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RESUMO

Os estudos epidemiolégicos em salde bucal mostram que as méas oclusdes representam o
terceiro problema odontolégico de salde publica e, por isso, € fundamental investigar a
prevaléncia de tais condi¢Bes antes de definir estratégias e intervencdes em saude bucal. Esta
pesquisa teve como objetivo avaliar as caracteristicas oclusais dos adolescentes de Montes
Claros — MG, para estimar a prevaléncia de mé ocluséo e os fatores associados. Além disso,
construir um modelo para diagndstico da gravidade da méa oclusdo utilizando a rede neural
artificial e testar a taxa de sucesso do mesmo. Para atingir os objetivos, dois estudos foram
conduzidos. O Estudo 1 teve como objetivo estimar a prevaléncia das alteracGes oclusais e
da ma oclusdo em adolescentes, segundo sexo, experiéncia de carie, presenca de sangramento
gengival e insatisfagdo com o sorriso. Para isso um inqueérito epidemiologico foi realizado
com 600 adolescentes, de 10 a 16 anos, de ambos os sexos. Para coleta dos dados de saude
bucal, foram realizados exames de inspecéo, intra e extrabucal, no préprio ambiente escolar,
por trés pesquisadoras calibradas e com concordancia satisfatoria. Os seguintes aspectos
foram considerados: ndmero de dentes cariados, perdidos ou obturados; presenca de
sangramento gengival a sondagem; e condicdo da oclusdo dentéria, de acordo com os critérios
estabelecidos pela Organizacdo Mundial da Salde. A prevaléncia de ma ocluséo foi estimada
de duas formas, considerando os parametros descritos nos indices de estética dental e Foster e
Hamilton adaptados e, outra incluindo a avaliacdo da linha média dentaria e da agradabilidade
facial e do sorriso. As analises foram conduzidas apos correcdo pelo efeito de desenho
amostral. Estimaram-se prevaléncias para cada condicdo oclusal investigada, e foram
calculadas as diferencas, conforme sexo, experiéncia de carie, presenca de sangramento
gengival e insatisfacdo com o sorriso. Para a analise dos dados, utilizou-se a Regressdo de
Poisson, com variancia robusta, e, para o calculo da prevaléncia de ma oclusdo, foi
considerado o conceito de que a presenca de uma alteracdo oclusal define a existéncia de ma
oclusdo. Os resultados mostraram que 83,5 % dos adolescentes se declararam negros ou
pardos, 61,5% eram do sexo feminino e 54% tinham 14 anos ou menos. Em relacdo aos dados
de saude bucal, 52,3% apresentavam experiéncia de céarie, 55,8% sangramento gengival e
49,4% estavam insatisfeitos com seus sorrisos. A alteracdo oclusdo mais comum foi o
apinhamento anteroinferior, com prevaléncia de 58,5%, seguida pelo desvio da linha média

(54,9%), apinhamento anterossuperior (51,5%), sobremordida profunda (47,7%) e



sobressaliéncia acentuada (46,5%). A prevaléncia de mé oclusdo foi estimada em 89,2% e
96,0% segundo as duas formas de avaliagdo. N&o houve nenhuma diferenca significante em
relagdo ao sexo. Relacdo molar de Classe 11, linha média desviada, mordida aberta anterior e
mordida cruzada anterior foram associados a experiéncia de cérie. A experiéncia de carie foi
menor nos individuos que apresentavam diastemas (RP = 0,81, IC = 0,66-0,97). A prevaléncia
de m& oclusdo foi maior nos adolescentes que apresentavam sangramento gengival (RP =
1,39, IC = 1,21-1,59) e o apinhamento anterossuperior e anteroinferior foram associados a
presenca de sangramento gengival. A insatisfacdo com os dentes foi associada aos sorrisos
classificados como aceitaveis e desagradaveis. Com base nesses resultados, conclui-se que a
ma oclusdo apresenta prevaléncia expressiva entre os adolescentes de Montes Claros/MG e
estd associada a experiéncia de carie, presenca de sangramento gengival e insatisfagdo com o
sorriso. O estudo 2 teve como objetivo construir um modelo utilizando a rede de neural
artificial, um recurso da inteligéncia computacional para determinar o diagnéstico da
gravidade da méa ocluséo e testar a taxa de sucesso do mesmo. Para a constru¢cdo do modelo,
os dados das 20 variaveis que caracterizaram a condicdo da oclusdo, dos 600 adolescentes
avaliados no primeiro estudo, foram inseridos como dados de entrada. Os dados de saida
foram os quatros niveis da classificacdo da gravidade da méa oclusdo: 1. Oclusdo normal, 2.
Ma oclusao leve, 3. Ma oclusdo moderada, 4. Ma oclusdo grave, obtidos apos interpretacéo
minuciosa dos dados, seguindo fluxograma construido para estudo. Os dados de 449
adolescentes foram utilizados para realizacdo da fase de treinamento ou aprendizagem, e 0s
dados dos 151 restantes foram utilizados para a fase de teste. Os dados foram divididos, nos
conjuntos de treinamento e teste, previamente a realizacdo do estudo, sem o conhecimento do
pesquisador responsavel (cegamento). Dos 600 adolescentes examinados, 24 (4%) possuiam
oclusdo normal, 160 (26,6%) ma oclusdo leve, 285 (47,6%) méa oclusdo moderada e 131
(21,8%) ma oclusdo grave. A taxa de sucesso do modelo construido para classificacdo da
gravidade das mas oclusdes foi 99,3%. Com base nesses resultados, conclui-se que a rede
neural artificial foi eficaz na determinacdo do diagndstico epidemiolégico da gravidade da méa
oclusdo, com 99% de acuracia. Por isso, sugere-se que 0 uso dos recursos da rede neural
artificial possa ser uatil como ferramenta na pesquisa cientifica, em especial, nos

levantamentos epidemioldgicos que incluam a avalia¢do da condicdo da oclusdo dentaria.

Palavras-chave: Adolescente. Prevaléncia. Saude Bucal. M4& Oclusdo. Rede Neural Artificial.



ABSTRACT

Epidemiological studies in oral health showed that malocclusions represent the third oral
public health problem and therefore it is essential to investigate the prevalence of such
conditions before defining strategies and interventions in oral health. This study aimed to
evaluate the occlusal characteristics of the adolescents of Montes Claros, MG, to estimate the
prevalence of malocclusion and associated factors. In addition, to construct a model for
diagnose of the malocclusion severity using the Artificial Neural Network and to test its
success rate. To achieve the objectives two studies were conducted. Study 1 aimed to
estimate the prevalence of occlusal changes and malocclusion of adolescents according to sex,
caries experience, presence of gingival bleeding and smile dissatisfaction. For this, an
epidemiological survey was conducted with 600 adolescents, with 10 to 16 years old, of both
sexes. In order to collect data on oral health, intra and extraoral examinations were carried out
in the school environment by three calibrated researchers with satisfactory agreement. The
following aspects were considered: number of decayed, missing or filled teeth, presence of
gingival bleeding and condition of dental occlusion, according to the criteria established by
the World Health Organization. The prevalence of malocclusion was estimated in two ways,
considering the parameters described in the indexes of dental aesthetics and Foster and
Hamilton adapted and other including the evaluation of the dental middle line and the facial
and smile pleasantness. Analyzes were conducted after correction by the sampling design
effect, and prevalence was estimated for each occlusal condition investigated, and the
differences were calculated according to sex, caries experience, presence of gingival bleeding
and smile dissatisfaction. For the analysis of the data, the Poisson regression was used, with
robust variance, and for the calculation of the prevalence of malocclusion, it was considered
the concept that, the presence of at least one occlusal alteration, defines the existence of
malocclusion. The results showed that 83.5% of the adolescents declared themselves black or
brown, 61.5% were female and 54% were 14 years or less. Regarding oral health data, 52.3%
had dental caries experience, 55.8% had gingival bleeding and 49.4% were dissatisfied with
their smiles. The most common occlusal alteration was crowding of lower anterior teeth, with
a prevalence of 58.5%, followed by the deviation of the midline (54.9%), crowding of upper
anterior teeth (51.5%), deep bite (47.7%) and overjet increased (46.5%). The prevalence of
malocclusion was estimated at 89.2% and 96.0% according to the two forms of evaluation.

There was no significant difference in sex. Class Il molar ratio, deviated medial line, anterior



open bite and anterior crossbite were associated with the caries experience. The caries
experience was lower in subjects who presented diastema (PR = 0.81). The prevalence of
malocclusion was higher in adolescents with gingival bleeding (PR = 1.39) and anterior
crowding were associated with the presence of gingival bleeding. The dissatisfaction with the
teeth was associated with smiles classified as acceptable and unpleasant. Based on these
results, it is concluded that malocclusion presents an expressive prevalence among the
adolescents of Montes Claros / MG and its associated with the experience of caries, presence
of gingival bleeding and dissatisfaction with the smile. Study 2 aimed to construct a model
using the artificial neural network, a computational intelligence resource to determine the
diagnosis of malocclusion severity and to test the success rate of this. For the construction of
the model the data of the 20 variables that characterized the occlusion condition, of the 600
adolescents evaluated in the first study were inserted as input data. Outcome data were the
four classification levels of severity of malocclusion: 1. Normal occlusion, 2. Mild
malocclusion, 3. Moderate malocclusion, 4. Severe malocclusion, obtained after a thorough
interpretation of the data, following a flowchart built in the study. Data from 449 adolescents
were used to perform the training or learning phase, and data from the remaining 151 were
used for the test phase. Data were divided in the training and test sets, prior to the study and
the responsible researcher was blinding. Of the 600 adolescents examined, 24 (4%) had
normal occlusion, 160 (26.6%) had mild malocclusion, 285 (47.6%) had moderate
malocclusion and 131 (21.8%) had severe malocclusion. The model success rate was 99.3%.
The results of this study demonstrated that the artificial neural network was effective in
determining the epidemiological diagnosis of the severity of malocclusion, with 99%
accuracy. Therefore, it is suggested that the use of neural artificial network resources can be
useful as a new tool in scientific research, especially in epidemiological surveys wich includes

evaluation of the dental occlusion.

Keywords: Adolescent; Prevalence; Oral Health; Malocclusion; Artificial Neural Network.
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1 INTRODUCAO

Ma oclusdo € um termo genérico utilizado para designar as alteracbes no posicionamento dos
maxilares, no posicionamento dos dentes e na oclusdo dentaria: ma posicao individual dos
dentes, discrepancia osteodentaria e modificacdes no relacionamento sagital, vertical e
transversal dos arcos dentais (1-4). A Organizacdo Mundial da Saide (OMS) define ma
oclusdo como o conjunto de “anormalidades dentofaciais” no qual se incluem as anomalias
nos dentes e na face, as quais causam deformacdo e/ou dificultam as funcGes
estomatognaticas e, portanto, requerem tratamento (2). Observa-se que ma oclusédo ndo € uma
condicdo Unica, e para compreensdo das suas caracteristicas morfoldgicas, torna-se necessaria

a divisdo em classificagdes (3).

Desde 1899, com a introducgéo da classificacdo das méas oclusdes proposta por Angle (4), e
devido sua aceitacdo e reconhecimento universal por parte dos pesquisadores e profissionais
da Ortodontia, muito foi publicado sobre a incidéncia e prevaléncia das mas oclusées na
populacdo (5,6). Sabe-se, com base em dados da OMS, que a ma oclusdo ocupa o terceiro
lugar em termos de prevaléncia, na ordem dos problemas de sadde bucal no mundo, sendo
precedida somente pela céarie e pela doenca periodontal. A OMS considera a ma oclusdo um
importante problema odontolégico de salde publica, dada a sua grande incidéncia e seu
carater precoce de acometimento (7). No Brasil, esses dados mostram-se semelhantes, o que
faz com que a ma oclusdo, sua prevaléncia e caracteristicas, continuem sendo objeto de

inimeras pesquisas (5-8).

Os diversos desvios da normalidade nas arcadas dentarias e no esqueleto craniofacial tém
reflexos nas funcGes do sistema estomatognatico, na salde bucal em geral e na aparéncia e
autoestima dos individuos (8). Nas ultimas trés décadas, houve um aumento global na
preocupacdo com a estética, mas, além de afetar a estética, as mas oclusdes interferem
consideravelmente na mastigacdo, na degluticio e na fala. Adicionado a isso, as
irregularidades nos posicionamentos dentarios podem dificultar a higienizacdo aumentando o

risco para doencas como a cérie e a gengivite (9).

Diante da crescente importancia em salde publica devido a alta prevaléncia e possibilidade de

prevencdo e tratamento, levantamentos epidemioldgicos que avaliem a condicdo da ocluséo
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de adolescentes sdo importantes e necessarios (8). A OMS considera adolescentes 0s
individuos na faixa etaria dos 10 aos 19 anos de idade, sendo que um quinto da populacdo
mundial encontra-se nesse grupo (10). A adolescéncia é considerada a idade ortoddéntica por
ser o periodo em que, classicamente, o tratamento ortodéntico era iniciado (11) e, & um
periodo importante na construcao da identidade e da autoestima do individuo. Por isso, muitos
dos estudos de prevaléncia selecionam suas amostras incluindo individuos nessa fase da vida.
Além disso, como a aparéncia facial e a estética dental sdo importantes para a autoestima dos
adolescentes, a ma oclusdo, quando ndo tratada, pode levar a consequéncias fisicas,
psicoldgicas e sociais, e, dessa maneira, pode interferir negativamente na qualidade de vida

dos adolescentes (8,12).

Entretanto, o nivel das evidéncias cientificas dos estudos que abordam o impacto da méa
oclusdo sobre a saude bucal é baixo. Estudos de revisdo sistematica da literatura, metanalise,
caso-controle e longitudinais, que abordem essas associagdes, sdo escassos na literatura atual
(13,14). Ainda ndo esta claro se ha associacdo entre ma oclusdo e um maior risco de cérie,

doenca periodontal e problemas nas articulagcbes temporomandibulares (9,12-15).

Contudo, € preocupante a dificuldade que a populacdo menos favorecida financeiramente tem
em acessar 0S servigos publicos de saude bucal, ja que, no Brasil, poucas unidades de
atendimento odontologico tém um setor ou centro de especialidades que conte com o
profissional da ortodontia. Assim, ha um acumulo das necessidades de tratamento ortodéntico
e hd pouco acesso aos recursos preventivos mais simples, menos ainda aqueles que

demandam tratamento ortoddntico mais complexo (5).

A pesquisa de base populacional é imprescindivel para o desenvolvimento de tecnologias,
sistemas e servicos necessarios para alcancar a cobertura universal de satde (10). No caso
particular da satde bucal, o diagndstico epidemiol6gico dos principais agravos (carie dentéria,
doenca periodontal e oclusopatias) deve ser estabelecido como prioridade mediante a
realizacdo de inquéritos populacionais (16). Parece claro que os levantamentos
epidemiologicos sdo necessarios, tanto para o conhecimento da prevaléncia das doencas
bucais, como para estimar as necessidades de tratamento. A analise dos dados coletados
permite o planejamento e facilita a avaliacdo das acOes de saude. Os resultados dos estudos de
prevaléncia possibilitam ainda comparacdes entre as taxas de prevaléncia em diferentes

periodos de tempo e em diferentes areas geograficas (17).
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Sendo assim, diante da importancia epidemiolégica do tema abordado e das inimeras lacunas
existentes na literatura cientifica, o objetivo deste estudo foi avaliar a condic¢do da oclusdo dos
adolescentes de Montes Claros, Minas Gerais, visando estimar a prevaléncia das alteracdes
oclusais encontradas e de ma oclusdo, e verificar a associacdo das alteracdes encontradas com
outros parametros de saude bucal. Adicionalmente, o estudo faz uma anélise critica sobre os
métodos de avaliacdo e registro da prevaléncia e gravidade da ma oclusao, bem como introduz
0 uso de recursos da inteligéncia artificial na interpretacdo de dados epidemioldgicos para

avaliar seu uso na pesquisa cientifica, especialmente na epidemiologia.
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2 OBJETIVOS

2.1 Objetivo Geral

o Avaliar a condicdo da oclusdo e mensurar a prevaléncia de ma oclusdo em
adolescentes de Montes Claros — MG e construir um modelo computacional para determinar o
diagnodstico da gravidade da mé ocluséo.

2.2 Objetivos Especificos

o Descrever a prevaléncia de cada alteracéo oclusal encontrada;

o Investigar a associacdo entre ma oclusdo e sexo, experiéncia de céarie, presenca de
sangramento gengival e insatisfacdo com o sorriso;

o Construir um modelo computacional utilizando a rede de neural artificial para
determinar o diagndstico da gravidade da ma oclusao e verificar a taxa de sucesso do modelo

contruido.
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3 REVISAO DE LITERATURA

3.1 Oclusdo Normal

O principio para o correto diagndstico ortoddntico é o conhecimento e a compreensdo do que
é uma oclusdo dentdria normal. Portanto, antes de iniciar o estudo das mas oclusbes

propriamente dito, é imprescindivel que o conceito de oclusdo normal seja estabelecido (18).

A oclusdo normal é uma ocluséo estavel, saudavel e esteticamente agradavel (19). A ocluséo
normal nem sempre coincide com a oclusdo ideal (18-20). A oclusdo ideal é aquela que
apresenta as seis caracteristicas propostas por Andrews, denominadas as seis chaves da
oclusdo normal de Andrews (21,22). A ocluséo ideal é hipotética e dificil de existir, estando

presente em menos de 0,5% da populacdo brasileira (18-20).

Em 1972, Andrews realizou um estudo com 120 modelos ortodénticos de individuos com
oclusdo normal natural que identificou “As seis chaves da oclusdo normal”, descrevendo as
caracteristicas morfologicas fundamentais de uma oclusdo dentaria ideal (21,22). Sua
publicacdo, além de servir como parametro para diagnostico, tornou-se um marco universal e,
até os dias atuais, representa um guia para o diagndstico e para a finalizacdo adequada dos
tratamentos ortodonticos (21,22). Em sua pesquisa, Andrews reconheceu e estabeleceu seis

caracteristicas comuns a esses modelos de ocluséo perfeita natural (21):

Chave 1: Relacdo interarcos: a) a cuspide mesiovestibular do primeiro molar superior
permanente oclui no sulco entre as cuspides vestibulares mesial e a mediana do primeiro
molar inferior permanente; b) a crista marginal distal do primeiro molar superior oclui na
crista marginal mesial do segundo molar inferior; ¢) a cuspide mesiopalatina do primeiro
molar superior oclui na fossa central do primeiro molar inferior; d) as clspides dos pré-
molares superiores tém relacdo de cuspide ameia com os pré-molares inferiores; €) as
cuspides linguais dos pré-molares superiores tém uma relacdo cuspide fossa com os pré-
molares inferiores; f) o canino superior tem uma relacdo clspide ameia com o canino € o
primeiro pré-molar inferior; g) 0s incisivos superiores sobrepdem-se aos incisivos inferiores, e

as linhas médias dos arcos sdo coincidentes.
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Chave 2: Angulacdo da coroa: todos os dentes exibem angulagcdo positiva da coroa
clinica, ou seja, a porgdo cervical do longo eixo de cada coroa encontra-se distalmente a sua

porc¢éo oclusal.

Chave 3: Inclinacdo da coroa: a porgéo cervical do longo eixo da coroa dos incisivos
superiores encontra-se por lingual a superficie incisal, aumentando a inclinagdo lingual, na

regido posterior, gradativa e progressivamente.
Chave 4: Auséncia de rotacGes — ndo deve haver rotacdes dentarias.

Chave 5: Contatos interproximais justos — ndo deve haver espagos interproximais ou

diastemas.
Chave 6: Curva de Spee — a curva de Spee deve apresentar-se suave ou planificada.

Segundo Andrews, a presenca dessas seis chaves seria imprescindivel para se classificar uma
oclusdo como sendo normal. A auséncia de qualquer uma dessas seis caracteristicas resultaria
em uma oclusdo inadequada, e essa inadequacdo seria proporcional ao numero de

caracteristicas ideais ausentes (21,22).

Porém, o conceito de oclusdo normal, principalmente do ponto de vista epidemioldgico, ndo
se equivale exatamente ao conceito de oclusdo perfeita ou ideal (18,19). A oclusdo normal na
denticdo permanente pode ser conceituada como a oclusdo que apresenta todos os dentes
permanentes corretamente alinhados e ordenados nos arcos dentais (auséncia de diastemas ou
apinhamentos) e em harmonia com as forcas estaticas e dindmicas que atuam sobre eles.
Oclusdo cuspide e fossa correta (relacdo normal de molares e caninos, sobressaliénica e
sobremordida normais) e contatos proximais justos e coordenados (nhivelamento das cristas

marginais) (19).

Do ponto de vista funcional, a oclusdo normal permite os movimentos mandibulares em
harmonia com a articulacdo temporomandibular, o sistema neuromuscular, os tecidos
periodontais de suporte e 0 o0sso basal (14,15,19). Possui oclusdo mutuamente protegida,
diferenca entre oclusdo céntrica e a maxima intercuspidagdo habitual de no maximo 2 mm,
presenca de guia anterior, auséncia de contatos prematuros e guia de desoclusdo lateral no
canino ou em grupo (pré-molares e molares). Denomina-se ma oclusdo quando uma ou mais

dessas caracteristicas de normalidade estdo ausentes (18-20,23).
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3.2 Maoclusao

3.2.1 Conceito

Ma ocluséo pode ser definida como um transtorno do desenvolvimento que afeta o complexo
craniofacial. As mas oclusdes podem refletir anormalidades nos dentes, nos maxilares, e, mais
frequentemente, em ambos. O termo m& oclusdo inclui todos os desvios de posicionamento
dos dentes e dos maxilares (méa posicao individual dos dentes, discrepancia osteodentéria e
alteracdes nas relacGes sagital, vertical ou transversal entre os arcos dentais). Etiologicamente,
as mas oclusdes séo resultado de uma interacdo de fatores genéticos e ambientais, incluindo
uma diversidade de fatores etioldgicos na sua génese, desde sindromes genéticas e fissuras

labiopalatinas, a fatores ambientais como os habitos bucais deletérios (1,3,5,6,19,23).

3.2.2 Classificacao

Uma vez que a ma oclusdo ndo € uma condicdo Unica, diversos autores propuseram
classificagdes para as mas oclusées com o intuito de agrupar os individuos com caracteristicas
semelhantes em diferentes classes ou padrdes (3,4,6,18,21,22,24,25). O método classificatorio
tem como objetivo principal estabelecer parametros para definicdo do diagnostico, e,
consequentemente, facilitar o planejamento adequado do tratamento ortodéntico. Além disso,
do ponto de vista cientifico e epidemioldgico, facilita a comparacdo entre os resultados das

pesquisas e permite a reprodutibilidade dos estudos (18).

