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RESUMO

GUIMARAES, Michelle da Silveira. Efeitos do posicionamento sagital da
mandibula na morfometria das vias aéreas superiores.Orientadora: Dra. Matilde
da Cunha Goncalves Nojima. Rio de Janeiro: UFRJ/Faculdade de Odontologia,

2022. Dissertagdo (Mestrado em Odontologia — Ortodontia) n® 52.

O objetivo do presente estudo foi analisar as dimensfes das vias aéreas
superiores (VAS) em individuos com diferentes posicionamentos sagitais da
mandibula, bem como a sua relagdo com o comprimento efetivo mandibular
(CoGn). A amostra foi constituida por 63 exames de tomografia computadorizada
de feixe cbnico (TCFC) de individuos com idade entre 13 e 35 anos, alocados em
trés grupos conforme os valores angulares de SNB: grupo com retrognatismo
mandibular (RMand); grupo com posicionamento normal da mandibula (NMand) e
grupo com prognatismo mandibular (PMand). Com o auxilio do programa Dolphin
Imaging® (versdo 11.95 Premium), as VAS foram subdivididas em Nasofaringe
(NF), Orofaringe (OF) e Hipofaringe (HF), e o volume (Vol) e area axial minima
(Axmin) de cada regido mensurados, assim como a altura (Alt) da OF e HF. A medida
linear CoGn também foi averiguada e sua influéncia sobre as dimensdes das VAS
avaliada. MANCOVA foi utilizada para comparar o conjunto de variaveis das VAS
entre os grupos de acordo com o padrdo mandibular. Além disso, modelos de

regressao linear foram implementados para estimar, independentemente, o efeito



do SNB e CoGn nas dimensdes das VAS. Individuos com prognatismo mandibular
apresentaram medidas significativamente maiores para NF-Axmin € OF-Vol, quando
comparados aos individuos que mostraram normalidade e retrognatismo
mandibular (P < 0,05). Nao foram observadas diferencas entre os grupos para
quaisquer das outras medidas consideradas no estudo. A variavel CoGn foi
relacionada as medidas de volume de todas as regides avaliadas das VAS e
também a HF-Alt. Concluiu-se que individuos com prognatismo mandibular
apresentaram, de modo expressivo, maior area axial minima da Nasofaringe e
maior volume da Orofaringe quando comparados aqueles com normalidade e
retrognatismo mandibular; destacando-se que o comprimento efetivo mandibular
demonstrou ser um preditor mais relevante nas dimensdes das VAS em

comparacao ao SNB.
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SUMMARY

GUIMARAES, Michelle da Silveira. Efeitos do posicionamento sagital da
mandibula na morfometria das vias aéreas superiores.Orientadora: Dra. Matilde
da Cunha Goncalves Nojima. Rio de Janeiro: UFRJ/Faculdade de Odontologia,

2022. Dissertacao (Mestrado em Odontologia — Ortodontia) n2 52.

The aim of the present study was to analyze the dimensions of the upper airways
(UA) in individuals with different sagittal positioning of the mandible, as well as its
relationship with the effective mandibular length (CoGn). The sample consisted of
63 cone beam computed tomography (CBCT) scans of individuals aged between
13 and 35 years, allocated into three groups according to the angular values of SNB:
Group with Mandibular Retrognathism (RMand); Group with Normal Jaw and Group
with Mandibular Prognathism (PMand). Using Dolphin Imaging® program (version
11.95 Premium), the UA were subdivided into Nasopharynx (NP), Oropharynx (OP)
and Hypopharynx (HP), and the volume (Vol) and minimum axial area (AXmin) of
each region measured, as well as the total height (Ht) of the OP and HP. The linear
measure CoGn was also investigated and its influence on the dimensions of the
VAS evaluated. MANCOVA was used to compare the set of VAS variables between
the groups according to the mandibular pattern. In addition, linear regression models

were implemented to independently estimate the effect of SNB and CoGn on UA



Xii

dimensions. Individuals with mandibular prognathism had significantly higher
measurements for NP-Axmin and OP-Vol, when compared to individuals with
harmony and mandibular retrognathism (P < 0.05). No differences were observed
between groups for any of the other measures considered in the study. The CoGn
variable was related to the volume measurements of all the evaluated regions of the
UA and also to the HP-Ht. It was concluded that individuals with mandibular
prognathism significantly presented a greater minimum axial area of the
Nasopharynx and greater volume of the Oropharynx when compared to those with
harmony and mandibular retrognathism; highlighting that the effective mandibular
length proved to be a more relevant predictor in the dimensions of the UA compared

to the SNB.
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1. INTRODUCAO

A relacdo entre a morfologia craniofacial e a funcao respiratoria tem sido
tema de estudo desde o final do século XIX. A teoria da matriz funcional elaborada
por Moss sustenta que o crescimento e desenvolvimento do complexo craniofacial
respondem as atividades funcionais de tecidos moles adjacentes (MOSS, 1968).
Em concordancia, Ricketts evidenciou a interdependéncia entre as estruturas orais
e nasais, e atribuiu a normalidade do crescimento craniofacial ao padrdo
nasorespiratorio (ALVES et al., 2008). Dessa forma, as dimensdes das vias aéreas
superiores (VAS) demonstram exercer influéncia sobre funcbes vitais como
respiracdo, degluticdo e fonacdo, e contribuem para o desenvolvimento da
morfologia facial e oclusédo dentaria ideal (ALHAMMADI et al., 2019; CHEN et al.,
2021).

As VAS correspondem as areas delimitadas entre as narinas, a boca e a
laringe, incluindo a faringe. Seu suporte esquelético € determinado,
posteriormente, pela coluna vertebral e a porcdo basilar do o0sso occipital;
superiormente, pela base craniana e pelo vomer; anteriormente, pelo septo nasal,
pela maxila, mandibula e pelo osso hidide e, lateralmente, pelo hamulo pterigoideo
e pela lamina pterigoidea medial (MASOUD et al., 2017). A faringe localiza-se
posteriormente as cavidades nasal e bucal e a laringe, e estende-se da base do

cranio até a sexta vértebra cervical e a borda inferior da cartilagem cricoide. De

acordo com a referéncia anatdbmica, classifica-se em trés segmentos: nasofaringe,


https://pubmed.ncbi.nlm.nih.gov/?term=Alhammadi+MS&cauthor_id=30821659

orofaringe e hipofaringe. A nasofaringe refere-se a area da base do cranio até o
palato mole. A orofaringe estende-se da segunda a quarta vértebras cervicais e se
conecta a hipofaringe ao nivel da prega faringoepiglética e do osso hioide. Por sua
vez, a hipofaringe continua até o nivel da sexta vértebra cervical (CEYLAN e
OKTAY, 1995; MERATI e RIEDER, 2003).

Diversos estudos demonstraram correlacdo entre estruturas faringeas,
dentarias e craniofaciais (CEYLAN e OKTAY, 1995; ALKAWARI et al., 2018),
tornando o conhecimento sobre a interdependéncia desses elementos essencial no
planejamento do tratamento ortodéntico e da cirurgia ortognatica (SCHENDEL et
al., 2012). Ademais, a literatura cientifica reconhece a lingua, o palato mole, as
paredes laterais da faringe, maxila e mandibula como aspectos anatbémicos
determinantes na morfologia das VAS (NATH et al., 2019; CHEN et al., 2021).
Dessa maneira, discrepancias no tamanho, na forma e posicdo da mandibula e,
consequentemente, dos tecidos moles associados, resultam na alteracdo da area
faringea (AYDEMIR et al., 2012; RIZK et al., 2016; ALKAWARI et al., 2018).

Embora alguns trabalhos ndo confirmem a associa¢éo entre a dimensao do
espaco faringeo e o padrdo esquelético (ALVES et al.,, 2008; INDRIKSONE e
JAKOBSONE, 2015; BRITO et al., 2019), outras pesquisas estabeleceram a
relacdo direta entre a posicdo sagital da mandibula e o espaco aéreo (EL e
PALOMO, 2013; JIANG et al., 2017; NATH et al., 2019), associando a deficiéncia
de crescimento horizontal mandibular ao estreitamento das VAS, e o crescimento
horizontal excessivo da mandibula ao maior espaco aéreo (SHELTON et al., 1993;
JIANG et al.,, 2017). Por consequéncia, individuos que apresentam menores
dimensdes das VAS demonstram estar mais susceptiveis ao risco de obstrucdes

respiratorias (MCNAMARA, 1981).



