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RESUMO

A respiracédo bucal ¢ identificada quando uma porgao significativa do ar € inalado pela
boca ao invés do nariz, em decorréncia de patologias e/ou obstrugcdes nas vias aéreas.
Essa condigao, além de impactar fun¢des cognitivas e de aprendizagem, também leva
a uma maior propensao ao desenvolvimento de mas oclusdes e comprometimento da
qualidade de vida. A literatura também aponta que respiradores bucais apresentam
maior predisposicdo a desequilibrios no pH salivar, acumulo de biofilme e,
consequentemente, maior risco para carie, doencas periodontais e gengivite. Este
estudo buscou avaliar as possiveis associagdes entre a respiragao bucal com as
principais manifesta¢cdes odontolégicas em criangas e adolescentes: carie dentaria e
alteragcdes periodontais. Esta revisdo foi registrada no PROSPERO
(CRD42024536891). Para os critérios de elegibilidade, o estudo buscou responder a
pergunta de pesquisa “Criancas e adolescentes com respiragdo bucal sao mais
propensos a apresentar caries dentarias e disturbios periodontais do que criangas e
adolescentes com respiragao nasal?”, estruturada pela PECOS: P(populagéo):
criangas e adolescentes, de ambos os sexos, com idade igual ou inferior a 19 anos;
E(exposicao): respiracdo bucal; C(comparagado): auséncia de respiracao bucal;
O(desfechos): carie dentaria e alteragdes periodontais; S(estudos): estudos
observacionais. As buscas foram realizadas em cinco bases de dados: PubMed,
Embase, OVID, Scopus e Web of Science, buscas também foram realizadas no
Google Scholar e OpenGrey, sem restrigao quanto ao idioma e ano de publicagdo dos
artigos. O risco de viés dos estudos foi analisado através da Newcastle-Ottawa Scale.
Metanalises foram realizadas e seus resultados foram apresentados através da
Diferengca Média Estandardizada (DME), com intervalo de confianga (IC) de 95%. A
certeza das evidéncias foi obtida através do GRADE. Inicialmente, durante o periodo
de abril de 2024 a dezembro de 2024, foram recuperados 838 estudos e 11 estudos
transversais foram incluidos na revisdo. Apds analises, os resultados qualitativos
revelaram que individuos com respiragcao bucal apresentaram maiores alteragdes
quanto o sangramento gengival, acumulo de placa e alteragdes gengivais. Em relagao
a carie dentaria, as alteracdes foram observadas em lesdes iniciais e para os escores
5 e 6 do ICDAS. Para os resultados quantitativos, as metanalises indicaram uma
maior, porém nao significativa, média para o indice de Placa (DME=2.46 [95% IC: -
0.04-4.96], 1>=98%) e para o indice de Inflamag&o Gengival (DME=0.47 [95% IC: -
1.33-2.26], I=97%) em respiradores bucais. Em conclusao, criangas e adolescentes
com respiragcao bucal podem ser associados as alteragdes gengivais e acumulo de
placa. Para a carie dentaria, as evidéncias, mesmo que limitadas, sugerem uma
associagao as lesdes de carie iniciais e avangadas.

Palavras-chave: carie dentaria; respiragao bucal; saude bucal; doengas periodontais;
transtornos respiratorios; metanalises.



ABSTRACT

Dental caries and periodontal outcomes in mouth-breathing children and
adolescents: a systematic review

Mouth breathing is identified when a significant portion of air is inhaled through the
mouth instead of the nose due to pathologies and/or airway obstruction. This condition,
in addition to affecting cognitive and learning functions, also leads to a greater
propensity for the development of malocclusions and a compromised quality of life.
Furthermore, the literature indicates that mouth breathers have a greater
predisposition to salivary pH imbalance, biofilm accumulation, and, consequently, a
higher risk of dental caries, periodontal diseases, and gingivitis. This study aimed to
evaluate the possible associations between mouth breathing and the main dental
manifestations in children and adolescents: dental caries and periodontal outcomes.
This review was registered in PROSPERO (CRD42024536891). For eligibility criteria,
the study attempted to find answers to the research question: "Are children and
adolescents with mouth breathing more likely to exhibit dental caries and periodontal
disorders than children and adolescents with nose breathing?", structured according
to the PECOS framework: P (Population): children and adolescents, of both sex, aged
19 years or younger; E (Exposure): mouth breathing; C (Comparison): no mouth
breathing; O (Outcomes): dental caries and periodontal outcomes; S (Study design):
observational studies. The review was registered in PROSPERO (CRD42024536891).
Searches were conducted in five databases: PubMed, Embase, OVID, Scopus, and
Web of Science, as well as in Google Scholar and OpenGrey, with no restrictions
regarding the language or year of publication. The risk of bias in the studies was
assessed using the Newcastle-Ottawa Scale. Meta-analyses were performed, and
results were presented as standardized mean differences (SMD) with 95% confidence
intervals (Cl). Certainty of evidence was assessed using GRADE. Initially, 838 studies
were retrieved, and 11 cross-sectional studies were included in the review. Individuals
with mouth breathing showed greater alterations in gingival bleeding, plaque
accumulation, and gingival changes. Regarding dental caries, alterations were
observed in initial lesions and in ICDAS scores 5 and 6. Meta-analyses indicated a
higher, albeit not statistically significant, mean Plaque Index (SMD=2.46 [95% CI: -
0.04-4.96], 1>=98%) and Gingival Inflammation Index (SMD=0.47 [95% CI: -1.33—
2.26], 1>=97%) in mouth breathers. In conclusion, children and adolescents with mouth
breathing may be associated with gingival changes and plaque accumulation. For
dental caries, the evidence, although limited, suggests an association with initial and
advanced caries lesions.

Keywords: dental caries; mouth breathing; oral health; periodontal diseases;
respiration disorders; meta-analyses.
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1 CONSIDERAGOES INICIAIS

A respiragéo nasal € uma das primeiras fungdes fisioldgicas desenvolvidas
pelo corpo humano, sendo considerada como fator importante para todo o sistema
estomatognatico. Entretanto, em virtude de diferencas no processo de
desenvolvimento anatdmico e fisiolégico infantil, alteracdes no padrao respiratorio
podem ocorrer, levando a uma compensacao dessa funcio pela cavidade oral com o
objetivo de suprir a necessidade respiratéria do individuo (Prado Jr et al., 2010;
Ballikaya et al., 2018; Paolantonio et al., 2019; Felix et al., 2022).

Por definigéo, a respiragcéo bucal é determinada quando de 25% a 30% do
ar inalado é conduzido pela boca ao invés do nariz, podendo ou nao estar associada
a uma obstrugdo das vias aéreas superiores (Lin et al., 2022). Isso ocorre
principalmente por uma obstrugao causada pelas tonsilas palatinas e faringeas e/ou
pela presencga de outras patologias respiratorias, como a rinite e a asma (Huynh et al.,
2014). A literatura também mostra que o desenvolvimento da respiragdo bucal esta
ligado a uma perda da vedacao labial e da subversao de todo complexo neuroldgico,
0sseo e muscular na regiao (Santos Neto et al., 2009).

Como consequéncia, mudangas passam a ocorrer nos tecidos e estruturas
adjacentes a cavidade oral, uma vez que essa passa a desenvolver um papel maior
no processo respiratorio. Como caracteristicas marcantes temos a diminui¢cao do pH
intraoral durante o sono, ressecamento dos labios, desidratacdo dos tecidos
periodontais e acumulo de placa (Choi et al., 2016; Mummolo et al., 2018).

Anatomicamente, o individuo respirador bucal pode apresentar o palato
duro mais estreito ao nivel dos segundos pré-molares/segundos molares deciduos e
primeiros molares e mais profundo ao nivel dos segundos pré-molares/segundos
molares deciduos (Berwig et al., 2011). Desta forma, estudos apontam que criancas
respiradoras bucais passam a ter uma maior propensao para o desenvolvimento de
problemas de oclusdo. Alteracbes periodontais, principalmente a gengivite, e lesdes
de céarie também podem acometer individuos com a respiragao alterada (Al-ghutaimel
et al., 2014; Choi et al., 2016). Com isso, a respiragao bucal pode trazer
consequéncias negativas ndo apenas para a saude bucal, mas também pode levar a
uma piora da qualidade de vida dos seus portadores e familiares nos ambitos
ambientais, fisicos e psicolégicos quando comparados aos individuos respiradores

nasais (Nagae et al., 2013).
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Estudos epidemiologicos conduzidos em municipios brasileiros revelaram
uma prevaléncia de 55,2% de criangas respiradoras bucais de 9 e 10 anos (Menezes
et al., 2007), 55% entre criangas de 3 a 9 anos de idade (Abreu et al., 2008) e 56,8%
em criangas do 1% ao 42 ano do ensino fundamental (entre 6 e 9 anos) (Felcar et al.,
2010). Entretanto, estudos feitos em outros paises demonstraram resultados distintos
em relagdo aos encontrados nas cidades brasileiras, dentre eles um que mostra uma
prevaléncia de respiracdo bucal de 6,6% entre criancas de 5 a 13 anos em Delhi, india
(Kharbanda et al., 2003) e um outro apontando que 63% de uma amostra de criangas
venezuelanas entre 5 a 14 anos apresentavam a alteragao (Parra et al., 2004).

Portanto, a respiragéo bucal pode ser considerada um problema de saude
publica e por isso, estudos e recursos para o seu diagnostico e manejo sao
necessarios, principalmente devido a sua alta prevaléncia no Brasil e suas possiveis
associagdes a doengas e desenvolvimento com caracteristicas que podem impactar
negativamente a saude bucal dos pacientes afetados (Nagae et al., 2013).

A literatura atual sobre a associacdo entre doencas periodontais, carie
dentaria e pacientes com respiragcao bucal ainda é restrita, apesar de todas as suas
consequéncias para o individuo afetado. Diferentes desenhos de estudos foram feitos
até o presente momento para testar essa associagdo e os resultados sao
discrepantes; ainda ndo ha um trabalho que englobe todas as informacgdes disponiveis
na literatura e aponte a existéncia da associagcao ou néao.

Desta forma, este estudo tem como objetivo analisar e comparar os
resultados obtidos nos diferentes artigos ja publicados e, com isso, nortear futuras
pesquisas sobre o assunto. Isso sera feito através de uma revisao sistematica, uma
vez que tais estudos se encontram no topo da piramide de evidéncias cientificas
(Murad et al., 2016).
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2 REVISAO DE LITERATURA

2.1 Carie Dentaria

De acordo com o Grupo de Pesquisa sobre Cariologia da International
Association for Dental Research (IADR), a carie é considerada uma doenca mediada
pelo biofilme, modulada pela dieta, de carater multifatorial, ndo transmissivel e
dindmica, que leva a perda mineral dos tecidos dentarios. Seu desenvolvimento
também esta relacionado aos fatores comportamentais, bioldgicos, psicolégicos e ao
meio onde o individuo vive (Machiulskiene et al., 2020). A literatura atual também
indica que fatores sociais, como o nivel socioecondmico, 0 acesso ao servico e a
autopercepcado também possuem uma associagcdo importante com experiéncia de
carie e com o aparecimento inicial de lesdes em criangas (Cortellazzi et al., 2008;
Cypriano et al., 2011). Com isso, todos esses sao fatores, que, de forma individual ou
combinados, podem aumentar o risco a carie dentaria, caso mudangas ndo sejam
feitas ao longo de um determinado tempo (Machiulskiene et al., 2020).

Atualmente, a doencga carie € considerada um problema de saude publica
a nivel global. De acordo com o estudo Global Burden of Disease (GBD) 2015, em
2010, lesdes de carie nao tratadas em dentes deciduos estavam entre as dez doengas
mais prevalentes do mundo, afetando 9% da populagao infantil mundial. Ja para
dentes permanentes, a prevaléncia de carie nao tradadas afetava 35% da populacéo
global total, estando em primeiro no ranking de condigdes de saude (Kassebaum et
al., 2017; Peres et al., 2019).

Um estudo americano National Health and Nutrition Examination Survey
(NHANES) (2011-2016) revelou que 12,7% dos adolescentes entre 12 e 15 anos
apresentavam lesdes de carie nao tratadas. O mesmo estudo relatou que, para a faixa
etaria de 16 a 19 anos, a porcentagem de lesdes de carie sem tratamento sobe para
20,4% (Dye et al., 2019). No Brasil, resultados do SB Brasil 2023 mostraram que as
criancas de cinco anos possuem uma prevaléncia de 41,18% de um ou mais dentes
com lesdes de carie nao tratadas; ja para adolescentes de 12 anos a prevaléncia foi
de 49,88% e 43,73% em adolescentes de 15 a 19 anos (Brasil, 2023).

Sob o ponto de vista bioquimico, as lesdes sdo determinadas pela
destruicdo dos tecidos duros do dente (esmalte e dentina) através da acidificagdo do

meio por bactérias que utilizam os sacarideos consumidos na dieta para sua
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fermentacao e produgao de acidos, o que leva a um desequilibrio do pH oral e do
processo de desmineralizacado e remineralizagdo. Com isso, a cavidade oral se torna
um ambiente propicio para a dissolugdo dos tecidos dentarios e dos minerais que a
compoe (Peres et al., 2019).

Clinicamente, seu diagndstico é feito através dos critérios de progressao,
atividade da lesao, presenga ou auséncia de cavitagao, integridade da superficie,
textura, translucidez/opacidade, localizagao da lesdo e cor da superficie, sendo sua
identificac&o correta essencial para a escolha da melhor forma de tratamento (Nyvad;
Machiulskiene; Baelum, 2003). Além disso, exames complementares, como as
radiografias, sao importantes e auxiliam no fechamento do diagndstico (Slayton,
2015).

