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RESUMO

A AOS ¢ caracterizada por episodios recorrentes de obstrugao parcial ou total das vias
aéreas superiores (VAS) que induzem a quadros de hipoxemia intermitente, micro
despertares e fragmentacdes do sono. A prevaléncia da AOS pediatrica ¢ de 4%, e o padra-
ouro para diagnostico € a polissonografia noturna. O objetivo geral desta tese foi avaliar
as caracteristicas dentoesqueléticas e os efeitos da adenotonsilectomia e expansao rapida
da maxila no IAH, volume das vias aéreas superiores, dindmica computacional de fluidos
e drea seccdo transversal minima em criangas com constric¢do maxilar e apneia obstrutiva
do sono. Objetivo especifico 1. O efeito da adenotonsilectomia e expansao rapida da
maxila na via aérea superior na apneia obstrutiva do sono pediatrica: um ensaio controlado
randomizado crossover. Objetivo especifico 2. Os efeitos da adenotonsilectomia e
expansdo rapida da maxila no volume, area minima e fluidodinamica na apneia obstrutiva
do sono pediatrica com face equilibrada: um estudo randomizado controlado cruzado.
Objetivo especifico 3. Analise comparativa das caracteristicas craniofaciais de criangas
apneicas com e sem constric¢do maxilar. A partirdos resultados encontrados nesta tese,
podemos concluir que os efeitos gerados pela adenotonsilectomia na melhoria do IAH
foram maiores, e a ERM apresentou um efeito marginal na apneia obstrutiva do sono
pediatrica. As vias aéreas superiores de criangas com diagnostico de AOS apresentam
maior tendencia de colapsabilidade devido a hipertrofia dos tecidos linfoides. Quando
realizada inicialmente, nossos resultados demonstraram que os efeitos da AT no ganho
volumétrico nas vias aereas superiores, foram maiores quando comparadas a ERM. Os
efeitos da ERM no ganho volumétrico ndo foram expressivos. Foi observada uma
repercussao parcial do aumento volumétrico na fluidodindmica, em decorréncia da
complexidade anatomica da VAS. Em nosso terceiroestudo, ndo foi possivel constatar a
existéncia de alteragdes dentoesqueléticas que expliquem a presenca e auséncia de

constri¢do maxilar em criangas com apneia obstrutivado sono.

Palavras-chave: apneia obstrutiva do sono, vias aéreas superiores, adenotonsilectomia,

expansao rapida da maxila.
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ABSTRACT

OSA is characterized by recurrent episodes of partial or total obstruction of the upper
airways (UA) that induce intermittent hypoxemia, micro-arousals and sleep
fragmentation. The prevalence of pediatric OSA is 4%, and the gold standard for
diagnosis is nocturnal polysomnography. The general objective of this thesis was to
evaluate the dentoskeletal characteristics and the effects of adentonsillectomy and rapid
maxillary expansion on AHI, upper airway volume, computational fluid dynamics and
minimum cross-sectional area in children with maxillary constriction and obstructive
sleep apnea. Specific objective 1. The effect of adenotonsillectomy and rapid maxillary
expansion on the upper airway in pediatric obstructive sleep apnea: a crossover
randomized controlled trial. Specific 2. The effects of adenotonsillectomy and rapid
maxillary expansion on volume, minimum area, and fluid dynamics in face-balanced
pediatric obstructive sleep apnea: a randomized controlled crossover trial. Specific
objective 3. Comparative analysis of the craniofacial characteristics of apneic children
with and without maxillary constriction. From the results found in this thesis, we can
conclude that the effects generated by adenotonsillectomy in improving AHI were greater,
and ERM had a marginal effect on pediatric obstructive sleep apnea. The upper airways
of children diagnosed with OSA have a greater tendency to collapse due to hypertrophy
of lymphoid tissues. When initially performed, our results demonstrated that the effects
of AT on volumetric gain in the upper airways were greater when compared to ERM. The
effects of ERM on volumetric gain were not significant. A partial impact of the volumetric
increase on fluid dynamics was observed, due to the anatomical complexity of the VAS.
In our third study, it was not possible to verify the existence of dentoskeletal changes that
explain the presence and absence of maxillary constriction in children with obstructive

sleep apnea.

Keywords: obstructive sleep apnea, upper airways, adenotonsillectomy, rapid maxillary

expansion.
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1. INTRODUCAO E REFERENCIAL TEORICO
1.1. Biologia e estrutura do sono

O sono ¢ um estado comportamental fundamental para a manutengdo
homeostatica e fisioldgica do organismo, e ocupa aproximadamente um ter¢o de nossas
vidas. Nele ocorre uma suspensdo reversivel das interagdes sensorio-motoras com o
ambiente, geralmente associada a dectibito e imobilidade. Em criangas, o sono ¢ essencial
para aprendizagem, consolidagdo de memoria, desempenho escolar, imunidade,
regula¢do hormonal, e bem-estar geral. A priva¢do do sono representa um desequilibrio
entre o processo homeostatico e circadiano do individuo, gerando repercussdes negativas

na saude e bem-estar, tanto em curto como a longo prazo.

As complexas interagdes associadas a geragdo de sono/vigilia sdo reguladas,
em circunstancias normais, por dois fatores enddgenos, denominados Processo
Homeostatico (S), e o Processo Circadiano (C). A ativacdo cortical necessaria para manter
a vigilia corresponde a uma extensa rede de estruturas e vias subcorticais. Os principais
neuroquimicos desse ‘“‘sistema de excitacdo ascendente” incluem a norepinefrina,
serotonina, histamina, dopamina e orexina. O inicio ¢ manuten¢do do sono requerem a
supressao da atividade nos sistemas de excitacdo ascendente, sendo realizado por
neurdnios inibitorios da area pré-Optica ventrolateral (VLPO), que permanecem ativos
durante o sono (Saper et al., 2005). Os “gatilhos” moleculares que ativam o VLPO e
iniciam o ciclo do sono ndo foram totalmente esclarecidos, mas um conjunto substancial
de evidéncias apontam para a adenosina extracelular como candidata. Esta se acumula no
prosencéfalo basal durante a vigilia e diminui com o decorrer do sono (Strecker ef al.,

2000).

Uma boa noite de sono ¢ caracterizada por um processo ritmico e ciclico que
alterna entre trés estagios de sono de Non-Rapid Eye Movement (NREM) e um quarto
estagio de sono de Rapid Eye Moviment (REM). Esse processo ¢ chamado de Estrutura do
Sono. Quando a arquitetura do sono ¢ perturbada, os individuos ndo sdo beneficiados com
os processos reparadores/restauradores do sono. Muitos sdo os fatores que podem
impactar negativamente a estrutura do sono, entre eles: quantidade de sono, exposi¢aoa

luz e ruido; cafeina, alcool, entre outros. Uma boa estrutura de sono inclui de 4 a 5
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ciclos de sono. Cada ciclo de sono tem aproximadamente 90 minutos de duragdo, e cada
estagio tem papéis Unicos na manutencao das fungdes cognitivas do cérebro e nareparacao
do corpo. No entanto, acredita-se que € a interagdo entre cada estagio do sono,bem como

o numero de ciclos do sono, que leva a um sono de melhor qualidade.

Como dito, o sono NREM apresenta trés estagios distintos, o Estagio 1 do
sono NREM representa um sono mais leve, sendo considerado como a “entrada” para
dormir. Compreende aproximadamente 5% de uma noite completa de sono. Estagio 2 ¢
um sono um pouco mais profundo, os olhos param de se mover, a frequéncia cardiaca e
a temperatura corporal diminuem. Ocupa cerca de 50% de uma noite de sono e ¢
caracterizado por fusos de sono e complexos K nos tragados do eletroencefalograma
(EEQG). A fung¢ao exata desses padrdes de EEG ndo ¢ clara, mas acredita-se estar associada
a consolidagdo da memoria. O Estagio 3, também conhecido como sono profundo, sono
de ondas lentas ou sono delta; ¢ caracterizado por ondas lentas de alta amplitude e
predomina na primeira metade da noite. Normalmente, ocupa 20-25% da noite. O sono
profundo ¢ frequentemente considerado a fase do sono em que o corpo realiza grande
parte do seu trabalho noturno de reparagdo e fortalecimento do sistema imunoldgico.
Muitas vezes ¢ dificil acordar uma pessoa em sono profundo e a quantidade de sono
profundo diminui com o avangar da idade. O sono REM ocorre ap6s o Estagio 3 do sono
NREM, e ¢ caracterizado por movimentos rapidos dos olhos e hipotonia dos musculos
esqueléticos. Predomina durante a segunda metade da noite, e ocupa aproximadamente
20% de uma noite normal de sono. Durante essa fase, tém-se a ocorréncia dos sonhos, e
acredita-se que grande parte da consolidacdo da memoria ocorra durante o sono REM. As
frequéncias cardiacas e respiratorias muitas vezes aceleram e tornam-se menos regulares
durante o sono REM, por isso pode ser chamado de sono paradoxal. Os ciclos REM
costumam ser mais longos a medida que a noite avanga. Individuos com desordens do
sono, como Apneia Obstrutiva do Sono (AOS), costumam ndo atingir a quantidade

adequada de sono REM.

O sono estd sujeito, ao longo das diferentes fases da vida, a variagdes
consideraveis, em termos neurofisioldgicos e comportamentais, como matura¢cdo
progressiva de diferentes estruturas cerebrais. Nas fases iniciais de crescimento, o cérebro

tem plasticidade para desenvolver fungdes que ndo podem ser alcangadas em periodos
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posteriores, € o processo de remodelacao sindptica ocorre quase exclusivamente durante
o sono (Tononi et al., 2006). O sono REM, especialmente, tem papel determinante na
maturacao do sistema nervoso central por sua fun¢do de desenvolver redes neuronais por
meio da sinaptogénese, que € a base para confeccdo de novos mapas corticais essenciais
para assimilacdo de novos comportamentos aprendidos durante a vigilia. Muito
provavelmente, estas e outras fun¢des explicam a prevaléncia quantitativa do sono REM

durante o periodo neonatal (Tononi et al., 2006).

O sono ocupa cerca de 90% do dia no recém-nascido, e cerca de 9 horas em
criangas, determinando o processo de desenvolvimento e aprendizagem. Na idade pré-
escolar, de 2 4 5 anos, ocorre uma reducao no tempo total diario de sono; a duragdo dos
ciclos de sono aumenta de 50’- 50’aos 2 anos; 60°- 90’aos 5 anos. O sono REM reduz
gradualmente de 50% do tempo total de sono dos primeiros meses de vida, para 30 —35%
em criangas de 2 a 5 anos, para cerca de 20% na idade adulta. O sono ¢ muito estavel na
idade pediatrica, com nimero reduzido de variagdes de estagio por hora de sono. Na idade
escolar, entre 6 aos 12 anos, ocorre uma reducdo gradual do estdgio 3 do sono NREM, e
um aumento do estdgio 2 NREM. Na adolescéncia, hd uma redu¢ao adicional do estagio

3 NREM e um atraso progressivo na fase de adormecer (Bruni, 2000).

A atual International Classification of Sleep Disorders (ICSD-3) divide os
distarbios do sono em sete categorias: insdnia, disturbios respiratdrios do sono, hipersonia
central, distirbios do ritmo circadiano, parassonias, distirbios dos movimentos do sono,
sintomas isolados (AASM, 2014). O ICSD-3 padronizou critérios de diagndsticos para
criangas e adultos; sdo fornecidos critérios especificos para cada idade, diagnostico de
insOnia cronica, parassonia NREM, perturba¢des do movimento relacionadas com sono,
e perturbagdes respiratdrias do sono. Dentre estes, a Apneia Obstrutiva do Sono (AOS)

representa um dos distirbios do sono mais comum (AASM, 2014).
1.2 Apneia Obstrutiva do Sono

A AOS ¢ caracterizada por episddios recorrentes de obstrucao parcial ou total
das vias aéreas superiores (VAS) que induzem a quadros de hipoxemia intermitente,
despertares e fragmentacdes do sono. A prevaléncia da AOS varia nas diferentes fases da

vida: de 1,1% na idade pré-escolar a 4% na idade escolar; na idade adulta, as
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taxas de prevaléncia sdo relativamente altas, chegando a 24% em homens e 9% em
mulheres. Na idade de desenvolvimento, a prevaléncia da AOS apresenta 2 picos. O
primeiro pico ocorre em criangas entre 2 ¢ 8 anos de idade, em que as adenoides e
amigdalas apresentam o maximo desenvolvimento em comparagdo com espago
orofaringeo (Alsubie et al., 2017). O segundo pico surge durante a adolescéncia, devido
o ganho de peso nessa fase (Chang et al., 2010). Os critérios pedidtricos para AOS
aplicam-se a pacientes com idade entre 0 a 18 anos. No entanto, o manual ICSD-3 afirma
que os critérios de diagnoéstico para adultos podem ser usados em pacientes com 13 anos
ou mais. Individuos com AOS geralmente desconhecem deste disturbio, mas as alteragdes
na arquitetura do sono contribuem significativamente para os sintomas decorrentes do
sono nao reparador. A hipoxemia intermitente e a fragmenta¢ao do sono associadas a AOS
geram respostas celulares e moleculares que promovem inflamagao sistémica, excitacdo
simpatica e outras respostas que predispdem a comorbidades, especialmente

cardiometabolicas e neuropsiquidtricas (McNicholas, 2019).

Na década de 1970, Guilleminault et al. expdés uma série de artigos
descrevendo as manifestagdes clinicas e os principais achados no exame de
polissonografia (Guilleminault ef al., 1976). Estes autores confirmaram que algumas
condi¢cdes médicas, antes inexplicaveis, tinham origem de distarbios respiratdrios
relacionados ao sono. Fortes associacdes foram demonstradas entre AOS e acidentes
automobilisticos relacionados a sonoléncia excessiva (Bonsignore ef al., 2019). Estudos
demonstram que a AOS ndo tratada esta associada a hipertensao e constitui um fator de
risco para doencas cardiovasculares (McNicholas et al., 2007; Yeaghiazarians et al.,
2021). Recentemente, foi publicado um estudo multicéntrico que envolveu 17 centros
especializados em sono. Os autores relataram que cerca de 1 bilhdo de pessoas sdo
portadoras de AOS em todo o mundo, e no Brasil, apenas 10% da populacdo recebe o
diagnoéstico de AOS (Benjafield et al., 2019). Por estas razdes, a gestdo adequada deste

disturbio revela-se como uma grande preocupacao para as autoridades de satde publica.

A AOS ¢ uma doenga de cardter multidisciplinar que requer agdes
diagnosticas e terapéuticas coordenadas entre diferentes especialidades, de forma a
garantir mecanismos de identificagdo precoce da doenca. Tudo isto requer um

conhecimento dos sintomas da AOS, e da sua peculiaridade nas fases de
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desenvolvimento. Recentemente, nos deparamos com um aumento do numero de
pesquisas relacionadas a AOS infantil. No entanto, o diagndstico e o manejo na idade
pediatrica sdo complexos. Ainda existem lacunas, especialmente no que diz respeito as
vias patogenéticas e aos fatores que influenciam a variabilidade fenotipica da doenga.
Uma melhor compreensdo destes fatores pode contribuir para o desenvolvimento de
novas terapias, mas requer uma perspectiva mais ampla, a fim de desenvolver um

diagnostico e opgdes de tratamentos mais unificados.

Em relacdo aos pardmetros respiratorios para o diagndstico da AOS, a
Academia Americana de Medicina do Sono distingue os eventos respiratorios durante o
sono em apneia, hipopneia, despertares relacionados ao esfor¢co respiratorio e
hipoventilacdo, tanto em adultos como em criancas (AASM, 2014; Berry et al., 2012). A
frequéncia respiratoria no recém-nascido ¢ de cerca de 50 atos por minuto e diminui
progressivamente para atingir valores adultos por volta dos 15-18 anos (Reutter et al.,
2014). Considerando a maior frequéncia respiratéria em criangas, uma diferenga
significativa nas definigdes de eventos respiratorios patologicos durante o sono diz
respeito a sua duragdo. Em adultos, o evento deve ter 10s de duragdo; em criangas, a
duragdo do evento obstrutivo representa a auséncia de pelo menos dois atos respiratorios,
e o evento central dura 20s ou mais, ou pelo menos a dura¢do de duas respiragdes se
associadas a um despertar ou dessaturacao de oxigénio > 3% (Berry et al.,2012). Até cerca
dos 3 anos de idade, a respiragdo ¢ predominantemente abdominal e, com o
desenvolvimento progressivo dos musculos intercostais, torna-se cada vez mais toracica.
A massa muscular ¢ menor em bebés e criangas pequenas, quando comparadas a criangas
mais velhas e adultos. Portanto, se forem necessérias pressdes inspiratérias maiores, o
diafragma funciona proximo ao nivel de fadiga (Dotan ef al., 2012). Este aspecto tem
consequéncias relevantes na AOS pediatrica, uma vez que a obstrucdo das vias aéreas
superiores em criancas ocorre predominantemente durante o sono REM (fasedo sono em
que o tonus dos musculos intercostais ¢ superficial e apenas a atividade diafragmatica
persiste), de modo a definir AOS na idade de desenvolvimento como umadoenca
associada ao sono REM (Goh et al., 2000). Este aspecto ¢ diferente do observadoem

adultos nos quais a obstrug@o ocorre tanto no sono NREM, como no sono REM.
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O sono REM predispde a quadros de apneia em criangas por muitas razdes,
como hipotonia muscular, diminui¢do da resposta ventilatoria a hipoxia e hipercapnia
(Marcus et al., 1998), aumento do limiar de despertar em resposta a apneia, € uma reducao
mais significativa da atividade de dilatacdo muscular da faringe durante o sono REM em
comparagao com adultos (Katz et al., 2004). Em adultos, a AOS com eventos respiratorios
prevalentes no sono NREM ¢ responsavel por cerca de 80% de todos os individuos com
AOS, e parece mostrar um fen6tipo clinico mais grave do que a AOS relacionada ao sono

REM, este ultimo preferencialmente restrito a mulheres mais jovens (Liu et al., 2011).