A primeira classificacdo das mas posicdes dentarias foi publicada por Fox, em 1803, e se
baseou nas inclinagdes dos incisivos superiores permanentes dividindo os individuos que
possuiam tais mas oclusbes em quatro grupos distintos, de acordo com os diferentes
posicionamentos assumidos pelos incisivos. Delabarre (1819) baseou sua classificacdo em
aspectos esqueléticos, sendo assim, classificou as alteracGes esqueléticas em cinco grupos:
protrusdo maxilar, retrusdo mandibular, prognatismo mandibular, mordida aberta anterior e

mordida cruzada posterior (18,19).
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A publicacdo da Classificacdo de Angle, em 1899, foi um marco importante no
desenvolvimento da ortodontia. E notdria a sua importancia e aceitagdo, por isso se tornou a
classificacdo dentéria mais conhecida e utilizada no mundo, desde os primordios da ortodontia
até os dias atuais. Essa aceitacdo e uso quase que universal se deve, provavelmente, a
simplicidade de compreensdo e ao fato de englobar as alterages oclusais mais comuns (3,6).
Os critérios usados para a classificacdo de Angle em Classe 1, 11 e Il estdo descritos, de forma
resumida, a seguir:

e Classe | (neutroclusdo): alteracdo no posicionamento dentario em individuos
que possuem a relagdo molar normal, como descrito na primeira chave de Andrews. Assim, a
oclusdo é classificada como Classe | quando a relagdo molar é normal, mas apresenta
alteracdo em uma ou mais das outras caracteristicas de normalidade, como por exemplo:
giroversdo, diastemas, mordida cruzada, mordida aberta, sobressaliéncia acentuada,

sobremordida profunda, apinhamentos, desvio da linha média etc.

e Classe Il (distoclusdo): oclusopatia na qual se observa uma “relagao distal” do
primeiro molar inferior permanente em relacdo ao primeiro molar superior permanente. O
sulco mesiovestibular do primeiro molar permanente inferior oclui posteriormente a cuspide

mesiovestibular do primeiro molar permanente superior, sendo:

v" Divisdo 1: distoclusdo na qual os incisivos superiores estdo tipicamente em

vestibuloversao.

v" Diviséo 2: distoclusdo na qual os incisivos centrais superiores estdo quase em
sua posicdo normal, anteroposteriormente, ou apresentam linguoversao, enquanto 0s incisivos

laterais superiores apresentam uma inclinacao labial e mesial.

e Classe Il (mesioclusdo): oclusopatia em que ha relacdo “mesial” do primeiro
molar inferior permanente com o primeiro molar superior permanente. O sulco
mesiovestibular do primeiro molar permanente inferior oclui anteriormente a cuspide

mesiovestibular, do primeiro molar permanente superior.

As mas oclusdes de Classe 1l e Il podem ocorrer apenas unilateralmente, e, nessa situacao,
sdo denominadas Classe Il ou Classe 111 subdivisdo, direita ou esquerda, dependendo do lado

em que os molares se encontram na posicao alterada (3,5).
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Entretanto, essa classificagdo possui limitagdes, a maioria delas relacionadas ao fato de ser
uma classificagdo puramente dentéria, baseada principalmente na relacdo sagital dos
primeiros molares permanentes e que ndo avalia, por exemplo, as discrepancias no
posicionamento das bases Osseas (24). Adicionalmente, ndo inclui a avaliagdo das mas
oclusbes nos sentidos vertical e transversal, como também ndo apresenta critérios suficientes
(validade, confiabilidade e reprodutibilidade) para ser considerada como um instrumento ou
indice epidemioldgico adequado (1,3). Indmeros equivocos foram cometidos devido a
simplificacdo dessa classificacdo, uma vez que é dificil agrupar as mas oclusdes, que sdo
tridimensionais, apenas pela leitura de um sinal: a relacdo sagital dos molares (24). Novos
conhecimentos foram gerados pelas pesquisas e pela pratica da especialidade, e diversos
autores propuseram outros sistemas para substituir ou para complementar o sistema

classificatdrio proposto por Angle (1,3,6,19,24,25).

3.2.3 Métodos de avaliacdo e registro

A ma oclusdo tem sido amplamente investigada em diferentes grupos populacionais, e a
existéncia dos métodos de andlise e registro permitem que os objetivos dos inquéritos
epidemiologicos sejam alcancados. O objetivo priméario desses indices seria o registro da
prevaléncia e gravidade das mas oclusbes (25). Um aspecto importante, que facilita a
comparabilidade entre os estudos epidemiolégicos sobre ma oclusdo, € a padronizacdo dos
critérios de registro. A maioria dos métodos de registro e avaliacdo de mas oclusdes baseia-se
em avaliacbes morfoldgicas da arquitetura da face e das arcadas dentarias. Entretanto,
diferentes indices e critérios tém sido utilizados com essa finalidade, e pouco foi alcancado

em termos de padronizacéo (1,3).

Desde a década de 1950, varios indices foram desenvolvidos com intuito de obter
informacBes quantitativas e/ou qualitativas sobre a distribuicdo das méas oclusdes e registrar
sua prevaléncia e gravidade (1,3,9,25). O uso dos indices e classificagdes tem como objetivo,
primeiramente, padronizar os critérios de diagndstico e de tratamento ortoddntico e,
posteriormente, servir, com eficacia e precisao, para os estudos epidemioldgicos (1,3,6,17,18).
Do ponto de vista epidemioldgico, é impossivel aferir a prevaléncia das mas oclusdes sem a

utilizagdo de um indice de referéncia. Nesse sentido, sua principal finalidade é selecionar os
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portadores de méas oclusbes de maior gravidade, e que, consequentemente, necessitem de
tratamento ortodéntico, para que o mesmo possa ser subsidiado por programas de saude
publica (26).

Outra caracteristica necessaria aos indices e métodos para registro e avaliacdo das mas
oclusdes é a reprodutibilidade. Essa caracteristica parece ser comum a maioria dos indices
existentes. No entanto, a reprodutibilidade ndo é suficiente para considerar um indice como
adequado as pesquisas cientificas, em especial as de base populacional. E necessario que o
indice permita reprodutibilidade e que tenha validade. O grau de validade de um indice é
medido pela capacidade do mesmo em mensurar corretamente aquilo que ele se propde a
medir. E, diferentemente da reprodutibilidade, a validade dos indices existentes € menor do
que o esperado (1,3,7,10,17,25-27). Além disso, a complexidade das variaveis e
caracteristicas das mas oclusdes constitui um desafio extra na criacdo de indices que

representem os diferentes graus de alterac6es oclusais que os pacientes apresentam (1,3,27).

Mesmo com todas essas dificuldades, a avaliacdo da condicdo da oclusdo dentéria foi
introduzida no manual para levantamento epidemioldgico basico de saude bucal, pela OMS
(7), que recomendou o uso de dois indices para avaliacdo da condicdo da oclusdo dentaria: o
indice de Foster e Hamilton (28), para a idade de 5 anos, e o indice de estética dental — DAI
(sigla derivada da expressdo inglesa Dental Aesthetic Index) para a idade de 12 anos e para a
faixa etaria de 15 a 19 anos (29). Os mesmos critérios, cddigos e indices foram também
utilizados nos dois ultimos levantamentos epidemiologicos realizados no Brasil (16,30). O

indice de Foster e Hamilton avalia quatro aspectos, como descrito a seguir:

e  Chave de Caninos — o canino superior deciduo tem uma relacdo cuspide ameia
com o canino inferior deciduo e o primeiro molar inferior deciduo. A essa chave de canino
Classe | € registrado o valor 0. O 1 é registrado quando a chave de canino é Classe Il, ou seja,
a cuspide do canino superior numa relacdo anterior a ameia entre canino e primeiro molar
deciduos e 2 = Chave de canino de Classe Ill, onde a clspide do canino superior esta

localizada numa relacéo posterior a ameia entre o canino e o primeiro molar deciduos.

e Sobressaliéncia — avaliacdo do trespasse horizontal em milimetros: 0 =
normal, presenca de sobressaliéncia de até 2 mm; 1 = aumentada, existe sobressaliéncia e a

mesma excede 0s 2 mm; 2 = topo a topo, incisivos deciduos superiores e inferiores com as
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bordas incisais em topo, 3 = cruzada anterior, incisivos deciduos inferiores ocluindo em

relacdo anterior aos incisivos deciduos superiores.

e Sobremordida — avaliacdo do trespasse vertical em milimetros; 0 = normal,
presenca de sobremordida de 1 a 3 mm; 1 = reduzida, incisivos centrais deciduos superiores e
inferiores com as bordas incisais em topo; 2 = aberta, auséncia de trespasse vertical, ou seja
presenca de mordida aberta anterior; 3 = profunda, superficies incisais dos incisivos inferiores

deciduos tocando o palato.

e Mordida Cruzada Posterior — avaliagdo da presenca ou ndo de mordida
cruzada posterior: 0 = auséncia de mordida cruzada posterior; 1 = presenca de mordida

cruzada posterior.

O diagnostico de mé oclusdo, pelo indice de Foster e Hamilton, se da pela presenca de pelo
menos umas das condicOes anteriores, ou seja, se a crianga apresentar pelo menos uma dessas
anormalidades é caracterizada com ma oclusdo, caso contrario, o diagndstico é de ocluséo
normal (16,17,25,28,30,31).

O DAI é um indice quantitativo, proposto em 1986, para avaliar o grau de impacto estético da
mé oclusdo na denticdo (29). Foi desenvolvido para ser utilizado na denticdo permanente, em
individuos com idade a partir dos doze anos. O principio basico do DAI é uma combinacéo de
medidas (ndo somente relacionadas aos problemas oclusais) as quais, em conjunto, expressam
a condicdo oclusdo do individuo e, consequentemente, sua necessidade de tratamento. Para
obter o escore do DAI, onze caracteristicas oclusais, de trés grandes dimensoes, sao avaliadas:
denticdo, espaco e oclusdo (1,6,16,17,31). Os critérios utilizados serdo descritos a seguir,

conforme Manual da Equipe de Campo (16):

e Denticdo — a condicdo da denticdo € expressa pelo nimero de incisivos,

caninos e pré-molares permanentes perdidos nas arcadas superior e inferior.

e Espaco - 0 espaco é avaliado com base no apinhamento no segmento incisal,
espacamento no segmento incisal, presenca de diastema incisal, desalinhamento maxilar
anterior e desalinhamento mandibular anterior. Os seguintes codigos e suas respectivas

condicdes sdo assim registrados:
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O apinhamento no segmento incisal é a condi¢do na qual o espaco disponivel entre 0s caninos
direito e esquerdo é insuficiente para acomodar todos os quatro incisivos. O apinhamento na
regido dos incisivos € registrado, sendo, 0 = sem apinhamento, 1 = apinhamento em um

segmento, 2 = apinhamento nos dois segmentos.

Espacamento no segmento incisal é a condigdo na qual o total de espago disponivel entre 0s
caninos direito e esquerdo excede o requerido para acomodar 0s quatro incisivos em um
alinhamento normal, ou seja, “sobra espa¢o” € um ou mais incisivos tém uma ou mais
superficies proximais sem contato interdental. Nessa situacdo, o espagamento no segmento €
registrado, sendo 0 = sem espacamento, 1 = espacamento em um segmento, 2 = espacamento

nos dois segmentos.

Diastema incisal é definido como o espago, em milimetros, entre os dois incisivos centrais
superiores permanentes quando estes ndo apresentam o ponto de contato. Diastemas em outras

localizagdes ou no arco inferior (mesmo envolvendo incisivos) ndo séo considerados.

Desalinhamento maxilar e mandibular anterior: podem ser giroversdes ou deslocamentos em
relacdo ao alinhamento normal. Os quatro incisivos, superiores e inferiores, sdo examinados,

registrando-se a maior irregularidade encontrada.

e Oclusdo - a oclusdo e avaliada com base nas medidas do overjet maxilar
anterior, do overjet mandibular anterior, da mordida aberta anterior e da relacdo molar
anteroposterior. Todas as medidas, com excecdo da relacdo molar, sdo registradas em

milimetros.

Relacdo molar anteroposterior: a avaliacdo é feita com base na relacdo entre os primeiros
molares permanentes, superiores e inferiores. Os lados direito e esquerdo sdo avaliados com
os dentes em oclusdo, e apenas o maior desvio da relacdo molar é registrado. Os seguintes
cddigos sdo empregados: 0 = normal, 1 = desvio de até meia clspide (o0 primeiro molar
inferior estd deslocado meia cuspide para mesial ou distal em rela¢do a posi¢do normal), 2 =
desvio de uma cuspide inteira (o primeiro molar inferior esta deslocado uma cuspide para

mesial ou distal em relagéo a posi¢do normal).

Para o célculo do indice DAI é utilizada a seguinte equacdo: (Dentes ausentes x 6) +

(Apinhamento) + (Espacamento) + (Diastema x 3) + (Desalinhamento maxilar anterior) +
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(Desalinhamento mandibular anterior) + (Overjet maxilar anterior x 4) + (Overjet mandibular
anterior x 4) + (Mordida aberta vertical anterior x 4) + (Relacdo molar anteroposterior x 3) +
13. Apos obtencdo do escore, tem-se 0 indice de estética dental para cada paciente analisado.
O quadro abaixo apresenta a correlacdo entre os indices, a gravidade da ma oclusdo e a
necessidade de tratamento ortodéntico, segundo o DAI (Quadro 1):

Quadro 1: Distribuicdo do escore do DAI, classificacdo da gravidade da méa oclusdo e
necessidade de tratamento ortoddntico (16)

Escore do DAI Gravidade da méa oclusdo Necessidade de tratamento
<25 Sem anormalidade Nenhuma ou pouca
ou oclusopatia leve necessidade
26 a 30
Ma ocluséo definida Eletivo
31a35
Ma ocluséo severa Altamente desejavel
> 35 Ma oclusdo muito severa
ou incapacitante Imprescindivel

Como se pode observar, algumas caracteristicas relacionadas a necessidade de tratamento
ortodontico ndo sdo incluidas no DAI, como por exemplo: molares ausentes, dentes
impactados, mordida cruzada posterior, sobremordida e discrepancias da linha média dentaria
(31). Esses fatores podem influenciar a gravidade da ma ocluséo e, por desconsidera-los, o
indice perde forca (1). Além disso, algumas alteracbes oclusais, como apinhamento e
diastemas, sdo pontuadas como presentes ou ausentes, e ndo ha distingdo entre o grau de
discrepancia encontrado. Essas limitacGes devem ser consideradas ao se utilizar o DAI em
estudos epidemioldgicos ou em estudos que objetivam avaliar a associa¢do entre a ma oclusédo
e outras variaveis, pois, tanto a gravidade da méa oclusdo como a necessidade de tratamento
ortoddntico dependem de outros fatores (1,3,9,31-34). A simplicidade de execucdo e a
duracdo da realizacdo dos exames também devem ser analisadas antes da escolha do indice a

ser utilizado (1).

Infelizmente, o grau de confiabilidade e de validade dos indices para registro e avaliacdo das

mas oclusdes disponiveis atualmente ndo alcancam o padrdo desejado (3). Sendo assim, é
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necessario o desenvolvimento de novos indices ou uma modificacdo naqueles ja existentes
com a finalidade de conciliar validade, confiabilidade e reprodutibilidade aos métodos de
registros das mas oclusbes (1,3). Novas ferramentas e/ou uso de novas tecnologias séo
imprescindiveis, especialmente em relacdo a ma oclusdo, uma vez que uma multiplicidade de
fatores esté envolvida (25, 31-34).

Entdo, esse pode ser um dos motivos que explique por que, em 2013, a OMS eliminou
qualquer avaliacdo da oclusdo no inquérito em Saude Bucal (35). Possivelmente, pelas
dificuldades na utilizacdo e limitacfes dos indices disponiveis para avaliacdo e registro das
alteracdes oclusais e pela falta de uma definicdo clara do que pode ser considerado uma
ocluséo satisfatoria e o que de fato deve ser considerado ma oclusdo. Entretanto, parece
consenso que a ma oclusdo continua a ser um importante problema de saude bucal, e que a
avaliacdo da condicdo da oclusdo dentaria € imprescindivel, tanto do ponto de vista
epidemiologico, como de saude publica (23,36-38).

3.2.4 Prevaléncia

Sabe-se, segundo dados da OMS, que a ma oclusdo, em termos de prevaléncia, é o terceiro
item na ordem dos problemas de saude bucal, sendo precedido somente pela cérie e pela
doenca periodontal (7). Mas, o que se tem observado é uma grande varia¢do nos conceitos em
relacdo a definicdo de oclusdo normal e ma oclusdo e, mais ainda, uma diversidade de
métodos para avaliacdo e registro da ma oclusdo. Muitos estudos encontraram valores de
prevaléncia de méa oclusdo superiores aos valores encontrados para a carie e doenca
periodontal e apresentaram estimativas de prevaléncia acima de 90% (38-44). Na tentativa de
esclarecer esses aspectos, a avaliacdo da condicdo da oclusdo dentaria é alvo de inimeras

pesquisas epidemioldgicas no Brasil e no mundo (5,8,12,13,16,30,37,38).

Os estudos em salde publica sobre prevaléncia de mas oclusées fornecem importantes dados
epidemiologicos sobre o tipo e a distribuicdo das caracteristicas oclusais de determinada
populacdo, a necessidade e a prioridade de tratamento ortodéntico (5,13,23). Com o intuito de

fazer uma revisdo de literatura sobre a prevaléncia de ma oclusdo no Brasil e no mundo e de
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apresentar, de maneira mais clara e didatica, alguns dos resultados encontrados, construiu-se
um quadro com alguns dos estudos sobre prevaléncia das mas oclusdes, publicados em
revistas indexadas e selecionados empiricamente, ou seja, sem critérios especificos de
inclusdo e exclusdo (5,6,8,13,16,23,37-56). Os valores de prevaléncia encontrados nesses
estudos variaram de 30,5% (52) a 97,7% (40). E interessante observar que as menores taxas
de prevaléncia obtidas foram aquelas estimadas nos estudos que utilizaram apenas o DAI
como indice para avaliacdo e registro das mas oclusdes (6,8,16,46,49,52,55). Um dado bem
aceito e utilizado pelos ortodontistas € o que apresenta oclusdo normal estimada em 3%,
oclusdo aceitavel em 27% e ma oclusdo em 70% (19).



Quadro 2: Principais resultados dos estudos de prevaléncia analisados, que avaliaram ma ocluséo, no Brasil e no Mundo

Autores/Ano

Local do

Objetivos

Amostra/idade

Indice utilizado

Resultados/Prevaléncia

Estudo

Silva Filho et | Bauru, SP Estimar a prevaléncia de oclusal 2416 individuos Néo utilizou um indice Ma oclusao = 88,5%
al., 1990 (39). normal e de ma oclusao. (7 a1l anos) especifico. Ocluséo normal = 11,5%
Avaliagdo global da ocluséo
incluindo a classificacdo de Classe | = 48,4%
Angle. Classe Il divisdo 1 = 34,4%
Classe Il diviséo 2 = 3,2%
Classe 111 =2,5%
Biscaro et al.,, | Piracicaba, SP | Avaliacdoepidemioldgica das 891 individuos Analisaram-se as seguintes Mé ocluséo = 97,7%
1994 (40). principais mas oclusdes. (7 a12 anos) caracteristicas: relacdo incisiva, | Oclusdo normal = 2,3%
relacdo dos caninos,
relacdo molar, mordida cruzada, | Classe | = 68,8%
chave de oclusdo de Angle e Classe Il divisdo 1 =17,8%
presenca de diastema medial. Classe Il divisdo 2 = 6%
Classe 111 =5,2%
Reis, Sdo Paulo, SP | Determinar a prevaléncia de oclusdo 100 adultos: N&o utilizou um indice Maé oclusao = 93%
Capelozza normal e de més oclusdes em adultos, 50 homens especifico. Ocluséo normal = 7%
Filho e leucodermas, caracterizados pela 50 mulheres Avaliago global da ocluséo
Mandetta, normalidade do perfil facial. (18 e 36 anos) incluindo a classificacdo de Classe | = 48%
2002 (41). Angle. Classe Il divisdo 1 = 36%
Classe Il divisdo 2 = 6%
Classe I11 = 3%
Marques et Belo Determinar a prevaléncia da ma 333 adolescentes Dental Aesthetic Index (DAI) Ma ocluséao = 62,0%
al., 2005 (8). Horizonte, oclusdo e verificara associagao entre (10 a 14 anos) Oclusdo normal = 38%
MG necessidade normativa

de tratamento ortodéntico e aspectos
psicossociais.

Necessidade de tratamento = 52,3%
Apinhamento = 37,8%

Overjet acentuado = 37,5%
Diastemas = 35,7%
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Suliano et al., | Camaragibe, Estimar a prevaléncia de ma oclusdo e | 173 adolescentes TreatmentPriority Index (TPI) Ma oclusao = 82,1%
2007 (42). PE avaliar a associacdo com (12 anos) Ocluséo normal = 17,9%
alterac6esfuncionais(fonoarticulacéo,
respiracdo e deglutigdo).
Mtaya et al., Tanzénia, Avaliar a prevaléncia de ma oclusdo e | 1601 adolescentes | A condigdo da oclusdo dentéria | M4 oclusdo = 63,8%
2009 (13). Africa sua associagdo com caracteristicas (12 a 14 anos) foi avaliada como proposto por | Oclusdo normal = 36,2%
sociodemograficas, experiéncia de Bjorket al. (1964), de forma
carie e nivel de higiene bucal. adaptada. Classe | = 93,6%
Classe Il =4,4 %
Classe 111 =2 %
Linha média desviada = 22,5%
Diastemas = 21,9%
Mordidaabertaanterior= 16,1%
SB Brasil, Brasil Inquérito epidemioldgico em Salde 7217 criancas (5 anos) 5 anos
2010 (16). Bucal realizado com objetivo de (5 anos) indice de Foster e Hamilton Maé ocluséo = 66,7%
estabelecer o completo diagnostico da Ocluséo normal = 33,3%
salide bucal dos brasileiros. 7247 adolescentes | (12 anos e 15 a 19 anos)
(12 anos) Dental Aesthetic Index (DAI) 12 anos
Ma ocluséo = 38,8%
5367 Oclusdo normal = 61,2%
(15a 19 anos)
15 a 19 anos
Ma ocluséo = 34,9%
Oclusdo normal = 65,1%
Bittencourt e 18 estados Estabelecer um panorama da 4776 individuos N&ao menciona o uso de um Ma oclusao = 85,17%
Machado, Brasileiros e o | ocorréncia de mas oclusdes, da (6 a10) indice especifico. Ocluséo normal = 14,83%
2010 (5). Distrito prevaléncia de cérie e da perda precoce Avaliagdo das caracteristicas da
Federal de dentes deciduos. maé oclusdo, nos sentidos Classe | =57,24%

anteroposterior, transversal e
vertical.

Classe 11 =21,73%

Classe Il = 6,2%

Mordida cruzada = 19,58%
Sobremordidaprofunda = 18,09%
Mordida abertaanterior = 15,85%
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Garbinetal., | Lins, SP Comparar a diferenca da prevaléncia 734 adolescentes Classificacdo de Angle Classificacdo de Angle:
2010 (6). de mas oclusdes utilizando-se 0 DAl e | (12 anos) Dental Aesthetic Index (DAI) Ma oclusao = 66,76%
a Classificacdo de Angle. Ocluséo normal = 33,24 %
DAI
Ma oclusao = 34,74%
Ocluséo normal = 65,26%
Almeida et Linse Verificar a prevaléncia de mas 3466 individuos N&o menciona o uso de um Ma oclusao = 90%
al., 2011 (43). | Promissdo, SP | oclusfes. (7 a 12 anos) indice especifico. Autores Ocluséo normal = 10%
criaram instrumento para
avaliacdo da condicdo da Classe | =55,25%
oclusdo (relagdo molar, relacdo | Classe Il = 38%
vertical, relacdo transversal, Classe 111 = 6,75%
diastemas e apinhamentos). Diastemas = 31,88%
Apinhamento = 31,59%
Mordida Aberta = 17,65%
Sobremordida profunda = 13,28%
Mordida cruzada posterior = 13,3%
Mordida cruzada anterior = 5,05%
Romano et Piracicaba, SP | Avaliar a prevaléncia das mas oclusGes | 416 individuos Nao utilizou um indice Ma oclusao = 86,6%
al., 2012 (44). de Classe I, Classe 1l e Classe 111 de (7 a12 anos) especifico. Ocluséo normal = 13,4%

Angle e os problemas associados,
como: mordida aberta, mordida
cruzada e apinhamento.

Avaliagéo global da ocluséo
incluindo a classificacdo de
Angle.

Peres, Frazao
E Roncalli,
2013 (45).

Descrever o padrdo de distribuicdo e os
fatores associados as oclusopatias
muito graves.

Banco de dados do
SB Brasil, 2010.

7328 adolescentes
(12 anos)

5445 adolescentes
(15 a 19 anos)

Dental Aesthetic Index (DAI)
Variavel dependente:

mé oclusdo muito grave =
Escore >36.