Ja o tratamento ocorre em trés esferas: identificacao e retirada dos fatores
de risco, eliminagdo do foco da doenca e a prevencao. Por isso, decisdes clinicas
devem ser tomadas de acordo com o risco de carie do paciente, a idade e do
engajamento dos pais/cuidadores para adotar as estratégias de prevencéo (Corréa-
Faria et al., 2020). Os métodos preventivos sdo aplicados para evitar a formacao de
novas lesdes, e envolvem processos que sao aplicados de forma individual, como a
higiene bucal e controle da dieta, ou em nivel populacional, como cumprimento de

politicas publicas (Fejerskov et al., 1997; Slayton, 2015).

2.2 Doenca Periodontal em criangas e adolescentes

O periodonto é composto pelos tecidos de suporte dos dentes que incluem:
gengiva, cemento, 0sso alveolar e ligamento periodontal. Durante a denticéo decidua,
esses tecidos diferem da denticdo permanente principalmente quanto as
caracteristicas fisioldgicas: gengiva mais vascularizada e flacida, o ligamento
periodontal com fibras mais largas e em menor quantidade e osso alveolar com menor
nivel de calcificagdo, consequentemente, com menor densidade. Histologicamente, é
uma regido com altos indices de diferenciagéo celular devido a presenga dos
odontoclastos, células que estao diretamente relacionadas ao processo de reabsorg¢ao
de raizes durante as etapas de esfoliagdo dos dentes deciduos (Al-ghutaimel et al.,
2014; Harokopakis-Hajishengallis, 2007).

O desenvolvimento da doenca periodontal ocorre quando ha a presenca de

quadros infecciosos nesses tecidos de suporte, causados principalmente por uma
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desordem bacteriana e por um acumulo do biofilme nessas regides. A gravidade da
doenca é classificada de acordo com a sua capacidade ou nao de irreversibilidade,
sendo a gengivite, quadro reversivel, o mais prevalente em criangas e adolescentes
(Pihlstrom; Michalowicz; Johnson, 2005).

No mundo, a doenga periodontal severa possui uma prevaléncia mundial
de 19% em pessoas com idade superior a 15 anos, o que representa mais de um
bilhdo de casos pelo mundo (WHO, 2022). Para o Brasil, segundo os dados fornecidos
pela Pesquisa Nacional de Saude Bucal (SB Brasil 2023), 27,77% dos adolescentes
brasileiros de 12 anos apresentaram sangramento gengival, sendo essa a condi¢céo
periodontal de maior prevaléncia, enquanto para calculo dentario, a prevaléncia foi de
23,72%. Ja em adolescentes de 15 a 19 anos, o calculo dentario foi a condicéo
periodontal de maior prevaléncia (35,29%), seguido do sangramento gengival
(34,36%) (Brasil, 2023).

A literatura atual mostra que a gengivite nessa populagado tem como causas
principais a inflamacéo gengival durante o processo de erupg¢do, gengivite na
puberdade relacionada aos horménios gonadotroficos, a respiragdo bucal, o
crescimento gengival induzido pelo uso de medicamentos, desnutricdo e outras
patologias como a GUN (gengivite ulcerativa necrosante) e a gengivite herpética
primaria pelo virus HPV (papiloma virus humano) (Al-ghutaimel et al., 2014).

Ja o desenvolvimento da periodontite, forma mais agressiva da doenga, em
criancas e adolescentes esta associada principalmente a manifestacées sistémicas
(ex: diabetes, HIV (Virus da Imunodeficiéncia Humana)), doencas e sindromes (ex:
leucemia e Sindrome de Down) (Clerehugh; Tugnait, 2001). O trauma dentario
também pode estar relacionado ao surgimento de problemas periodontais, devido ao
envolvimento dos tecidos de suporte, sendo mais comum os fendbmenos de
reabsorcdo e perda de estrutura 6ssea (Drummond; Brosnan; Leichter, 2017).
Contudo, estudos epidemiolégicos mostram uma prevaléncia de 0,2 a 0,5% da forma
mais agressiva da doenga em criangas e adolescentes, sendo esse um valor
considerado baixo (Califano et al., 2003).

O controle das alteracbes periodontais é determinado pela sua
classificagao e gravidade. Em muitos casos o tratamento para gengivite se da através
da higienizagado bucal e controle de placa, podendo estar associado ao uso de
medicamentos especificos para as doencgas correlacionadas. Em quadros mais

graves, como a periodontite, € necessaria uma avaliagdo minuciosa para a tomada de
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decisdo de tratamento, entre elas a terapia ndo cirurgica, uso da terapia

medicamentosa e a terapia cirurgica (Kini et al., 2016).

2.3 Respiracao bucal

A respiracao bucal € determinada quando a respiragéao de um individuo
passa a ser predominantemente pela cavidade bucal ao longo do seu dia a dia (de
25% a 30% do ar inalado é conduzido pela boca ao invés do nariz) (Prado Jr et al.,
2010; Felix et al., 2022; Lin et al., 2022). Essa mudanca ocorre devido a uma obstrucao
que leva a diminuicdo da abertura das vias aéreas superiores, ocasionada
principalmente pela hipertrofia das tonsilas faringeas e palatinas ou pelo
congestionamento dessas vias durante episddios de crises asmaticas ou rinites
alérgicas/cronicas. E considerada uma forma de adaptac&o do préprio organismo para
suprir a dificuldade respiratoria (Ballikaya et al., 2018; Huynh et al., 2014).

Os primeiros sinais aparecem logo na infancia, principalmente pelo fato de
as tonsilas infantis serem duas vezes maiores quando comparadas as tonsilas de um
adulto. Com isso, ha uma prevaléncia significativa de criangas respiradoras bucais e
que, caso nao haja a regressao esperada, passam pela puberdade e pela fase adulta
lidando com as consequéncias do habito (Lee; Yang, 2021).

Dados epidemiolégicos mostram que a prevaléncia da respiragao bucal em
criangas pelo mundo é de 11% a 57% (Lin et al., 2022). Ja no Brasil, a prevaléncia em
criangas de seis a nove anos ¢ de 56,8%, e entre em criangas entre nove e dez anos
a prevaléncia é de 55,2% (Soares et al., 2024).

Estudos atuais demonstraram que o sono € uma das areas mais afetadas
pela respiracao bucal, estando essa relacionada também com a Sindrome da Apneia
Obstrutiva do Sono (SAOS) (Davidovich et al., 2022). Outra consequéncia é a
diminuigéo do pH intraoral dos individuos afetados durante o sono, quando esses sao
comparados com pacientes respiradores nasais. Essa diminuicdo de pH, a longo
prazo, pode levar a uma maior propensdo a erosao dentaria e o aparecimento de
lesdes de carie (Choi et al., 2016).

Criangas com respiragéo bucal apresentam um conjunto de caracteristicas
faciais relevantes, configurando, assim, a Sindrome do Respirador Bucal (SRB).
Essas caracteristicas sao: o terco inferior da face aumentado, labios ressecados,

narinas pequenas, nariz achatado e falta de selamento labial (Prado Jr et al., 2010;
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Santos Neto et al., 2009). Particularidades da SRB também estéo relacionadas com
uma maior desidratacao dos tecidos de suporte dos dentes devido a uma maior
passagem de ar pela cavidade bucal, o0 que gera maiores taxas de evaporacdo de
saliva. Como consequéncia, respiradores bucais podem ser mais propensos ao
acumulo de placa e ao desenvolvimento de alteragdes periodontais, principalmente a
gengivite (Mummolo et al., 2018; Lin et al., 2022).

A deterioracdo da qualidade de vida de criangas portadoras da SRB
também vem sendo alvo de discussdes em razdo da associacao entre a respiragao,
mastigacao, degluticdo e fala. Fisiologicamente, os individuos utilizam caminhos
semelhantes para realizarem as fungdes alimentacao e respiragéo. A faringe é a parte
comum entre o Sistema Respiratério e o Sistema Digestorio, por isso, esses
movimentos devem ser realizados de forma coordenada para que ocorram
corretamente, sem que haja interferéncia de uma funcdo com relacdo as outras
(Matsuo; Palmer, 2009). Como consequéncia, desequilibrios nos padroes
respiratorios poder gerar dificuldades nos processos mastigatérios, de degluticdo e da
fala e um menor desempenho das fung¢des orais (Ballikaya et al., 2018; Masutomi;
Goto; Ichikawa, 2024).

Além disso, problemas esqueléticos sao comuns em criangas portadoras
da sindrome. Muitas criangas respiradoras bucais possuem uma retroflexdo da
cabeca em relacéo a coluna cervical como forma de adequacao da propria estrutura
fisica para permitir uma melhor respiracdo. Grande parte desses pacientes sao
classificados como individuos portadores de ma oclusao Classe Il de Angle (Vukicevi¢
et al., 2017), sendo a mordida aberta e a mordida cruzada posterior muito frequentes
entre esses individuos (Grippaudo et al., 2016).

A literatura também indica que quadros de diminuicdo de oxigenagao
associados aos disturbios do sono podem levar a problemas de comportamento e de
cognicdo. Ja estudos mostram que escolares respiradores bucais apresentam uma
maior dificuldade para o desenvolvimento da escrita e compreensao da leitura quando
comparados aos respiradores nasais. Isso se deve principalmente pelo fato de os
respiradores bucais possuirem uma maior dificuldade e desconforto respiratério
durante partes importantes do dia a dia, como o sono e em afazeres que exijam um
maior controle respiratério, como em atividades fisicas, o que, em ultima instancia,
podem trazer prejuizos para seu desenvolvimento fisico e psicolégico (Chervin et al.,

2003; Chedid et al., 2004). Tais hipéteses corroboram o fato de a respiracédo bucal
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trazer consequéncias para comportamento infantii como: a hiperatividade,
agressividade e problemas de socializagdo, aprendizagem e atencao (Ali; Pitson;
Stradling, 1993).

Dessa forma, devido as inumeras consequéncias da sindrome e todas as
patologias relacionadas a ela, a respiracao bucal passa a ser considerada um
problema de saude publica (Nagae et al., 2013). Em raz&o disso, € necessario que o
cirurgido-dentista tenha o conhecimento quanto aos principais sinais, sintomas e
consequéncias da respiragdo bucal, uma vez que ele(ela) é o(a) profissional

responsavel por manejar problemas na cavidade oral.



21

3 OBJETIVOS

3.1 Objetivo Geral
- Avaliar as possiveis associagdes entre a respiragao bucal com as principais
manifestagdes odontoldgicas em criangas e adolescentes: carie dentaria e alteragbes

periodontais.

3.2 Objetivos Especificos
- Avaliar a presencgal/auséncia de associagcdo entre a respiragdo bucal e a carie

dentaria em seus diferentes estagios de gravidade em criangas e adolescentes.

- Avaliar a presenca/auséncia de associacao entre a respiracdo bucal e alteracdes

periodontais, com énfase na gengivite em criangas e adolescentes.



22

4 METODOLOGIA EXPANDIDA

4 1 Delineamento do estudo

O estudo foi desenvolvido através de uma revisao sistematica.

4.2 Protocolo e Registro

Esta revisao sistematica foi elaborada de acordo com o guia de orientagcbes
do PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
(Page et al., 2021). Logo apos, foi feito o registro de protocolo no “International
Prospective Register of Systematic Reviews” (PROSPERO) (CRD42024536891)
(ANEXO A).

4.3 Critérios de Elegibilidade

Nesta revisao foram incluidos os estudos que buscaram uma associagao
entre a respiragao bucal com alteragbes periodontais e/ou da doenga carie em
criancas e adolescentes. Nao houve restrigdo quanto ao idioma, data de publicagao
ou populagao investigada.

A pergunta de pesquisa “Criangas e adolescentes com respiragdo bucal
sao mais propensos a apresentar caries dentarias e disturbios periodontais do que
criangas e adolescentes com respiragao nasal?” foi respondida através do formato
PECOS:

Participants (participantes): criangas e adolescentes (com idade < a 19 anos) (World
Health Organization, 2006)

Exposure (exposi¢cao): presencga da respiragao bucal

Comparison (comparagao): auséncia de respiragao bucal

Outcome (desfecho): doenga carie e/ou doencga periodontal e desfecho relacionados
a essas duas manifestacdes bucais.

Study (desenho de estudo): estudos observacionais
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Estudos observacionais apresentados na forma de resumos de congressos,
editoriais e opinides de experts e estudos que avaliaram pacientes com necessidades

especiais foram excluidos.

4.4 Fontes de informacao

Uma busca eletrénica foi conduzida pelos pesquisadores nas seguintes
bases de dados: PubMed (National Library of Medicine), OVID (Wolters Kluwer), Web
of Science (Clarivate Analytics), SCOPUS (Elsevier) e EMBASE (Elsevier). Buscas no
Open Grey e no Google Scholar também foram realizadas. Nessas duas ultimas
bases, houve uma restrigdo as primeiras 300 referéncias (Haddaway et al., 2015)
(Anexo B).

4.5 Busca

Nas bases de dados foram utilizadas estratégias de busca especificas para
cada base eletrénica. As estratégias de busca foram compostas por uni-termos unidos
por operadores Booleanos.

Uma busca manual na lista de referéncias dos artigos incluidos também foi
feita para a identificacao de estudos que podem nao ter sido identificados durante a
busca nas bases de dados eletrbnicas. As referéncias foram recuperadas e
exportadas para o programa Endnote Online (Clarivate Analytics, Londres, Reino
Unido). As duplicatas identificadas foram removidas. As estratégias de busca

expandidas para cada base de dados foram descritas na Tabela 1.