Na idade pré-pubere, ocorre o modelo inverso, por exemplo, a AOS com
eventos respiratorios patologicos prevalentes durante o sono REM ¢ de longe a forma
mais comum da AOS, afetando mais de 80% dos casos. E muito provavel que diferentes
mecanismos fisiopatologicos operem nessas duas categorias diferentes de AOS e ¢
plausivel que as alteragcdes hormonais da puberdade levem a reversdo da AOS REM-
NREM com o avango da idade (Spruyt ef al., 2012). Os despertares também apresentam
alteragdes associadas a idade, pois sdo determinados com menor frequéncia na idade de
desenvolvimento, enquanto sua incidéncia aumenta com o avancar da idade. Em
pacientes pediatricos, apenas 20% das apneias obstrutivas sdo acompanhadas de
despertares (Marcus et al., 1998). Devido a uma menor capacidade de despertar, a
arquitetura do sono na idade de desenvolvimento é geralmente preservada e nao difere de
individuos sem AOS. No entanto, ndo se pode descartar um possivel papel dos despertares
subcorticais autonomos. Isto ¢ consistente com estudos que ndo mostram nenhuma
alteracdo na arquitetura do sono apos o tratamento cirargico da AOS infantil. Esse aspecto
neurofisioldgico deve ser considerado como um mecanismo de defesa para a idade de
desenvolvimento, uma vez que o menor nimero de despertares permite a crianca

preservar os beneficios do sono REM apesar dos eventos de apneia obstrutiva.
1.3. Etiopatogenia da AOS

Embora a fisiopatologia detalhada da AOS em adultos e criancgas seja
complexa, a principal anormalidade reflete na incapacidade dos musculos dilatadores da
faringe em suportar a pressdo negativa gerada durante a inspiragdo, ocasionando o
colapso da VAS. Em um quadro de normalidade, os musculos dilatadores das VAS

contraem-se de maneira coordenada e sincronizada em cada inspiracdo, neutralizando a
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pressdo negativa gerada nas VAS durante esse momento. Alguns fatores podem aumentar
essa pressdo negativa ou diminuir a eficicia da contragdo muscular dilatadora,
perturbando esse equilibrio e predispondo a ocorréncia da obstrucdo (Deegan &
McNicholas, 1995). O estreitamento das vias aéreas superiores aumenta a pressao
negativa durante a inspiragdo, promovendo assim o colapso. Os fatores que contribuem
para o estreitamento incluem a morfologia craniofacial, o acimulo de tecidos moles em

decorréncia da obesidade, ou hipertrofia adenotonsilar.

A maioria dos pacientes com AOS apresentam estreitamento da via aérea
superior (Yu & Rosen, 2020), e os fatores genéticos desempenham um papel importante
(Chi et al.,, 2014). Estudos cefalométricos e de tomografia computadorizada (TC)
demonstraram que dimensdes dsseas do terco inferior da face e pescogo resultaram em um
estreitamento dasVAS (Neelapu et al., 2017), e a avaliagdo clinica demonstrou micro ou
retrognatia em muito desses pacientes (McNicholas, 2008a). Com base no mecanismo
fisiopatologico subjacente, a AOS pedidtrica difere em trés fendtipos clinicos: fenotipo
tipo I, associado a hipertrofia adenoideana e tonsilar; fenotipo tipo II, associado
principalmente a obesidade; fenotipo tipo 111, associado ao dismorfismo craniofacial de

sindromes congénitas (Capdevila et al., 2008).

A crianga com fenoétipo tipo I, ou tipo comum, geralmente apresenta face
alongada, olhos alongados, palato ogival e respirag¢@o principalmente oral; um defeito de
crescimento também estd frequentemente presente. O fendtipo tipo II ou adulto esta
associado a obesidade e geralmente ¢ caracterizado pelo pescoco curto e dismorfismo
craniofacial caracterizado pela reducdo do tamanho vertical da face. A literatura também
descreve um fenotipo adicional, tipo III, ou congénito, mais tipico da primeira infancia,
muitas vezes ja presente ao nascimento, sendo associado a sindromes congénitas, doengas
neuromusculares e paralisia cerebral, caracterizada principalmente por dismorfismos
craniofaciais complexos (Sindrome de Crouzon, Arnold Chiari, Pierre Robin, Down,
Acondroplasia, etc.). Os Disturbios Respiratorios Relacionados ao Sono (DRS) sao
eventos frequentes em patologias neuromusculares com prevaléncia superior a 40%. Em

pacientes com esse tipo de patologia, a hipotonia dos miisculos das vias aéreas superiores
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e a fraqueza diafragmatica podem predispor ao desenvolvimento de eventos obstrutivos

durante o sono (Aboussouan et al., 2017).
1.4 Anatomia e fisiologia das vias aéreas superiores

A complexidade anatdmica das vias aéreas superiores fornece prote¢do para
os pulmdes, filtrando, aquecendo e umidificando o ar inspirado. O nariz ¢ a Unica parte
externa do sistema respiratdrio das vias aéreas superiores. A cavidade nasal ¢ dividida em
cavidade direita e esquerda por uma fina parede denominada septo nasal, e se estende das
narinas até as coanas. O palato duro forma o assoalho da cavidade nasal, separando-a da
cavidade oral. O nariz pode ser dividido axialmente em quatro regides: vestibulo, valvula
nasal, concha nasal e as regides da faringe. O vestibulo ¢ uma cavidade em forma de péra
localizada na parte mais anterior do nariz; a valvula nasal corresponde a por¢cao mais
estreita e regula o fluxo do ar na cavidade nasal; as conchas nasais ou cornetos sdo
estruturas importantes localizadas lateralmente na cavidade nasal. Existem trés cornetos
em cada lado do nariz; inferior, médio e superior. A concha inferior ¢ a maior, enquanto
a concha superior ¢ menor em estrutura. A natureza espiral ou curvilinea das conchas
aumenta a area de superficie e contato com o ar inspirado. Como 0s cornetos compdem a
maior parte do tecido da mucosa do nariz, pode ajudar a aquecer, umidificar e filtrar o ar

inalado pela cavidade nasal.

Diferentemente das demais estruturas que compdem a via aérea superior, a
regido da faringe ndo possui suporte Osseo e nem cartilaginoso, tornando-se mais
propensa ao colapso quando ha um desequilibrio entre as forcas que tendem a dilata-la
ou fechéd-la. A faringe pode ser anatomicamente dividida em quatro sub-regides: (a)
nasofaringe (localizada entre a margem posterior das conchas nasais e a margem posterior
do palato duro); (b) orofaringe retropalatal ou velofaringe (entre a margem posterior do
palato duro e a margem do palato mole); (c) orofaringe retroglossal (entre a margem
caudal do palato mole e a base da epiglote); e (d) hipofaringe (entre a epiglote e a laringe).
A regido da orofaringe ¢ mais estreita e, consequentemente, ¢ o local mais comum de

colapso durante o sono.

A paténcia das vias aéreas orofaringeas depende dos musculos dilatadores da

faringe, especialmente o genioglosso, que agem para enrijecer o segmento colapsavel
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durante a inspiracdo (Deegan & McNicholas, 1995). Esses musculos se contraem de
forma fésica, coordenada com a inspiragdo, que precede a contragdo diafragmatica em
milissegundos. Na AOS, um estreitamento das vias aéreas superiores gera maior forca de
colapso inspiratdrio, o que requer contracdo muscular dilatadora mais forte para manter
a paténcia das vias aéreas. A atividade muscular dilatadora ¢ maior do que em individuos
normais durante a vigilia e diminui durante o sono, predispondo assim a obstrugdo

(Mezzanotte et al., 1996), especialmente no sono REM (Carberry et al., 2016).

A avaliacdo da anatomia da VAS por meio de exames de imagem permite
estudar de maneira objetiva sua contribui¢ao na fisiopatologia da AOS. A Cefalometria
lateral ¢ um método radioldégico amplamente utilizado na odontologia, e consiste em uma
radiografia lateral cranio-facial em posi¢do padronizada. Posteriormente, ¢ possivel
determinar angulos e medidas baseados em pontos de referéncias anatomicos. A
utiliza¢do de exames como a tomografia computadorizada (TC) e ressonancia magnética
(RM) s3o consideradas superiores a Cefalometria, visto que permitem uma avaliagdo
tridimensional das estruturas, fornece uma melhor defini¢do de tecidos moles, e a

possibilidade de avaliagdo volumétrica.

Alguns artigos trazem uma correlagdo na avaliagdo da VAS durante a vigilia
com a probabilidade do paciente desenvolver AOS durante o sono. Uma faringe mais
estreita geralmente estd mais susceptivel ao colapso do que uma mais larga, o que pode
ser visto em estudos que mediram a drea transversal da via aérea superior por meio de TC
ou RM em pacientes com AOS comparados com normais (Segal et al., 2008; Tsuiki et

al., 2008).
1.5 Métodos de medicao objetiva

Os métodos de medicao objetiva sdo ferramentas utilizadas por médicos para
medir e avaliar a anatomia e fisiologia das vias aéreas superiores. A seguir, serdo
discutidos os principais métodos objetivos de medi¢cdes, nomeadamente rinomanometria,

rinometria acustica, endoscopia e polissonografia.

1.5.1 Rinomanometria
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A rinomanometria ¢ uma ferramenta utilizada para medir a resisténcia das
vias aéreas nasais, por meio de uma medi¢do quantitativa do fluxo e da pressdo nasal. O
Comité Europeu de padroniza¢do da rinomanometria selecionou a formula R = AP/V a
uma pressao fixa de 150 Pa, para facilitar a comparagao dos resultados, onde R representa
a resisténcia; AP: gradiente de pressdo; V a velocidade do fluxo. A rinomanometria pode
ser realizada por acesso anterior ou posterior. No entanto, esse exame ¢ demorado e requer
muita cooperac¢do do paciente, o que ¢ particularmente dificil com criangas. Essa técnica
ndo pode ser utilizada na presenca de perfuracdes septais ou quando uma ou ambas
cavidades nasais estdo obstruidas. Rinomanometria ¢ demorada, requer conhecimento

técnico, alto grau de cooperacdo (Austin & Foreman, 1994).
1.5.2 Rinometria Acustica

A rinometria actstica foi descrita pela primeira vez parauso clinico em 1989.
E uma ferramenta que pode auxiliar na avaliagao da obstrug¢@o nasal.O teste ¢ ndo invasivo,
confidvel, e de facil realizagdo. A rinometria também pode ser usada para avaliar o efeito

positivo da cirurgia na obstru¢do das vias aéreas.

A RA tem sido amplamente utilizada in vivo para medir as 4reas transversais
do espago aéreo nasal. A técnica apresenta alguns pontos fortes, como por exemplo, ndo
¢ invasiva, rapida execugdo, e nao expoe o paciente a radiacdo. Apds a rinometria acustica
ser introduzida (Hilberg et al., 1985), o otimismo aumentou em relagdo a melhores
resultados para os pacientes com obstrucdo nasal. (Grymer, 1995; Grymer et al., 1993;
Roithmann et al., 1994). A expectativa era que o conhecimento da gravidade e localizagao
das obstrucdes das vias aéreas fornecesse critérios objetivos para o tratamento dos

pacientes.

Uma suposi¢do central para o uso da rinometria actstica como ferramenta
diagnostica ¢ a hipotese de que a resisténcia nasal esta fortemente correlacionada com a
area transversal minima do espaco aéreo (mCSA). Esta hipotese foi testada em varios
estudos in vivo. Exceto por um estudo que relatou uma forte correlagdo entre mCSA e

resisténcia nasal (Roithmann et al., 1994), todos os demais estudos encontraram uma
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correlacdo moderada (Scadding et al., 1994; Tai et al., 1998; Wandalsen et al., 2012;
Yepes-Nunez et al., 2013), ou nenhuma correlagao (Naito et al., 2001; Numminen ef al.,
2002). Infelizmente, estudos subsequentes encontraram uma baixa correlacdo entre a area
transversal minima do espago aéreo e os escores subjetivos de paténcia nasal (Andre et
al., 2009; Garcia et al., 2016). Hoje os beneficios do uso da rinometria acustica para fins

de decisoes clinicas permanecem controversos (Barnes et al., 2010; Eccles et al., 2010).
1.5.3. Sonoendoscopia

A sonoendoscopia induzida por drogas (do inglés drug-induced sleep
endoscopy [DISE]) tem sido utilizada para observar e medir a morfologia das vias aéreas
superiores. A DISE possibilitou, pela primeira vez, que o topodiagnostico da obstrugao
das VAS fosse realizado em tempo real, de forma dinamica e tridimensional. Enquanto o
paciente esta sob sedacdo, as estruturas faringeas sdo avaliadas com relacdo ao tamanho
e a estabilidade; e os colapsos da via aérea superior sdo identificados e classificados

quanto a localizagdo e configuracdo da obstrucao.

Atualmente, a DISE possui indicagdo para planejamento cirurgico e analise
de insucessos; e planejamento de tratamentos clinicos — indicagdo de aparelho de
reposicionamento mandibular, avaliagdo do paciente com AOS posicional, estudo de
pressao de aparelhos de pressao positiva (PAP) para o tratamento da AOS, e avaliacdo de
pacientes com ma adapta¢do ao PAP. Comparacdes entre os achados da DISE e os de
avaliagdes realizadas com o paciente acordado apresentam grande discrepancia de
resultados de colapso, principalmente nas regides de hipofaringe e da epiglote, sugerindo
que avaliacdes em vigilia tendem a subestimar obstrugdes de segmentos mais inferiores
da faringe. Embora a técnica de avaliagdo endoscopia possa ser usada para medir com
precisdo a morfologia das vias aéreas superiores, a grande desvantagem dessa técnica se
deve ao carater invasivo, gerando desconforto ao paciente durante o exame (Banabilh et

al., 2010).
1.5.4 Polissonografia

A polissonografia (PSG) ainda ¢ considerada o padrdo-ouro para o

diagnoéstico dos distirbios respiratérios relacionados ao sono. As técnicas para
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monitoramento do sono vém sendo sistematizadas ao longo dos anos, sendo atualizadas

e revistas em fun¢do de novas pesquisas e incorporacao de novas tecnologias.

A American Academy of Sleep Medicine (AASM) e American Academy of
Pediatrics (AAP) recomenda a realizagcdo da PSG nivel I para o diagnostico de disturbios
respiratdrios ao sono em criangas. A sessdo ¢ acompanhada por um técnico em sono que
ira interpretar os dados captados seguindo os critérios da American Academy of Sleep
Medicine. Os parametros minimos utilizados na PSG sdo: eletroencefalograma,
eletrooculograma bilateral, eletromiografia (mentoniano, tibial anterior bilateral), fluxo
aéreo nasal e oral registrado por sensores do tipo termistor ou termopar; registro da
pressdo nasal obtido por transdutor de pressdo; registro do movimento toracico e
abdominal; eletrocardiograma, oximetria digital; registro de ronco; registro de posi¢ao
corporal. A gravidade da AOS ¢ determinada pelo indice de apneia-hipopneia (IAH), que
representa a somatoria de todos os eventos de apneias e hipopneias divididas pela
quantidade de horas de sono. AOS leve, moderada ou grave correspondem a limiares de
IAH de menos de 5, 5-9 e 10 ou mais, respectivamente. A AOS pediatrica ¢ diagnosticada

quando a PSG relata TAH > 1.

Embora a PSG seja rotineiramente recomendada pré-operatoriamente pela
AASM e pela AAP, apenas 10% das criangas realizam a PSG (Mitchell ef al., 2006). Isto
se deve ao acesso limitado a laboratorios de sono certificados, deslocamento para a
clinica, necessidade da presenca dos pais durante toda a duragdo do teste, e por fim, o

elevado custo, representando uma grande pressao sobre o sistema de satude publico.
1.6 Estudos do fluxo de ar nas vias aéreas superiores

Desenvolvimentos recentes em imagens médicas, modelagem geométrica
tridimensional, matematica numérica e tecnologias computacionais abriram novas
possibilidades para simulagdes numéricas fisicamente realistas de fluxo de ar baseadas
em modelos anatomicos precisos das vias aéreas superiores. Para melhorar a
compreensdo dos fendmenos detalhados do fluxo dentro das VAS sem qualquer
intervengdo e risco clinico para o paciente, os métodos CFD podem ser usados para
simular o fluxo de ar, transporte e deposi¢ao de particulas nas VAS. Resultados simulados

obtidos através da andlise de CFD podem fornecer uma imagem detalhada da distribuicao
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local e global dos parametros fisicos do fluxo, como velocidades do ar, vortices do fluxo
de ar, valores de pressao e resisténcia nasal, tensdo de cisalhamento na parede, edeposi¢ao

de particulas.

O processo geral de desenvolvimento do modelo computacional
tridimensional das VAS inclui a aquisi¢do de imagens de ressonancia magnética ou de
tomografia computadorizada, seguida pela defini¢do cuidadosa do limiar nas imagens

digitalizadas.
1.6.1 FluidodinAmica Computacional (CFD)

Nos ultimos anos, o0 método de Dindmica de Fluido Computacional (CFD)
tem sido amplamente utilizado para analisar o fluxo de ar nas vias aéreas superiores. A
analise CFD fornece uma visualizagdo clara e seus resultados podem cobrir a falta de
informagdes que ndo podem ser fornecidas por experimentos, como as propriedades de

fluxo e o padrdo de fluxo gerado dentro das vias aéreas superiores.

A Fluidodindmica Computacional (CFD) consiste em um conjunto de
ferramentas e técnicas usadas na analise de sistemas envolvendo escoamento de fluidos,
transferéncia de calor e massa, e fendmenos associados, como reagdes quimicas, através
de simula¢do numérica. A CFD ¢ um ramo da engenharia que emprega conceitos
relacionados as disciplinas de fendmenos de transporte, matematica einformatica. A
primeira estuda os fluidos em movimento, como eles se comportam durante o escoamento
e respondem a influéncias como reacdes quimicas e transferéncia de calor. As
caracteristicas dos fluidos podem ser representadas por equacdes matematicas
fundamentais, geralmente na forma diferencial, chamadas equac¢des governantes. A
informatica atua no ambito de facilitar a resolucdo dessas equagdes atravésde linguagens
computacionais de alto nivel, convertendo as equagdes diferenciais em algébricas (Tu;

Yeoh; Liu, 2008).
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A geometria complexa das vias aéreas superiores resulta em linhas de corrente
curvas, recirculacdo ou regides de vortice; fluxo secundario e fluxo de jato. E
relativamente fécil inspecionar a resisténcia ao fluxo de ar em um unico tubo sem
ramificagdes. No entanto, o sistema distensivel e compressivel das vias aéreas, com
ramificagdes e estreitamento progressivos, torna particularmente complicada a anélise
dos fatores que contribuem para a resisténcia das vias aéreas. Portanto, equagdes podem

fornecer apenas uma ideia aproximada do que esta acontecendo na esfera clinica.

