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RESUMO

A regido inferior da radiografia panordmica pode apresentar calcificagdes cervicais como
consequéncia da deposicao atipica de sais de célcio em estruturas anatdmicas ou processos
patologicos. O diagndstico destas condigdes pode possibilitar a prevencdo de condicGes
clinicas relevantes. Foi analisado no presente estudo a acurdcia no diagndstico de
calcificacdes cervicais em radiografia panoramica pela inteligéncia artificial, através da deep
learning. De um banco de dados de clinicas odontoldgicas privadas foi obtido 14526
radiografias panoramicas, sendo selecionados 1416 exames que apresentavam calcificagoes
cervicais e 1288 exames que ndo apresentavam calcificagbes cervicais. As imagens foram
recortadas em dimensdes padronizadas de 378 x 214 pixels, sendo os cortes realizados nas
extremidades inferiores direita e esquerda do exame. Foram selecionados 1896 lados que
apresentavam alguma calcificacdo cervical e 1640 lados que ndo apresentavam calcificacao.
Foi executado o treinamento e teste da rede neural convolucional, apresentando acurécia de
74%. Foi verificada também a influéncia da formacdo profissional na capacidade diagndstica
de calcificacdes cervicais em radiografia panoramica, estabelecendo um comparativo com
software desenvolvido através da inteligéncia artificial. Cem radiografias panoramicas foram
selecionadas na base de dados de 14526 radiografias e enviadas para 03 grupos de
profissionais: Graduandos em odontologia (G1), dentistas ndo especialistas em radiologia
odontolégica (G2) e especialistas em radiologia odontoldgica (G3). Cada grupo foi composto
por 05 individuos, executando a andlise de 200 lados (direito e esquerdo) de 100 radiografias
panoramicas, totalizando 1000 analises por grupo. Todos os grupos foram treinados através de
video instrutivo sobre a regido de andlise radiografica, estruturas anatémicas que compde esta
regido e possiveis calcificaces cervicais que poderiam ser diagnosticadas. Foi determinada a
acuracia de cada grupo e do software desenvolvido através da inteligéncia artificial (1A), e
comparacao entre 0s grupos. A acurécia dos grupos G1, G2, G3 e 1A foram, 70, 71, 81 e 74%,
respectivamente. Houve diferenca estatistica significante entre especialistas e graduandos;
especialistas e dentistas; especialistas e inteligéncia artificial; inteligéncia artificial e
graduandos; inteligéncia artificial e dentistas. Ndo houve diferenca estatistica significante
entre graduandos e dentistas. As experiéncias praticas e tedricas associadas a um curso de
especializacdo permitem uma melhor capacidade diagndstica de calcificacdes cervicais. O
software desenvolvido através da inteligéncia artificial representa uma ferramenta adicional
para o diagnéstico automatizado de calcificacdes cervicais.

Palavras-chave: Inteligéncia artificial. Deep learning. Radiografia panoramica.



ABSTRACT

The inferior region of the panoramic radiograph may show cervical calcifications as a result
of the atypical deposits of calcium salts in anatomic structures, or pathological processes. The
diagnosis of these conditions may make it possible to prevent relevant clinical conditions. In
the present study, accuracy in the diagnosis of cervical calcifications in panoramic
radiographs was analyzed by artificial intelligence by means of deep learning. In total 14526
panoramic radiographs were obtained from the databases of private dental offices. A selection
was made of exams that showed cervical calcifications, and an equal number of similar exams
that did not show cervical calcifications. The images were sectioned in order to obtain
standardized dimensions of 378 x 214 pixels, and the cuts were made in the right and left
bottom (inferior) extremities of the exams. In total 1896 sides that showed some type of
cervical calcification, and 1640 sides that did not show calcification were selected. Training
and the convolutional neural network test were performed, showing an accuracy of 75%. In
addition, the influence was verified of the professionals educational formation on the
diagnosis of cervical calcifications in panoramic radiographs, to establish a comparison with
software developed by means of artificial intelligence. One hundred panoramic radiographs
were selected in the database with 14526 radiographs, and these were sent to 03 Groups of
professionals: Dentistry undergraduates (G1), dentists not specialized in dental radiology (G2)
and specialists in dental radiology (G3). Each Group was composed of 05 individuals, who
analyzed 200 sides (right and left) of 100 panoramic radiographs, totaling the analysis of 1000
sides per Group. All the Groups were trained by means of the instructive video about the
region of radiographic analysis, anatomic structures of which the region is composed, and
possible cervical calcifications that may be diagnosed. The accuracy of each group and of the
software developed by means of artificial intelligence (Al) was checked, and comparison was
made between the groups. The accuracy values of Groups G1, G2, G3 and Al were, 70, 71, 81
and 74%, respectively. There was statistically significant difference between specialists and
undergraduates; specialists and dentists; specialists and artificial intelligence; artificial
intelligence and undergraduates; artificial intelligence and dentists. There was not statistically
significant difference between undergraduates and dentists. The practical and theoretical
experience associated with a course of specialization allowed an enhanced diagnostic capacity
of cervical calcifications. The software developed by artificial intelligence represented an
additional tool for the automated diagnosis of cervical calcifications.

Keywords: Artificial intelligence. Deep learning. Panoramic radiography.
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1 INTRODUCAO

A radiografia panoramica representa o0 exame extraoral mais solicitado em
odontologia. Fato este motivado pela versatilidade, grande area de abrangéncia, baixa dose de
radiacdo e custo relativamente baixo. Na analise da radiografia panoramica é possivel
identificar diversas estruturas anatdmicas além dos dentes (MARQUEZ et al., 2018). Na
analise da regido inferior de uma radiografia panoramica pode-se identificar estruturas
anatdbmicas como as Vértebras, osso hioideo, cartilagem tireGidea, cartilagem ftriticea,
cartilagem epiglote além de calcificagcGes em tecidos moles como calcificacdo do ligamento
estilohioideo, sialolito, flebolito, nddulos linfaticos calcificados e ateromas calcificados nas
artérias cardtidas. A maioria destas calcificacBes em tecido mole ndo representam riscos ao
paciente, entretanto calcificagdes como o sialolitos podem propiciar processos como a
sialolitiase e o ateroma calcificado pode constituir um dos fatores de risco para
desenvolvimento de um acidente vascular encefalico (AVE). Deste modo, diagnosticar
calcificaces cervicais em Radiografia Panoramica representa ganho social e econdbmico na
prevencdo de doencas de maior complexidade (KAMIKAWA et al., 2006;
PERSCHBACHER, 2012).

A inteligéncia artificial (IA) é uma é&rea das ciéncias computacionais com a
possibilidade de produzir sistemas capazes de responder questdes que exigem uma abordagem
humana para serem solucionados (CHARTRAND et al., 2017). Baseia-se em redes neurais
artificiais, que s@o modelos matematicos flexiveis que utilizam multiplos algoritmos para
identificar relagdes no lineares dentro de grandes bases de dados (KING JUNIOR, 2018;
MILLER; BROWN, 2018). Devido a possibilidade de identificacdes de padrdes que fogem a
normalidade, a IA tem sido amplamente utilizado na area medica e odontoldgica. Estudos
recentes demonstram boa acurécia através de softwares desenvolvidos utilizando de técnicas
como machine learning e deep learning na andlise de exames por imagem (LEE et al.,
2018b).

O objetivo no presente estudo foi desenvolver e analisar a acuracia da inteligéncia
artificial, pelo sistema deep learning, na identificacdo de calcificacBes cervicais em

radiografias panoramicas digitais.
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2 REFERENCIAL TEORICO

Na analise da radiografia panoramica é possivel a identificacdo de cistos, tumores e
calcificagdes em tecido mole de grande importancia clinica, possibilitando o diagnostico de
condicBes patoldgicas assintomaéticas através de achados ocasionais (FRIEDLANDER, 1995;
YANG et al., 2020). A regido cervical da Radiografia Panoramica, localizada adjacente a
representacdo radiografica bilateral das veértebras e inferior a base mandibular, abriga
estruturas anatdbmicas como o 0sso hioideo, a cartilagem tireoide e cartilagem epiglote. Nesta
regido ha também estruturas que podem sofrer um processo de deposicdo de sais de célcio
possibilitando a visualizacdo na radiografia panordmica, como os sialdlitos, ateromas
calcificados, cartilagem triticea, hemangiomas e nddulos linfaticos, além da possibilidade da
presenca de corpos estranhos radiopacos estarem presentes nesta regiao (KAMIKAWA et al.,
2006).

2.1 Imagens radiograficas em tecidos moles promovidas por estruturas anatomicas

2.1.1 Osso Hioide

Localizado ao nivel da 3% vértebra cervical (C3), inferior ao angulo da mandibula e
entre a cartilagem tiredidea, 0 0sso hioide caracteriza-se por uma estrutura 6ssea Unica,
movel, em forma de U, que ndo mantém contato direto com outras estruturas 0sseas. Sua
estabilizacdo se deve a acdo de musculos (principalmente os infrahioideos e suprahioideos),
fascias e ligamentos que o conectam a mandibula, ao externo, escapulas, lingua, faringe,
processos estiloides bilaterais. Anatomicamente é subdividido em 3 regides: corpo, cornos
maiores e cornos menores. Possui importantes funcdes relacionadas a fala, mastigacao
degluticéo e respiracdo. Em individuos do sexo masculino prevalentemente localiza-se mais a
inferior quando comparado ao sexo feminino, entretanto ressalta-se que através de estudos
utilizando a eletromiografia foi comprovado que sua posicdo pode variar de acordo com o
perfil esquelético craniano e consequente funcdo do sistema estomatognatico (CHAVES et
al., 2010; MIRALLES et al., 2006).

Na anélise imaginologica através da radiografia panordmica, 0 0sso hioide caracteriza-
se por uma estrutura dividida em duas porc¢des radiopacas bilaterais, localizadas abaixo do
angulo da mandibula, estendendo da regido cervical ao nivel da vértebra C3, para o sentido

mesial. Esta estrutura também ¢é visualizada na telerradiografia lateral como uma secc¢éo axial
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radiopaca distinta de outras calcificagdes, localizada anterior a vértebra C3, ao nivel do corpo
da mandibula (Fig. 1) (PAE et al., 2008; SAGLAM; UYDAS, 2006).

Figura 1- Radiografia panoramica evidenciando as projecdes bilaterais do 0sso hioide

Fonte: Elaborado pelo autor

2.1.2 Cartilagem Epiglote

Estrutura com fungdo primordial no processo de degluticdo, a cartilagem epiglote
localiza-se posterior a raiz da lingua e a cartilagem tireoide e superior a laringe, sendo
caracterizada por uma cartilagem Unica, com formato oval, composta por cartilagem
fibroelastica. Possui inserces ao o0sso hioide através do ligamento hipoepiglotico, a
cartilagem tireoide através do ligamento tireoepiglotico e ligagcdes fibromusculares ao
complexo aritendide através da prega ariepiglotica (BABA et al., 2019; PEARSON JUNIOR;
LANGMORE; ZUMWALT, 2011).

Durante a degluticdo a epiglote cobre parcialmente a laringe evitando que alimentos
entrem na traquéia, ao passo que durante o repouso fica em posicdo ereta permitindo a
passagem de ar. Possui a extremidade superior mais larga que sua base, conferindo a epiglote
uma caracteristica de ldmina achatada no sentido superior para inferior. Apresenta a superficie
laringea e a superficie lingular que é conectada & valécula através do ligamento
glossoepigldtico. Pode ser acometida por processos inflamatérios resultando em uma
epiglotite aguda (CHOI et al., 2018; VALENZUELA et al., 2005).
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Na radiografia panoramica pode ser visualizada como uma estrutura ligeiramente
radiopaca, bilateral, abaixo ou ao nivel do angulo da mandibula, no plano das vértebras C2-
C3-C4, projetando para superior em formato de hemiparabola. Sua radiopacidade ndo se
relaciona com constituicdo calcificada, ja que se trata de tecido cartilaginoso, mas sim em
funcdo da densidade tecidual e também da possibilidade de sobreposi¢do mandibular (Fig. 2)
(HAITER NETO; KURITA; CAMPOS, 2018; KANO et al., 2005; KIM et al., 2016).

Figura 2- Radiografia panoramica demonstrando a cartilagem epiglote bilateral
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Fonte: Elaborado pelo autor

2.1.3 Cartilagem Tireoide

O esqueleto cartilaginoso da laringe € composto pelas cartilagens aritendide, cricéide,
epiglote, tireoide, cuneiforme e corniculada. A cartilagem tireoide representa a maior
cartilagem da laringe e é composta por cartilagem hialina. Anatomicamente possui duas
laminas laterais quadrilateras divergentes unidas na regido anterior, sendo para homens em
angulacdo de 90° e para mulheres em angulacdo de 120° formando na regido anterior a
incisura tireoide. Cada Iamina possui em sua borda posterior 0s cornos superiores e inferiores,
nas laterais as cristas onde inserem-se 0s muasculos tireohioide, esternotireohioide e constritor

inferior da faringe. Localiza-se na regido central do pescoco, sendo palpavel, mais
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proeminente em homens e recebendo a denominagao popular de “Pomo de Adao” (LAIOS et
al., 2019; YAN et al., 2018).