Tabela 1 - Estratégia de busca empregada nas bases de dados

Bases de - .
dados Estratégia de busca expandida
mouth breathing OR mouth breather (All Fields) and dental caries OR dental decay
Web of OR caries disease OR root caries OR tooth caries OR tooth decay OR dental
Science fissure OR dmfc OR dmft OR ICDAS OR periodontal disease OR gingival disease

OR pyrrha OR gum disease OR periodontitis OR gingivitis OR paradontosis OR
periodontal pocket OR periodontal abscess OR dental plague OR probing depth



https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
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OR bleeding on probing OR plaque index OR gingival index OR periodontal index
OR attachment level OR gingival bleeding (All Fields)

Scopus

( ALL ( "mouth breathing" OR "mouth breather") AND ALL ("dental caries" OR
"dental decay" OR "caries disease" OR "root caries" OR "tooth caries" OR "tooth
decay" OR "dental fissure" OR dmfs OR dmft OR icdas OR "periodontal disease"
OR "gingival disease" OR pyorrhea OR "gum disease" OR periodontitis OR
gingivitis OR parodontosis OR "periodontal pocket" OR "periodontal abscess" OR
"dental plaque" OR "probing depth" OR "bleeding on probing" OR "plaque index"
OR "gingival index" OR "periodontal index" OR "attachment level" OR "gingival
bleeding")

oVvID

((mouth breathing or mouth breather) and (dental caries or dental decay or caries
disease or root caries or tooth caries or tooth decay or dental fissure or dmfs or
dmft or ICDAS or periodontal disease or gingival disease or pyorrhea or gum
disease or periodontitis or gingivitis or parodontosis or periodontal pocket or
periodontal abscess or dental plaque or probing depth or bleeding on probing or
plaque index or gingival index or periodontal index or attachment level or gingival
bleeding)).af.

PubMed

("mouth breathing"[MeSH Terms] OR ("mouth"[All Fields] AND "breathing"[All
Fields]) OR "mouth breathing"[All Fields] OR (("mouth"[MeSH Terms] OR
"mouth"[All Fields] OR "mouths"[All Fields] OR "mouth s"[All Fields] OR
"mouthed"[All Fields] OR "mouthful"[All Fields] OR "mouthfuls"[All Fields] OR
"mouthing"[All Fields]) AND ("breather"[All Fields] OR "breathers"[All Fields]))) AND
("dental caries"[MeSH Terms] OR ("dental"[All Fields] AND "caries"[All Fields]) OR
"dental caries"[All Fields] OR ("dental caries"[MeSH Terms] OR ("dental"[All Fields]
AND "caries"[All Fields]) OR "dental caries"[All Fields] OR ("dental"[All Fields] AND
"decay"[All Fields]) OR "dental decay"[All Fields]) OR (("carie"[All Fields] OR
"dental caries"[MeSH Terms] OR ("dental"[All Fields] AND "caries"[All Fields]) OR
"dental caries"[All Fields] OR "caries"[All Fields]) AND ("disease"[MeSH Terms] OR
"disease"[All Fields] OR "diseases"[All Fields] OR "disease s"[All Fields] OR
"diseased"[All Fields])) OR ("root caries"[MeSH Terms] OR ("root"[All Fields] AND
"caries"[All Fields]) OR "root caries"[All Fields]) OR ("dental caries"[MeSH Terms]
OR ("dental"[All Fields] AND "caries"[All Fields]) OR "dental caries"[All Fields] OR
("tooth"[All Fields] AND "caries"[All Fields]) OR "tooth caries"[All Fields]) OR
("dental caries"[MeSH Terms] OR ("dental"[All Fields] AND "caries"[All Fields]) OR
"dental caries"[All Fields] OR ("tooth"[All Fields] AND "decay"[All Fields]) OR "tooth
decay"[All Fields]) OR ("dental fissures"[MeSH Terms] OR ("dental"[All Fields] AND
"fissures"[All Fields]) OR "dental fissures"[All Fields] OR ("dental"[All Fields] AND
"fissure"[All Fields]) OR "dental fissure"[All Fields]) OR "dmfs"[All Fields] OR
"dmft"[All Fields] OR "ICDAS"[All Fields] OR ("periodontal diseases"[MeSH Terms]
OR ("periodontal"[All Fields] AND "diseases"[All Fields]) OR "periodontal
diseases"[All Fields] OR ("periodontal"[All Fields] AND "disease"[All Fields]) OR
"periodontal disease"[All Fields]) OR ("gingival diseases"[MeSH Terms] OR
("gingival"[All Fields] AND "diseases"[All Fields]) OR "gingival diseases"[All Fields]
OR ("gingival"[All Fields] AND "disease"[All Fields]) OR "gingival disease"[All
Fields]) OR ("periodontal diseases"[MeSH Terms] OR ("periodontal"[All Fields]
AND "diseases"[All Fields]) OR "periodontal diseases"[All Fields] OR "pyorrhea"[All
Fields] OR "pyorrhoea"[All Fields]) OR ("gingival diseases"[MeSH Terms] OR
("gingival"[All Fields] AND "diseases"[All Fields]) OR "gingival diseases"[All Fields]
OR ("gum"[All Fields] AND "disease"[All Fields]) OR "gum disease"[All Fields]) OR
("periodontal"[All Fields] OR "periodontally"[All Fields] OR "periodontically"[All



https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
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Fields] OR "periodontics"[MeSH Terms] OR "periodontics"[All Fields] OR
"periodontic"[All Fields] OR "periodontitis"[MeSH Terms] OR "periodontitis"[All
Fields] OR "periodontitides"[All Fields]) OR ("gingiva"[MeSH Terms] OR
"gingiva"[All Fields] OR "gingival"[All Fields] OR "gingivally"[All Fields] OR
"gingivals"[All Fields] OR "gingivitis"[MeSH Terms] OR "gingivitis"[All Fields] OR
"gingivitides"[All Fields]) OR ("periodontal diseases"[MeSH Terms] OR
("periodontal"[All Fields] AND "diseases"[All Fields]) OR "periodontal diseases"[All
Fields] OR "parodontosis"[All Fields]) OR ("periodontal pocket"[MeSH Terms] OR
("periodontal"[All Fields] AND "pocket"[All Fields]) OR "periodontal pocket"[All
Fields]) OR ("periodontal abscess"[MeSH Terms] OR ("periodontal"[All Fields] AND
"abscess"[All Fields]) OR "periodontal abscess"[All Fields]) OR ("dental
plaque"[MeSH Terms] OR ("dental"[All Fields] AND "plaque"[All Fields]) OR "dental
plaque"[All Fields]) OR (("probe"[All Fields] OR "probe s"[All Fields] OR "probed"[All
Fields] OR "probes"[All Fields] OR "probing"[All Fields] OR "probings"[All Fields])
AND ("depth"[All Fields] OR "depths"[All Fields])) OR (("bleedings"[All Fields] OR
"hemorrhage"[MeSH Terms] OR "hemorrhage"[All Fields] OR "bleed"[All Fields]
OR "bleeding"[All Fields] OR "bleeds"[All Fields]) AND ("probe"[All Fields] OR
"probe s"[All Fields] OR "probed"[All Fields] OR "probes"[All Fields] OR
"probing"[All Fields] OR "probings"[All Fields])) OR ("dental plaque index"[MeSH
Terms] OR ("dental"[All Fields] AND "plaque"[All Fields] AND "index"[All Fields])
OR "dental plaque index"[All Fields] OR ("plaque"[All Fields] AND "index"[All
Fields]) OR "plaque index"[All Fields]) OR ("periodontal index"[MeSH Terms] OR
("periodontal"[All Fields] AND "index"[All Fields]) OR "periodontal index"[All Fields]
OR ("gingival"[All Fields] AND "index"[All Fields]) OR "gingival index"[All Fields])
OR ("periodontal index"[MeSH Terms] OR ("periodontal"[All Fields] AND "index"[All
Fields]) OR "periodontal index"[All Fields]) OR (("attach"[All Fields] OR
"attachable"[All Fields] OR "attached"[All Fields] OR "attachement"[All Fields] OR
"attaches"[All Fields] OR "attaching"[All Fields] OR "attachment"[All Fields] OR
"attachments"[All Fields]) AND ("level"[All Fields] OR "levels"[All Fields])) OR
("gingival hemorrhage"[MeSH Terms] OR ("gingival"[All Fields] AND
"hemorrhage"[All Fields]) OR "gingival hemorrhage"[All Fields] OR ("gingival"[All
Fields] AND "bleeding"[All Fields]) OR "gingival bleeding"[All Fields]))

Embase

('mouth breathing'/exp OR 'mouth breathing' OR 'mouth breather') AND ('dental
caries' OR 'dental decay' OR 'caries disease' OR 'root caries' OR 'tooth caries' OR
'tooth decay' OR 'dental fissure' OR dmfs OR dmft OR icdas OR 'periodontal
disease' OR 'gingival disease' OR pyorrhea OR 'gum disease' OR periodontitis OR
gingivitis OR parodontosis OR 'periodontal pocket' OR 'periodontal abscess '
OR 'dental plaque' OR 'probing depth' OR 'bleeding on probing' OR 'plaque index'
OR 'gingival index' OR 'periodontal index' OR ‘'attachment level' OR 'gingival
bleeding")

4.6 Selecao de Estudos

A selecao dos estudos foi realizada por dois autores (ACRSK e LGA) em

duas fases. Na Fase 1, todos os titulos/resumos das referéncias recuperadas na
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busca eletrénica foram avaliados. As referéncias, cujos titulos/resumos atendiam os
critérios gerais de elegibilidade seguiram para a Fase 2. Na Fase 2, os dois autores
(ACRSK e LGA) realizaram uma discussdo e uma leitura detalhada dos textos
completos das referéncias selecionadas na Fase 1. Os artigos, cujos textos completos
atenderam aos critérios de elegibilidade, foram incluidos na revisdo sistematica. A
concordancia entre os dois autores na Fase 1 e na Fase 2 foi dada pelo calculo do

coeficiente Kappa (Herzog et al., 2013).

4.7 Extracido de dados

A leitura completa dos artigos incluidos foi feita por dois pesquisadores
(ACRSK e LGA). Nessa etapa foram extraidos os dados: nome dos autores, ano de
publicagdo, pais onde o estudo foi conduzido, desenho de estudo, numero de
participantes e caracteristicas das amostras (sexo, idade), identificagdo dos grupos
de comparagéao (criangas/adolescentes com respiragao bucal e criangas/adolescentes
sem respiracao bucal), os desfechos analisados (doencga periodontal e/ou doenca
carie), métodos de avaliagao e indices utilizados para avaliagao dos desfechos, testes
estatisticos escolhidos para a comparacgao entre grupos e resultados da comparagao
entre grupos. Os dados extraidos foram fornecidos nos Supplementary Files 2 and
3.

4 .8 Risco de viés

Dois autores avaliaram o risco de viés dos estudos incluidos, de forma
independente, e as discordancias foram discutidas até que houvesse um consenso.
Para a avaliagédo do risco de viés, a Escala Newcastle Ottawa foi utilizada. Para a
avaliacdo dos estudos transversais, foram considerados a representatividade da
amostra, numero de nao respostas e a determinagado da exposi¢ao (selegéo). Os
fatores de confusdo também foram considerados na analise de comparagoes
(comparacéo). Em relagdo ao desfecho, foram avaliados os resultados encontrados e

os testes estatisticos utilizados para todos os desenhos de estudo (desfecho).



27

Para os estudos transversais, foram atribuidos no maximo cinco pontos para a
selegdo, dois maximos para a comparagao e trés pontos maximos para o desfecho
(Herzog et al., 2013; Higgins et al., 2023; Wells et al., 2021). As analises do risco de

viés foram fornecidas nos Supplementary Files 4 and 5.

4.9 Sintese narrativa

As caracteristicas e os resultados dos estudos foram resumidos através

de uma narrativa e apresentados em tabelas e figuras.

4.10 Diferenca Média Estandardizada

A Diferenca Média Estandardizada (DME) foi estimada utilizando o
método de Cohen (Cohen, 1960) para avaliar o tamanho do efeito. Os tamanhos dos
efeitos foram categorizados como pequeno (DME = 0,2), médio (DME = 0,5) e grande
(DME = 0,8) (Faraone, 2008).

4.11 Sintese quantitativa (meta-analises)

Na presenca de homogeneidade metodolégica dos dados extraidos, foram
realizadas meta-analises por meio do software Review Manager (RevMan 5.4). As
analises abrangeram desfechos continuos na mesma escala, adotando modelo de
efeitos aleatérios. As medidas de efeito foram expressas através da diferenca média
estandardizada (DME) com intervalo de confianga de 95%. Havendo possibilidade, a
heterogeneidade foi avaliada pela estatistica Q (x?) e quantificada por tau-quadrado
(1?) e 12 (DerSimonian; Laird, 1986; Higgins; Thompson, 2002).

4.12 Forga da evidéncia

A forgca da evidéncia, avaliada por meio do sistema GRADE (Grading of
Recommendations Assessment, Development, and Evaluation) (Guyatt et al., 2008),
foi aplicada para os desfechos para os quais meta-anédlises foram realizadas,
conforme os critérios definidos neste protocolo. As analises foram fornecidas nos

Supplementary File 6.
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Abstract

Background: Mouth breathing may lead to changes in the oral cavity.

Aim: To compare dental caries and periodontal outcomes in children and adolescents
with and without mouth breathing.

Design: This systematic review, registered in PROSPERO (CRD42024536891),
included the following: Population: children and adolescents; Exposure: mouth
breathing; Comparison: non-mouth breathing; Outcome: dental caries and
periodontal/gingival conditions; Study design: observational studies. Electronic
searches were conducted in five databases. Risk of bias was appraised using
Newcastle-Ottawa Scale.

Results: Of the 838 records identified, 11 studies were included, comprising 11 cross-
sectional studies. The studies showed low bias in exposure, outcomes, and statistical
analyses, though few met criteria for non-response and sample size adequacy.

Individuals with mouth breathing exhibited increased gingival bleeding, plaque
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accumulation, and gingival alterations. Associations with dental caries were observed
for initial lesions and for ICDAS scores 5 and 6. Meta-analyses indicated a higher,
albeit not statistically significant, mean Plaque Index (SMD=2.46 [95% CI: -0.04—4.96],
1’=98%) and Gingival Inflammation Index (SMD=0.47 [95% CI: -1.33-2.26], I>=97%) in
mouth breathers.

Conclusion: Mouth breathing in children and adolescents might be associated with
gingival outcomes and plaque accumulation. Regarding dental caries, limited evidence
suggests that the association is confined to initial and advanced lesions.