12 anos

Ma oclusao = 38,8%

Ma oclusdo grave = 6,5%
Oclusédo normal = 61,2%

15 a 19 anos

Ma oclusao = 34,9%

Ma ocluséo grave = 9,1 %
Oclusédo normal = 65,1%
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Taket al, 2013 | Udaipur, india | Avaliar a presenca de ma ocluséo e 887 adolescentes Dental Aesthetic Index (DAI) Maocluséo = 33,3%
(46). necessidade de tratamento ortodéntico. | (12 a 15 anos) Ocluséo normal = 66,7%
Almeida et Juiz de Fora, Avaliar a necessidade normativa de 451 adolescentes Dental Aesthetic Index (DAI) Ma oclusao = 65,6%
al., 2014 (47). | MG tratamento ortoddntico e os fatores que | (12 anos) Index of Orthodontic Treatment | Oclusdo normal = 34,4%
determinam o impacto estético Need-Aesthetic Component
subjetivo da ma oclusdo. (IOTN-ACQC). Impacto estético = 14,9%
Orthodontic Aesthetic
Subjective Impact
Score (OASIS)
Nunes Neto et | Brasil Estimar a prevaléncia de problemas de | Banco de dados do | Dados descritivos registrados Ma oclusdo = 71,43
al., 2014 (48). espaco dentario e os fatores associados. | SB Brasil, 2010. pelo uso dos pardmetros do Oclusdo normal = 28,57%
Dental Aesthetic Index (DAL).
5367 individuos Falta de espago = 58,74%
(15a 19 anos) Desalinhamento = 56,4%
Apinhamento = 43,8%
Escesso de espaco = 18,98%
Espacamento = 21,9%
Diastema = 15,07%
Jordao etal., | Goiania, Descrever a prevaléncia de ma oclusdo | 2.075adolescentes | Dental Aesthetic Index (DAI) Maé ocluséo = 40,1%
2015 (49). Brasil e investigar sua associacdo com fatores | (12 anos) Ocluséo normal = 59,9%
individuais e contextuais.
Peres et al., Pelotas, RS Determinar a prevaléncia de ma 5359 criangas (6 anos) Denticéo decidua
2015 (50). oclusdo na denticdo decidua e (6 anos) indice de Foster e Hamilton Ma oclusédo = 61,1%
investigar se é preditor para Ocluséo normal = 38,9%
necessidade de tratamento ortodéntico | 5339 adolescentes | (12 anos)
na denticdo permanente. (12 anos) Dental Aesthetic Index(DAI)
Dimberg et Suécia Acompanhar, logitudinalmente, um 277 criangas Método de Bjoerk et al., 1964. 3 anos
al., 2015 (51). grupo de criangas, da denticdo decidua | examinadas em Indice de Foster e Hamilton. Ma ocluséo = 71%

a permanente, para determinar a
prevaléncia de ma oclusdo, a taxa de
autocorrec¢do, a de incidéncia e
necessidade de tratamento ortoddntico.

trés momentos
distintos (3, 7 e
11,5 anos)

Oclusdo normal = 29%

7 anos
Ma oclusao = 56%
Oclusdo normal = 44%
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11,5 anos
Ma oclusdo = 71%
Oclusdo normal = 29%

Necessidade de tratamento
ortodontico:

Nenhuma ou pequena = 54,5%
Moderada = 23,5%

Extrema necessidade = 22%

Silveiraetal.,, | Montes Identificar os fatores associados a 736 adolescentes Dental Aesthetic Index (DAI) Ma oclusao = 30,5%
2016 (52). Claros, MG gravidade da ma oclusdo em (15 a 19 anos) Oclus&o normal = 69,5%
adolescentes.
17,8% ma ocluséo definida
6,2% grave
6,4% muito grave
Vedovello et | Piracicaba, SP | Estimar prevaléncia de ma oclusédo e 1256 individuos Relacdo anteroposterior , Maé oclusédo = 82,1%
al., 2016 (38). avaliar sua associacdo com qualidade (7 a 10 anos) overjet, overbite, mordida Ocluséo normal = 17,9%
de vida e condicdo sdcioeconémica. cruzada e apinhamento foram
avaliados seguindo os critérios
do indice de Foster e Hamilton
e Grabowski et al., 2007.
Monteiro et Campina Avaliar a necessidade normativa de 346 adolescentes Dental Aesthetic Index (DAI) Maé oclusao = 65,6%
al., 2017 (53). | Grande, PB. tratamento ortodéntico e a percepgao (11 a 14 anos) Oclusédo normal = 34,4%
dessa necessidade pelos adolescentes
examinados Necessidade tratamento ortodéntico
autorelatada = 73,7%
Lejlaetal., Saraievo, Determinar a prevaléncia da ma 200 individuos N&o menciona o uso de um 5 anos
2017 (54). Bdsnia ocluséo na denticdo decidua completa e | 100 (5 anos) indice especifico. Ma ocluséo = 58%

na denticdo permanente.

100 (14 anos)

Os autores criaram instrumento
especifico para coleta de dados
incluindo: Rela¢do molar e/ou
de caninos Overjet, overbite,
presenca de contatos

Oclusdo normal = 42%

14 anos
Ma oclusao = 83%
Oclusdo normal = 17%
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prematuros, diastemas,
apinhamento e giroversdes.

Bauman et Brasil Caracterizar o padrdo de distribuicdo Banco de dados do | Indice de Foster e Hamilton Ma oclusao = 63,2%
al., 2018 (37). da mé oclusdo e identificar os fatores SB Brasil, 2010. Ocluséo normal = 36,8%
associados a sua presenca.
6855 criancas Classe 1 = 77,1%
(5 anos) Classe 11 = 16,3%
Classe 11l = 6,6%
Bauman et Brasil Estimar a prevaléncia de ma ocluséo Banco de dados do | Dental Aesthetic Index (DAI) Ma oclusao = 41%
al., 2018(55). em escolares brasileiros e verificar a SB Brasil, 2010. Oclusdo normal = 59,0%
influéncia dos aspectos
sociodemograficos. 5539 adolescentes Oclusopatia definida = 21,2%
(12 anos) Grave = 10,4%
Muito grave = 9,4%
Shen et al., China Determinar as caracteristicas 31 artigos Metanélise prevaléncia M4 ocluséo = 45,50%
2018 (56). epidemiolégicas da ma oclusdo na cientificos Ocluséo normal = 54,5%
denticdo decidua de 1988 a 2017 — totalizando uma
Revisdo sistematica da literatura e amostra de 51.100 Classe | = 26,50%
metanalise. criancas Classe 11 =7,97%
(2a7anos) Classe 111 = 12,60%

Variagdo dos valores de prevaléncia
encontrados (31 estudos) — 13,15% a
71,64%
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3.2.5 Impacto na saude bucal

Morfologicamente a ocluséo dentéria faz parte do sistema estomatognatico e, portanto, possui
potencial de interferir negativamente nas suas funcdes (mais especificamente na fala,
degluticdo e mastigacdo), na salde bucal (dos dentes, do periodonto e da articulacdo
temporomandibular) e na aparéncia, autoestima e qualidade de vida dos individuos afetados
(8,9,12-15,42,43,47,57-63). Sabe-se também que algumas mas oclusdes, como as de Classe 11
Primeira Divisdo, proporcionam maiores riscos a traumatismos dentérios, o que eleva o
potencial de morbidade relacionado a ma oclusdo, devido a probabilidade da perda de

elementos dentais atribuivel a esses traumas (42).

E plausivel que as mas oclusdes contribuam para a ocorréncia de carie e doenca periodontal,
seja por facilitar o acumulo de biofilme e/ou por dificultar sua remog¢do. Embora estudos
tenham sugerido tal associacdo, ndo ha& consisténcia nos resultados encontrados,
especialmente devido a dificuldades na realizacdo das investigacGes cientificas. Pesquisas
com desenho favoravel e que incluam estratégias, como: tamanho amostral adequado, ser de
carater longitudinal, revisdo sistematica da literatura, metanalise e estudos de caso-controle

s80 escassas ou ausentes na literatura cientifica (15,56-58).

Em uma revisdo sistematica da literatura sobre a relacdo entre apinhamento dentario e carie,
0s autores evidenciaram a falta de estudos com adequada qualidade metodologica que
possibilitasse chegar a conclusdes seguras em relacdo a essa associacdo. Dos oito estudos
selecionados, quatro ndo encontraram associacdo entre apinhamento e céarie e dois
encontraram correlacdo negativa entre apinhamento e carie. Apenas um estudo mostrou uma
relacdo direta e significante entre apinhamento dentéario e carie interproximal. E outro estudo
demonstrou associacdo positiva entre carie na superficie interproximal dos dentes anteriores
inferiores e apinhamento, e associacdo negativa entre carie e apinhamento, nos dentes
posteriores superiores. Baseados nesses achados, os pesquisadores concluiram ndo existir
nenhum estudo com bom nivel de evidéncia que confirme ou descarte uma relacdo causal

entre desalinhamento dental e cérie (57).

Em 2015, Feldens e colaboradores mostraram que a presenca da ma ocluséo exerceu impacto

na ocorréncia de cérie dentéaria, independentemente de fatores demogréaficos, socioecondmicos
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e de outros aspectos clinicos dos pacientes. A etiologia da cérie dentéaria é multifatorial, mas
h& consenso na literatura de que aspectos socioecondmicos, comportamentais e bioldgicos
contribuem substancialmente para a sua ocorréncia. Os resultados desse estudo demonstraram
a participacdo das mas oclusdes na experiéncia de cérie dentaria independente de outros
fatores. A prevaléncia e a gravidade da carie foram maiores nos individuos com as mas
oclusbes mais graves, sendo que a presenca da ma oclusdo aumentou a probabilidade de
ocorréncia de céarie em mais de 30%. As caracteristicas oclusais associadas a carie foram:
desalinhamento maxilar anterior (> 3mm) e alteracdo na relacdo molar (Classe Il ou Classe
[11), maior que meia cuspide. Os autores sugerem que a prevencdo e tratamento dessas

condi¢cdes podem contribuir para a reducdo da cérie dentéria (58).

Adicionado a esses resultados, estudos anteriores descreveram uma maior experiéncia de carie
entre individuos com mordida cruzada anterior, overjet e overbite acentudados, apinhamento
no segmento anterior e mordida aberta anterior. O reconhecimento da probabilidade do
aumento no risco de carie, associado a certas caracteristicas da méa oclusdo, justifica a

indicacdo do tratamento ortoddntico prioritario dessas caracteristicas (13,59).

Alteracdes no posicionamento dentario sdo consideradas como potenciais fatores de risco para
a progressao das doencas periodontais, principalmente devido ao trauma oclusal associado as
mas oclusbes. Poréem, a literatura de ortodontia e periodontia reforcou essa afirmacdo com
base em observacdes empiricas derivadas, muitas vezes, de observacgdes clinicas. Estudos de
ambas as areas do conhecimento, que empregaram metodologia robusta e adequada para
chegar a essas conclusdes, ainda sdo escassos (60). Mais recentemente, com objetivo de
elucidar melhor essa questdo, pesquisadores de dois estudos distintos, realizados em 2014,
investigaram a associacdo entre presenca de ma oclusdo e alteracdes periodontais e
encontraram em seus resultados uma associacdo entre ma oclusdo e problemas periodontais,
como: célculo, sangramento gengival e presenca de bolsas periodontais (48,49). Resultados
ainda mais recentes foram publicados em 2019 e evidenciaram associa¢do entre ma oclusao e
problemas periodontais, como: bolsa periodontal e perda de inser¢do. Canino em Classe Il e
em posicdo ectopica, diastemas anteriores, sobremordida e sobressaliéncia acentuadas
estiveram associados a perda de inser¢do periodontal. Mordida cruzada anterior e
sobremordida profunda foram associadas a bolsas periodontais. E, em relagdo ao
apinhamento, apenas 0 apinhamento anterior grave esteve associado ao aumento na

profundidade de sondagem (15).
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Além de comprometer a salde fisica, as mas oclusdes, por comprometerem a estética, afetam
0 bem-estar e a qualidade de vida dos adolescentes. A avaliacdo do impacto das méas oclusbes
na qualidade de vida dos adolescentes é importante, uma vez que a interpretacdo da salde
deve ser multidimensional e deve considerar tanto indicadores bioldégicos como psiquicos
(61). No entanto, as condi¢cdes de salde bucal frequentemente sdo analisadas por meio de
indicadores clinicos, sob o ponto de vista do pesquisador, sem considerar adequadamente a
repercussdo dos problemas bucais na vida dos individuos envolvidos (62).

Uma revisdo sistematica da literatura com objetivo de determinar o impacto relatado das
alteracOes bucais na qualidade de vida de adolescentes encontrou, entre as condicdes clinicas
investigadas, que a ma oclusdo foi a pior condicdo avaliada pelos adolescentes. Entre os
aspectos pontuados pelos autores é interessante ressaltar que as alteragdes oclusais,
independentemente da populacdo estudada ou do método de registro utilizado, apresentaram
impacto negativo na qualidade de vida dos adolescentes. Nos diversos trabalhos envolvendo
avaliacdo da condicdo oclusal, os dominios ligados a estética e a satisfacdo com a aparéncia
apresentaram um impacto maior do que os dominios ligados as funcbes. A prevaléncia,
intensidade e extensdo do impacto relatado pelos adolescentes, relacionado a ma ocluséo,
foram maiores quanto maior a necessidade de tratamento ortodontico. Adicionalmente, as
questdes relacionadas a estética foram as Unicas condi¢cdes oclusais que mantiveram
significancia estatistica apos a analise multivariada. O apinhamento incisal, desalinhamento
maxilar anterior > 2 mm e sobressaliéncia > 5 mm impactaram negativamente na qualidade de
vida dos individuos pesquisados. Alem disso, é importante salientar que os adolescentes que
nunca receberam tratamento ortoddntico apresentaram pior qualidade de vida do que aqueles
que ja realizaram o tratamento (62). Entdo, diferente das condi¢cdes de saude bucal, como
sangramento gengival e cérie, a associacdo entre prevaléncia de mas oclusdes e piores indices

de qualidade de vida parece baseada em melhores evidéncias cientificas (63).

3.3 Uso da Inteligéncia Computacional na Odontologia

3.3.1 Conceitos basicos
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Na ciéncia da computacdo, a inteligéncia computacional é o uso de solugdes inexatas para
tarefas computacionalmente dificeis para as quais ndo exista algoritmo conhecido que possa
calcular uma solucdo exata. Inteligéncia Computacional (IC) difere da computagéo
convencional, pois na IC a imprecisdo, incerteza, verdade parcial e aproximagdo s&o
aceitaveis. Os dois principais aspectos da imperfeicdo da informacdo sdo a imprecisao e a
incerteza, e essas duas caracteristicas sdo intrinsecamente ligadas e opostas entre si: quanto

mais se aumenta a incerteza, mais se diminui a impreciséo e vice-versa (64-66).

As teorias mais conhecidas para tratar imprecisdo e incerteza séo, respectivamente, a teoria
dos conjuntos e a teoria das probabilidades. Essas teorias, embora muito Uteis, nem sempre
conseguem captar a riqueza da informagdo fornecida pela realidade humana. A teoria dos
conjuntos nao é capaz de tratar 0 aspecto vago da informacéo, e a teoria de probabilidades, na
qual a probabilidade de um evento elimina a probabilidade do evento contrario, € mais
adaptada para tratar de informacgdes frequentistas. Essas duas teorias matematicas classicas
sdo0 menos adequadas para trabalhar informacGes imperfeitas ou confusas como as fornecidas
pelos seres humanos. A inteligéncia computacional surgiu para tratar o aspecto vago da
informacdo, e suas principais areas sao: Logica Fuzzy, Computacdo Evolucionaria e Redes
Neurais Artificiais (RNA). Essas teorias tém sido cada vez mais usadas em sistemas que
utilizam informacgdes fornecidas por seres humanos para automatizar procedimentos, como

por exemplo, no controle de processos e no auxilio a tomada de deciséo (64-66).

A Ldgica Fuzzy é a forma de l6gica multivalorada na qual os valores logicos das variaveis
podem ser qualquer nimero real entre 0, correspondente ao valor falso, e 1, correspondente ao
valor verdadeiro. Diferentemente, na l6gica booleana, os valores ldgicos das variaveis podem
ser apenas 0 e 1. A Ldgica Fuzzy foi estendida para lidar com o conceito de verdade parcial,
em que o valor verdade pode compreender entre completamente verdadeiro e completamente
falso (65). A Computacdo Evolucionaria compreende um conjunto de técnicas de busca e
otimizacdo inspiradas na evolucdo natural das espécies. As técnicas atualmente incluem:
Programacdo Evolucionaria, Estratégias Evolucionarias, Algoritmos Genéticos e Programacao
Genética (64).

Ja as Redes Neurais Artificiais sdo modelos computacionais inspirados pelo cérebro humano,
que sdo capazes de realizar o aprendizado de maquina e o reconhecimento de padrdes. RNA

geralmente sdo apresentadas como sistemas de 'neurbnios interconectados que podem
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computar valores de entradas”, simulando o comportamento de redes neurais biolégicas (66).
RNA simula a aprendizagem humana em uma situagdo que ndo pode ser padronizada.
Durante a fase de aprendizado, a rede neural, similar aos neurdnios, faz a ligacdo dos dados de
entrada e saida, e cada neurbnio estd ligado a uma rede de informacdo. Apds repetidas
aprendizagens, essa ligacdo é reforcada. Dessa maneira, terminada a fase de aprendizagem, o
computador consegue chegar aos valores de saida ou resposta. E, além disso, é possivel
calcular a taxa de sucesso alcancada (67).

3.3.2 Aplicagédo na Odontologia

O uso dos computadores para auxiliar os profissionais de satde desde a etapa de registros dos
pacientes e prontuarios, do diagndstico, até a definicdo do tratamento e realizacdo de
procedimentos cirargicos, tornou-se popular nas Gltimas décadas. Os primeiros esforcos
concentraram-se no desenvolvimento dos sistemas de diagnostico (68). Os sistemas de apoio a
decisdo clinica sdo ferramentas da tecnologia computacional Uteis e importantes e que podem
ser usadas para ajudar os profissionais de salde a gerar e analisar os dados dos pacientes antes

do diagndstico e/ou das tomadas de decisdes clinicas (67,68).

O advento da alta tecnologia da informacéo e de dispositivos dentarios, como por exemplo, 0s
escaneres intraorais, permitiu gerar e analisar uma grande quantidade de dados, o que seria
dificil ou até mesmo impossivel, sem 0 uso desses recursos. O uso de técnicas da IC na
informética odontoldgica tem grande potencial para gerenciar novos dados de uma maneira
ainda incalculavel. No entanto, mesmo com tantos recursos tecnoldgicos disponiveis e com as
inimeras possibilidades de uso, poucos esforcos foram feitos para aplicar essas técnicas a
pesquisa cientifica. Proporcionalmente, poucos sdo os estudos que foram realizados com
objetivo de mensurar e analisar a seguranca, a eficacia e a reprodutibilidade do uso das

ferramentas da IC nas pesquisas das diversas areas da satde (69-73).

Na odontologia, 0s poucos estudos com o uso de sistemas inteligentes tém evidenciado altas
taxas de sucesso. Uma revisdo sistematica da literatura sobre aplicagdes e uso das tecnologias
da computacdo nas areas da salde encontrou estudos publicados em sete subareas da

odontologia: emergéncias e traumatismos dentarios, dor orofacial, medicina oral, radiologia
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oral, ortodontia, diagndstico pulpar e odontologia restauradora (73). Os estudos nas areas da
periodontia, estomatologia e ortodontia, por exemplo, mostraram o0 uso desses sistemas de
forma satisfatoria (67, 69-81).

Na periodontia, ja foi demostrado o uso para tomada de decisdes no tratamento das condi¢es
periodontais mais comuns (74). Outro estudo utilizou a inteligéncia neural artificial para testar
sua precisao na avaliacdo do risco de doenca periodontal (75). Com base nos dados clinicos e
nos achados radiograficos dos pacientes com doenca periodontal, pesquisadores utilizaram o
método Fuzzy para determinar o diagnostico, a gravidade da doenca e as op¢des de tratamento
(76). Na ortodontia, recursos da inteligéncia computacional foram empregados na
determinagé@o da necessidade ou ndo de extracdo dentaria e no diagnostico de qual elemento
dentario deveria ser extraido (67,77-80), para estabelecer dados sobre tamanho dentario (70) e
para categorizar pacientes com assimetria facial (81).

Na estomatologia, uma revisdo sistematica da literatura, realizada com o objetivo de analisar o
uso dos sistemas de suporte a decisdo clinica no diagnostico do carcinoma de ceélulas
escamosas de boca, concluiu que os resultados dos estudos evidenciaram apenas experiéncias
bem sucedidas com o uso dos sistemas inteligentes nos diferentes tipos de cancer (70). Diante
de tantas experiéncias satisfatorias e das inUmeras possiblidades que os avancos cientificos
tém mostrado, existe um alto potencial para o uso da IC nas areas da saude. A aplicacédo
dessas novas tecnologias e ferramentas, tanto no gerenciamento dos dados quanto no
diagndstico, permitird 0 uso e a interpretacdo dos inimeros dados e registros dos pacientes de

forma mais rapida, inteligente e precisa (82).
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4 PRODUTOS CIENTIFICOS

A seguir serdo apresentados os resultados alcangados com o desenvolvimento deste trabalho.

Foram elaborados dois artigos cientificos, mencionados a seguir:

4.1 Produto 01

» Prevalence of malocclusion in adolescents according to gender, caries experience,
gingival bleeding and smile dissatisfaction, formatado de acordo com as normas do

periddico Brazilian Oral Research.

4.2 Produto 02

» Alternative approach for malocclusion classification using artificial neural
network, formatado de acordo com as normas do periédico American Journal of

Orthodontics and Dentofacial Orthopedics.



44

4.1 PRODUTO 1

Prevalence of malocclusion in adolescents according to gender, caries experience,

gingival bleeding and smile dissatisfaction.

Naiara Goncalves Fonseca Maia’ Liliane Cristina de Oliveira Santos Palma®, Carolina de
Castro Oliveira?, Carla Silvana Oliveira e Silva', Desirée Sant’ Ana Haikal'.

postgraduate Program in Health Sciences, Montes Claros State University, Montes Claros, Minas Gerais, Brazil
?Department of Dentistry, Montes Claros State University, Montes Claros, Minas Gerais, Brazil
*Corresponding author: Naiara Gongalves Fonseca Maia Email: naigfm@gmail.com Telephone: +55 (38) 99931
6678

ABSTRACT

The aim of this study was estimate the prevalence of malocclusion among adolescents and
assesses the differences according to gender, experience of caries, presence of gingival
bleeding, and smile dissatisfaction. A cross-sectional epidemiological study was conducted
with 600 adolescents (10 to 16 years old) enrolled in public elementary and secondary
schools. Intraoral and extraoral examinations were performed according World Health
Organization recommendations and included: number of decayed teeth, missing, and filled
teeth, presence of gingival bleeding and occlusal condition. Occlusal condition was assessed
based on the parameters considered in Dental Aesthetic Index and Foster and Hamilton Index
adapted, plus the evaluation of dental midline and facial and smile appreciation. Bivariate
Poisson regression with robust variance was conducted to compare the prevalence rates found.
The prevalence of malocclusion was estimate in 96.0%. Caries experience, gingival bleeding
and smile dissatisfaction prevalence was 52.3%, 55.8%, and 49.4%, respectively. A
statistically significant association was found between Class Il molar relationship, deviation
of the dental midline, anterior open bite and anterior crossbite and caries experience. Instead,
the prevalence of diastemas was greater in adolescents without caries experience. The
prevalence of malocclusion was higher among adolescents with gingival bleeding and a
significant association was observed between crowding of the upper and lower anterior teeth
and gingival bleeding. Smile dissatisfaction was associated with acceptable and unpleasant
smiles. The findings have evidenced a high prevalence of malocclusion and its association
with caries experience, gingival bleeding and smile dissatisfaction.

KEY WORDS: Epidemiology, Prevalence, Oral Health, Malocclusion, Adolescent.
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INTRODUCTION

Malocclusion is the term used to designate abnormalities in the positioning of the teeth,
occlusion and/or jaws. It is the third most prevalent oral health problem in Brazil and around
the globe and has aesthetic, functional, and psychosocial effects'?*.