Estruturas compostas por cartilagem hialina possuem a tendéncia ndao sO de
calcificacdo, mas também de formarem estruturas semelhante a um tecido ossificado através
de um mecanismo de ossificagdo endocondral. Esse mecanismo de calcificagdo inicia-se
durante a terceira década de vida e evolui gradativamente podendo culminar, em décadas
posteriores, na ossificacdo completa em individuos do sexo masculino. Em mulheres a por¢éo
central da cartilagem tireoide ndo se calcifica completamente (SALMAN; KINNEY, 1990).

Esta estrutura € passivel de anélise através da telerradiografia em norma lateral, sendo
caracterizada por uma estrutura radiopaca, abaixo do 0sso hioide, anterior a vértebra C4. Na
Radiografia Panoramica apresenta-se na regido posterior inferior do exame, ao nivel da
vértebra C4, abaixo do osso hioide, ligeiramente radiopaco, podendo apresentar dimensdes
aproximadas entre 2 mm de largura e 15 mm de espessura (Fig. 3) (GLIKSON et al., 2017).

Figura 3- Radiografia panoramica demonstrando a projecao bilateral dos cornos

superiores da cartilagem tireoide

Fonte: Elaborado pelo autor

Os exames radiograficos bidimensionais ndo representam o melhor método de anélise
da cartilagem tireoide, sendo recomendado em situacdes de suspeita de condi¢des patologicas,
como condroma e condrossarcoma, a realizacdo de ressonancia magnética, tomografia
computadoriza e/ou ultrassonografia (MOREIRA-SOUZA et al., 2019).
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2.1.4 Cartilagem Triticea

A cartilagem triticea é caracterizada por uma estrutura que pode ser unilateral, bilateral
ou ausente. A prevaléncia relatada na literatura varia entre 13.5 e 65% em estudos envolvendo
cadaveres dissecados. Apresenta formato oval, localizada entre o corno maior do 0sso hioide e
0 corno superior da cartilagem tireoide, dentro da borda lateral da membrana tireo-hioidea,
apresentando em média 3 mm de largura e 8 mm de comprimento. E composta por cartilagem
hialina, portanto podendo calcificar-se completamente em individuos de idade mais avancada,
n&o havendo predile¢éo por sexo (CARTER, 2000).

Na radiografia panordmica apresenta-se como massa radiopaca, uni ou bilateral,
circunscrita, bem definida, adjacente as vértebras C3 e/ou C4, acometendo individuos
geralmente ap6s a quinta década de vida. E relatado por autores a possibilidade de
identificacdo da calcificacdo da cartilagem triticea em radiografias panoramicas tendo como
referéncia uma linha imaginaria que passa do corno maior do 0sso hioide ao corno superior da
cartilagem tireoide (Fig. 4) (KAMIKAWA et al., 2006).

Figura 4- Radiografia panoramica demonstrando area radiopaca bem delimitada

compativel com cartilagem triticea calcificada
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Fonte: Elaborado pelo autor

A calcificagdo triticea também é passivel de visualizacdo através da telerradiografia

em norma lateral, sendo caracterizada por uma massa radiopaca bem definida, localizada
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dentro do espaco aéreo faringeo, adjacente a C4, proximo ao corno maior do 0sso hioide
(KEBERLE; ROBINSON, 2007).

O diagnostico adequado da calcificacdo da cartilagem triticea € fundamental visto que
suas caracteristicas imaginolégicas e localizacdo, principalmente na radiografia panoramica, o
credenciam como o principal diagndstico diferencial para ateroma calcificado na artéria
carotida, fator de risco ao desenvolvimento de um Acidente Vascular Encefalico (AVE).
Entretanto é possivel a distincdo entre calcificacdo triticea e ateroma calcificado através da
realizacdo de uma técnica anteroposterior, visto que a calcificacdo triticea estaria sobreposta
pela coluna vertebral nesta incidéncia e o ateroma calcificado estaria externo as vértebras,
estando destacado das demais estruturas calcificadas da regido (HAITER NETO; KURITA,
CAMPOS, 2018; KAMIKAWA et al., 2006).

2.2 Calcificag0es cervicais em tecido mole

2.2.1 Calcificacdo do ligamento estilohioideo

O ligamento estilohioideo insere-se na sua por¢do craniana no processo estiloide e na
regido inferior ao corno menor do 0sso hioide. Anatomicamente o processo estiloide origina-
se na porcdo inferior do osso temporal petroso, sendo anterior ao forame estilomastoideo e
fornecendo fixacdo ao ligamento estilohioideo, musculo estilohioideo, estilofaringeo e
estiloglosso. O processo estiloide possui formato de agulha, trajeto descendente no sentido
postero-anterior, com comprimento variavel, sendo relatado na literatura média de 15 a 25
mm. Na porcdo inferior do processo estiloide e no ligamento estilohioideo pode ocorrer a
deposicdo de sais de calcio promovendo o alongamento do processo estiloide e a calcificacdo
parcial ou total do ligamento estilohioideo. Comprimento superior a 30 mm do processo
estiloide pode representar seu alongamento, ao passo que o prolongamento desta calcificacéo
no trajeto até o o0sso hioide pode representar a calcificacdo do ligamento estilohioideo,
podendo apresentar interrupces da calcificacgdo ao longo do trajeto deste ligamento
(FERRARIO et al., 1990).

O ligamento estilohioideo calcificado apresenta-se, na maioria das vezes, como uma
sequéncia ao processo estiloide alongado, entretanto também pode ser visualizada a
calcificacdo deste ligamento com auséncia do alongamento do estiloide. Na radiografia
panoramica é representado por uma imagem radiopaca, homogénea ou heterogénea, definida,

em trajeto descendente no sentido do processo estiloide ao o0sso hioide, podendo apresentar
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pontos de interrupgao, sobrepondo a regido de angulo da mandibula, podendo estender para
inferior no sentido cervical (Fig. 5) (OMNELL; GANDHI; OMNELL, 1998).

Figura 5- Radiografia panoramica demonstrando o ligamento estilohioideo calcificado
bilateral e abaixo do angulo mandibular

Fonte: Elaborado pelo autor

Sao identificados com grande frequéncia, principalmente na anélise de individuos com
idade avancgada, e geralmente sdo assintomaticas e detectadas através de exames de rotina
odontoldgica. No entanto, ha situacbes em que pode haver sintomas associados devido a
compressdo de estruturas adjacentes ao trajeto do ligamento estilohioideo e processo estiloide
alongado, sendo estas condi¢cbes denominadas de Sindrome de Eagle e Sindrome da Artéria
Carotida. A compressdo do nervo glossofaringeo pode promover dor durante 0 movimento de
giro da cabecga; a artéria carétida interna também pode ser obstruida parcialmente pela
calcificacdo do ligamento estilohioideo ao inclinar a cabeca para baixo, promovendo tontura e
desmaios devido a estenose parcial e transitoria arterial. O paciente pode relatar a sensacéo de
corpo estranho durante a degluticdo resultando em consequente diminuicdo da mobilidade dos
movimentos da cabeca (MANGANARO; NYLANDER, 1998; VALERIO et al., 2012).

O tratamento baseia-se na intensidade dos sintomas, sendo em situacdes mais leves
recomendados a proservacdo e orientacdo quanto a condicdo e em situacdes de maior
sintomatologia sendo recomendada a remocdo cirdrgica destas calcificacOes
(WESTHUIJZEN; MERWE, 1999).
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2.2.2 Ateroma Calcificado na Artéria Carotida

Os ateromas calcificados sdo manifestacbes em estdgios mais avancados da
aterosclerose, resultando em perda da elasticidade e estenose arterial (diminuicdo do fluxo
sanguineo). A aterosclerose representa o principal fator de risco para o desenvolvimento de
doencas cérebro e cardiovasculares, estando associada a condi¢Bes sistémicas como
obesidade, hipertensdo arterial sistémica, diabete mellitus, tabagismo, dislipidemia,
sedentarismo, idade avancada (>50 anos), alcoolismo, entre outras. Essas placas ateromatosas
iniciam sua formacdo atraves de lesbes endoteliais na parede interna das artérias de grande e
médio calibre. Nestas lesdes inicia-se a entrada de lipoproteinas de baixa densidade (LDL),
presentes na corrente sanguinea, que se alojam entre a tanica intima e a tunica média arterial.
Estas lipoproteinas irdo oxidar dando origem a um processo inflamatério local onde
posteriormente serdo fagocitadas por macrofagos. Saturadas destas lipoproteinas, 0s
macrdfagos agora irdo ser denominados de células espumosas, e essas perpetuardo 0 processo
inflamatério. No interior destas células espumosas havera a formacdo de tecido necrético
podendo ocorrer a deposicdo de sais de calcio atraves de um mecanismo de calcificacdo
distrofica, permitindo entdo que essas placas calcificadas sejam identificadas através de
exames imaginolégicos (FRIEDLANDER, 1995; LINTON et al., 2015).

No trajeto da artéria cardtida o local mais propicio para formacdo dos ateromas
calcificados € a bifurcacdo (bulbo carotideo), onde a artéria car6tida comum se divide em
artéria carotida interna e externa. Esta bifurcacdo ocorre em maior prevaléncia ao nivel das
vértebras C3-C4, sendo esta regido passivel de andlise através de exames radioldgicos
odontoldgicos (YOON et al., 2008).

Os ateromas calcificados na artéria carétida geralmente sdo assintomaticos e
identificados atraves de achados incidentais através de exames extraorais, principalmente a
radiografia panoramica. S&o caracterizados por massas radiopacas, uni ou bilaterais, distinta
de outras estruturas calcificadas, localizadas na regido inferior do exame, paralela as vértebras
C3 elou C4, com formatos diversos variando de granulos a nddulos, podendo em
determinadas situacdes apresentar o contorno do trajeto arterial (Fig. 6) (BAYRAM et al.,
2006; ERTAS; SISMAN, 2011).
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Figura 6- Radiografia panoramica demonstrando imagem radiopaca heterogénea,

unilateral, compativel com ateroma calcificado na artéria carotida

Fonte: Elaborado pelo autor

Devido a essa variabilidade de formatos e a localizacdo, o diagndstico diferencial pode
incluir outras estruturas como a calcificacéo triticea, nddulo linfatico calcificado, entre outras.
Destaca-se a semelhanca com estagios iniciais da calcificacdo da cartilagem triticea, ja que
ainda ndo apresentard o formato bem definido e a localizagdo é semelhante. Diante da
impossibilidade de um diagndstico definitivo, recomenda-se a realizagdo de projecéo
anteroposterior para estabelecimento de um diagnostico diferencial, visto que se tratando de
um ateroma calcificado na artéria cardtida este sera visualizado sem sobreposicao de outras
estruturas calcificadas, externo as vértebras cervicais (MANZI et al., 2003).

Com a probabilidade da presenca de ateroma calcificado em artéria carétida, o
cirurgido dentista deve encaminhar o paciente ao médico responsavel onde a conduta pode
basear na confirmacdo do diagndstico através de exames complementares (Ultrassonografia
Doppler, Angiografia Intra-arterial). O tratamento pode envolver orienta¢Ges relacionadas ao
estilo de vida (dieta, exercicios fisicos regulares, controle tabagismo e alcoolismo), alteracéo
ou incorporacdo de medicamentos (antidislipidémicos, antihipertensivos, anticoagulantes,
entre outros), e em situacbes de estenose arterial >70% pode optar por procedimentos
cirargicos (endoarterectomia, bypass, stent) (BARNETT et al., 1998; GRANT et al., 2003).
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2.2.3 Flebolitos

Associado a méa formacdo vasculares, principalmente a hemangioma do tipo
cavernoso, os flebdlitos sao calcificacBes de trombos nas paredes de veias, vénulas e/ou vasos
sinusoidais. No interior das méas-formacdes, alteracbes na dindmica dos vasos sanguineos
pode gerar trombos e estes podem ser o nlcleo onde ira ocorrer a deposigéo inicial de sais de
calcio e cristais de apatita. Posteriormente componentes fibrinosos e plaquetas irdo aderir a
estes nucleos e irdo gradativamente calcificar, promovendo o aumento destes flebdlitos. E
possivel também a identificacdo de flebdlitos isolados em adultos, indicando local onde
durante a infancia havia uma méa formacdo vascular. A palpacdo de uma ma formacéo
vascular pode sugerir a presenca de flebolitos através da sensacdo tatil de massas nodulares de
tecido duro. A presenca destas calcificagdes ndo implica em sintomatologia alterada ao
paciente, entretanto salienta-se a importancia de identificacdo destas condicGes devido a
associacdo com ma formagdes vasculares, podendo contraindicar ou alterar o planejamento
cirurgico (KANAYA et al., 2008; LIMA et al., 2015).