Keywords: dental caries, mouth breathing, oral health, periodontal diseases,

respiration disorders
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1. Introduction

Mouth breathing is characterized by the passage of inhaled air through the
mouth instead of the nose, often serving as an adaptive mechanism to maintain
effective respiration when nasal breathing is compromised.! Its prevalence in the
pediatric population ranges from 11% to 56%.2 This alteration in breathing pattern is
typically associated with upper airway obstructions or anatomical abnormalities, such
as hypertrophy of the pharyngeal and palatine tonsils, allergic rhinitis, and asthma,
which are among the main contributors to this condition.?*

The consequences of mouth breathing extend beyond respiratory function,
affecting multiple aspects of health and development.? Studies have also shown that
mouth breathing may impair cognitive function and concentration,® potentially
impacting tasks that require respiratory control, such as physical activities.® Moreover,
children and adolescents with this condition may face challenges in academic
performance, particularly in learning, writing skills, reading comprehension, and
working memory.”-® Mouth breathing has also been linked to malocclusion, including
misaligned teeth and abnormal maxillary skeletal growth, which can influence facial
development.'©

From an oral health perspective, the shift in airflow from the nasal passages to
the oral cavity has significant implications. This alteration leads to a reduction in
intraoral pH'" and increased biofilm accumulation'>—both critical factors in the
pathogenesis of dental caries and periodontitis.”® The bacterial profile in mouth-
breathing individuals is often associated with higher cariogenic activity'® and a greater
progression of carious lesions.'*'® Similarly, studies have documented a higher
prevalence of gingivitis and periodontitis in this population.'®

Despite growing evidence suggesting a relationship between mouth breathing
and oral health outcomes, including dental caries and periodontitis,%'” no systematic
synthesis of the literature has been conducted hitherto. Therefore, the purpose of the
present systematic review was to compare dental caries and periodontal- and gingival-
related outcomes between children and adolescents with and without mouth breathing.
This study hypothesizes that children and adolescents who breath through the mouth

are more susceptible to dental caries and periodontal conditions.

2. Materials and methods

2.1 Protocol and registration
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This systematic review was conducted and reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis)
guidelines.’® The protocol was registered in the International Prospective Register of
Systematic Reviews (PROSPERO; CRD42024536891).

2.2 Eligibility criteria

Observational studies (longitudinal, cross-sectional with and without control
groups, and case-control) were included if they compared children and adolescents
(<19 years)'® with mouth breathing to their counterparts without mouth breathing in
relation to dental caries and periodontal and/or gingival outcomes. Other study designs
were excluded. No restrictions were applied regarding publication language or date.

For eligibility criteria, the study aimed to answer the research question: "Are
children and adolescents who breathe through the mouth more likely to present with
dental caries and periodontal disorders than those who breathe through the nose?",
using the PECOS format:

P (Population): children and adolescents of any sex;

E (Exposure): mouth breathing;

C (Comparison): non-mouth breathing;

O (Outcome): dental caries and periodontal/gingival outcomes;

S (Study design): observational studies.

2.3 Databases and search strategy

Electronic searches were conducted in April 2024, with an update in December
2024, across Embase (Elsevier), MEDLINE/PubMed (National Library of Medicine),
Web of Science (Clarivate Analytics), Ovid (Wolters Kluwer), and Scopus (Elsevier).
Gray literature was searched using OpenGrey and Google Scholar (limited to the first
300 records).?’ Additionally, the reference lists of included articles were manually
reviewed. Search strategies combined MeSH terms and free-text keywords using

Boolean operators (AND, OR). Detailed search strategies are provided in Table 1.

Table 1. Search strategies employed in databases

Databases Search strategy
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Web of

Science

mouth breathing OR mouth breather (All Fields) and dental caries OR dental decay
OR caries disease OR root caries OR tooth caries OR tooth decay OR dental
fissure OR dmfc OR dmft OR ICDAS OR periodontal disease OR gingival disease
OR pyrrha OR gum disease OR periodontitis OR gingivitis OR paradontosis OR
periodontal pocket OR periodontal abscess OR dental plague OR probing depth
OR bleeding on probing OR plaque index OR gingival index OR periodontal index
OR attachment level OR gingival bleeding (All Fields)

Scopus

( ALL ( "mouth breathing" OR "mouth breather") AND ALL ("dental caries" OR
"dental decay" OR "caries disease" OR "root caries" OR "tooth caries" OR "tooth
decay" OR "dental fissure" OR dmfs OR dmft OR icdas OR "periodontal disease"
OR "gingival disease" OR pyorrhea OR "gum disease" OR periodontitis OR
gingivitis OR parodontosis OR "periodontal pocket" OR "periodontal abscess" OR
"dental plaque" OR "probing depth" OR "bleeding on probing" OR "plaque index"
OR "gingival index" OR "periodontal index" OR "attachment level" OR "gingival
bleeding")

OVID

((mouth breathing or mouth breather) and (dental caries or dental decay or caries
disease or root caries or tooth caries or tooth decay or dental fissure or dmfs or
dmft or ICDAS or periodontal disease or gingival disease or pyorrhea or gum
disease or periodontitis or gingivitis or parodontosis or periodontal pocket or
periodontal abscess or dental plaque or probing depth or bleeding on probing or
plaque index or gingival index or periodontal index or attachment level or gingival

bleeding)).af.

PubMed

("mouth breathing"[MeSH Terms] OR ("mouth"[All Fields] AND "breathing"[All
Fields]) OR "mouth breathing"[All Fields] OR (("mouth"[MeSH Terms] OR
"mouth"[All Fields] OR "mouths"[All Fields] OR "mouth s"[All Fields] OR
"mouthed"[All Fields] OR "mouthful"[All Fields] OR "mouthfuls"[All Fields] OR
"mouthing"[All Fields]) AND ("breather"[All Fields] OR "breathers"[All Fields])))
AND ("dental caries"[MeSH Terms] OR ("dental"[All Fields] AND "caries"[All
Fields]) OR "dental caries"[All Fields] OR ("dental caries"[MeSH Terms] OR
("dental"[All Fields] AND "caries"[All Fields]) OR "dental caries"[All Fields] OR
("dental"[All Fields] AND "decay"[All Fields]) OR "dental decay"[All Fields]) OR
(("carie"[All Fields] OR "dental caries"[MeSH Terms] OR ("dental"[All Fields] AND
"caries"[All Fields]) OR "dental caries"[All Fields] OR "caries"[All Fields]) AND



https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
https://www-webofscience-com.ez27.periodicos.capes.gov.br/wos/woscc/summary/591e3e09-297e-4542-b71c-2e7acd541be6-0151b57e6b/relevance/1
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("disease"[MeSH Terms] OR "disease"[All Fields] OR "diseases"[All Fields] OR
"disease s"[All Fields] OR "diseased"[All Fields])) OR ("root caries"[MeSH Terms]
OR ("root"[All Fields] AND "caries"[All Fields]) OR "root caries"[All Fields]) OR
("dental caries"[MeSH Terms] OR ("dental"[All Fields] AND "caries"[All Fields]) OR
"dental caries"[All Fields] OR ("tooth"[All Fields] AND "caries"[All Fields]) OR "tooth
caries"[All Fields]) OR ("dental caries"[MeSH Terms] OR ("dental"[All Fields] AND
"caries"[All Fields]) OR "dental caries"[All Fields] OR ("tooth"[All Fields] AND
"decay"[All Fields]) OR "tooth decay"[All Fields]) OR ("dental fissures"[MeSH
Terms] OR ("dental"[All Fields] AND "fissures"[All Fields]) OR "dental fissures"[All
Fields] OR ("dental"[All Fields] AND "fissure"[All Fields]) OR "dental fissure"[All
Fields]) OR "dmfs"[All Fields] OR "dmft"[All Fields] OR "ICDAS"[All Fields] OR
("periodontal diseases"[MeSH Terms] OR ("periodontal"[All Fields] AND
"diseases"[All Fields]) OR "periodontal diseases"[All Fields] OR ("periodontal"[All
Fields] AND "disease"[All Fields]) OR "periodontal disease"[All Fields]) OR
("gingival diseases"[MeSH Terms] OR ("gingival"[All Fields] AND "diseases"[All
Fields]) OR "gingival diseases"[All Fields] OR ("gingival"[All Fields] AND
"disease"[All Fields]) OR "gingival disease"[All Fields]) OR ("periodontal
diseases"[MeSH Terms] OR ("periodontal"[All Fields] AND "diseases"[All Fields])
OR "periodontal diseases"[All Fields] OR "pyorrhea"[All Fields] OR "pyorrhoea"[All
Fields]) OR ("gingival diseases"[MeSH Terms] OR ("gingival"[All Fields] AND
"diseases"[All Fields]) OR "gingival diseases"[All Fields] OR ("gum"[All Fields] AND
"disease"[All Fields]) OR "gum disease"[All Fields]) OR ("periodontal"[All Fields]
OR  "periodontally"[All  Fields] OR  "periodontically"[All  Fields] OR
"periodontics"[MeSH Terms] OR "periodontics"[All Fields] OR "periodontic"[All
Fields] OR "periodontitis"[MeSH Terms] OR "periodontitis"[All Fields] OR
"periodontitides"[All Fields]) OR ("gingiva"[MeSH Terms] OR "gingiva"[All Fields]
OR "gingival"[All Fields] OR "gingivally"[All Fields] OR "gingivals"[All Fields] OR
"gingivitis"[MeSH Terms] OR "gingivitis"[All Fields] OR "gingivitides"[All Fields])
OR ("periodontal diseases"[MeSH Terms] OR ("periodontal"[All Fields] AND
"diseases"[All Fields]) OR "periodontal diseases"[All Fields] OR "parodontosis"[All
Fields]) OR ("periodontal pocket"[MeSH Terms] OR ("periodontal"[All Fields] AND
"pocket"[All Fields]) OR "periodontal pocket"[All Fields]) OR ("periodontal
abscess"[MeSH Terms] OR ("periodontal"[All Fields] AND "abscess"[All Fields])
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OR "periodontal abscess"[All Fields]) OR ("dental plaque"[MeSH Terms] OR
("dental"[All Fields] AND "plaque"[All Fields]) OR "dental plaque"[All Fields]) OR
(("probe"[All Fields] OR "probe s"[All Fields] OR "probed"[All Fields] OR
"probes"[All Fields] OR "probing"[All Fields] OR "probings"[All Fields]) AND
("depth"[All Fields] OR "depths"[All Fields])) OR (("bleedings"[All Fields] OR
"hemorrhage"[MeSH Terms] OR "hemorrhage"[All Fields] OR "bleed"[All Fields]
OR "bleeding"[All Fields] OR "bleeds"[All Fields]) AND ("probe"[All Fields] OR
"probe s"[All Fields] OR "probed"[All Fields] OR "probes"[All Fields] OR
"probing"[All Fields] OR "probings"[All Fields])) OR ("dental plaque index"[MeSH
Terms] OR ("dental"[All Fields] AND "plaque"[All Fields] AND "index"[All Fields])
OR "dental plaque index"[All Fields] OR ("plaque"[All Fields] AND "index"[All
Fields]) OR "plaque index"[All Fields]) OR ("periodontal index"[MeSH Terms] OR
("periodontal"[All Fields] AND "index"[All Fields]) OR "periodontal index"[All Fields]
OR ("gingival"[All Fields] AND "index"[All Fields]) OR "gingival index"[All Fields])
OR ("periodontal index"[MeSH Terms] OR ("periodontal"[All Fields] AND
"index"[All Fields]) OR "periodontal index"[All Fields]) OR (("attach"[All Fields] OR
"attachable"[All Fields] OR "attached"[All Fields] OR "attachement"[All Fields] OR
"attaches"[All Fields] OR "attaching"[All Fields] OR "attachment"[All Fields] OR
"attachments"[All Fields]) AND ("level"[All Fields] OR "levels"[All Fields])) OR
("gingival hemorrhage"[MeSH Terms] OR ("gingival"[All Fields] AND
"hemorrhage"[All Fields]) OR "gingival hemorrhage"[All Fields] OR ("gingival"[All
Fields] AND "bleeding"[All Fields]) OR "gingival bleeding"[All Fields]))

Embase

('mouth breathing'/exp OR 'mouth breathing' OR 'mouth breather') AND (‘dental
caries' OR 'dental decay' OR 'caries disease' OR 'root caries' OR 'tooth caries' OR
'tooth decay' OR 'dental fissure' OR dmfs OR dmft OR icdas OR 'periodontal
disease' OR 'gingival disease' OR pyorrhea OR 'gum disease' OR periodontitis OR
gingivitis OR parodontosis OR 'periodontal pocket' OR 'periodontal abscess '
OR 'dental plaque' OR 'probing depth' OR 'bleeding on probing' OR 'plaque index'
OR 'gingival index' OR 'periodontal index' OR 'attachment level' OR 'gingival
bleeding')

2.4 Screening procedure

Study selection was conducted in two phases by two previously calibrated

authors (A.C.R.S.K. and L.G.A.). In the first phase, the titles/abstracts of all retrieved
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references were screened for eligibility. In the second phase, the full texts of the
references selected in the first phase were assessed. References that met the eligibility
criteria were included. Discrepancies were resolved through discussion. Inter-rater

agreement in both phases was assessed using the Kappa coefficient.?!

2.5 Data extraction

Two authors (A.C.R.S.K. and L.G.A.) independently extracted data from the
eligible studies. The extracted data included: (i) study characteristics (first author,
publication year, and country); (ii) sample details (sample size, sex, and age
distribution); (iii) exposure assessment (methods used to identify mouth breathing); (iv)
outcome assessment (methods and metrics used to evaluate dental caries and
periodontal/gingival conditions); and (v) results (comparisons between mouth-

breathing and non-mouth-breathing groups).

