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RESUMO

Objetivo: Avaliar, em criancas respiradoras orais, a associacdo entre as medidas
volumétricas das vias aéreas superiores feitas a partir de tomografia
computadorizada com o diagnéstico e indicagdo cirargica otorrinolaringolégica.
Objetiva-se, ainda, estudar a associagdo entre as causas da obstrucdo das vias
aéreas superiores e a reducao volumétrica do sitio anatémico envolvido. Material e
Métodos: Vinte e cinco criancas respiradoras orais, na faixa etaria entre 5 e 9 anos,
foram submetidas ao diagnéstico otorrinolaringolégico e a tomografia
computadorizada multislice, em posi¢cao supina. Comparacao entre o volume das
vias aéreas superiores e o diagndstico otorrinolaringologico (teste t para amostras
independentes) foi feita com nivel de significancia estabelecido em 5%. Resultados:
O ICC (Coeficiente de Correlacdo Intraclasse) foi de 0,99 para a avaliacéo
interobservador da cavidade nasal e orofaringe e 0,97 para nasofaringe. Enquanto o
ICC para avaliagéo intraobservador foi de 0,98 para a cavidade nasal, 0,97 para
nasofaringe e orofaringe. A medicdo do volume total de vias aéreas superiores foi
significativamente menor (P <0.001) no grupo de criancas que teve indicacéo
cirirgica para a remocdo da obstrucdo dos tecidos obstrutivos (18.258mm?),
comparativamente com o grupo de criangas respiradoras orais que nao receberam
indicacdo cirtirgica (26.607 mm?®). O volume da cavidade nasal em pacientes que
tinham indicacéo cirargica otorrinolaringolégica também foi significativamente menor
do que o de respiradores orais que ndo receberam uma indicagcdo de remocao
cirirgica de tecidos obstrutivos (P <0,05). O mesmo padrdo foi encontrado em
relacdo a nasofaringe de criancas com indicacao cirurgica ( P<0,001). Na orofaringe,
embora o volume em respiradores orais cirdrgicos fosse reduzido (5.313mm?), em
comparacdo com criancas sem indicacéo cirGirgica (6.215mm?), essa diferenca nédo
foi estatisticamente significativa ( P >0,05). Conclusbes: Houve uma reducdo do
volume das vias aéreas superiores em individuos com indicacao cirargica para a
normalizagcdo do padrdo respiratorio. Pode-se concluir ainda, que quando as
conchas nasais e adenoides estdo hiperplasicas h4 uma reducdo do volume na
cavidade nasal e na nasofaringe. A orofaringe de criangas com amigdalas

hiperplasicas apresentou volume semelhante a de criangas sem obstrugéo.

Palavras-chave: Tomografia. Diagndéstico. Cavidade nasal. Orofaringe. Nasofaringe.



ABSTRACT

Introduction: The objective of this study was to evaluate if mouth breathing children’s
upper airway volume is associated with the ENT clinical diagnosis. Methods: Twenty-
five mouth breathing children, aging 5-9 years-old were submitted to ENT clinical
diagnosis, flexible nasoendoscopy, and to a full head multislice computed
tomography scan taken at supine position. ENT diagnostic should be dichotomic:
obstructed or non-obstructed; with surgical indication or without surgical indication.
From CT scan DICOM files, the total volume of the upper airway, as well as the
volume of nasal cavity, nasopharynx and oropharynx with precise anatomical
landmarks were assessed with Dolphin Imaging 11.5 software. Results: Independent
sample t-test was used to assess the association between volume and ENT
diagnosis. Inter and intraobserver ICC (Intraclass correlation coeficient) ranged from
0.97 to 0.99. The total volume measurement of upper airways, including nasal cavity,
nasopharynx and oropharynx was significantly smaller (P<0.001) in children who had
ENT surgical indication for removal of lymphatic tissues obstruction (18.258mm?®) in
comparison with no surgical mouth breathers (26.607 mm?®). Association was found
between turbinate’s hypertrophy and nasal cavity volume reduction (P <0.05), and
adenoid’s hypertrophy and nasopharynx CT volume measurements (P <0.001). No
association was found between tonsil’'s hypertrophy and oropharynx measured
volume. In conclusion, 1) Upper airway total volume reduction was found in mouth-
breathing children with ENT surgical indication; 2) The volume of nasal cavity and of
nasopharynx was reduced when, respectively, hypertrophic turbinates and adenoids
were diagnosed; and 3) The volume of oropharynx of tonsil’s obstructed children was

similar with non-obstructed mouth-breathing children.

Keywords: Tomography. Diagnosis. Nasal cavity. Oropharynx. Nasopharynx.
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1 INTRODUCAO

O comprometimento obstrutivo das vias aéreas superiores € altamente
prevalente entre as criancas. Apesar de algumas controvérsias, por mais de um
século a obstrucdo da passagem de ar tem sido associada com o desenvolvimento
de anomalias dentofaciais (ANGLE, 1907; MCNAMARA, 1981; VIG, 1998; GRAUER
et al., 2009; SOUKI et al., 2009). Embora a maioria dos estudos ortodénticos nao
diferencie respiradores orais de acordo com a etiologia da obstrucdo das vias aéreas
superiores (ABOUDARA et al., 2009; KIM et al., 2010), varios fatores obstrutivos
estdo envolvidos com a causa deste disturbio respiratorio. (SUBTELNY; BAKER,
1956; GRAUER et al., 2009; LENZA et al., 2010). Portanto, a obstrucdo das vias
aéreas pode variar de acordo com uma combinacdo de locais anatdmicos com
deficiéncia. Reducao do lumen referente a hiperplasia de tecido linféide da cavidade
nasal, gera um aumento da resisténcia ao fluxo de ar. Conchas nasais nas
cavidades nasais, adendides na nasofaringe e amigdalas na orofaringe sao tecidos
qgue, quando o seu volume é aumentado tem impacto sobre a etiologia obstrutiva de
pacientes ortodonticos jovens (EL; PALOMO, 2010; ALSUFYANI; FLORES-MIR;
MAJOR, 2012; GHONEIMA; KULA, 2013). O diagndstico precoce da obstrucéo das
vias aéreas superiores pode contribuir para um encaminhamento adequado para o
otorrinolaringologista, melhorando a qualidade de vida dos pacientes.

