Figure 3. Graphical representation of the average of analyzes made in labial mucosa:

a) optical density in 300 um depth (OD300); b) linear thickness of the epithelium in um.

DISCUSSION

Labial mucosa evaluation with OCT in SSc patients, discussed here for the first time
in the literature as a potential biomarker, showed a distinct pattern with respect to the
controls. The OCT is a technological tool that produces images of the skin and mucosa
like those obtained by a cross-section of tissue surgical biopsy, with a resolution
approaching light microscopy (17, 24-26). It has the potential to serve as a quantitative
and non-invasive method to detect changes in the collagen levels of the skin, an
important feature in patients with sclerosis systemic and it could help to early diagnosis
and track responses for treatment (27). In recent studies using OCT in soft tissues in
the oral cavity, we have shown the OCT’s ability to follow up clinical treatment of
patients with periodontal diseases (28, 29), demonstrating its clinical potential.
Systemic sclerosis presents a wide range of oral manifestations. The most frequent
problems include dental, periodontal and orofacial (decreased oral opening, decreased

saliva production and bone resorption of the mandible) abnormalities (8). Previous
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studies showed the importance of OCT in lower labial mucosa assessment (30, 31),
but other aspects of mucosal characteristics have not yet been adequately evaluated.
Our results for SSc patients demonstrated that the thickness of the layers of the lower
lip mucosa is thinner than in the healthy individuals, and we have quantified this
parameter. Even in the early stage, patients already present changes in the thickening
of the epithelium similar with the established phases.

Further quantitative evaluation was performed for the average attenuation of the
intensity decay of the light propagating and being scattered in the tissue, and its values
compared at 300pum depth (OD300). There were significant statistical differences
between patients with systemic sclerosis (SSc) and healthy control (HC).

As identified drawbacks of the procedure, the analysis of the labial mucosa

through OCT did not allow us to differentiate diffuse and limited cutaneous clinical
forms. Although there were differences between SSc patients and healthy controls, the
findings were similar in patients with early and established disease, both in the limited
and diffuse forms. These findings suggest that, even in the early stage, patients already
present alterations in the thickening epithelium, similar with the established disease,
indicating the labial mucosa as a site of initial impairment. Further studies are required
to corroborate this assumption.
Further limitations in this study can also be overcome, such as the cross-sectional
design of the study. A longitudinal study would be required to better characterize
changes in labial mucosa of SSc patients in disease progression as well as possible
response to treatment. Furthermore, the sample size should be increased to detect
differences between diffuse and limited clinical forms and early and established
disease.

In conclusion, we demonstrated significant differences in labial mucosa of SSc
patients and healthy controls when evaluated by OCT. This reinforces the role of this
noninvasive optical technique as a potential tool in the management of these patients.
Further studies are needed to demonstrate the reliability of OCT as a universally
accepted method for clinical evaluation of SSc, complementing existing methods.
Recent technological developments have made OCT equipment’'s cost more
accessible, while it is also foreseen as a clear point-of-care solution. Multidisciplinary
training of human resources in using OCT in different health care areas are also

required.
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Nome da igio: ASSOCIAGRO C. DE ENSINO SUPERIOR
Cidade: CARUARU

— DADOS DO COMITE DE ETICA EM PESQUISA

Comité de Etica avel: 5203 - cdo G
Enderego: Avenida Portugal, 584

Telefone: (8112103-2090

E-mail: cep@asces edu br

de Ensino Superior e Técnico - ASCES

— CENTRO(S) PARTICIPANTE(S) DO PROJETO DE PESQUISA

— CENTRO(S) COPARTICIPANTE(S) DO PROJETO DE PESQUISA

voira

stema foi desenvolvido para o navegador Mozilla Fircfo e SUSmE
(versao 9 ou superior)