Malocclusion is not a single entity, but rather a group of conditions, and is therefore divided
into different Classes®. In epidemiological study it is difficult to determine the prevalence of
malocclusions without occlusal indexes, the main purpose of which is to assess orthodontic
treatment need and make appropriate referrals®.

Given the serious nature of this public health problem, epidemiological surveys of occlusion
continue to be important and necessary>®. Adolescence is considered the “orthodontic age”,
because it is the period in which orthodontic treatment is classically initiated’. Since facial
appearance and smile pleasantness significantly affect self-esteem, malocclusion can have
physical, psychological, and social impacts that affect quality of life and can also be
associated with dissatisfaction with dental appearance and oral health, particularly among

adolescents®,

Despite this, scientific evidence of the effects of malocclusion on oral health is controversy
and unclear®. The results of studies that show that misalignment of the teeth is a factor that
hinders brushing and flossing are inconsistent and the association between malocclusion and
increased risk of caries and periodontal disease is not yet fully supported by scientific

evidence®*°.

In light of these gaps in scientific knowledge and the need to improve knowledge of the
prevalence of malocclusions, their traits and effects, the aim of this study was to determine the
prevalence of malocclusions among a group of adolescents in the north of the State of Minas
Gerais, Brazil and its association with gender, caries experience, the presence of gingival

bleeding, and smile dissatisfaction.

MATERIAL AND METHODS

Ethical Aspects



46

The study was conducted in accordance with the ethical standards and guidelines laid down in
the National Health Council Resolution N.° 466/2012 and approved by the Research Ethics
Committee (N° 1.876.375/2016). A written authorization form was signed by the school
principals and the adolescents and legal guardians signed an informed assent form and
parent/guardian informed consent form, respectively. The adolescents with dental treatment
needs were referred for treatment at the dental clinics of the State University of Montes Claros
and received health education guidelines through an educational primer.

Study population

This is a cross-sectional epidemiological study in which the population consisted of
adolescents aged between 10 and 16 years enrolled in state schools in Montes Claros, Minas
Gerais - Brazil. A random sample was selected using two-stage cluster sampling. In the first
stage, the population was selected using probability proportional to size (PPS) from schools
representing the North, South, East, and West regions of Montes Claros. In the second stage,
adolescents were randomly selected from each school based on the enrollment number, sex,

and age using simple random sampling.

The minimum sample size was calculated adopting an estimated prevalence rate of 50%, a
95% confidence interval, and 5% margin of error. Finite-population and design-effect
corrections were performed by adopting deff 1.5. Subsequently, the number of public schools
was listed, and the number of students enrolled in these schools was calculated per region.
There were 63 schools and 77,833 schoolchildren, in total, resulting in a sample at least 577

adolescents.

Data collection procedures

Intraoral and extraoral examinations were performed in the schools to collect oral health data.
During the extraoral evaluation the face was observed at rest and upon smiling. The intraoral
exam consisted of visual inspection and measurement using a mouth mirror, gauze squares
and WHO CPI probe. All biosafety standards and guidelines were strictly followed. Three
previously trained and calibrated researchers participated in data collection after undergoing
training and calibration (theoretical and practical) and having achieved a satisfactory level of

intra and inter-examiner agreement (Kappa or ICC above 0.77).
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Malocclusion was assessed considering the occlusal parameters presents in Dental Aesthetic
Index (DAI) and Foster and Hamilton Index adapted, according WHO recommendations™.
Other relevant aspects that can have an important impact on the severity of malocclusion not
included in these indexes® were also evaluated to complete the assessment: the dental midline
and facial and smile pleasantness. The choice of modifying the parameters of these two
indexes was based on two points: firstly, there was no standard index for evaluation and
registry of malocclusion and the second because they had already been recommended by
WHO™. It was considered more appropriate to correct the inadequacies presented by them

than to introduce a new index.

To determine caries experience, the number of decayed teeth, missing, and filled teeth
(DMFT) was recorded, where caries experience was classified as having at least one decayed,
missing, or filled tooth using the codes and criteria established by WHO™.

Gingival bleeding was recorded by sextants using the following scores recommended by the
WHO™: 0 = absence of bleeding; and 1 = presence of bleeding on probing. Adolescents with
gingival bleeding in at least one sextant were classified as having “presence of gingival

bleeding”.

Smile dissatisfaction was assessed using the question adopted by SB Brasil “With respect to
your teeth/mouth are you?” with the following standardized response options*?: very satisfied;
satisfied; neither satisfied nor dissatisfied; dissatisfied; and very dissatisfied. For comparison
the data were dichotomized in satisfied (including the very satisfied and satisfied) and

dissatisfied (including the other three situations).

Facial pleasantness was assessed based on a subjective facial analysis and pleasantness
proposed by Capelozza Filho™® and classified as pleasant, acceptable, or unpleasant*. The
spontaneous smile of each participant was assessed based on the same analysis and categories.
The deviation of the midline was considered when the two, upper and lower midlines, were

not coincident with each other.

So the assessment of malocclusion included the following occlusal aspects: crowding of the
upper anterior teeth(normal/mild, moderate/severe); crowding of the lower anterior

teeth(normal/mild, moderate/severe); Diastema (absent, present); canine keys (Class I, Class
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I, Class Ill); molar relationship (Class I, Class Il, Class Ill); posterior crossbite (absent,
unilateral, bilateral); overjet (normal, increased, top-to-top, anterior crossbite); overbite
(normal, reduced, open, deep); dental midline (normal, deviated); facial pleasantness
(pleasant, acceptable, or unpleasant); smile pleasantness (pleasant, acceptable, or unpleasant).

The prevalence of each occlusal condition was calculated. The overall prevalence of
malocclusion was then calculated, defined as “the presence of at least one occlusal
change™**. Since parameters were included that were not used by in the indexes, two
prevalence rates were calculated: one including only the parameters presents on the indexes
modified and another including all of the occlusal conditions examined.

Statistical Analysis

Statistical analysis was conducted considering the need for correction for clustering to
compensate for unequal selection probabilities. A weight equal to the inverse of the
probability of inclusion was assigned to each participant considering the non-response rate for
each school. The analyses were performed using the Complex Sample module of the SPSS
Statistics 20.0 (SPSS Inc., Chicago, IL, USA).

The prevalence of each occlusal condition was calculated according to sex (male/female),
caries experience (DMFT = O/DMFT > 1), presence of gingival bleeding (individual with
bleeding/individual without bleeding), and smile satisfaction (satisfied/dissatisfied) using a
bivariate Poisson regression with robust variance to estimate prevalence ratios adopting a
95% confidence interval (C195%).

RESULTS

Six hundred of the 635 randomly selected adolescents agreed to participate in the study and
made up the final sample, of which 83.5 % declared themselves black or brown, 61.5% were
female, and 54% aged 14 years or under. The prevalence of caries experience (DMFT > 1),

gingival bleeding, and smile dissatisfaction was 52.3%, 55.8%, and 49.4%, respectively.

The most prevalent occlusal anomaly was crowding of the lower anterior teeth (58.5%),
followed by deviation of the dental midline (54.9%), crowding of the upper anterior teeth
(51.5%), deep overbite (47.7%), and accentuated overjet (46.5%). The prevalence of Class |
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(51.3%), Class Il (40.9%) and Class Il (7.8%) and global prevalence of malocclusion
considering the traits presents in the indexes was 89.2%, while prevalence considering all of
the occlusal conditions examined by this study was 96.0%. The prevalence rates of occlusal
conditions and malocclusion by sex, caries experience, presence of gingival bleeding, and
smile dissatisfaction are shown in tables 1, 2, 3, and 4, respectively. To facilitate the
localization and comprehension all the results that presented statistical significance are
highlighted in the tables (CI 95%).

No statistically significant gender differences were found for the prevalence of malocclusion.

With respect to caries experience, a statistically significant difference was found for six of the
traits. The presence of diastemas was the only protective factor (PR = 0,81, ClI = 0,66-0,97).
Class 111 molar relationship, anterior open bite, anterior crossbite, deviation of the dental
midline, and an unpleasant smile were associated with caries experience, with a statistically

significant difference (table 2).

With regard to presence of gingival bleeding, there was a statistically significant difference
between those who had moderate/severe crowding of the upper and lower anterior teeth
compared to those who did not have crowding or where crowding was mild (table 3). With
respect to the association between smile pleasantness and presence of gingival bleeding, there
was a statistically significant difference between adolescents with acceptable smiles and those
with pleasant smiles. The prevalence of gingival bleeding among individuals who had
malocclusion was 40% higher than among those who had normal occlusion (PR = 1,39, CI =
1,1-1,59).

When analyze the smile pleasantness, a statistically significant difference was observed in the
comparison between pleasant, acceptable, and unpleasant smiles and smile dissatisfaction
(table 4). Smile dissatisfaction was greater among adolescents with acceptable and unpleasant

smiles and the smile's dissatisfaction increased as the smile's pleasantness decreased.



Table 1: Prevalence of occlusal conditions and malocclusion by gender

VARIABLE TOTAL MALE FEMALE PR Cl (95%)
% ClI (95%) % Cl (95%) % Cl (95%)
Crowding of the upper anterior teeth
Normal/Mild 86.8 80.3-91.3 84.1 74.0-90.8 88.5 83.3- 92.2 1 -
Moderate/severe 13.2 8.7-19.7 15.9 9.2-26.0 115 7.8-16.7 0.81 0.65-1.00
Crowding of the lower anterior teeth
Normal/Mild 86.2 80.5-90.5 84.5 75.0-90.8 87.4 82.0-91.3 1 -
Moderate/severe 13.8 95-19.5 15.5 9.2-25.0 12.6 8.7-18.0 0.87 0.65-1.17
Diastema
Absent 76.0 73.7-78.2 71.7 75.5-79.7 75.0 71.6-78.1 1 -
Present 24.0 21.8-26.3 22.3 20.3-245 25.0 21.9-284 1.01 0.98-1.23
Canine keys
Class | 51.3 37.4-65.0 57.5 41.8-71.8 47.4 35.3-59.8 1 -
Class 1l 40.9 28.6-54.4 35.4 22.8-505 44.3 32.7-56.5 1.06 0.97-1.16
Class 11 7.8 49-12.2 7.1 41-11.9 8.3 5.2-13.1 1.05 1.00-1.11
Molar relationship
Class | 61.6 48.0-73.6 61.3 44.3-76.0 61.8 48.0-73.9 1 -
Class Il 27.3 16.2-42.2 26.2 12.3-47.4 28.0 17.5-415 0.99 0.95-1.05
Class Il 111 8.4-14.6 12,5 8.3-18.3 10.2 8.2-12.7 0.97 0.89-1.06
Posterior crosshite
Absent 90.1 88.8-91.2 89.1 85.8-91.7 90.7 86.8-93.5 1 -
Unilateral 7.6 6.1-9.5 7.6 5.7-10.1 7.6 45-12.6 0.99 0.91-1.09
Bilateral 2.3 1.3-4.0 3.3 1.7-6.3 1.7 09-32 0.90 0.75-1.08
Overjet
Normal 46.1 43.1-49.2 47.7 39.6 - 56.0 45.1 40.4-49.9 1 -
Increased 46.5 43.3-49.7 44.7 38.6-50.9 47.7 43.3-52.1 1.01 0.96-1.07
Top-to-top 5.4 41-70 5.4 25-116 5.3 35-80 0.98 0.87-1.11
Anterior crosshite 2.0 0.9-4.6 2.2 0.8-5.7 1.9 0.8-4.6 1.03 0.86-1.25
Overbite
Normal 40.8 36.1-45.6 38.0 31.7-44.7 425 37.1-48.2 1 -
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Reduced 8.0 6.3-10.1 8.3 4.8-139 7.8 5.1-11.9 0.95 0.86-1.06
Open 35 2.2-56 2.2 0.8-5.7 4.3 2.0-9.1 1.05 0.94-1.18
Deep 47.7 42.7-52.8 51.5 45.2 -57.6 45.3 40.3-50.5 0.96 0.92-1.02
Dental midline
Normal 45.1 37.4-53.0 457 33.5-58.5 44.7 34.7-55.1 1 -
Deviated 54.9 47.0-62.6 54.3 41.5-66.5 55.3 449 -65.3 1.03 0.68-1.56
Facial pleasantness
Pleasant 72.3 66.7 - 77.2 66.9 55.7-76.4 75.7 70.3-80.4 1 -
Acceptable 26.9 22.1-32.3 31.9 23.3-42.0 23.6 18.6 - 29.5 0.95 0.90-1.00
Unpleasant 0.9 0.2-46 1.2 02-72 0.7 01-34 0.85 0.63-1.16
Smile pleasantness
Pleasant 40.8 34.1-47.8 39.9 31.7-48.7 41.3 33.9-49.2 1 -
Acceptable 53.7 48.4-58.9 51.3 44.6 - 58.0 55.2 47.3-62.9 1.01 0.95-1.05
Unpleasant 5.5 2.6-11.4 8.8 5.3-14.3 34 0.8-13.2 0.89 0.78-1.00
Presence of at least one of the above
conditions
No 4.0 1.6-6.7 1.8 0.7-4.3 1.5 0.8-2.9 1 -
Yes 96.0 93.3-98.4 95.4 90.2-97.9 97.5 94.7-98.8 1.40 0.95-2.04
Presence of at least one of the above
conditions (except for midline
deviation and facial and smile
pleasantness)
No 10.8 8.3-14.0 11.8 8.6 -16.1 10.2 7.2-14.3 1 -
Yes 89.2 86.0-91.7 88.2 83.9-914 89.8 85.7-92.8 1.10 0.85-1.43
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Table 2: Prevalence of occlusal conditions and malocclusion by caries experience

VARIABLE WITHOUT CARIES EXPERIENCE WITH CARIES EXPERIENCE PR Cl (95%)
% ClI (95%) % Cl (95%)
Crowding of the upper anterior teeth
Normal/Mild 88.2 78.6 -93.9 85.4 80.8-89.1 1 -
Moderate/severe 11.8 6.1-21.4 14.6 10.9-19.2 1.14 0.85-1.54
Crowding of the lower anterior teeth
Normal/Mild 89.2 81.5-93.9 83.5 78.7-87.4 1 -
Moderate/severe 10.8 6.1-18.5 16.5 12.6 -21.3 1.31 0.96-1.8
Diastema
Absent 71.8 67.0-76.3 79.9 74.8-84.1 1 -
Present 28.2 23.7-33.0 20.1 15.9-25.2 0.81 0.66-0.97
Canine keys
Class | 53.3 37.7-68.3 49.5 34.2-64.9 1 -
Class 1l 40.6 27.4-552 41.1 27.5-56.3 0.92 0.78-1.08
Class 11 6.2 4.0-93 9.4 5.0-17.0 0.91 0.77-1.07
Molar relationship
Class | 64.4 49.6 -76.9 58.9 45.9-70.8 1 -
Class Il 27.6 17.7-40.4 27.0 14.4 -44.8 1.01 0.92-1.11
Class I 8.0 52-12.1 14.1 9.2-21.1 1.16 1.01-1.32
Posterior crosshite
Absent 91.6 87.0-94.7 88.7 85.8-91.0 1 -
Unilateral 6.5 4.8-8.7 8.7 6.4-11.6 1.08 0.92-1.25
Bilateral 1.9 0.6-59 2.7 09-77 1.04 0.79-1.37
Overjet
Normal 42.9 37.5-485 49.0 41.3-56.7 1 -
Increased 52.4 46.9-57.8 41.2 35.6-47.0 0.97 0.85-1.01
Top-to-top 4.0 27-6.1 6.6 45-9.7 1.07 0.89-1.29
Anterior crossbite 0.7 01-31 3.2 1.4-73 1.39 1.06-1.81
Overbite
Normal 41.0 38.6-43.4 40.5 31.0-50.8 1 -
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Reduced 6.7 4.6-9.8 9.2 6.4-13.0 1.05 0.88-1.23
Open 1.4 06-34 5.4 25-11.4 1.37 1.14-1.65
Deep 50.8 48.8 -52.8 44.9 36.2-53.9 0.94 0.86-1.03
Dental midline
Normal 49.1 40.3-58.0 41.4 34.6 -48.5 1 -
Deviated 50.9 42.0-59.7 58.6 51.5-65.4 1.17 1.02-1.35
Facial pleasantness
Pleasant 72.4 67.7—-76.6 72.2 65.3-78.1 1 -
Acceptable 27.3 22.8-32.3 26.5 20.8-33.0 0.98 0.89-1.08
Unpleasant 0.3 0.0-4.0 14 0.3-6.6 1.28 0.83-1.96
Smile pleasantness
Pleasant 43.3 34.2-53.0 38.4 32.1-45.1 1 -
Acceptable 53.5 45.0-61.7 53.9 455-62.1 1.02 0.94-1.12
Unpleasant 3.2 1.6-6.5 7.7 3.6-15.7 1.25 1.05-1.49
Presence of at least one of the above
conditions
No 3.2 1.5-6.6 35 1.4-83 1 -
Yes 96.8 93.4-985 96.5 91.7-98.6 0.95 0.58-1.54
Presence of at least one of the above
conditions (except for midline
deviation and facial and smile
pleasantness)
No 10.2 8.2-12.7 11.4 6.7-18.8 1 -
Yes 89.8 87.3-91.8 88.6 81.2-93.3 0.94 0.63-1.39
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Table 3: Prevalence of occlusal conditions and malocclusion by presence of gingival bleeding

VARIABLE WITHOUT BLEEDING WITH BLEEDING PR Cl (95%)
% ClI (95%) % Cl (95%)
Crowding of the upper anterior teeth
Normal/Mild 90.6 83.7-94.7 83.8 76.6 —89.1 1 -
Moderate/severe 9.4 5.3-16.3 16.2 10.9-234 1.46 1.03-2.08
Crowding of the lower anterior teeth
Normal/Mild 88.8 81.7-934 84.2 79.0-88.3 1 -
Moderate/severe 11.2 6.6 -18.3 15.8 11.7-21.0 1.27 1.01-1.54
Diastema
Absent 78.3 74.6-81.6 74.2 68.2-79.4 1 -
Present 21.7 18.4-25.4 25.8 20.6-31.8 1.14 0.87-1.48
Canine keys
Class | 52.5 34.5-70.0 50.3 39.0-61.6 1 -
Class 1l 38.3 22.3-57.3 42.9 33.4-528 1.03 0.88-1.20
Class 11 9.1 57-14.3 6.8 3.8 -12.1 0.85 0.60-1.20
Molar relationship
Class | 62.0 47.2-74.9 61.3 46.1-74.5 1 -
Class Il 26.9 16.1-41.4 27.6 14.8 -455 1.05 0.88-1.24
Class Il 11.0 7.8-15.3 11.2 8.0-15.4 1.04 0.81-1.33
Posterior crosshite
Absent 92.0 88.0-94.8 88.5 83.4-92.2 1 -
Unilateral 6.2 34-10.8 8.8 5.0-14.8 1.23 0.98-1.54
Bilateral 1.8 1.0-32 2.7 1.4-51 1.15 0.74-1.78
Overjet
Normal 46.1 42.5-49.8 46.1 40.4-51.8 1 -
Increased 46.6 43.9-49.2 46.5 39.7-534 0.96 0.82-1.12
Top-to-top 5.6 29-10.8 5.2 45-6.0 0.89 061-1.29
Anterior crosshite 1.7 0.7-41 2.3 0.9-57 1.02 0.53-1.95
Overbite
Normal 43.6 37.4-50.0 385 32.2-45.2 1 -
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Reduced 7.6 5.8-9.8 8.4 6.2-11.2 1.01 0.74-1.37
Open 3.0 1.8-5.0 3.9 1.5-9.9 1.25 0.88-1.77
Deep 45.8 39.1-52.6 49.2 44.7 -53.8 1.04 0.88-1.22
Dental midline
Normal 47.3 33.6-61.4 43.3 36.6 -50.3 1 -
Deviated 52.7 38.6 -66.4 56.7 49.7 -634 1.09 0.78-1.53
Facial pleasantness
Pleasant 76.4 72.9-79.5 69.0 59.8-77.0 1 -
Acceptable 23.2 19.3-27.7 29.7 22.7-37.9 1.11 0.94-1.30
Unpleasant 0.4 0.0-4.7 1.3 0.2-6.8 141 0.79-2.5
Smile pleasantness
Pleasant 49.0 42.5-55.6 34.2 27.7-41.4 1 -
Acceptable 46.4 40.0-52.9 59.5 54.2 -64.6 1.27 1.08-1.49
Unpleasant 4.6 1.3-15.2 6.3 40-9.8 1.27 0.92-1.75
Presence of at least one of the above
conditions
No 3.6 1.2-10.0 3.1 1.0-9.3 1 -
Yes 94.4 90.0-98.8 96.9 90.7-99.0 1.09 0.45-2.68
Presence of at least one of the above
conditions (except for midline deviation
and facial and smile pleasantness)
No 14,5 11.4-18.3 8.0 5.3-11.8 1 -
Yes 85.5 81.7-88.6 92.0 88.2-94.7 1.39 1.21-1.59
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Table 4: Prevalence of occlusal conditions and malocclusion by smile dissatisfaction

VARIABLE SATISFIED DISSATISFIED PR Cl (95%)
% ClI (95%) % Cl (95%)
Crowding of the upper anterior teeth
Normal/Mild 89.3 79.2-94.8 76.1 64.7 - 84.7 1 -
Moderate/severe 10.7 5.2-20.8 23.9 15.3-35.3 1.28 0.93-1.76
Crowding of the lower anterior teeth
Normal/Mild 88.8 80.3-93.9 75.4 64.9-83.6 1 -
Moderate/severe 11.2 6.1-19.7 24.6 16.4-35.1 1.27 0.97-1.66
Diastema
Absent 76.8 74.3-79.1 74.9 61.2-85.0 1 -
Present 23.2 20.9-25.7 25.1 15.0-38.8 1.02 0.88-1.18
Canine keys
Class | 51.5 36.2 - 66.6 48.7 38.2-59.2 1 -
Class 1l 40.5 27.4-551 445 34.7-54.8 1.08 0.76-1.55
Class 11 8.0 51-12.3 6.8 27-16.1 0.95 0.47-1.97
Molar relationship
Class | 62.9 48.5-75.4 545 38.0-70.1 1 -
Class Il 25.9 14.5-42.0 33.6 24.8-43.7 1.45 1.00-2.11
Class Il 11.2 9.4-13.2 11.9 49-26.2 1.25 0.71-2.18
Posterior crosshite
Absent 91.0 89.0-92.7 85.4 75.8-91.6 1 -
Unilateral 7.0 54-90 10.8 5.9-18.9 1.28 0.72-2.76
Bilateral 2.0 1.1-36 3.8 1.5-89 1.70 0.73-3.91
Overjet
Normal 45.7 40.8 - 50.7 48.1 38.0 -58.3 1 -
Increased 46.5 41.3-51.8 58.3 45.6 — 33.7 0.98 0.69-1.40
Top-to-top 6.2 4.0-94 2.6 0.6-10.2 0.35 0.91-1.38
Anterior crosshite 1.6 0.6 -4.6 3.8 19-75 2.21 0.91-5.40
Overbite
Normal 41.8 37.4-46.3 34.8 25.0-46.1 1 -
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Reduced 8.0 6.6-9.7 5.0 14.4-50.1 1.28 0.61-2.42
Open 2.9 15-55 6.5 3.9-105 1.73 0.78-3.86
Deep 47.4 42.0-52.8 50.1 43.3-56.9 1.29 0.88-1.88
Dental midline
Normal 455 35.9-555 40.7 27.4-555 1 -
Deviated 54.5 445-64.1 59.3 445-72.6 1.04 0.89-1.21
Facial pleasantness
Pleasant 72.5 65.1-78.8 71.2 62.0-78.9 1 -
Acceptable 26.7 21.4-329 27.4 18.6 —38.3 1.11 0.75-1.63
Unpleasant 0.7 0.1-54 15 0.1-14.7 1.37 0.25-7.57
Smile pleasantness
Pleasant 44.9 36.4 -53.7 24.0 12.7-40.6 1 -
Acceptable 50.4 44.8 -56.0 67.5 50.5-80.9 2.19 1.44-3.35
Unpleasant 4.7 1.5-13.8 8.5 4.1-16.9 2.85 1.48-5.50
Presence of at least one of the above
conditions
No 3.7 1.5-838 1.0 0.1-99 1 -
Yes 96.3 91.2-98.5 99.0 90.1-99.9 1.17 0.98-1.40
Presence of at least one of the above
conditions (except for midline
deviation and facial and smile
pleasantness)
No 11.2 74-16.7 8.3 3.6-18.3 1 -
Yes 88.8 83.3-92.6 91.7 81.7-96.4 1.06 0.87-1.29
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DISCUSSION

The majority of the adolescents were found to have malocclusion. The most prevalent
malocclusions were anterior teeth crowding, deviation of the dental midline, overjet and
overbite accentuated. The prevalence of malocclusion observed by the present study is greater
than that reported by national (38.8%), regional® (62%) and local (30.4%) studies®®. The
prevalence of malocclusion varies greatly in Brazil and around the world, ranging between 30
and 90%">®. A classic epidemiological survey undertaken with 2,416 participants in Bauru
found that the prevalence of malocclusion was 90%*°, while according to the SB Brasil
(2010)* the prevalence of malocclusion in Brazil is 66.7% at age five, 38.8% at age 12, and
34.9% in the 15 to 19 years age group. This study have also shown wide variations in
estimated prevalence rates across the different regions of Brazil, ranging between 28.7% and
71.6% among different age groups'?.