O padrao-ouro para diagnostico de obstrucdo das vias aéreas € o exame
otorrinolaringoldgico (MODRZYNSKI; ZAWISZA, 2007; MAGNUSSON et al., 2011).
Usualmente, o exame é realizado com o auxilio de nasoendoscopia flexivel
(SCHWAB; GOLDBERG, 1998). O diagnéstico das vias aéreas por ortodontistas
historicamente tem sido realizado com o auxilio da telerradiografia lateral
(ABOUDARA et al., 2009; ZINSLY et al., 2010). No entanto, com o0 aumento do uso
da tomografia computadorizada (TC) em Ortodontia, bem como o desenvolvimento
de softwares comerciais ortodénticos uma nova perspectiva foi aberta. Esta
tecnologia, entre outras funcionalidades, permite a medicdo de volume e area das
vias aéreas em uma maneira mais rapida e mais confiavel (GRIBEL et al., 2011,
GUIJARRO-MARTINEZ; SWENNEN, 2011; EL; PALOMO, 2010; LENZA et al., 2010;
ALVES JUNIOR, 2012a). Ainda nfo esta estabelecido se as medicdes de TC deve

se correlacionar corretamente com o diagndéstico dado pelo otorrinolaringologista.
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Clinicamente, torna-se importante observar se ha associacdo entre a
indicacdo cirargica do paciente para a remocdo dos tecidos hiperplasicos e a
reducdo na medida de volume por meio de TC das vias aéreas superiores.
Entretanto, apesar da literatura fornecer evidéncias de que o volume das vias aéreas
por meio de TC sejam reprodutiveis, dentro do mesmo software (EL; PALOMO,
2010; ALSUFYANI; FLORES-MIR; MAJOR, 2012), existe significativa falta de
consisténcia de medicdo entre diferentes softwares. Além disso, ha grande
variabilidade entre os limites anatdmicos para a medicdo das vias aéreas do TC
(ALSUFYANI; FLORES-MIR; MAJOR, 2012; GRAUER et al., 2009; GUIJARRO-
MARTINEZ; SWENNEN, 2011;EL; PALOMO, 2011), especialmente no que diz
respeito a definicAo de marcos anatdbmicos e os limites das varias regides que
compde as vias respiratorias superiores. Como os métodos anteriores hdo medem o
trato respiratério anatémico preciso, essa falta de uma padronizacdo de como avaliar
o volume das vias aéreas do TC levanta uma questéo, se a validade de tais métodos
é confiavel.

Portanto, o objetivo deste estudo foi avaliar se as medi¢cées volumétricas da
cavidade nasal, da nasofaringe e orofaringe por meio da tomografia
computadorizada, seguindo limites anatdmicos precisos, correlacionam-se bem com
o diagndstico otorrinolaringolégico e a indicacdo cirtrgica. Objetiva-se, ainda,
estudar a associacdo entre as causas da obstrucdo das vias aéreas superiores e a

reducédo volumétrica do sitio anatémico envolvido.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a correlacdo entre as medidas volumétricas das vias aéreas

superiores e o diagndstico otorrinolaringologico em pacientes respiradores orais.
2.2 Objetivos Especificos
a) avaliar a correlacdo entre as medidas volumétricas da fossa nasal e o

diagnéstico de sua obstrucéo, pela hipertrofia dos cornetos;

b) avaliar a correlacdo entre as medidas volumétricas da nasofaringe e

(@)

diagndstico da obstrucao pela adenoide;

c) avaliar a correlacdo entre as medidas volumétricas da orofaringe e o
diagnéstico da obstrucao pelas amigdalas;

d) avaliar a correlacdo entre as medidas volumétricas da fossa nasal e a
indicacao de cirurgia desobstrutiva das vias aéreas superiores;

e) avaliar a correlacdo entre as medidas volumétricas da nasofaringe e a
indicacao de cirurgia desobstrutiva das vias aéreas superiores;

f) avaliar a correlacdo entre as medidas volumétricas da orofaringe e a
indicacdo de cirurgia desobstrutiva das vias aéreas superiores;

g) avaliar a correlacdo entre o volume total das vias aéreas superiores e a

indicacao de cirurgia desobstrutiva das vias aéreas superiores.
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3 MATERIAL E METODOS

3.1 Amostra

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da
Faculdade de Odontologia da PUC Minas de acordo com o processo CAAE n°
10706812.1.0000.5137.

Vinte e cinco criancgas respiradoras orais sendo, 13 do sexo feminino e 12 do
sexo masculino, na faixa etéria de 05 a 09 anos, foram selecionadas por
otorrinolaringologistas do Ambulatério do Respirador Oral do Hospital das Clinicas
da Universidade Federal de Minas Gerais (AROHC-UFMG). Nenhuma crianca era
portadora de sindromes, apresentava mal formacdo craniofacial ou havia sido
submetida previamente a procedimentos cirdrgicos otorrinolaringolégicos O
comportamento das criancas deveria ser compativel a realizagdo do exame clinico,
da nasoendoscopia e da tomografia computadorizada. Os responsaveis pelos

pacientes assinaram um Termo de Consentimento Livre e Esclarecido. (Anexo B)

3.2 Métodos de Registro

3.2.1 Exame Clinico e Otorrinolaringolégico

O exame clinico foi realizado no AROHC-UFMG por otorrinolaringologistas
experientes. Por meio da anamnese e preenchimento de ficha de exame clinica as
vias aéreas superiores das criancas foram classificadas como obstruidas ou nédo
obstruidas. O exame clinico foi complementado pela fibronasofaringoscopia, que era
precedido pela aplicacédo de anestésico tépico no nariz.