As caracteristicas radiograficas dos flebdlitos sdo de nddulos ovais radiopacos com
anéis de radiolucéncia concéntrica, semelhante a um alvo, podendo ser Unicos ou multiplos,
apresentando em media de 1 a 5 mm de didmetro, no entanto podendo ser encontrados
flebolitos com dimensdes superiores a 1 cm de diametro. Flebolitos podem ocorrer em
qualquer local onde haja a presenca de vasos sanguineos, sendo entdo incluidos no
diagnostico diferencial calcificagcdes de tecidos moles que estejam relacionados a regido de
incidéncia, como sialolitos, tonsilélitos, entre outras. Podem ser diagnosticados através de
exames de rotina odontoldgica, como radiografia panoramica, telerradiografia lateral e frontal,
além de tomografia computadorizada, ressonancia magnética e ultrassonografia Doppler (Fig.
7) (CHUANG; LIN; HUANG, 2005; OLIVEIRA et al., 2009; SCOLOZZI et al., 2003;
ZENGIN; CELENK; SUMER, 2013).
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Figura 7- Radiografia panoramica demonstrando a presenca de flebolitos generalizados,

sendo evidenciado pela seta flebdlito localizado abaixo do angulo mandibular

Fonte: Elaborado pelo autor

2.2.4 Sialdlito

Sialdlitos sdo calcificagdes idiopaticas, geralmente associadas as glandulas salivares
maiores, com maior ocorréncia nos ductos. As glandulas salivares mais acometidas pela
presenca de sialdlitos sdo a glandula submandibular (80 a 92%), glandula parotida (6 a 20%),
sublingual e glandulas salivares menores (1 a 2%). A formacdo dos sial6litos pode estar
relacionada com distdrbios nos ductos das glandulas salivares; deposicdo de minerais
associada a corpos estranhos, bactérias e células descamadas. A prevaléncia € de 12:1000,
havendo maior predilecdo pelo sexo masculino (2:1). Geralmente os sialdlitos apresentam
didmetros inferiores a 15 mm, entretanto é relatado na literatura casos de sial6litos com
tamanhos variados, atingindo grandes proporc¢es. Quando os sialélitos estdo associados a
sintomatologia como dor, edema local, infeccdo da area afetada, dilatacdo do ducto salivar,
pode ser caracterizado como um quadro de sialolitiase, sendo esta a condicdo patoldgica mais
comumente relacionada a glandulas salivares (BAURMASH, 2004).

O diagnostico dos sial6litos pode ser obtido através de exames de rotina como a
radiografia panoramica ou por exames especificos para este fim como a sialografia e a
radiografia oclusal total de mandibula. Radiograficamente apresenta-se como massa
radiopaca, homogénea ou heterogénea, bem definida (quando localizada no ducto da glandula

salivar) ou difusa (quando localizada no parénquima), visualizada na localizacdo anatémica
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das glandulas salivares. Os possiveis diagndsticos diferenciais sdo nodulos linfaticos
calcificados, tonsilolitos, esclerose Gssea idiopatica e corpos estranhos (Fig. 8) (CHOI; KIM;

OH, 2002).

Figura 8- Radiografia panoramica demonstrando extenso sialdlito localizado na

glandula submandibular do lado direito do paciente

Fonte: Elaborado pelo autor

O tratamento baseia-se inicialmente em procedimentos conservadores como a
estimulacdo a salivacdo através de alimentos citricos, manipulacdo da glandula salivar e
ordenha do ducto excretor. No insucesso destes procedimentos, deve-se optar pela remocéo
cirtrgica, sendo esta mais frequente em sialdlitos de maiores proporcGes. Em determinadas
situacdes, devido a um processo cronico irreversivel associado a esta glandula salivar maior,
pode ser necessario a exérese da glandula (KASABOGLU et al., 2004,
WICKRAMASINGHE; HOWARTH; DRAGE, 2005).

2.2.5 Nodulos Linfaticos Calcificados

Nos tecidos linfoides podem ocorrer processos inflamatorios cronicos associados a
patologias como tuberculose, actinomicose, sarcoidose, linfoma tratado previamente,
metastases de neoplasias calcificantes a distancia, infec¢des fangicas, febre por arranhadura
de gato, entre outras. H4 um aumento de volume destes nddulos diante da inflamacéo,
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tornando-o fibroso e ocorrendo a precipitacdo de sais de calcio por um processo de
calcificagdo distrofica. Devido a maior ocorréncia nos linfonodos submandibulares,
digastricos e cervicais, nos exames radioldgicos odontoldgicos podem ser identificadas estas
calcificagdes seguindo o trajeto das cadeias ganglionares (ANGELOPOULOU et al., 2018).

Radiograficamente apresentam-se como massas radiopacas Unicas ou multiplas,
homogéneas ou heterogéneas, com aspecto lobulado e calcificagcdo periférica conferindo
aspecto patognomonico de “couve-flor”. O diagnostico diferencial pode envolver sialdlitos no
parénquima glandular e flebélitos. E geralmente assintomatico, sendo seu diagndstico obtido
através de exames de rotina odontoldgica, entretanto podem ser palpados conferindo aspecto
mais rigido aos nodulos diante de estagios mais avancados de calcificagdo (Figura 9)
(SUTTER et al., 2018).

Figura 9- Radiografia panoramica evidenciando nddulo linfatico calcificado abaixo do

angulo mandibular esquerdo

Fonte: Elaborado pelo autor

O tratamento dos nodulos linfaticos calcificados geralmente ndo € necessario,
entretanto pode haver casos onde esta condi¢do pode estar associada ao linfoma ou metéstases
dos linfonodos regionais do pescogo, sendo necesséria a realizacdo da linfadenectomia
cervical (PAQUETTE; TEREZHALMY; MOORE; 2003).
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2.2.6 Tonsildlitos

Tonsilolitos sdo calcificagdes distroficas que podem ocorrer diante de quadros
recorrentes de inflamagdo nas tonsilas, promovendo aumento do volume das criptas
tonsilares. Neste local pode ocorrer maior acumulo de debris e restos bacterianos,
culminando com a formacdo de pequenos cistos de retengdo, onde posteriormente havera a
deposicdo de sais de célcio como hidroxiapatita, carbonato de calcio, sais de magnésio,
radicais de amonia e oxalatos (CALDAS et al., 2007; COOPER et al., 1983).

Clinicamente pode estar associado com halitose, dor, disfagia, gosto desagradavel,
sensacgdo de corpo estranho e dor na orelha. Apesar dos sinais e sintomas clinicos, geralmente
¢ descoberto através de achados incidentais na radiografia panoramica. Os aspectos
radiograficos sdo de massas radiopacas Unicas ou multiplas, com formato oval ou irregular,
na regido de angulo e ramo ascendente da mandibula, com radiopacidade semelhante a
cortical dssea, por isso apresenta-se distinto do osso medular da regido. O diagnostico
diferencial pode envolver nodulos linfaticos calcificados, flebolitos, sialolitos e calcificagdo
do ligamento estilohioideo (Fig. 10) (GIUDICE et al., 2005; NESHAT; PENNA; SHAH,
2001).

Figura 10- Radiografia panoramica demonstrando a presenca de tonsilolitos sobrepondo

a mandibula e em evidéncia abaixo do angulo mandibular

VATECH

Fonte: Elaborado pelo autor
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O tratamento geralmente ndo é necessario, mas diante de quadros de tonsil6litos de
grandes proporcBes ou associacdo com abcesso peritonsilar ou trismo, pode ser realizada a
exérese (RAM et al., 2004; SEZER; TUGSEL; BILGEN, 2003).

Figura 11- Esquema representativo de radiografia panoramica apresentando estruturas
e calcificacGes em tecido mole localizadas na porcao inferior. 1- Osso hioideo; 2-
calcificacdo do ligamento estilohioideo; 3- cartilagem epiglote; 4- tonsildlito; 5- flebdlito;

6- calcificacdo da cartilagem triticea; 7- sialdlito; 8- nddulo linfatico calcificado; 9-

Fonte: Elaborado pelo autor

2.3 Inteligéncia Artificial na analise de exames por imagem

A inteligéncia artificial (IA) representa uma area das ciéncias computacionais que
possibilita a criacdo de softwares com capacidade de solucionar questdes que normalmente
exigem raciocinio humano para serem respondidas (CHARTRAND et al., 2017). A 1A é
baseada em redes neurais artificiais, que sdo modelos matematicos com capacidade de
aprendizado, que utilizam multiplos algoritmos para identificar relacdes nao-lineares
complexas dentro de grandes bases de dados (KING JUNIOR, 2018; MILLER; BROWN,
2018). Dentre esses métodos existe 0 aprendizado profundo, conhecido como deep learning

que € um grupo de métodos computacionais que possibilitam que um algoritmo se programe,
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através do treinamento prévio a partir de uma amostra que demonstre padrfes estruturais
definidos. Neste caso é possivel que o modelo computacional identifique esta variacdo no
padrdo da amostra em um grupo de treino e replique no grupo de teste (GULSHAN et al.,
2016).

Na medicina a 1A tem sido amplamente aplicada, principalmente na identificacdo de
variacBes em exames, possibilitando ganhos clinicos, sociais e econdmicos no diagnostico
precoce de doencas, padronizacdo de analises em pesquisas, estabelecimento de protocolos e
definicdo de pontos de corte mais criteriosos para condicdes patoldgicas. Radiografias
convencionais bidimensionais, tomografias computadorizadas multislice e de feixes conicos,
ressonancia magnética, ultrassonografias, laminas histologicas sdo exemplos de exames
contemplados pela analise atraves dos principios da IA. Esse novo ramo de pesquisa tem
demonstrado resultados promissores e grande aplicabilidade nas areas da radiologia e
patologia, principalmente no auxilio de diagnostico por imagens. Estudos abordando as
analises através de métodos como o deep learning apresentam acuracia relatada na literatura
que varia de 68% a 99% para diagndstico e categorizacao de estagios de patologias (ESTEVA
et al., 2017; GULSHAN et al., 2016; HOSNY et al., 2018; KIM; WIT; THURSTON, 2018;
LAKHANI; SUNDARAM, 2017; LEE et al., 2018a; LEE et al., 2018b; McBEE et al., 2018).

A selecdo de protese adrtica transcateter foi avaliada através da deep learning. Foi
desenvolvido um software condicionando a escolha dos diferentes fabricantes de proteses
adrticas as diferentes situacbes clinicas com qual o cirurgido se deparava, e comparado as
escolhas do sistema a um time de especialistas. A 1A demonstrou ser mais efetiva que o time
de especialistas na escolha adequada das proteses de acordo com os critérios estabelecidos
pelos fabricantes, por utilizar de dados objetivos (ROSLER et al., 2018).

O diagnostico da Doenca de Parkinson também foi alvo de estudo por métodos
baseando no principio da inteligéncia artificial. Foi realizada pesquisa avaliando a capacidade
de deteccdo de ioflupane-123 na avaliagdo do transporte da dopamina pelo aprendizado de
transferéncia, sendo verificada acuracia de 87%. Os resultados obtidos demonstram que a
inteligéncia artificial € um método promissor nesta analise, exemplificado pela excelente
acuracia (KIM; WIB; THURSTON, 2018).

No diagnostico de tuberculose, foi comparado um software desenvolvido através da
deep learning com a avaliacdo de radiografias de torax por um especialista treinado e
calibrado. Foram analisadas 1007 radiografias de torax sendo verificada acuracia de 99% do
software em relacdo a analise do especialista. Credenciando a andlise através da IA como um

método capaz de identificar pacientes acometidos pela tuberculose através de exames de



33

imagem bidimensionais (LAKHANI; SUNDARAM, 2017).

Na Odontologia, foi executado estudo utilizando da IA para a deteccdo adequada da
categorizacdo dos elementos dentarios através dos critérios da “Federation Dentaire
Internationale” (FDI). Foram analisadas 1250 radiografias periapicais e o sistema
desenvolvido através da IA obteve uma acuracia de 90% nesta identificacdo, quando
comparado com a analise de um cirurgido dentista treinado (CHEN et al., 2019).

Avaliando dentes com comprometimento periodontal, foi verificado a capacidade de
um software desenvolvido através da inteligéncia artificial de analisar e determinar
corretamente a indicacdo de exodontia nestes elementos. Esta avaliacdo foi executada em pre-
molares e molares, obtendo indices de exodontia adequados de 82,8% e 73,4%,
respectivamente. Como comparativo foi utilizado a concordancia entre trés periodontistas
treinados e calibrados quanto aos critérios de determinacdo da exodontia (LEE et al., 2018b).

Para a deteccéo de lesdes cariosas, foi executado estudo utilizando-se de uma amostra
de 3000 radiografias periapicais compreendendo pré-molares e molares. Nesta amostra
executou-se analise através de um software desenvolvido através da deep learning e
comparou-se com resultado obtido pela avaliacdo de especialistas calibrados. A 1A obteve
acuracia de 88% e 89%, respectivamente, na deteccdo de lesbes cariosas em pré-molares e
molares, demonstrando ser um metodo com excelente acurécia nesta detec¢cdo (LEE et al.,
2018a).

A avaliagdo e categorizacao de cistos e tumores também foi avaliada através da IA.
Em estudo analisando a capacidade de deteccdo de cistos dentigeros, ceratocisto
odontogénicos, ameloblastomas e auséncia de leséo, um software baseado em deep learning e
comparando com resultados obtidos entre especialista e clinicos, a 1A apresentou resultados
compativeis com as analises humanas (Acuracia de 71%). Estes resultados corroboram que
trata-se de um método efetivo e que pode ser utilizado para deteccdo precoce destas
patologias (YANG et al., 2020).



35

3 HIPOTESES

a)

b)

Hipdtese Nula: O software desenvolvido através da deep learning ndo apresenta
boa acurdcia na identificacdo de calcificacbes cervicais em radiografia
panoramica, nao trazendo beneficios adicionais no diagnéstico destas condi¢Ges
patologicas e variacdes anatémicas;

Hipdtese Alternativa: O software desenvolvido através da deep learning apresenta
boa acurdcia na identificacdo de calcificacbes cervicais em radiografia
panoramica, sendo uma ferramenta adicional no diagnostico de condicGes

patoldgicas e variagcdes anatbmicas.
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4 OBJETIVOS

4.1 Objetivo geral

Desenvolver e definir a acuracia da deep learning na identificacdo automatizada de

calcificagdes cervicais em radiografias panoramicas.