Com base nesse contexto, informacdes detalhadas sobre as caracteristicas
da via aérea faringea em diferentes deformidades dentofaciais sdo valiosas para o
diagnoéstico precoce e planejamento do tratamento ortodontico (JAYARATNE e
ZWAHLEN, 2016). Embora diversos trabalhos tenham avaliado as dimensdes do
espaco faringeo e sua influéncia no crescimento e desenvolvimento da face, muitos
o fizeram usando telerradiografias de perfil (TRENOUTH e TIMMS, 1999; MUTO et
al., 2008; AYDEMIR et al., 2012; MEMON et al., 2012). Distorcdo, ampliacéo,
superposicao de estruturas anatbmicas e dificuldades na identificacdo de pontos
de referéncia sdo algumas limitacdes de sua utilizacdo como recurso diagndstico
(LENZA et al., 2010). Além disso, a impossibilidade de obter informacdes sobre
dimensao transversal e volume tornou-se uma desvantagem significativa para seu
uso como exame complementar para o estudo das VAS (JAYARATNE e
ZWAHLEN, 20186).

Com o advento da Tomografia Computadorizada de Feixe Coénico (TCFC), a
analise das VAS tornou-se mais precisa, possibilitando a execucdo de andlises
volumétricas e transversais, além de permitir a identificacao de suas regiées de maior
constricdo (LENZA et al., 2010, NATH et al., 2019; JAYARATNE e ZWAHLEN,
2016), informacdes de grande relevancia para identificacdo de possiveis patologias
respiratérias. Exames de TCFC permitem a andlise tridimensional das VAS, com a
diferenciacdo de estruturas de tecidos moles e espacos vazios em alta resolucao,
produzindo medi¢cdes de volume em uma escala de, aproximadamente, 1:1 do
volume real. Custos reduzidos, facilidade de acesso, menor tempo de aquisicédo
das imagens e reducdo acentuada da dose de radiacdo, quando comparados a
tomografia computadorizada convencional (GUIJARRO-MARTINEZ e SWENNEN,

2011; JAYARATNE e ZWAHLEN, 2016; MASOUD et al.,, 2017), tornaram a



TCFC o método de escolha para analise do espaco aéreo faringeo. Entretanto, a
influéncia da fase respiratoria, posicao da lingua e morfologia mandibular, inerentes
ao individuo durante a realizacdo do exame, somados as diferencas na precisao de
segmentacao e na definicdo dos intervalos de densidade dos tecidos e dos limites
anatomicos tridimensionais dificultam o estabelecimento de normas de
padronizacdo metodolégica para sua avaliagdo (GUIJARRO-MARTINEZ e
SWENNEN, 2011; MASOUD et al., 2017).

Diante do exposto, a relevancia do presente estudo justifica-se para
estabelecer maiores esclarecimentos sobre a relacdo entre as dimensdes das vias
aéreas superiores e o posicionamento sagital da mandibula, face a sua importancia
na identificacdo de distarbios morfolégicos e funcionais e, consequentemente, no

planejamento das abordagens terapéuticas na Ortodontia.



2 PROPOSICAO

Analisar as dimensdes das vias aéreas superiores em individuos com
retrognatismo e prognatismo mandibular, em comparacdo aos individuos com
posicionamento sagital normal da mandibula em relacdo a base do créanio,
considerando-se:

2.1 o volume total e a area axial minima da Nasofaringe (NF);

2.2 o volume total, a area axial minima e a altura da Orofaringe (OF);

2.3 o0 volume total, a area axial minima e a altura da Hipofaringe (HF);

2.4 avaliar as influéncias do posicionamento sagital da mandibula em relacdo a
base do cranio nas altera¢des dimensionais da NF, OF e HF;

2.5 avaliar as influéncias do comprimento efetivo da mandibula (CoGn) nas

alteracdes dimensionais da NF, OF e HF.



3 DELINEAMENTO DA PESQUISA

3.1 PRINCIPIOS ETICOS LEGAIS

A pesquisa foi submetida & apreciagio e aprovagédo pelo Comité de Etica em
Pesquisa do Hospital Universitario Clementino Fraga Filho (CEP-HUCFF) (ANEXO
1, pagina 50). A Declaracédo de Helsinque para Pesquisa em Seres Humanos e 0s
principios éticos legais regulamentados pela resolucdo n°® 466/2012 foram
empregados no desenvolvimento desta pesquisa. O manejo dos exames
imaginoldgicos foram pautados nos principios éticos legais regulamentados pela
resolucdo CNS 196/96, valendo-se do Termo de Responsabilidade para utilizacao
do banco de dados das Clinicas da Area de Concentracdo em Ortodontia do
Programa de Pés-graduacdo em Odontologia da Faculdade de Odontologia da
Universidade Federal do Rio de Janeiro (ANEXO 2, pagina 51). Vale ressaltar que
nenhum exame de TCFC foi obtido com o objetivo de realizar o presente estudo,
havendo a dispensa do Termo de Consentimento Livre e Esclarecido (TCLE)

(ANEXO 3, pagina 52).

3.2 SELECAO DA AMOSTRA
O calculo amostral foi realizado com dados do estudo piloto (n = 15) para
uma andlise de variancia multivariada em G*Power (verséo 3.1.9.6). Os parametros
estabelecidos para o calculo foram os seguintes: tamanho do efeito f2 (V) = 0,136;

a =0,05; poder = 0,8; numero de grupos = 3; numero de preditores = 4 (grupo



segundo padrdo mandibular, idade, sexo e SNA) e nimero de variaveis de resposta
= 8 (medidas das vias aéreas). A estimativa resultou em um total de 53 exames de
TCFC. Considerando possiveis perdas durante o estudo, aumentou-se 10%,
resultando em um tamanho amostral minimo de 58 (19 por grupo).

Diante disso, dentre o universo de 1907 arquivos pertencentes ao banco de
dados das Clinicas de Ortodontia do Programa de Pds-Graduacdo em Odontologia
da Faculdade de Odontologia da Universidade Federal do Rio de Janeiro, foram
selecionados 63 exames de TCFC referentes as documentagcdes necessarias para
o diagndstico, acompanhamento e planejamento ortodbntico dos respectivos
pacientes.

Para a inclusédo neste estudo, os seguintes critérios foram adotados:

a) exames de TCFC de individuos com o posicionamento normal da mandibula em
relacdo a base do cranio (78° < SNB < 82°), retrognatismo mandibular (SNB < 78°)
ou prognatismo mandibular (SNB > 82°);

b) idade cronoldgica entre 13 e 35 anos;

c) auséncia de tratamento ortoddntico e/ou de cirurgia ortognatica prévios ou de
qualquer intervencdo que ocasionasse interferéncia no processo normal de
crescimento e desenvolvimento do complexo maxilomandibular;

d) exame tomografico no formato DICOM (Digital Imaging and Communications in
Medicine);

e) exames de TCFC incluindo a quarta vértebra cervical (C4);

f) angulo FMA entre 18° e 31°;

g) angulo SNA entre 79° e 85°;

h) angulo cranio cervical (ACC) entre 80° e 110° durante o registro das TCFC.



Como critérios de exclusao para a presente pesquisa, foram considerados:
a) presenca de sindromes;

b) imagens de TCFC contendo artefatos.

3.3 CARACTERIZACAO DA AMOSTRA

Para a selecdo e caracterizacdo da amostra, foi obtida uma projecéo
bidimensional (2D) da radiografia cefalométrica lateral a partir da TCFC,
organizando-se a distribuicdo de exames de participantes contendo normalidade,
retrognatismo e prognatismo da mandibula em relacdo a base do cranio, levando-
se em consideracdo o angulo SNB. Em sequéncia, realizou-se a analise de cada
uma das tomografias para averiguar se estariam de acordo com os critérios de
incluséo estabelecidos para o estudo. Cada TCFC foi alocada em um dos grupos da
pesquisa, de acordo com o0 posicionamento anteroposterior da mandibula em

relacdo a base do cranio, conforme descrito a seguir (Tabela 1, pagina 9):

a) Grupo com retrognatismo mandibular (RMand), constituido por exames de
TCFC de individuos com retrognatismo mandibular em relacdo a base do cranio
(SNB < 78°).

b) Grupo com normalidade mandibular (NMand), composto por exames de TCFC de
individuos com posicionamento sagital normal da mandibula em relacédo a base do
cranio (78° < SNB < 82°).

c) Grupo com prognatismo mandibular (PMand), incluindo exames de TCFC de

individuos com prognatismo mandibular em relacdo a base do cranio (SNB > 82°).



Tabela 1 Descrigdo da amostra do estudo conforme os valores angulares de SNB.

Grupo RMand Grupo NMand Grupo PMand

78° < SNB 78° < SNB = 82° SNB > 82°

RMand, retrognatismo mandibular; NMand, normalidade mandibular; PMand, prognatismo

mandibular.