The present study opted for a global assessment of malocclusion, including important traits
assessed by the Foster and Hamilton Index (posterior crossbite, canine keys and overbite) and
DAI. Other parameters reported in the literature which are absent from the DAI were added
because the use of the DAI on its own can lead to the underestimation of the prevalence of

malocclusion®!"*8,

Furthermore, facial aspects were also considered because skeletal
anomalies have a significant impact on facial aspects™. The divergence in results between
studies may be partially explained by methodological differences. One of the reasons for the
high prevalence rate found by this study is the fact that, some morphological deviations, such
as deviation of the dental midline and diastemas, were recorded as malocclusions, regardless
of their magnitude, unlike DAI where mild anomalies were not considered malocclusions,

being grouped as normal occlusions™.

Recommended by the WHO in 1997, the DAI has been widely used in Brazil and around the
world. However, it has a number of drawbacks that limit its comprehensiveness as an
assessment tool. Different malocclusion traits are measured using different criteria and
therefore the overall score does not necessarily provide a true representation of malocclusion
prevalence or severity. Furthermore, it focuses on aesthetics and therefore omits others
malocclusions that affect oral health. Another limitation is that the classification of molar

relationship does not differentiate between Class Il and Class Il1, nor does it specify whether
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crowding is in the upper or lower arch. It is clear therefore that using DAI alone may lead to
an underestimation of malocclusion, explaining the use of various indices, which in turn
hinders standardization and comparability between studies™*°. Moreover, the DAI score does
not show which occlusal conditions are most prevalent and the percentage of these anomalies.

Because of these aspects the DAI score was not calculated in the present study.

The findings of the present study in relation to individual occlusal conditions are similar to
those reported by other studies. The most prevalent malocclusion was crowding of the lower
anterior teeth, which is significantly greater than the diastema prevalence rate. Secondary data
from the SB Brasil showed that the prevalence of spacing problems was 71.43%, with greater
prevalence of lack of space between the teeth compared to excess space (58.74% and 18.98%,
respectively)®®. The distribution of Class I, Class I and Class 111 malocclusion was similar to
that found by previous studies, which reported prevalence rates ranging between 58.4% and
77%, 17% and 37.64%, and 2.5% and 7%, respectively’#1619.

No statistically significant gender differences were found in relation to the prevalence of
occlusal conditions. This finding is similar to that reported by a systematic literature review
and meta-analysis of prevalence of malocclusion® and corroborates well-established findings

that malocclusion is not influenced by gender®®°1%16.

Prevalence of class 1l molar relationship, anterior open bite, anterior crossbite, and deviation
of the dental midline was greater among participants with caries experience. In contrast,
prevalence of diastema was greater in adolescents without caries experience. This is probably
because having gaps between the teeth facilitates the removal of biofilm. Some occlusal
conditions were associated with the presence of caries, corroborating the findings of previous
studies showing that adolescents with DMFT > 0 were twice as likely to have malocclusion

compared to those who did not have caries experience®*?,

Previous studies also show that the presence of deviation of the dental midline was greater

910 “\which is consistent with the results of the

among individuals with caries experience
present study. It is interesting to note that the three studies that reported this association were
unable to identify the reason for this difference. One possible explanation is that deviation of
the dental midline was influenced by confounding factors. It is probable that deviation of the

dental midline was influenced by lack of space between the teeth (possible confounding
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factor), meaning that the true association was in fact that between lack of space and caries
experience. Further research should be carried out using multiple analysis to gain a better
understanding of this problem.

Studies have reported an association between malocclusion severity and caries experience,
showing that DMFT is greater among adolescents who have some occlusal conditions, overjet
> 3 mm and difference in molar relationship (Class II or Class IIT > 1 cusp) were 30% more
likely to have caries?’. The present study also showed greater prevalence of class 111 molar
relationship, anterior open bite and anterior crossbite among adolescents with DMFT > 1.
These results suggest that an occlusion with unsatisfactory intercuspation increases the
likelihood of dental caries, since the disorganization of the biofilm produced by dental contact

during mandibular movements may be reduced.

The possibility of reverse causation is a critical bias in the majority of cross-sectional studies
and constitutes a limitation of the present study, since in practice it possible that associations
occur in both directions. However, a systematic literature review of the relationship between
caries and crowding evidence a lack of studies with methodologically appropriate designs

which allow reliable conclusions to be drawn with respect to this topic?.

With respect to the association between malocclusion and gingival bleeding, the findings
showed that there was an positive association between the presence of gingival bleeding and
increased prevalence of crowding of both the upper and lower anterior teeth. This association
was reported by epidemiological studies that showed that malocclusion negatively affects
gingival health®*?%. It is scientifically plausible that the above conditions lead to greater
accumulation of biofilm and hinder mechanical removal. Well-positioned teeth and a well-
aligned dental arch are easier to clean (brushing and flossing)?*. However, evidence
confirming this assertion remains limited, given that longitudinal studies of this association

are scarce.

The prevalence of smile dissatisfaction was greater among adolescents with acceptable or
unpleasant smiles compared to those with pleasant smiles, suggesting a certain degree of
agreement in relation to the judging criteria between the examiners and study participants. It

is widely reported in the literature that malocclusions have a negative influence on smile
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pleasantness, thus affecting quality of life, and that this may be an additional risk factor for
caries and periodontal disease. Therefore, improving smile pleasantness is an important
psychosocial benefit of orthodontic treatment, given that enhancing self-esteem and quality of

life has an indirect influence on the adoption of healthy attitudes and habits®*>#%,

Smile pleasantness was the only variable that was shown to be significantly associated with
smile satisfaction. Since no occlusal alteration was associated with adolescents’
dissatisfaction with their smiles, the classification of smiles may have been interfered with by
other characteristics of the dentition, such as color, shape, presence or absence of fluorosis
and caries-related lesions. It is important to stress that this finding suggests that examiners and
study participants used similar criteria for judging the smile. Based on these findings, it is
recommended that the assessment of smile pleasantness, conducted in similar manner to that

of subjective facial pleasantness, should be considered in dental examinations.

Studies have also shown that there is an association between malocclusion and smile
dissatisfaction, suggesting that the higher the DAI score, the higher the likelihood of
dissatisfaction with dental appearance. Missing teeth and irregularities in the position of
anterior teeth were shown to influence this association?. However, other studies have shown
a lack of association between orthodontic treatment needs and dental and facial appearance
dissatisfaction, underlining that other variables, such as sociocultural and psychosocial

factors, may influence smile satisfaction®.

A systematic literature review investigating factors influencing the decision to seek
orthodontic treatment showed that the main motivational factor was facial pleasantness®. The
present study found that there was no association between facial pleasantness and smile
satisfaction. Qualitative studies adopting methodologies more suited to understanding
subjective aspects such as perception and satisfaction are necessary to gain a deeper insight

into what really influences smile satisfaction among adolescents.

This study has a number of limitations inherent in cross-sectional studies. First, the
associations do not indicate cause-effect relationships and should therefore be interpreted with
caution. However, this study did not seek to investigate etiological factors. In terms of

methodology, the inclusion of various indices and other occlusal traits to correct the shortfalls
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of indices used in previous studies may be considered a limitation because it hinders direct
comparison with the findings of other studies. Nonetheless, this methodology may be
regarded more reliable and robust, thus increasing the validity of the findings. The absence of
normal occlusion, which was found in almost all participants, begs the question of whether
the concept of normal dental occlusion should be made more flexible, as proposed by

Capelozza Filho?’.

Despite the large body of knowledge regarding occlusion, a standardized classification of
malocclusions that can be adopted in epidemiological studies has yet to be proposed”.
Moreover, in 2013 the WHO did away with the assessment of occlusion, probably due to the
lack of a safe and reliable method for analyzing and recording malocclusions™>®. It is
therefore essential to develop new indices based on the modification of existing proposals or
the use of new methodologies in order to conciliate reliability and reproducibility and create

better malocclusion assessment instruments.

CONCLUSION

The majority of the adolescents who participated in this study were shown to have
malocclusion, illustrating that it constitutes a major public health problem. Our findings show
that there was an association between occlusal conditions such as crowding of the anterior
teeth, Class I11 molar relationships, deviation of the dental midline, anterior open bite, anterior
crossbite and caries experience or the presence of gingival bleeding, which demonstrates that
it is likely that malocclusions have a negative impact on adolescent oral health. Furthermore,
smile dissatisfaction was more prevalent among adolescents who had acceptable or unpleasant

smiles, confirming that the effects of malocclusions include aspects related to self-image.
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ABSTRACT

Introduction: Although computational intelligence is used to facilitate the interpretation of
clinical findings for diagnosis and classification in health sciences, it has not yet reached
epidemiological studies. The purpose of the present study was to use an expert artificial
intelligence system for the classification of malocclusion using an artificial neural network
(ANN). Methods: The sample consisted of data from 20 variables that characterized the
occlusion conditions of 600 Brazilian adolescents (input data). The output data consisted of
four different malocclusion classifications: absent/normal occlusion, minor malocclusion,
moderate and severe malocclusion. An ANN model was constructed and the data for 449
patients were aggregated to create the training set. Data from the other 151 patients were used
as the test set. The samples were divided into the training set and the test set before the
beginning the study. In addition, the researcher responsible for the training and test was
blinding. Results: Of the 600 adolescents examined 24 (4%) had normal occlusion, 160
(26,6%) mild malocclusion, 285 (47,6%) moderate malocclusion and 131 (21,8) severe
malocclusion. Agreement between this correct classification and the correctness of the data
obtained by the computational model was 99.3%. Only one case was classified with moderate
malocclusion when the correct diagnosis was minor malocclusion. Conclusions: The artificial
neural network constructed in this study was effective, with 99% accuracy, when determining
the epidemiological classification of malocclusion into absent/normal occlusion, minor
malocclusion, moderate malocclusion or severe malocclusion. The present study suggests that
expert artificial intelligence systems with an artificial neural network could be used as a new
approach in orthodontics research and epidemiological surveys. Improvement in performance
can be achieved by using patient photographs or images from oral scanners.

Key-words: Artificial neural network; Malocclusion; Diagnosis.
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INTRODUCTION

Since the end of the 20™ century a large number of classification systems have been proposed
with the aim of facilitating diagnosis and orthodontic treatment or to serve as an efficient and
precise index for epidemiological studies®. Functional characteristics are not usually included
in the distinction between malocclusion and normal occlusion, which is instead based on the
clinical judgment of the necessity of treatment. This is not an objective method for
epidemiological purposes. Studies on differences in malocclusion among the population are
inaccurate due to a lack of comparable data and the absence of defined evaluation standards?.

Due to its limitations, both in the evaluation of malocclusions in the vertical transverse planes
and the lack of criteria for establishing a standard epidemiological instrument, authors have
proposed different systems™2. However, none of these have become widely used. In 2013 the
World Health Organization (WHO)? eliminated occlusion evaluation, perhaps due to these

limitations and difficulties in the evaluation and judgment of different occlusal disorders.

Recently, studies into artificial intelligence and bioinformatics have emerged, and many
multiple-factor analysis methods are currently available. One of the most frequently used is
the statistical process known as fuzzy grouping analysis, and one approach is machine
learning using an artificial neural network (ANN)*. An ANN is a computational or
mathematical model based on the biological signal processing of the cerebrum. Construction
of an ANN model is based on the analysis of and learning about the structure, mechanism,
and function of biological neural networks. A neural network allows the construction of an
ANN that can help define complex relationships or establish patterns within a set of
epidemiological data. When concrete thinking information is processed by ANN models,
much better results can be obtained than with the use of traditional processing modalities®.
With the use of such a system, a decision can be made as to how the malocclusion should be

categorized by the epidemiological researcher.

So, the aim of the present study was therefore to construct an expert decision-making system
for classification of malocclusion, for epidemiological purposes, through a new approach
involving artificial neural networks. In addition, evaluate the validity and accuracy of this

model by testing the success rate of the model.

MATERIAL AND METHODS
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A cross-sectional epidemiological study was conducted with 600 adolescents (with 10 to 16
years old) of both gender, enrolled in public schools. A random sample was selected using
two-stage cluster sampling. In the first stage, the population was selected using probability
proportional to size (PPS) from schools representing the North, South, East, and West regions
of Montes Claros. In the second stage, adolescents were randomly selected from each school

based on the enrollment number, sex, and age, using simple random sampling.

The study was conducted in accordance with the ethical standards and guidelines laid down in
the National Health Council Resolution N.°466/2012 and approved by the Research Ethics
Committee (N.°1.876.375/2016). A written authorization form was signed by the school
principals, the adolescents and legal guardians signed an informed assent form and
parent/guardian informed consent form, respectively. The adolescents with dental treatment
needs were referred for treatment at the dental clinics of Universities of Montes Claros, MG -
Brazil and received health education guidelines through an educational primer.

To collect oral health data, intra and extraoral examinations were carried out in the school
environment, according WHO recommendations. The extraoral exam was performed by
observing the face at rest and when smiling. The intraoral evaluation consisted of visual
inspection and measurement. A mouthpiece, gauze and WHO probe were used as resources.

All biosafety standards were strictly followed.

Dental occlusion was evaluated based on the characteristics investigated (codes/criteria) in the
Dental Aesthetic Index (DAI) and the Foster and Hamilton Index (1969), following WHO
recommendations®. To complete the occlusion evaluation, other important aspects were
assessed: dental midline (normal or deviate), facial and smile pleasantness (pleasant,
acceptable or unpleasant) giving a total of 20 variables investigated — the input data (table I).
Three previously trained and calibrated researchers participated in data collection after
undergoing training and calibration (theoretical and practical) and having achieved a

satisfactory level of intra and inter-examiner agreement (Kappa or ICC above 0.77).



Table I: Variables used as input data in construction of ANN model

Variable Classification

Dentition
Condition of dentition

Spacing
Upper Anterior Crowding

Lower Anterior Crowding

Diastemas
Upper arch
Lower arch

Interincisal Diastema
Upper Anterior Misalignment
Lower Anterior Misalignment

Occlusion

Canine Occlusion
Right side

Left side

Molar relationship
Right Side

Left Side

Posterior Crossbite
Right Side

Left Side

Anterior Open bite
Overbite

Overjet

Dental Midline

Aesthetics
Facial pleasantness

Pleasantness of smile

Number of missing teeth

No crowding
Mild crowding
Moderate or severe crowding

No crowding
Mild crowding
Moderate or severe crowding

No diastemas

Interincisal Diastema
Generalized Diastemas

Measured in millimeters
Measured in millimeters
Measured in millimeters
Class |

Class Il

Class I

Class |

Class Il

Class I

Absent

Present

Measured in millimeters
Measured in millimeters

Measured in millimeters

Normal
Misaligned

Aesthetically pleasant
Aesthetically acceptable
Aesthetically disagreeable

Aesthetically pleasant
Aesthetically acceptable
Aesthetically disagreeable
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The output data were composed of four major subcategories: 1.absent/normal occlusion,
2.minor malocclusion, 3.moderate malocclusion and 4.severe malocclusion. The classification
process included the analysis of the number of variables with non-normal values of normality
degree of variation, as well as the analysis of the degree of aesthetic and/or functional

impairment that the alteration caused (figure 1).

Disagreeable [—> Malocclusion

Facial

Appearance \

Presence of
Accepiable — Cross Bite
Pleasant Open Bite
| oves || NO |

Canine Dcclusion

Severe

alocglusion Malar Relationship

TN

Or Class |
Class I

/ N

Others
Ocelusal
Disorders

[~
i’

F, ’ Fy
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Malocclusion
ra 2

\ Larger-scale 2 |
alterations VES

v v

/ Mild = Minor 7 Mormal
Malocclusion alterations Occlusion

Figure 1: Flowchart with the process of classification of malocclusion severity (output data)

For all the variables, the diagnoses and classification were determined by an expert in
orthodontics and dentofacial orthopedics (N.G.F.M.) with more than 15 years of experience.
The alternative approach for the classification of malocclusion severity inspired by the
configuration of the human brain involves the use of Artificial Neural Networks. An ANN is
an important appliance in the field of artificial intelligence, a science that strives to make a
computer possess or seem to possess intelligence. ANN is a computer program that processes

knowledge and information, which is composed primarily of a knowledge base and an
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inference machine. It simulates the decision making and working processes of experts and

solves problems in a single specialty field®.

In this approach, the Multilayer Perceptron (MLP) Neural Network was used for the
classification of malocclusion (absent/normal occlusion, minor malocclusion, moderate and
severe) as a complementary supplement to the methodology discussed above. At first, the
result obtained for the classification of malocclusion into four Categories was used for Neural
Net learning. The inputs of the Neural Net are described in Table 1 with the output of
absent/normal occlusion, minor malocclusion, moderate malocclusion and severe
malocclusion. The network is a three-layer MLP (trained by the backpropagation algorithm)
with a log-sigmoid/log-sigmoid log-sigmoid network activation function. The hidden layer
has ten neurons*?*,

The samples were divided into the learning set and the test set before the beginning of the
study. In addition, the researcher responsible for the training and testing set had no knowledge
of the data before carrying out their role. For the construction of this model, the data of 449
patients were aggregated to create the training set. Data for the other 151 patients were used
as the testing set. Initially, only the data of 449 patients were used to construct the training set,
after which the other data were inserted. Additionally, the researcher responsible for the

training and testing was blinding.

Both the input and output data (response variables) are inserted in the training phase, the
purpose of which is to allow the computer to learn how to interpret the input variables. Once
this is done, the test phase begins, where only the input variables are inserted and it is
expected that the computer will be able to infer the response variable. After that, the level of
agreement between the computer response and the correct answer is checked, and the success

rate of the model is calculated.

RESULTS

The results of the ANN model are shown in figure 2 and 3. The present study was successful
in determining the diagnosis of the severity of malocclusion into absent/normal occlusion,
minor malocclusion, moderate and severe malocclusion. A total of 600 patients were

investigated, divided into 449 patients for ANN training and 151 patients for ANN testing.
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The results are presented as a confusion matrix. In the field of machine learning and
specifically regarding the issue of statistical classification, a confusion matrix is a specific
table layout that allows the visualization of the performance of an algorithm. If a classification
system has been trained to distinguish between absent/normal occlusion, minor malocclusion,
moderate and severe malocclusion, a confusion matrix will summarize the results of testing
the algorithm for further inspection.

The confusion matrix of the sample of 449 patients, 16 of whom had absent/normal occlusion,
121 minor malocclusion, 213 moderate malocclusion and 99 severe malocclusion, is shown in
figure 2. In this confusion matrix, of the 121 individuals with minor malocclusion, the system
predicted that one had absent/normal occlusion and one moderate malocclusion. All the
correct predictions are located in the diagonal of the confusion matrix, making it easy to
visually inspect the table for prediction errors, which are represented by values outside the
diagonal.

Confusion Malrix

1 2 3 4
Target Class

Figure 2: Confusion Matrix of the training phase
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Confusion Malrix

Output Class

Figure 3: Confusion Matrix of the testing phase

The success rate of this model was 99%.The result of the training test, with data from 449
patients, was 99.6% correct. Figure 2 shows the confusion matrix with the training phase
responses. The untrained data from 151 patients in the testing set were 99.3% correct (figure
3). When the failed diagnoses were analyzed, only one case was classified with moderate
malocclusion by the computational model when the correct diagnosis should have been minor

malocclusion. The computer correctly predicted all the other classifications.

The results implied that in judging the severity of malocclusion computational intelligence
resources such as ANN are useful. Moreover, the high success rate confirms the safety of the
method used and validates the diagnostic reliability established by the orthodontist

responsible.

DISCUSSION
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Although knowledge about occlusion has evolved enormously over the course of the
twentieth century, no standard form of occlusal classification has so far been adopted. The
multiplicity of malocclusion classifications indicates the difficulty of finding a method that
satisfies the work of the orthodontic community and at the same time is practical and reliable
for epidemiological application’. The majority of authors who have carried out
epidemiological malocclusion studies have emphasized that the significant differences in the
results are most likely due to the methodological discrepancies between the studies. The most
important step towards comparability in epidemiological occlusion studies is the
standardization of the classification criteria. ANN has been used in many studies in the health

sciences to tackle issues with classification*®"*

, but has not yet been applied in
epidemiological studies, including epidemiological surveys in oral health. The advent of
advanced information technology and dental devices has produced vast amounts of data.
Moreover, the use of data mining algorithms and artificial intelligence techniques in dental
informatics has great potential for the management of data. However, few attempts have been
made to apply these techniques, and relatively little research has been carried out to retrieve
meaningful information from dental data™. This is the first study to address the use of an
artificial neural network as an alternative to the current forms of evaluation of occlusion,

making the comparison and discussion of the results difficult.

Occlusal alterations do not represent a discrete variable of the present or absent type, and can
be found in a continuous range of situations, from healthy to malocclusion with disability™.
The search for an index based on objectivity, with only absolute values is perhaps an
inconsistent process. The use of an ANN allows these uncertainties to be treated more

securely than the use of conventional statistical analyzes for data interpretation.

One of the major problems in assessing occlusion is the selection of a reliable and
reproducible index*. Considering the fact that malocclusion is a public health problem due to
its prevalence and impact on quality of life and the difficulty that epidemiologists have in its
diagnosis and the correct assessment of its severity, the use of a valid instrument or other
resource for objectively evaluating criteria for the diagnosis and classification of malocclusion
is required'®. The correct distribution of one malocclusion score enabled a more accurate
evaluation of the discriminatory power of the indices in the range of greater decision-making
difficulty. The variability in the opinion of the experts regarding the need for orthodontic

treatment may be considered a reflection of the difficulty in defining objective signs of
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malocclusion®?*18:1°

. The use of occlusal indices for diagnosis, classification and the
determination of the severity of occlusal changes, generally, has limitations inherent to the
procedure, from the determination of the gold standard to the incorporation of the perception
of the patient. Other characteristics such as simplicity, temporal reliability and duration of the
clinical exam should be considered when choosing indexes for oral surveys*®*°. No available

index achieves the desired objectives for use in epidemiological surveys.

In the present study, the feature variables adopted in the ANN model were classified into four
major subcategories: absent/normal occlusion, minor malocclusion, moderate and severe
malocclusion. The classification process included the analysis of the number of variables with
non-normal values of normality, degree of variation, as well as the analysis of the degree of
aesthetic and/or functional impairment that the alteration caused. This classification also took
into account the diagnosis of changes in occlusal normality that justified the choice of more
invasive orthodontic treatments, with extractions, anchoring on mini-implants and/or
orthognathic surgery. If inconsistent criteria are used to classify the severity of malocclusion,
the computer would not achieve the necessary learning, and so the high success rates of the

test phase confirm the consistency of the system used for the classification of malocclusions.