2.6 Risk of bias assessment

Risk of bias was appraised using the Newcastle-Ottawa Scale for cross-
sectional studies®?, which covers three domains: (i) selection — sample
representativeness, sample size, non-response rate, and ascertainment of exposure
(with a maximum of 1 point for each of the first three items and up to 2 points for the
last item, totaling 5 points); (ii) comparability — methods used to control for confounding
factors (maximum of 2 points); and (iii) outcome — assessment methods and statistical
analyses (with a maximum of 2 points for the first item and 1 point for the second,
totaling 3 points). Therefore, the maximum score for the entire scale was 10 points: 5
for selection, 2 for comparability, and 3 for outcome.??2?® One author (A.C.R.S.K.)

conducted the initial evaluation, and another (L.G.A.) cross-checked the results.

2.7 Narrative synthesis
Study characteristics and results were summarized narratively and presented in

tables and figures to enhance clarity.

2.8 Standardized mean difference (SMD)

The SMD was estimated using Cohen’s method to assess the effect size. Effect
sizes were categorized as small (SMD = 0.2), medium (SMD = 0.5), and large (SMD =
0.8).%4
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2.9 Quantitative synthesis (meta-analysis)

Meta-analyses were performed for studies demonstrating methodological
homogeneity using Review Manager (RevMan, version 5.4; The Cochrane
Collaboration, 2020). Meta-analyses of continuous data were conducted for outcomes
reported on the same measurement scale. This approach ensured the comparability
of effect estimates, minimized variability, and enhanced the robustness of the findings.
Data on means, standard deviations (SD), and sample sizes were entered into the
software. A random-effects model was applied to account for clinical heterogeneity and
variation in effect sizes. The summary effect measure was reported as the
standardized mean difference (SMD) with a 95% confidence interval (Cl). For studies
reporting arch-specific outcomes, pooled means and SD were calculated using
weighted averages and variance pooling.?> Heterogeneity was assessed using the Q-
statistic (x?) and quantified by tau-square (12) and I? statistics,?® estimated via the

DerSimonian and Laird method.26

2.10 Strength of evidence
The strength of the evidence was assessed using the Grading of

Recommendations Assessment, Development, and Evaluation (GRADE) framework.?’

3. Results
3.1 Study selection

The electronic searches yielded 838 articles, of which 11 met the eligibility
criteria and were included in the qualitative synthesis.*2837 A summary of the screening
process is displayed in Figure 1. References excluded after full-text assessment,
along with the reasons for exclusion, are fully available in Supplementary File 1. The

Kappa coefficient for inter-rater agreement between authors was greater than 0.80.

3.2 Characteristics of included studies

Eight cross-sectional studies with control groups,?®-3336.37 and three cross-
sectional studies without control groups,*343% were included. Publication years ranged
from 197328 to 202437, with most studies published in English, except for one in

Portuguese.®' The studies were conducted in Brazil,3%-3237 Turkey,*3¢ Germany,33
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South Korea,** India,® Sweden,?® and the United Kingdom.?® Further details on the

extracted data are available in Supplementary Files 2 and 3.

3.2.1 Exposure assessment

In four studies?%33-35 questionnaires were applicated for the assessment of the
mouth breathing condition. In three studies?®2%33 the mirror test was assessed.
Observation was assessed in two?%37 studies. In four studies*393236, otolaryngologist
examined the patients of the samples, and in two studies®'32, speech therapist
performed the exam. In two studies3®32 mouth breathing was assessed thru
parents/caregivers report. In one study?® fiberoptic nasolaryngoscopy was performed,
and in one study3® Mallampati scale and Brodsky scale was applied. Details are

available in Supplementary Files 2 and 3.

3.3 Sample characteristics

The total sample size of studies assessing dental caries was 3,941 individuals,
while those evaluating periodontal outcomes included 1,585 participants. Three
studies*30-36 assessed individuals as young as 3 years old. In three other studies, 33435
the minimum age was 8 years. One study?® evaluated individuals aged 11-14 years,
and another® included participants aged 10-15 years. Two studies?®3? evaluated
individuals aged 6 years or older, while one study?’ focused on children aged 3-5

years.

3.4 Outcome assessment
3.4.1 Periodontal- and gingival-related outcomes

The gingival index was assessed in one study,®® while three studies*2836
evaluated the gingival inflammation index. One study3! assessed the gingival bleeding
index, and another?® measured gingival redness and bleeding on probing as
dichotomous outcomes (presence/absence).

The plaque index was reported in five studies.#2830.3235 |n one study,3?
periodontal assessment was conducted using the Orofacial Myofunctional Evaluation
with Scores (MBGR) protocol, while another?® evaluated plague accumulation as a
dichotomous outcome. The Community Periodontal Index (CPI) was employed in one

study.33
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3.4.2 Dental caries

Five studies*31.34-36 gssessed dental caries using the Decayed, Missing, and
Filled Teeth for permanent (DMFT) and deciduous (dft) dentition. Three studies*3337
employed the International Caries Detection and Assessment System (ICDAS), while
one study?° categorized dental caries through visual inspection into initial dental caries

and cavitated lesions.

3.5 Results of individual studies
3.5.1 Association between periodontal- and gingival-related outcomes and
mouth breathing
3.5.1.1 Cross-sectional studies with a control group
3.5.1.1.1 Plaque index, visible plaque, and plaque accumulation

In three studies,?30:36 no significant differences were found in plaque index
scores®%:36 (small effect) or in visible plaque (small effect)?® between individuals with
mouth breathing and those with nasal breathing. However, in one study,?® individuals
with mouth breathing exhibited a higher plaque index, although no p-value was
reported. In another study,3! the prevalence of a plaque index 21 was similar between
individuals with and without mouth breathing. One study?® found that mouth breathers

had significantly more sites with plaque accumulation (medium effect).

3.5.1.1.2 Gingival index, gingival inflammation index, and gingival breeding
index

Regarding gingival index scores, one study3® reported significantly higher values
among mouth breathers for both anterior teeth (large effect) and posterior teeth (large
effect). Among the two studies that evaluated the gingival inflammation index,2836 one
found no significant difference between groups (medium effect), while the other
reported higher scores in mouth breathers, but did not provide p-values.?® In one
study,?' no significant difference was observed between mouth and nasal breathers

regarding the gingival bleeding index.

3.5.1.1.3 Bleeding on probing, profuse bleeding, and redness
For bleeding on probing, one study?® found no significant difference between
groups (medium effect). However, mouth breathers exhibited significantly greater

profuse bleeding and gingival redness.
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3.5.1.1.4 Regular gingival maintenance and CPI
One study®? reported that mouth breathers were more likely to require regular
gingival maintenance. In another study,3? no significant differences were observed in

CPI values between groups for tooth 11 and tooth 31.

3.5.1.2 Cross-sectional studies

In one cross-sectional study,* among the 150 participants with mouth breathing,
143 (95.3%) exhibited a moderate plaque index, while seven (4.7%) exhibited a
minimal plaque index. Also, 134 (89.3%) participants exhibited a moderate gingival

inflammation index, while 16 (10.7%) had a mild gingival inflammation index.

3.5.2 Association between dental caries and mouth breathing
3.5.2.1 Cross-sectional studies with a control group

In one study,3 children with mouth breathing had significantly more surfaces
with initial caries lesions in posterior teeth (large effect) and in all teeth combined (large
effect), while no differences were noted in anterior teeth. Regarding the number of
tooth surfaces with more severe caries lesions, no significant difference between
groups was reported. In another study,3” mouth breathers showed a higher prevalence
of anterior dental caries when assessed using ICDAS. Three studies3'-33:36 found no
significant differences between groups in DMFT/dmft or ICDAS scores (medium

effect).36

3.5.2.2 Cross-sectional studies

One study? identified mouth breathing as a factor significantly associated with
dental caries, while another3* reported weak correlations between the Total Mouth
Breathing Index (TMBI) and DMFT/dft scores. In one study, among participants with
mouth breathing,* 62% presented with advanced caries lesions (ICDAS 5-6), 28% had
moderate lesions (ICDAS 3-4), and 10% exhibited initial lesions (ICDAS 1-2); no
individuals had sound teeth (ICDAS 0).

3.6 Risk of bias assessment
All included studies exhibited a low risk of bias for exposure ascertainment and
outcome assessment. Most studies, with the exception of two,?%2° also showed a low

risk of bias in statistical analyses. However, only three studies*3%37 demonstrated a
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low risk of bias related to non-response rates. Four studies3233.36.37 showed a low risk

of bias concerning sample size (Supplementary Files 4 and 5).

3.7 Quantitative synthesis

Data from three studies?®3%3¢ were pooled, and meta-analyses were performed
to compare periodontal outcomes between individuals with and without mouth
breathing.

For the Plaque Index, the SMD was 2.46 (Figure 2), indicating a higher plaque
index among individuals with mouth breathing. However, the 95% CI, ranging from -
0.04 to 4.96, crossed the effect size zero, rendering no statistically significant
difference between groups. The Q-statistic was 98.5 (df=2, p<0.00001), with 12=4.77,
and 7=98%.

For the Gingival Inflammation Index, the SMD was 0.47 (Figure 3), indicating a
slight increase in gingival inflammation among mouth breathers. However, the 95% CI
ranging from -1.33 to 2.26 crossed the effect size zero, denoting a non-significant
difference. The Q-statistic was 32.17 (df=1, p<0.00001), with 72=1.62, and ’=97%.

3.8 Strength of evidence assessment
The certainty of the evidence from the meta-analyses was rated as very low

(Supplementary File 6).

4. Discussion

The present systematic review reveals the unfavorable oral health outcomes
associated with mouth breathing in children and adolescents, including increased
gingival bleeding, plaque accumulation, and gingival alterations. Notably, the
association between mouth breathing and dental caries was observed in initial lesions,
anterior dental caries, and in cases classified as ICDAS scores 5 and 6, which
represent advanced stages of carious lesions.

The findings align with existing literature, which demonstrates that young
individuals with mouth breathing exhibit lower intraoral pH levels, a critical factor in the
demineralization of dental enamel. An acidic oral environment promotes the
progression of carious lesions by disrupting the equilibrium between demineralization
and remineralization.3® A study involving 672 Brazilian adolescents confirmed the

association between lower salivary pH and higher DMFT scores,*® underscoring
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salivary pH as an important biomarker for dental caries risk.>® Additionally, mouth
breathing contributes to increased dehydration of the oral cavity and supporting
tissues, thereby heightening susceptibility to gingivitis and periodontitis.?1140

The oral microbial composition further exacerbates the risk of dental caries and
periodontitis in individuals with mouth breathing. Studies have shown that these
individuals harbor higher concentrations of pathogenic bacteria, including
Streptococcus mutans, Lactobacillus spp., Actinomyces, Alloprevotella, and
Gemella.*%-44 Specific species, such as Actinomyces graevenitzii, Prevotella salivae,
and S. mutans, are notably more prevalent in the saliva of children with a history of
carious lesions compared to those without.*>#¢ Periodontal outcomes, including
gingivitis, are predominantly linked to Actinomyces viscosus, Streptococcus spp., and
Prevotella intermedia.*”*°® These findings suggest that the oral microbiota of mouth
breathers foster an environment conductive to dental caries and gingival inflammation,
due to alterations in humidity, temperature, oxygen levels, and pH within the oral
cavity.4%42 Moreover, the interplay between microbial dysbiosis and salivary changes
highlights the importance of targeted interventions aimed at restoring oral
homeostasis.*?

Aside from microbial and salivary alterations, mouth breathing may induce a
pro-inflammatory state within the oral cavity. This observation aligns with findings on
the inflammatory response in children with obstructive sleep apnea, for whom
nocturnal mouth breathing is a hallmark symptom. Elevated levels of cytokines (e.g.,
IL-4, IL-6, IL-8, and IFN-y) have been reported in chronic mouth breathers.50.5"
Meanwhile, increased concentrations of some of these cytokines have been detected
in the saliva of children and adolescents with gingivitis and dental caries,®? suggesting
overlapping inflammatory pathways. While the mechanisms linking upper and lower
airway dysfunctions remain under investigation, they are thought to involve the nasal-
bronchial reflex and mouth breathing secondary to nasal obstruction. Many affected
individuals rely on intranasal corticosteroids for symptom control.3 Given this overlap,
topical anti-inflammatory agents may help mitigate oral inflammation, particularly in
mouth breathers with coexisting gingivitis/periodontitis. Conversely, chronic
corticosteroid use has been anecdotally associated with an increased risk of
periodontitis.5>* These suppositions warrant further investigations to clarify the effects

of inflammatory modulation in this population.
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The implications of these findings extend beyond oral health, as mouth
breathing negatively impacts the quality of life in children and adolescents.®® This
condition affects multiple dimensions, including academic performance, social
interactions, and speech development.%-57 Physical consequences, such as postural
deviations and musculoskeletal imbalances, have also been documented. For
instance, a cross-sectional study found that mouth breathers relied more heavily on
accessory muscles and exhibited misalignments in the shoulder and pelvic regions,
impairing functional capacity during physical activities.%®

Considering the broad spectrum of secondary effects associated with mouth
breathing and their considerable impact on an individual's functional well-being,
addressing this condition and its related comorbidities requires a holistic and
multidisciplinary approach. Alterations in oral and craniofacial structures,*® airway
obstructions and sleep disorders,%6' speech impairments,*¢ and psychopedagogical
challenges®5” underscore the need for an integrated team of specialists, including
otorhinolaryngologists, orthodontists, speech therapists, and psychologists.
Coordinated interdisciplinary care can optimize diagnosis, intervention, and
management strategies, ultimately improving patient outcomes.

This systematic review and meta-analysis have limitations regarding the
methodological heterogeneity of the included studies. The use of different methods for
outcome assessment, combined with variation in sample characteristics and sizes,
restricted the ability to aggregate data across studies and, consequently, to perform
more comprehensive quantitative analyses.®? Even the two meta-analyses included in
the quantitative synthesis incorporated data from small samples.28-3:36 To minimize the
risk of both Type | and Type Il errors in the meta-analytic results, rigorous statistical
methods were employed, including the use of a random-effects model and the
DerSimonian and Laird method to estimate tau-square.?®%3 Future studies would
benefit from standardizing diagnostic criteria and outcome measures to enhance the
comparability and reliability of findings across different investigations.