A fibronasofaringoscopia foi realizada utilizando-se nasolaringoscopio flexivel,

3.2mm (Machida ENT-30PIII) associado ao endocoupler Machida (Figura 1).
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Figura 1: Nasolaringoscépio flexivel.

Fonte: Elaborado pelo autor

3.2.2 Exame Tomografico

A tomografia computadorizada das vias areas superiores foi realizada usando
um scanner multislice 128 (Somatom, Siemens, Erlangen, Alemanha) (Figura 2),
com tensao de tubo de 120 kV e corrente de 240 mA e tempo de 1,57 segundos de
aguisicdo com protocolo de seios da face. O paciente foi posicionado em decubito
dorsal. Foram obtidas imagens axiais, coronais e sagitais com 1 mm de colimacao;
0,6 mm de espessura de corte. Durante a realizacdo do exame, os individuos foram
acompanhados pelos pais. As criangcas permaneceram acordadas e na posicao
supina. As imagens foram analisadas em uma estacao de trabalho, pelo aplicativo
Dolphin System 3D Imaging 11.5, por dois cirurgides-dentistas treinados e

calibrados.
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Figura 2: A) Tomografo multislice 128 detectores. B) Computador
(workstation).

Fonte: Elaborado pelo autor

3.2.3 Método de andlise e medida

Para padronizar as medidas e minimizar os erros, a imagem 3D foi
reorientada nos trés planos do espac¢o. Na viséo frontal (plano coronal), a cabeca foi
posicionada com tragcado que une as suturas fronto-zigomatica direita e esquerda
paralela ao solo. Na vista lateral direita (plano sagital), o plano horizontal de
Frankfurt (FH) foi utilizado como plano de referéncia e também posicionado paralelo
ao solo, orientado a partir do ponto Périon, localizado no ponto latero superior do

conduto auditivo externo e o ponto Orbital, ambos do lado direito. A visdo superior
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(plano axial) foi orientada por meio de um tracado alinhado paralelo, ao plano sagital
médio e perpendicular ao solo, que unia os pontos Crista galli e Basion (Figura 3).

Figura 3: Orientagéo tridimensional do cranio - Planos A) sagital. B) coronal.
C) axial.

Fonte: Elaborado pelo autor

O volume total da via aérea superior foi considerado a soma da cavidade
nasal, da nasofaringe e orofaringe (Figura 4) e os limites anatébmicos de cada uma

dessas regides foram delimitados conforme mostrado na Tabela 1.

Figura 4. Anatomia de vias aéreas superiores: cavidade nasal, nasofaringe e

orofaringe.

B cavidade Nasal
B Nasofaringe
. Orofaringe

Fonte: Elaborado pelo autor

Os volumes das regides da via aérea superior, foram reconstruidos no plano
sagital e medidos por um operador experiente treinado e calibrado com a ferramenta
especifica para calcular o volume das vias aéreas (modo das vias aéreas 3D/Dolphin
Imaging versao do software 11.5 Chatsworth, CA, EUA), o valor limiar foi fixado em
73 (referéncia padrdo ALVES JUNIOR et al., 2012b). Os Pontos Técnicos Cranianos
foram identificados (Tabela 1) e para cada regido previamente definida em corte

sagital, foi marcado com a opcao "Seed Point" do software, para a reconstrucéo das
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vias aéreas em 3D (Figura 5) e a opcao "Update volume" calculou o volume da

cavidade nasal (Figura 6), nasofaringe (Figura 7) e orofaringe (Figura 8).

Tabela 1. Os marcos anatémicos utilizados na identificacédo dos limites da
cavidade nasal, nasofaringe e orofaringe

Cavidade Nasal

Pontos Técnicos cranianos ~ Definicao

Espinha nasal anterior Ponto mais anterior do assoalho da fossa nasal, na
margem inferior da abertura piriforme.

Espinha nasal posterior Ponto mais posterior do osso palatino e do assoalho
das fossas nasais.

Nasio Ponto localizado no centro da sutura frontonasal

Osso Nasal Ponto mais inferior do Osso Nasal

Fossa pterigomaxilar Ponto mais inferior da fossa pterigomaxilar

Vémer Ponto localizado na por¢éo mais posterior do 0Sso
vomer

Narina Porcéo anterior da entrada da narina

Nariz Porcéo anterior da ponta do nariz

Nasofaringe

Pontos Técnicos cranianos ~ Definicdo

Espinha nasal Posterior Ponto mais posterior do osso palatino e do assoalho
das fossas nasais.

Vomer Ponto localizado na por¢cédo mais posterior do 0sso
vomer

Basio Ponto localizado no limite inferior e posterior da borda
anterior do forame magno

Fossa pterigomaxilar Ponto mais inferior da fossa pterigomaxilar

Atlas Ponto mais infero-anterior do Atlas

Orofaringe

Espinha nasal posterior Ponto mais posterior do osso palatino e do assoalho
das fossas nasais.

Atlas Ponto mais infero-anterior do Atlas

Osso hiéide Ponto superior do Osso hidde

Vértebra C3 Ponto infero - anterior da Vértebra C3

Fonte: Elaborado pelo autor
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Figura 5: Reconstrucao das vias aéreas em 3D - (A) Volume total. (B) Cavidade
nasal. (C) Nasofaringe. (D) Orofaringe.

I

Fonte: Elaborado pelo autor

Figura 6: Delimitacdo da cavidade nasal - (A) vista coronal. (B) vista axial. (C)

vista sagital. (D) mensuragéo do volume da cavidade nasal.
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Figura 7: Delimitacdo da nasofaringe - (A) vista sagital. (B) mensuracao do
volume da nasofaringe.