As the result listed shows a greater than 99% success rate, we can conclude that this method is
reliable. The use of computational intelligence with ANN allows any researcher possessing
the same data to achieve the same results anywhere in the world, greatly enhancing the
comparability of epidemiological studies. Additionally, the use of computational intelligence
resources such as ANN allows the analysis and interpretation of data from images, such as
photographs. One promising alternative is the use of intra and extra oral photographs,
commonly used by orthodontists, in epidemiological studies, in which these variables can
easily and safely be interpreted by the computer through an approach such as ANN.
Additionally, an artificial intelligence expert system can be used as a reference for less

experienced epidemiologists.

The use of expert systems has also been associated with successful experiences in dentistry™>.
Prediction systems were developed in orthodontics to classify patients with facial asymmetry

and to establish normative data on tooth size®'’

. Additionally, previous studies had
determined the need for extraction in orthodontic treatment plans using artificial neural
network modeling, as the decision to extract can be considered as a type of classification

problem**>!4292! These studies determined the need for extraction or nonextraction and
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identified extraction positions*>*?># The decision making success rates ranged from 80 to
95%, meaning that the use of ANN in an orthodontic context has achieved high success rates
from the outset, and that the technique is safe for use in health research. The present study
achieved even higher success rates, indicating that epidemiological studies may benefit from
the use of computational intelligence and its technological resources.

One limitation of the present study was the fact that the classification of malocclusion was
carried out by only one orthodontist and not by a group of specialists in the field. This may
reflect the academic background of the researcher as an orthodontist, rather than a universally
accepted standard. This limitation can be corrected by the use of a board specialized in the
subject, with the participation of several researchers from different universities. If necessary,
customized diagnostic learning could be possible for each researcher, which is one advantage
of the use of this approach in Health Sciences.

Another limitation of the study was the ambiguity of the classification of facial pleasantness
and smile, which can be subjective. It was difficult to exactly determine the pleasantness or
beauty of the face and the smile. However, if these indexes are applied consistently, the model
could achieve reliable results, and furthermore, the removal of these indices may not decrease

the reliability and accuracy of the model.

In relation to the variables used, the evaluation of all the aspects of occlusion was attempted.
However, the analysis of Spee curve depth, which is important as it is one of the only
characteristics of the six keys of normal occlusion by Andrews found in 100% of normal

2223 \was not included in the dental occlusion examination, due to the

untreated occlusion
difficulty of accurate direct measurement in the mouth. It is therefore important to think of
safe and practical mechanisms to measure the depth of the Spee curve, without the need for

models, in order for this evaluation to be incorporated in oral health epidemiological surveys.

Additional progress in the epidemiological study of malocclusion through the development of
a satisfactory index is required. Improved performance can be achieved by other changes in
methodology, such as using more researchers to define the malocclusion diagnosis and
classification and using patient photographs or images from oral scanners. In addition, the
substitution of the use of indexes to evaluate occlusion condition with artificial intelligence
resources can facilitate more accuracy and enable global use, allowing this method to be

adopted in epidemiological surveys on oral health in Brazil and around the world.
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CONCLUSIONS

As a result of computational model for malocclusion classification with artificial neural
network the success rate of this classification were 99,3%. So, the results of the present study
indicate that artificially intelligence expert systems with an artificial neural network could be
a new approach for use in orthodontics studies. The success rates achieved indicate that expert
artificial intelligence systems with an artificial neural network could be used as a new

approach in orthodontics research and epidemiological surveys.
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ARQUIVO SUPLEMENTAR

Summary of the Backpropagation Algorithm steps used by ANN

One specific type of neural network architecture is the Multilayer Perceptron (MLP) feed-
forward network, which has one or more layers between the input and output nodes (hidden
layers). MPL learning is achieved by the backpropagation algorithm’. The summary of the
backpropagation algorithm steps, through the training sample, is {(x(n),d(n))}_,, where

x(n) is the nth input data and d (n) is the nth desired output data, as follows®:

1. Initialization: Assume that no prior information is available, select the synaptic
weights and thresholds, a)j(l.l) (n), from a uniform distribution the mean of which is zero and
the variance of which is chosen to ensure the standard deviation of the induced local fields of

the neurons lies at the transition between the linear and saturated parts of the activation

function, ¢.

2. Presentation of Training Examples. Present the neural net with an epoch of training
examples. For each example in the set {(x(n),d(n))}Y_,, ordered to some degree, perform

the sequence of forward and backward computations described in points 3 and 4, respectively.

3. Forward Computation. Let a training example in the epoch be denoted by
(x(n),d(n)), with the input vector x(n) applied to the input layer of sensory nodes and the

desired response vector d(n) presented to the output layer of computation nodes. Compute
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the induced local field and function signals of the neural net by proceeding forward through

the net, layer by layer. The induced local field v{” (n) for neuron j in layer I is:

mo

00 = oy

i=0

where yi(l"l)(n) is the output (function) signal of neuron i in the previous layer (I — 1) at

iteration n and w(l) (n) is the synaptic weight of neuron j in layer [ that is fed from neuron i in
layer (I —1). For i = 0, we have y*"”(n) = +1 and a)j(é)(n):bj(l) is the bias applied to
neuron j in layer [. The output signal of neuron j in layer [ is:

v = 00 ()

If neuron j in the first hidden layer (i.e., I=1), set:
Y2 () = x;(n)

where x;(n) is the jth element of the input vector x(n). If neuron j is in the output layer (i.e.,

[ = L, where L is the number of network layers), set:

y ]-(L) = 0j (n)

Compute the error signal:
ej(n) = d;(n) — o;(n)
Where d;(n) is the jth element of the desired output vector d(n).

4. Backward Computation. Compute the ds (i.e., local gradients) of the Neural Net,
defined by:

e () o) (v ()
5()(71) = (l)(n) 25(1+1)( ) (Hl)(n)
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Where the prime in ¢;(.) denotes differentiation with respect to the argument. Adjust the

synaptic weights of the Neural Net in layer [ according to the generalized delta rule®*%**:
l l l l -1
oPn+1) = 0 () + afwf -]+ 16" My V)
Where 7 is the learning rate and « is the momentum constant.

5. Iteration. Iterate the forward and backward computations in points 3 and 4 by
presenting new epochs of training examples to the Neural Net until the stopping criterion is
met.
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5 CONCLUSOES

Com base nos resultados dos dois estudos apresentados, como produtos cientificos dessa tese,

pode-se concluir que:

— A méa oclusdo apresenta prevaléncia expressiva entre os adolescentes de
Montes Claros/MG, e foi estimada em 89,2% e 96,0%, segundo as duas formas de avaliacéo
utilizadas;

— N&o houve nenhuma diferencga estatisticamente significante com relagdo ao
Sexo;

— A prevaléncia de diastemas foi maior entre os individuos sem experiéncia de
carie;

— A prevaléncia de relacdo molar de Classe 111, mordida aberta anterior, mordida
cruzada anterior e desvio da linha média foram maiores entre os adolescentes com experiéncia
de carie;

— A prevaléncia de ma oclusdo foi maior entre os adolescentes com presenca de
sangramento gengival,

— O apinhamento anterior, superior e inferior, foram mais prevalentes entre os
adolescentes que apresentavam sangramento gengival,

— A insatisfacdo com o sorriso aumentou a medida que a agradabilidade do
sorriso diminuiu;

— A distribuicdo da gravidade da méa oclusdo entre os adolescentes examinados
foi a seguinte: 4% oclusdo normal, 26,6% ma oclusdo leve, 47,6% ma oclusdo moderada,
21,8% ma oclusao grave;

— O uso de recursos da inteligéncia computacional, como a rede neural artificial,
como estratégica metodoldgica para classificacdo da gravidade da ma oclusdo demonstrou alta

eficdcia e acuracia, apresentando uma taxa de sucesso superior a 99%;

— O fluxograma construido para obter diagndstico e classificacdo da gravidade da
méa oclusdo demonstrou consisténcia nos critérios utilizados, pois permitiu o aprendizado

necessario, comprovado pela alta taxa de sucesso do modelo construido.
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6 CONSIDERACOES FINAIS

Com base nos resultados encontrados, espera-se que os dados obtidos sirvam como alerta aos
epidemiologistas e clinicos e de estimulo ao poder publico para o desenvolvimento de
politicas publicas de satde voltadas para o controle, a prevencdo e o tratamento das alteracbes
oclusais encontradas. A adoc¢do dessas medidas e a inclusdo do tratamento ortodéntico no
Sistema Unico de Satde de Montes Claros podem favorecer os adolescentes, reduzindo os
problemas de salde bucal, interacdo social e de baixa autoestima, ou seja, melhorando a

qualidade de vida dos adolescentes que possuem mas oclusoes.

Os dados epidemiologicos fornecidos por este trabalho nos convidam a refletir sobre a
utilizacdo dos diversos métodos existentes, para avaliacao e registro das mas oclusdes. Diante
das dificuldades de padronizacdo dos métodos existentes, e da alta taxa de sucesso obtido
utilizando a rede neural artificial, sugere-se que os recursos da inteligéncia computacional, em
especial da rede neural artificial, sejam melhor estudados, para que possam ser inseridos nas

pesquisas, especialmente nos levantamentos epidemiolégicos em saude bucal.

O estudo tem limitacGes, a maioria delas decorrentes da natureza transversal do mesmo, e
outras relacionadas a forma de tratamento estatistico dos dados. Possiveis fatores de confusdo
podem ter interferido nos resultados encontrados, mas, como o objetivo ndo foi avaliar fatores

de risco ou etiolégicos, essas limitagdes podem ser consideradas como relativas.

Em relacdo ao método usado para registro e avaliacdo das alteracdes oclusais, apesar do
esforco para se corrigirem as inadequac6es dos indices utilizados, 0 método empregado pode
ter superestimado a prevaléncia de ma oclusdo. Além disso, a introducdo dessa forma de
avaliar a oclusdo dentaria dificulta a comparacdo dos resultados encontrados com resultados

de pesquisas anteriores e/ou subsequentes.

Entretanto, o estudo além de apresentar uma nova forma de avaliar a oclusdo dentaria, traz
uma reflexdo sobre a limitacdo dos indices existentes e desenvolve um fluxograma para
classificar a gravidade da ma oclusdo. Esses aspectos explicitam o carater inovador e inédito
da metodologia apresentada, que é um dos objetivos a serem alcancados para a obten¢do do

titulo de doutorado.
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APENDICE A — Instrumento usado para avaliacdo da satde bucal incluindo as variaveis:

sexo, idade, cor/raga e a Ficha de Exame.
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APENDICE B — Carta encaminhada aos diretores das escolas sorteadas

CARTA ENCAMINHADA AOS DIRETORES DAS ESCOLAS SORTEADAS

Montes Claros, de de

[Imo. Sr (a). Diretor (a)

Sou professora da Universidade Estadual de Montes Claros — UNIMONTES e atualmente
estou realizando um curso de Doutorado no Programa de Pos-Graduacdo Strictu Sensu em
Ciéncias da Saude no Instituto Universitario Italiano de Roséario - IUNIR, Argentina.

No momento estou iniciando a coleta de dados para a elaboragdo da minha tese intitulada:
“Influencia de um programa de atividade fisica em adolescentes com risco cardiovascular” na
cidade de Montes Claros - MG.

Esta escola foi escolhida para participar deste estudo, assim pedimos a V. Sa. autorizacao para
realizarmos as coletas de dados (aplicacdo de um questionario e avaliagdo antropométrica),
tendo em vista que é necessario avaliar um consideravel nimero de criangas para representar
a populacdo em estudo.

As informacdes coletadas nesta escola serdo mantidas em sigilo.

Desde ja agradecemos a vossa atengao.

Atenciosamente,

Professor Dr. André Luiz Gomes Carneiro
Coorientador

Professora Ms. Daniella Mota Mourao
Pesquisador
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APENDICE C — Termo de Assentimento Livre e Esclarecido (TALE)

TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO PARA PARTICIPAGAO EM PESQUISA

Titulo da pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco cardiovascular

Instituicdo promotora: Universidade Estadual de Montes Claros (Unimontes)

Pesquisador: Ma. Daniella Mota Mourdo

Coordenador: Ma. Daniella Mota Mourdo

Atencao:

Antes de aceitar participar desta pesquisa, € importante que voceé leia e compreenda a seguinte explicacdo sobre
0s procedimentos propostos. Esta declaragdo descreve o objetivo, metodologia/procedimentos, beneficios, riscos,
desconfortos e precaucBes do estudo. Também descreve os procedimentos alternativos que estdo disponiveis a
vocé e o seu direito de sair do estudo a qualquer momento. Nenhuma garantia ou promessa pode ser feita sobre
os resultados do estudo.

1- Objetivo

Avaliar a eficacia de um programa de atividade fisica no risco cardiovascular em adolescentes de escolas
publicas de Montes Claros, Minas Gerais, Brasil.

2- Metodologia/procedimentos

Para fazer esta pesquisa, sera feito um estudo de intervencdo através da atividade fisica 3 vezes por semana
durante 12 semanas em adolescentes de 10 a 16 anos que estdo matriculados nas escolas publicas de Montes
Claros (MG). Um questionario semiestruturado para coleta de dados serd aplicado permitindo a identificacdo do
participante por equipe previamente treinada. As amostras de sangue para testes bioquimicos serdo coletadas
apos jejum de 12 horas, na prdpria escola por técnicos especializados do laboratério responsavel por puncdo
venosa com agulhas e seringas descartaveis, com supervisao da coordenadora da pesquisa (médica). A atividade
fisica ocorrera com uma equipe previamente treinada.

3- Justificativa

A obesidade é uma condi¢do inflamatdria crénica, influenciado por habitos de vida na adolescéncia. A prética de
atividade fisica diminui o risco cardiovascular, mas sdo poucos os estudos que demonstram seu beneficio em
adolescentes, tornando-se necessario estudar seus beneficios a fim de intervir precocemente.

4- Beneficios

Sao beneficios da pesquisa: incentivar atividade fisica, desenvolver héabitos saudaveis nos adolescentes, além de
melhorar o condicionamento fisico, reduzir o peso e o risco cardiovascular.

5- Desconfortos e riscos



95

Os possiveis riscos devido a coleta dos dados serdo o tempo de jejum que serd de 12 horas como hipoglicemia,
porém sempre ha lanches durante e posteriormente a coleta de sangue. Podem ocorrer edemas ocasionados pela
puncdo com agulha e hematomas momentaneos que caso permaneca sera realizado curativo por técnico de
enfermagem, sendo orientado pela coordenadora da pesquisa (médica) que seu desaparecimento ocorre
naturalmente e que compressa de agua morna pode acelerar o processo. Pode ocorrer possivel transtorno
psicolégico (constrangimento) nos adolescentes obesos. Podem acontecer eventuais lesdes osteomusculares e
articulares devido ao programa de AF que geralmente sdo reduzidas em adolescentes. Caso ocorra algo néo
previsto e dependendo do ocorrido, o participante serd encaminhado para médico, pois a coordenadora
participara de toda etapa da coleta e avaliacdo dos adolescentes.

6- Danos

Esta pesquisa ndo tem procedimentos que podem causar danos aos participantes.

7- Metodologia/procedimentos alternativos disponiveis

N&o se aplica.

8- Confidencialidade das informac®es

As informacdes pessoais da pesquisa ndo serdo compartilhadas. Apesar dos instrumentos usados solicitarem os
nomes dos envolvidos, devera manter sua confidencialidade e seu anonimato.

9- Compensagao/indenizacéo

A pesquisa seré realizada de forma voluntaria por isso nao tera qualquer compensacéo e indenizacéo.

10- Outras informacdes pertinentes

Né&o se aplica.

11- Assentimento:

Li e entendi as informacOes precedentes. Tive oportunidade de fazer perguntas e todas as minhas davidas foram
respondidas a contento. Este formulario esta sendo assinado voluntariamente por mim, indicando meu
consentimento para participar nesta pesquisa, até que eu decida o contrério. Receberei uma copia assinada deste
assentimento.

Nome do participante Assinatura do participante Data

Daniella Mota Mourdo

Nome do coordenador da pesquisa Assinatura do coordenador da pesquisa Data
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APENDICE D — Termo de Consentimento Livre e Esclarecido (TCLE)

CONSENTIMENTO LIVRE E ESCLARECIDO
PARA PARTICIPACAO EM PESQUISA

Titulo da pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco cardiovascular

Instituigdo promotora: Universidade Estadual de Montes Claros (Unimontes)

Pesquisador: Ma. Daniella Mota Mourao

Coordenador: Ma. Daniella Mota Mourdo

Atencao:

Antes de aceitar participar desta pesquisa, € importante que voceé leia e compreenda a seguinte explicacdo sobre
os procedimentos propostos. Esta declaracédo descreve o objetivo, metodologia/procedimentos, beneficios, riscos,
desconfortos e precaucGes do estudo. Também descreve os procedimentos alternativos que estdo disponiveis a
vocé e o seu direito de sair do estudo a qualquer momento. Nenhuma garantia ou promessa pode ser feita sobre

os resultados do estudo.

1- Objetivo

Avaliar a eficacia de um programa de atividade fisica no risco cardiovascular em adolescentes de escolas
publicas de Montes Claros, Minas Gerais, Brasil.

2- Metodologia/procedimentos

Para fazer esta pesquisa, sera feito um estudo de intervengdo através da atividade fisica 3 vezes por semana
durante 12 semanas em adolescentes de 10 a 16 anos que estdo matriculados nas escolas publicas de Montes
Claros (MG). Um questionario semiestruturado para coleta de dados serd aplicado permitindo a identificacdo do
participante por equipe previamente treinada. As amostras de sangue para testes bioquimicos serdo coletadas
apos jejum de 12 horas, na prdpria escola por técnicos especializados do laboratério responsavel por puncédo
venosa com agulhas e seringas descartaveis, com supervisao da coordenadora da pesquisa (médica). A atividade
fisica ocorrera com uma equipe previamente treinada.

3- Justificativa

A obesidade é uma condicdo inflamatdria crénica, influenciado por habitos de vida na adolescéncia. A préatica de
atividade fisica reduz o risco cardiovascular, mas poucos estudos demonstram seu beneficio em adolescentes,
tornando-se necessario estudar seus beneficios a fim de intervir precocemente.

4- Beneficios

Séao beneficios da pesquisa: incentivar atividade fisica, desenvolver habitos saudaveis nos adolescentes, além de
melhorar o condicionamento fisico, reduzir o peso e o risco cardiovascular.

5- Desconfortos e riscos

Os possiveis riscos devido a coleta dos dados serdo o tempo de jejum que serd de 12 horas como hipoglicemia,
porém sempre ha lanches durante e posteriormente a coleta de sangue. Podem ocorrer edemas ocasionados pela

puncdo com agulha e hematomas momentaneos que caso permanec¢a serd realizado curativo por técnico de
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enfermagem, sendo orientado pela coordenadora da pesquisa (médica) que seu desaparecimento ocorre
naturalmente e que compressa de agua morna pode acelerar o processo. Pode ocorrer possivel transtorno
psicolégico (constrangimento) nos adolescentes obesos. Podem acontecer eventuais lesdes osteomusculares e
articulares devido ao programa de AF que geralmente sdo reduzidas em adolescentes. Caso ocorra algo néo
previsto e dependendo do ocorrido, o participante serd encaminhado para médico, pois a coordenadora
participara de toda etapa da coleta e avaliacdo dos adolescentes.

6- Danos

Esta pesquisa ndo tem procedimentos que podem causar danos aos participantes.

7- Metodologia/procedimentos alternativos disponiveis

N&o se aplica.

8- Confidencialidade das informac®es

As informacOes pessoais dos sujeitos da pesquisa ndo serdo compartilhadas. Os instrumentos utilizados, apesar
solicitarem nomes dos envolvidos, devera manter a confidencialidade e 0 anonimato dos individuos.

9- Compensacao/indenizacéo

A pesquisa ndo tera compensacdo e indenizagdo por ser realizada de forma voluntéria.

10- Outras informacdes pertinentes

N&o se aplica.

11- Consentimento:

Li e entendi as informac@es precedentes. Tive oportunidade de fazer perguntas e todas as minhas davidas foram
respondidas a contento. Este formulario esta sendo assinado voluntariamente por mim, indicando meu
consentimento para participar nesta pesquisa, até que eu decida o contrério. Receberei uma copia assinada deste
consentimento.

Nome do participante Assinatura do participante Data

Nome da testemunha Assinatura da testemunha Data

Daniella Mota Mouréo
Nome do coordenador da pesquisa Assinatura do coordenador da pesquisa Data

ENDERECO DO PESQUISADOR: Unimontes - Campus Universitario Professor Darcy Ribeiro —
Vila Mauricéia - Montes Claros — MG. TELEFONE: (38) 99905-5022



ANPENDICE E — Cartilha Educativa

SALDE BUCAL

Astorms: LBons Crifin i iesirn 5. Foimo, Ancea Morc Beuint e Bancs Lma Mo, e Sonf e Holo
[redeyey Covclina da

Os dentes sdo responsaveis pela mastigogdo e parfici-
pam fambém na degluticdo e na fala. Mo aimentocdo, o orga-
nismo precisa refirar os nutientes dos alimentos. Esse processo
se inicia com a mastigagdo eficiente. Mastigar bem faz foda a
diferenca: os dentes quebrom a comida em pequenos peda-
cos, faciitando a digestdo & a absorgdo das vitaminas & sais
minerais, enfre cutros nutientes, presentes nos alimentos sauda-
vels.

Dentes sauddveis sGo essenciais para que essas fungoes
ocomam de forma adequada e deixam o somiso bonito.

Para ter dentas sauddveis, evite o

HABITCS SAUDAVES PARA A PREVENCAO
DO RSCO CARDIOVASCULAR

Escovagdo adequacgdo dos dentes

Para a execugdo de umatécnica coreta, & preciso fazer

maovimento de varedura, sempre da gengiva para os dentes, e
nunca movimento de “sera-sera”. Deve-se escovar os dentes
deumlado até ooutro, sem se esquecerdenenhumdeles.
A parte interna dos dentes, que fica em contate com a lingua,
deve serescovada damesma maneira quea parte gue ficaem
contato com os labios. A lingua precisa ser impa ufilizando a
escova, apds a escovacdo cuidadosa dos dentes. O ideal &
escovaros dentesapds cadarefeigdo ou, no minimo, trésvezes
aodia, eusaro fio dental, pelo menosuma vez aodia. de prefe-
rénciaantes daescovagdo notuma.
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aclcar, principalmente, entre as refei-
gdes. O aglcar & o pior inimige dos
dentes. E pior cinda é quando ele esta
sempre presente nas refeicdes com

Uso de pastas de dentes comfiior

A escovacdo cometa envolve tfambém o uso de pasta de
dentes contendo fllor (dentifricio fluoretado). Todos devem
escolher um creme dental, de preferéncia sem cor, e que cor-
tenha fidor. A escovagdo com creme dental flucretado resulta

em diminuigdo do desenvolvimento de
carie dentdria, sendo, portanto,
recomendado para todos os

E preciso também cuidar bem individuos, indepen- +
dos dentes e gengivas. Esses cuidados dentemente daida-

incluem: I".I / de. e

<i

alimentos doces e agucarades: bola-
chas, balas, bombons e chicletes, consu-
midos varias vezes ao dia. Preferencial-
mente, deixe esses alimentos apenas
para datas comemorativas.
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Guantidode adequada de p osta de denbe

HABITOS SAUDAVES PARA A PREVENGAO
0O RISCO CARDIOVASCIAR

O o seguro do fidor 56 depends do quantidode de
posta de dente utiizoda. € preciso ter cuidodo na colocagio
do posto, principoimente pom o escovogdo de
dantes criongos com menos ded anos.

Uso dofiodental
Ofiodentd ndodevemochucar a gengiva.Se a gengiva
sangra é sind de que elo estd inlamada ([doenga chamada

(=] =2= =)
niad da fion oo invés de wsor Taeagaandha

oeme denta ndo fluorato-

Crlancas atd 4 s

do ou de boka conceniro- “grdade amozcon®
gaodefidor.