Despite its limitations, this systematic review may contribute not only to clinical
practice, but also to improving the quality of life of the studied population. Based on
the findings, it is essential to emphasize the importance of guidance on oral hygiene
and the potential need for more frequent dental visits in response to specific oral health
demands. Another key point to highlight is that the management of patients with mouth

breathing requires an interdisciplinary approach.®* Therefore, it is crucial for dentists
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to identify such cases early and advise patients and their families when referral to other
healthcare professional is warranted.

In summary, mouth breathing in children and adolescents may be associated
with periodontal and gingival outcomes, as well as dental caries, primarily due to
alterations in salivary pH and changes in oral microbiota. Future research should
prioritize the use of standardized diagnostic criteria and longitudinal study designs to
establish causality and further elucidate the pathophysiological mechanisms
underlying this condition. Incorporating routine screening for mouth breathing into

clinical practice may contribute to early detection and improved overall outcomes.

Bullet points

Discusses the impact of mouth breathing on oral health: This article shows the
relationship between mouth breathing and both dental caries and periodontal
outcomes, aiding pediatric dentists in better understanding the specific oral health risks
associated with this common condition in children and adolescents.

Provides guidance on prevention and treatment strategies: The findings provide
practical approaches for preventing and treating dental caries and periodontitis in
patients with mouth breathing, supporting pediatric dentists in enhancing the quality of
care they provide.

Contributes to early intervention efforts: By emphasizing the long-term
consequences of mouth breathing on oral health, this review reinforces the importance
of early diagnosis and intervention, enabling pediatric dentists to implement preventive
measures before significant damage occurs.

Promotes a multiprofessional approach to care: This review highlights the
importance of collaboration among pediatric dentists, orthodontists, and other
healthcare professionals in managing mouth breathing, encouraging a comprehensive
treatment model that address both dental and respiratory health in children and

adolescents.
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Figure legends

Figure 1. Flowchart illustrating the screening process for study selection.
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Figure 2. Forest plot comparing children and adolescents with and without mouth breathing in relation to the Plaque Index.
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Sample Periodontal Results of the
Authors, year, . (Number of Recruitment C Mouth Breathing comparison between
Study design . . Patient’s age outcomes .
and country patients and of patients assessment mouth breathing and
assessment
sex) control
Alqutami Cross- Total Children and Age CPI: Community | Questions from the CPI score - N (%)
etal., 2019 sectional N=785 adolescents 10 — 15 years | Periodontal Index Child Perceptions
study from Leipzig, old Questionnaire (CPQ- Mouth Breathing group
Germany with control Children and | Germany The clinical G) was wsed to Tooth 11
group adolescents with examination  was | . ) hildren’ CPI score 0: 97 (66.4%)
mouth breathing performed on teeth mvestigate CAUAIEN S 1 cpr score 1+ 42
N=139 11 and 31 mouth breathing habits (33.3%)
mean age: 12.0 for the last three | p=0.700
+ 1.44 months.
Sex Tooth 31
Male: 83 The accuracy of mouth CPI score 0: 59 (36.5%)
(59.7%) breathing assessment CPI score I+ 80
Female: 56 g (63.5%)
(403%) was confirmed p:O786
through a clinical
Children and examination, using the | Nasal breathing group
adolescents with mirror test, with 10 | Tooth 11
nasal breathing nose breathing patients CPI . score  0: 431
N=646 and 10 mouth (64.9%)
mean age: 12.2 breathi fents i CPI score 1+: 215
+ 154 re'a .1ng pa u?n S .m (35.1%)
Sex Lelpz.1g University p=0.700
Male: 312 Hospital
(48.4%) Tooth 31
Female: 334 CPI score 0: 249
(51.6%) (35.2%)
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CPI score 1+: 397
(64.8%)

p=0.786

Logistic regression OR
(95% CI)

Tooth 11

CPI 1+

Mouth breathing group
in relation to nasal
breathing

0.92 (0.57 —1.48)
p=0.724

Tooth 31
CPI 1+
Mouth breathing group

in relation to nasal
breathing
1.20 (0.74 — 1.94)
p=0.467
Ballikaya Cross- Total Children with Age PI: plaque index The assessment of PI-N (%)
etal., 2018 sectional with N=150 mouth 3 —4 years: mouth breathing was
one group Sex breathing and | 51 (34.0%) | GI: gingival | 40 by means of an Anterior region
Turkey Male: 77 adenotonsillar inflammation index otorhinolaryngologica none (<0.1): 1 (0.7%)
(51.3%) — mean | hyperthophy 5 — 6 years: ) minimal (0.1 — 1.0): 27
age: 5.9+ 2.6 47 (31.3%) I evaluation by a| jgo
years 7 — 8 years: doctor  from  the | moderate (1.1 — 2.0):
Female: 73 37 (24.7%) Department of | 108 (72%)
(48.7%) Otorhinolaryngology | heavy (2.1 — 3.0): 14

at the Children’s

(9.3%)
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9 — 15 years:
15 (10.0%)

Hospital of
University in Ankara

a

mean (£SD): 1.4 £0.5
median: 1.5

Posterior region

none (<0.1): 0 (0%)
minimal (0.1 — 1.0): 10
(6.7%)

moderate (1.1 — 2.0):
132 (88%)

heavy (2.1 - 3.0): 8
(5.3%)

mean (£SD): 1.7+ 0.4
median: 1.8

Total

none (<0.1): 0 (0 %)
minimal (0.1 — 1.0): 7
(4.7%)

moderate (1.1 — 2.0):
143 (95.3%)

heavy (2.1 — 3.0): 0
(0%)

mean (£SD): 1.5+ 0.2
median: 1.5

GI-N (%)

Anterior region

none (<0.1): 2 (1.3%)
mild (0.1 — 1.0): 57
(38%)
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moderate (1.1 —2.0): 91
(60.7%)

severe (2.1 — 3.0): 0
(0%)

mean (+SD): 1.1 £0.3
median: 1.1

Posterior region

none (<0.1): 1 (0.7%)
mild (0.1 — 1.0): 19
(12.7%)

moderate (1.1 — 2.0):
127 (84.7%)

severe (2.1 — 3.0): 3
(2%)

mean (£SD): 1.3+ 0.3
median: 1.3

Total

none (<0.1): 0 (0%)
mild (0.1 — 1.0): 16
(10.7%)

moderate (1.1 — 2.0):
134 (89.3%)

severe (2.1 — 3.0): O
(0%)

mean (£SD): 1.4+ 0.2

median: 1.5
Inonii-Sakall Cross- Total Total Total age PI: plaque index Ear, nose, and throat PI
etal., 2021 sectional with N=120 children 3 — 14 years were analyzed by an | p=0.176
a control Sex: attending old otolaryngologist at
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Turkey

group,
treatment

group and
patient group

Male: 67
(55.8%)
Female: 53
(44.2%)
p=0.9671

Patient group
N=40
Sex:
Male: 23
(57.5%)
Female: 17
(42.5%)

Control group:
N=40
Sex:
Male: 22 (55%)
Female: 18
(45%)

consultations at
the Near East
University
Hospital
Otorhinolaryng
ology

Patient group
children who
had
adenotonsillar

Control group
children who
had no
adenotonsillar
hypertrophy
with nasal
breathing

Patient group
mean age
7.35+3.55

Control
group mean
age
8.08 +£2.89

GI: gingival
inflammation index

Near East University
Hospital
Otorhinolaryngology.

Adenoid and tonsils
were visualized by a

fiberoptic
nasopharyngolaryngos
copy and palatine

tonsils assessment was
determined according
to the Brodsky and
Koch criteria

Patient
(100%)
mean: 0.145

SD: 0.2025

SE: 0.03202

Plaque on the buccal
surface of the anterior
teeth: 24 (60%)

group: 40

Control
(100%)
mean: 0.0868

SD: 0.0984

SE: 0.01555

Plaque on the buccal
surface of anterior teeth:
24 (60%)

group: 40

GI

p=0.134

Patient group: 40
mean: 0.00432
SD: 0.0162

SE: 0.00256

Control
(100%)
mean: 0.02113
SD: 0.05

SE: 0.00791

group: 40




64

Jacobson,
1973

Sweden

Cross-
sectional with
a control

group

Total
N=95
Sex:
Female: 38
(40%)

Male: 57 (60%)

Mouth breathing

group:
N=47

Nose breathing

group:
N=48

Not reported

Total age
6 — 12 years
old

12 years: 4
(4.0%)
11 years: 17
(18.0%)
10 years: 6
(6.0%)

9 years: 8
(8.0%)

8 years: 32
(34.0%)
7 years: 17
(18.0%)
6 years: 11
(12.0%)

Mouth
breathing
group age
12 years: 1

(2%)

11 years: 8
(17%)
10 years: 2
(4%)

9 years: 5
(11%)

8 years: 19
(40%)

GI: gingival
inflammation index

PII: plaque index

of mouth
breathing was made
thought a cold mirror
in front of the
nose/mouth and
observing the patient

Diagnosis

reaction after a closure
of both nares and lips

GI - mean value =+ SE

Mouth breathing group
N=47
upper lateral: 3.33 =+
0.10
upper anterior: 4.03 +
0.13
lower lateral: 3.13 =+
0.11
lower anterior: 3.83 =+
0.08

Nose breathing group
N=48

upper lateral: 2.72 =+
0.09

upper anterior: 3.22 =+
0.10

lower lateral:
0.11

lower anterior: 3.40 =+
0.12

280 =+

Difference (M — N):
upper lateral: 0.61 =+
0.14

upper anterior: 0.81 =+
0.16

lower lateral:
0.16

033 +
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7 years: 8
(17%)
6 years: 4
(9%)

Nose
breathing
group age
12 years: 3

(6%)

11 years: 9
(19%)
10 years: 4
(8%)

9 years: 3
(6%)

8 years: 13
(27%)

7 years: 9
(19%)

6 years: 7
(15%)

lower anterior; 0.43 +
0.14

PII - mean value + SE

Mouth breathing group
N=47
upper lateral: 4.44 =+
0.09
upper anterior: 4.17 =+
0.08
lower lateral: 4.59 +
0.09
lower anterior: 4.53 +
0.10

Nose breathing group —
N=48
upper lateral: 4.29 =+
0.11
upper anterior: 4.06 +
0.08
lower lateral: 4.43 =+
0.10
lower anterior: 4.40 +
0.15

Difference (M — N):
upper lateral: 0.15 =+
0.15

upper anterior: 0.11 =+
0.11
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lower lateral: 0.16 =+
0.13
lower anterior; 0.13 =+

0.18

Milanesi et al.,
2018

Brazil

Cross-
sectional with
control group

Total
N=119
Sex
Female: 55
(46.0%)
Male: 64
(64.0%)

Mouth breathing
group:
N=70 (59.0%)
Nose breathing
group:
N=49 (41.0%)

Not reported

Total age
6 — 12 years
old

mean age
8.5+1.62

Periodontal
assessment was
made by an
orthodontist based
on MBGR protocol

criteria

Mouth breathing
assessment was
defined for three
conditions: parents
report,
otorhinolaryngologic

and speech therapist
evaluation

Gingival maintenance-

N(%)
Good: 82 (69.0%)

Bad: 10 (8.0%)
Regular: 27 (23.0%)

Single regression
p=0.050

OR=2.59

95% CI: 1.99 - 6.79

Multiple regression
p=0.039

OR=2.89

95% CI: 1.06 — 7.93

Regular gingival
maintenance (OR 2.89)
showing an association
with mouth breathing
diagnosis.
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Nascimento
Filho et al.,
2004

Brazil

Cross-
sectional with
a control

group

Total
N=60
Sex: not
reported

Study group
N=30 (50.0%)

Control group
N=30 (50.0%)

Total

children
attending a
public-school
nursery

Study group
children
diagnosed as
mouth
breathers

Control group
children

diagnosed as
nose breathers

Age
3 — 5 years
old

Gingival index and
plaque index
divided in 4 groups:
upper anterior, total
anterior, posterior

and total

The first assessment of
mouth breathing was
made through a report

of  parents,  who
considered if their
children were

predominantly mouth
breathers for the last 3
months.

For the final diagnosis,
this group
submitted  to an

was

otorhinolaryngologica
| examination

Plaque index — mean

(SD)

Mouth breathing group:
upper anterior: 63.63 +
24.57

p=0.965

total anterior: 60.33 =+
20.21

p=0.222

posterior: 40.03 + 19.36
p=0.563

total (all teeth): 52.23 +
18.11

p=0.391

Nose breathing group:
upper anterior: 64.07 +
19.30

p=0.965

total anterior: 54.83 +
16.82

p=0.222

posterior: 36.13 + 15.22
p=0.563

total (all teeth): 47.73 +
13.89

p=0.391

Gingival index — mean

(SD)
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Mouth breathing group:
upper anterior: 49.50 +
21.30

p=0.001

total anterior: 49.00 =+
20.54

p=0.001

posterior: 42.53 +£23.21
p=0.001

total (all teeth): 46.47 +
18.73

p=0.001

Nose breathing group:
upper anterior: 18.97 +
12.52

p=0.001

total anterior: 19.07 =+
9.65

p=0.001

posterior: 16.23 £11.79
p=0.001

total (all teeth): 17.97 +
8.68

p=0.001
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Piva et al.,
2014

Brazil

Cross-
sectional with
a control

group

Total
N=55

Children with
mouth breathing
N=16
Sex:

9 Males
(56.25%)

7 Females
(43.75%)

Control group
N=39
Sex:

17 Males
(47.30%)
22 Females
(52.70%)

Children of a
state school in
Cachoeira do
Sul

Children with
mouth
breathing age
8 — 12 years
old
8-9 years: 8
(50%)

10 years: 5
(31.25%)
11-12 years:
3 (18.75%)

Control
group age
8 — 12 years
old
8-9 years: 30
(54.5%)
10 years: 12
(21.8%)
11-12 years:
13 (23.6%).