O fluxo de ar, assim como os demais fluidos, pode ocorrer na forma laminar,
turbulenta ou transicional. O fluxo laminar (ou fluxo aerodinamico) consiste em iniumeros
cilindros organizados de forma paralela, em que o ar flui com velocidades diferentes. O
ar mais proximo da parede do vaso possui uma velocidade menor, devido as forgas
friccionais com a parede do vaso; a ar que flui no centro do vaso apresenta uma velocidade
maior. Quando um fluido, como o ar, transcorre por meio de tubos rigidos de calibre
uniforme, seu comportamento ¢ regido pela lei de Poiseuille, cuja resisténcia ¢
diretamente proporcional a viscosidade do fluido e ao comprimento do tubo e ¢
inversamente proporcional a quarta poténcia do raio do tubo (R = 8nL + nr4). O fluxo
muda de laminar para turbulento quando o numero de Reynold for superior a 2.000.
Durante o fluxo turbulento, a relagdo entre a diferenga de pressdo, fluxo e resisténcia
modifica-se. Como a diferenca de pressdo ¢ proporcional ao fluxo elevado ao quadrado,
sdo necessarias diferencas de pressdo muito maiores para produzir o mesmo fluxo de ar.
Fluxo turbulento costuma ocorrer quando o fluxo de ar ¢ alto, a densidade do gas ¢ alta,
o raio do tubo ¢ calibroso ou quando existem as trés condi¢des. O fluxo transicional é
uma mistura de fluxo laminar e turbulento. Com frequéncia, esse tipo de fluxo éobservado
nos pontos de ramificagdes das vias. Para estudar as vias aéreas superiores comgeometria
complexa, o fluxo de transi¢do laminar-turbulento pode ser analisado por abordagens

experimentais e computacionais.
1.6.2 Métodos Experimentais

No método experimental, um protdtipo da via aérea superior ¢ confeccionado
com base em uma geometria unica da VAS de um paciente. O prototipo normalmente ¢
fabricado de acordo com a dimensao real ou em modelo de escala (reduzida ou ampliada).

Os parametros operacionais utilizados avaliam a velocidade, pressao e fluxo aéreo. Varios
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fatores devem ser levados em consideracao nos trabalhos experimentais, tais como tempo
e custo, devem ser necessarios para o estudo, bem como a disponibilidade de instala¢des

e dispositivos de medicdes.
1.6.3 Métodos Computacionais

O método de dindmica de fluidos computacional ¢ uma forma alternativa para
analisar e resolver um problema no fluxo. Embora o CFD seja amplamente aplicado na
area das engenharias, atualmente seu uso tem aumentado nas pesquisas das areas
biomédicas. Yeom et al. demonstraram uma correlagdo entre a caracteristica do fluxo e a

estrutura das vias aéreas superiores, € a sua colapsabilidade na apneia obstrutiva do sono.

O primeiro software comercial para aplicagdo das técnicas de CFD foi
desenvolvido pela empresa CHAM (Concentration Head and Momentum Limited) em
1981. O pacote comercial em questdo ¢ o PHOENICS, que iniciou a implementagdo das
técnicas matematicas e modelos fisicos amplamente aplicados atualmente na industria,
como os efeitos de turbuléncia, o escoamento multifasico e reagdes quimicas. Além do
PHOENICS, existem outros pacotes comerciais, tais como o CFX e o Fluent da ANSYS
Inc.® e o software livie OPENFOAM®.

Tu, Yeoh e Liu (2008) apresentaram algumas vantagens relacionados ao uso
de CFD: (i) em alguns casos, no desenvolvimento tedrico, muitos termos sdo desprezados
para que a resolu¢do das equacdes seja possivel. No caso da utilizagdo de algoritmos
computacionais, ¢ possivel resolver as equagdes diferenciais completas, tornando a
analise do escoamento mais proxima da realidade; (ii) o estudo de um certo sistema em
diversas configuracdes ¢ facilitado, o que implica em um menor custo quando comparado
com experimentos laboratoriais; (ii1) diversos valores para nimeros adimensionais podem
ser avaliados durante o trabalho, fornecendo mais flexibilidade e eficiéncia nas primeiras
etapas do projeto de um sistema de escoamento; (iv) torna-se possivel a obten¢ao de dados
de regides de dificil acesso para obtencdo de resultados experimentais, tais como locais
onde ocorreram acidentes nucleares ou locais remotos ou geofisicamente impossiveis de

atingir.
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1.6.4 Validaciao do modelo

A validagdo do modelo ¢ uma etapa muito importante em qualquer analise de
simulacdo, pois visa garantir que os modelos tenham o desempenho esperado ou imitem
a condicao real. A valida¢do do modelo na analise biomecanica das vias aéreas superiores
com dados clinicos ganha a confianga dos usuérios na utilizagdo dos célculos de CFD. O
rapido crescimento no interesse em compreender a biomecadnica da respira¢do
proporcionou uma melhor compreensdo e explicagdo da sua fisiologia e fisiopatologia.
Na validagdo do modelo CFD, os dados experimentais sdo usados para validar os
resultados da simulagdo (Djukic ef al., 2019; Raimondi et al., 2016). Espera-se que o
modelo CFD validado forneca resultados confidveis que sejam usados como referéncias
para os médicos na compreensdo adicional dos problemas das vias aéreas superiores.
Existem muitas maneiras de realizar a validacdo do modelo CFD, dentre clas,
experimentos in vitro, comparacao de resultados com pesquisas anteriores, € o estudo da

independéncia da malha.

Chouly et al. propuseram o método de validagdo do modelo das vias aéreas
superiores por meio de um estudo in vitro, que imita o corte da via aérea superior na
posicao de decubito. A configuragdo geral e as dimensdes das VAS foram conservadas
para preservar o realismo da réplica. Esta mimetizou as assimetrias das geometrias da
VAS utilizando um tubo rigido e uma placa plana removivel. Sensores de pressdo foram
usados para registrar a variacdo de pressdo do fluxo de ar durante intervalos de tempos
diferentes. Uma boa concordancia entre os resultados experimentais e de simulagdo indica

uma forte capacidade do modelo CFD de refletir a realidade ou condicao real.
1.6.5 Codigo Computacional

As propriedades mecanicas das VAS sdo importantes para definir
detalhadamente os eventos obstrutivos, como o relaxamento dos tecidos durante o sono
(Farré et al., 2008). O primeiro passo para analisar as vias aéreas superiores € criar um
modelo geométrico para a realizacdo da simulagdo CFD. Este modelo ¢ criado por
imagens de ressonancia magnética ou por tomografia computadorizada. Inicialmente ¢
definido a regido de interesse, e posteriormente ¢ realizada a segmentacdo do modelo;

essa etapa ¢ conhecida como geragdo da malha no dominio do fluido de interesse. A
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geracdo da malha pode ser realizada por inimeros sofiwares, como ANSYS Workbench,

ANSYS ICEM CFD, CFD-GEOM, Tgrid e Gridgen.

Os codigos de CFD sdo estruturados em torno de algoritmos que tornam
possivel a resolucdo de um problema de escoamento. De modo a facilitar a interacdo com
0 usudrio, os pacotes comerciais incluem interfaces sofisticadas, nas quais os parametros
do problema sdo inseridos e os resultados para analise sdo mostrados. As técnicas de CFD

envolvem trés principais etapas: pré-processamento, solugdo e pds-processamento.

A etapa de pré-processamento ¢ a etapa inicial da analise da simulagdo CFD,
consiste na formulagdo do problema através de uma interface com o usudrio e a
subsequente transformacdo dos dados fornecidos inicialmente para um codigo

reconhecido pelo solver. As principais etapas sdo:

e Definicdo da geometria da regido de interesse (dominio computacional);

e Geracdo da malha: subdivisao do dominio em partes menores, chamadas células,
elementos ou volumes de controle;

e Definicdo das propriedades dos fluidos e materiais envolvidos;

e Selegdo dos fendmenos fisicos e quimicos a serem modelados;

e Especificacdo das condi¢des de contorno apropriadas para as células que

coincidem ou que tocam o limite do dominio computacional.

O dominio computacional deve ser especificado cuidadosamente, pois exerce
grande influéncia no escoamento. Apds definir o dominio computacional, ¢ necessario
gerar a malha, que consiste em subdividir todo o dominio em células menores, de forma
que a solucdo das variaveis de interesse (velocidade, pressdo, temperatura, etc.) ocorra
nos nods que existem entre as células. A qualidade dos resultados depende fortemente da
malha construida, sendo que, em geral, um maior nimero de células corresponde a uma
solugdo mais precisa do problema. Em contrapartida, uma malha densa ou bastante
refinada tem um custo computacional elevado por envolver maior tempo para a
simulagdo. Estima-se que aproximadamente 50% do tempo gasto em um projeto de CFD
¢ utilizado para a criacdo da geometria e da malha (Tu; Yeoh; Liu, 2008; Versteeg e

Malalasekera, 2007).
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Depois de gerada a malha, ¢ necessario definir as condi¢des fisicas do
escoamento, ou seja, s€ 0 mesmo ocorre em regime estacionario, laminar ou turbulento,
compressivel ou incompressivel e se o fluido ¢ inviscido ou viscoso. A sele¢cdo do modelo
de fluxo depende das aplica¢des e da natureza do problema. O CFD consiste em seis
modelos de turbuléncia, que podem ser categorizados em trés modelos principais: Navier-
Stokes com média de Reynolds (RANS); Simulacdo de grandes redemoinhos (LES); e
Simulacdo numérica direta (DNS). Alguns trabalhos que avaliaram a morfologia das VAS
(Allen et al., 2004; Sung et al., 2006; Xu et al., 2006) utilizaram os modelos laminar ou
Steady Reynolds-Averaged Navier-Stokes (RANS) para calcular as caracteristicas do
fluxo de ar. Embora estes modelos tenham baixos custos computacionais, eles apresentam

dificuldades em prever com exatidao fluxos ansiotropicos (Wilcox, 1993).

A geometria das vias aéreas superiores apresenta uma forma irregular, com
curvas e variacdes de area, que apresenta caracteristicas como transi¢do de fluxo laminar
para turbulento, gradientes de pressdo adversos, regides de fluxo secundario e zonas de
recirculagdo. Os algoritmos numéricos da fluido dindmica carecem da capacidade de
prever com precisdo tais caracteristicas, que sdo importantes para entender as forcas
aerodindmicas ndo estacionarias que atuam nas paredes das VAS. No entanto, a
Simulagdo Numérica Direta (DNS) ¢ uma abordagem de alta fidelidade que resolve a
gama completa das escalas de fluxos, mas computacionalmente ¢ cara e demanda de
tempo para resolver fluxos com niimero de Reynolds moderados a altos. LES representa
uma jun¢do das formulacdes RANS e DNS, simulando grandes vortices, e resolvendo
escalas de fluxos mais energéticas. As avaliagdes do fluxo nas VAS utilizando RANS
estacionaria foram comparadas por Mihaescu et al (2008a). Neste estudo, foi
demonstrado que o LES seria a melhor ferramenta para capturar caracteristicas relevantes
do fluxo nas VAS; RANS estaciondrio ndo conseguiu reproduzir as regides de separacdo
do fluxo a jusante de uma 4rea constrita. No entanto, seus dados mostraram que os

resultados do modelo ko estavam mais proximos dos resultados do LES.

As condicdes de contorno também sdo escolhidas na etapa de pré-
processamento, na qual sdo fixados valores de pressdo, temperatura ou velocidade.
Geralmente sao definidas condi¢des de entrada ou saida do dominio computacional e na

superficie do sélido (Tu; Yeoh; Lui, 2008).
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Na etapa do solver ou processamento, a técnica de solugdo numérica dos
volumes finitos ¢ a mais empregada pelos pacotes comerciais, como ¢ o caso do CFX e
Fluent da ANSY'S Inc®. Os principais passos percorridos pelos algoritmos numéricos nos

codigos de CFD para a resolu¢ao de um problema sio:

e Integracdo das equagdes governantes do escoamento em todos os volumes de
controle do dominio computacional;

¢ Discretizagdo, ou seja, conversao das equacdes integrais resultantes em um
sistema de equagdes algébricas;

e Solucdo do sistema de equagdes através de um método iterativo.

O usudrio deve ser capaz de entender o procedimento adotado por estes
algoritmos, com o objetivo de utilizar as ferramentas oferecidas pelo solver e conhecer as
operacdes “caixa-preta” que existem nos codigos comerciais (Tu; Yeoh; Lui, 2008). Os
principais passos que compdem esta etapa sao a inicializagdo, controle e 0 monitoramento

da solugao, o calculo das propriedades fisicas e a convergéncia da solugdo.

A etapa de inicializagdo se baseia em fornecer ao software uma solucao inicial
arbitraria. Se as condigdes iniciais forem condizentes com o problema, a convergéncia
ocorrerd de forma mais rapida, diminuindo o esfor¢o computacional e evitando
procedimentos iterativos divergentes. O controle da solu¢dao envolve, por exemplo, a
escolha do método de interpolacdo das equagdes que serdo resolvidas. O sucesso de uma
simulacdo em CFD depende, principalmente, da convergéncia do processo iterativo e do
estudo da independéncia da malha. A convergéncia pode ser analisada seguindo os
residuos durante os calculos da simulagdo numérica, sendo que o processo ¢ considerado
convergente quando os valores dos residuos se encontram abaixo de um critério de
convergéncia ou tolerancia, imposto pelo usudrio. O estudo de independéncia da malha
consiste em realizar inicialmente uma simulacdo em uma malha grosseira e entdo,
progressivamente, refind-la até que os resultados ndo apresentem mudangas em relagao
as varidveis locais e globais, indicando que a solu¢do ndo depende da malha utilizada.
Caso a convergéncia ndo seja atingida, ¢ importante avaliar os parametros da solugdo ou

modificar a malha (Tu; Yeoh; Lui, 2008).
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A etapa do pds-processamento consiste em colocar na forma grafica os
resultados obtidos em vérios pontos do dominio computacional, representando, portanto,
uma etapa crucial da simulagdo. As ferramentas necessarias para a visualizagdo grafica
dos dados geralmente estdo incluidas nos pacotes comerciais de CFD. A solugdo pode ser
representada por graficos vetoriais, mapas de contorno, graficos X-Y, graficos
superficiais bi e tridimensionais, representa¢ao em escala de cores e animagdes dindmicas
(Tu; Yeoh; Lui, 2008). A escolha da forma de representacdo mais apropriada depende do

tipo e da inten¢do do usuario.
1.7 Clinico

A sonoléncia diurna excessiva (SED) em criangas € o sintoma de AOS menos
comum. Nesse grupo hé o predominio das mudangas comportamentais caracterizadas por
hiperatividade e desatencao (Kamal et al., 2018). Contudo, a presenca de obesidade
parece aumentar a probabilidade da existéncia de sonoléncia diurna; alguns estudos
afirmam que as manifestacdes da SED podem ser diferentes em criangas com AOS com
fenotipo tipo I e comparagdo com criangas com AOS com fenotipo tipo II. No fendtipo
tipo I, a desatencdo e a hiperatividade constituiram alteracdes comportamentais
frequentemente descritas associadas a baixos escores de Epworth; no fenotipo tipo II,
haveria escores de Epworth elevados (Capdevila et al., 2008; Melendres et al., 2004),
com sintomas diurnos mais semelhantes aos do adulto. Ha fortes evidencias de que os
distarbios respiratorios do sono na infancia estdo associados a alteracdes
comportamentais (somatizacdo, depressdo e agressividade), regulacdo emocional,

desempenho escolar, vigilancia e atencao sustentada e seletiva (Bucks et al., 2013).

Os disturbios comportamentais e cognitivos da crianga com AOS podem estar
relacionados a uma alteragdo no cortex pré-frontal. Este ¢ uma area do cérebro
responsavel pela regulagdo das funcdes executivas e pelo planejamento do movimento, ¢
uma das ultimas areas do cérebro a amadurecer durante o neurodesenvolvimento. A época
da vida em que se registra o pico de incidéncia da AOS (4-5 anos) poderia funcionar como
um intervalo de tempo em que, devido a vulnerabilidade particular dessa area, os danos
determinados pela AOS no desenvolvimento do sistema cortex pré-frontal s6 poderia ser
parcialmente reversivel (Beebe et al., 2002). Se ndo tratada ou tratada tardiamente, a AOS

na idade de desenvolvimento pode levar a uma morbidade significativa que afeta
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diferentes 6rgdos e sistemas. Em adolescentes com AOS, o risco de desenvolver sindrome
metabolica € seis vezes maior do que em individuos saudaveis. (Redline et al., 2007).
Consequéncias cardiovasculares, como hipertensdo arterial e alteragdes na geometria do
ventriculo esquerdo, foram descritas em criangcas com AOS. (Vlahandonis et al., 2014;
Amin et al., 2005). Alguns estudos mostram que as complicagdes cardiovasculares sao
reduzidas apos o tratamento, embora com menor frequéncia em individuos obesos e com

familiaridade com doengas cardiacas. (Bhattacharjee et al., 2009)

Uma caracteristica exclusiva da AOS pediatrica ¢ seu impacto no
crescimento; o crescimento reduzido ¢ uma possivel consequéncia da AOS em criangas,
e a recuperagdo do crescimento estatura-peso apos adenotonsilectomia (AT) é comumente
relatada na literatura (Bonuck et al., 2009). O déficit de crescimento em criancas com
AOS esta provavelmente ligado a uma combinag@o de varios fatores, como baixo peso,
aumento do consumo de energia devido o aumento do trabalho respiratorio, e reducao da
produc¢do do hormdnio do crescimento, cuja secre¢ao fisiologica ¢ caracterizada por picos

mais amplos e frequentes durante o sono (Bonuck et al., 2009).

Uma ampla gama de sinais e sintomas clinicos estd associada a AOS em
criangas, dependendo do seu estagio de desenvolvimento. O ronco ou a respiragdo ruidosa
¢ o sintoma de apresenta¢do mais comum, juntamente com a respiracao oral, mais tipica
da idade pré-escolar; sono perturbado com mudancas frequentes de posi¢do, posicdes
incomuns de sono (por exemplo, hiperextensdao do pescogo) e pesadelos sdo descritos
predominantemente na idade pré-escolar. Além disso, a sudorese excessiva durante o sono
¢ uma manifestacdo comum na AOS pediatrica, assim como episodio de sono noturno e
sonambulismo (Chang et al., 2010). Criangas com AOS apresentam quadros de enurese,
que muitas vezes desaparecem quando o distirbio respiratdrio ¢ tratado adequadamente.
Déficit de crescimento afetam predominantemente a populacao pediatrica em idade pré-
escolar, enquanto na idade escolar pode ser registrada hiporexia. Distlrbios
comportamentais como hiperatividade e desaten¢do sdo mais relatados na idade pré-
escolar, enquanto que dificuldades de aprendizagem, sonoléncia diurna, instabilidade
emocional, dificuldade ao acordar durante a manha, bruxismo e dores de cabe¢a diurnas

sdo mais frequentemente descritos em idade escolar. (Guilleminault et al., 2005).
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1.8 Diagnéstico

A ICSD-3 sugere dois critérios para o diagnostico da AOS infantil: um ¢
clinicamente baseado na presen¢a de um ou mais sintomas (ronco, falta de ar, parada
respiratéria durante o sono, sonoléncia excessiva diurna, disturbios comportamentais,
déficit de crescimento, e dificuldade de aprendizagem); o segundo critério ¢ baseado em
achados de exames de diagnostico (uma ou mais apneia obstrutiva, apneias mistas ou
hipopneias durante o sono, ou 25% de PT com hipercapnia — PACO2 > 50mmHg) em
associacdo com um ou mais dos seguintes parametros: ronco, achatamento da curva de

fluxo ou movimento paradoxal toraco-abdominal (AASM, 2014).