Esqueceuasenhs?  Cadastre-se

Ve

14 em: Pllien > Confiemer Aprovacio

el CANE b Pareces
CONFIRMAR APROVAGAO PELO GAAE OU PARECER

o GAAE ou do Parecer.
Nimero do CAAE: Nimero do Parecer:

| [12252858

o ramera oo

oraoe

DETALHAMENTO

Titulo do Projeto de Pesquisa:
[TITULO DO PROTETO: ANALTSE COMPARATIVA DA PROFUNDIDADE DE BOLSA PERTODONTAL ATRAVES

Nimero do CAAE Nimero do Parecer:
[#2203715.1.0000.5203 | [1235385 |

Quem Assinou o Parecer-

Pesquisador Respansivel:

ROSIEL JOSE DOS SANTOS | [Cebgenes Maia Santiago |
Data Inicio do Data Fim do bl
530t | Bona=ote | 1

voraf
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ANEXO C- AVALIACAO DA QUALIDADE DA E:IMENTAQAO ADESIVA DE
MICROLAMINADOS CERAMICOS

(L) —cal.

Esgueceu a senha? Cat

Vock ests em: Piblico > Buscar Pesquisas Aprovadas > Detalhar Projeto de Pesquisa

DETALHAR PROJETO DE PESQUISA

— DADOS DO PROJETO DE PESQUISA

Titulo Piblico: Avaliagio da qualidade da cimentacio adesiva de microlaminados cerimicos.
Pesquisador Responsavel: CLAUDIO HELIOMAR VICENTE DA SILVA

Contato Pablico: CLAUDIO HELIOMAR VICENTE DA SILVA

Condigbes de saiide ou problemas estudados: Microlaminados cerdmicos

walidade da cimentagdo adesiva
Descritores CID - Gerais: Anomalias do famanho e da forma dos dentes

SNy
Pty
Dentes manchados é?
rbios na formacao dos dentes

Descritores CI

Especificos: Anomalias do tamanho e da forma dos dentes
Dentes manchados
Descritores CID - da Intervengis

5
01
Data de Aprovagio Etica do CEPICONEP: 05/112015

— DADOS DA INSTITUICAQ PROPONENTE

Nome da Institui
Cidade: RECIFE

Federal de - UFPE

— DADOS DO COMITE DE ETICA EM PESQUISA

Comité de Etica avel: 5208 - UFPE - Unil Federal de Campus Recife - UFPE/Recife
Enderego: Av. da Engenharia sin® - 1° andar, sala 4, Prédio do Genfro de Ciéncias da Salde

Telefone: (8112126-8588

E-mail: cepecs@ufpe.br

— CENTRO(S) PARTICIPANTE(S) DO PROJETO DE PESQUISA

— CENTRO(S) COPARTICIPANTE(S) DO PROJETO DE PESQUISA

ste si: s i a0 zi iref A selnG L]
Este sistema foi deservolvido para o navegadar Mazilla Firefox. L i . sus mgm
{versdo 9 ou superior)

Esqueceuasenha?  Cadaswese
Voek estd

it > Confiemes Aorovacs pels CAAE ou Parecer
GONFIRMAR APROVAGAO PELO CA4E OU PAREGER

Infarme & nimera do CAZ

s do Parecer.

MNimero do CAAE: Mimero do Parecer:

[0742615.0 00005208 Pesquisar|

DETALHANENTO

Titulo do Projeto de Pesquisa:

[Avaliagao da qualidade da cimentacio adesiva de microlaminados ceramicos |

Nimero do CAAE: Nimero do Parecer:

ke742615.0.0000.5208 | [1209803 |
Quem Assinou o Parecer. Pesquisador Responsivel:

[LUCIANO TAVARES MONTENEGRO ] [CLAUDIO HELIOMAR VICENTE DA SILVA ]
Data Inicio do Data Fim do C i

20i00r2015 | [ptoazo1a ] [CLAUDIO HELIGMAR VICENTE DA SILVA |

vt
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