4.2 Objetivos especificos

a) definir da acuracia de graduandos, dentistas ndo especialistas em radiologia
odontoldgica e especialistas em radiologia odontolégica, na identificacdo de
calcificacdes cervicais em radiografia panoramica;

b) comparar o desempenho dos graduandos, dentistas ndo especialistas em radiologia
odontoldgica e especialistas em radiologia odontolédgica em relacéo a utilizagdo da

Inteligéncia Artificial.
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5 MATERIAL E METODOS

O presente trabalho foi realizado com apoio da Coordenagdo de Aperfeicoamento de
Pessoal de Nivel Superior — Brasil (CAPES) — Cddigo de Financiamento 001. O projeto do
estudo foi enviado para andlise prévia através do site governamental “Plataforma Brasil”,
sendo avaliado pelo comité de ética em pesquisas com seres humanos e apds a emissdo do
parecer favoravel a sua execucdo, foram realizados os procedimentos posteriormente descritos
(CAAE: 38262920.6.0000.5137) (ANEXO A).

5.1 Obtencado da amostra

De um total de 14526 radiografias panoramicas obtidas no banco de dados de clinicas
odontolégicas privadas, foram selecionadas as radiografias que apresentavam presenca de
imagens radiopacas abaixo da regido de angulo mandibular, bilateral, que poderiam ser
incluidas num diagndstico diferencial de patologias. Foram selecionadas 1416 radiografias
panoramicas apresentando calcificagbes cervicais, destas 480 apresentavam calcificacdes
bilaterais, totalizando 1896 lados calcificados incluidos na analise. Para controle negativo, foi
selecionado 1640 lados comprovadamente ndo calcificados. A regido inferior direita e
esquerda das radiografias panoramicas incluidas na analise foram recortadas de forma
padronizada nas dimensdes 378 x 214 pixels, no programa Adobe Photoshop Lightroom (Fig.
12) (Adobe Inc. San Jose, California, EUA).
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Figura 12- Fluxograma de obtengdo dos exames e lados com calcificagéo e sem

calcificacdo
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Fonte: Elaborado pelo autor

O critério de inclusdo para os exames do estudo foram: radiografias panoramicas
digitais que apresentem visualizacdo ampla da regido cervical, com a identificacdo do
aparelho utilizado para execugdo do exame.

Foram selecionados nimeros semelhantes entre radiografias calcificadas (1896 lados)
e ndo calcificadas (1640 lados) tendo como critério o aparelho radiografico panoramico de
origem, para ndo comprometimento da analise em fungdo do desbalanceamento da amostra de
treino e teste. A quantidade também foi semelhante de lados calcificados e ndo calcificados de
exames em fungdo da marca/modelo do aparelho panoramico. A inteligéncia artificial baseia
seus resultados em probabilidades, diante disso a presenca de maior numero de calcificacdes
associada a demarcacao especifica do lado do exame de determinada marca/modelo, pode
fazer com que a deep learning em situacdo de ddvida tenda a demarcar um lado como
calcificado, mesmo na auséncia de calcifica¢do. Portanto o equilibrio de exames calcificados

e ndo calcificados em relacdo a marca/modelo na andlise reduz este vies.

Os aparelhos utilizados na analise foram:

a) Ortophos XG 3 em 1 3D/ Ceph (Dentisply Sirona Inc., Bensheim, Germany) 60-
90kVp e 3-16 mA,;
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b) Ortophos SL 3 em 1 3D/ Ceph (Dentisply Sirona Inc., Bensheim, Germany) 60-
90KV e 3-16 mA,

c) Vatech Pax-400C (Vatech Dental Manufacturing Limited, Korea) 50-90kVp e 4-
10 mA;

d) Carestream CS8100 (Carestream Inc., Rochester, USA) 60-90kVp e 2-15mA,;

e) Carestream CS9000 (Carestream Inc., Rochester, USA) 60-90kVp e 2-15mA.

5.2 Avaliagéo das imagens

A identificacdo dos pacientes foi mantida em sigilo. As imagens digitais foram
avaliadas quanto aos critérios de inclusdo. Para categorizacdo dos exames, foi realizada
analise por 03 especialistas em Radiologia Odontologica que avaliaram o0s exames
separadamente, em 02 momentos distintos, limitando-se a quantidade de 20 exames diarios
para ndo comprometimento da analise em funcéo da fadiga visual. Os exames classificados
como calcificados e ndo calcificados foram definidos através da concordancia entre os
especialistas. Foi realizado Kappa demonstrando excelente concordancia intra e
interobservadores (95% e 92%, respectivamente).

As radiografias foram interpretadas diretamente no software KDIS. Foi utilizado
computador com placa grafica GeForce 9500 GT (Nvidia Corporation, Califérnia, EUA) e
monitor LED LG Flatron E2241 (LG Eletronics Inc., Seul, Coréia do Sul), com resolucdo de
1920x1080 pixels e os niveis de brilho e contraste do monitor fixados em sua configuracdo
pré-estabelecida. As imagens foram processadas por um software desenvolvido através da

inteligéncia artificial com intuito de identificar de forma automatizada calcificagdes cervicais.

5.3 Arquitetura da Rede Neural Convolucional

Foi utilizada analise de aprendizado profundo, deep learning ou convolutional neural

network implementando o framework Tensorflow (Fig. 13).
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Figura 13- Esquema representando a arquitetura da rede neural deep learning aplicada

no estudo
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Fonte: Elaborado pelo autor

A rede neural convolucional possuiu arquitetura composta por 05 camadas
convolucionais, seguida de 03 camadas de pooling, 01 camada flatten, 03 camadas de dropout
e 04 camadas densas.

As camadas convolucionais apresentam a funcdo de extracdo de dados das imagens,
enquanto as camadas de pooling apresentam a funcédo de simplificagdo do mapa de ativacéo,
transmitindo para as proximas camadas somente as caracteristicas mais relevantes. A camada
flatten converte uma imagem bidimensional em um vetor unidimensional, ja que para as
camadas densas ndo € relevante a organizacdo espacial dos pixels. As camadas de dropout
identifica possiveis vieses e elimina neurénios ocultos, o que permite a reducao do overfitting
(quando a rede neural decora os dados, ndo apresentando novo aprendizado). As camadas
densas irdo determinar valores probabilisticos de 0 a 1 das saidas esperadas (com ou sem
calcificacdo).

Os exames selecionados foram cortados para as dimensdes de 214 pixels de altura por
378 pixels de largura, de modo que se manteve somente a regido cervical da radiografia
panordmica compreendendo o angulo inferior unilateral, associado a presenca de calcificacdo
(teste) e auséncia de calcificacdo (controle). As imagens foram convertidas para escala de tons
de cinza.

A rede neural foi treinada atraves de informacgfes transmitidas para o computador
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quanto as entradas (imagens) e saidas esperadas (presenga/auséncia de calcificagdes). Estas
informacdes possibilitaram que, através das modificacdes de parametros, obtenha-se as
caracteristicas que fogem ao padrdo de normalidade entre o grupo teste e controle.

A proporgéo de diviséo entre o dataset foi, respectivamente, de 80% (n=1517 lados
calcificados e n=1312 lados ndo calcificados) das imagens para treino e 20% (n=379 lados
calcificados e n=328 lados ndo calcificados) para teste.

As redes neurais artificiais foram sintetizadas de modo a similarizar o funcionamento
dos neurdbnios, propiciando raciocinio semelhante ao cérebro humano na interpretacdo das
amostras. Foi fornecido ao neurdnio dados de entrada, em seguida 0 neurdnio executou
operagBes matematicas com os dados fornecidos, produzindo a saida (presenga ou auséncia de
calcificagdo cervical). Também foi utilizada a funcdo de perda "Binary Crossentropy”, fungio
esta que vem implementada no framework Tensorflow.

O algoritmo de otimizagdo conhecido como Adam foi utilizado configurado com os

seguintes hiperparametros:

a) Taxa de aprendizagem: 0.00015;
b) Episilon: 0.000015.

Para treinamento da rede neural foram utilizados 21 epochs para imagens de treino e
imagens de avaliacdo. As imagens de avaliacdo foram utilizadas ainda durante o processo de
treinamento para avaliar a performance parcial da rede neural. Posteriormente a performance

do modelo foi avaliada.

5.4 Testes estatisticos

A acuracia obtida através do software posteriormente ao treinamento e teste, foi
informada em porcentagem pela propria rede neural. Foi executada a curva ROC para
ilustracdo da acurécia, bem como a demonstracdo por graficos do desempenho ao longo das
epochs. Foi utilizado o Teste McNemar para a comparagdo das acuracias entre graduandos,
dentistas com e sem o titulo de especialistas em Radiologia Odontoldgica e Imaginologia, e a

Inteligéncia artificial, com nivel de significancia de 5%.
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6 ARTIGO CIENTIFICO 1

Desempenho da deep learning na identificacdo de calcificagdes cervicais em

radiografias panoramicas

Os resultados desta se¢do estdo detalhados no artigo que serd submetido ao periodico
Dentomaxillofacial Radiology (Qualis Al) e esta sendo elaborado de acordo com as suas
normas.

Endereco eletrbnico para acesso as normas do periédico: Dentomaxillofacial
Radiology (birpublications.org).
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Deep Learning Performance in Identification of Cervical Calcifications in Panoramic

Radiographs

Abstract

Objectives: Develop and analyze the accuracy of artificial intelligence (Al) in identifying
cervical calcifications in panoramic radiographs. Methods: From a total of 14526 panoramic
radiographs obtained from the database of private dental clinics, radiographs that showed the
presence of radiopaque images below the mandibular angle region were evaluated. A total of
1,416 panoramic radiographs showing cervical calcifications were selected, of these 480 had
bilateral calcifications, totaling 1,896 sides calcified included in the analysis. For negative
control, 1,640 sides proven to be non-calcified were selected. The panoramic radiographs
included in the analysis were cut to standardize their size to 214 x 378 pixels, on each side
analyzed. Deep learning analysis was performed by implementing the Tensorflow framework,
by dividing the dataset into training in 80% (n=2829) of the images and testing in 20%
(n=707) of the images. Results: The accuracy obtained by Al in identifying cervical
calcifications on panoramic radiographs was 74%. Conclusion: Artificial intelligence
represented an additional tool in the diagnosis of cervical calcifications in panoramic

radiography.

Keywords: Deep Learning. Artificial intelligence. Panoramic radiography.
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Introduction

Artificial intelligence (Al) is an area of computer science making it possible to
produce systems capable of answering questions that demand a human approach to be
solved.® It is based on artificial neural networks, which are flexible mathematical models that
use multiple algorithms to identify non-linear relationships within large databases.>®

Due to the possibility of identifying patterns that are beyond the normal range, Al has
been widely used in the medical and dental fields. Recent studies have demonstrated good
accuracy by means of software programs developed with the use of techniques such as
Machine Learning and Deep Learning in the analysis of imaging exams.’

In the analysis of the lower region of a panoramic radiograph, we identified
anatomical structures such as vertebrae, hyoid bone, thyroid cartilage, triticeal cartilage,
epiglottis cartilage, in addition to soft tissue calcifications such as calcification of the
stylohyoid ligament, sialolith, phlebolite, calcified lymph nodes and calcified atheromas in the
carotid artery (Figure 1). The majority of these soft tissue calcifications do not represent risks
to the patient, however calcifications such as sialoliths can lead to processes such as
sialolithiasis and calcified atheroma can be a risk factor for the development of a
Cerebrovascular accident (CVA). Thus, diagnosing cervical calcifications in Panoramic
Radiography represents a social and economic gain in the prevention of more complex
diseases.”*

The aim of this study was to develop and analyze the accuracy of artificial
intelligence, by means of the deep learning system, in identifying cervical calcifications in

digital panoramic radiographs.
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Methods and materials
This study was conducted with the support of the Coordination for the Improvement of
Higher Education Personnel — Brazil (CAPES) — Financing Code 001. The study began after

approval by the local research ethics committees (LREs: 38262920.6.0000.5137).

Sampling Plan

Out of a total of 14,526 panoramic radiographs obtained from the database of private
dental clinics, the radiographs that showed the bilateral presence of radiopagque images below
the mandibular angle region were selected, which could be included in a differential diagnosis
of pathologies. A total of 1,416 panoramic radiographs showing cervical calcifications were
selected, of which 480 had bilateral calcifications, totaling, 1896 sides calcified included in
the analysis. For negative control, a similar number of sides proven to be non-calcified were
selected. The panoramic radiographs included in the analysis were cut to standardize their size
to 214 x 378 pixels, on each side analyzed, by using the Adobe Photoshop Lightroom
program (Adobe Inc. San Jose, California, USA) (Figure 2).

The inclusion criteria for the study exams were digital panoramic radiographs that
showed a wide view of the cervical region, with the identification of the device that was used
to perform the exam.