Embora a historia clinica e o exame fisico sejam uteis para determinar quais
pacientes precisam de investigacdes adicionais de AOS, estes ndo sdo suficientes para
diagnosticar ou determinar a gravidade da AOS na idade pedidtrica ou adulta (Marcus et
al., 2012). Os questionarios que avaliam os disturbios respiratorios relacionados ao sono
em criangas, por exemplo, questiondrio pediatrico do sono e registro do sono, apresentam

sensibilidade de 85% e 96%, e especificidade de 87% e 67%, respectivamente.

O diagnoéstico instrumental da AOS baseia-se na oximetria de pulso,
poligrafia respiratoria domiciliar (PRD) ou polissonografia (PSG). A oximetria de pulso
noturna possui caracteristicas de exame de triagem na idade de desenvolvimento, por
apresentar facilidade de execug¢do, baixo custo, alto valor preditivo positivo diagnostico.
Brouillette demonstrou que um registro noturno de oximetria de pulso com trés ou mais
clusters de dessaturacdo intermitente com valores abaixo de 90% tem valor preditivo para
AOS igual a 97%. A partir dos dados da literatura, a oximetria noturna surge como uma
ferramenta valiosa que pode facilitar as decisdes de tratamento quando a polissonografia
ndo estiver disponivel (Kaditis ez al., 2016) Um tragado de oximetria normal, na presenca
de quadro clinico sugestivo de AOS, ndo descarta a presencga de distirbios respiratorios
relacionados ao sono, e requer a utilizagdo de exame poligrafico/polissonografico para o

diagnostico conclusivo.

A PSG noturna continua sendo o padrdo-ouro para o diagnostico da AOS. A
inovagdo tecnoldgica tem introduzido progressivamente sistemas de monitoramento

simplificado e alternativos a polissonografia. Segue uma versatilidade de aplicacdo
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indispensavel para enfrentar o desafio epidemiologico da AOS, cuja elevada prevaléncia

dificulta a adog¢do de uma abordagem baseada na PSG.

A PRD ¢ atualmente aceita como teste diagnostico de primeira escolha em
pacientes adultos com quadro clinico sugestivo de AOS. O IAH (indice de
apneia/hipopneia por hora de sono) representa o pardmetro de gravidade e inclui apneias
e hipopneia, ndo incluindo os despertares relacionados ao esforgo respiratorio.
Numerosos estudos demonstraram que o PRD constitui uma alternativa viavel a PSG para
diagnostico da AOS em criangas com elevada suspeita clinica, embora ndo seja um exame
recomendado nas diretrizes atuais da Academia Americana de Pediatria. Contudo, em
criangas com menos de 3 anos de idade e nos casos negativos para PRD, mas com quadro
clinico altamente sugestivo de AOS, a PSG deve ser realizada (Alonso-Alvarez et al.,

2015)

Se a expressao clinica da AOS nas diferentes idades da vida for diferente, os
parametros instrumentais de diagnostico adequados para determinar a gravidade da
patologia respiratéria durante o sono nas diferentes idades devem ser diferentes. Na idade
de desenvolvimento IAH > 1 evento/h deve ser considerado patolégico (Kaditis et al.,
2016). No entanto, ndo ha dados suficientes para compartilhar uma defini¢do de AOS
pediatrica leve, moderada ou grave; nem ha um acordo para definir o indice minimo de
distarbio respiratorio que deva servir como diretriz para indicar a necessidade terapéutica.
A partir dos dados disponiveis na literatura, [AH com valor de pelo menos 5 ¢ considerado
mais sugestivo para necessidade terapéutica (Li et al., 2016), mas criangas com IAH < 5
podem ter condi¢do sintomatoldgica grave e necessitar de intervengdo. As diretrizes
italianas dividem a AOS pediatrica em 4 classes de acordo com a gravidade do indice de
apneia/hipopneia: AOS minima quando RDI entre 1 e 3, e SaO2 média > 97%; AOS leve
quando RDI estiver entre 5 ¢ 10, e Sa02 média > 95%; AOS grave quando RDI > 10 e
com Sa02 média < 95% (Villa et al., 2004); classificagdo confirmada pela maioria dos

estudos na literatura (Alsubie et al., 2016).

A diferenca na defini¢do de gravidade entre a idade de desenvolvimento e a
idade adulta fica evidente pelos parametros instrumentais. IAH > 5, que na idade

pediatrica representa o ponto de corte para uma via terapéutica necessaria para evitar um
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efeito a longo prazo na crianga, representa na idade adulta, o valor limite inferior para a

definicdo de doenga.
1.9 Tratamento

As opgdes terap€uticas para apneia obstrutiva do sono na infancia levam em
consideracdo as condi¢des médicas gerais, idade, entre outros aspectos. Na fase de
desenvolvimento, o diagndstico precoce seguimento do tratamento podem melhorar o
desempenho cognitivo a longo prazo, com efeitos significativos no desempenho
académico, no desenvolvimento neuropsicolégico e nas relagdes sociais. Em criangas, a
AT ¢ uma opg¢do de tratamento escolhida como primeira linha, para casos de apneia
moderada e grave (IAH > 5). Essa abordagem terapéutica deve ser considerada apenas
para casos com hipertrofia adenotonsilar. Uma analise das evidencias, atualmente
disponiveis na literatura, sugere que a AT tem impacto positivo na qualidade de vida
(Torretta et al., 2017). Apesar dessa melhora, uma propor¢ao significativa de pacientes, a
AOS persiste apos a AT. A estimativa desta propor¢ao varia entre 13% a 73% se forem
incluidas criancas obesas; as criangas com maior risco de persisténcia da AOS pods-
operatoria, além dos obesos, sao aquelas com IAH pré-operatdrio > 20/h e criangas com
mais de 7 anos de idade (Marcus et al., 2012). A auséncia ou diminui¢do do ronco pode
ser relatada pelos pais, mas ndo indica sucesso no tratamento realizado. Com base em
estudos publicados, recomenda-se que criangas com Sa02 < 80% na PSG pré-operatoria
ou com IAH > 24 permanegam em observacdo apoOs a cirurgia, pois apresentam risco
aumento de comprometimento respiratorio pos-operatdrio (Marcus et al., 2012). A terapia

com CPAP ndo ¢ recomendada como terapia de primeira linha para AOS pediatrica.

No ramo da ortodontia, dois tipos de dispositivos sdo utilizados: dispositivos
de reposicionamento mandibular e o disjuntor palatino, um tratamento eletivo para casos
com desenvolvimento hipoesquelético da maxila, util na idade de crescimento e

desenvolvimento craniofacial antes da puberdade.

Outras alternativas de tratamento sdo a terapéutica médico-farmacoldgica que
consiste na aplicacdo tdpica de corticosterdides ou antileucotrienos, isoladamente ou
associada a outros tratamentos (Li et al., 2016). A perda de peso ¢ recomendada além de

outras terapias em pacientes com sobrepeso ou obesos. As diretrizes (Kaditis et al., 2016)
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recomendam uma reavaliagdo 6-8 semanas apds o tratamento, os pacientes que

permanecerem sintomaticos devem ser submetidos a exames para avaliagdo adicional.
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2. OBJETIVOS
2.1 Objetivo Geral

Avaliar as caracteristicas dentoesqueléticas e os efeitos da adentonsilectomia
e expansdo rapida da maxila no IAH, volume das vias aéreas superiores, dindmica
computacional de fluidos e area secc¢do transversal minima em criangas com constric¢ao

maxilar e apneia obstrutiva do sono.

2.2 Objetivos Especificos

Objetivo Especifico 1

Capitulo 1 — The effect of adenotonsillectomy and rapid maxillary expansion on the
upper airway in pediatric obstructive sleep apnea: a randomized crossover-controlled

trial

O efeito da adenotonsilectomia e expansdo rapida da maxila na via aérea superior na

apneia obstrutiva do sono pedidtrica: um ensaio controlado randomizado crossover
Objetivo Especifico 2

Capitulo 2 - The effects of adenotonsillectomy and rapid maxillary expansion on the
volume, minimum area, and computational dynamic fluids in pediatric obstructive sleep

apnea with balanced face: a randomized crossover-controlled trial

Os efeitos da adenotonsilectomia e expansdo rapida da maxila no volume, drea minima e
fluido dindmica na apneia obstrutiva do sono pedidtrica com face equilibrada: um estudo

randomizado controlado cruzado
Objetivo Especifico 3

Capitulo 3 - Comparative analysis of craniofacial characteristics of apneic children with

and without maxillary constriction.
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Andlise comparativa das caracteristicas craniofaciais de criangas apneicas com e sem

constric¢do maxilar.
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3. CAPITULOS
3.1 CAPITULO 1

The effect of adenotonsillectomy and rapid maxillary expansion on the upper airway

in pediatric obstructive sleep apnea: a randomized crossover- controlled trial

Artigo aceito para publicag@o no periddico Sleep
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The effect of adenotonsillectomy and rapid maxillary expansion on the upper airway

in pediatric obstructive sleep apnea: a randomized crossover- controlled trial

ABSTRACT

Study Objectives: We aimed to determine the effects of adenotonsillectomy (AT) and
rapid maxillary expansion (RME) on the apnea-hypopnea index (AHI)

Methods: Thirty-nine children who presented with maxillary constriction and grade
II/IV tonsillar hypertrophy were randomized into two groups. One group underwent AT
as the first treatment, and the other group underwent RME. Polysomnography (PSG) were
conducted before (To) and 6 months after the first treatment (T1). In a crossover design,
individuals with AHI>1 received the second treatment. Six months later, they underwent
PSG (T2). The influence of age, sex, tonsil and adenoid hypertrophy, initial AHI severity,
first treatment, and maxillary expansion amount was evaluated using linear regression
analysis. Intra- and inter-group comparisons for AHI were performed using a paired t-test
and Wilcoxon test.

Results: The initial AHI severity and therapeutic sequence in which AT was the first
treatment, explaining for 95.6% of AHI improvement. AT caused significant
improvements in the AHI.

Conclusions: The initial AHI severity and AT as a first treatment accounted most of AHI
improvement. Most reductions in AHI were due to AT, RME may have a marginal effect
on pediatric obstructive sleep apnea.

Keywords: Maxillary Expansion; Obstructive; Sleep Apnea; Tonsillectomy.

STATEMENT OF SIGNIFICANCE

The treatment of pediatric obstructive sleep apnea (OSA) reduces possible damage to
quality of life, and cognitive capacity. Among the therapeutic alternatives,
adenotonsillectomy (AT) stands out as a primary option and rapid maxillary expansion
(RME) as a substitute for surgery. In this study, the influence of age, initial apnea hyponea
index (AHI) severity, adenoid and tonsil hypertrophy, AT or RME as the first treatment,

and the amount of RME performed were evaluated for the reduction of AHI in pediatric
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OSA. Future studies involving different AHI severities and a control sample are

recommended.
INTRODUCTION

Obstructive sleep apnea (OSA) is defined as a breathing disorder during sleep
characterized by prolonged partial upper airway obstruction and/or intermittent complete

obstruction that disrupts normal ventilation during sleep and normal sleep patterns [1].

Although it has been an essential object of study in recent decades, the
conclusions of systematic reviews and meta-analyses on treatment of OSA in children
through adenotonsillectomy (AT) and/or rapid maxillary expansion (RME) should be
interpreted cautiously due to high risk of bias [2-11]. In most studies selected for these
systematic reviews and meta-analyses [2-11], the variability of the results is prominent,
indicating reduction ranging from 52.3% to normalization of the apnea-hypopnea index
(AHI) [2-11]. This is probably due to the lack of randomized samples, more specific

inclusion criteria, and the orthodontic diagnosis parameter used.

Although it has been recognized as a primary etiologic factor in children with
OSA [12-21], adenotonsillar hypertrophy was disregarded in a few studies [12-14]. In
other studies [21,22], the samples were selected according to the presence of transversal
maxillary constriction as the only criterion, ignoring the combined presence of any other
skeletal disharmony. Thus, individuals with mandibular retrusion associated with
maxillary constriction were included to evaluate the effects of RME [21,22], without
considering thar severe AHI may be caused by reduction in the buccopharyngeal, volume
due to mandibular deficiency. Additionally, maxillary constriction was occasionally

determined by an X-ray evaluation instead of a clinical examination [12-14].

In addition, the lack of a better definition of some diagnostic methods, the
influence of AT, RME, and other factors on the behavior of the AHI, and volumetric
changes in different regions of the upper airway (UA) (nasal cavity, nasopharynx,
buccopharynx, and hypopharynx) may allow for a more rational use of appropriate
therapeutic interventions. Furthermore, it may help us better define the prognosis in

pediatric OSA.
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Therefore, this randomized crossover clinical study aimed to determine the
efficiency of AT and RME in improving the AHI in moderate or severe pediatric OSA. In
addition, we established the influence of age, sex, adenoid and tonsil hypertrophy, the
amount of expansion performed, use of AT or RME as the first treatment and initial
severity of the AHI. The null hypotheses were that in children with moderate or severe
OSA, (1) AT and RME do not promote changes in the AHI status; (2) AT and RME do
not influence the AHI, regardless of age, sex, degree of adenoid and tonsil hypertrophy,
initial severity of the AHI, AT or RME as the first treatment, and amount of maxillary

expansion performed.
METHODS
Trial design and any changes after trial commencement

The study was conducted as a prospective, parallel-group, randomized two-
arm, crossover clinical trial with a 1:1 allocation ratio. No changes to the study design

were made after commencement.

This study followed the Consolidated Standards of Reporting Trials
guidelines [23] and was revised and approved by the Research Ethics Committee of the
Federal University of Uberlandia (58609816.0000.5152). Additionally, the protocol of
this study was registered in the ensaiosclinicos.gov.br with the identifier RBR — 5wq5s9.
After the patients were selected, the parents signed a free informed consent for the

children’s treatment, authorizing the examinations for research purposes.
Participants, eligibility criteria, and settings

Eighty-nine children (41 boys, 48 girls) waiting for the adenotonsillectomy
(AT) surgery, with a mean age of 8.8 years, were recruited from the Otorhinolaryngologic
Department of Clinical Hospital, Federal University of Uberlandia, Brazil, from March
2016 to April 2019 (Figure 1).

The eligibility criteria included the following: (a) age between 5 and 12 years;
(b) clinical symptoms of breathing disorder, such as snoring and mouth breathing; (c)

palatine tonsil hypertrophy grade I1I or IV, classified using oral examination according to

46



the grading criteria of Brodsky [24]; (d) adenoid hypertrophy assessed by flexible
nasoendoscopy; (e) diagnosis of OSA with polysomnography (PSG) examination,
revealing and obstructive AHI > 1 event per hour, according to the criteria of the
American Academy of Sleep Medicine (AASM) [25], and (f) constricted maxillary arch,
high palate, and unilateral or bilateral posterior crossbite, determined by the anatomical-
morphological clinical evaluation of the maxilla, and balanced maxillomandibular
relationship, established by facial analysis and later confirmed by the initialcephalometric
analysis (Table 1). The exclusion criteria were as follows: obesity (BMI >24kg/m?),
genetic syndrome, and craniofacial anomalies, including moderate or severe
anteroposterior maxillomandibular discrepancy (1° < ANB > 5°; -2mm < Witts > 2mm),

and systemic diseases.
Interventions

Patients who met the eligibility criteria during recruitment were invited to
participate in the study. They were divided into two groups of 20 (Group 1) and 19 (Group
2) individuals over a period of 3 years and 1 month (Figure 1). All participants underwent

PSG for the diagnosis of OSA (Alice Night One, Philips Respironics, Taiwan) (To).

Group 1 comprised patients who were initially treated with AT (To). Six
months after this treatment, the patients underwent PSG (T1). Patients with an AHI > 1
event per hour proceeded to the next treatment, RME, using the conventional Hyrax
expander. After the active expansion period, the expander was kept in the oral cavity as a
retainer for 6 months. At the end of this retention phase, the expander was removed, and
patients underwent PSG (T2). Therefore, in Group 1, the phases of To and T comprised
AThmitial and ATrinal, as the first intervention, and the stages of T1 and T> covered RMEinitial

and RMEfia as the second intervention (Figure 1).

For Group 2, an inverse treatment sequence was performed. Group 2
comprised patients who initially underwent RME (Ty). The type of expander and the
activation protocol were the same as those in Group 1. Six months after the first treatment,
the expander was removed, and the patients underwent PSG (T1). Patients with AHI > 1
event per hour proceeded to undergo AT. At the end of 6 months, the patients underwent

PSG (T»). Thus, as for Group 1, but in a reverse sequence, the phases of To and T
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comprised RMEiitia and RMEgnal, as the first intervention, and the stages of Ti and T
involved ATinitial and ATrfinal, as the second intervention (Table I). Therefore, individuals
who reached the end of the experiment (T>) presented data referring to the Tfina-Tinitial for

AT (n=30) and for RME (n=32) (Figure 1).

The Hyrax expander was composed of an 11-mm screw centrally positioned
on the palate. The maxillary first permanent molars were banded and circumferential
clasps were bonded to the maxillary deciduous canines. The maxillary second deciduous
molars were banded when the upper first molars had not erupted. The bandage,
cementation, initial activation, and removal of the expander were performed by a single
trained operator. The prescribed expansion regime was a two-quarter turn a day until an
overcorrection of approximately 2 to 3 mm was obtained (lingual cusps of the upper
posterior teeth occluding with the buccal cusps of the antagonist lower teeth). The initial
two-quarters of the activation was performed by a professional and the rest by parents or

guardians. The mean of activation was 23.0 quarter of turns.
Outcomes (primary and secondary) and any changes after trial commencement

The primary outcomes of this study were (1) to determine the changes in AHI
due to AT and RME using intra- and inter-group comparisons of To, T1, and T2 (Table 2,
Figures 2 and 3); (2) to evaluate the influence of the age, sex, initial AHI severity,
percentual of adenoid obstruction, grade of tonsils hypertrophy, AT or RME as a first
treatment, and amount of expansion performed (Table 3). There was no change in the

results after the start of the trial.
Sample size calculation

The sample size was based on a 5% alpha and 20% beta significance level to
achieve 80% test power and an effect size of 0.8. Thus, the sample size calculation

indicated the requirement of at least 15 participants in each group [26].
Interim analyses and stopping guidelines
Not applicable.