3.4 PROTOCOLO PARA AQUISICAO DAS TCFC E AVALIACOES

PRELIMINARES DA AMOSTRA

O desenho de estudo desta pesquisa € do tipo retrospectivo investigativo
transversal, no qual os exames de TCFC utilizados constituem o Banco de Dados
de documentacdes de pré-tratamento de pacientes das Clinicas da Area de
Concentracdo em Ortodontia do Programa de Pés-Graduacdo em Odontologia da
Faculdade de Odontologia da Universidade Federal do Rio de Janeiro. As imagens
tomogréaficas foram obtidas com o tomégrafo KODAK® 9500 Cone Beam 3D
System (Carestream Health, Rochester, NY, EUA), sob regulagem de 90 kV, 10mA,
FOV de 18,4 x 20,6 cm, voxel de 0,3 mm e tempo de escaneamento de 24s.

As TCFC selecionadas foram armazenadas em estacdo de trabalho
independente da Disciplina de Ortodontia do Programa de Pd4s-Graduacdo em
Odontologia da Faculdade de Odontologia da Universidade Federal do Rio de
Janeiro, conforme mencionado anteriormente. A leitura dos arquivos, a
reconstrucao tridimensional (3D) das imagens e as reconstru¢cdes multiplanares
(RMP), em vista axial, coronal e sagital foram realizadas no programa Dolphin

Imaging®, versao 11.95 Premium (Dolphin Imaging, Chatsworth, California,USA).
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3.4.1 Orientacao e posicionamento da imagem da cabeca
Apos a reconstrucdo 3D, a orientacdo da imagem da cabeca do participante
€ idéntica aquela mantida no momento da obtencdo do exame, tendo sido
realizadas manipula¢gdes subsequentes para a padronizagcao correta das imagens
obtidas. A orientac&o e o posicionamento do cranio foram realizados pelo mesmo
operador (M.S.G.), utilizando-se a interface do programa Dolphin Imaging® com

base nos planos de referéncia axial, coronal e sagital.

3.4.2 Localizacao dos planos de referéncia

Os planos de referéncia estabelecidos para a orientacdo da cabeca na
reconstrucdo 3D foram determinados a partir dos pontos anatdmicos conforme o
estudo de Guijarro-Martinez e Swennen (GUIJARRO-MARTINEZ e SWENNEN,
2013) (Figura 1, pagina 11):
a) Orbital Direito (OrD) e Orbital Esquerdo (OrE): ponto mais inferior do contorno
inferior da Orbita direita e da Orbita esquerda, respectivamente;
b) Pdrio Direito (PoD): ponto mais superior do meato acustico externo direito. Por
motivo de padronizacdo, foi considerado, exclusivamente, o PoD, para evitar
problemas de orientacdo devido a presenca de possiveis assimetrias entre lados
direito e esquerdo da cabeca, e,
c) Espinha nasal anterior (ENA): ponto localizado na por¢gdo mais anterior da
maxila. Quando observada ENA bifida na visao frontal, foi estabelecido o ponto
meédio entre as duas proeminéncias 0sseas da por¢ao mais anterior da maxila.

Em sequéncia, os planos de referéncia considerados no presente estudo
foram (Figura 1,pagina 11):

a) Plano Axial: determinado pelos pontos OrD, OrE e PoD;
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b) Plano Coronal: determinado pelo ponto mais anterior do meato acustico externo,
e perpendicular ao plano axial;
c) Plano Sagital: determinado pela interceptacdo do ponto ENA e perpendicular aos

planos axial e coronal.

Coronal Sagital

-

Figura 1 Imagem da reconstrucdo tridimensional da cabeca, em exame de TCFC, apés
orientacdo de acordo com os planos de referéncia propostos no estudo. PoD, Poério
Direito; OrD, Orbital Direito; OrE, Orbital Esquerdo; ENA, Espinha nasal anterior.

3.4.30btencdo de medidas angulares e lineares para caracterizacdo da
amostra

Para a selecdo e caracterizacdo da amostra, foram obtidas projeces
ortogonais da cefalométrica lateral direita a partir de cada TCFC (GUIJARRO-
MARTINEZ e SWENNEN, 2013), para a realizacdo de medidas angulares e linear
necessarias ao estudo em umaimagem 2D (EL e PALOMO, 2013) (Figura 2, pagina
13).

Contudo, para determinar tais medidas, foi necessario o estabelecimento
prévio dos seguintes pontos anatémicos na préopria imagem 2D (VILELLA, 2001)
gerada a partir do exame de TCFC.:

a) Sela (S): ponto situado no centro geométrico da sela turca, sendo
determinado por inspec¢ao;
b) Nasio (N): ponto mais anterior da sutura frontonasal,

c) Subespinhal (A): ponto mais profundo do contorno anterior da pré-maxila;
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d) Supramentual (B): ponto mais profundo do contorno anterior do processo
alveolar da mandibula;
e) Paorio (Po): ponto mais superior do meato acustico externo;
f) Orbitario (Or): ponto mais inferior do contorno do rebordo inferior da érbita;
g) Mento (Me): ponto mais inferior da sinfise mandibular;
h) Condilio (Co): ponto mais posterior e superior do céndilo mandibular;
i) Gnatio (Gn): ponto médio situado entre a regido mais inferior e mais anterior da
sinfise mandibular.

Como medidas angulares, foram avaliados (Figura 2, pagina 13):
a) Angulo SNA: formado entre o ponto S, ponto N e ponto A;
b) Angulo SNB: formado entre o ponto S, ponto N e ponto B;
c) Angulo FMA: formado pela intersec¢do entre o plano horizontal de Frankfurt
(constituido pelos pontos Or e Po) e o plano mandibular (plano tangente a borda
inferior da mandibula, passando pelo ponto Me);
d) Angulo ACC: formado pela interseccéo entre a linha formada pelos pontos S e N
e a linha formada pelos pontos C2od (ponto tangente a extremidade mais posterior
do processo odontbéide da segunda vértebra cervical — C2) e C2ip (ponto mais
inferior e posterior do corpo da C2). O angulo cranio-cervical foi considerado para
padronizacdo do posicionamento da cabeca visto que exerce influéncia sobre a
morfologia craniofacial e as dimensdes das vias aéreas (SOLOW, 1984; MUTO et
al., 2002; GUIJARRO-MARTINEZ e SWENNEN, 2013; BRITO et al., 2019).

Como medida linear, mensurou-se a variavel CoGn, representada como a
disténcia linear entre os pontos Co e Gn, medida em milimetros (Figura 2, pagina

13) (MCNAMARA, 1984):
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Figura 2 Imagem da projecao cefalométrica lateral direita com as medidas angulares necessarias
para a caracterizacdo da amostra: 1 — SNA; 2 - SNB; 3— ACC e 4 — FMA . Nessa mesma
imagem, foi averiguada também a medida linear: 5 — CoGn, referente ao comprimento
efetivo da mandibula.

3.5 METODOLOGIA PARA AVALIAQAO DAS VIAS AEREAS SUPERIORES

A andlise das VAS foi realizada conforme os limites anatdmicos
estabelecidos por Guijarro-Martinez e Swennen (GUIJARRO-MARTINEZ e
SWENNEN, 2013) em seu estudo de validacdo metodologica da analise
tridimensional das sub-regides das VAS, o qual foi realizado apés uma revisao
sistemética sobre TCFC e VAS (GUIJARRO-MARTINEZ e SWENNEN, 2011). Essa
metodologia também foi empregada por dois ex-alunos do Programa de PGs-
Graduacao em Odontologia da Faculdade de Odontologia da Universidade Federal
do Rio de Janeiro, area de concentracdo em Ortodontia, em suas dissertacdes de
Mestrado. Fernando Cardoso Brito (BRITO, 2015) e Mariana Braz Herzog
(HERZOG, 2021) realizaram a analise das VAS em individuos com malocluséo
Classe 1l e maloclusdo Classe lll, respectivamente, com diferentes padrdes

etiologicos em relacéo ao posicionamento da maxila e da mandibula. Sendo assim,
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as vias aéreas superiores foram divididas em 3 compartimentos: Nasofaringe (NF),
Orofaringe (OF) e Hipofaringe (HF), cujos limites anatdmicos serédo descritos em
sequéncia.