Escolhoda escovade dentescomela

Aescova de dentes deve sermaocia ecom tamonhocom-
pativel com a cavidode bucdl. Esa escova dave ser utlizoda
até que suas cerdos comecem a abrir, quando ent@o devem
sar trocodos. O ormozrenamento dos escovas dentais também
& muito importante. Bos ndo devem ser deixodas na pio, prisi-
mo 00 wso sanitdrio, nem devem ser guordodas juntoe com
utenslios, como escova de cobelo, borbeadores, cortodores

gengivite). Por isso, é importante ufilizor um creme dentd que
ndo contenha corantes, pok, ao menor sind de sangramento
gengival, a espuma ficard rosa. Se o gengiva sangra com fre-
quéncia, procure odentista.

Como usar o o Dentalcometamenie
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Uso de enxaguantesbucals apenas com orlenta o
profissional

Solugdes para bochechos ou oguantes bucais ndo
devem ser utiizodas sem o recomendogdo de um dentista, @
ndo substituem o escovogdo e/ou uso do fio dentdl. A maloria
desses produtos cousa efetos secundddos, como o escureci-
mento dos dentes, alterogdo no palodar e initogdo dos tecidos
bucak.

Consulte o dentisia regul armenie

O chack-up odontolégico anud faz bem pam a saldde
dosdentes @ do corogdo. Além disso, contribuipara o diognds-
fico precoce docéncerde boca que podesavarvidas.

Com uma boa higiene bucal os dentes ficam impos e
fvres de residuos dimentares, a gengiva ndo sangra nem dbi
durante o escovagdo eo uso do fiodental. E omau hilito deixa
deserumpr 2P ab
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ANEXOS

ANEXO A — Parecer consubstanciado do Comité de Etica em Pesquisa

UNIVERSIDADE ESTADUAL DE
MONTESCLAROS-  GRGras =
UNIMONTES

 PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco
cardiovascular

Pesquisador: Daniella Mota Mourdo

Area Tematica:

Versdo: 4

CAAE: 51040315.3.0000.5146

Instituigdo Proponente: Universidade Estadual de Montes Claros - UNIMONTES

Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 1.503.680

Apresentagao do Projeto:

Nos ultimos anos, a obesidade esta crescendo na populagéo adulta e entre criancas e adolescentes,
associada com as mudancgas drasticas no estilo de vida, comportamento e habitos alimentares da
populagéo. A pesquisa sera experimental,tipo antes e depois. A populagdo do estudo constituira de
escolares, de ambos os sexos,com idades entre 10 e 16

anos, devidamente matriculados no ano de 2016, no ensino fundamental e médio da rede publica da cidade
de Montes Claros.

Objetivo da Pesquisa:
Avaliar a eficacia de um programa de atividade fisica no risco cardiovascular em adolescentes de escolas
publicas de Montes Claros, Minas Gerais,Brasil.

Avaliacdo dos Riscos e Beneficios:

S3o beneficios da pesquisa: incentivar atividade fisica, desenvolver habitos saudaveis nos adolescentes,
além de melhorar o condicionamento fisico, reduzir o peso e o risco cardiovascular.

Os possiveis riscos devido a coleta dos dados serdo: o tempo de jejum que serd de 12 horas como
hipoglicemia, porém sempre ha lanches durante e posteriormente a coleta de sangue; podem ocorrer
edemas ocasionados pela pungdo com agulha e hematomas momentéaneos que caso

Enderego: Av.Dr Rui Braga s/n-Camp Univers Prof® Darcy Rib

Bairro: Vila Mauricéia CEP: 39.401-089
UF: MG Municipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail.com
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Continuagdo do Parecer: 1.503.680

permaneca sera realizado curativo por técnico de enfermagem, sendo orientado pela coordenadora da
pesquisa (médica) que seu desaparecimento ocorre naturalmente e que compressa de 4gua morna pode
acelerar o processo; pode ocorrer possivel transtorno psicolégico (constrangimento) nos adolescentes
obesos. Podem acontecer eventuais lesdes osteomusculares e articulares devido ao programa de atividade
fisica que geralmente sdo reduzidas em adolescentes. Caso ocorra algo néo previsto e dependendo do
ocorrido, o participante sera encaminhado para médico, pois a coordenadora participara de toda etapa da
coleta e avaliagéo dos adolescentes.

Comentarios e Consideracdes sobre a Pesquisa:

Pesquisa relevante na area da educacéo fisica.

Consideragdes sobre os Termos de apresentagdo obrigatéria:

Adequados.

Recomendagdes:

Apresentacéo de relatério final por meio da plataforma Brasil, em "enviar notificagao”.

Concl ou Pendé
Aprovado.
Consideragdes Finais a critério do CEP:

O projeto respeita os preceitos éticos da pesquisa em seres humanos, sendo assim somos favoraveis a
aprovagédo do mesmo.

ias e Lista de Inadequacgdes:

Este parecer foi elaborado b do nos documentos abaixo relacionad
Tipo Documento Arquivo Postagem Autor Situagéo

Informacdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 28/03/2016 Aceito
do Projeto ROJETO 614289.pdf 14:37:48

Projeto Detalhado / | Projetopesquisa4pdf.pdf 28/03/2016 |Daniella Mota Aceito
Brochura . 14:35:38 |Mourao

| Investigador

TCLE / Termos de | TALE2.pdf 28/03/2016 |Daniella Mota Aceito
Assentimento / 14:31:03 |Mourédo

Justificativa de

Auséncia

TCLE / Termos de | TALE1.pdf 28/03/2016 |Daniella Mota Aceito
Assentimento / 14:30:14 [ Mourso

Enderego: Av.Dr Rui Braga s/n-Camp Univers Prof® Darcy Rib

Bairro: Vila Mauricéia CEP: 39.401-089
UF: MG Municipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail.com
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Justificativa de TALE1.pdf 28/03/2016 |Daniella Mota Aceito

Auséncia 14:30:14 | Mourdo

TCLE / Termos de | TCLE2.pdf 28/03/2016 |Daniella Mota Aceito

Assentimento / 14:29:35 |Mourédo

Justificativa de

Auséncia

TCLE / Termos de | TCLE1.pdf 28/03/2016 |Daniella Mota Aceito

Assentimento / 14:29:04 |Mourdo

Justificativa de

Auséncia

Cronograma Cronograma4pdf.pdf 28/03/2016 |Daniella Mota Aceito
14:28:23 | Mouréo

Declaragéo de Tconcordancia2.pdf 17/11/2015 |Daniella Mota Aceito

Instituigdo e 14:09:47 |Mourdo

| Infraestrutura

Declaragéo de Tconcordancia1.pdf 17/11/2015 |Daniella Mota Aceito

Instituigdo e 14:08:35 |Mourdo

Infraestrutura

Folha de Rosto Folharosto112015.pdf 09/11/2015 |Daniella Mota Aceito
23:13:53 | Mouré&o

Outros Declaracaorecursosproprios.pdf 27/10/2015 |Daniella Mota Aceito
21:00:08 | Mourdo

Outros Cartadiretoresescolassorteadas.docx 21/10/2015 |Daniella Mota Aceito
22:57:41 | Mourdo

Orgamento Orcamento.docx 21/10/2015 |Daniella Mota Aceito
22:51:15__|Mourdo

Situagdo do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Nao

MONTES CLAROS, 14 de Abril de 2016

4 -

As[inado por:

Qoo
SIMONE DE MELO cowmwﬂggﬁow

(Coordenador) “@\Mﬂ‘g‘w
:wme&’l‘
Enderego: Av.Dr Rui Braga s/n-Camp Univers Prof° Darcy Rib
Bairro: Vila Mauricéia CEP: 30.401-089
UF: MG Municipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail.com
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ANEXO A.1 — Emenda para incluséo de objetivos e cronograma do projeto incluindo
avaliagdo da Saude Bucal.

UNIVERSIDADE ESTADUAL DE
MONTES CLAROS - ‘QRErA *'
UNIMONTES

DADOS DA EMENDA

Titulo da Pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco
cardiovascular

Pesquisador: Danislla Mota Mourso

Arca Tomatica:

Versdo: 5

CAAE: §1040315.3.0000.5146

Instituigdo Proponente: Universidade Estadual de Montes Claros « UNIMONTES
Patrocinador Principal: Financiamento Prépno

DADOS DO PARECER

Numero do Parecer: 1876378

Apresentacio do Projeto:

Trata.se de emenda de projeto apravado no CEP, *INFLUENCIA DE UM PROGRAMA DE ATIVIDADE
FISICA EM ADOLESCENTES COM RISCO CARDIOVASCULAR®, Numero do Parecer: 1.503.680

em 2016,

Consta na emenda inclusfes nos objetivos, na metodologia e no cronograma no projeto.

Objetivo da Pesquisa:

Oojpe=tivo geral permanece:

+ Avakar a eficicia de um programa de advidade fisica no risco cardiovascular em adolescenies de escolas
pablicas de Montes Claros, Minas Gerais, Brasi.

vos especificos houve inclusio de itens, sague abaixo %odos os objetivos especificos propostos nesta
emenda:

+ Determinar a presenca de sindrome metabdlica de acordo com a circunferéncia da antura, triglicénides,

colestercl HOL, peessdo arterial e glicose;
+ dentificar cbesidade em acalescentes pelo Indice de massa corporal de acordo com Cole ot al (2000);

Enderegec  Au D Rol Brage sin-Camp Unsvirs Prof® Dascy s

Bairre: Vil Messtcbs CEP: w4008
UF: NG Musiciplo: NMONTES CLAROS
Tolefone: (ME3220-5380 Fax: (385229-810% Emall:  sevedocoute @ormal com
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Confirussio da Pesese: LITLITL

+ Analisar os parfimetos antropométrioos (peso, aktura, indice de massa comporal, drounfer&éncia abdominall;
* Determinar o pardmetro hemodindmioo (pressao arerial) sm adolescenies;

= Avaliar os pardmetros metabdlicos {glicose, colestenol total & fragies, friglicérides, &cida drico, insulina,
ferretina, Vitamina Df;

* Determinar o marcacor inflamatono profeing Creativa ubrassensivel em adolescentes;

« Comparar ospardmetros antropométricos, metabdlcos & a proteina Creativa uiassensivel antes &
depoisda pritica de um programa de atividade fisica;

+ Verificar csparémetros anitropamétricos, metabdlicos & a proleina C reativa ukressensivel antes & depoisem
‘cada grupo s=gundd Suas comarbicaces.

« Determinar o nivel de athvicade fisica entre o= adolescenies.

« identificar o consumo alimentar dos adolescentes.

+ Determinar a percepgda dos adolescentes sobre a auig-imagem corporal.

« fyyaliar 2 salde bucal dos adolescemntes

= fyveriguar o padrda de sona & repouso =nine 05 adalescentes.

«erificar a qualidade de vida dos adolesoenies.

Avxaliagdo dos Riscos ¢ Beneficios:

Rimoos:

Os possivets riscos devido & coleta dos dados s=rio o tempo de jejum que serd de 12 horas como
hipoglicemia, porém sempre ha lanches durante & posterorments & ooleta de sangue. Podem ocormer
edemas ocasionacos pela pungdo com agulha e hematomas momentineos Que CasD permanega serd
realizado curatiee por tcnico de enfermagem, sendo onentadoe pela coordenadora da pesquisa (médical
fque s=u desaparecimenio ocome natsalmenie & qus coMpessa de dgua moma pods acelerar o proc=ssa.
Pode ooomer possivel transiomo psicokdgion (consrangimento) nos adolescentes obesos. Podem aoontecer
eventuais lesdes psteomuscoulares e articulares. dewido ao programa de afvidade fisica gue peralmente sbo
reduzidas em adolescentes. Caso coorra algo ndo previsio & dependenda dao coomido, o participants sera
encaminhado para médico, pois a coordenadora participard de toda etapa da coleta = avaliagdo dos
adolescentes.

S8p beneficios da pesquisa: incendvar atividade fisica, desenwolver habitos sauddweis nos adolescentes,
além de melhorar o condicicnamenha fisicn, reduzic o peso & o risoo cardicvasoular.

Comentarios e Consideragbes sobre a Pesquisa:
Em metodologia houve alterapSes: inclusho de pardmetros bioguimicos: femiina & vwitamina D,

Enderege: e O ol Braga siv-Camp Unesrs Prof® Daesy Rig
Baime: il Mt CEP: 540006
[T Mumicipin:  MONTES CLARDS
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‘Contrusgio 4o Pescer LETRITS

Brod ™

verificagho de consumo alimentar pelo instrumento de Avaliagio de alimentagio & nueiniglo s=gundo
Ministério da Salide, serd uliizada a escala de nowe silhuetas, que representa um continuum desde a
magreza (sihueta 1) até a chesidade severa (silhueta Sjpara avaliagio da imagem corparal, exame
epideminlégice bucal pela avaliagio de raumatismo dental, fluorose, cirie dentdria, necessidade de
tratamesnio odontokdgico, condiglo periodontal, oolusdo dentana, agradabilcade tacal & do somisa, Habilos
de Higiene Bucal, Morbidade Bucal Referda, Uso de Sendgos, Autopercepcio da Salide Bucal & Impacios
em Sadde Bucal e qualidade de wica. O cronogramra foi alterado, sendo a coleta de dados prevista para
apads aprovagdo do CEP.

Consideragtes sobre os Termos de apresentagio obrigataria:

Adeguados.
Ru-comon diag s

Apressntacio de relxdno finall por meio da plataforma Brasi, em “envdar notficagan®.

Conclusdes ou Pendéncias ¢ Lista de iInadeguagbes:
Aprovada emenda de projeln previamenie aprovada no CEP.

Consideractes Finals a critério do CEP:
0 projeio respeita oS preceiios &licos da pesquisa em seres humanos, sendo assim somos favordvess a
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ANEXO B — Termo de concordancia da instituicdo para participacdo em pesquisa

TERMO DE CONCORDANCIA DA INSTITUIGAO PARA PARTICIPAGAO EM PESQUISA

Titulo da pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco
cardiovascular

Instituicdo/ empresa onde sera realizada a pesquisa: Universidade Estadual de Montes
Claros, Unimontes

Pesquisador responséavel: Ma. Daniella Mota Mour&o

Endereco: Rua Agnaldo Drumond, 420 Ibituruna — Montes Claros (MG) 39401-341

Telefone: (38) 99055022

Atencao:

Antes de aceitar participar desta pesquisa, € importante que o responsével pela
Instituicdo leia e compreenda a seguinte explicacdo sobre os procedimentos propostos. Esta
declaragdo descreve o objetivo, metodologia/ procedimentos, beneficios, riscos, desconforios e
precaugdes do estudo. Também descreve os procedimentos altemativos que estdo disponiveis
e 0 seu direito de interromper o estudo a qualquer momento. Nenhuma garantia ou promessa
pode ser feita sobre os resultados do estudo.

1- Objetivo
Avaliar a eficdcia de um programa de atividade fisica no risco cardiovascular em
adolescentes de escolas publicas de Montes Claros, Minas Gerais, Brasil.

2- Metodologia/procedimentos

O presente estudo serd realizado com participagdo de aproximadamente 645
adolescentes com idade entre 10 e 16 anos de ambos sexos. Os adolescentes serfo divididos
em 3 grupos, dependendo da presenca ou auséncia de SM e um outro grupo com a obesidade
sem SM. O estudo ocorrer4d em duas etapas. A AF sera medida através da aplicacdo do
questionario IPAQ (Questionario Internacional de Atividade Fisica) em sua versdo curta. Na 1*
fase, sera aplicado o IPAQ para medir o nivel de AF e serdo avaliados os parametros
antropomeétricos e hemodinamico, serdo mensurados os parametros metabdlicos e a PCR us.
Com os resultados, um programa de AF aerobica sera realizado nos 3 grupos com uma
frequéncia de 3 vezes por semana e por 50 minutos, com intensidade de 60-80% da frequéncia
cardiaca durante 12 semanas. A AF ocorrera com uma equipe previamente treinada. A 2 fase
ser4 realizada apés a pratica de AF através da medida de pardmetros antropométricos,
metabdlicas, hemodindmicas e PCR us para analisar a melhora do risco CV antes e depois do
programa AF.

3- Justificativa

A obesidade é uma condic&o inflamatoria crénica que aumenta o risco de DCV e esta
associado com varias citocinas inflamatérias como a PCR us que € uma proteina inflamatdria e
um importante indicador de risco de DCV, sobretudo nos obesos. Este risco € influenciado por
habitos de vida na infancia e adolescéncia, com o aumento da obesidade em adolescentes e
altas taxas de mortalidade por DCV na idade adulta estimulam a pesquisa de marcadores para
identificar os adolescentes com risco CV, a fim de intervir precocemente. A pratica de AF reduz
o risco CV, mas poucos estudos demonstram seu beneficio em adolescentes com risco CV,
assim toma-se necessario estudar seus beneficios em adolescentes com risco CV, incluindo
sua associacdo com o marcador inflamatério PCR us.

4- Beneficios
Incentivar atividade fisica, desenvolver habitos saudaveis em adolescentes, além de
melhorar o condicionamento fisico e o risco cardiovascular e reduzir 0 peso.



TERMO DE CONCORDANCIA DA INSTITUICAO PARA PARTICIPAGAO EM PESQUISA

Titulo da pesquisa: Influéncia de um programa de atividade fisica em adolescentes com risco
cardiovascular

Instituicdo/ empresa onde sera realizada a pesquisa: Universidade Estadual de Montes
Claros, Unimontes

Pesquisador responsavel: Ma. Daniella Mota Mourdo

Endereco: Rua Agnaldo Drumond, 420 Ibituruna — Montes Claros (MG) 39401-341

Telefone: (38) 89055022

5- Desconfortos e riscos

De acordo com resolugdo 196 toda pesquisa envolvendo seres humanos envolve
riscos, no entanto, estes riscos serdo admissiveis quando oferecem elevada possibilidade de
gerar conhecimento para entender, prevenir ou avaliar um problema que afete o bem estar dos
sujeitos de pesquisa e de outros individuos. O pesquisador se compromete a suspender a
pesquisa imediatamente ao perceber algum risco, desconforto ou dano & salde fisica ou
mental do sujeito com participante da pesquisa, ainda que este ndo tenha sido previsto nesse
termo de consentimento. Entre os desconfortos estd o tempo para que os inqueridos
respondam ao questionario, o constrangimento em relacéo a alguma pergunia e o tempo de
jejum na qual sera de 12 horas seguidas e medo de agulha.

6- Danos

Os possiveis riscos devido a coleta de dados serdo: edemas ocasionados pela puncéo
com agulha e hematomas momenténeos. Caso permaneca, serd realizado curativo por técnico
de enfermagem. Em geral, caso ocorra algo ndo previsto, o participante serd encaminhado ao
médico.

7- Metodologia/procedimentos alternativos disponiveis
Nao se aplica.

8- Confidencialidade das informacdes

9- Compensacao/indenizacdo
A pesquisa ndo terd compensacao e indenizagdo por ser realizada de forma voluntéria.

10- Outras informacoes pertinentes

11- Consentimento:

Li e entendi as informacdes precedentes. Tive oportunidade de fazer perguntas e todas as
minhas duvidas foram respondidas a contento. Este formulario estd sendo assinado
voluntariamente por mim, indicando meu consentimento para a participac@o desta instituicédo/
empresa, até que eu decida o contrario. Receberei uma copia assinada deste consentimento.

m::r;a. Cr.‘s'\:no. Qe,.% Bﬁ_,\gos.\

Nome do participante e cargo do responsavel pela instituigdo/ empresa

& “ile: L 16 (N5
ura e carimbo do responsavel pela instituicao/ empresa ~ Daa
Ma. Daniella Mota Mourso oo

Nome do pesquisador responsavel pela pesquisa Chefe do Departamento de Educio

/]&\w L{e\/_péz\A : O3 11,15
/ 4 Ak 7 .
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ANEXO C — Normas do periddico Brazilian Oral Research.

Brazilian _

Oral Reseakc

ISSM 1807-32107 online version

Mission, scope, and submission policy

Brazilian Oral Research - BOR (online version ISSN 1807-3107) is the
official publication of the Sociedade Brasileira de Pesquisa
Odontoldgica - SBPqO (the Brazilian division of the International
Association for Dental Research - IADR). The journal has an Impact
Factor™ of 0.937 (Institute for Scientific Information - ISI), is peer-
reviewed (double-blind system), and its mission is to disseminate and
promote an information interchange concerning the several fields in
dentistry research and/or related areas with gold open access.

BOR invites the submission of original and review manuscripts and
papers in the following typology: Original Research (complete
manuscript or Short Communication), Critical Review of Literature,
Systematic Review (and Meta-Analysis) and Letters to the Editor. All
submissions must be exclusive to.

Manuscripts and all corresponding documentation should be exclusively
submitted through ScholarOne Manuscripts™ via the online submission
link (http://mc04.manuscriptcentral.com/bor-scielo).

The evaluation process of manuscript's scientific content will only be
initiated after meeting of all the requirements described in the present
Instructions for Authors. Any manuscript that does not meet these
requirements will be returned to the corresponding author for adaptations.

Important: Once having been accepted on their scientific merit, all
manuscripts will be submitted for grammar and style revision as per the
English language. Contact BOR by bor@sbpgo.org.br to get information
about the recommended translation companies.The authors should
forward the revised text with the enclosed revision certificate provided by
the chosen editing company. Linguistic__revisions _performed by
companies that do not provide the mentioned certificate will not be
accepted. As an exception, this rule does not apply when one of the

authors is a native English speaker.
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Presentation of the manuscript

The manuscript text should be written in English and provided in a digital
file compatible with “Microsoft Word” (in DOC, DOCX, or RTF format).

All figures (including those in layouts/combinations) must be provided in
individual and separate files, according to recommendations described
under the specific topic.
Photographs, micrographs, and radiographs should be provided in TIFF
format, according to the recommendations described under the specific
topic.

Charts, drawings, layouts, and other vector illustrations must be provided
in a PDF format individually in separate files, according to the
recommendations described under the specific topic.

Video files may be submitted as per the specifications, including the
author’s anonymity (for purposes of evaluation) and respect for the
patient’s rights.

Important: ScholarOne™ allows upload of a set of files up to 10 MB. In
case the video file exceeds this size, it is possible to leave information
about the link to access the video. The use of patients’ initials, names,
and/or registry numbers is prohibited in the reproduction of clinical
documentation. The identification of patients is prohibited. An informed
consent statement, signed by the patient, concerning the use of his/her
image should be provided by the author(s) when requested by BOR. The
Copyright legislation in force must be respected and the source cited
when the manuscript reproduces any previously published material
(including texts, charts, tables, figures, or any other materials).

Title page (compulsory data)

e This must indicate the specialty* or research field focused on in
the manuscript.

*Anatomy; Basic Implantodontology and Biomaterials; Behavioral
Sciences; Biochemistry;  Cariology; Community Dental Health;
Craniofacial Biology; Dental Materials; Dentistry; Endodontic Therapy;
Forensic Dentistry; Geriatric Dentistry; Imaginology; Immunology;
Implantodontology — Prosthetics; Implantodontology — Surgical; Infection
Control; Microbiology; Mouth and Jaw Surgery; Occlusion; Oral
Pathology; Orthodontics; Orthopedics; Pediatric Dentistry; Periodontics;
Pharmacology; Physiology; Prosthesis; Pulp Biology; Social/Community
Dentistry; Stomatology; Temporomandibular Joint Dysfunction.

e Informative and concise title, limited to a maximum of 110
characters, including spaces.
e« Names of all authors written out in full, including respective



telephone numbers and email addresses for correspondence. We
recommend that authors collate the names present in the Cover

Letter with the profile created in ScholarOne™, to avoid

discrepancies.
o The participation of each author must be justified on a separate

page, which should meet the authorship and co-authorship criteria
adopted by the International Committee of Medical Journal
Editors, available
at http://www.icmje.org/recommendations/browse/roles-and-
responsibilities/defining-the-role-of-authors-and-contributors.html
o Data of institutional/professional affiliation of all authors,
including university (or other institution), college/program,
department, city, state, and country, presented according to
internal citation norms established by each author’s institution.
Verify that such affiliations are correctly entered in ScholarOne™.