Randomization (random number generation, allocation concealment, implementation)
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To randomly distribute patients into two groups, we used random allocation
software 2.0 [27]. In a block of four patients, the stratified randomization method was
chosen to guarantee an equal distribution of the number and sex of patients in the study
groups, thus minimizing the risk of unknown factors influencing the results (confounding
factors). A single operator was responsible for the randomization process, allocation

concealment, and implementation.
Blinding

Blinding of treatment was not possible. However, all data were measurement

by an otorhinolaryngologist who was unaware of the study design.
Error study

An otorhinolaryngologist performed all AHI measurements and repeated
them in 20% of the sample at least 1 month later. The intra-examiner error for this variable
was assessed using the intraclass correlation coefficient, which resulted in 0.99 for AHI,

confirming excellent replicability.
Statistical analysis (primary and secondary outcomes, subgroup analyses)

Most statistical analyzes were based on the Tfinal-Tinitiat differences in the AHI
of AT and RME. The Shapiro-Wilk test was used to verify the normally distributed data,
and the Leven test to verify the homogeneity of the variance of each variable. Intra- and
intergroup comparisons of AHI in To, T1, and T2 were performed using a paired t-test and
Wilcoxon rank-sum test (Table 2, Figures 2 and 3). Furthermore, the influence of age,
sex, initial AHI severity, percentual of adenoid obstruction, grade of tonsils hypertrophy,
AT or RME as the first treatment used, and amount of maxillary expansion performed
were evaluated using linear regression analysis (Table 3). All tests were performed using

Jamovi 1.2.27, with a significance level at P <0.05 [28].
RESULTS

Participant flow
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Eighty-nine participants were recruited from March 2016 to April 2019. Fifty
patients were excluded because they did not meet the eligibility criteria. Thirty-nine
patients were randomly assigned to the study groups (20 individuals in Group 1(AT) and
19 individuals in Group 2 (RME)). The trial ended after a pre-established sample size was
reached, with an approximately 23% dropout rate which was mainly due to the resistance
of some guardians to AT. Figure 1 shows a flowchart of the participants, with reasons for

losses and exclusions before and after randomization.
Baseline data

Baseline characteristics were similar in both groups (Table 1).
Numbers analyzed for each outcome, estimation, and precision, subgroup analyses

Five patients in Group 1 (AT) declined to undergo surgery. Two patients in
Group 2 (RME) did not authorize the installation of the expander as a form of treatment.
In addition, in group 2 (RME), one patient exceeded the time limit for surgery and another

one patient had no surgical indication (Figure 1).

Table I depicts the similarity between the baseline characteristics of the two
groups. Table 2 shows the inter- and intra-group comparisons of AHI changes in phases
To, T1, and T (Figures 2 and 3). There were statistically significant differences between
groups 1 and 2 during phases T and T, caused by a predominantly greater reduction in
AHI when AT was performed (Figure 2). In intragroup comparisons, there were
statistically significant differences in all phases of both groups, except between phases T
and T2, in Group 1 (AT-RME), when RME performed after AT was the first treatment
(Figure 3). Table 3 shows the influence of age, sex, initial AHI severity, percentual of
adenoid obstruction, grade of tonsils hypertrophy, AT or RME as the first treatment used,
and amount of maxillary expansion performed on AHI improvement (Tfinal — Tinitiat) after
AT and RME. Only the initial severity of the AHI and the sequence of having AT as the
first treatment explained 95.6% of the reduction in the AHI.

Harm
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No harm was caused to the participants in this study. There was no severe or
moderate pain during or after maxillary expansion, white spot lesions, or gingival
recession. The benefits and side effects of RME have been described previously [29-31].
All patients received medical follow-up before, during, and after the surgical procedure.
Furthermore, no patient had an allergic reaction to anesthesia. One patient had some inter-
arch cross discrepancy and was assigned to a second maxillary expansion procedure after

the evaluation period.
DISCUSSION
Main findings in the context of existing evidence and interpretation

This study evaluated the changes in the AHI, and variables that could
influence the AHI in pediatric OSA, sequentially submitted to AT and ERM, and vice
versa. The results showed that changes in the AHI were quantitatively different according
to the therapeutic procedure performed. Only the initial AHI severity and AT as the first
treatment explained most AHI improvement at the end of both interventions. Therefore,

the two null hypotheses were rejected.

In this study, three criteria were established for sample selection. First, the
distribution of the two groups was established at random, considering the lack of relevant
literature, according to systematic reviews and previous meta-analyses [2-11]. The second
was to establish a sample that had a balanced craniofacial pattern, limiting the
dentoskeletal alteration only to the transverse constriction of the maxilla (Table 1). This
criterion allowed for the evaluation of the effects of RME without the possibility of
influencing other dentoskeletal deformities such as retrusion of the maxilla or mandible.
The third involved establishing maxillary constriction through clinical evaluation of the
hard palate morphology, the buccolingual maxillary posterior teeth inclination, and the
presence of uni- or bilateral posterior crossbite instead of cephalometric measurements

using posteroanterior radiographs [12-14].

The combined use of AT and RME promoted an AHI improvement of
approximately 73.76% in the Group 1 (AT — RME), and 70.31% in the Group 2 (RME —
AT), thereby reducing AHI severity from severe/moderate to mild (Table 2, Figure 3).
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This value was slightly lower than that previously reported in the literature [5, 9, 17-19,
21]. However, this seems to be due to the randomized sample and the more restricted
selection criteria, as mentioned regarding the craniofacial pattern used in this study.
Contrary to some literature [4, 7, 8, 12-14, 26] that has suggested RME as a therapeutic
resource to replace AT, eliminating its morbidity and even mortality risks, most AHI
reduction in our study was attributed to AT. In group 1, 98.66% of AHI reduction was
caused by AT and only 1.34% by RME (Table 2, Figures 3 and 4). In group 2, in which
RME was the first treatment, 40.52% reduction was achieved by RME and 59.48% by AT
(Table 2, Figure 3). In addition, the intergroup comparison of changes in the AHI at the
end of phases T and T2 showed statistically significant differences in favor of group 1
(AT — RME). Although the final AHI values were similar, these results indicate the AT is
the preferred first treatment due to the demonstrated ability to approach the final AHI
values (Group 1), unlike the relatively equitable reduction that occurred in group 2, after

RME (Ti) and AT (T») (Table 2, Figures 3 and 4).

This apparent efficiency of AT in reducing AHI, in comparison to RME, was
more evident when the influence of the age, sex, initial AHI severity, percentual of
adenoid obstruction, grade of tonsils hypertrophy, AT or RME as the first treatment used,
and amount of maxillary expansion performed was considered in the linear regression,
having AHI improvement (Tfina-Tinicial) from AT and RME as the dependent variable
(Table 3). According to the results, only initial AHI severity and AT as the first treatment
explained for 95.6% of the AHI improvement. Other variables such as age, sex, the
severity of tonsil and adenoid hypertrophy, amount of expansion performed did not show

statistical significance to explain the reduction in the AHI.

Although men have a higher incidence and severity of AHI in the adult
population [32,33], in our sample, this variable did not show any significance in reducing
AHI through AT and RME. Similarly, both interventions performed over 6 to 12 years of
age did not statistically influence the changes in the AHI during the therapeutic
interventions performed. However, this result should not be interpreted in isolation, as an
intervention at the beginning or end of the mixed dentition seems to be indifferent. After

all, the damage caused by OSA is not restricted to biological and functional damage but
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also cognitive and behavioral damage, directly interfering with the quality of life of these

children [10,15, 16, 20, 32, 33].

These results lead to some important reflections. First, the percentage of
improvement depends on the efficiency of the therapeutic method used and the initial
AHI severity. The more severe the AHI, the greater the percentage of improvement.
Second, the reductions in the AHI were always more significant when AT was performed.
In case of RME, the reductions were only evident in the initial AHI. Thus, believing that
RME can be performed first, with the premise of an eventual need for AT, does not seem
justified for severe OSAS in children. Because, it exposes the patient to a more extended
period with OSA, predisposing the patient to the consequences of this type of respiratory
disorder. In addition, parents or guardians should be informed that under characteristics
similar to this sample, the results expected from AT and RME should be a reduction in

the initial severity of AHI from severe/moderate to mild and not necessarily a cure.
Limitations

The main limitations of the present study were the absence of a control group
that contained participants without symptoms of OSA, the limited number of patients who
met all the inclusion criteria, the high cost of the methodology used, the fear of those
responsible for AT morbidity and mortality risks, and the dependence of the medical team
on AT. In future studies, a methodology will be used that will also assess the behavior of
soft tissue, and compare different types of treatments in groups composed of individuals
with maxillary and/or mandibular retrusion and long faces. Further studies should also

elucidate the impact of AT and RME on craniofacial growth.
Generalizability

The generalization of these results should be limited to children with mixed
dentition, grade III or IV tonsillar hypertrophy, and a normal anteroposterior
maxillomandibular relationship. In addition, the results should not generalize to all types

of expanders in adolescents and adults.

CONCLUSIONS
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Our findings revealed that most of the reductions in AHI were due to AT. The
initial AHI severity and AT as a first treatment accounted most of AHI improvement. Most
reductions in AHI were due to AT, RME may have a marginal effect on pediatric

obstructive sleep apnea.
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FIGURES
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Figure 1. Consolidated Standards of Reporting Trials diagram showing patient flow
during the trial.
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TABLES

Table 1. Baseline characteristics of both groups.

Group 1 Group 2
(AT-RME) (RME-AT)
(n=15) (n=17)
Variable Mean Percentage Mean Percentage

Sex 8 53.33 7 41.18

Male 7 46.67 10 58.82

Female
Angle Class - 10 66.66 Class - 10 58.82
Classification Class I -5 33.33 Class I1 -6 35.29
(participants) Class III - 1 5.88
Tonsil Severity:

Grade 111 11 73.33 9 60

Grade IV 4 26.66 6 40

Variable Mean SD Mean SD P

Initial Age 8y.9m. 2y.3m. 8y.10m. ly.1lm. 0.933"
Weight 27.4 7.39 26.8 5.59 0.886"
Initial
Cephalometric
Measures

SNA 80.33 3.74 79.05 3.71 0.340°

SNB 76.55 2.98 75.81 4.09 0.219°

ANB 3.78 1.38 3.97 1.89 0.762°

Wits 0.91 2.77 0.33 4.22 0.670°
Adenoid
Obstruction (%) 58 20.07 63 18.88 0.441°

* Significant at P <.05; * Paired samples t-test; SD, standard deviation; AHI, apnea-
hypopnea index; AT, adenotonsillectomy; RME, rapid maxillary expansion; SD, standard
deviation.
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Table 2. Comparison between AHI changes from Group AT-RME (G1) and Group RME-
AT (G2) occurred at each time (To, T1 and T>), intra- and intergroups (n=30).

p 95% Confidence Interval
Lower Upper
AHI To (G1) AHI Ty (G2) 0.075? -9.417 0.510
AHIT; (G1) AHI T, (G2) <0.001%" -10.100 -2.400
AHI T> (G1) AHI T> (G2) 0.006%" -2.653 -0.534
AHI To (G1) AHI T, (G1) <0.001%" 2.100 8.350
AHIT; (G1) AHI T> (G1) 0.823? -0.728 0.901
AHI To (G1) AHI T> (G1) <0.001%" 2.300 8.800
AHI To (G2) AHI T, (G2) 0.034%" 0.100 6.750
AHIT; (G2) AHI T> (G2) 0.014°* 1.100 9.650
AHI To (G2) AHIT> (G2) <0.001?* 4.547 13.080

*Significant at P < 0.05; ® Paired samples t-test; ® Wilcoxon rank-sum test; AHI: Apnea-
Hypopnea Index; AT, adenotonsillectomy; RME, rapid maxillary expansion; (G1), Group
AT-RME; (G2), Group RME-AT.
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Table 3. Linear Regression of AT/RME - AHI T> — To (n=30).

Model fit measures

Model R R? Adjusted R?

1 0.986 0.972 0.956

Model coefficients — T, — To AT/RME

Predictor Estimate SE P 95% Confidence Interval
Lower Upper
Intercept 23 2.217 0.313 -2.357 6.958
Age To (months) 0.015 0.016 0.365 -0.019 0.929
Gender:

M -F -0.952 0.761 0.227 -2.552 -1.250
Adenoid Obstruction 0.003 0.018 0.833 -0.034 0.213
(%)

Tonsil Severity:

Grade III — Grade IV -0.749 0.776 0.347 -2.380 -0.966
AHITO -0.967 0.049 <.001* -1.070 -19.689
First Treatment
Group:

AT - RME 1.886 0.625 0.007* 0.572 3.017

RME Turns 0.051 0.047 0.298 -0.049 1.072

*Significant at P <0.01. AHI, apnea-hypopnea index; AT, adenotonsillectomy; RME,
rapid maxillary expansion.
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The effects of adenotonsillectomy and rapid maxillary expansion on the volume,
minimum area, and computational dynamic fluids in pediatric obstructive sleep

apnea with balanced face: a randomized crossover-controlled trial
ABSTRACT

Study Objectives: We aimed to evaluated the effects of adenotonsillectomy (AT) and
rapid maxillary expansion (RME) on volumetric changes in the areas of the nasal cavity,
nasopharynx, buccopharynx, hypopharynx, and minimum cross-sectional area, and
analyzed its repercussions on the pressure and velocity of air flow.

Methods: Thirty-two children who presented with maxillary constriction and grade III/IV
tonsillar hypertrophy were randomized into two groups One group (AT's') underwent AT
as the first treatment, and the other group (RME'!) underwent RME. CBCT imaging
exams were performed at three moments: (To) before the first treatment; (T1) after the end
of the first treatment; (T>) after the end of the second treatment. 3D models of the upper
airways were segmented in Mimics for volumetric assessment, and subsequently
imported into the Ansys software for computational fluid dynamics analysis. MANOVA
two-way was initially used to evaluate the differences according to the first treatment.
ANOVA was adopted to evaluate the effects of treatments in the areas according to the
interventions (T1-To and T>-T1). The evaluation of CFD was carried out qualitatively,
analyzing the distribution of colors in the models.

Results: In the first intervention (T1-To) both procedures (AT and RME) resulted in an
increase in volume in Areas 1 and 2, but without a significant difference. AT promoted a
significant volumetric increase in Area 3. AT and RME did not promote effects in Area 4.
In the second intervention (T2-T1), expansion carried out after surgery did not generate
benefits in any of the 4 areas. While AT performed after expansion demonstrated
volumetric gain in Areas 1, 2 and 3, but not in Area 4.

Conclusion: AT proved to be superior to RME when initially performed. In fluid
dynamics, the repercussion of volumetric gain was partial, due to the complex geometry

of the upper airway.

Keywords: Obstructive sleep apnea; Upper airway collapsibility; Airway volume;

Maxillary Expansion; Tonsillectomy.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic breathing disorder characterized
by recurring episodes of upper airway obstruction during sleep, leading to marked
reduced (hypopnea) or absent (apnea) airflow [1]. OSA is a major public health problem
affecting a significant portion of the population, and it is estimated that in the general
population, approximately 80-90% of people meeting the criteria of at least moderate
OSA remain undiagnosed [2]. The prevalence of OSA in childhood is 1-4% [3.,4]. The
“gold standard” for diagnosis is polysomnography (PSG) [4]. However, it is expensive,

time-consuming, labor-intensive and not universally available [5,6].

The main anatomic risk factor for pediatric OSA is adenotonsillar
hypertrophy, but other factors such as, craniofacial abnormalities, obesity, and alterations
in neuromotor tone also may play a role [7,8]. Although is assumed that both anatomical
and neuromuscular factors are of significance in the pathogenesis of upper airway

obstruction in OSA, the pathogenesis of this disorder is not fully understood [9].

Previous studies using different imaging techniques have suggested that
abnormal anatomy of the upper airway is a key factor in the development of OSA [10,11].
However, no consensus has been reached regarding the question as to which anatomical
variables of the upper airway are the most relevant ones in the pathogenesis of OSA.
Traditionally, studies on the changes of the upper airway dimensions have consisted of
analyzing the post treatment effects with 2-dimensional (2D) cephalometric radiographs.
Among the 3D imaging techniques, cone-beam computed tomography (CBCT) has
become an alternative technique to multidetector CT scanning for comprehensive head
and neck evaluation because of its significantly lower overall effective radiation dose,
greater spatial resolution than medical CT, high contrast between the hard and soft tissues,
lower cost, and accessibility to dentists [12,13]. Although CBCT is not a soft-tissue
imaging modality, it possible to determine the boundaries between soft tissues and air

spaces, making is a potential diagnostic method to analyze airway dimensions.

Therefore, this crossover and randomized clinical study aimed to evaluated
the effects of adenotonsillectomy and rapid maxillary expansion on volumetric changes

in the areas of the nasal cavity, nasopharynx, buccopharynx and hypopharynx, and
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minimum cross-sectional area of children diagnoses with OSA. In addition to evaluating
its repercussions on air flow through computational fluid dynamics. The null hypothesis
of this study is that AT and RME do not influence the volume gain in the airways, the

minimum area and fluid dynamics.
MATERIAL AND METHODS
Trial design and any changes after trial commencement

The study was conducted as a prospective, parallel-group, randomized 2-arm,
crossover clinical trial with a 1:1 allocation ratio. This randomized clinical trial followed
the Consolidated Standards of Reporting Trials statement and guidelines [14], and no

changes in methods after trial commencement were required.
Participants, eligibility criteria, and settings

This study was ethically analyzed before trial commencement by the
Research Ethics Committee of the Federal University of Uberlandia, and was approved
under protocol number 58609816.000.5152. Additionally, the protocol of this study was

registered in the ensaiosclinicos.gov.br with identifier RBR — 5wq5s9.

Eighty-nine children (41 boys, 48 girls) waiting for the adenotonsillectomy
surgery (AT), with a mean age of 8.9 years old, were recruited from the
Otorhinolaryngologic Department of Clinical Hospital, at Federal University of
Uberlandia, Brazil, from March 2016 to April 2019 (Figure 1).