As medidas para a analise das VAS foram realizadas no médulo 3D do
Dolphin Imaging®, através da ferramenta de avaliacdo do espaco aéreo superior
(sinus/ airway). Os limites das sub-regides foram determinados no corte sagital. Em
seguida, os limites laterais, anterior e posterior referentes a cada sub-regido foram
verificados nos demais cortes e o volume preenchido, manualmente, através dos
“seed points”, a cada corte, nos trés planos (sagital, coronal e axial). Além disso,
diferentes valores de sensitividade (sensitivity/ threshold) foram aplicados para
cada TCFC e sub-regido anatdbmica estudada, a fim de permitir que o
preenchimento total do espaco aéreo fosse obtido, sem sub ou superestimacao das
medidas. A adequacéo individualizada de cada sub-regido foi necessaria apds o
operador (M.S.G.) perceber que o valor de sensitividade que melhor se adequava
a nasofaringe, quando aplicado a orofaringe e/ou a hipofaringe extrapolava os
limites do espaco faringeo devido as diferencas anatdémicas inerente a cada area.
Posteriormente, realizou-se a segmentacao automatica das VAS para determinar o
calculo do volume total (mm3) e da area axial minima (mm?2) da NF, OF e HF. Por
fim, as alturas da OF e HF foram averiguadas através da opc¢éo “Measure’, modo
“2D Line”, conforme os limites superior e inferior estabelecidos para cada sub-

regiao.
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3.5.1 Analise tridimensional da Nasofaringe (NF)
Na analise tridimensional da Nasofaringe, foram adotados o0s seguintes

limites anatdbmicos e técnicos (Figura 3):
a) Limite anterior: plano coronal perpendicular ao plano horizontal de Frankfurt
(PHF) interceptando a espinha nasal posterior (ENP).
b) Limite posterior: contorno do tecido mole da parede posterior faringea,
tecnicamente definido por um plano coronal perpendicular ao PHF, passando por
C2sp.
c) Limite superior: contorno do tecido mole da parede superior faringea,
tecnicamente definido por um plano transversal paralelo ao PHF passando pela
base do clivus.
d) Limite inferior: plano paralelo ao PHF passando através da ENP e estendido até
a parede posterior faringea.
e) Limite lateral: contorno do tecido mole das paredes laterais faringeas,
tecnicamente definidos por um plano sagital perpendicular ao PHF e tangenteas

paredes laterais dos seios maxilares.

Figura 3 Analise do espaco aéreo da Nasofaringe (NF) em imagem de TCFC no corte sagital.
Como pontos de referéncia: ENP (espinha nasal posterior); BC (base do clivus); C2sp
(ponto médio entre os pontos mais superior e posterior da C2); Axmin (area axial minima
da Nasofaringe - linha branca horizontal), limites superior e inferior da Axmin (linhas
vermelhas horizontais) e limites técnicos da NF (linhas verdes).
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3.5.2 Analise tridimensional da Orofaringe (OF)

Na analise tridimensional da Orofaringe, foram considerados os limites
anatémicos e técnicos descritos a seguir (Figura 4):
a) Limite anterior: plano coronal perpendicular ao PHF passando através da ENP.
b) Limite posterior: contorno do tecido mole da parede posterior faringea,definido,
de modo técnico, por um plano coronal perpendicular ao PHF, passando por C2sp.
c¢) Limite superior: plano paralelo ao PHF passando através da ENP e estendido até
a parede posterior faringea.
d) Limite inferior: plano paralelo ao PHF passando através do ponto mais anterior e
inferior da terceira vértebra cervical (C3ai).
e) Limite lateral: contorno do tecido mole das paredes laterais faringeas, definido,
de forma técnica, por um plano sagital perpendicular ao PHF e tangente as paredes

laterais dos seios maxilares.

Figura 4 Andlise do espaco aéreo da Orofaringe (OF) em imagem de TCFC no corte sagital. Como
pontos de referéncia: ENP (espinha nasal posterior); C2sp (ponto médio entre 0os pontos
mais superior e posterior da C2); C3ai (ponto mais anterior e inferior da C3); Axmin (area
axial minima da Orofaringe - linha branca horizontal); limites superior e inferior da AXmin
(linhas vermelhas horizontais); Alt (altura da Orofaringe — setas verdes) e limites técnicos
da OF (linhas verdes).
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3.5.3 Analise tridimensional da Hipofaringe (HF)

Na anadlise tridimensional de Hipofaringe, foram estabelecidos os
seguintes limites anatdémicos e técnicos (Figura 5):
a) Limite anterior: plano coronal perpendicular ao PHF passando através da ENP.
b) Limite posterior: contorno do tecido mole da parede posterior faringea,definido,
de modo técnico, por um plano coronal perpendicular ao PHF, passando por C2sp.
c) Limite superior: plano paralelo ao PHF passando por C3ai.
d) Limite inferior: plano paralelo ao PHF, ligando a base da epiglote a entrada do
esbfago, tecnicamente definido por um plano paralelo ao PHF ligando a base da
epiglote ao ponto mais anterior e inferior da quarta vértebra cervical (C4ai).
e) Limite lateral: contorno do tecido mole das paredes laterais faringeas,
tecnicamente definidos por um plano sagital perpendicular ao PHF e tangenteas

paredes laterais dos seios maxilares.

Figura 5 Analise do espaco aéreo da Hipofaringe (HF) em imagem de TCFC no corte sagital. Como
pontos de referéncia: ENP (espinha nasal posterior); C2sp (ponto médio entre os pontos
mais superior e posterior da C2); C3ai (ponto mais anterior e inferior da C3); C4ai (ponto
mais anterior e inferior da C4). Axmin (drea axial minima da Hipofaringe - linha branca
horizontal); Alt (altura da Hipofaringe — setas verdes), limites da Axmin (linhas vermelhas
horizontais) e limites técnicos da HF (linhas verdes).
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3.6 ANALISE ESTATISTICA
3.6.1 Calibracao intra-examinador
Trinta por cento da amostra foi selecionada aleatoriamente para avaliar o
erro do método. As medidas cefalométricas e das VAS foram realizadas em dois
momentos com intervalo de duas semanas. O coeficiente de correlacao intraclasse
(ICC), a Férmula de Dahlberg e o método de Bland-Altman (viés de propor¢ao)
foram usados para avaliar a confiabilidade, precisdo e exatiddo das medidas. Os
valores encontrados para todas as variaveis descritas foram comparados por meio
do Coeficiente de Correlacéo Intraclasse (ICC), obtendo-se valores acima de 0,964,
0 que caracterizou uma excelente replicabilidade por parte do operador

responsavel.

3.6.2 Anélise dos dados

Estatistica descritiva (média e desvio padréo) foi utilizada para apresentar os
dados. As caracteristicas da amostra de acordo com o grupo de estudo foram
comparadas por meio do teste Qui-quadrado e ANOVA para variaveis categoricas
e continuas, respectivamente. Para comparar o conjunto de variaveis das VAS
entre 0s grupos de acordo com o padrdo mandibular, foi realizada uma anélise
multivariada de covariancia (MANCOVA), considerando sexo e idade dos
participantes, e SNA como covariaveis. Os pressupostos da estatistica multivariada
foram avaliados pelo teste de normalidade multivariada de Shapiro-Wilk, teste de
homogeneidade de matrizes de covariancia de Box, teste de esfericidade de Bartlett
e coeficiente de correlacdo de Pearson para verificar a auséncia de

multicolinearidade.



19

Estatisticas univariadas foram posteriormente analisadas para identificar
diferencas em cada uma das medidas das vias aéreas. As comparacdes pareadas
entre os grupos foram realizadas por meio do teste Post Hoc de Tukey. Modelos de
regressao linear foram implementados para estimar independentemente o efeito de
SNB e CoGn nas medi¢cOes das VAS. A idade dos participantes foi considerada
como covariavel em todos os modelos. O teste F foi utilizado para avaliar o ajuste
dos modelos e o R? ajustado para medir o quanto as variaveis cefalométricas
explicaram a variabilidade das dimensfes das vias aéreas. Os pressupostos de
normalidade, multicolinearidade e autocorrelacdo nos modelos implementados
foram avaliados pelo teste de Shapiro-Wilk, fator de inflagdo da variancia e teste de
Durbin-Watson, respectivamente. Todas as analises foram realizadas no software

Jamovi (versao 2.0), adotando-se nivel de significancia de 5%.
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ABSTRACT

Objective: To assess the influence of mandibular sagittal size and position on upper
airway dimensions.