PI: plaque index

ISG: gingival
bleeding index

Mouth breathing
clinical signs
identify by a speech

were
pathologist.
The orofacial signs
used were: deep dark
circles, long and
narrow face, difficult
of lip seal, dry lips,
atypical
hypotonic
muscles,
atrophy nares,
retrusion,
asymmetry,
maxillary atresia

swallowing,
orofacial
small and
jaw
facial
and

ISG —N (%)

Children with mouth

breathing
ISG=0: 11 (68.75%)
ISG>1:5(31.25%)

Control group
ISG = 0: 26 (66.66%)
ISG>1: 13 (33.34%)

p=1.000

IPV — N (%)

Children with mouth

breathing
IPV =0: 8 (50%)
IPV >1: 8 (50%)

Control group
IPV =0: 12 (30.77%)
IPV > 1: 27 (69.23%)

p=0.223
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Wagaiyu &
Ashley, 1991

United
Kingdom

Cross-
sectional with
a control

group

Total
N=201
Sex:
Females:
86 (43%)
Males:
115 (57%)

Children with
mouth breathing
N=65 (32%)

Children with
nose breathing
N=136 (68%)

Pupils  from
first, second,
and third years
at an inner-city
secondary
school in
London

Age
11 - 14 years
old

mean age
(SD)
152.33 +
10.34 months

Presence or absence
of gingival redness,
bleeding on probing
and plaque
accumulation  of
and first

molar or

incisors
second
molar in case of
missing.

Each participant
had 12 teeth
analyzed, 6 sites
per element
(mesio-buccal,
mid-buccal, disto-
buccal, mesio-
lingual, mid-lingual
and disto-lingual),
with a total of 72
sites assessed

Mouth breathing
assessment was made
by means of
observation of
children, a
questionnaire, and the
mirror test

Mean number of sites

(SD)

Mouth breathing group
N=65

Plaque: 39.54 (14.19)
p=0.004

Visible plaque:
(9.24)

p=0.455
Bleeding on probing:
39.97 (13.50)
p=0.428
Profuse
18.08 (12.32)
p=0.011
Redness: 18.66 (12.95)
p=0.049

7.57

bleeding:

Nose breathing group
N=136

Plaque: 30.43 (14.76)
Visible plaque: 5.79
(8.48)

Bleeding on probing:
34.27 (13.96)
Profuse
12.26 (11.40)
Redness: 13.34 (12.54)

bleeding:
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Results of the

Authors, . Sample Recruitment . ., Dental caries Mouth Breathing comparison between
year, and Study design (Number of . Patient’s age .
. of patients assessment assessment mouth breathing and
country patients and sex) control
Alqutami Cross- Total Children  and Total age ICDAS scores: | Questions from the Child | ILCDAS score — N(%)
etal., 2019 | sectional study N=785 adolescents from | 10— 15 years | international  caries | Perceptions
with control Leipzig, old detection and Questionnaire (CPQ-G) | Mouth Breathing group
Germany group Children and Germany assessment system was used to investigate Tooth 11
adolescents with Children and hildren® mouth ICDAS score 0: 104
mouth breathing adolescents The clinical | € ef S . ou (72.4%)
N=139 with mouth examination was breathlng habits for the ICDAS score >1: 35
Sex breathing performed on teeth 11 last three months. (27.6%)
Male: 83 (59.7%) mean age 12.0 p=0.662
] and 31
Femalc(:). 56 +1.44 The accuracy of mouth
(40.3%) _ breathing  assessment | 100th 31
Children and was confirmed through a ICDAS score 0: 118
Children and adolescents linical . g (86.6%)
adolescents with with nasal ¢ 1-mca exellmmatlon, ICDAS score >1: 17
nasal breathing breathing using the mirror test, | (13 49)
N=646 mean age with 10 nose breathing | p=0.979
Sex 122+ 1.54 patients and 10 mouth
Male: 312 breathing patients in | Nasal breathing group
(48.4%) Leipzig University | 10oth 11
Female: 334 Hospital I$f3AO/S score 0 438
(51.6%) (74.3%)
ICDAS score >1: 158
(25.7%)
p=0.662
Tooth 31
ICDAS score 0: 563
(86.5%)
ICDAS score >1: 83

(13.5%)
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2=0.979

Logistic regression — OR
(95% CI)

Tooth 11

ICDAS score >1

Mouth breathing group in
relation to nasal breathing
1.16 (0.72 — 1.88)
p=0.532

Tooth 31

ICDAS score >1

Mouth breathing group in
relation to nasal breathing

0.88 (0.46 — 1.69)

p=0.703
Ballikaya Cross- Total Children  with Age ICDAS scores: | The assessment of mouth dmft (X + SD)
etal., 2018 | sectional with N=150 mouth breathing | 3 —4 years: 51 | international ~ caries | breathing was made | 3-8 +3.6
one group Sex and . (34%) detection and through an | median: 3
Turkey Male: 77 (51,3%) | adenotonsillar assessment system otorhinolaryngological p=0.5
—mean age: 5.9 £ | hyperthophy 5 — 6 years: 47 )
2.6 years (313%) | DMFT/dmft: evaluation by a doctor dmfs (X + SD)
Female: 73 decayed,  missing, | from the Department of | 9 7 .70 7
(48.7%) 7 — 8 years: 37 | and filled teeth Otorhinolaryngology at | median: 7
(24.7%) Childrens Hospital of a | p=0.3
DMFS/dmfs: University in Ankara
9 — 15 years: | decayed, missing, DMFT (X = SD)
15 (10%) and filled surface 04+1.0
median: 0.41

p=0.2
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DMFS (X £+ SD)
06+1.5
median: 0
p=0.3

ICDAS
p=0.969
0 (sound): 0 (0%)
1 — 2 (initial): 15 (10%)
3 —4 (moderate): 42 (28%)
5 — 6 (advanced): 93
(62%)

Inénii-
Sakalh ef al.,
2021

Turkey

Cross-
sectional with
a control
group,
treatment
group and
patient group

Total
N=120
Sex:

Male: 67 (55.8%)
Female: 53
(44.2%)
p=0.9671

Patient group
N=40
Sex:
Male: 23 (57.5%)
Female: 17
(42.5%)

Control group:
N=40
Sex:
Male: 22
(55.0%)

Total

children
attending
consultations at
the Near East
University
Hospital
Otorhinolaryngo
logy

Patient
children
had
adenotonsillar
hypertrophy
with mouth
breathing

group
who

Control  group
hildren who had

Total age
3 — 14 years
old

Patient group
mean age 7.35
+3.55

Control group:

mean age 8.08
+2.89

DMFT/dmft:
decayed,  missing,
and filled teeth

DMFS/dmfs:
decayed,
and filled surfaces

missing,

Ear, and throat
were analyzed by an
otolaryngologist at Near

nose,

East University Hospital
Otorhinolaryngology.

Adenoid
were visualized by a
fiberoptic

and tonsils

nasopharyngolaryngosc

opy and palatine tonsils
assessment was
determined according to
the Brodsky and Koch

criteria

dmft — N (%)
p=0.288
Patient group: 33 (82.5%)
mean: 2.51515
SD: 2.9593
SE: 0.51515

Control group: 34 (85%)
mean: 3.58824

SD: 3.1249

SE: 0.53591

dmfs — N (%
p=0.338
Patient group: 33 (82.5%)
mean: 3.69697
SD: 4.74
SE: 0.82513

Control group: 34 (85%)
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Female: 18
(45.0%)

no
adenotonsillar
hypertrophy
with nasal
breathing

mean: 4.91176
SD: 4.6343
SE: 0.79478

DMFT — N (%)
p=0.124
Patient group: 23 (57.5%)
mean: 1.73913
SD: 2.4162
SE: 0.50381

Control group: 32 (80%)
mean: 0.4375

SD: 0.9483

SE: 0.16763

DMEFS — N (%)
p=0.145
Patient group: 23 (57.5%)
mean: 2.26087
SD: 3.2783
SE: 0.68357

Control group: 32 (80%)
mean: 0.625

SD: 1.4756

SE: 0.26085
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Lee et al.,
2020

Republic of
Korea

Cross-
sectional
without a

control group

Total
N=1,507
Sex:
730 Female
(48.44%)
777 Male
(51.56%)

TMBI
Mouth breathing
children
N = not informed
Sex:
Female: not
informed
Male: not
informed

Children of four
elementary
schools n
Jeonju

Age
8 — 11 years
old
8 years: 34
(2.26%)

9 years: 570
(37.82%)
10 years: 476
(31.59%)
11 years: 427
(28.33%)

TMBI
Mouth
breathing
children
N =not
informed
Age
8 — 11 years
old

dft: decayed and
filling deciduous
teeth

DMFT: decayed,

missing and filling
permanent teeth

Mouth breathing
assessment was
conducted with a
questionnaire to
investigate mouth

breathing habits daytime
(MBD) or during sleep
(MBS). All 1,507
individuals  responded
the questionnaire.

During data analysis, a
stepwise selection was
used to analyze the
significant factors for
mouth breathing.

The total mouth
breathing (TMB) score
results represent the sum
of the MBD and MBS
score

dft (mean =+ standard
deviation:; Pearson r)

total sample: 2.53 £2.5
TMBI: 0.022
p=0.3872

DMET (mean +
standard deviation;

Pearson r

total sample: 0.95 £ 1.44
TMBI: 0.024
p=0.337
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Nascimento
Filho et al.,
2004

Brazil

Cross-
sectional with
a control

group

Total
N=60
Sex: not reported

Study group
N=30 (50.0%)

Control group
N=30 (50.0%)

Total

children
attending a
public-school
nursery

Study
children
diagnosed as
mouth breathers

group

Control
children
diagnosed as
nose breathers

group

Age
3 — 5 years
old

Diagnosis of dental
caries was made by
visual inspection and
divided as an initial
caries

demineralized

lesion,

surface of a white-
opaque color without

cavitation, and
manifestation of
caries lesion,

presence of cavitation

The first assessment of
mouth breathing was
made through a report of
parents, who considered
if their children were
predominantly  mouth
breathers for the last 3
months.

For the final diagnosis,
this group was submitted
to an
otorhinolaryngological
examination

Initial lesions — mean

(SD)

Mouth breathing group:
upper anterior: 3.43 +2.66
p=0.300

total anterior: 5.77 = 4.49
p=0.209

posterior: 6.50 + 3.03
p=0.005

total (all teeth): 12.27 +
6.25

p=0.009

Nose breathing group:
upper anterior: 2.60 + 1.71
p=0.300

total anterior: 3.77 £ 2.37
p=0.209

posterior: 4.17 + 2.57
p=0.005

total (all teeth): 7.93 =+
3.35
p=0.009

Manifestation of lesions

— mean (SD)

Mouth breathing group:
upper anterior: 0.30 + 1.15
p=0.313

total anterior: 0.33 £ 1.15
p=0.394

posterior: 3.97 £4.43
p=0.561
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total (all teeth): 4.30 =+
5.11

p=0.577

Nose breathing group:
upper anterior: 0.10 + 0.55
p=0.313

total anterior: 0.17 £ 0.75
p=0.394

posterior: 4.63 +4.43
p=0.561

total (all teeth): 4.80 =+
4.84
p=0.577

Piva et al.,
2014

Brazil

Cross-
sectional with
a control

group

Total
N=55

Children with
mouth breathing
N=16
Sex:

9 Males (56.25%)
7 Females
(43.75%)

Control group
N=39
Sex:

17 Males
(47.30%)
22 Females
(52.70%)

Children of a
state school in
Cachoeira do
Sul

Children with
mouth
breathing age
8 — 12 years
old
8-9 years: 8
(50%)

10 years: 5
(31.25%)
11-12 years: 3
(18.75%)

Control group
age
8 — 12 years
old
8-9 years: 30
(54.5%)
10 years: 12
(21.8%)

CPOD: decayed,
missing, and filled
permanent teeth

ceo: decayed,
missing, and filled
deciduous teeth

Dental caries
assessment was the
sum of CPOD and
ceo

Mouth breathing clinical
signs were identify by a
speech pathologist.

The orofacial signs used
were: deep dark circles,
long and narrow face,
difficult of lip seal, dry
lips, atypical
swallowing, hypotonic
orofacial muscles, small
and atrophy nares, jaw
retrusion, facial
asymmetry, and
maxillary atresia

Dental caries: N (%)

Children with  mouth
breathing
dental caries = 0: 6
(37.50%)

dental caries > 1: 10
(62.50%)

Control group
dental caries =
(37.50%)
dental caries > 1: 24
(62.50%)

15

|
<

»=1.000
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11-12 years:
13 (23.6%).

Sajjanar
etal., 2020

India

Cross-
sectional
without a

control group

Total
N=1,007

Sex: not
reported

Children of four
elementary
schools in
Nagpur city

Age
8 — 11 years
old

dft: decayed and

filled deciduous teeth
DMFT: decayed,
missing, and filled

permanent teeth

A questionnaire was
used to investigate
children’s mouth
breathing habits during
daytime (MBD) and
during sleep (MBS).

The sum of the scores
MBD and MBS was
defined as TMB (total
score of mouth
breathing).

The association between
TMB and dental caries

was given after a
multivariable linear
regression.

Mallampati
classification and
Brodsky classification
were used to evaluate the
size of the tongue and the
palatine tonsil,

respectively

Dental caries: non-
standardized coefficient
(standard error):

TMB score
0.955 (0.12)

»=0.00
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Soares et al.,
2024

Brazil

Cross-
sectional with
a control

group

Total
N=257
Sex
Male: 118 (46%)
Female: 139
(54%)

Children with
mouth breathing
N=40 (15.6%)

Children with
nasal breathing
N=217 (84.4%)

Children from a
public daycare
center and
preschool,
Diamantina,
Minas Gerais

Age
3-5 years old

mean age
4.1 (£0.7)

ICDAS 1II scores:
international  caries
detection and
assessment system

The clinical
examination was
performed on incisors
and canines

Mouth breathing clinical
signs were identify by
observing  the  the
characteristic commonly
associated with mouth
breathing (child seated in
front of the examiner for
5 minutes).