The eligibility criteria included patients of both sexes with: (a) aged between
5 and 12 years old; (b) clinical symptoms of breathing disorder, such as snoring and mouth
breathing; (c) palatine tonsil hypertrophy grade IIl or IV, classified using mouth
examination according to the grading criteria of Broskty [15]; (d) adenoid hypertrophy
assessed using flexible nasendoscopy; (e) diagnosis of OSA with PSG examination,
revealing an obstructive AHI > 1 event/hour, according to the criteria of the American
Academy of Sleep Medicine (AASM) [16]; and (f) constricted maxillary arch, high
palate, and unilateral or bilateral posterior crossbite, determined by the anatomical-

morphological clinical evaluation of the maxilla, and balanced maxillomandibular
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relationship, established by facial analysis and later confirmed by initial cephalometric
analysis (Table I). The exclusion criteria were as follow: underwent or obese (based on
the Body Mass Index WHO percentiles between 25 and 75); genetic syndrome;
craniofacial anomalies, including moderate or severe anteroposterior maxillomandibular

discrepancy (1° < ANB > 5° -2mm. < Wits > 2mm.); and systemic diseases.

The sample calculation for ANOVA analysis: repeated measures and intra-
between interaction was carried out assuming an effect size equal to 0.25, two-sided alpha
0.05, and power 0.8, using three measurements of each predictor variable, according to
the phase of management in both two groups. A dropout of 10% was considered. The

needed sample size was 15 per group [17].
Interventions

Patients who met the eligibility criteria during recruitment were invited to
participate in the study. They were divided into two groups of 15 (Group AT'") and 17
(Group RME!s!) (Figure 1). Group AT's' was composed of patients who were initially
treated with AT (To) and subsequently with RME (T1). The conventional Hyrax expander
was used, which after the period of active expansion was kept in the oral cavity as a
retainer for 6 months. At the end of this phase, the expander was removed. The Hyrax
maxillary expander was composed of an 11-mm screw centrally positioned on the palate.
The prescribed expansion regime was two-quarter turns a day until an overcorrection of
approximately 2 to 3mm at the level of the permanent molars was obtained. The mean
activation in the sample was 23.0 + 1.75 quarters of a turn. Adenoids (curettage) and
tonsils (infiltration, incision, and detachment) were removed according to classical

techniques, followed by hemostasis and subgallation.

For de Group RME'®, the reverse treatment sequence was performed. Patients
in this group initially underwent RME (To); the type of expander and activation protocol
were the same as in Group AT'!, Six months after the first treatment, the expander was

removed and patients proceeded to the second treatment, adenotonsillectomy (AT).

CBCT imaging exams were performed at three moments: (To) before the first

treatment; (T;) after the end of the first treatment; (T2) after the end of the second
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treatment. For the Group AT'*, Toand T phases comprised A Tinitial and AT#inal; and stages
Ti and T2 covered RMEjuitiat and RMEfina. For the Group RME'®, phases To and T
corresponded to RMEinitiat and RMEfinal, as the first intervention, and stages T1 and T

involved ATinitial and ATsinal, as the second intervention.

CBCT scans were acquired using the same Planmeca Promax 3D Max Unit
(Helsinki; Finland) under an extended field of view mode (14.5 cm x 13.0 cm). The
overall effective radiation dose was 125 Sv, with a 0.35-mm isotropic voxel size, and a
scanning time of 4.5s. The patients upright with a natural head position and were
protected with a plumbiderous apron. The mandible position was stabilized using a chin
Holder, keeping the Frankfort plane parallel to the ground and the teeth in maximal
intercuspation occlusion. The patients were asked to breathe normally and not swallow
[18]. Each tomographic image used was obtained by positioning the head defined as
follows: the sagittal plane passing through the Galli crest, the frontal plane defined by the
infraorbital line parallel to the floor, and the axial plane established by the Frankfort plane,

also parallel to the ground.
Construction of airway model

The three-dimensional (3D) anatomically accurate patients-specific models
was reconstructed using medical imaging software, MIMICS Research 22.0 (Materialise,
Belgium) by a well-calibrated and trained evaluator. After the threshold selection and
definition of the boundaries, a mask created with a threshold value ranging from -1024 to
-400 HU, consistent with the density of air. This tool allows the filling of the pharynx
(Phrx) and nasal cavity (NC), distinguishing them from other structures, such as soft and

hard tissues. The upper airway was then divided into Areas 1, 2, 3 and 4 (Figure 2) [18].

To define each of the four areas, three lines were draw (Figure 2A). The first
was established by the points Sela (S) and the posterior nasal spine (PNS) (line 1),
delimiting area 1 from 2. The two other lines were the Frankfort plane (Po-Or) and a line
perpendicular to the Frankfort plane, passing through the PNS point (line 2). In line 2, the
lower limits of areas 2, 3 and 4 were delimited, respectively, as lines perpendicular to line
2, passing through the lowest points of the first (Area 2), the second (Area 3), and the

third vertebra (Area 4). Therefore, each area was delimited as follows (Figure 2B):
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- Area 1 (Nasal Cavity): from the nostrils to line 1;

- Area 2 (Nasopharynx): from line 1 to the line perpendicular to line 2, passing
through the lowest point of the first vertebra (C1);

- Area 3 (Buccopharynx): located between the perpendicular lines, line 2, passing

through the lowest points of the first (C1) and second (C2) vertebrae; and,

- Area 4 (Hypopharynx): located between the perpendicular lines, line 2, passing
through the lower points of the second (C2) and third (C3) vertebrae.

The manual segmentation was also required for edit the mask which leak to
surrounding region and remove unwanted parts which were still connected to the upper
airway model. By using the MIMICs editing tools, the scan images were segmented slice
by slice on axial, coronal and sagittal plane by using the local threshold value. After all
the necessary threshold editing, the 3D anatomical model of the upper airway was
generated from the segmented mask, and according to the manufacturer’s
recommendation, each segmented volume (cm?) was calculated. Lastly, from the mask

involving the final region of interest, the 3D images were used for CFD simulations.
Computational Fluid Dynamics Simulations

All individuals from the AT's' and RME'*! groups were considered for the
analysis of computational fluid dynamics (CFD) at the three moments (To, T1and T2). For
this analysis, only the total airway was considered, whose delimitation correspondedfrom

the external nostrils to the lowest point of C3.
Pre-processor

The upper airways segmented in MIMICS were refined with the aim of

providing an accurate physical model for CFD analysis.

Stereolithography (STL) files for each subject were exported from Mimics
and imported into the computer-aided design and meshing software ICEM-CFD
(ANSYS, Inc., Canonsburg, PA). The surfaces of the airway wall, the inlet (nostrils), and

outlet (the most anteroinferior point of third cervical vertebra), were created separately
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[19-21]. Hybrid meshes with tetrahedron and three-layered prism walls were created,
assuming the intrinsic complexity of the UAW morphology. The mesh sizing was of 4 x

106 elements [19-22]. To minimize distortion effects, mesh quality was assessed to ensure

long edge lenght

that the aspect ratio (AR = ) of the elements was of least 0.3 [22].

short edge lenght

Flow solver & boundary conditions

Commercial CFD package, Fluent solver (ANSYS, Inc.) version 2023 R1 was
used to solve the airway flow governing equations. Turbulent inspiratory airflow
simulations were conducted under physiologic pressure-driven conditions [19,20]. For
flow rates based on individual resting minute volume which were estimated from body
weight using allometric scaling (see Supplementary material for details) [19]. Male and

female data were calculated through different equations respectively:
V £ =(1.36) (M)**; = 0.095; and
V = (1.89) (M)*3% = 0.897,

in which V g is the minute volume in liters per minute, M is body mass in
kilograms, and r is the correlation coefficient [19]. The differential equations were solved
through the finite volume method [19,20]. The mathematical equations for conservation

of mass and momentum were represented respectively by:

V.u=0; and
p ';—f +p (u.V) = —Vp+u® u,

in which u = u (x, y, x, 1) is the velocity vector, ¢ is time, p = 1.225kg/m? is
the fluid density, p is pressure, and p = 1.69 10 kg/ms is the dynamic viscosity
[19,20,23].

Pressure boundary conditions are specified at the inlet and the outlet of the
computational domain. The inlet-outlet pressure drop drives the flow through the airway
model and is chosen such that desired volumetric flow rate is achieved. At baseline,
during the inspiration breathing phase, a pressure drop of 75 Pa is required to achieve a

peak volumetric flow rate of nearly 20 L/min, while for the expiration a pressure drop of
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104 Pa is needed. An inhale flow rate of 15 L/min was chosen, according to one previous

study [24].

The selected boundary conditions for the airflow simulations were: 1) a
pressure-inlet condition at the nostrils with gauge 0 Pascal (Pa); 2) stationary right and
left nasal cavity and pharynx walls, with air velocity set to 0 at the air-wall interface; 3)
an outlet condition with negative pressure (-Pa) calculated for each patient, according to

the previously estimated steady-state inhalation rate.
Cross-sectional area minimum

Dolphin Imaging software was used to evaluate the minimum cross-sectional
area (mCSA) of the UAW in Group AT'' and Group RME'*, From the mid-sagittal plane,
4 anatomical landmarks were located and marked: S (center of the pituitary sella), PNS
(posterior nasal spine); H (anterior limit of the hyoid bone); C3 (anterior limit of the third
cervical vertebra), creating a polygon that encompassed the pharyngeal area.
Subsequently, the airway contained in this polygon was marked with a seed point tool,
which automatically colored the area of interest. The software generated a 3D image of

the UAW in which the numerical values for mCSA, expressed in mm?, were obtained.
Statistical Analysis

The volumetric assessment was based on the analysis of two factors: (1) first
treatment instituted (AT or RME); (2) analysis of the nasal cavity, nasopharynx,
buccopharynx and hypopharynx. MANOVA two-way was initially used to evaluate the
differences according to the first treatment (factor 1: Ti-To; T>-T1) (factor 2: areas).
MANOVA Hotelling was used because there were only two groups (AT x RME). No
interaction was observed between the factors (p = 0.36), only the first treatment instituted
generated a significant impact on volumetric changes (p = 0.002) (Table 2). In the
univariate analysis (ANOVA) a difference was found between treatments in both T;-To
(p=0.03) and T>-T (p =0.001) (Table 3). For inter and intragroup comparative analysis
(T1-To; T2-T1), Shapiro-Wilk test was initially performed to verify the normal distribution

of the variables. For variables that showed normal distribution, the ¢ test was used; and
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Wilcoxon test for variables with non-normal distribution. All tests were performed in

Jamovi (version 1.6.15), with a significance level of p < 0.05 [25].

The evaluations of computational fluid dynamics at different times (T1-To, T2-
T1) in the two groups, Group AT!s' and Group RME!S!, were carried out qualitatively by
observing the distribution and intensity of colors in the models. One trained and calibrated
observers (GAA) carried out the blind and isolated evaluation of each model. The data

observed in the CFD analysis were Statics Pressure and Airflow Velocity.
RESULTS

Eighty-nine participants were recruited from March 2016 to April 2019. Fifty
patients were excluded because they did not meet the eligibility criteria, and seven did
not agree to participate in the research. Thirty-two patients were randomly assigned to the
study groups (15 individuals in Group AT's! and 17 individuals in Group REM'*"). The
trial ended after a pre-established sample size was reached, with an approximately 23%
dropout rate which was mainly due to the resistance of some guardians to AT. Figure 1
shows a flowchart of the participants, with reasons for losses and exclusions before and

after randomization.
Baseline data

Baseline characteristics were similar in both groups (Table I).
Numbers analyzed for each outcome, estimation, and precision, subgroup analyses

In the Group RME'!, only 15 individuals underwent surgery in the second
intervention period. One patient exceeded the time limit to surgery and another one

patient had no surgery indicated (Figure 1).

When evaluating the effect of the first intervention period (Ti-To) on the 4
areas, we observed that both procedures (AT and RME) resulted in an increase in volume
in Areas 1 and 2, although this difference was not statistically significant (Table IV and
Figure 3A). In Area 3, only surgery showed a significant effect on volume gain (p=0.012)
(Table IV); in Area 4, neither procedure had a significant effect on volume (Table IV and

Figure 3A). The statistical analysis of the second intervention period (T2-Ti)
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demonstrated that the expansion carried out after surgery did not generate benefits in any
of the 4 areas evaluated (Figure 3B). While AT performed after expansion demonstrated

volumetric gain in Areas 1, 2 and 3 (Table V and Figure 3B), but not in Area 4.

For CFD analysis, 98 models were qualitatively evaluated by the same
examiner. This analysis consisted of evaluating the color distribution of the models at the
three moments of the study (To, T1 and T2). The variables analyzed were Static Pressure
and Velocity. When evaluating the initial time interval (T;-To) in Group AT's! and RME!*,
73.33% and 58.82% of individuals showed a reduction in static pressure, respectively. In
second intervention moment (T2-T1), 46.66% of individuals reduced their static pressure
after expansion (Group AT'"); and 73.33% reduced static pressure after surgery (Group
RME!Y),

The minimum sectional area of the patients at the three study moments (To,
T e T2) was determined automatically by the software used in the analysis (Dolphin).
This determination made it impossible to carry out a comparative analysis between the
areas, as with each intervention carried out, the software demarcated a minimum sectional

area different from the previous one.
DISCUSSION
Main findings in the context of the existing evidence and interpretation

The effects of adenotonsillectomy and rapid maxillary expansion on airway
volume, fluid dynamics and minimum cross-sectional area were quantitatively different
according to the therapeutic procedure performed in children with moderate to severe
OSA. Our results demonstrated that AT provided volumetric gain in the nasal cavity,
nasopharynx and buccopharynx, and this case, the effect was more significant when the
surgery was performed primarily. In addition to providing a reduction in air flow speed

in regions with greater constrictions. Therefore, our null hypothesis was rejected.

Given the anatomical complexity of the upper airways, the use of imaging
exams allows an objective assessment of their contribution to the pathophysiology of
OSA. Cone beam computed tomography (CBCT) allows for a more accessible 3D

evaluation of the patient’s UA, providing an image rich in details. Therefore, a variety of
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software are emerging for different clinical purposes [26]. Regarding the segmentation of
the airway, the programs may have manual and/or automatic segmentation. In our study,
Mimics software was chosen because of its accuracy and the possibility of a detailed
individualization of the UA. Additionally, the software has a simple interface that

facilitates and allows quicks segmentation of UA [27].

In this study, three criteria were established for sample selection. First, the
distribution of the two groups was established at random. The second was to establish a
sample that had a balanced craniofacial pattern, limiting the dentoskeletal alteration only
to the transverse constriction of the maxilla (Table I). This criterion allowed for the
evaluation of the effects of RME without the possibility of influencing other dentoskeletal
deformities such as retrusion of the maxilla or mandible, which can reduce the volume of
the nasopharynx and buccopharynx. The third involved establishing maxillary
constriction through clinical evaluation of the hard palate morphology, the buccolingual
maxillary posterior teeth inclination, and the presence of uni- or bilateral posterior
crossbite instead of cephalometric measurements using posteroanterior radiographs [28-

30].

As the main etiological agent of OSA in childhood is adenotonsillar
hypertrophy [3], when analyzing the moments in which the interventions were carried out
in the AT's' and RME'! groups (T1-To and T»-T1), we observed a superiority of AT in
promoting volumetric increases in the areas investigated, mainly in the buccopharynx
(Table IV). As already mentioned in previous studies [31-37]. Similarly, an increase in
the nasopharynx (Area 2) was already expected due to the removal of adenoids in this
sample, which an average obstruction of 60% (Table I). This volumetric increase may
have resulted from various factors such as safety margin in removing the anterior portion
of the adenoids and even accommodation of the nasal mucosa due to an improvement in
nasal airflow. The only area in which the volumetric increase promoted by AT and RME,
at the times analyzed (Ti-To; T2-T1), was insignificant was in the hypopharynx (Tables
IV and V). This was already expected because AT does not interfere with the
anteroposterior and/or vertical positioning of the mandible and, therefore, tends not to
promote changes in the volume of this region [32,38], according our results (Tables IV

and V; Figure 3).
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The expectation was that RME would produce volumetric increases in the
nasal cavity, nasopharynx, and buccopharynx, with direct reflexes even in the
hypopharynx [39-41, 28-30, 18]. However, when evaluated as the first intervention in the
RME!'!, the volumetric gain produced in the nasal cavity and nasopharynx regions were
not significant. Surprisingly, in the second intervention moment of the AT, the
expansion did not provide a volumetric increase in any of the areas evaluated, in some
cases, there was reduction in volume (Table V and Figure 3B). Our results contradict
preliminary studies that evaluated the effects of RME in pediatric OSA [42,42].
According to a previous study [37, 40, 44] the gain obtained in the transverse dimension
would allow better accommodation of the tongue in the lateral and anterior directions
when expanding the maxilla. However, this expectation is plausible when associated with
mandibular retrusion. As the craniofacial patterns of the sample in this study was normal,
the maxillary constriction tended to project the tongue position slightly in the forward
direction. Consequently, when expanding the maxilla, the space generated inside the
palate would allow retropositioning of the tongue, slightly reducing the volume of the

buccopharynx.

Most of the studies that evaluate the effects of RME in the nasal cavity were
restricted solely and exclusively to the skeletal analysis of the sample, ignoring the
analysis of soft tissues. As demonstrated in our results, depending on the case, RME can
reduce the volume of the UA (Figure 3). It is believed that this may occur due to the
accommodation of soft tissues, which were previously compressed in a constricted

region, but after expansion they gained space to accommodate.

The UA has a complex and irregular geometry that generates changes in
airflow behavior, which varies between laminar, turbulent or transitional. The movement
of airflow occurs through the existence of a pressure gradient and resistance. There are
still controversies in the literature about how rapid maxillary expansion and
adenotonsillectomy can influence the diameter of the upper airway and respiratory
resistance in children with OSA. In order to evaluate the impact of the volumetric increase
on the airflow characteristics in the UA of children with OSA treated with AT and RME

and vice versa, the computational fluid dynamics methodology was chosen to evaluate
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the variables of static pressure and flow velocity in the different times (To, T1 and T>) in

the groups studied.

Figures 4 and 5 show the airway anatomy and the distribution of velocity and
internal pressure in the airway wall of three individuals from Group AT!s' and three
individuals from Group RME's, When evaluating the images at the initial time of the
study (To), we found that the majority of individuals had some anatomical narrowing in
the overlapping region [45] and, in some individuals, this narrowing extended to the
buccopharynx and hypopharynx region. In these locations, the colors seen in the models

were more intense, ranging from light blue to red, indicating a greater airflow speed.