Similar numbers of radiographs were selected between calcified (1,896 sides) and non-
calcified (1,640 sides) sides, using the panoramic radiographic device of origin as a criterion,
with the purpose of not compromising the analysis due to imbalance between the training and
test samples. The devices used in the analysis were Ortophos XG 3 in 1 3D/Ceph (Dentisply
Sirona Inc., Bensheim, Germany) 60-90 Kv and 3-16 mA; Ortophos SL 3 in 1 3D/Ceph
(Dentisply Sirona Inc., Bensheim, Germany) 60-90Kv and 3-16 mA; Vatech Pax-400C

(Vatech Dental Manufacturing Limited, Korea) 50-90kVp and 4-10 mA,; Carestream CS8100
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(Carestream Inc., Rochester, USA) 60-90kVp and 2-15mA; Carestream CS9000 (Carestream

Inc., Rochester, USA) 60-90kVp and 2-15mA.

Image evaluation

The identification of patients was kept confidential. Digital images were evaluated
according to the inclusion criteria. To categorize the exams, an analysis was performed by 03
specialists in Dental Radiology, who evaluated the exams separately, at 02 different time
intervals, limiting the number to 20 daily exams in order not to compromise the analysis due
to visual fatigue. Exams classified as calcified and non-calcified were defined by agreement
between the experts.

The radiographs were interpreted directly in the KDIS software. A computer with a
GeForce 9500 GT graphics card (Nvidia Corporation, California, USA) and an LG Flatron
E2241 LED monitor (LG Electronics Inc., Seoul, South Korea) with a resolution of
1920x1080 pixels were used, and the monitor levels of brightness and contrast levels were
fixed in their preset configuration. The images were processed by using a software that was
developed by means of artificial intelligence for the purpose of automatically identifying
cervical calcifications.

Deep learning analysis, Deep Learning or Convolutional Neural Network was used,
implementing the Tensorflow framework (Figure 3).

The convolutional neural network had an architecture composed of 05 convolutional
layers, followed by 03 pooling layers, 01 flatten layer, 04 dropout layers and 04 dense layers.

The exams selected were cut to the size of 214 pixels high by 378 pixels wide, so that
only the cervical region of the panoramic radiograph was retained, consisting of the unilateral
inferior angle, associated with the presence of calcification (test) and absence of calcification

( control). Images were converted to gray scale.
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The neural network was trained by means of information transmitted to the computer
regarding the expected inputs (images) and expected outputs (calcifications). By means of
parameter modifications, these items of information made it possible to obtain characteristics
between the test and control groups, which were beyond the pattern of normality.

The proportion of division between the dataset was 80% (n=1,517 calcified sides and
n=1,312 non-calcified sides) of the images, respectively, for training and 20% (n=379
calcified sides and n=328 non-calcified sides), respectively, for testing. Artificial neural
networks were synthesized in order to make their functioning similar to that of neurons,
favoring reasoning similar to that of the human brain in interpretation of the samples. The
neuron was provided with input data, then the neuron performed mathematical operations
with the data provided and produced the output data (presence or absence of cervical
calcification). The loss function binary crossentropy was also used, which is implemented in
the Tensorflow framework. The optimization algorithm known as Adam, configured with the
hyperparameters, learning rate: 0.00015 and epsilon: 0.000015 was used for development of
the neural network.

For training the neural network, 21 epochs were used for training images and
evaluation images. The evaluation images were already used during the training process to
evaluate the partial performance of the neural network. Afterwards the performance of the

model was evaluated.

Statistical tests

The accuracy obtained by means of the software after training and testing was
informed as a percentage by the neural network itself. The ROC curve was performed to
illustrate the accuracy, as well as the demonstration by graphs of the performance throughout

the epochs. The McNemar Test was used to compare the accuracy between undergraduate
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students, professionals with and without a specialization degree in dental radiology and

imaging, and artificial intelligence, with a significance level of 5%.

Results

The study sample consisted of 14526 panoramic radiographs, of which 1416 had some
cervical calcification, representing a prevalence of 9.75%. The number of 480 panoramic
radiographs had bilateral calcifications, representing an index of 3.31%. As regards the sides
analyzed, out of a total of 29052 sides, 1896 had some calcification, representing 6.53%
(Table 1).

Kappa statistics were used to define the raters' agreement as regards the presence or
absence of calcifications, demonstrating excellent intra- and inter-observer agreement, 0.95
and 0.92, respectively.

The images were analyzed and processed using a software that was developed by the
convolutional neural network. The accuracy of automated identification of cervical
calcifications on panoramic radiographs was 74%. A comparison between the accuracy curves
of the training and testing data is shown in the graph (Figure 4). The red line shows the
evolution of the accuracy in the training data while the blue line shows the accuracy in the test
data. The accuracy of the training data reached the value of 72% in epoch number 21 while
the accuracy of the test data was 74%. Both training and test data sets were used only at the
time of artificial neural network training. Subsequently, the network performance was tested
with data that was not yet known to it, called validation data. In this time interval, the network
had a performance of 74% accuracy. The total number of hyperparameters analyzed was
7,161,985.

The reduction of the loss function in learning (close to 0) allows for greater accuracy

in the analysis of the convolutional neural network. The graph below shows the loss function
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in training (red) and test (blue) data (Figure 5)

Discussion

Cervical calcifications may develop when associated with pathological conditions or
only as a result of atypical deposition of calcium salts in anatomical structures.® Some of these
may be associated with processes such as Eagle's Syndrome, Carotid Artery Syndrome,
sialolithiasis, calcified atheromas and others conditions of clinical relevance.’ Due to the
variability of calcifications and difficulty in the differential diagnosis made only by means of
panoramic radiography, the aim of the present study was to perform automated identification
of any and all calcifications present in the lower region of the panoramic radiography.
Peripheral regions of panoramic radiography are not the main target of analysis by dentists, so
automated identification can reduce negligence in diagnosing pathologies in these locations.

Failure to diagnose calcification in the stylohyoid ligament may not cause any type of
problem for the patient, but failure to diagnose a calcified atheroma in the carotid artery can
lead to serious complications for the patient, with risk of sequelae and death. Therefore, there
is no doubt that diagnosing any radiographic alteration in the cervical region of panoramic
radiography represents an important action in daily clinical practice.'**°

In analysis of the study sample, we verified that of the total of 14,526 panoramic
radiographs, of which 1,416 had some type of cervical calcification, representing a prevalence
of 9.75%. The rate of panoramic radiographs that showed bilateral calcifications was 3.3%
(480 radiographs). Relative to the sides analyzed, out of a total of 29,052 sides, 1,896 had
some type of calcification, representing 6.53%. The study sample consisted of panoramic
radiographs from a database composed of the general population, with no limitations with
regard to age range. These percentages emphasize that although the prevalence of cervical

calcifications on panoramic radiographs is low, they may be present.
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Artificial intelligence is a technology present in the context of medical diagnosis that
has shown consistent results in the diagnosis of Parkinson's, Tuberculosis, Cysts and tumors.
Why not test it in the diagnosis of cervical calcifications in panoramic radiography?*’*® The
sample used in the study showed 1,896 sides with, and 1,640 sides without cervical
calcifications. The use of approximate samples minimized the bias of the analysis by the
neural network, since it used all the parameters provided to define the diagnosis, and
unbalanced samples may tend to choose groups with higher "n™ in situations of "doubt"”, since
mathematically the probability of success becomes greater?%

The variability of panoramic devices included in the analysis becomes important for
simulation of the real situation, as there are particularities between brands and models, such as
the presence of markings to define the examination side, brand logo and technical
characteristics such as definition, variability in gray scales, among others. Balancing the
amount of calcified and non-calcified images between the different models of panoramic
devices is also necessary, as the neural network can identify a larger quantity of calcifications
in exams that have the "X" logo on the left side and, in situations of doubt and with the
presence of the “X” logo, tend to demarcate an exam with the absence of calcification as
being calcified.?

In view of the criteria used, the accuracy of the software developed by means of deep
learning, with the hyperparameters applied, was 74% in the detection of cervical
calcifications, and had the consensus of 03 specialists in dental radiology as positive and
negative control. This result implies good accuracy in the diagnosis of calcifications on
panoramic radiography, given the broad scope covered by the examination. In a study
analyzing the accuracy in the diagnosis of cysts and tumors in panoramic radiography, an
accuracy of 70% of the convolutional neural network was obtained, a lower result than the

value obtained in this study.*®
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However, it is necessary to verify the accuracy of the analysis of cervical calcifications
in groups of professionals, specialists and non-specialists, as well as undergraduate students,
in order to understand whether the result obtained by the software has a relevant clinical
impact. There are studies analyzing the accuracy in detecting calcified atheromas in
panoramic radiography, as well as sialoliths, tonsilloliths and other calcifications separately,
however, there are still no studies in the literature that have evaluated the capacity to detect
any cervical calcifications.??

Al can reduce the time consumed by analysis in large databases, streamline the issue
of reports and reviews, and diagnose changes that could be imperceptible to the human eye.

In a context where telemedicine and teledentistry are being applied more frequently, it
can be a method that would be helpful to the professional, however, it does not replace the
need for specialized assessment.”®

Some of these calcifications are easily diagnosed due to associations with clinically
detectable entities and to well-defined and unique radiographic features. Phlebolites are
associated with vascular malformations and have a concentric appearance, similar to that of a
target. The elongated styloid process and calcification of the stylohyoid process are also easily
distinguishable due to the oblique path that starts in the styloid process and ends its course in
the hyoid bone.®*® However, calcifications in early stages, and the occurrence of calcifications
with similar characteristics and radiographic locations can raise doubts in the diagnosis. As an
example, we can mention calcified atheromas in the carotid artery and calcification in the
triticeous cartilage, which can occur in similar locations adjacent to those of the C3-C4
vertebrae. Lymph nodes in early stages of calcification can also raise doubts in the diagnosis,
when analyzed only by means of panoramic radiography, due to the possibility of their
occurrence in this region.>** The software developed by means of deep learning in this study,

aimed to identify any calcification present, however, without promoting the differential
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diagnosis. In view of the presence of calcification, the professional responsible for the patient
must analyze the radiographic characteristics and, if necessary, request additional tests to
establish the appropriate diagnosis.

In conclusion, the software developed by means of deep learning has good accuracy in
identifying cervical calcifications in panoramic radiography and is an additional tool in the

diagnosis of soft tissue calcifications in the cervical region.
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Legends

Figure 1: Representative diagram of a panoramic radiograph showing structures and
calcifications located in the lower portion. 1- Hyoid bone; 2- calcification of the stylohyoid
ligament; 3- epiglottis cartilage; 4- tonsillolites; 5- phlebolites; 6- calcification of the triticeal
cartilage; 7- sialolites; 8- calcified lymph node; 9- calcified atheroma in the carotid artery; 10-
superior horn of the thyroid cartilage.
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Figure 3: Diagram representing the deep learning neural network architecture applied in the

study
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Figure 4: Software accuracy in training (red) and test (blue) data throughout 21 epochs
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Figure 5: Demonstration of the loss function in learning.
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Table

Table 1: Characterization of Sample

Variable Panoramic Percentage Sides Analyzed Percentage

Radiographs (n) (%) (%)

Without 13110 90.25 27156 93.47
Calcification

Unilateral 936 6.45 936 3.22
Calcification

Bilateral 480 3.3 960 3.31
Calcification

Total 14526 100 29052 100
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7 ARTIGO CIENTIFICO 2

Acurécia na identificacao de calcificacGes cervicais em radiografias panoramica

Nesta secdo, € apresentando um artigo cientifico elaborado a partir de analises
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ABSTRACT

Introduction: The identification of cervical calcifications on panoramic radiography
represents a clinical challenge, due to the variability of diagnostic possibilities and
negligence in radiographic evaluation of regions distant from the teeth. Materials and
Methods: In this study, the accuracy of undergraduate student (G1), dentists who were not
specialists in dental radiology (G2), specialists in dental radiology (G3) and of a software
developed by means of artificial intelligence (Al) in the identification of cervical
calcifications in panoramic radiography views was analyzed. From a database composed of
14526 panoramic radiographs, 100 exams that showed unilateral or bilateral cervical
calcifications, and exams that did not show calcifications, were selected by 03 specialists in
dental radiology. The capacity of the Groups for detection of cervical calcifications was
compared with that of Artificial intelligence for automated detection of cervical calcifications.
Results: The accuracy values of groups G1, G2, G3 and IA were 70, 71, 81 and 74%,
respectively, with specialists showing superior diagnostic capacity when compared with the
undergraduates, dentists and artificial intelligence. The artificial intelligence group had a
higher level of accuracy than the Groups of Undergraduate and Dentists. There was no
statistically significant difference between [the scores of] undergraduates and dentists.
Conclusion: Specialists in dental radiology have superior ability to detect cervical
calcifications in panoramic radiographs, when compared with undergraduates, dentists and
artificial intelligence. Artificial intelligence represents an additional tool with good ability to
detect cervical calcifications in panoramic radiography.

Clinical Implication: Professional training influences the ability to diagnose cervical
calcifications on panoramic radiographs, and artificial intelligence represents an automated

method to aid in this diagnosis.

Key-words: Physiological Calcification. Pathological calcification. Artificial intelligence.
Panoramic radiography.
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INTRODUCTION

Panoramic radiographs are exams that are frequently requested in dental practice.
Their wide range allows analysis of the structures and tissues surrounding the teeth, thereby
enabling the diagnosis of pathologies and atypical calcium depositions.*?

The process of radiographic diagnosis involves anatomical knowledge, understanding
of the principles for obtaining images and their influence on the projection of structures in the
examination. A systematic and careful analysis, according to a pre-established pattern,
minimizes negligence, incompetence and recklessness in radiographic diagnosis. Therefore,
factors related to professional training can have a direct influence on the diagnostic process.®
Individuals at different professional stages tend to have different levels of performance in the
radiographic assessment of an exam, due to a greater theoretical load of training and clinical
experiences gained in clinical practice of the profession.?