Materials and Methods: Cone Beam Computed Tomography (CBCT) scans of sixty-
three individuals were analyzed (26 males and 37 females, aged 17.9 £ 5.4 years).
Two-dimensional images were generated from CBCT scans and, subsequently, the
subjects were grouped according to the angular values of SNB, as follows:
mandibular retrognathism (RMand; SNB < 78°), normal jaw (NMand; 78° < SNB <
82°) and mandibular prognathism (PMand; SNB > 82°). Upper airways were
subdivided into Nasopharynx (NP), Oropharynx (OP) and Hypopharynx (HP). The
volume (Vol) and minimum axial area (Axmin) Of the three anatomical subregions, as
well as the total height values (Ht) of the OP and HP, were measured. The linear
length of mandible — Condylion-Gnathion distance (CoGn) was also evaluated.
MANCOVA was used to compare the set of upper airway variables between the
groups according to the mandibular pattern. Additionally, linear regression models
were implemented to independently estimate the effect of SNB and CoGn on upper
airway measurements.

Results: An overall difference in upper airway measurements according to the
mandibular pattern was detected (P < 0.05). NP- Axmin and OP-Vol were significantly

higher in PMand than in RMand and normal jaw (P < 0.05). Regression analysis
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showed that SNB was related to NP-Axmin and OP-Vol. CoGn was related to volume
measurements of all evaluated airway subregions and HP-Ht. In general, the models
including CoGn as predictor variable had greater explanatory power of airway
dimensional variability than those including SNB.

Conclusion: The mandibular sagittal size and position influences upper airway
dimensions. Effective mandibular length seems to be a more relevant predictor

variable than its position relative to the cranial base.

Introduction

Airway space is responsible for conduction and regulation of air and
prevention of external irritation®. The theory of functional matrix supports that nasal
breathing allows proper growth and development of craniofacial and dentofacial
complex, and alterations in this balance can result in skeletal disharmonies and
malocclusion?. Therefore, different skeletal deformities express discrepancies in the
size, form, and position of the maxilla and mandible and their associated soft
tissues®.

Although some studies do not confirm the association between the dimension
of the pharyngeal space and the skeletal pattern*®, others studies have established
a direct relationship between the sagittal position of the mandible and the air
space’’8, associating mandibular horizontal growth deficiency with narrowing of the
upper airway, and excessive horizontal growth with greater airway space®?.

Furthermore, several authors confirmed how different orthodontic treatment
modalities affect the pharyngeal space, including maxillary expansion®12, cervical
headgear'®14, orthodontic extraction3, Class Il functional appliances!>® and

orthognathic surgeries!’-19,
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Thus, detailed information on the characteristics of the pharyngeal airway in
different dentofacial deformities is valuable for early diagnosis and treatment
planning?°. Despite there is a large amount of data available on current methods to
assess craniofacial morphology and its relationship to the UA, most of the research
used two-dimensional cephalometric radiographs. Findings from these studies
cannot accurately represent the morphology of the airway because of the
impossibility of obtaining information on cross-sectional dimension and volume?!®2°,
Meantime, cone beam computed tomography (CBCT) has become widely used for
the assessment of the volume and cross-sectional areas of the airway, providing
high quality images with low-dose radiation, low cost, easy access and short
acquisition time, becoming a well-accepted tool for diagnosis and treatment
planning?%:22,

Based on the previous research, the aim of the present study was to evaluate
the influence of mandibular sagittal size and position on upper airway dimensions

on CBCT scans.

Material and Methods

The present study was approved by Research Ethics Committee of the
Clementino Fraga Filho University Hospital (CEP-HUCFF) under number
4.610.252. Sample size calculation was performed using data from a pilot study (n
= 15) for a multivariate analysis of variance in G*Power (version 3.1.9.6). The
parameters established for the calculation were the following: effect size 2 (V) =
0.136, a =0.05, power = 0.8, number of groups = 3, number of predictors = 4 (group
according to mandibular pattern, age, sex, and SNA), and number of response

variables = 8 (airway measurements). The estimate resulted in a total of 53 CBCT
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scans. Considering possible losses during the study, 10% was increased, resulting
in a minimum sample size of 58 (19 per group).

The study was retrospective, cross-sectional, and the sample was composed
of 63 CBCT scans selected from a total of 1907 scans referring to the pretreatment
records of patients from the Orthodontic Clinic of the Postgraduate Program at the
Universidade Federal do Rio de Janeiro. The CBCT images were obtained using a
KODAK® 9500 Cone Beam 3D System (Carestream Health, Rochester, NY, USA)
scanner with 90 kV, 10 mA, 18.4 x 20.6 cm FOV, 0.3 mm voxel and 24 s scanning
time.

The inclusion criteria used in the selection of the sample were: age ranging
from 13 to 35 years old; no previous orthodontic treatment, orthognathic surgery or
any intervention that would interfere in the normal process of growth and
development of the maxillomandibular complex; DICOM files; CBCT scans that
included the fourth cervical vertebra; FMA angle ranging from 18° to 31°; and
craniocervical angle (CCA) ranging from 80° to 110° during CBCT acquisition.
Exclusion criteria were restricted to the presence of syndromes and scans with
artifacts. Regarding the SNA angle, subjects without or with slight alteration in the
position of the maxilla (79° < SNA < 85°) were included in the study.

All analyzes were performed using the Dolphin Imaging® software on DICOM
files, for three-dimensional reconstructions (3D) and multiplanar sections in axial,
coronal and sagittal views. Axial plane was established by joining right Orbitale
(OrR), left Orbitale (OrL) and right Porion (PoR) points; coronal plane was
perpendicular to the axial plane and intersected the most anterior point of the right
external acoustic meatus; and sagittal plane, perpendicular to the axial and coronal

planes, passed through the anterior nasal spine point (ANS).
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The length of mandible — Condylion-Gnathion distance (CoGn) and angular
measurements (SNA, SNB, FMA and Cranio-cervical angle/CCA) were taken on the
lateral cephalometric radiographs generated from the CBCT scans in the Dolphin
Imaging® to select and characterize skeletal patterns within the sample as:
mandibular retrognathism (RMand; SNB < 78°), normal jaw (NMand; 78° < SNB <
82°) and mandibular prognathism (PMand; SNB > 82°).

Three-dimensional upper airway (UA) analysis was performed using the
upper airspace assessment tool present in Dolphin Imaging® software. First, the
sensitivity of each CBTC image was determined, being not equal considering the
different individuals and, also in the same CBTC scan, among the evaluated
regions, as Nasopharynx (NP), Oropharynx (OP) and Hypopharynx (HP).

The limits of the UA segments adopted in this study were previously proposed
by Guijarro-Martinez and Swennen?3. The anterior limit was set by the intersection
of the coronal plane perpendicular to Frankfurt horizontal plane (FHP), passing
through the Posterior Nasal Spine (PNS). The soft tissue contour of the posterior
pharyngeal wall set the posterior limit, defined by the intersection of the coronal
plane perpendicular to FHP, passing through point C2sp (midpoint between the
upper and most posterior points of the second cervical vertebra). The soft tissue
contour of the lateral pharyngeal walls established the lateral limits, defined by the
sagittal plane intersecting perpendicular to FHP, touching the lateral walls of the
maxillary sinuses.

The upper and lower limits of NP, OP and HP are evidenced in Figure 2.
Regarding the NP, the upper limit corresponded to the soft tissue contour of the
upper pharyngeal wall, defined by a transverse plane parallel to the FHP passing

through the base of the clivus, and its lower limit was set by a plane parallel to the
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FHP intersecting the PNS and extended to the posterior pharyngeal wall. For the
OP, the upper limit was established as the lower limit of NP, and its lower limit was
defined by a plane parallel to the FHP intersecting point C3ai (most anterior-inferior
of the third cervical vertebra). At HP, the upper limit was set as the lower limit of OP,
and its lower limit corresponded to a plane parallel to the FHP joining the base of
epiglottis to point C4ai (most anterior-inferior point of the fourth cervical vertebra).
The anterior, posterior, upper and lower limits were defined from the sagittal
view and lateral limits were identified in the coronal view. The limits for each portion
of interest were defined in the sagittal slice, and the software automatically
calculated the volume (Vol) and the minimum axial area (Axmin) in the region
previously set out. Threshold values were determined individually, according to the
correct fulfilment of each UA subregion and image quality, ranging between 25 and
77. Total filling of the area was checked manually, at each view, in all the three
planes. Therefore, the automatic segmentation of the UA was performed to
determine the Vol (mm3) and the Axmin (mMmM2) of the NP, OP and HP. The recording

of the total height (Ht) (mm) of the OP and HP was also obtained.

Statistical analysis

Thirty percent of the sample was randomly selected to assess the method
error. Upper airway and cephalometric measurements were performed in two
moments with an interval of two weeks. The intraclass correlation coefficient (ICC)
and the Bland-Altman method (proportion bias) were used to assess reproducibility
and accuracy of the measurements, respectively.