Fonte: Elaborado pelo autor

Figura 8: Delimitacdo da orofaringe - (A) vista sagital. (B) mensuracao do
volume da orofaringe.

Fonte: Elaborado pelo autor

3.2.4 Anélise Estatistica

Para determinar erros na identificacdo e medidas, 20 individuos foram
selecionados aleatoriamente, e seus exames foram reavaliados por um segundo
investigador ap6s um intervalo de um més. Quatorze sujeitos também foram
reavaliados pelo primeiro investigador. Coeficientes de correlacdo intraclasse (ICC)
para avaliar a concordancia intraexaminador e interexaminadores foram calculados.

Para avaliar as diferengas entre as criancas obstruidas e ndo obstruidas, bem

como as criangas cirurgicas e nao cirurgicas, foi escolhido um teste t para amostras
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independentes. Os pressupostos de normalidade dentro de cada grupo (teste de
Kolmogorov-Smirnov) e homocedasticidade (Levene) foram realizados.
O nivel de significancia foi estabelecido em P <0,05. Os dados foram

analisados utilizando o programa SPSS versao 20.0 (SPSS Inc., Chicago, IL, EUA).
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4 ARTIGO

Do computed tomography airway obstruction measurements agree with
the ENT diagnosis?

Artigo preparado dentro das normas da revista alvo: American Journal of
Orthodontics and Dentofacial Orthopedics (Qualis Al).
Normas para submissdo de artigos podem ser encontradas no endereco

eletronico: http://www.ajodo.org/authorinfo.
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Do computed tomography airway obstruction measurements agree with the
ENT diagnosis?

Bruno César Ladeira Vidigal®, Carolina Morsani Mordente?, Flavio Ricardo
Manzi®3 Leticia Paiva Franco®, Helena Maria Goncalves Becker® and Bernardo
Quiroga Souki®

Belo Horizonte, Minas Gerais, Brazil

Introduction: The objective of this study was to evaluate if mouth breathing
children’s upper airway volume is associated with the ENT clinical diagnosis.
Methods: Twenty-five mouth breathing children, aging 5-9 years-old were submitted
to ENT clinical diagnosis, flexible nasoendoscopy, and to a full head multi-slice
computed tomography scan in supine position. ENT diagnostic should be dichotomic:
obstructed or non-obstructed; with surgical indication or without surgical indication.
From CT scan DICOM files, the total volume of the upper airway, as well as the
volume of nasal cavity, nasopharynx and oropharynx with precise anatomical
landmarks were assessed with Dolphin Imaging 11.5 software. Results: Independent
sample t-test was used to assess the association between volume and ENT
diagnosis. Inter and intraobserver ICC(Intraclass correlation coeficient) ranged from
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0.97 to 0.99. The total volume measurement of upper airways, including nasal cavity,
nasopharynx and oropharynx was significantly smaller (p=331) in children who had
ENT surgical indication for removal of lymphatic tissues obstruction (18.258mm?) in
comparison with no surgical mouth breathers (26.607 mm?). Association was found
between turbinate’s hypertrophy and nasal cavity volume reduction (p<0.05), and
adenoid’s hypertrophy and nasopharynx CT volume measurements (p<0.001). No
association was found between tonsil’'s hypertrophy and oropharynx measured
volume. Conclusion: 1) Upper airway total volume reduction was found in mouth-
breathing children with ENT surgical indication; 2) The volume of nasal cavity and of
nasopharynx was reduced when, respectivelly, hypertrophic turbinates and adenoids
were diagnosed; and 3) The volume of oropharynx of tonsil’s obstructed children was

similar with non-obstructed mouth-breathing children.

Key words: Tomography. Diagnosis. Nasal cavity. Oropharynx. Nasopharynx.
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INTRODUCTION

Upper airway impairment is highly prevalent among young children and for
more than a century, despite some controversies, it has been associated with the
development of dentofacial anomalies.® Although most orthodontic studies do not
differentiate  mouth breathers according to the etiology of the upper airway
obstruction,®” several obstructive factors are involved with the cause of this sleeping
respiratory disorder.*®® Therefore, obstructed airway can vary according to a diverse
combination of impaired anatomic sites. Nasal cavity, nasopharynx and oropharynx
lumen reduction due to hypertrophic lymphoid tissue impose an increased resistance
to the airflow. Turbinates in the nasal cavities, adenoids in the nasopharynx and
tonsils in the oropharynx are tissues that when their volume is overgrown have the
most prevalent impact on the obstructive etiology of young orthodontic patients.'**?
The early diagnosis of upper airway obstruction might contribute to an adequate
referral to ENT (Ear, Nose, and Throat), improving the quality of life of patients.

The airway diagnosis by orthodontists has been historically performed with the
aid of cephalograms examination.®*® However with the increasing use of computed
tomography (CT) in Orthodontics as well as the development of orthodontic
commercial softwares a new perspective was open. This technology, among other
features, enables the measurement of airways volume and area in a faster and more
reliable way.%*0141¢

However, the gold standard to diagnosis airway obstruction is ENT
examination.>’*® Most of the time with the aid of flexible nasoendoscopy.'® Ideally,
the CT measurements should correlate well with the ENT’s opinion. Clinically it
should be interesting if the ENT surgical indication for removal of hypertrophic tissues
could be associated with the CT’s reduced volume measurement of upper airways.
Thus, if a clinically significant agreement with ENT diagnosis is expected, whenever
orthodontists find in a CT examination a total diminished airway, or a relative
reduction of either nasal cavity, nasopharinx or oropharinx, a more reliable ENT
indication can be done. However, the literature has provide evidence that CT airway

10,11,15

volume despite being highly reproducible, within the same software, it has

significant lack of measurement consistency among different software. Besides that,

there are great variabilty among the anatomic limits for CT's airway

4,11,15,20

measurement, especially in regard the definition of anatomic landmarks and
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the boundaries of the several cavities that composes the upper airways. As previous
methods have not used the precise anatomic respiratory tract, this lack of a
standardization of how to evaluate the CT’s airway volume raises a question if the
validity of such methods is reliable.