Abstract: This should be presented as a single structured paragraph
(but with no subdivisions into sections) containing the objective of the
work, methodology, results, and conclusions. In the System if applicable,
use the Special characters tool for special characters.

Keywords: Ranging from 3 (three) to 5 (five) main descriptors should be
provided, chosen from the keywords registered
at http://decs.bvs.br/ or http://www.nlm.nih.gov/mesh/MBrowser.html (no
synonyms will be accepted).

Main Text

Introduction: This should present the relevance of the study, and its
connection with other published works in the same line of research or
field, identifying its limitations and possible biases. The objective of the
study should be concisely presented at the end of this section.

Methodology: All the features of the material pertinent to the research
subject should be provided (e.g., tissue samples or research subjects). The
experimental, analytical, and statistical methods should be described in a
concise manner, although in detail, sufficient to allow others to recreate
the work. Data from manufacturers or suppliers of products, equipment,
or software must be explicit when first mentioned in this section, as
follows: manufacturer’s name, city, and country. The computer programs
and statistical methods must also be specified. Unless the objective of the
work is to compare products or specific systems, the trade names of
techniques, as well as products, or scientific and clinical equipment
should only be cited in the “Methodology” and “Acknowledgments”
sections, according to each case. Generic names should be used in the
remainder of the manuscript, including the title. Manuscripts containing
radiographs, microradiographs, or SEM images, the following
information must be included: radiation source, filters, and kV levels
used. Manuscripts reporting studies on humans should include proof that
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the research was ethically conducted according to the Helsinki
Declaration (World Medical
Association, http://www.wma.net/en/30publications/10policies/b3/). The
approval protocol number issued by an Institutional Ethics Committee
must be cited. Observational studies should follow the STROBE
guidelines (http://strobe-statement.org/), and the check list must be
submitted. Clinical Trials must be reported according to the CONSORT
Statement  standard  protocol  (http://www.consort-statement.org/);
systematic reviews and meta-analysis must follow the PRISMA
(http://www.prisma-statement.org/), or Cochrane protocol
(http://www.cochrane.org/).

Clinical Trials

Clinical Trials according to the CONSORT guidelines, available
at www.consort-statement.org. The clinical trial registration number and
the research registration name will be published along with the article.

Manuscripts reporting studies performed on animals must also include
proof that the research was conducted in an ethical manner, and the
approval protocol number issued by an Institutional Ethics Committee
should be cited. In case the research contains a gene registration, before
submission, the new gene sequences must be included in a public
database, and the access number should be provided to BOR. The authors
may use the following databases:

e GenBank: http://www.nchi.nlm.nih.gov/Genbank/submit
o EMBL: http://www.ebi.ac.uk/embl/Submission/index.html
o DDBJ: http://www.ddbj.nig.ac.jp

Manuscript submissions including microarray data must include the
information recommended by the MIAME guidelines (Minimum
Information About a Microarray
Experiment: http://www.mged.org/index.html) and/or itemize how the
experimental details were submitted to a publicly available database, such
as:

o ArrayExpress: http://www.ebi.ac.uk/arrayexpress/
e GEO: http://www.ncbi.nlm.nih.gov/geo/

Results: These should be presented in the same order as the experiment
was performed, as described under the “Methodology” section. The most
significant results should be described. Text, tables, and figures should
not be repetitive. Statistically relevant results should be presented with
enclosed corresponding p values.

Tables: These must be numbered and cited consecutively in the main
text, in Arabic numerals. Tables must be submitted separately from the
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text in DOC, DOCX, or RTF format.

Discussion: This must discuss the study results in relation to the work
hypothesis and relevant literature. It should describe the similarities and
differences of the study in relation to similar studies found in literature,
and provide explanations for the possible differences found. It must also
identify the study’s limitations and make suggestions for future research.

Conclusions: These must be presented in a concise manner and be
strictly based on the results obtained in the research. Detailing of results,
including numerical values, etc., must not be repeated.

Acknowledgments: Contributions by colleagues (technical assistance,
critical comments, etc.) must be given, and any bond between authors and
companies must be revealed. This section must describe the research
funding source(s), including the corresponding process numbers.

Plagiarism

BOR employs a plagiarism detection system. When you send your
manuscript to the journal it may be analyzed-not merely for the repetition
of names/affiliations, but rather the sentences or texts used.

References: Only publications from peer-reviewed journals will be
accepted as references. Unfinished manuscripts, dissertations, theses, or
abstracts presented in congresses will not be accepted as references.
References to books should be avoided.

Reference citations must be identified in the text with superscript Arabic
numerals. The complete reference list must be presented after the
“Acknowledgments” section, and the references must be numbered and
presented in VVancouver Style in compliance with the guidelines provided
by the International Committee of Medical Journal Editors, as presented
in Uniform Requirements for Manuscripts Submitted to Biomedical
Journals (http://www.ncbi.nlm.nih.gov/books/NBK7256/). The journal
titles should be abbreviated according to the List of Journals Indexed in
Index Medicus (http://www.ncbi.nim.nih.gov/nimcatalog/journals). The
authors shall bear full responsibility for the accuracy of their references.

Spelling of scientific terms: When first mentioned in the main text,
scientific names (binomials of microbiological, zoological, and botanical
nomenclature) must be written out in full, as well as the names of
chemical compounds and elements.

Units of measurement: These must be presented according to the
International System of Units (http://www.bipm.org or
http://www.inmetro.gov.br/consumidor/unidLegaisMed.asp).

Footnotes on the main text: These must be indicated by asterisks and
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restricted to the bare minimum.

Figures: Photographs, microradiographs, and radiographs must be at least
10 cm wide, have at least 500 dpi of resolution, and be provided in TIFF
format. Charts, drawings, layouts, and other vector illustrations must be
provided in a PDF format. All the figures must be submitted individually
in separate files (not inserted into the text file). Figures must be numbered
and consecutively cited in the main text in Arabic numerals. Figure
legends should be inserted together at the end of the text, after the
references.

Characteristics and layouts of types of manuscripts

Original Research

Limited to 30,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and figure
legends). A maximum of 8 (eight) figures and 40 (forty)
references will be accepted. The abstract can contain a
maximum of 250 words.

Layout - Text Files

Title Page

Main text (30,000 characters including spaces)
Abstract: a maximum of 250 words
Keywords: 3 (three)-5 (five) main descriptors
Introduction

Methodology

Results

Discussion

Conclusion

Acknowledgments

Tables

References: maximum of 40 references
Figure legends

Layout - Graphic Files

e Figures: a maximum of 8 (eight) figures, as described
above.

Short Communication

Limited to 10,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and figure
legends). A maximum of 2 (two) figures and 12 (twelve)
references will be allowed. The abstract can contain a
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maximum of 100 words.
Layout - Text Files

o Title page

e Main text (10,000 characters including spaces)
e Abstract: a maximum of 100 words

o Descriptors: 3 (three)-5 (five) main descriptors
e Introduction

e Methodology

e Results

e Discussion

e Conclusion

e Acknowledgments

e Tables

o References: a maximum of 12 references

o Figure legends

Layout- Graphic Files

e Figures: a maximum of 2 (two) figures, as described
above.

Critical Review of Literature

The submission of this type of manuscript will be performed
only by invitation of the BOR Publishing Commission. All
manuscripts will be submitted to peer-review. This type of
manuscript must have a descriptive and discursive content,
focusing on a comprehensive presentation and discussion of
important and innovative scientific issues, with a limit of
30,000 characters including spaces (considering the
introduction, methodology, results, discussion, conclusion,
acknowledgments, tables, references, and figure legends). It
must include a clear presentation of the scientific object,
logical argumentation, a methodological and theoretical
critical analysis of the studies, and a summarized conclusion.
A maximum of 6 (six) figures and 50 (fifty) references is
permitted. The abstract must contain a maximum of 250
words.

Layout- Text Files

e Title page

e Main text (30,000 characters including spaces)
e Abstract: a maximum of 250 words

o Keywords: 3 (three)-5 (five) main descriptors
e Introduction

e Methodology

e Results
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o Discussion

e Conclusion

e Acknowledgments

e Tables

o References: maximum of 50 references
o Figure legends

Layout - Graphic Files

e Figures: a maximum of 6 (six) figures, as described
above.

Systematic Review and Meta-Analysis

While summarizing the results of original studies,
quantitative or qualitative, this type of manuscript should
answer a specific question, with a limit of 30,000 characters,
including spaces, and follow the Cochrane format and style
(www.cochrane.org). The manuscript must report, in detail,
the process of the search and retrieval of the original works,
the selection criteria of the studies included in the review,
and provide an abstract of the results obtained in the
reviewed studies (with or without a meta-analysis approach).
There is no limit to the number of references or figures.
Tables and figures, if included, must present the features of
the reviewed studies, the compared interventions, and the
corresponding results, as well as those studies excluded from
the review. Other tables and figures relevant to the review
must be presented as previously described. The abstract can
contain a maximum of 250 words.

Layout - Text Files

o Title page

e Main text (30,000 characters including spaces)
e Abstract: a maximum of 250 words

e Question formulation

o Location of the studies

o Critical Evaluation and Data Collection

o Data analysis and presentation

e Improvement

e Review update

o References: no limit on the number of references
e Tables

Layout - Graphic Files

e Figures: no limit on the number of figures
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Letter to the Editor

Letters must include evidence to support an opinion of the
author(s) about the scientific or editorial content of the BOR,
and must be limited to 500 words. No figures or tables are
permitted.

Copyright transfer agreement and responsibility statements

The manuscript submitted for publication must include the
Copyright Transfer Agreement and the Responsibility
Statements, available in the online system and mandatory.

CHECKLIST FOR INITIAL SUBMISSION

o Title Page file (in DOC, DOCX, or RTF format).

e Main text file (Main Document, manuscript), in
DOC, DOCX, or RTF format.

e Tables, in DOC, DOCX, or RTF format.

o Declaration of interests and funding, submitted in a
separate document and in a PDF format. (if
applicable)

o Justification for participation of each author, provided
in a separate document and in a PDF format.

e Photographs, microradiographs, and radiographs (10
cm minimum width, 500 dpi minimum resolution) in

TIFF format.
(http://www.ncbi.nlm.nih.gov/pmc/pub/filespec-
images/

e Charts, drawings, layouts, and other vector
illustrations in a PDF format.

e Each figure should be submitted individually in
separate files (not inserted in the text file).

Publication fees

Authors are not required to pay for the submission or review
of articles.

EXAMPLES OF REFERENCES

Journals

Goracci C, Tavares AU, Fabianelli A, Monticelli F, Raffaelli O,
Cardoso PC, et al. The adhesion between fiber posts and root canal
walls: comparison between microtensile and push-out bond strength
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measurements. Eur J Oral Sci. 2004 Aug;112(4):353-61.

Bhutta ZA, Darmstadt GL, Hasan BS, Haws RA. Community-based
interventions for improving perinatal and neonatal health outcomes in
developing countries: a review of the evidence. Pediatrics. 2005;115(2
Suppl):519-617. doi:10.1542/peds.2004-1441.

Usunoff KG, Itzev DE, Rolfs A, Schmitt O, Wree A. Nitric oxide
synthase-containing neurons in the amygdaloid nuclear complex of the
rat. Anat Embryol (Berl). 2006 Oct 27. Epub ahead of print. doi:
10.1007/s00429-006-0134-9

Walsh B, Steiner A, Pickering RM, Ward-Basu J. Economic evaluation
of nurse led intermediate care versus standard care for post-acute
medical patients: cost minimisation analysis of data from a randomised
controlled trial. BMJ. 2005 Mar 26;330(7493):699. Epub 2005 Mar 9.

Papers with Title and Text in Languages Other Than English
Li YJ, He X, Liu LN, Lan YY, Wang AM, Wang YL. [Studies on
chemical constituents in herb of Polygonum orientale]. Zhongguo
Ahong Yao Za Zhi. 2005 Mar;30(6):444-6. Chinese.

Supplements or Special Editions

Pucca Junior GA, Lucena EHG, Cawahisa PT. Financing national policy
on oral health in Brazil in the context of the Unified Health System.
Braz Oral Res. 2010 Aug;24 Spec Iss 1:26-32.
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the AMA Manual of Style, 10th edition. Cite references selectively, and number them in the
order cited. Make sure that all references have been mentioned in the text. Follow the format
for references in "Uniform Requirements for Manuscripts Submitted to Biomedical Journals"
(Ann Intern Med 1997;126:36-47); http://www.icmje.org. Include the list of references with
the manuscript proper. Submit figures and tables separately (see below); do not embed figures
in the word processing document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or grayscale, at least 5
inches wide and at least 300 pixels per inch (118 pixels per cm). Do not embed images in a
word processing program. If published, images could be reduced to 1 column width (about 3
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avoid screening, shading, and colored backgrounds; use the simplest patterns available to
indicate differences in charts. If a figure has been previously published, the legend (included
in the manuscript proper) must give full credit to the original source, and written permission
from the original publisher must be included. Be sure you have mentioned each figure, in
order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not duplicate, the text.
Number them with Roman numerals, in the order they are mentioned in the text. Provide a
brief title for each. If a table has been previously published, include a footnote in the table
giving full credit to the original source and include written permission for its use from the
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copyright holder. Submit tables as text-based files (Word is preferred, Excel is accepted) and
not as graphic elements. Do not use colors, shading, boldface, or italic in tables. Do not
submit tables as parts A and B; divide into 2 separate tables. Do not "protect” tables by
making them "read-only." The table title should be put above the table and not as a cell in the
table. Similarly, table footnotes should be under the table, not table cells.
6. Model release and permission forms. Photographs of identifiable persons must be
accompanied by a release signed by the person or both living parents or the guardian of
minors. lllustrations or tables that have appeared in copyrighted material must be
accompanied by written permission for their use from the copyright owner and original
author, and the legend must properly credit the source. Permission also must be obtained to
use modified tables or figures.

7. Copyright release. In accordance with the Copyright Act of 1976, which became effective
February 1, 1978, all manuscripts must be accompanied by the following written statement,
signed by all authors: "The undersigned author(s) transfers all copyright ownership of the
manuscript [insert title of article here] to the American Association of Orthodontists in the
event the work is published. The undersigned author(s) warrants that the article is original,
does not infringe upon any copyright or other proprietary right of any third party, is not
under consideration by another journal, has not been previously published, and includes any
product that may derive from the published journal, whether print or electronic media. I (we)
sign for and accept responsibility for releasing this material.” Scan the printed copyright
release and submit it via EES.

8. Use the International Committee of Medical Journal Editors Form for the Disclosure of
Conflict of Interest (ICMJE Conflict of Interest Form). If the manuscript is accepted, the
disclosed information will be published with the article. The usual and customary listing of
sources of support and institutional affiliations on the title page is proper and does not imply a
conflict of interest. Guest editorials, Letters, and Review articles may be rejected if a conflict
of interest exists.

9. Institutional Review Board approval. For those articles that report on the results of
experiments of treatments where patients or animals have been used as the sample,
Institutional Review Board (IRB) approval is mandatory. No experimental studies will be sent
out for review without an IRB approval accompanying the manuscript submission.

Guidelines for Systematic Reviews

Systematic  Reviews and Meta-Analyses must be prepared according to
contemporary PRISMA (Preferred Reporting for Systematic Reviews and Meta-Analyses)
standards. The AJO-DO will screen submissions for compliance before beginning the review
process. To help authors understand and apply the standards, we have prepared a
separate Guidelines for AJO-DO Systematic Reviews and Meta-Analyses. This guide
includes links to a Model Orthodontic Systematic Review and an accompanying Explanation
and Elaborationdocument.

These guidelines are supplemental to the Guidelines for Original Articles, which describe how
to meet general submission requirements, such as figure formats, reference style, required
releases, and blinding.

Systematic Review and Meta-Analysis Guide for Authors

You can access a link to an annotated example of a Model Orthodontic Systematic Review.
Further explanation of reporting practices is given in the accompanying Explanation and
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Elaboration document. These documents have been prepared in accordance with PRISMA
guidelines and the "PRISMA Statement for Reporting Systematic Reviews and Meta-
Analyses of Studies that Evaluate Health Care Interventions: Explanations and Elaboration™
(http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1000100).

However, we have made these guidelines more relevant to orthodontics and have adapted the
reporting template to encourage transparent and pertinent reporting by introducing
subheadings corresponding to established PRISMA items.

Further information on reporting of systematic reviews can also be obtained in the Cochrane
Handbook for Systematic Reviews of Interventions (http://www.cochrane-handbook.org).

Guidelines for Randomized Clinical Trials

Randomized Clinical Trials must meet current CONSORT (Consolidated Standards of
Reporting Trials) requirements. The AJO-DO will screen submissions for compliance before
beginning the review process. To help authors understand and apply the standards, we have
prepared a separate document, Guidelines for AJO-DO Submissions: Randomized Clinical
Trials. This document contains links to an Annotated RCT Sample Article and The
CONSORT _Statement: Application within and adaptations for orthodontic trials.

These guidelines are supplemental to the Guidelines for Original Articles, which describe how
to meet general submission requirements, such as figure formats, reference style, required
releases, and blinding.

Guidelines for Miscellaneous Submissions

Letters to the Editor and their responses appear in the Readers' Forum section and are
encouraged to stimulate healthy discourse between authors and our readers. Letters to the
Editor must refer to an article that was published within the previous six (6) months and must
be less than 500 words including references. Submit Letters via the EES Web site. Submit a
signed copyright release with the letter.

Brief, substantiated commentary on subjects of interest to the orthodontic profession is
published occasionally as a Special Article. Submit Guest Editorials and Special Articles via
the Web site.

Books and monographs (domestic and foreign) will be reviewed, depending upon their
interest and value to subscribers. Send books to Chris Burke, Department of Orthodontics,
University of Washington D-569, HSC Box 357446, Seattle, WA98195-7446. They will not
be returned.
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of each author; brief description of each author's contribution to the submission; and author to
whom correspondence and reprint requests are to be sent, including address, business and
home phone numbers, fax numbers, and e-mail address

—Highlights (up to 5 Highlights, written in complete sentences, 85 characters each

— Abstract (structured, 250 words; a graphical abstract is optional)
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— Manuscript, including references and figure legends

—Figures, in TIF or EPS format

—Tables

— Copyright release statement, signed by all authors

— Photographic consent statement(s)

—ICMJE Conflict of interest statement for each author

— Permissions to reproduce previously published material

—Permission to reproduce proprietary images (including screenshots that include a company
logo)

Preparation
Double-blind review

This journal uses double-blind review, which means the identities of the authors are concealed
from the reviewers, and vice versa. More information is available on our website. To facilitate
this, please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information,
such as the authors' names or affiliations.

Article structure
Introduction

Provide an adequate background so readers can understand the nature of the problem and its
significance. State the objectives of the work. Cite literature selectively, avoiding a detailed
literature survey or a summary of the results.

Material and Methods

Provide sufficient detail to allow the work to be reproduced. If methods have already been
published, indicate by a reference citation and describe only the relevant modifications.
Include manufacturer information (company name and location) for any commercial product
mentioned. Report your power analysis and ethics approval, as appropriate.

Results

Results should be clear and concise.

Discussion

Explain your findings and explore their significance. Compare and contrast your results with
other relevant studies. Mention the limitations of your study, and discuss the implications of

the findings for future research and for clinical practice. Do not repeat information given in
other parts of the manuscript.
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Conclusions

Write a short Conclusions section that can stand alone. If possible, refer back to the goals or
objectives of the research.

Essential title page information

* Title: Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations: Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. Present the
authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including
the country name and, if available, the e-mail address of each author.

« Corresponding author: Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

* Present/permanent address: If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A structured abstract using the headings Introduction, Methods, Results, and Conclusions is
required for Original Article, Systematic Review, Randomized Controlled Trial, and Techno
Bytes. An unstructured abstract is acceptable for Case Report and Clinician's Corner.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of
96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example
Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of
their images and in accordance with all technical requirements.

Highlights

Highlights are a short collection of bullet points that convey the core findings of the article.
Highlights are optional and should be submitted in a separate editable file in the online
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submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example
Highlights on our information site.

Acknowledgments

Collate acknowledgments in a separate section at the end of the article before the references;
do not include them on the title page, as a footnote to the title page, or otherwise. List here
those individuals who provided help during the research (eg, providing help with language or
writing assistance, or proofreading the article).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxXx,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Artwork
Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, this journal is applying the following
policy: no specific feature within an image may be enhanced, obscured, moved, removed, or
introduced. Adjustments of brightness, contrast, or color balance are acceptable if and as long
as they do not obscure or eliminate any information present in the original. Nonlinear
adjustments (e.g. changes to gamma settings) must be disclosed in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.
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* Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.
* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply ‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF) or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color online (e.g., ScienceDirect and other sites) in addition to
color reproduction in print. Further information on the preparation of electronic artwork.
Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate
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results described elsewhere in the article. Please avoid using vertical rules and shading in
table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C.,
Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the
Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in
the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data references
should include the following elements: author name(s), dataset title, data repository, version
(where available), year, and global persistent identifier. Add [dataset] immediately before the
reference so we can properly identify it as a data reference. The [dataset] identifier will not
appear in your published article.

References in a special issue
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Please ensure that the words 'this issue' are added to any references in the list (and any
citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes before
submitting the electronic manuscript. More information on how to remove field codes.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking
the following link:
http://open.mendeley.com/use-citation-style/american-journal-of-orthodontics-and-
dentofacial-orthopedics

When preparing your manuscript, you will then be able to select this style using the Mendeley
plug-ins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by superscript numbers in the text. The actual authors can be
referred to, but the reference number(s) must always be given.
List: Number the references in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. Sci
Commun 2010;16351-9.

Reference to a book:

2. Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS,
Smith RZ, editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p.
281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the first
6 should be listed followed by ‘et al." For further details you are referred to 'Uniform
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc
1997;277:927-34) (see also http://www.nlm.nih.gov/bsd/uniform_requirements.html).

Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
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content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. . In order to ensure that
your video or animation material is directly usable, please provide the file in one of our
recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total.
Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image. These
will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text for both
the electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and
engage more closely with your research. Follow the instructions here to find out about
available data visualization options and how to include them with your article.

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research
data refers to the results of observations or experimentation that validate research findings. To
facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to
the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript and
reference list. Please refer to the "References” section for more information about data
citation. For more information on depositing, sharing and using research data and other
relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives
them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission
system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).
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Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods) associated
with your manuscript in a free-to-use, open access repository. During the submission process,
after uploading your manuscript, you will have the opportunity to upload your relevant
datasets directly to Mendeley Data. The datasets will be listed and directly accessible to
readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more
information, visit the Data Statement page.

Submission Checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

 E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

« Manuscript has been 'spell-checked' and ‘grammar-checked'

« References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

For any further information please  visit our  customer support site
at http://support.elsevier.com.

Permissions

To use information borrowed or adapted from another source, authors must obtain permission
from the copyright holder (usually the publisher). This is necessary even if you are the author
of the borrowed material. It is essential to begin the process of obtaining permissions early; a
delay may require removing the copyrighted material from the article. Give the source of a
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borrowed table in a footnote to the table; give the source of a borrowed figure in the legend of
the figure. The source must also appear in the list of references. Use exact wording required
by the copyright holder. For more information about permission issues,
contact permissionshelpdesk @elsevier.com or

visit https://www.elsevier.com/about/policies/author-agreement/obtaining-permission.

Permission is also required for the following images:

 Photos of a product if the product is identified or can reasonably be identified from the
photo

* Logos

« Screenshots that involve copyrighted third-party material, whether a reasonably identifiable
user interface or any nonincidental material appearing in the screenshot article as accepted for
publication will only be considered at this stage with permission from the Editor. We will do
everything possible to get your article published quickly and accurately. It is important to
ensure that all corrections are sent back to us in one communication: please check carefully
before replying, as inclusion of any subsequent corrections cannot be guaranteed.
Proofreading is solely your responsibility.
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