Descriptive statistics (means and standard deviations) were used to present

the data. The characteristics of the sample according to the study group were
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compared using the Chi-squared and ANOVA test for categorical and continuous
variables, respectively. In order to compare the set of UA variables between the
groups according to the mandibular pattern, a multivariate analysis of covariance
(MANCOVA) was conducted considering sex and age of the participants, and SNA
as covariates. Assumptions for multivariate statistics were assessed by the Shapiro-
Wilk multivariate normality test, Box’s homogeneity of covariance matrices test,
Bartlett’s test of sphericity, and the Pearson’s correlation coefficient to check for the
absence of multicollinearity. Univariate statistics were subsequently analyzed to
identify differences in each of the airway measurements. Pairwise comparisons
between groups were performed using the Tukey’s Post Hoc test.

Linear regression models were further implemented to independently
estimate the effect of SNB and CoGn on UA measurements. The age of the
participants was considered as covariate in all the models. The F test was used to
assess the fit of the models and the adjusted R? to measure how much
cephalometric variables explained the variability of the airway dimensions. The
assumptions of normality, multicollinearity, and autocorrelation in the implemented
models were evaluated by the Shapiro-Wilk test, the variance inflation factor, and
the Durbin-Watson test, respectively.

All analyzes were performed in the Jamovi software (version 2.0) adopting a

significance level of 5%.

Results

Error method assessments did not detect evidence of random or systematic
errors. All measurements showed high reproducibility (ICC > 0.9) and no proportion

bias by the Bland-Altman method.
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The characteristics of the sample are presented in Table 1. There were no
differences between the groups regarding the age and sex distribution of
participants (P > 0.05). As expected, SNB and CoGn were significantly different
between the groups (P < 0.05). A slight difference regarding the SNA angle was
also observed, therefore, this variable was included as a covariate in the multivariate
analysis.

MANOVA evidenced an overall difference in upper airway measurements
according to the mandibular pattern and age of the subjects (P = 0.020 and P =
0.001, respectively; Table 2). Sex, group*sex interaction, and SNA did not influence
airway measurements (P > 0.05). Univariate analyzes showed that individuals with
mandibular prognathism had significantly higher measurements for NP-Axmin and
OP-Vol when compared to individuals with normal jaw and mandibular
retrognathism (P < 0.05; Table 3). No differences were observed between groups
for any of the other airway measures.

As expected, regression analyses showed that SNB was related to the
variables NP-Axmin and OP-Vol (P < 0.05). However, the models including this
cephalometric measurement had little explanatory power (R? < 0.15; Table 4).

On the other hand, CoGn was related to volume measurements of all the
evaluated airway regions and HP-Ht. In general, the models including CoGn as
predictor variable had greater explanatory power of airway dimensional variability
than those including SNB. CoGn and the age of participants explained 20%, 27%,
28% and 35% of the variability of OP-Vol, HP-Vol, NP-Vol and HP-Ht, respectively.
For a one-millimeter increase in the CoGn distance, the OP-Vol, HP-Vol, NP-Vol
and HP-Ht measurements are expected to increase by 187.0 mm3, 36.2 mm3, 94.2

mm? and 0.08 mm, respectively. The variation in the measures NP-Vol, HP-Vol and
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HP-Ht was significantly influenced by the age of the participants.

Discussion

Several studies have been dedicated to the analysis of the UA dimensions
and their correlation with soft tissues, skeletal malocclusion?#28, age®2°2°, gender3®
32 and ethnic groups?, however differences in their methodology, even when
analyzing the same subregion, is often prone to differences?3. The present study
applied the methodology proposed and validated by Guijarro-Martinez and
Swennen?3 that, according to the authors, determined reproducible anatomical limits
based on reliable and easily identifiable anatomical cephalometric references in
CBCT. However, sensitivity adjustments of each CBCT scans used in our study
were performed in order to avoid under or overestimations of the UA dimensions.
Although the aim of this study is not the method’s analysis, this parameter directly
influences the values of volume and minimum axial area and deserves to be
highlighted.

Sensitivity is the tool capable of analyzing and differentiating the density of
anatomical structures®. In the present study, grey-scale threshold value ranged
between 25 and 77, and different values of each subregion studied were employed,
considering the total filing of the area. Guijarro-Martinez and Swennen?
determined the threshold value of each CBCT by the adequacy of the NP area,
resulting in an average of 70 (range 48-81) that was established as the reference
threshold of their study. Claudino et al.3* performed the measurements of all CBCT
with the mode of the software in the 25 threshold value. Rizk et al.*®> standardized
sensitivity value at 45 to best recognize the airway. These data demonstrate that

despite airway being widely studied, there is still a divergence of information in the
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literature.

In the present study, the individualization of the UA subregions was
performed after realizing that the best sensitivity suited for the NP, when applied to
the OP and HP, extrapolated the limits of the pharyngeal space. This observation is
supported by the fact that the shape of OP is similar to a tube, facilitating
segmentation process, while the greater overlap of anatomical structures observed
in the NP and HP make the definition of the airway boundaries and grey level
thresholding challenging3®>36. Therefore, this distinction was necessary because the
increase of the sensitivity value leads to the inclusion of the surrounding soft tissue
and overestimates the dimensions of the UA, while reducing this value results in
incomplete filling of the subregions and an underestimation of the measurementssé,

As in previous studies, mandibular patternt242531 and age ¢2° demonstrated
a significant influence on the airway’s dimensions. The age group determined in this
study was between 13 and 35 years old, justifying the influence detected on the UA
dimensions since individuals with different stages of pharyngeal soft tissue
development were included. The growth of pharyngeal structures is observed up to
13 years of age; later, between 14 and 18 years of age, the quiescence period
begins. From the age of 22 onwards, the narrowing of the pharyngeal regions
begins, which is accentuated at age 507%.

Individuals with mandibular prognathism demonstrated significantly higher
measurements of OP-Vol when compared to individuals with normal jaw and
mandibular retrognathism, in agreement with other studies?%2%38, The more anterior
positioning of the mandible is accompanied by the associated soft tissue, resulting
in a higher volume of this pharyngeal region®.

El & Palomo’ found that OP-Vol was the largest in Class Ill mandibular
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protrusion group compared to Class | and Class Il mandibular retrusion group.
Abdelkarim et al.*® also noted that OP-Vol was larger in patients with prognathism
than individuals with normal jaw and mandibular retrognathism. In controversy,
Alves et al.* did not find statistically significant differences in OP-Vol between Class
Il and Class lll, and these findings can be explained by the use of conventional
tomography images performed with individuals in the supine position. Van Holsbeke
et al.*0 compared the UA of the same subjects in the supine (CT) and sitting upright
(CBCT) positions, confirming that the upper airways were significantly lower when
individuals are lying down, and explained that this was possible due to the greater
action of perpendicular gravity vectors of the surrounding tissues on the walls of the
airway“°,

Based on our data, no significant differences were observed in the
dimensions of the UA between the groups with normal jaw and mandibular
retrognathism. These findings were also found by Brito et al.® with no evidence of
significant differences in UA morphology according to Class | and Class Il skeletal
malocclusions. Alhammadi et al.** compared Class | and Class Il malocclusions
patients with average vertical relation and detected significant differences between
both groups. Class Il demonstrated a reduced glossopharyngeal airway volume
compared to Class I, while the total minimum constricted area was significantly
greater in Class Il malocclusion. However, these authors divided the oropharynx
into two compartments, being palatopharyngeal and glossopharyngeal, unlike this
study that considered the oropharynx in its entirety.

Furthermore, no statistically significant differences were found in the HP
segment in any assessed measurements what is in agreement with Claudino et al.2*,

In contradiction, Tseng et al.*? confirmed that skeletal Class | and Class Il exhibited
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significantly higher OP-Vol and HP-Vol values than skeletal Class Il malocclusion.
The divergence in this finding can be explained by the difference in the definition of
the upper limits established for HP between the studies. While in the aforementioned
research the limit considered was the upper tip of the epiglottis, in our research the
HP was evaluated from the C3ia point, which is coincident with the base of the
epiglottis. Thus, according to our proposed anatomical classification, Tseng et al.*?
analyzed the HP and a part of the OP.

Several authors3:3234 confirmed the relationship between the statistically
significant increase in the volume of the pharyngeal space accompanied by a
greater minimum axial area, which was not found in the present study. This
divergence may have been due to the fact that the previous studies excluded
individuals with potential alterations in the UA from the research, a criterion that was
not considered in our research, allowing the inclusion of subjects presenting more
constricted transversal areas. At the same time, statistically significant difference in
NP-Axmin was found in PMand group. This could be explained by the fact that the
mandible actually influences the dimensions of the NP. Muto et al.*® evaluated the
effect of bilateral sagittal split ramus osteotomy setback on the morphology of the
pharyngeal airway and found that the soft palate changed significantly. The most
posterior repositioning of the mandible was accompanied by the base of the tongue,
causing the least stretch of the palatoglossus muscle. As a consequence, a greater
length of the soft palate and its more posterior positioning were observed. Jena et
al.* noted that the soft palate is significantly shorter in patients with mandibular
prognathism compared to those with mandibular retrognathism. Thus, these
findings suggest that the more anterior positioning of the mandible and,

consequently, of the tongue, influence the more anterior configuration of the soft
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palate and its shorter length, contributing to the greater Axmin evidenced in the NP
of PMand group.