Therefore, the purpose of this investigation was to evaluate if nasal cavity,
nasopharynx and oropharynx computed tomography measurements, following
precise anatomical landmarks boundaries, correlates well with the ENT diagnosis

and surgical indication.

MATERIAL E METHODS

The study protocol was approved by the ethics committee Pontifical Catholic
University of Minas Gerais, Belo Horizonte, Minas Gerais, Brazil (CAAE
10706812.1.0000.5137). Informed written consent was obtained from the parents
before the subjects entered the study.

As no previous study have used the airway landmarks proposed to the present
investigation, the sample size was calculated based on the standard deviation of the
10 first cases, which served as pilot study. Thus a sample size of at least 25 patients
should be evaluated, and in the comparison of two groups, at least 12 subjects
should be enrolled in each group.

The sample was composed of 25 mouth breathing children, aged 5 to 9 years-
old, 13 girls and 12 boys. They were selected after thoroughly examination by a team
of ENT’s from the Outpatient Clinic for Mouth-Breathers at the Federal University of
Minas Gerais, Belo Horizonte, Brazil, in a single visit, when a team comprised by
allergists and orthodontists also examined the each subject. The exclusion criteria
included syndromic children; craniofacial malformations; previous ENT surgical
procedures; behavioral limitation for the acquisition of computed tomography.

Based on the clinical and endoscopic ENT examinations performed by two of
the authors in the first consultation, mouth breathing was confirmed. Endoscopic
examination was performed by an experienced otolaryngologist, using a flexible
nasolaryngoscope, 3.2mm (Machida ENT-30PIll) associated with endocoupler
Machida. Topical spray anesthesia (Xylocaine 2% with epinephrine at a
concentration of 1:20,000) was previously applied to reduce discomfort.
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Nasopharyngeal obstruction by adenoidal tissue was considered when more
than 75% of the cavum was occupied by hyperplasia tissue.?*?* Oropharynx
obstruction was diagnosed when palatine tonsil hyperplasic were on Brodsky and
Koch’s grades 3 or 4.2 Nasal cavity was considered obstructed when turbinates were
considered hyperplasic inferior and / or middle turbinates unilateral or bilateral, even
after decongestion, increased volume maintained. Hyperplasia was classified as
grade | adenoid occupying less than half of the choanae, as grade IlI, adenoid
occupying between 50% and 75% of the choanae, and grade Ill, adenoid occupying
75% or more of the choanal area. !’ 9424

Multislice computed tomography (MSCT) of the airway was performed in the
same day of ENT clinical examination using a multislice scanner 128 units
(Somatom, Siemens, Erlangen, Germany) with 100 kV and 36 mA current time of
1.57 seconds tube voltage acquisition. The children were instructed not to breathe
deeply, not to swallow, and not move her head and tongue during scanning and were
supine positioned and obtained axial, coronal and sagittal images with 1 mm
collimation, 0.6 mm slice thickness, and the images were reconstructed with 1 mm
intervals bone.

To standardize the measurements and minimize errors, the 3D image was
reoriented in all three planes of space. In the frontal view (coronal plane), the head
was positioned with the line connecting both right and left fronto-zygomatic sutures
parallel to the floor. In the right lateral view (sagittal plane), the Frankfort horizontal
(FH) plane was used as the reference plane was also positioned parallel to the floor.
It was constructed from the right Porion, located in the most laterosuperior point of
the external auditory meatus, and the right Orbitale. Finally, in the superior view
(axial plane) was constructed through Crista galli and Basion, the line connecting the
anatomic structure was aligned parallel to the mid-sagittal plane and perpendicular to
the ground (FIG. 1).

The upper airway total volume was considered the sum of the nasal cavity,
nasopharynx and oropharynx volumes (FIG. 2). The anatomic boundaries of each of
these components of the airways is given on Table 1.2

The volumes of the regions rebuilt in the sagittal plane was measured by an
experienced operator trained and previous calibrated with the specific tool to
calculate the volume of air (3D mode airway/sinus Dolphin Imaging software version
11.5 Chatsworth, CA, USA), The threshold value was set at 73 (standard reference
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Alves Jr et al 2012) The limits Cranial Technical Points were identified (Table 1)for
each region previously defined in sagittal section, marked with a Seed Point option
was performed 3D airway reconstruction (FIG. 3) and calculated to nasal cavity (FIG.
4) nasopharynx (FIG. 5) oropharynx (FIG. 6) the volume by volume software update
tool.

Statistical Methods

To determine errors in the landmark identification and measurements, 20
subjects were randomly selected, and their scans were remeasured by a second
investigator after an interval of one month. Fourteen subjects were also remeasured
by the first investigator. Intraclass Correlation Coefficients (ICC) to assess
interexaminer and intraexaminer agreement were calculated.

To assess the differences between obstructed and non-obstructed children, as
well as surgical and non-surgical children, an independent sample t-test was chosen.
The assumptions of normality within each group (Kolmogorov-Smirnov test) and
homoscedasticity (Levene) were accomplished.

The significance level was set at p<0.05.The data were analyzed using SPSS
version 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The ICC was 0.99 for interobserver evaluation of nasal cavity and oropharynx
and 0.97 for nasopharynx. While for intraobserver evaluation ICC was 0.98 for nasal
cavity, 0.97 for nasopharynx and oropharynx Therefore, reproducibility of the method
was considered almost perfect.

According to FIGs. 7 and 8, which brings a series of histograms which

synthesize the results, it can be inferred that.