Due to the extensive coverage of panoramic radiography, peripheral regions that are
usually not the main target of analysis may be neglected. In a study evaluating the ability of
dental students to interpret digital panoramic radiographs of edentulous patients, it was
verified that the main error found was related to extragnathic findings, causing the highest
number of false positive results.*

The aim of this study was to analyze the accuracy of undergraduate dentistry students,
dentists who were not specialists in dental radiology and specialists in dental radiology, in
identifying cervical calcifications in digital panoramic radiographs, when compared with the

results obtained with automated detection by artificial intelligence.



69

MATERIAL AND METHODS
This study was conducted with the support of the Coordination for the Improvement of
Higher Education Personnel — Brazil (CAPES) — Financing Code 001. The study began after

being approved by the local research ethics committees (LREs: 38262920.6.0000.5137).

Obtaining the exams

Out of a total of 14526 panoramic radiographs obtained from the database of private
dental clinics, the radiographs that were selected, were those showed the presence of uni- or
bilateral radiopaque images below the region of the mandibular angle. which could be
included in a differential diagnosis of pathologies, as a positive control, and also panoramic
radiographs that proved to have no cervical calcifications, as a negative control. A total of 100
radiographs exams were included, 50 showing cervical calcification and 50 with proof of not
showing cervical calcification. The criterion for inclusion of the examinations in the study

was that the digital panoramic radiographs had to show a wide view of the cervical region.

Image categorization

The identification of patients was kept confidential, as the exams were coded prior to
sending them for analysis of the groups. Digital images were evaluated for inclusion criteria.
The exams were categorized in an analysis performed by 03 specialists in dental radiology,
who were trained and calibrated for the presence or absence of cervical calcifications
according to the established criteria. They evaluated the exams separately, at 02 different time
intervals, with the number of daily exams limited to 20, for the purpose of not compromising
the analysis due to visual fatigue. Exams classified as calcified and non-calcified were defined
by agreement between the experts. Kappa statistics were calculated to determine the intra- and

interobserver agreement in the general analysis of the tests. The 100 exams included in the
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study were obtained by absolute agreement after analysis by the 03 experts and were
established as being the gold standard of the study.

Thus, after analysis and consensus among experts, the gold standard defined for the
study consisted of 100 panoramic radiographs, with 50 radiographs showing cervical
calcifications and 50 radiographs not showing cervical calcifications. As each radiograph
showed the right and left sides, the total number of sides analyzed was 200. Of the 200 sides
analyzed, 119 had no cervical calcification and 81 had cervical calcification. Of the 81
calcified sides, 62 were from exams that presented bilateral calcifications and 19 were from

exams that presented unilateral calcifications (Figure 1).

100 PANORAMIC RADIOGRAPHS

' 4 ¥

50 WITH CALCIFICATION 50 WITHOUT CALCIFICATION

L 4 ¥ 1

100 SIDES WITHOUT
31 BILATERAL 19 UNILATERAL CALCIFICATION
19 SIDES WITHOUT 100 SIDES WITHOUT

62 CALCIFIED SIDES 19 CALCIFIED SIDES

CALCIFICATION CALCIFICATION

v J v L/

119 SIDES WITHOUT
CALCIFICATION

4 J

200 SIDES ANALYZED

81 CALCIFIED SIDES

Figure 1. Flowchart of calcified and non-calcified sides included in the analysis

The radiographs were interpreted directly in the KDIS software. A computer with a
GeForce 9500 GT graphics card (Nvidia Corporation) and an LG Flatron E2241 LED monitor
(LG Electronics), with a resolution of 1920x1080 pixels was used and the monitor brightness

and contrast levels were fixed at their preset configuration.
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Groups included in the Analysis

The groups included in the analysis were: undergraduate students (G1), dentists who
were not specialists in dental radiology (G2), dentists specialists in dental radiology (G3) and
analysis by artificial intelligence (Al). Undergraduates in Dentistry, who had previously
attended all the disciplines of Dental Radiology and Imaging, were included in Group G1. In
Group G2, all dentists had graduated at least 5 years previously. Group G3 was composed of
dentists who had obtained the title of specialist in Dental Radiology and Imaging more than 5
years previously. Thus, each group was composed of 05 professionals according to the degree
of training. Individuals were selected by convenience sampling.

Each member previously received individual training, by means of explanatory videos
about the region of analysis in the exam, the anatomical structures of which this region is
composed and possible existence of calcifications. A description of the radiographic
characteristics of cervical calcifications was provided, and exemplification by means of
exams in which there was proof of presence of these calcifications. All individuals received
the same training prior to image analysis.

Subsequently, the 100 panoramic radiographs selected were sent to each individual to
identify calcifications in the soft tissue region in the lower region of the panoramic
radiograph, covering the underlying portion of the lower cortical bone of the mandible and the
cervical/neck region. Thus, the study evaluators analyzed the radiographs without time limit,
with the analysis limited to 20 daily exams and classifying them as: unilateral calcification,
demarcating the side where calcification was present, bilateral calcification and absence of
calcification. The members of each group were not aware of the other study participants,
making it impossible for any type of contact or exchange of information to occur during the

time of performing the analyses. After tabulating the evaluations of the images by the
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professionals included in the study, statistical tests were performed to establish accuracy and

comparison between groups.

Artificial intelligence analysis

To determine the accuracy of the software developed using artificial intelligence for
the purpose of automated identification of cervical calcifications, out of the 14526 panoramic
radiographs that were components of the database obtained for the study, all exams that
showed some types of cervical calcification were selected, totaling 1416 exams with
calcification. Of these, 480 had bilateral calcification, totaling 1896 calcified sides. 1640 non-
calcified sides were selected for software training. Each side selected was cut in the lower
regions to a size of 378 x 214 pixels for image processing by deep learning.

The software was trained using Tensorflow, and the sample was divided into training
and test datasets. The split ratio was 80% (n=1517 calcified sides and n=1312 non-calcified
sides) of the images for training and 20% (n=379 calcified sides and n=328 non-calcified
sides) for testing.

The neural network used to determine the accuracy of the software was composed of
05 convolutional layers, 03 pooling beds, 01 flatten, 04 dropout and 04 dense layers. The
Binary Crossentropy loss function and the Adam optimization algorithm were implemented.

The accuracy of the neural network trained by deep learning was 74%, in an epoch

number 12.
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Figure 2. Software accuracy in training (red) and test (blue) data over 12 epochs

Statistical tests
Kappa statistics were calculated to determine the intra- and interobserver agreement in
the general analysis of the tests. McNemar's test was performed for comparison between

groups. A ROC curve was plotted to illustrate the accuracy of each group.

RESULTS

The Kappa statistical test performed showed excellent intra and interobserver
agreement, 0.96 and 0.94, respectively. In evaluation of the 100 panoramic radiographs (200
sides) per individual, totaling 1000 sides analyzed in each group (Graduates (G1), Non-
Special Dentists (G2) and Specialist Dentists in Dental Radiology (G3)), it was possible to
define the individual accuracy per group and establish a comparison between the different
groups.

The accuracy of the Groups of Undergraduates (G1), Dentists (G2) and Specialists

(G3) were 70, 71 and 81%, respectively, represented in Table 1, together with the sensitivity
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and specificity values. A comparison was established between the groups and the automated

identification obtained by artificial intelligence (deep learning), which was referred to as

group Al and with an accuracy of 74%. For comparison between groups, the McNemar test
was performed, showing a statistically significant difference between Specialists (G3) and
Undergraduates (G1); Specialists and Dentists (G2); and Experts and Atrtificial Intelligence
(DL). There was statistical difference in the comparison of accuracy between Artificial
Intelligence and Undergraduates; and Artificial Intelligence and Dentists. There was no

statistically significant difference between Undergraduates and Dentists (Table 1).

Table 1 - Mean Values (Confidence Interval) of area Receiver Operating Characteristic
(ROC) Curve Accuracy (Az), sensitivity and specificity distributed according to the different

Groups of Individuals studied

Groups Accuracy (Az) Sensitivity Specificity
Undergraduates (G1) |0.70 (0.56- 0.83) C 0.55 (0.49-0.69) 0.83 (0.70-0.96)
Dentists (G2) 0.71 (0.57- 0.83) C 0.63 (0.48-0.72) 0.76 (0.67-0.81)
Radiologists (G3) | 0.81 (0.72-0.87) a 0.84 (0.72-0.98) 0.79 (0.70-0.84)
Artificial Intelligence | 0.74 (0.61- 0.86) b 0.71 (0.55-0.82) 0.87 (0.76-0.99)

Equal letters do not differ statistically, and different letters differ statistically, by the McNemar Test (p<0.05).
ROC: Receiver Operating Characteristic
p<0.05 in C of 95%

To illustrate the accuracy of undergraduate groups (G1), non-specialist dentists (G2),
dentists specializing in dental radiology (G3) and artificial intelligence (DL), the ROC curve
was plotted, and showed superior performance of Group G3 , illustrated by the letter C, in

relation to the other groups (Figure 3).
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Sensibilidade

1 - Ezpecificidade

Figure 3 - ROC curve for results obtained from Undergraduates (A), Dentists (B),
Radiologists (C) and Artificial Intelligence (D). (d) shows the point representing the shortest
distance to the maximum value: the smaller this distance is, the greater the area under the
ROC curve.

DISCUSSION

Historically, dental exams, aim to evaluate teeth and adjacent structures. However,
with the possibility of analyzing peripheral anatomical structures in the maxillofacial complex
by means of exams that are broad in scope, such as panoramic radiography, the diagnostic
possibilities of conditions of local and/or systemic relevance have been extended. For
example, we cite the study by Friedlander and Lande, in 1981, who demonstrated the
possibility of identifying calcified atheromas in the carotid artery on conventional Panoramic
Radiography. ° With the development of digital dental radiology, which provided imaging
exams with greater clarity and definition, in addition to enabling the expansion of images,

there were advances in the identification of pathologies and anatomical variations in
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panoramic radiographs.® This possibility of diagnosing pathological conditions of clinical
relevance in peripheral regions of the panoramic radiograph motivated analysis of how the
professional's degree of training could have an influence on this diagnosis.

In the lower cervical portion, there are bone structures, muscles and vascular bundles
that support the skull and enable blood flow to the brain region. There is also the presence of
the lymphatic system, muscles that are important for the articulation of the tongue, trachea
and esophagus, thyroid cartilage, epiglottis and triticeal [cartilage?].” By means of
radiography, it is possible to identify the vertebrae, usually up to the C4 or C5 vertebra (out of
a total of 7 cervical vertebrae) in the periphery of the examination and the hyoid bone in a
more central region of the lower third. Although the hyoid bone is a single bone and the
vertebrae are centralized, on Panoramic Radiographs it is represented by two structures,
formed by the tomographic principle of panoramic image formation.***** A smaller variety of
calcified structures can be seen in the lower portion when compared with other portions of the
panoramic radiograph, which facilitates the diagnosis of pathological conditions and
anatomical variations associated with processes of atypical deposition of calcium salts

In the present study, the lower portion of the panoramic radiograph was analyzed,
limiting the analysis to the region below the mandibular angle. The soft tissue calcification
that can have the greatest clinical impact is the carotid artery atheroma, due to its relationship
with cerebrovascular events. This calcification is localized in the lower portion of the
panoramic radiograph, which motivates the investigation of it and of any calcification that
may be included in a differential diagnosis. Once the presence of cervical calcification that
may be suggestive of calcified atheroma in the carotid artery is identified, complementary
methods should be requested to obtain a differential diagnosis. Doppler ultrasonography and
Manzi projection are complementary, non-invasive, medical and dental exams, respectively,

capable of providing a differential diagnosis.®®
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Prevalence studies have been carried out for specific calcifications such as sialoliths,
calcified atheromas, tonsilloliths, elongated styloid process and calcified stylohyoid
ligament.’**® The prevalence of calcifications in panoramic radiography was evaluated by
Ribeiro et al., in 2018, totaling 468 calcifications found in 2375 panoramic radiographs
analyzed. The presence of calcification was reported in the stylohyoid and stylomandibular
ligament, in addition to atheroma, sialolith, tonsillolith, rhinolith and anthrolith
calcifications.” However, the capability of individuals with different degrees of professional
formation for identifying calcifications localized in the lower third of a Panoramic
radiography has not previously been studied, and the analysis performed in this study is
unprecedented. The comparative analysis between professional training and the ability to
detect calcifications, pathological conditions and forensic investigation demonstrated that
professionals with a higher level of training and greater clinical experience produced superior
results in imaging diagnosis.*®

The diagnostic capability of software developed by means of artificial intelligence has
recently been the target of studies in dentistry. In a study analyzing the capacity for predicting
nodal metastasis in [cases of] oral squamous cell carcinoma, the software developed through
machine learning showed an accuracy of 84% in the analysis of histological slides, a result
that was superior to that of the model used to assess tumor depth of invasion, which showed
accuracy of 66%.™ The capacity for detecting plaque in photographs of primary dentition was
compared between an experienced specialist in pediatric dentistry and a software developed
through deep learning. The results of this study demonstrated an accuracy of 74% for
artificial intelligence, and of 70% for specialist in pediatric dentistry.”® Avrtificial intelligence
has achieved considerable performance in categorization and diagnosis in variable clinical
situations in dentistry, which expands the possibilities of it application even further.