Regression analyses showed that SNB was related to the variables NP-AXmin
and OP-Vol what was consistent with previous results®’37, Nevertheless, CoGn
demonstrated to be more relevant predictor variable than SNB, influencing NP, OP
and HP volumes and HP-Ht measurements, which proved to be more determinant
of the volume and shape of the UA. Several studies demonstrated significant
correlation between mandibular lengths and OP and HP®745 As the mandible
lengthens, the genioglossus and geniohyoid muscles are positioned more anteriorly,
supporting an increase in the pharyngeal space; in the same way, mandibular
retrognathism allows for a more posterior positioning of the tongue and hyoid bone,
contributing to a decrease in the volume of the upper airways*®.

The influence of CoGn on HP-Ht could be explained by the relationship
between mandibular growth and the maturation of the cervical vertebrae. The
research included some individuals in the growth phase, and mandibular growth, as
well as age, is accompanied by changes in the conformations of C2, C3 and C4,
anatomical references used in the methodology of the present study. With
craniofacial growth, the lower edges of C2 to C4 increase, and C3 and C4 increase
in height*’.

The results of this research confirms that the craniofacial skeletal pattern
influences the morphology of the UA. Although knowledge about the dimensions of
the pharyngeal space does not completely replace the need to perform tests to
evaluate aerodynamic characteristics of the airway; greater mandibular protrusion
is associated with greater nasal respiratory flow*8. Shah et al.*® used computational

fluid dynamics to evaluate if the reduction in airway volume space after a mandibular
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setback surgery would cause a change in the air pressure and found an increase
negative pressure after the procedure, demonstrating an inverse correlation
between these measurements. Iwasaki et al.>° evaluated the relationship between
pharyngeal airway respiration pressures and anteroposterior mandibular from
groups of children with Classes I, Il (mandibular retrognathism) e Il (mandibular
prognathism) malocclusions groups, and concluded that the Class Il group showed
higher values of nasal resistance and negative inspiratory pressure in the airways,
which may be related to their retrognathia.

The impact of the size and position of the mandible on the dimensions of the
upper airway is of great clinical relevance, as it can guide different resources in
orthodontic treatment and, especially, in the decision-making process of
orthognathic surgery. In view of the proven influences in this study on the volume
and minimum axial area of the pharyngeal segments, mandibular advancement can
be a therapeutic adjunct in the management of individuals with respiratory
obstructions, preventing the collapse of the upper airways; conversely, mandibular
setback may represent an additional risk in cases of respiratory disorders, requiring
caution in its planning.

As a limitation of this study, we highlight the difficulty in contemplating CBCT
scans of individuals with normal maxillary position, including images with slight
retrusion and protrusion of this bone. However, the MANCOVA analysis ruled out
the influence of maxillary positioning on the results. Another point was the inclusion
of individuals with and without growth in the same groups, since this difference
directly affects the size and position of the mandible and the configuration of the
pharyngeal soft tissues. Thus, to minimize any influence of this aspect on our

results, the ANOVA test was performed to ensure that there was no statistically
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significant difference between the groups in terms of age. In addition, Linear
Regression was performed to individually quantify the influences of age, SNB, and
CoGn on all upper airway measurements evaluated in the study. Likewise, the
research did not investigate possible presence of pathologies in the airways, as this
would not allow reaching the necessary samples. Anyway, important data were
obtained, confirming the repercussion of the size and positioning of the mandible on
the configuration of the airways, representing a valuable knowledge to help in the
early diagnosis of functional alterations and in the planning of orthodontic and

orthosurgical therapies.

Conclusions

The mandibular size and sagittal position influences upper airway
dimensions. Higher values of minimum axial area in the nasopharynx and volume
of the oropharynx were found in individuals with mandibular prognathism compared
to the groups with normal jaw and mandibular retrognathism. Furthermore, CoGn
proved to be a more relevant predictor variable in the dimensional changes of the
upper airways when compared to the SNB angle, exerting an influence on the
volumes of all subregions — nasopharynx, oropharynx and hypopharynx — and

considering the height of the hypopharynx.
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Figure 1 Image of the right lateral cephalometric projection with the angular measurements
necessary for the characterization of the sample: 1 — SNA; 2 - SNB; 3 — ACC and 4 —

FMA. In this same image, the linear measurement was also verified: 5 — CoGn, referring
to the effective length of the mandible.

Figure 2: Limits for upper airway segmentation: A, Nasopharynx (NP); B, Oropharynx (OP); C,
Hypopharynx (HP). As points of reference: PNS (posterior nasal spine); C2sp (midpoint
between the most superior and posterior points of the second cervical vertebra); C3ai
(most anterior-posterior point of the body of third cervical vertebra); C4ai (most anterior-
inferior point of the body of fourth cervical vertebra); Axmin (Mminimum axial area - horizontal

white line); Axmin superior and inferior limits (red lines); Ht (height — green arrows) and
technical limits (green lines).



Table 1. Sample characteristics.
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Groups
_ Normal jaw Mandibul_ar Mandibullar
Variables (n = 22) retrognathism  prognathism P value
(n=22) (n=19)
Sex - n (%)
Male 9 (40.9) 8 (36.4) 9(47.4) 0.774
Female 13 (59.1) 14 (63.6) 10 (52.6) '
Age, y - mean £ SD 19.5+5.2 16.7+£5.4 175+5.7 0.235
SNB (°) - mean + SD 79.7+1.1 75.9+15 85.2+2.0 <0.001*
CoGn (mm) - mean + SD 113.0+6.9 111.0+8.7 120.0+ 9.8 0.004*
SNA (°) - mean + SD 82.7+21 81.7+14 83.2+1.8 0.027*

y —years, SD — standard deviation.

Chi-squared and ANOVA tests were used to assess categorical and continuous variables, respectively.

* Indicates statistical significance.

Table 2. MANCOVA results for overall differences in upper airway measurements.

Factor Pillai's Trace F P value
Group according to

the mandibular 0.494 2.01 0.020*
pattern

Sex 0.193 1.43 0.208
Group*sex 0.333 1.22 0.264
Age 0.396 3.93 0.001*
SNA (°) 0.129 0.89 0.534

* Indicates statistical significance (P < 0.05).

Table 3. Univariate tests for comparison of upper airway variables according to the mandibular

pattern.
Group
Upper airways Normal jaw Mandlbul_ar Mandlbullar
variable (n = 22) retrognathism prognathism P value
(n=22) (n=19)
NP - Vol (mm3) 5185 + 2359 4360 + 1808 5384 + 1761 0.201
NP - AXmin (MM?) 54.0 + 22.0? 55.7 + 28.3?2 81.4 +29.3° 0.003*
OP - Vol (mm3) 13197 £ 36032 12794 £ 41792 16109 + 4745 0.027*
OP — AXmin (Mm?) 70.8 £ 24.3 58.3+17.2 62.8+17.9 0.126
OP - Ht (mm) 51.5+54 52.6 + 6.2 54.0+6.4 0.345
HP - Vol (mm3) 4439 + 1847 3666 + 987 4135 + 1365 0.120
HP - AXmin (MmM?) 67.8 +24.9 64.7 £ 29.2 56.2 + 25.2 0.355
HP - Ht (mm) 157+ 1.6 149+15 155+1.7 0.145

NP — nasopharynx, OP — oropharynx, HP — hypopharynx, Vol — volume, Axmin — minimum axial area.
Values reported as mean + standard deviation.

* Indicates statistical significance (P < 0.05).

Different superscript letters indicate difference between groups.
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Table 4. Estimates of the effect of mandibular cephalometric variables and age on upper airways
dimensions.