Nasal cavity and nasopharynx volume measurements are reduced in mouth

breathing children with ENT surgical indication

Nasal cavity volume in subjects who had ENT surgical indication is
significantly smaller than of mouth breathers who did not receive an indication of

surgical removal of obstructive tissues(P=0.002)(FIG.7A).With the same pattern,
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nasopharynx of ENT surgical children (2.431mm?) had almost half the volume of non-
surgical subjects (4.433mm?)(P<0.001)(FIG.7B).

Oropharynx of mouth breathing children with ENT surgical indication is similar

to non-surgical mouth breathers

Although oropharynx volume in surgical mouth breathing children is reduced
(5.313mm?), in comparison with non-surgical children (6.215mm?®), such difference is
not statistically significant (P=331)(FIG.7C).

Upper airway volume measurements are associated with ENT surgical

indication

The total volume measurement of upper airways, including nasal cavity,
nasopharynx and oropharynx, is significantly smaller in the group of children who had
ENT surgical indication for removal of lymphatic tissues obstruction in comparison
with no surgical mouth breathers. While non-surgical mouth breathing children
presented a total volume measurement of 26.607 mm?®, surgical subjects had a
18.258mm®(P<0.001)(FIG.7D).

Reduced nasal cavity and nasopharynx are associated with enlarged turbinates
and hypertrophic adenoids, however tonsils obstruction does not impact the

oropharynx volume

CT measurements of nasal cavity showed reduced volume (P=0.014) in those
children whose turbinate was diagnosed as obstructive by ENT examination, in
comparison with mouth breathing children whose turbinate was considered within
normal limits following ENT exam (10564mm3vs 15073mm?)(FIG.8A). Nasopharynx
volume measurement is also associated with lymphatic tissue hyperplasia. Children
whose adenoids where considered obstructive after ENT examination presented
statistically significant reduced nasopharynx volume (2757mm?® vs 4143mm3) in
comparison with non-obstructive adenoids mouth breathers (FIG.8B). Tonsils
hyperplasia did not have an influence on the CT measured volume of oropharynx.
Tonsils obstructive children showed a oropharynx with 6094mm?, while tonsils non-
obstructive children had 5453mm? (FIG.8C).
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DISCUSSION

Excellent reproducibility (ICC 0.97-0.99) intra and inter were found for all
regions studied upper airway high ICC values were also found in studies.®'%*%*® This
confirms that the reproducibility of measurements of the volume of airspace on CT
scans is not a limiting factor in these types of studies. However, as identified by'%®?’
the validity of the method is a matter of concern that needed to be better assessed.

The objective of this study was to evaluate whether the total volume of the
upper airways, as well as isolation from nasal, nasopharyngeal and oropharyngeal
cavity, measured in CT, in fact correlate with the ENT diagnosis and surgical
indication for the standardization breathing pattern. It was chosen in this study, the
anatomical boundaries, rather than the approximate limits, used in previous studies.
The reason for this is that with prior methods had not been accurately portrayed the
boundaries of each region of the upper airways.***>?* We believe that the adoption
of the real anatomy of the various compartments of the upper airspace is a gain for
other forms of measurement, and is suggested as criteria to be used in future
studies.

The measurement of the total volume of the upper airways, including the
nasal, nasopharyngeal and oropharyngeal cavity was significantly lower in the group
of children who had surgical indication for removal of the obstruction of lymphatic
tissues compared to oral breathing children. This finding is important because it
indicates for the orthodontist when the total volume of airspace is significantly
reduced, that there is a strong association with indication ENT therapy, reinforcing
the need for early referral.*®?

It was also found that an isolated reduction in volume of the nasal cavity and
nasopharynx are associated with enlarged hypertrophied adenoids and
hypertrophied turbinates, respectively. This study is a pioneer in the assessment of
changes in the volume of specific sites of the upper airspace, and the findings are
important in guiding orthodontists regions in which patients are more likely to be
having trouble passing the air and in some way to allow a sense of how patients are
likely to be treated by otolaryngologists. ENT therapy associated with turbinate
hyperplasia tends to be conservative in young patients, usually with the use of drugs.
On the other hand, in cases of severe obstruction of the nasopharynx,

adenoidectomy seems to be the most appropriate treatment.?®
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However when the tonsils were obstructed, no association was observed with
the reduction of the volume of the oropharynx. This result brings weirdness. How can
a region be partially occupied by a lymphoid tissue and have your volume
unchanged? This finding may be attributed to the positioning of the tongue and other
subsequent tissue, during the examination with the patient in supine position.*®?%%
The lingual breakdown in the oropharynx, which happens in all subjects may be
masking the airspace in this region in patients whose obstruction by tonsils is not
important. So comparatively, the two groups showed no statistically significant
differences. However, it was chosen consciously by the acquisition of images with
the patient lying in this position because we believe that we would have a better
reproduction of what happens during sleep.®® Moreover, with the use of MSCT,
instead of Cone Beam Computed Tomography (CBCT) the short time of image
acquisition (1.5 seconds) allowed the examination of very young children without
interference from respiratory movements.”**® Studies with similar methodology,
however using CBCT may help in understanding this finding.

Several DICOM file viewer applications are available in the market. We opted
to use the Dolphin Imaging, in its 3D module. Based on previous study, we chose to
work with the sensitivity threshold of 73.%° We call attention to the importance of
standardization of this technical detail as well as the previous acquisition of a
thorough knowledge of the anatomy of the head and especially of the upper airways.