When artificial intelligence was used for the diagnosis made on panoramic
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radiographs, its performance in predicting eruption of third molars was evaluated according to
the angulation of the tooth in the process of formation. An accuracy of 90% was verified in
the different degrees of angulation of the mandibular third molars, in addition to a reduction
of 53% in the time taken to perform the analyses.21 In a study evaluating the capacity for
diagnosing cysts and tumors in panoramic radiographs by means of deep learning, the
software showed an accuracy of 71% in the adequate categorization of the areas.22 In the
present study, the sample of 1898 calcified sides and 1640 non-calcified sides used for
training and testing the software developed through deep learning was considerable given the
low prevalence of cervical calcifications. The heterogeneity of cervical calcifications makes it
difficult to diagnose them because multiple patterns of radiopacity can represent different
calcifications. In view of the difficulties with diagnosing cervical calcifications, the accuracy
of 74% obtained by artificial intelligence represents a good rate and corroborates the results of
automated diagnosis in panoramic radiographs described in the literature. Diagnosis in
panoramic radiographs using models based on artificial intelligence has shown good levels of
accuracy and reduced the time spent on analysis. Worth mentioning is the fact that the groups
had training prior to performing the analyses, therefore, without training their performance
would probably have been lower.

Participants in the different groups of professionals in this study received the same
prior training by means of instructional videos and each member performed the analyses by
himself/herself. There was a statistically significant difference between specialist dentists
(G3) and groups of undergraduates (G1) and non-specialist dentists (G2). This result
reinforces the importance that a higher prior theoretical load and experiences associated with
specialization courses made it possible to produce a more accurate diagnosis, in addition to
the importance of preparing radiographic reports on all imaging tests, including the routine

types. The distinction between anatomical and atypical structures is the key factor for
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diagnosis, specialists tend to have a superior ability to define structural anatomical limits,
especially in conditions of overlapping structures and calcifications.

In some ways it was surprising that there was no statistically significant difference
between the group of undergraduates (G1) and non-specialist dentists (G2), since the clinical
experiences themselves in radiographic analysis performed in dental practice allow greater
familiarity with the structures associated with the exam. This result was perhaps associated
with the greater importance given to the analysis of the central portion of the [radiographic]
exam, in which the dental structures are found, rather than [to analysis of} the upper and
lower regions of the maxilla and mandible. Future studies could confirm this assertion by
comparing the capacity between undergraduates and non-specialist dentists for detecting
pathological conditions in the central region, such as cysts and tumors, periodontopathies,
among other conditions, and in the upper region, such as the capacity for diagnosing
sinusopathies.

The findings obtained in the present study demonstrated that artificial intelligence
showed superior results to those of undergraduates and dentists, and inferior to those of
specialists. This result demonstrated that Artificial Intelligence was a promising method for
this analysis, making it possible to expand the diagnostic capacity of certain groups of

professionals. Nevertheless, Al is not a substitute for assessment by an expert.
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8 CONSIDERACOES FINAIS

A inteligéncia artificial representa uma ferramenta adicional na identificacdo de
calcificagdes cervicais em radiografia panordmica, ndo substituindo a analise de um
especialista, mas ampliando as possibilidades diagnosticas e preventivas de processos
patoldgicos.

A formacéo profissional apresenta relacdo direta com a capacidade diagnostica, sendo
as experiéncias teoricas e clinicas associadas a um curso de especializacdo em radiologia
odontolégica capazes de possibilitar um desempenho superior na identificacdo de

calcificagdes cervicais em radiografia panoramica.



85

REFERENCIAS

AHLQWIST, M.; HALLING, A.; HOLLENDER, L. Rotational panoramic radiography in
epidemiological studies of dental health. Comparison between panoramic radiographs and
intraoral full mouth surveys. Sweden Dental Journal, v.10, n.1-2, p. 73-84, 1986.

ANGELOPOULOQU, F. et al. Calcified lymph nodes and systemic sclerosis. Mediterraneum
Journal of Rheumatology, v.29, n.2, p. 97-98, 2018.

BABA, A. et al. Evaluation of normal epiglottis on computed tomography with special
attention to thickness. Bulletim of Tokyo Dental College, v.60, n.1, p. 11-16, 2019.

BARNETT, H.J. et al. Benefit of carotid endarterectomy in patients with symptomatic
moderate or severe stenosis. North American Symptomatic Carotid Endarterectomy Trial
Collaborators. New England Journal of Medicine, v.339, n.20, p. 1415-1425, Nov. 1998.

BAURMASH, H.D. Submandibular salivary stones: current management modalities. Journal
of Oral and Maxillofacial Surgery, v.62, n.3, p. 369-378, Mar. 2004.

BAYRAM, B. et al. Digital panoramic radiography: a reliable method to diagnose carotid
artery atheroma. Dentomaxillofacial Radiology, v.35, n.4, p. 266-270, July 2006.

CALDAS, M. et al. Tonsillolith - report of an unusual case. British Dental Journal, v. 202,
p. 267, 2007.

CARTER, L.C. Discrimination between calcified triticeous cartilage and calcified carotid
atheroma on panoramic radiography. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology and Endodontics, v.90, n.1, p. 108-110, July 2000.

CHARTRAND, G. et al. Deep learning: a primer for radiologists. Radiographics, v.37, n.7,
p. 2113-2131, Nov./Dec. 2017.

CHAVES, T.C. et al. Craniocervical posture and hyoid bone position in children with mild 44
and moderate asthma and mouth breathing. International Journal of Pediatric
Otorhinolaryngology, v.74, n.9, p. 1021-1027, Sept. 2010.

CHEN, H. et al. A deep learning approach to automatic teeth detection and numbering based
on object detection in dental periapical films. Scientific Reports, v.9, n.1, p. 3840, Mar.
20109.

CHOI, J. et al. Chondrosarcoma of the epiglottis: a case report and literature review. Journal
of Voice, v.32, n.4, p. 484-487, 2018.

CHOI, J.; KIM, I.K.; OH, N.S. Multiple sialoliths in sublingual gland: Report of a case.
International Journal of Oral and Maxillofacial Surgery, v.31, n.5, p. 562-563, Oct. 2002.

CHUANG, C.C.; LIN, H.C.; HUANG, C.W. Submandibular cavernous hemangiomas with
multiple phleboliths masquerading as sialolithiasis. Journal of the Chinese Medical
Association, v.68, n.9, p. 441-443, Sept. 2005.



86

COOPER, M.M. et al. Tonsillar calculi. Report of a case and review of the literature. Oral
Surgery, v. 55, n. 3, p. 239-243, 1983.

ERTAS, E.T.; SISMAN, Y. Detection of incidental carotid artery calcifications during dental
examinations: panoramic radiography as an important aid in dentistry. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodontics, v.112, n.4, p. ell-el7, Oct.
2011.

ESTEVA, A. et al. Dermatologist-level classification of skin cancer with deep neural
networks. Nature International Journal of Science, v.542, n.7639, p. 115-118, Feb. 2017.

FERRARIO, V.F. et al. Calcification of the stylohyoid ligament: Incidence and
mophoquantitative evaluations. Oral Surgery, Oral Medicine, and Oral Pathology, v.69,
n.4, p. 524-529, Apr. 1990.

FRIEDLANDER, A.H. Panoramic radiography: the differential diagnosis of carotid artery
atheromas. Special Care in Dentistry, v.15, n.6, p. 223-227, Nov./Dec. 1995.

GIUDICE, M. et al. An unusual tonsillolithiasis in a patient with chronic obstructive
sialoadenites. Dentomaxillofacial Radiology, v.34, p. 247-250, 2005.

GLIKSON, E. et al. The anatomical evolution of the thyroid cartilage from childhood to
adulthood: A computed tomography evaluation. Laryngoscope, v.127, n.10, p. E354-E358,
Oct. 2017.

GRANT, E.G. et al. Carotid artery stenosis: gray scale and Doppler US diagnosis—Society of
Radiologists in Ultrasound Consensus Conference. Radiology, v.229, n.2, p. 340-346, Nov.
2003.

GULSHAN, V. et al. Development and validation of a deep learning algorithm for detection
of diabetic retinopathy in retinal fundus photographs. The Journal of the American Dental
Association, v.316, n.22, p. 2402-2410, Dec. 2016.

HAITER NETO, F.; KURITA, L.; CAMPOS, P.S. Diagndstico por imagem em
Odontologia. Sdo Paulo: Editora Napole&o, 2018. 600 p.

HOSNY, A. et al. Deep learning for lung cancer prognostication: A retrospective multi-cohort
radiomics study. PLoS Medicine, v.15, n.11, p. €1002711, 2018.

KAMIKAWA, R.S. et al. Study of the localization similar to calcified to carotid atheroma by
means of panoramic radiography. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontics, v.101, n.3, p. 374-378, Mar. 2006.

KANAYA, H. et al. Intramuscular hemangioma of masseter muscle with prominent formation
of phleboliths: a case report. Auris Nasus Larynx, v.35, n.4, p. 587-591, Dec. 2008.

KANO, M. et al. A morphometric study of age-related changes in adult human epiglottis
using gquantitative digital analysis of cartilage calcification. Cells, Tissues, Organs, v.180,
n.2, p. 126-137, 2005.



87

KASABOGLU, O. et al. Micromorphology of sialoliths in submandibular salivary gland: a
Scanning Electron Microscope and X-Ray diffraction analysis. Journal of Oral and
Maxillofacial Surgery, v.62, n.10, p. 1253-1258, Oct. 2004.

KEBERLE, M.; ROBINSON, S. Physiologic and pathologic calcifications and ossifications in
the face and neck. European Radiology, v.17, n.8, p. 2103-2111, 2007. doi:10.1007/s00330-
006-0525-6.

KIM, J.H. et al. Comparison of the diagnostic performance of panoramic and occlusal
radiographs in detecting submandibular sialoliths. Imaging Science in Dentistry, v.46, n.2,
p. 87-92, June 2016.

KIM, D.H.; WIT, H.; THURSTON, M. Artificial intelligence in the diagnosis of Parkinson’s
disease from ioflupane-123 single-photon emission computed tomography dopamine
transporter scans using transfer learning. Nuclear Medicine Communications, v.39, n.10, p.
887-893, Oct. 2018.

KING JUNIOR, B.F. Artificial intelligence and radiology: what will the future hold? Journal
of the American College of Radiology, v.15, n.3, Part.B, p. 501-503, Mar. 2018.

LAIOS, K. et al. From thyroid cartilage to thyroid gland. Folia Morphology (Warsz), v.78,
n.1, p. 171-173, 2019. doi:10.5603/FM.a2018.0059.

LAKHANI, P.; SUNDARAM, B. Deep Learning at chest radiography: automated
classification of pulmonary tuberculosis by using convolutional neural networks. Radiology,
v.284, n.2, p. 574-582, Aug. 2017.

LEE, J.H. et al. Detection and diagnosis of dental caries using a deep learning-based
convolutional neural network algorithm. Journal of Dentistry, v.77, p. 106-111, Oct. 2018a.

LEE, J.H. et al. Diagnosis and prediction of periodontally compromised teeth using a deep
learning-based convolutional neural network algorithm. Journal of Periodontal & Implant
Science, v.48, n.2, p. 114-123, Apr. 2018b.

LIMA, G.A.G. et al. An isolated phlebolith on the lip: an unusual case and review of the
literature. Case Report in Pathology, v.2015, ID. 507840, p. 1-5, 2015.
d0i:10.1155/2015/507840

LINTON, M.F. et al. The role of lipids and lipoproteins in atherosclerosis. In: DE GROOT,
L.J. et al. Endotext. South Dartmouth (MA): NCBI Bookshelf, 2015, p. 1-174.

MANGANARO, A.M.; NYLANDER, J. Eagle’s syndrome: a clinical report and review of
the literature. General Dentistry, v.46, n.3, p. 282-284, May/June 1998.

MANZI, F.R. et al. Panoramic radiography as an auxiliary in detecting patients at risk for
cerebrovascular accident (CVA): case report. Journal of Oral Science, v.45, n.3, p. 177-180,
Sept. 2003.

MARQUEZ, J.G.G. et al. OSL dosimeters for dental panoramic radiography. Applied
Radiation and Isotopes, v.142, p. 32-37, Dec. 2018.


https://doi.org/10.1155/2015/507840

88

MCcBEE, M.P. et al. Deep learning in radiology. Academic Radiology, v.25, n.11, p. 1472-
1480, Nov. 2018.

MILLER, D.D.; BROWN, E.W. Artificial intelligence in medical practice: the question to the
answer? The American Journal of the Medicine, v.131, n.2, p. 129-133, Feb. 2018.

MIRALLES, R. et al. Body position and jaw posture effects on supra- and infrahyoid
electromyography activity in humans. Cranio, v.24, n.2, p. 98-103, Apr. 2006.

MOREIRA-SOUZA, L. et al. Brightness and contrast adjustments influence the radiographic
detection of soft tissue calcification. Oral Diseases, v.25, n.7, p. 1809-1814, Oct. 2019.

NESHAT, K.; PENNA, K.J.; SHAH, D.H. Tonsillotith: A Case Report. Journal of Oral and
Maxillofacial Surgery, v. 59 p. 692-693, 2001.

OLIVEIRA, A.C. et al. Central hemangioma of the mandible in a 7 year old child.
International Journal of Paediatric Dentistry, v.19, n.3, p. 216-218, May 2009.