Model coefficients Model fit measures
Overall .
Dependent Predictors Estimate 95% ClI P value model test Adjusgted
variable R
P value

NP - Vol (mm3) SNB (°) 58.90 -31.70, 204.00 0.149 0.005* 0.13
Age 135.00 46.90, 223.00 0.003*

NP - AXmin (MmM?) SNB (°) 2.39 0.67,4.12 0.007* 0.021* 0.09
Age -0.50 -1.79, 0.79 0.443

OP - Vol (mm3) SNB (°) 257.00 1.15, 514.00 0.049* 0.010* 0.11
Age 229.00 37.50, 421.00 0.020*

OP - AXmin (MM?) SNB (°) 0.38 -0.88, 1.64 0.547 0.117 0.04
Age 0.95 0.01, 1.89 0.049*

OP - Height (mm) SNB (°) 0.06 -0.31, 0.43 0.759 0.241 0.01
Age 0.23 -0.05, 0.51 0.099

HP - Vol (mm3) SNB (°) 39.40 -40.80, 119.00 0.330 <0.001* 0.23
Age 132.50 72.50,192.00 <0.001*

HP - AXmin (MmM?) SNB (°) -0.76 -2.42,0.90 0.362 0.322 0.00
Age 0.76 -0.49, 2.00 0.228

HP - Height (mm) SNB (°) 0.06 -0.03, 0.15 0.168 <0.001* 0.20
Age 0.03 0.06, 0.20 <0.001*

NP - Vol (mm3) CoGn (mm) 94.20 44.59, 144.00 <0.001* <0.001* 0.28
Age 92.50 8.84, 176.00 0.031*

NP - AXmin (MM?) CoGn (mm) 0.90 0.09,1.71 0.031* 0.074 0.05
Age -0.89 -2.26, 0.48 0.197

OP - Vol (mm®) CoGn (mm) 187.00 74.70, 299.00 0.001* <0.001* 0.20
Age 146.00 -43.50, 335.00 0.129

OP - AXmin (MmM?) CoGn (mm) -0.01 -0.59, 0.58 0.980 0.141 0.03
Age 0.95 -0.03, 1.94 0.057

OP - Height (mm) CoGn (mm) 0.11 -0.06, 0.28 0.213 0.116 0.04
Age 0.18 -0.10, 0.47 0.201

HP - Vol (mm3) CoGn (mm) 36.20 0.12, 72.30 0.049* <0.001* 0.27
Age 116.20 55.43,177.00 <0.001*

HP - AXmin (MM?) CoGn (mm) 0.56 -0.20, 1.31 0.146 0.169 0.03
Age 0.50 -0.78, 1.77 0.440

HP - Height (mm) CoGn (mm) 0.08 0.04,0.11 <0.001* <0.001* 0.35
Age 0.10 0.03,0.16 0.003*

NP — nasopharynx, OP — oropharynx, HP — hypopharynx, Vol — volume, AXmin — minimum axial area, Cl — confidence interval. *
Indicates statistical significance (P < 0.05).
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5 CONCLUSAO

Com base nos resultados deste estudo, pode-se concluir que:

5.1 Na analise da Nasofaringe, o grupo de prognatismo mandibular apresentou
maior area axial minima em relacdo aos grupos de harmonia e retrognatismo
mandibular; porém, nao foi identificada diferenca expressiva quanto ao volume;
5.2 Em relacdo a Orofaringe, o grupo de prognatismo mandibular demonstrou
volume significativamente maior em comparacdo aos grupos de harmonia e
retrognatismo mandibular; o que nao foi observado quanto a area axial minima e
altura;

5.3 Quanto a Hipofaringe, ndo houve diferenca significativa entre os grupos
guanto ao volume, area axial minima e altura;

5.4 O angulo SNB demonstrou influéncia sobre as variaveis de area axial minima
da Nasofaringe e volume da Orofaringe;

5.5 O comprimento efetivo da mandibula (CoGn) demonstrou influéncia sobre
as variaveis de volume de todas as sub-regibes (Nasofaringe, Orofaringe e

Hipofaringe) e a altura da Hipofaringe.
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6 RECOMENDACOES

Para futuros trabalhos, sugere-se a comparacdo das dimensdes das vias
aéreas de individuos com patologias respiratorias diagnosticadas e individuos
saudaveis, categorizando-os conforme o comprimento efetivo da mandibula,
estando a maxila em posicdo de normalidade, e avaliando-se a repercussao da

lingua, palato mole e osso hidide sobre as dimensfes das vias aéreas.
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8.2 ANEXO 2 - TERMO DE RESPONSABILIDADE PARA UTILIZACAO DO
BANCO DE DADOS DA CLINICA DA DISCIPLINA DE ORTODONTIA DA
FACULDADE DE ODONTOLOGIA DA UFRJ

UNIVERSIDADE FEDERAL DO RIO DE JANEIRO
FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA £ ORTODONTIA

UTILIZAGAO DO BANCO DE DADOS DA DISCIPLINA DE ORTODONTIA

Eu, Monica Time de Souza AraGjo, Coordenadora do Programa de Pés-
Graduagao em Odontologia (Ortodontia) da Universidade Federal do Rio de Janeiro -
UFRJ, autorizo o acesso ao arquivo da Clinica da Disciplina de Ortodontia da Faculdade
de Odontologia da UFRJ, localizada na Av. Professor Rodolpho Paulo Rocco, 325 liha
do Fundao ~ Rio de Janeiro ~ RJ —~ Brasil, para fins de pesquisa de Dissertacio de
Mestrado Intitulada: “Efeitos do posicionamento sagital da mandibula na
morfometria das vias aéreas superiores”.

A responsabilidade pela privacidade de seus conte(dos, como preconizam os
Documentos Internacionais e a Res. 196/96 do Ministério da Satde e o Cddigo Penal
Brasileiro, fica a cargo de Matilde da Cunha Gongalves Nojima, Professora Associada
da Faculdade de Odontologia da UFRJ e orientadora do referido projeto de pesquisa,
assim como de Michelle da Silveira Guimaraes, aluna do Curso de Mestrado em
Ortodontia do Programa de Pés-Graduagao em Odontologia da UFRJ.

Rio de Janeiro, 03 de Dezembro de 2020.
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MATILDE DA CUNHA VES NOJIMA
Professora Associada |l de Ortodontia da FO/UFRJ
Pesquisadora Responsével
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MONICA TIRRE DE SOUZA ARAUJO
Coordenadora da Area de Concentragio em Ortodontia do

Programa de Pés-graduagao em Odontologia da FO/UFRJ
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MICHELLE DA SILVEIRA GUIMARAES
Aluna do Curso de Mestrado em Ortodontia do PPGO-UFRJ
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8.3 ANEXO 3 - JUSTIFICATIVA PARA DISPENSA DO TERMO DE
CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

UNIVERSIDADE FEDERAL DO RIO DE JANEIRO
FACULDADE DE ODONTOLOGIA
DEPARTAMENTO DE ODONTOPEDIATRIA E ORTODONTIA
DISCIPLINA DE ORTODONTIA

DISPENSA DO TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
(TCLE)

Solicito a dispensa da aplicagdo do Termo de Consentimento Livre e Esclarecido (TCLE)
do projeto de pesquisa intitulado “Efeitos do posicionamento sagital da mandibula na
morfometria das vias aéreas superiores”, com a seguinte justificativa: “O objetivo desse
trabalho sera avaliar as vias aéreas superiores nos diferentes padres de posicionamento sagital
da mandibula em relagio a base do cranio através do exame de tomografia computadorizada de
feixe conico. A amostra para realizagdo desse estudo ira compreender imagens tomograficas
pertencentes ao banco de imagens da Clinica de Ortodontia do Programa de Pés-Graduagdo em
Odontologia da Faculdade de Odontologia da Universidade Federal do Rio de Janeiro (UFRJ). Os
participantes n3c serdo abordados pessoalmente, recrutados ou sofrerdo gualquer intervencao
durante a execugdo do projeto. Além disso, nenhum exame tomografico sera solicitado para a
realizagao deste estudo”.

Declaro:

a) Que o acesso aos dados registrados em prontuario de pacientes ou em bases de dados
para fins da pesquisa cientifica sera feito somente apds aprovacdo do projeto de pesquisa pelo
Comité de Etica;

b) Assegurar o compromisso com a privacidade e a confidencialidade dos dados utilizados
na pesquisa, preservando integralmente o anonimato e a imagem do participante bem como a sua
nao estigmatizagao.

c) Assegurar a ndo utilizagdo das informagbes em prejuizo dos participantes efou das
comunidades, inclusive em termos de autoestima, de prestigio e/ou econémico-financeiro;

d) Que os dados obtidos na pesquisa serdc usados exclusivamente para finalidade
prevista no protocolo;

e) Que os dados obtidos na pesqguisa somente serdo utilizados para o projeto vinculado.

Rio de Janeiro, 03 de Dezembro de 2020.

I ?{mf-hﬂ. MModara
Matilde da Cunha Gongalves Nojima
Pesquisadora e Professora Associada Il de Ortodontia da FO-UFRJ
Pesquisadora Responsavel
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