According to the Bernoulli effect, when there is laminar flow, the flow speed
in inversely proportional to the pressure. However, this law does not apply to the analysis
of airflow in the human airway, due to anatomical complexity. During inspiration, when
the airflow passes through an area of constriction, due to the presence of adenoids and
tonsils, for example, it stops being laminar and becomes turbulent, creating a region of
high velocity, which will not necessarily present a reduction uniform pressure along the

airway, as show in the images (Figures 4 and 5).

When evaluating the impact of the volumetric increase on fluid dynamics, we
found that morphologically, the upper airways had an improvement in their anatomy. In
the final analysis of treatments (T>-T1) in both groups, we observed a more homogeneous
variation in airflow velocity in most individuals. However, regions with higher speeds
still persisted. This is due to the fact that OSA is a respiratory disorder resulting from an
imbalance between structural/anatomical factors and neuromotor control [48]. Even
removing the main etiological factor of pediatric OSA, other factors can contribute to
narrowing of the UA, such as craniofacial bony morphology, reduced muscle tone,

especially in the buccopharyngeal region, resulting in greater respiratory effort.
Limitations

The main limitations of the present study were the absence of a control group
that contained participants without OSA symptoms; the limited number of patients who

met all inclusion criteria; the high cost of the methodology used; the impossibility of
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evaluating the minimum cross-sectional area, which, due to the automation of thesoftware
used, with each intervention carried out, a new minimum area was demarcated see
Supplementary material) for details; the fear of those responsible for AT morbidity and
mortality risks, and the dependence of the medical team on AT. Another limitation was
the child’s position during CBCT does not reflect the child’s actual position during sleep
[49].

Generalizability

The generalization of these results should be limited to children with mixed
dentition, grade III or IV tonsillar hypertrophy, and a normal anteroposterior
maxillomandibular relationship. In addition, the results should not generalize to all types

of expanders in adolescents and adults.
CONCLUSIONS

Our results revealed that adenotonsillectomy was superior to expansion in
terms of volumetric gain, especially when performed initially. The buccopharynx region
benefited most from the surgery. RME performed after surgery did not produce benefits
in any of the areas evaluated. When evaluating the impact of the volumetric increase on
fluid dynamics, we found that morphologically, the upper airways had an improvement
in their anatomy. In the final analysis of treatments (T2-T1) in both groups, we observed
a more homogeneous variation in airflow velocity in most individuals, However, regions

with higher speeds still persisted.
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FIGURES

Excluded (n=57)

Assessed for eligibility (n=89)
- Not meeting inclusion criteria (50)

> - Maxillary constriction absent (30)

- Others reasons (20)
Randomized (n=32)

- Declined to participate (7)

Group AT1%
Allocation (T0)

Allocated to intervention (AT) (n = 15) Allocated to intervention (RME) (n = 17)
- Received allocated intervention (n = 15) - Received allocated intervention (n = 17)
- Did not receive allocated intervention (n = 0) - Did not receive allocated intervention (n = 0)

Follow up

Allocated to follow up intervention (AT) (n=17)

Allocated to follow up intervention (RME) (n = 15) - Received allocated intervention (n = 15)

- Received allocated intervention (n = 15) - Lost to follow up (n = 1) (Patient exceeded
- Lost to follow up (n=0) two-months of time limit to surgery)
- Discontinued intervention (n = 0) - Discontinued intervention (n = 1) (Not

surgery indication)

Follow up
T2 — 6 months
Allocated to Analysis (n = 15) Allocated to Analysis (n = 15)
- Analysed (n=15) - Analysed (n=15)
- Excluded from analysis (n=0) - Excluded from analysis (n=0)

Figure 1. Consolidated Standards of Reporting Trials diagram showing patient flow
during the trial.
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Figure 2. Studied regions of the upper airway: (A) Delimitation of the evaluated areas;

(B) Reconstruction and segmentation of the airway model.
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Figure 3: Volume assessment per intervention period. (A) First intervention; (B) Second
intervention.

AT!s'— adenotonsillectomy versus rapid maxillary expansion; RME's! — rapid maxillary
expansion versus adenotonsillectomy.
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Figure 4. CFD analysis of 3 patients from the ATt (To, T and T»): contour graph of pressure (Pa) on the upper airway (left), and inspiratory
flow velocity (m/s) (right). Regions with higher flow speeds had more intense colors ranging from light blue to red (right). Given the

characteristic of turbulent flow, regions with higher velocities did not necessarily present a uniform reduction in pressure along the route
(left).
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Figure 5. CFD analysis of 3 patients from the RME!s! (T, T1 and T>): contour graph of pressure (Pa) on the upper airway (left), and inspiratory
flow velocity (m/s) (right). Regions with higher flow speeds had more intense colors ranging from light blue to red (right). Given the
characteristic of turbulent flow, regions with higher velocities did not necessarily present a uniform reduction in pressure along the route
(left).
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TABLES

Table 1. Baseline characteristics of both groups.

Group AT Group RME'
(AT-RME) (RME-AT)
(n=15) (n=17)
Variable Quantity Percentage Quantity Percentage

Sex

Male 8 53.33 7 41.18

Female 7 46.67 10 58.82
Angle Class - 10 66.66 ClassI-10 58.82
Classification Class I1 -5 33.33 Class 1 -6 35.29
(participants) Class III - 1 5.88
Tonsil Severity:

Grade 111 11 73.33 9 60

Grade IV 4 26.66 6 40

Variable Mean SD Mean SD P

Initial Age 8y.9m. 2y.3m. 8y.10m. ly.11m. 0.933*
Weight 27.4 7.39 26.8 5.59 0.886"
Initial
Cephalometric
Measures

SNA 80.33 3.74 79.05 3.71 0.340°

SNB 76.55 2.98 75.81 4.09 0.219*

ANB 3.78 1.38 3.97 1.89 0.762°

Wits 0.91 2.77 0.33 4.22 0.670"
Adenoid
Obstruction (%) 58 20.07 63 18.88 0.441°
Area 1 T 10933.73 2366.08 12081.29 4881.25 0.671*
Area2 T 3529.73 1616.12 3286.79 1537.33 0.561*
Area 3 T 3048.25 1130.74 3371.85 1673.01 0.430°
Area 4 T 2718.97 1233.97 2977.49 959.57 0.406"

* Significant at P <.05; * Paired samples t-test; SD, standard deviation; AHI, apnea-
hypopnea index; AT, adenotonsillectomy; RME, rapid maxillary expansion; SD, standard

deviation.
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Table II. Multivariate Tests - MANOVA de Hotelling

valor F gll gl2 P
Trago de

AREA . 0.1073 1.97 6 220 0.072
Hotelling

st Treatment Trago de 01152 639 2 111  0.002*
Hotelling

AREA vs st Traco de 00598 1.10 6 220 0366
Treatment Hotelling

*Significant at p<0.05

Table III: Univariate analysis — ANOVA (T;-To; T>-Th)

Dependent Sum of . Medium - .
variable squares square
AREA T1-TO 4.15e+7 3 1.38e+7 2.288 0.082
T2-T1 1.52e+7 3 5.07e+6 0.895 0.446
Ist T1-TO 2.78e+7 1 2.78e+7 4.586 0.034*
Treatment
T2-T1 6.12e+7 1 6.12e+7 10.802  0.001*
*Significant at p<0.05

Table IV: Post Hoc — Area vs 1* treatment (T;-To)

Comparasion
1 t
AREA Ist AREA Ist Mean difference Standard g P
treatment treatment €rror
112 0.8203 0.414
Area 1 - Areal
< AT T RME 736.9 898 112 03950 0.694
Area 2 - Area?2
e AT 1 RME 3549 898 112 25394 0.012*
Area 3 - Areal
AT 17 RME 22813 898 112 05284 0.59%8
Area4 AT - Arad  pME 4747 898

*Significant at p < 0.05; AT, adenotonsillectomy; RME, rapid maxillary expansion
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Table V: Post Hoc — Area >k 2* Treatment (T, — T))

Comparasion
AREA 2st AREA 2st Mean difference Stamdard g t P
treatment treatment error
112 -1.84387 0.068
Area AT - Areal  pyVE -1603.22 869 112 -2.63320  0.010%
Area 2 AT - Ara2  pME 2289.54 869 112 -2.04683  0.043*
Area 3 AT - Area3  pVE -1779.70 869 112 -0.04925  0.961
Area 4 AT - Aread  pyVE -42.83 869

*Significant at p < 0.05; AT, adenotonsillectomy; RME, rapid maxillary expansion
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APPENDIX - Supplementary material

Description of flow rate based on L/min estimated by the allometric scale of the thirty-two participants.

Subject ID Gender Weight (kg) Estimated resting minute volume
(V E,L/min)
Subject 1 M 324 6.28
Subject 2 F 15.0 4.49
Subject 3 F 23.6 5.19
Subject 4 M 36.6 6.62
Subject 5 F 37.3 6,01
Subject 6 M 38 6.73
Subject 7 F 31.7 5.71
Subject 8 M 21.3 5.22
Subject 9 F 16.3 4.61
Subject 10 F 30.2 5.62
Subject 11 M 23.0 54
Subject 12 F 30.5 5.64
Subject 13 F 21.4 5.03
Subject 14 M 23.5 5.45
Subject 15 F 29.9 5.60
Subject 16 M 32.0 6.24
Subject 17 F 34.0 5.84
Subject 18 F 28.8 5.53
Subject 19 M 22.8 5.38
Subject 20 F 21.7 5.05
Subject 21 M 22.7 5.37
Subject 22 F 31.5 5.7
Subject 23 M 24.0 5.50
Subject 24 F 33.6 5.81
Subject 25 F 24.3 5.24
Subject 26 M 37.0 6.66
Subject 27 M 25.0 5.6
Subject 28 F 29.0 5.55
Subject 29 M 20.0 5.08
Subject 30 M 18.0 4.85
Subject 31 M 21.0 5.19
Subject 32 F 29.4 5.57

VE: flow rates (L/min); M: masculine; F: female.
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Analysis of the minimum area carried out in the Dolphin software of three patients randomly
select in the AT'' Group (To, T1 and T>).

Analysis of the minimum area carried out in the Dolphin software of three patients randomly
select in the RME" Group (Ty, T and T»).
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Capitulors

3.3 CAPITULO 3

Comparative analysis of craniofacial characteristics of apneic children with and

without maxillary constriction

Artigo a ser submetido para publicacdo no periddico Journal of Dental Sciences.
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Comparative analysis of craniofacial characteristics of apneic children with and

without maxillary constriction

ABSTRACT

Study Objectives: The aim was compare the dentoskeletal characteristics of two groups
of children with obstructive sleep apnea, presenting or not maxillary constriction.
Method: Fifty-nine children diagnosed with obstructive sleep apnea were divided into
two groups, Group A (n=32) and Group B (n=27), with a meanage of 8.2 and 7.4 years,
respectively. Eligibility criteria included patients of both sexes with: (a) aged between 5
and 12 years old; (b) clinical symptoms of breathing disorder, such as snoring and mouth
breathing; (c) palatine tonsil hypertrophy grade III or IV; (d) adenoid hypertrophy
assessed using flexible nasoendoscopy. The exclusion criteria were as follow:
underweight or obese; genetic syndrome, craniofacial anomalies and systemicdiseases.
Lateral cephalometric radiographs and dental arch impression were obtained and
measured. Comparisons of measurements of dental arch impression and cephalometric
were performed using test 1 and Wilcoxon test. Results: In the cephalometric analysis,
static differences were found in FMA and IMPA. In the dental analysis, the only
measurement that showed a significant difference was the intermolar distance.
Conclusion: Given the results presented in this study, it was not possible to findthe
existence of dentoskeletal alterations that explain the presence and absence ofmaxillary

constriction in children with obstructive sleep apnea.

Keywords: Obstructive Sleep Apnea, Cephalometry, Children
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder
characterized by recurrent episodes of partial (hypopnea) or total (apnea) obstruction in
the upper airways [1]. The prevalence of OSA in the pediatric population ranges from 1
to 5% [2]. Adenotonsillar hypertrophy is considered the main etiological factor of
pediatric OSA [2,3]. The main symptoms found in this population are hyperactivity,
irritability, neurocognitive deficit and low school performance [2,3]. Therefore, early
diagnosis and treatment of pediatric OSA are essential. The diagnostic gold standard for
OSA is nocturnal polysomnography (PSG) [4]. In children, in addition to
polysomnographic findings, some malocclusions and specific craniofacial characteristics

may be associated with pediatric OSA [5].

Galeotti et al [6] demonstrated in their study a high prevalence of
malocclusions in children with OSA when compared to healthy children. Another study
observed in children with OSA a significant increase in overjet, reduced overbite, narrow
upper arch and shorter lower dental arches [7]. Recently, a systematic review aimed to
analyze whether sleep-disordered breathing (SDB) was associated with malocclusion in
children/adolescents compared to a control group. However, no specific conclusions were

drawn [8].

In addition to malocclusion, previous studies have evaluated the relationship
of pediatric OSA and specific craniofacial growth patterns. Some suggest that children
with OSA present increased facial height, jaw retrognathia, lip incompetence and
increased overjet, when compared to control group [9,10]. Katyal and collaborators [10]
found an increase in the ANB angle and a reduction in the sagittal width of the upper
airways in children with OSA. The presence of theses craniofacial characteristics has
been raised as a possible cause or consequence of airway obstruction in the development
of childhood OSA. However, given the limited number of cephalometric variables
included in the analyses, both reviews reinforced the need for more evidence to confirm

the relationship between pediatric OSA and specific craniofacial growth patterns.

Fagundes et al [12] carried out a systematic review to investigate the possible

relationship between pediatric OSA, diagnosed by PSG, and craniofacial morphology.
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The authors concluded that some specific craniofacial characteristics were more present
in the group of children with OSA, such as mandibular retrognathia, intercanine
deficiency and long facial profile. However, due to the low quality of evidence from the
studies included in the review, the association between craniofacial morphology in cases

of pediatric OSA should not be supported.

Therefore, this study aims to compare the dentoskeletal characteristics of two
groups of children with obstructive sleep apnea, which differ in relation to the presence
or absence of maxillary constriction. The null hypothesis of the study there is no difference
between the dento-skeletal characteristics between children with OSA with or without the

presence of crossbite.
MATERIALS
Study design, Participants and Eligibility criteria

This study was ethically analyzed before trial commencement by the
Research Ethics Committee of the Federal University of Uberlandia, and was approved
under protocol number 58609816.000.5152. Recruitment of patients occurred in the
Otorhinolaryngology Outpatient Clinic of the Federal University of Uberlandia, from
March 2016 to April 2019.

Eligibility criteria included patients of both sexes with: (a) aged between 5
and 12 years old; (b) clinical symptoms of breathing disorder, such as snoring and mouth
breathing; (c) palatine tonsil hypertrophy grade IIl or IV, classified using mouth
examination according to the grading criteria of Broskty [13]; (d) adenoid hypertrophy
assessed using flexible nasoendoscopy. The exclusion criteria were as follow:
underweight or obese (based on the Body Mass Index WHO percentiles between 25 and
75); genetic syndrome, craniofacial anomalies and systemic diseases. Patients who met
the eligibility criteria during recruitment were invited to participate in the study. They
were divided two groups of 32 (Group A: with maxillary constriction) and 27 (Group B:
without maxillary constriction). Consent forms were signed by the parents and legal

guardians of the patients.

Cephalometry analysis
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All of the lateral cephalometric radiographs were taken in a standardized
manner. The Dolphin Imaging software was used to plot the 11 variables (Figure 1). All
cephalometric measurements were traced and measured by a single examiner (G.A.A.).

Within a 30-day interval, 20% of the measurements were remade for error testing.
The cephalometric measurements used were.

1. Sagittal analysis: SNA (degrees), SNB (degrees), ANB (degrees); WITTS (mm)

2. Craniofacial growth tendency analysis: FMA (degrees), SNGoGn (degrees);

3. Dental analysis: IMPA (degrees), 1.NA (degrees); 1-NA (mm); 1.NB (degrees);
[-NB (mm).

Study casts models

Alginate dental impressions were used to fabricate a set of study models.
Impressions were poured within 30 minutes of being taken using orthodontic stone. The
linear measurements were recorded separately from the upper and lower study models

using a digital caliper (Pittsburg 6°°, model 47257), accurate to 0.001mm.

Nine dental arch dimension measurements were recorded by one examiner
(M.C.M.M.), including the following: maxillary and mandibular intercanine widths,
intermolar width, dental arch length, dental arch perimeter, and overjet. To reduce the
effect of accidental errors and improve reliability, the mean of 3 consecutive
measurements, which were accepted only if they differed by less than 0.5mm, was used
for the calculations. The correlation coefficient (r) between the 3 measurements was

greater than 0.96 for all variables.

The definition of each measurement, described by Moyers et al. [14], 1966,

is as follows:

1. Maxillary and mandibular intercanine width: the distance (mm) between the most
cervical lingual portion of the maxillary and mandibular right and left deciduous
canine. The landmarks were placed at the gingival margin of the teeth on the
assumption that the measurement is not affected by attrition or malposition of the

teeth.
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2. Maxillary and mandibular intermolar width: the distance (mm) between the central
fossae of the right and left deciduous second molars in both arches.

3. Maxillary and mandibular dental arch length: the distance (mm) between the central
incisors’ midpoints and the tangent line to the distal surface of the right and left
deciduous second molars in both arches. The dental arch length denotes the sagittal
dimension from the most anterior reference point to the posterior surface.

4. Maxillary and mandibular dental arch perimeters: the contour of the dental arch (mm)
measured from the distal surface of the left deciduous second molar to the distal
surface of the right deciduous second molar passing over central fossae of the
deciduous molars, the tip of the deciduous canine, and the incisal edge of the incisors.
The dental arch perimeter denotes the shape of the dental arch.

5. Overjet: extent of horizontal (anterior-posterior) overlap of the maxillary central

incisors over the mandibular central incisors.

To determine errors in the dental arch measurements, 20% selected dental
casts were remeasured by the same examiner at least 1 month later. The random errors
were calculated using Dahlberg’s formula [15], and the systematic errors (bias) were

assessed using the paired ¢ test at p < 0.05.
Statistical analysis

The data were analyzed using Jamovi (version 2.5) [16]. The Shapiro-Wilk
test was used to verify normal distribution and the Leven test to verify homogeneity of
variance of each variable. The systematic errors in the measurements did not exceed
0.02mm and were thus considered to be of no further importance. The random errors
ranged between 0.03 and 0.05mm for the linear measurements. There were no statistically
significant difference among the 3 measurements. The significance level was set at 5%.