OMNELL, K.H.; GANDHI, C.; OMNELL, L. Ossification of the human stylhyoid ligament.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics, v.85,
n.2, p. 226-232, Feb. 1998.

PAE, E.K. et al. Can facial type be used to predict changes in hyoid bone position with age?
A perspective based on longitudinal data. American Journal of Orthodontics and
Dentofacial Orthopedics, v.134, n.6, p. 792-797, Dec. 2008.

PAQUETTE, M.; TEREZHALMY, G.; MOORE, W.S. Calcified lymph nodes. Quintessence
International, v.37, n.7, p. 562-563, 2003.

PEARSON JUNIOR, W.G.; LANGMORE, S.E.; ZUMWALT, A.C. Evaluating the structural
properties of suprahyoid muscles and their potential for moving the hyoid. Dysphagia, v.26,
n.4, p. 345-351, 2011.

PERSCHBACHER, S. Interpretation of panoramic radiographs. Australian Dental Journal,
v.57,n.1, p. 40-45, 2012. d0i:10.1111/j.1834-7819.2011.01655.x

RAM, S. et al. Pseudo bilateral tonsilloliths: A case report and review of the literature. Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontics, v. 98, p. 110-
114, 2004.

ROSLER, A.M. et al. Artificial intelligence and transcatheter aortic prosthesis selection.
Brazilian Journal of Cardiovascular Surgery, v.33, n.4, p. 391-397, 2018.

SAGLAM, A.M.S.; UYDAS, N.E. Relationship between head posture and hyoid position in
adult females and males. Journal of Craniomaxillofacial Surgery, v.34, n.2, p. 85-92, Mar.
2006.

SALMAN, R.A.; KINNEY, L.A. Calcified thyroid cartilage. Oral Surgery, Oral Medicine,
and Oral Pathology, v.70, n.6, p. 806-807, 1990.



89

SCOLOZZI, P. et al. Intraoral venous malformation presenting with multiple phleboliths.
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontics, v.96,
n.2, p. 197-200, Aug. 2003.

SEZER, B.; TUGSEL, Z.; BILGEN, C. An unusual tonsillolith. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology and Endodontics, v.95, p. 471-473, 2003.

SUTTER, W. et al. Cross-sectional study on the prevalence of carotid artery calcifications,
tonsilloliths, calcified submandibular lymph nodes, sialoliths of the submandibular gland, and
idiopathic osteosclerosis using digital panoramic radiography in a Lower Austrian
subpopulation. Quintessence International, p. 231-242, Jan. 2018. doi:10.3290/j.qi.a39746.

VALENZUELA, S. et al. Does head posture have a significant effect on the hyoid bone
position and sternocleidomastoid electromyographic activity in young adults?. Cranio, v.23,
n.3, p. 204-211, July 2005.

VALERIO, C.S. et al. Stylohyoid syndrome. Journal of Craniofacial Surgery, v.23, p. 138-
140, 2012.

ZENGIN, A.Z.; CELENK, P.; SUMER, A.P. Intramuscular hemangioma presenting with
multiple phleboliths: a case report. Oral Surgery, Oral Medicine, Oral Pathology, and
Oral Radiology, v.115, p. 32-36, 2013.

WESTHUIJZEN, A.J.D.; MERWE, J.V.D. Eagle's Syndrome: Lesser cornu amputation: an
alternative surgical solution? International Journal of Oral and Maxillofacial Surgery,
v.28, p. 335-337, 1999.

WICKRAMASINGHE, A.; HOWARTH, A.; DRAGE, N.A. Multiple bilateral parotid
sialoliths in a patient with mucosa-associated lymphoid tissue lymphoma (MALT lymphoma)
of the salivary glands. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontics, v.99, p. 496-498, 2005.

YAN, Y.Z. et al. Normal radiological anatomy of thyroid cartilage in 600 Chinese
individuals: implications for anterior cervical spine surgery. Journal of Orthopedic Surgery
Research, v.13, n.1, p. 31, 2018. doi:10.1186/s13018-018-0728-y.

YANG, H. et al. Deep learning for automated detection of cyst and tumors of the jaw in
panoramic radiographs. Journal of Clinical Medicine, v.9, n.6, p. 1839, 2020.
doi: 10.3390/jcm9061839.

YOON, S.J. et al. Diagnostic accuracy of panoramic radiography in the detection of calcified
carotid artery. Dentomaxillofacial Radiology, v.37, p. 104-108, 2008.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=32545602
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7356620/
https://dx.doi.org/10.3390%2Fjcm9061839

ANEXO A — Parecer Consubstanciado do Comité de Etica em Pesquisa PUC Minas

PONTIFICIA UNIVERSIDADE

CATOLICA DE MINAS GERAIS _WM
PUCMG

PARECER CONSUBSTANCLIADD DO CEP
DDOE 0D PROJETD DE FESGUREA

Thulo da Pesguisa: INTELIGENCIA ARTIFICIAL Ma IDENTFICACAD DE CALCFICACOES CERVICALS
EM RADIDGRAFIAS PANORAMICAE

Pasguisador: Gulbheme Audusio Alees oe Olhaina
Asan Temblica:

Varsdn: 1

CAAE: MU0 ED000 5137

Ires it o Proponanie: Ponilioa Uniserskdiats Caidlica de Minas Conis - PLCMG
Puirocinador Principal: Financiamenio Fropis

DA0OE D PARECER
Ko do Pamsces: 44003255

Apsusaniagiio do Projso:

O projens propde oo ohamanio &F m sofwan poks imcipinea Aol areds oo feramoenia Db
Laaiming pana khaniifiear caboil ca)ids Cirvifots SlDimlion i Tk & oy afioe parriin e I okl o
14.528 rediografies pandrbmicas dgias, obdidas na base do dados da Clinica Radiokigica do Depari amenio
e Cooniséogia da PLUCRINAE Sorld ullzadas. Denii 5588, Sorbd 5ol otion adas Sl Juad apnESaiiam
Calolficaotes (M) & SqHEE GUE NED SEPERENtam (conrobl] O oridii do Inchabs Dai o0 oxaimies 3o
imiido 380 redografias panorlimicas digiias que apreseniemn Waualizacso ampls da regilio canrdcal,
CoMmpreandends a5 wiricbras blainms. com a dentlcacts do apareiid: UllEedo pand Souechs 0o Edama.

Oibjetivi da Pasgiilsa
Cityriinax Primisrio:
- i R i automadzads do calcifagdes conicals om Radfogralias Panc@imicas.

Dtyjrivos Seoundanos

- PrEveRng i G pIOCeiscs palobly ot pila demfcagio precoos o8 caloifcashi corvicas oom neliincia
b,

Avallatdo dos Riscos o B ficios:

Fisoo: Pk Pl Mieoins: MEwiaivies

Endsrsg: A, Dom o Garpr, 500 - Prigio 41, msis 228
Omima: Comsie Do mcr OEP: 3o o

ur: RG Menicipic DELO HORIBONTE

Telwlasa: (3431188517 Far [IAOHSAZT E-mait p oppoiiseoTires b

91



92

PONTIFICIA UNIVERSIDADE
CATOLICA DE MINAS GERAIS -
PUCMG

Catrungin 00 Pancw 442030

Beneficios: ionificaclo precoce ¢ auomatizada 4 patclogias assintomaticas com reevancia dinica

Comantirios ¢ Consideragdes solve a Pesquisa:
Trabaho exeguivel @ relvanie.

Considaragdas sobre o3 Termos de agrasentacho cbrigatdria:

o™

Os tormos de apreseniaglo obigatinia foram anexados ¢ ¢sa30 48 S0 OMM &b POMES vigenies

Condusdes ou Pendincias ¢ Lista de Inadeguacies:
Sem pensdnoias
Consideragdes Finais a critdrio do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados

BELO HORSZONTE, 16 de Novembro de 2020

Assinado por:
CRISTIANA LEITE CARVALHO
(Coordenadoria))

Endarsgo:  Av. Doer José Gaspar, 500 - Pricio 0 s 220
Batvo: Coacio fucwistico fe 4.0
UrF: NG Menicipicc  BELO MORZONTE
Teletose: (3103954517 Fax (J1Q194217

30 5359

Ewmait oepproppofipecriras be

Tipo Documenio Agavo Postagem Autor Stuacio

%zmmmwm .77

w_mﬂm M"Ww«m&w@ G
051908 JANeE de Olhveia

Progio Dolaihado | | propess_gahere. docs 21002020 |Guiherme Augusio | Aceio

Brochwra 01818 JAMes e Olhveia

L [ T |3 e v T A 18 (€T I T
121514 | Alves de Otvei

Shuacdo do Parecer:

AC(OvMat0

Necessita Apreciacio da CONEP.

N




Nascimento

Filiacdo

2009-2014

2014-2016

2014-2019

2018

2019

2019-Atual

2018-Atual

2019-Atual

93

ANEXO B - Dados Curriculares

Guilherme Augusto Alves de Oliveira

30.04.1991 — Itatna, MG

Ita Lopes de Oliveira
Maria Aparecida Alves de Oliveira

Graduagdo em Odontologia
Universidade de Itatna/UIT

Curso Stricto Sensu a nivel de Mestrado em Clinicas Odontologicas, com
énfase em Periodontia
PUC-Minas

Cirurgido-dentista Nucleo Cardiologico Integrado — Mateus Leme, MG

Professor da Disciplina de Histologia e Desenvolvimento Bucodentario
Centro Universitario UNA Bom Despacho, MG

Professor da Disciplina de Imaginologia
Centro Universitario UNA Bom Despacho, MG

Professor da Disciplina de Periodontia
Centro Universitario UNA Bom Despacho, MG

Curso Stricto Sensu a nivel de Doutorado em Clinicas Odontoldgica
PUC-Minas

Cirurgido-dentista e Proprietario da Clinica Odontologica OX Odontologia -
Mateus Leme, MG



95

ANEXO C - Producéo intelectual do aluno durante o curso do Doutorado

A. PRODUCAO BIBLIOGRAFICA

» Artigos Completos Publicados

1. OLIVEIRA GAA, MOREIRA JUNIOR G, SILVEIRA AP, SANTOS RPM, MANZI FR.
In vitro evaluation of apical microleakeage in retrofillings with different resection angles.
Acta Odontologica Latinoamericana, v.32, n. 3, p. 121-125, 2019. (Qualis A4)

121

In vitro evaluation of apical microleakage in
retrofillings with different resection angles

Guilherme A. A. Oliveira', Gil Moreira Janior?, André P. Silveira’,
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ABSTRACT

Paraendodontic swrgery (s a procedure thal aims fo solve
probigms that cowld not be solved by, or when it is not possibile fo
prevform conventional endodontic treatment. The aim of this

experimental study was to compare the apical microleakage of

teeth sectioned at 43% or 907 to the fong axis of the tooth and
roof-end filled with mineral trioxide aggregate (MTA) using
stereomicroscopy. fn this study, 26 mecillary central incisors were
used. Cleaning and shaping were performed with wse of the
Chregon technigue and the samples were randomly divided into
twor growps. fn Crowp A (n= [} apical section was performed al
an angle of WP, making o refrocavity with an ultrasonie g and
retrofilling with MTA. In group B (r= 1) the same procedures
were performed, bul the apical section was af a 457 angle. Then

the samples were immersed in a dye (India ink), placed in an oven

al 37° for 48 h before appdying the clearing technigue. Afierwards
the teeth were assessed by stereomicroscope at 20x magnification
fo analyze dve leakage. Data were submitied to the Student 5-t
fest with significance fevel p<@.03. There was stafistically
significant difference between groups. Group 8 showed higher
apical microleakage values compared with group 4 (P=0.004),
bt Both groups showed dve feakage. The results showed that the
WP apical section promoted lower dve microleakage values at
the dentin-retrofilling material interface than the 4357-section and
could be considered the most effective technigue for apical
preparation in paraendodontic surgen.
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friodde aggregate.
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Abstract

Background: Based on relation of pathological effects of stress on the body and its reflex on blood pressure, the
high level of stress undergone by medical students becomes a concem about quality of medical training and its
heaith. The aim is to verify the possible influence of stress during exam periods on the blood pressure of medical
students.

Method: The systemic arterial pressure (SAP) of 109 medical students of an institution was measured and
analyzed in the period from March to September 2016, using the standardization recommended by the American
Heart Association, in 3 time intervals: school holidays, cl without and cl. with exams.

Results: The authors verified that the systolic arterial pressure and cardiac frequency values checked on exam
days were statistically higher (mean of 121.60 mmHg and 85 bpm, respectively) than when measured on class days
or during vacations. Whereas the systolic arterial pressure and cardiac frequency values measured on class days
were significantly lower than those on the other days (mean of 112.75 mmHg and 74.86 bpm, respectively).
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INTRODUGAO

Frequentemente imagens radiopacas sao encontradas em exa-
mes radiograficos de rotina odontolégica. Essas imagens po-
dem corresponder a calcificagbes em tecido mole, que sao de=
posigoes de sais de calcio que normalmente ocorrem no corpo
humano. Por diversos motivos, determinados fatores podemi
var ao desenvolvimento dessas calcificagées em tecidos
denominadas de calcificagdes heterotopicas. Essas

¢oes podem ser do tipo metastatica, distrofica ou idi

calcinose). A calcificagao metastatica geralmente ap
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