The orofacial signs used
were: tongue with raised
dorsum and lowered tip;
tongue on the floor of the
mouth or interposed
anteriorly between the
arches; thick and everted
lower lip; hyperfunction
of the mentalis muscle;
sagging lips, tongue, and

cheeks; atypical
swallowing; facial
asymmetries; noisy
breathing; increase in

face height; maxillary
atresia;  malocclusion;
narrow or ogival palate

ICDAS II scores - N(%)

Mouth Breathing group
with dental caries: 16
(23.9%)

without dental caries: 24
(12.6%)

Nasal breathing group
with dental caries: 51
(76.1%)

without dental caries: 166
(87.4%)

»=0.029

Logistic regression — PR
(95% CI)

Anterior dental caries
Not adjusted PR

1.7 (1.08 — 2.66)
p=0.020

Adjusted PR
1.57 (1.01 —2.46)
p=0.04
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Supplementary File 4. Newcastle-Ottawa Scale for critical appraisal of cross-sectional studies assessing periodontal outcomes.

Selection” Comparability™ Outcome™”
The subjects in different
outcome groups are
Study Representat Sample 5 | Ascertainment comparable based on the Assessment Statistical
iveness of e Non-respondents 4 . . of 7
| size of exposure study design or analysis and 6 test
the sample . outcome
confounding factors are
controlled’
Alqutami et al., 2019 * * Yool Yok Yok *
Ballikaya et al., 2018 ¥ Yok Yok *
Inonii-Sakalli er al., 2021 ¥ * RS ARAS s
Jacobson, 1973 * Yook Yook
Milanesi et al., 2018 D¢ Yok Yook *
Nascimento Filho et al., 2004 * Yool Yok *
Piva et al., 2014 Yook Ok Yk *
Wagaiyu & Ashley, 1991 Yook * Yok

Note: “A maximum of 1 point for the first three items and a maximum of 2 for the last item, with a total of 5 points. **A maximum of 2 points for each item. ***A maximum of 2 points for the
first item and a maximum of 1 for the last item, with a total of 3 points.

%: 1 Point.

la) Truly representative of the average in the target population %; b) Somewhat representative of the average in the target population ; c) Selected group of users; d) No description of the

sampling strategy.

2a) Justified and satisfactory ; b) Not justified.

3a) Comparability between respondents’ and non-respondents’ characteristics is established, and the response rate is satisfactory %; b) The response rate is unsatisfactory, or the comparability
between respondents and non-respondents is unsatisfactory; c) No description of the response rate or of the characteristics of the responders and the non-responders.

“a) Validated measurement tool % %; b) Non-validated measurement tool, but the tool is available or described %; c) No description of the measurement tool.

3a) The study controls for the most important factor #; b) The study control for any additional factor .

%a) Independent blind assessment %% ; b) Record linkage % %; c) Self report %; d) No description.
7a) The statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association is presented, including confidence intervals and the probability level
(p value) %; b) The statistical test is not appropriate, not described or incomplete.
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Selection” Comparability™ Outcome™”
The subjects in different
tcome gr I
Study Representat Sample 5 | Ascertainment cogll;);:abfe%t);silzis;nihe Assessment Statistical
iveness of e Non-respondents 4 . . of 7
the sample! size of exposure study demgr} or analysis and outcome® test
confounding factors are
controlled’
Alqutami el al., 2019 * * Yok * % Yok *
Ballikaya et al., 2018 ¥ Yok * Yok *
Inénii-Sakall et al., 2021 * * *ok AR *
Lee et al., 2020 * * Yok Yook *
Nascimento Filho et al., 2004 * Yok Yook *
Piva et al., 2014 Yok Yok Yok *
Sajjanar et al., 2020 * * Yok Yok *
Soares et al., 2024 * * D¢ Fk Yk Yk *

Note: “A maximum of 1 point for the first three items and a maximum of 2 for the last item, with a total of 5 points. **A maximum of 2 points for each item. ***A maximum of 2 points for the
first item and a maximum of 1 for the last item, with a total of 3 points.

%: 1 Point.

la) Truly representative of the average in the target population %; b) Somewhat representative of the average in the target population ; c) Selected group of users; d) No description of the

sampling strategy.

2a) Justified and satisfactory ; b) Not justified.
3a) Comparability between respondents’ and non-respondents’ characteristics is established, and the response rate is satisfactory %; b) The response rate is unsatisfactory, or the comparability
between respondents and non-respondents is unsatisfactory; c) No description of the response rate or of the characteristics of the responders and the non-responders.
“a) Validated measurement tool % %; b) Non-validated measurement tool, but the tool is available or described %; c) No description of the measurement tool.

3a) The study controls for the most important factor #; b) The study control for any additional factor .

%a) Independent blind assessment %% ; b) Record linkage % %; c) Self report %; d) No description.
7a) The statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association is presented, including confidence intervals and the probability level (p

value) %; b) The statistical test is not appropriate, not described or incomplete
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Supplementary File 6. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) analysis: children and
adolescents with mouth breathing compared to children and adolescents without mouth breathing in relation to periodontal-related

continuous outcomes.

Certainty assessment Nurfll-)er of Effect
participants
NWZ;) N Study design Risk of Inconsistency  Indirectness  Imprecision Publication Mouth Control Absolute Cortanty
studies bias bias Breathing 95% CI) (95% CI)
Plaque Index
SMD 2.46
Observational Very . . ) Not SD OO0
3 studies serious Very serious Serious Serious suspected 17 18 (-0.04to  Very low
4.96)
Gingival
Inflammation
Index
SMD 0.47
Observational ~ Very . . . Not SD 1000
2 studies serious Very serious Serious Very serious suspected 87 88 (-1.33to  Very low

2.26)
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6 CONSIDERAGOES FINAIS

A presente revisao sistematica revelou desfechos adversos a saude bucal
associados a respiragao bucal em criancas e adolescentes. Para os desfechos
periodontais, associa¢des foram encontrados em relagdo ao aumento do sangramento
gengival, acumulo de placa e alteragbes gengivais. Ja para a associagcdo entre
respiracao bucal e carie dentaria foi observada em lesdes iniciais, carie em dentes
anteriores e em casos classificados com escores 5 e 6 do ICDAS, que representam

estagios avangados de lesbes cariosas.

Este estudo buscou abordar os impactos da respiragao bucal na saude
bucal de criangas e adolescentes, evidenciando sua associagao com a carie dentaria,
sangramento gengival, acumulo de placa e altera¢des periodontais. Ao apresentar
esses achados, esta revisao contribui para o entendimento dos riscos especificos que
essa condicdo representa para a saude oral, permitindo que cirurgides-dentistas
reconhegcam o0s principais sinais associados a respiragdo bucal, em criangas e

adolescentes.

A revisdo também reforca a importdncia da intervencdo precoce,
destacando as possiveis consequéncias de longo prazo da respiragao bucal, nao
apenas para a saude bucal, mas também, alteracbes no desenvolvimento facial,

desvios posturais e prejuizos na fala, desempenho escolar e interagdes sociais.

Com isso, este estudo preconiza que pesquisas futuras sobre o tema sejam
realizadas, priorizando o uso de critérios diagndsticos padronizados e delineamento
de estudos longitudinais, afim de estabelecer a causalidade e elucidar melhor os

mecanismos fisiopatoldgicos associados a essa condigao.

Ainda, a incorporacao da observacgao, na pratica clinica, como uma rotina,
para a identificacdo dos sinais associados a respiracdo bucal pode contribuir para a
intervencao precoce. Por fim, é importante ressaltar a relevancia de uma abordagem
multiprofissional no manejo da condigdo, incentivando a integracdo entre
odontopediatras, ortodontistas e outros profissionais de saude, a fim de oferecer um
tratamento que contemple ndo apenas os aspectos bucais e respiratérios dos
pacientes com respiragao bucal, mas também promova a melhora na qualidade de

vida desses individuos.
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ANEXO A - Protocolo de submissao a plataforma PROSPERO

N I H R | Mational Institute PROSPERO
for Health Research International prospective register of systematic reviews

Dental caries and periodontal outcomes in children and adolescents with mouth breathing: a
systematic review and meta-analysis
To enable PROSPERD to focus on COVID-19 submissions, this registration record has undergone basic automated

checks for eligibility and is published exactly as submitted. PROSPERO has never provided peer review, and usual
checking by the PROSPERO team does not endorse content. Therefore, automatically published records should be
treated as any other PROSPERD registration. Further detail 15 provided here.

Citation

Anna Kimura, Lucas Guimardes Abrew. Dental cartes and periodontal outcomes in children and adolescents with mouth
breathing: o systematic review and mets-analysis. PROSPERD 2024 CRDAN2453689 1 Available from:
https-ifwww. crd vork.ac.uk/prospero/display_record. php?ID=CRD4 2024536849

Review question

Are children and adolescents with mouth breathing more likely to exhibit dental caries and periodontal disorders than
children and adolescents with nose breathing?

Searches

Electromic searches will be conducted in the following databases from the date of inception to the date of the search:
Embase, PubMed. Web of Science, Ovid, and Scopus. OpenGrey and Google Scholar will be assessed, with searches
limmted to the first 300 records. A manual search will be conducted in the reference list of the included articles. The

records retrieved from databases will be managed with EndMote Web (Clarivate Analytics). A search strategy will be
imtially built for PubMed and will be adapted to each electronic database’s syntax.

The following string will be used:
mouth breathing OR mouth breather
AND

dental cartes OR dental decay OR caries disease OR root canes OR tooth caries OR tooth decay OR dental fissure OR
dmfs OR dmit OR ICDAS OR perodontal disease OR gingrval disease OR pyorrhes OR gum disease OR periodontibs
OR gingivitis OR parodontosis OR periodontal pocket OR periodontal abscess OR dental plague OR probing depth OR
bleeding on probing OR plague index OR gingival index OR periodontal index OR attachment level OF gingival
bleeding.

Types of study to be included

Longitudinal studies and cross-sectional studies with and without control groups. Case-control studies will be eligible as
well.

Condition or domain being studied

The presence of mouth breathing is identified when a person spends most of histher time breathing through the oral
cavity. This habit is considered as an adaptation of the body o ensure the effectiveness of breathing, due to the presence
of another pathology that precludes nose breathing. It is 2 common outcome in children and i= influenced by factors
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N I H R | Mational Institute PROSPERO
for Health Research International prospective register of systematic reviews

Strategy for data synthesis

A gualitative and narrative synthesis will be conducted using the data gathered from the studies included after the
screening process. For the quantitative synthesis, a meta-analysis will be performed to pool the data of primary studies.
For studies that share clinical and methodological homogeneity, meta-analvsis will be conducted. Inconsistency will be
appraised using I,

Analysis of subgroups or subsets

We are anticipating subgroup analyses for individuals” age {children/adolescents) and sex (male/female).

Contact details for further information
Anna Carolina Byve Sato Kimura

annakimuraaa @ gmail.com

Organisational affiliation of the review

Universidade Federal de Minas Gerais

Review team members and their organisational affiliations
Miss Anna Kimura. Universidade Federal de Minas Gerais
Lucas Guimardes Abreu. Universidade Federal de Minas Gerais

Type and method of review
Epidemiologic, Meta-analysis, Systematic review

Anticipated or actual start date
08 Aprnl 2024

Anticipated completion date
07 April 2025

Funding sources/sponsors

There 15 no funding imvolved in the present systematic review
Conflicts of interest

Language

English

Country

Brazl



NIHR | National insitute PROSPERO
for Health Research International prospective register of systematic reviews
Stage of review

Review Ongoing

Subject index terms status

Subject indexing assigned by CRD

Subject index terms

MeSH headings have not been applied to this recond

Date of registration in PROSPERO
20 April 2024

Date of first submission

Lt April 2024

Stage of review at time of this submission

Stage Started Completed
Preliminary searches Yes Mo
Filoting of the study selection process Mo Mo
Formal screening of search results against eligibility criteria Mo Mo
Data extraction Mo Mo
Risk of bias (quality) assessment Mo Mo
Drata analysis Mo Mo

The record vvwner oowfirms thar the information they have supplied For this submission is acowrare and complete and they
underssand thar deliberare provision ef inacowrate information er emission of data mav be construed as sciensific

muisconaict.

The recovd vwner oowfirms thar they will update the stanis of the review when it is complesed and will add publicarion

detaily in dwe eourse.

Versions
20 April 2024
29 April 2024
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ANEXO B - PRISMA 2020 flow diagram for new systematic reviews which

included searches of databases and registers only

Identification of studies via databases and registers

Identification

Screening

Records identified from:

Databases (n = 838)

Embase (n=227)

Scopus (n=229)

PubMed (n=230)

Web of Science (n=123)

OVID (n=29)

Grey literature: Open Grey (n=0 - no
references that met the eligibility
criteria)

Google Scholar (n= 0 - no references
that met the eligibility criteria)
Reference list of selected articles (n=
0 - no references that met the
eliaibility criteria)

Records removed before
screening:
Duplicate records removed
(n=314)
Records marked as
ineligible by automation
tools (n = 0)
Records removed for other
reasons (n = 0)

Records screened
(n =524)

A4

Records excluded**
(n =480)

Reports sought for retrieval
(n =44)

Reports not retrieved
(n=10)

\ 4

Reports assessed for eligibility

Included

(n=34)
!

Reports of included studies
(n=11)

Records excluded (n=23)

Reasons for exclusion:
Clinical trial (n=6)
Review (n=4)

Congress abstract (n= 3)
Case report (n=3)
Exclusion criteria (n=7

93

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched

(rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were

excluded by automation tools.

Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.
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