Comparisons between groups were performed using #-test and Wilcoxon.
RESULTS
Participant Characteristics

Eighty-nine participants were recruited from March 2016 to April 2019.

Thirty patients were excluded because they did not meet the eligibility criteria. Fifty-nine

102



children were divided into two groups (32 individuals in Group A, and 27 individuals in

Group B). Baseline characteristics were similar in both groups (Table I).
Cephalometric analysis

T test was adopted to comparatively analyze the two groups. Among the
analyzes of the maxillomandibular relationship and the growth trend, no statistical difference
was found. It was observedthat the FMA and IMPA tracings showed a statistical difference
between the groups evaluated (Table II).

Dental model analysis

The mean and standard deviation of the nine measurements on plaster models,
from both groups, are in Table 3. ¢ test was used to compare the two groups (Group A x
Group B). Two of the nine measures showed differences between groups. Statically
significant differences (p<0.05) were observed the groups in relation to Maxillary
Intermolar width (Group A: 44.47mm; Group B; 48.78mm); and Jaw intermolar width
(Group A: 41.27mm; Group B: 45.11mm) (Tables 3 and 4).

DISCUSSION

Both groups evaluated in this present study presented a balanced craniofacial
growth pattern, justified by the craniofacial analyzes carried out (Table 2). However, even
with similarity in the degree of adenotonsillar hypertrophy (Table 1) and diagnosis of
OSA, the main difference between the groups was the presence and absence of maxillary
constriction. Regarding the craniofacial assessment, we verified the existence of a
significant difference only in the FMA and IMPA measurements; demonstrating that OSA
does not manifest itself only in the presence of craniofacial changes. In the dental
evaluation, the intermolar distance showed a significant difference between the groups.

Null hypothesis was accepted.

Given the lack of scientific evidence proving a direct correlation between
craniofacial morphology and the collapsibility of the airways during sleep, numerous

studies began to investigate this correlation. In our results, when comparing the
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craniofacial characteristics of both groups, we observed that 19 patients presented an
increased FMA angle, 5 in Group A and 14 in Group B, indicating a greater tendency for
vertical growth. This tendency can be attributed to airway obstruction due to
adenotonsillar hypertrophy, as mentioned in previous studies [17-20]. However, vertical
craniofacial growth can also be influenced by other factors, such as genetics,
environmental factors and oral habits, which were not evaluated in the study. As
suggested by Fagundes et al [12], to better understand this possible interaction between
vertical growth direction and OSA, the causal relationship of this association should be

explored in a longitudinal analysis.

It was expected that the behavior of the SNGoGn angle followed that of the
FMA. However, this is not a rule. It is possible that compensation occurred with a greater
deflection of the anterior base of the skull, preventing a quantitative reading of the
SNGoGn greater than the adopted average or even some expression of vertical growth

restricted to the middle third of the face.

In the orthodontic literature, it is well established that SNB and ANB are
reliable indicators of the anteroposterior position of the maxilla and mandible in relation
to the skull base [21]. SNB and ANB appear to demonstrate that mandibular retroposition
or rectognathia may be associated with OSA in children. According to some studies [22],
children with OSA have SNB = 75.8 + 4.3 degrees. In our study, the average for SNB was
76.5 degrees (Group A) and 71 degrees (Group B).

Regarding dental evaluation, the statistical difference found in the intermolar
distance (Table 4) and IMPA (Table 2) was expected, due to the presence of a group with
maxillary constriction. Individuals with maxillary constriction have an increased IMPA
angle. This occurs because the lower incisors tend to lean forward to compensate for
crowding and narrowing of the jaw. Increasing IMPA may be an adaptation to try to create

a more stable and functional alignment of the lower teeth in relation to the jaw.
Limitations

The main limitations of the present study were the absence of a control group

that contained participants without OSA symptoms; lack of assessment of other factors
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associated with the trend of vertical craniofacial growth, such as genetic factors,

environments and oral habits.
CONCLUSION

Given the results presented in this study, it was not possible to find the
existence of dentoskeletal alterations that explain the presence and absence of maxillary

constriction in children with obstructive sleep apnea.
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FIGURES

A, Definiti

Sagittal analysis

SNA The angle created between sella, nasion, and A point
SNB The angle created between sella, nasion, and B point
ANB Difference of SNA and SNB angles

WITTS Vertical distance between two anatomical points, A and B

Vertical analysis

FMA The angle formed between the mandibular plane (GoMe) and FH
Frankfurt plane (PoQr)
SNGoGn The angle formed between the SN line and the GoGn line

Dental analysis
IMPA The angle between the mandibular plane and the long axis of
the lower central incisor

1.NA The angle formed by the junction of the NA line passing through
the long axis of the upper central incisors

1-NA The linear distance between the NA line and the anterior face of
the upper central incisor

1.NB The angle formed by the junction of the NB line passing through
the long axis of the lower central incisors

1-NB The linear distance between the NA line and the anterior face of
the upper central incisor

Figure 1. Cephalometric point: S, Sella; N, Nasion; A, point A; B, point B; Gn, Gnathion;
Me, Menton; Go, Gonion; Po, Porion; Or, Orbitale; M, posterior contact point of the first

molars. Cephalometric analysis: FH, Frankfort Horizontal Plane.
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TABLES

Table 1. Baseline characteristics of both groups.

Group A Group B
(n=32) (n=27)
Variable Quantity Percentage Quantity Percentage
Sex
Male 15 47.88 12 44.44
Female 17 53.12 15 55.56
Angle
Classification Class I -20 62.51 Class1-17 62.96
(participants) Class 1111 34.37 Class I1-10 37.03
Class IIT - 1 3.12
Tonsil
Severity:
Grade 11T 20 62.5% 25 92.59
Grade IV 12 37.5% 2 7.4
Variable Mean SD p Mean SD p
Initial Age 8y.2m. 2y.1 0.05 7y.4m 2y.4m 0.006*
m

* Significant at P <.05; SD, standard deviation;

Table 2. t-test of the cephalometric analysis

p Mean 95% Confidence Interval
difference Lower Upper
SNA (degree) test t 0.277 -1.230 -3.507 1.048
SNB (degree) test t 0.104 -1.533 -3.406 0.339
ANB (degree) test t 0.582 0.285 -0.767 1.337
Witts (mm) test t 0.415 0.581 -0.861 2.024
SNGoGn (degree) test t 0.566 -0.704 -1321 1787
FMA (degree) Wilcoxon 0.005* -3.950 -6.900 -1.600
Ul.Na (degree) testt 0.431 -1.467 -5.239 2.306
Ul-Na (mm) test t 0.716 0.419 -1.918 2.755
IMPA (degree) Wilcoxon 0.062* 4.075 -0.350 9.200
L1.NB (mm) test t 0.262 2.385 -1.895 6.665
L1-NB (mm) test t 0.394 0.770 -1.057 2.598
*Significant at p<0.05.
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Table 3. Dental arch measurements

Group A Group B

(N=32) (N=21)
Measurement (mm) Mean SD Mean SD
Maxillary intercanine width 31.43 3.797 32.32 2.379
Maxillary second molar width 44.47 3.631 48.78 4.185
Maxillary dental arch length 27.43 2.616 27.85 2.116
Maxillary dental arch perimeter 78.08 5.714 78.66 4.165
Jaw intercanine width 24.97 2.379 24.97 2.195
Jaw second molar width 41.27 2.223 45.11 3413
Jaw dental arch length 2291 2.452 24.18 2.923
Jaw dental arch perimeter 69.46 4.365 69.32 3.195
Overjet 3.46 1.982 2.55 0.658

SD, standard deviation. All means showed equal variance and normal distribution, except Overjet
measurement (p=0.042)

Table 4. t-test of the dental arch measurement

Group A Group B
(n=32) (n=21) p
Maxillary intercanine width Maxillary intercanine width test t 0.378
Maxillary second molar width Maxillary second molar width test t 0.004*
Maxillary dental arch length Maxillary dental arch length test t 0.549
Maxillary dental arch perimeter ~ Maxillary dental arch perimeter test t 0.706
Jaw intercanine width Jaw intercanine width test t 0.997
Jaw second molar width Jaw second molar width test t <.001*
Jaw dental arch length Jaw dental arch length test t 0.160
Jaw dental arch perimeter Jaw dental arch perimeter test t 0.914
Overjet Overjet Wilcoxon 0.067
*Significant at p<0.05
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Apresentacao do Projeto:
O projeto em analise avalia a expansao rapida da mandibula como tratamento alternativo para a Sindrome
de Apnéia Obstrutiva do sono em criangas. Trata-se aqui de analisar resposta ao parecer inicial.

Conforme apresenta o protocolo: A sindrome da apneia obstrutiva do sono acomete cerca de 2% das
criangas na fase pre-escolar e esta associada a diferentes comorbidades, algumas das quais tendo
implicagoes na vida adulta. Apesar da adenotonsilectomia ser o padréo ouro de tratamento para criangcas
nesta faixa etaria, ela néo corrige alteragdes morfolégicas, pode levar a complicagbes peri-operatérias,
apresenta custo elevado e esta pouco acessivel no sistema publico de saide.OBJETIVO: Avaliar se a
expanséo rapida da maxila pode se apresentar como um tratamento alternativo a cirurgia, promovendo néo
s0 o reestabelecimento do padrao de sono normal como a saude geral do individuo. MATERIAL E
METODO: Seriio selecionadas 70 criangas, entre 5 e faltando 1 dia para completer 12 anos de idade, de
ambos os generos. As mesmas devem apresentar maxilla atrésiva, palato ogival ou retrognatia mandibular,
indice de apneia e hipopneia (IAH) 1 evento/hora de sono e hipertrofia de amigdalas grau Il ou IV.

Os pacientes serdo randomizados em 2 grupos (tratado por adenotonsilectomia e tratado por
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expansdo rapida da maxila). Se apos o tratamento o IAH persistir acima de 1 evento/h de sono, os pacientes
serdo cruzados para o outro tratamento proposto. As criangas preencherdo questionarios de sono e de
qualidade de vida, fardo espirometria, pletismografia e tomografia. Serao garantidos a todos os pacientes o
tratamento odontolégico para adequagéo do meio oral bem como o tratamento ortod6ntico necessario apos
o procedimento da expansé&o das arcadas. A cirurgia para remogédo das amigdalas também sera garantida
para todos os pacientes.

Obijetivo da Pesquisa:

A proposi¢ao desse estudo é avaliar o efeito da expansao maxilar rapida e da adenotonsilectomia, no indice
de apneia e hipopneia por hora de sono (IAH), na fungao pulmonar e nos parémetros de qualidade de vida e
cognitivos em criangas portadoras de apneia do sono.

Avaliagao dos Riscos e Beneficios:
Segundo os pesquisadores:

Riscos: A adenotonsilectomia & atualmente um padrao ouro de tratamento para a SAOS infantil e este
tratamento servird de base de comparagéo para a expanséo rapida da maxila, tratamento que esta sendo
estudado. Como trata-se de uma cirurgia ela oferece riscos para o paciente, riscos esses inerentes a
qualguer intervencgao cirargica, lembrando que a nao realizagao pode acarretar uma série de prejuizos a
saude geral desta crianga. Apesar de existir o risco de identificagdo do participante, ndo sera revelada a
identidade da crianga em publicagbes e apresentagbes recorrentes & pesquisa.Com relagéo a expansao
rapida da maxila, existe o risco do aparelho se soltar, nesse caso, o responsavel pela crianga devera entrar
em contato com os pesquisadores para efetuar a recolagem. Além disso, caso ndo sejam adotadas corretas
condicdes de higiene na cavidade bucal, podem ocorrer incomodos na gengiva decorrentes da inflamacgéo.
Essa situagdo sera minimizada com condicionamento do meio bucal como, remogéao de caries, limpeza,
aplicagdo topica de flior, bem como orientagdo de higienizagéo dos dentes. Existe a possibilidade de
eventuais dosagens excessivas de radiacdo aos pacientes submetidos as tomografias volumétricas. No
entanto, o Hospital de Clinicas da Faculdade de Medicina da Universidade Federal de Uberlandia, funciona
conforme a liberagdo de Alvara de Funcionamento pela Vigilancia Sanitaria da cidade de Uberlandia,
exatamente por seguir rigorosamente as normas de Radioprotecdo exigidas pela portaria n°453 da
Secretaria da Vigilancia Sanitaria do pais. Os pacientes portaréo aventais de chumbo e todos os outros tipos
de protegéo disponiveis (protetor ocular e de pescogo para Tiredide, etc.) protegendo o restante do corpo
que nao é area de interesse do exame, ficando assim restritos a receber somente as dosagens minimas
necessariamente exigidas para se obter as
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imagens tomograficas, o que n&o implica em riscos para a saide dos mesmos.

Beneficios: As criancas incluidas neste projeto fardo a adequagao do meio bucal, recebendo todo o
tratamento odontolégico que se fizer necessario, como tratamento de céries, limpezas, aplicagéo topica de
flaor, tratamento ortopédico mecanico(expansao rapida da maxila) e os casos diagnosticados com
deficiéncia mandibular, desde que em idade apropriada, receberao o tratamento Ortodéntico/Ortopédico
para o restabelecimento da relagdo maxilomandibular e da oclusao normal. Farao acompanhamento com a
equipe de pneumologia do HCUFU e receberdo todo o tratamento que se fizer necessério para o
reestabelecimento geral da saude.Sendo assim, entendemos que esta pesquisa abordara de forma
multifatorial e multiprofissional todas as demandas destas criangas, oferecendo assim varios beneficios e
entendemos como riscos apenas os inerentes a cirurgia para a remogéo das amigdalas e adenoides.

Comentarios e Consideragcoes sobre a Pesquisa:

Os autores justificaram todas as pendéncias anteriores adequadamente.

Consideragdes sobre os Termos de apresentagio obrigatéria:

Apresentados de forma adequada.

Recomendacgoes:

N&o ha.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

As pendéncias apontadas no parecer consubstanciado nimero 1.729.309, de 12 de Setembro de 2018,
foram atendidas.

De acordo com as atribuigdes definidas na Resolugdo CNS 466/12, o CEP manifesta-se pela aprovagéo do
protocolo de pesquisa proposto.
O protocolo ndo apresenta problemas de ética nas condutas de pesguisa com seres humanos, nos limites

da redagao e da metodologia apresentadas.

Consideragdes Finais a critério do CEP:
Data para entrega de Relatério Parcial aoc CEP/UFU: Janeiro de 2018.
Data para entrega de Relatério Final ao CEP/UFU: Janeiro de 2019.

0OBS.: O CEP/UFU LEMBRA QUE QUALQUER MUDANGCA NO PROTOCOLO DEVE SER INFORMADA
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IMEDIATAMENTE AO CEP PARA FINS DE ANALISE E APROVAGAO DA MESMA.

O CEP/UFU lembra que:

a- segundo a Resolugdo 466/12, o pesquisador devera arquivar por 5 anos o relatério da pesquisa e os
Termos de Consentimento Livre e Esclarecido, assinados pelo sujeito de pesquisa.

b- podera, por escolha aleatéria, visitar o pesquisador para conferéncia do relatério e documentagao
pertinente ao projeto.

c- a aprovagéo do protocolo de pesquisa pelo CEP/UFU da-se em decorréncia do atendimento a Resolugéo

CNS 466/12, nao implicando na qualidade cientifica do mesmo.

Orientages ao pesquisador :

- O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em
qualquer fase da pesquisa, sem penalizacdo alguma e sem prejuizo ao seu cuidado (Res. CNS 466/12 ) e
deve receber uma via original do Termo de Consentimento Livre e Esclarecido, na integra, por ele assinado.
+ O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e descontinuar o
estudo somente apos analise das razdes da descontinuidade pelo CEP que o aprovou (Res. CNS 466/12),
aguardando seu parecer, exceto quando perceber risco ou dano néao previsto ao sujeito participante ou
quando constatar a superioridade de regime oferecido a um dos grupos da pesquisa que requeiram agéo
imediata.

+ O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal do
estudo (Res. CNS 466/12). E papel de o pesquisador assegurar medidas imediatas adequadas frente a
evento adverso grave ocorrido (mesmo gue tenha sido em outro centro) e enviar notificagédo ao CEP e a
Agéncia Nacional de Vigilancia Sanitaria — ANVISA — junto com seu posicionamento.

« Eventuais modificagbes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do
Grupo | ou Il apresentados anteriormente a ANVISA, o pesquisador ou patrocinador deve envia-las também
a mesma, junto com o parecer aprobatério do CEP, para serem juntadas ao protocolo inicial (Res.251/97,
item 111.2.e).

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Tipo Documento Arquivo Postagem Autor Situagdo
Informagdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 28/09/2016 Aceito
do Projeto ROJETO 748302 pdf 17:33:24
Outros Parecer.docx 28/09/2016 |Paulo Cézar Aceito
17:33:05 | Simamoto Junior

Projeto Detalhado / | Projeto.docx 28/09/2016 |Paulo Cézar Aceito

Brochura 17:32:11 | Simamoto Junior

Investigador

TCLE/ Termos de |TCLE.doc 28/09/2016 |Paulo Cézar Aceito

Assentimento / 16:59:41 | Simamoto Junior

Justificativa de

Auséncia

Declaracao de Equipe.docx 11/08/2016 |Paulo Cézar Aceito

Pesquisadores 08:41:05 [ Simamoto Junior

Outros curriculo.docx 10/08/2016 |Paulo Cézar Aceito
12:14:40 | Simamoto Junior

Declaragao de Coparticipante.docx 05/08/2016 |Paulo Cézar Aceito

Instituigéo e 09:46:18 [ Simamoto Janior

| Infraestrutura

Folha de Rosto folha.pdf 04/08/2016 |Paulo Cézar Aceito
21:12:39 | Simamoto Junior

Outros Disturbio.docx 04/08/2016 |Paulo Cézar Aceito
21:09:37 [Simamoto Junior

Outros Ficha.doc 04/08/2016 |Paulo Cézar Aceito
21:08:37 [ Simamoto Junior

Outros questionario.docx 04/08/2016 |Paulo Cézar Aceito
21:08:13 | Simamoto Junior

Declaragdo do FAPEMIG.pdf 03/08/2016 |Paulo Cézar Aceito

Patrocinador 15:08:08 | Simamoto Junior

QOutros Protocolo.docx 03/08/2016 |Paulo Cézar Aceito
15:06:49 | Simamoto Junior

Outros Habitos.doc 29/06/2016 |Paulo Cézar Aceito
10:32:36 | Simamoto Junior

Situagao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:
Nao

UBERLANDIA, 24 de Outubro de 2016

Assinado por:
Sandra Terezinha de Farias Furtado
(Coordenador)
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