Several methodologies have been proposed for evaluation of airways in CT

studies 10,12,13,15

Some studies were based on parameters used in lateral
radiograph.>*®® In a systematic review authors showed that anatomical definition of
the airways were extremely variable.****3! |n this study we tried to use possible
precise anatomical limits and closer to the real, carefully defined in Table 1. Many

studies. 12032

used the anterior nasal spine and anterior limit of the nasal cavity,
however the nasal cavity extends up to the doors of the nostrils and with it much of
the area was not measured, moreover many studies do not fully involved in the
pharyngeal region of nasopharynx therefore delimit the anterior wall of the
nasopharynx at the end of the choanae, with that the region encompassed the
structure completely. The lower limit of the nasopharynx by locating the middle
stretch of the soft palate would not bring the reproducibility study, it was demarcated

by the atlas vertebra is an anatomical bone structure and marking is reproducible and
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extend a straight line until the soft palate in its great most go through the middle
portion of the same.””*

The evidence surveyed in this study confirm that volumetric assessments of
the upper airways, both the total volume, as the various anatomical sites is quite
reproducible. We add the information when the total volume of airspace, or just nasal
and nasopharyngeal isolation cavity is reduced, it is likely that oral breathing children
receive an indication for surgical intervention by the otolaryngologist for normalization
of breathing pattern. Regarding the oropharynx, additional research is needed in
order to elucidate the lack of association between tonsillar obstruction and its

volume.

CONCLUSION

Following the measurements of the volume of the upper airway and compare

them with the ENT diagnosis, it was concluded that:

a. upper airway volume reduction was found in subjects with ENT surgical
indication;

b. the volume of nasal cavity and of nasopharynx was reduced when
hypertrophic turbinates and adenoids are diagnosed,;

c. the volume of oropharynx of tonsil’s obstructed subject was similar of non-

obstructed mouth-breathing children.
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FIGURES

Figure 1: Three-dimensional skull orientation - (A) Sagittal. (B) Coronal. (C) Axial,
planes. (Dolphin Imaging® software, version 11.5/Orientation function).

B Nasal Cavity
[l Nasopharynx
. Oropharynx

Figure 2: Anatomy of upper airway: nasal cavity, nasopharynx and oropharynx.
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Figure 3: 3D airway reconstruction - (A) Total volume. (B) Nasal cavity. (C)

Nasopharynx. (D) Oropharynx.

Figure 4: Nasal cavity delimitation - (A) Coronal view. (B) Axial view. (C) Sagittal

view. (D) Nasal cavity volume rendering.
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Figure 5: Nasopharynx delimitation (A) Sagittal view. (B) Nasopharynx volume

rendering.

Figure 6: Oropharynx delimitation (A) Sagittal view. (B) Oropharynx volume
rendering.
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Figure 7. Association between surgical indication (yes or no) and upper airway
volume CT measurements - (A) Nasal cavity. (B) Nasopharynx. (C) Oropharynx.
(D) Total airway.

Turbinate’s obstructive vs. Nasal cavity measurement

Adenoid’s obstructive vs. Nasopharinx measurement

Tonsils's obstuctive vs. Oropharinx volume measurement
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Figure 8: Association between obstructive lymphoid tissues (turbinate, adenoid and
tonsils) and upper airway volume CT measurements - (A) Turbinate. (B) Adenoid. (C)

Tonsils.
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TABLE

Table I: The anatomic landmarks used in the identification of the nasal cavity

boundaries.

Cranial Technical Points

Definition

Anterior nasal spine

Most anterior point of the floor of the nasal fossa,
at the bottom of the nostril.

Posterior nasal spine

Most posterior point of the palatine bone and the
floor of the nasal cavities.

Nasion Point located in the center of the fronto nasal
suture

Nasal bone The lowest point of nasal bone

Pterygomaxillary fissue Lowest point of the Pterygomaxillary fissue

Vomer Point located in the posterior portion of the
vomer bone

Nostril Anterior portion of the nostril opening

Nose Anterior portion of the nose tip

Table 1I: The anatomic landmarks used in the identification of the nasopharynx

boundaries.

Cranial Technical Points

Definition

Posterior nasal spine

Most posterior point of the palatine bone and the
floor of the nasal cavities

Vomer Point located in the posterior portion of the
vomer bone
Basion Point located in the inferior and posterior limit of

the anterior border of the foramen magnum

Pterygomaxillary fissue

Lowest point of the pterygomaxillary fossa

Atlas

Anterior inferior point of atlas

Table lll: The anatomic landmarks
boundaries.

used in the identification of the oropharynx

Cranial Technical Points

Definition

Posterior nasal spine

Most posterior point of the palatine bone and the
floor of the nasal cavities.

Atlas

Anterior inferior point of atlas

Hyoid

Posterior inferior point of the hyoid bone

C3 vertebra

Superior-anterior point of the C3 vertebra
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5 CONSIDERACOES FINAIS

A linha de pesquisa sobre Respiracdo Oral e sua associacdo com a
Ortodontia vem sendo coordenada pelo Prof. Dr. Bernardo Quiroga Souki desde
2002 e desenvolvida com uma excelente parceria entre o Departamento de
Odontologia da Pontificia Universidade Catolica de Minas Gerais e o Ambulatorio do
Respirador Oral do Hospital das Clinicas da Universidade Federal de Minas Gerais.
Este trabalho vem agregar valores somando a Imaginologia e métodos de
diagndstico por imagem nesta linha de pesquisa. Devido as questdes relacionadas a
associacdo entre as medidas volumétricas das vias aéreas superiores e 0
diagndstico otorrinolaringolégico em pacientes respiradores orais, houve a idéia de
se padronizar e definir a anatomia da via aérea com maior precisdo e detalhe além
de usar a MSTC por ser um exame com melhor detalhe para visualizar a regido e
utilizado em larga escala pelos otorrinolaringologistas.

A amostra do presente estudo é inferior ao necessario de acordo com o
calculo amostral realizado. No entanto, no tempo habil disponivel para a dissertacao
de Mestrado buscou-se coletar os dados possiveis. A amostra destaca-se pela
homogeneidade, uma vez que, todos 0s pacientes apresentam respiracdo oral e a
faixa de idade entre os grupos n&o possui diferenca estatisticamente significante. E
importante relevar ainda a dificuldade de se selecionar uma amostra com estas
caracteristicas especificas associadas a exames tomograficos de Ultima geracao.
Estudos na literatura tém utilizado a Tomografia Computadorizada de feixe cénico
(TCFC) para avaliar pacientes com respiracdo oral. Porém esse trabalho nos
permitiu utilizar um MSTC de ultima geracdo, com tempo para realizacdo do exame
bastante reduzido e com grande precisao o que contribuiu para maior confiabilidade
dos resultados, bastante pertinentes, nessa regido especifica estudada. Logo,

acreditamos que esse estudo seja de grande valia para futuros estudos académicos.
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ANEXO B - Termo de consentimento livre e esclarecido

Termo de Consentimento Livre e Esclarecido

Titulo do Projeto:

O VOLUME DAS VIAS AEREAS SUPERIORES MENSURADO POR MEIO DAS TOMOGRAFIAS
COMPUTADORIZADAS E CONCORDANTE COM O DIAGNOSTICO DE OBSTRUCAO
REALIZADO PELO OTORRINOLARINGOLOGISTA?

Prezado Senhor (a),

Este Termo de Consentimento pode conter palavras que vocé nao entenda.
Peca ao pesquisador que explique as palavras ou informac¢des ndo compreendidas

completamente.
1) Introducao

Vocé esta sendo convidado(a) a participar de uma pesquisa sobre métodos
de diagnéstico da respiracdo oral. Se decidir participar dela, € importante que leia

estas informacdes sobre o estudo e a sua contribuicdo para esta pesquisa.

Vocé foi selecionado por ser um respirador oral e a indicacdo de ser
submetido a diversos exames para o diagnoéstico mais fiel das causas da sua
dificuldade em respirar pelo nariz, o que permitira um tratamento mais acertado. Sua
participacdo ndo € obrigatoria. A qualquer momento vocé pode desistir de participar
e retirar seu consentimento. Sua recusa néo trard nenhum prejuizo em sua relagéo
com o pesquisador ou com a instituicdo. Por favor, procure entender a natureza, 0s
riscos e os beneficios da sua participacdo e dar o seu consentimento livre e

esclarecido por escrito.
2) Objetivo

O objetivo desse estudo € avaliar o quanto os exames tradicionais do espaco
aéreo nasofaringeo (tubo respiratorio) sdo adequados no diagnostico das obstrucdes

que causam a respiracdo pela boca, tendo como referéncia um exame ideal
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(tomografia computadorizada) que normalmente ndo é feito por causa dos custo

elevado e néo estar disponivel em todos os centros de atendimento.
3) Procedimentos do Estudo

Se concordar em participar deste estudo vocé assinara esse termo permitindo
0 uso dos exames realizados como fonte de informacao para a pesquisa. Torna-se
importante esclarecer que essa pesquisa ndo interferira no prognoéstico do
tratamento, sO utilizaremos exames realizados para avaliacdo do espaco aéreo

nasofaringeo.
4) Riscos e desconfortos

Risco controlado, visto que todos os cuidados inerentes a radiagao ionizante ,
serdo devidamente controlados de forma adequada dentro do principio de ALARA e
das normas de protecao radiol6gica. Os exames serdo realizados de acordo com a
Comissdo Nacional de Energia Nuclear (CNEN) e PORTARIAN°453 DO
MINISTERIO DA SAUDE, Agencia Nacional de Vigilancia Sanitéaria (ANVISA)”.

5) Beneficios

A participacdo na pesquisa nao acarretara gasto para vocé, sendo totalmente
gratuita. O conhecimento adquirido com esta pesquisa podera beneficiar vocé, bem
como outras criangcas, com informacdes e orientagcdes futuras em relacdo ao

diagnostico de sua dificuldade respiratoria.
6) Custos/Reembolso

Vocé ndo tera nenhum gasto com a sua participacao no estudo.
7) Carater Confidencial dos Registros

Sua identidade sera mantida em sigilo. Dessa forma, vocé nao sera
identificado quando o material de seu registro for utilizado, seja para propositos de
publicacdo cientifica ou educativa. Além das agéncias governamentais locais, 0
Comité de Etica em Pesquisa da instituicdo onde o estudo esta sendo realizado e
seus representantes podem precisar consultar seus registros. Ao assinar este

consentimento informado, vocé autoriza as inspe¢cdes em seus registros.
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8) Para obter informacdes adicionais

Vocé recebera uma cépia deste termo onde consta o telefone e o endereco
eletrdnico do pesquisador principal, podendo tirar suas davidas sobre o projeto e sua
participacdo, agora ou a qualquer momento. Caso vocé tenha mais perguntas sobre
o estudo, por favor, ligue para Bruno César Ladeira Vidigal, telefone e email para
contato: (31) 97370787; butvidigal@gmail.com

Este estudo foi aprovado pelo Comité de Etica em Pesquisa da Pontificia
Universidade Catdélica de Minas Gerais, coordenado pela Prof.2 Cristiana Leite
Carvalho, que podera ser contatado em caso de questdes éticas, pelo telefone 3319-

4517 ou e-mail cep.proppg@pucminas.br.
9) Declaracdo de consentimento

Li ou alguém leu para mim as informagfes contidas neste documento antes
de assinar este termo de consentimento. Declaro também que toda a linguagem
técnica utilizada na descricdo deste estudo de pesquisa foi satisfatoriamente
explicada e que recebi respostas para todas as minhas duvidas. Confirmo também
que recebi uma cépia deste formulario de consentimento. Compreendo que sou livre
para me retirar do estudo em qualquer momento, sem perda de beneficios ou

qualquer outra penalidade.

Dou meu consentimento de livre e espontanea vontade e sem reservas para

participar deste estudo.

Nome do participante ou representante legal Documento apresentado

Data:

Assinatura do participante ou representante legal

Obrigado pela sua colaboracgéo e por merecer sua confianga. Data:

Assinatura do pesquisador
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