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Resumo

O sistema estomatognatico é constituido por tecidos e 6rgdos que desempenham funcdes
importantes como respira¢do, mastigacdo, degluticdo e fonacdo. Uma fungdo respiratdria
deficiente pode influenciar negativamente o desenvolvimento craniofacial, gerando alteragbes
na morfologia e no mecanismo de acdo do espaco faringeo, da mandibula e do osso hioide. A
correlacdo entre estas estruturas ndo esta claramente elucidada na literatura, necessitando-se
assim de mais informagdes acerca do assunto. Desse modo, 0 objetivo neste trabalho foi avaliar
o0 volume do espago faringeo e sua correlagdo com a morfologia da mandibula e o 0sso hioide
em pacientes com diferentes tipos faciais e classes esqueléticas. Alem disso, outro objetivo foi
desenvolver uma formula para estimar o volume do espago faringeo a partir de medidas
lineares. Assim, foram selecionadas, 161 imagens de tomografia computadorizada de feixe
conico adquiridas no aparelho i-CAT Next Generation®. Dessas imagens, 80 eram de
individuos do sexo masculino e 81 de individuos do sexo feminino, com idades entre 21 e 58
anos. A classe esquelética e o tipo facial foram determinados para cada paciente, a partir de
reconstrucdes multiplanares, utilizando-se o software NemoCeph®. Dezessete medidas lineares
e angulares foram realizadas com o software Carestream 3D Imaging® 3.4.3, enquanto a analise
volumétrica do espaco faringeo foi realizada por meio da ferramenta de segmentacédo
semiautomatica do software Insight ITK -SNAP® 2.4.0. O software MedCalc Statistical® 15.8
foi utilizado para as andlises estatisticas Coeficiente de correlacdo intraclasse, ANOVA, Tukey,
correlagdo de Pearson e regressdo linear. Foram observadas diferengas estatisticamente
significantes entre as diferentes classes esqueléticas nas mensuracdes Angulo transverso da
mandibula, Distancia antero-posterior da mandibula, Distancia latero-lateral da mandibula,
Distancia antero-posterior da vértebra C2, Distancia latero-lateral da epiglote, Menor distancia
do espaco faringeo e Volume do espaco faringeo. Em relagé@o aos diferentes tipos faciais, as
mensuracdes Distancia latero-lateral do osso hioide, Angulo transverso da mandibula, Angulo
antero-posterior da mandibula, Distancia antero-posterior da vértebra C2, Distancia antero-
posterior da epiglote e Menor distancia do espago faringeo mostraram diferencas
estatisticamente significantes. Houve correlacdo significativa entre o volume do espaco
faringeo e as medidas realizadas, com excecdo as mensuracdes de Angulo transverso do 0sso
hioide, Distancia latero-lateral do 0sso hioide, Angulo transverso da mandibula, Angulo antero-
posterior da mandibula e Distancia espinha nasal anterior - espinha nasal posterior. O modelo
de regressdo linear realizado para predizer o volume do espago faringeo obteve um R? de

0.8362. Concluiu-se que houve correlac@es significativas entre o volume do espaco faringeo e



as mensuracfes na mandibula e no osso hioide, recomendando-se que o0 sistema
estomatognético seja avaliado de uma maneira integral e isolada. Além disso, foi possivel
desenvolver um modelo de regressdo linear com precisdo, o que resultou em uma formula dtil

para a predicdo do volume do espaco faringeo.

Palavras-chave: Tomografia Computadorizada de Feixe Conico. Faringe. Mandibula. Osso
Hioide.



Abstract

The stomatognathic system consists on tissues and organs that perform important functions
such as breathing, chewing, swallowing and phonation. Deficient respiratory function may
affect the craniofacial development, leading to changes in the morphology and mechanism of
action of the pharyngeal space, mandible and hyoid bone. The correlation between these
structures is not clearly elucidated in the literature, requiring further information about this
subject. The aim of this study was to evaluate the volume of the pharyngeal space and its
correlation with mandible and hyoid bone in patients with different facial types and skeletal
classes. In addition, another objective was to develop a formula to determine the volume of the
pharyngeal space using only linear measurements. Thus, 161 cone-beam computed tomography
images were acquired on the i-CAT Next Generation® device. Out of these images, 80
belonged to males and 81 belonged to females, aged between 21 and 58 years. The skeletal
class and facial type were determined for each patient from multiplanar reconstructions using
NemoCeph® software. Seventeen linear and angular measurements were performed with the
Carestream 3D Imaging® Software 3.4.3, while a volumetric analysis of the pharyngeal space
was performed using the semiautomatic segmentation tool of the Insight ITK-SNAP® 2.4.0
software. MedCalc Statistical® software in version 15.8 was used for Intraclass correlation
coefficient, ANOVA, Tukey, Pearson's correlation and linear regression analyzes. Statistically
significant differences were observed between the different skeletal classes in the Transverse
Angle of Mandible, Anterior-Posterior angle of Mandible, Latero-Lateral distance of Mandible,
Anterior-Posterior distance of airway space in the region of C2 vertebra, Latero-Lateral distance
of airway space in the region of Epiglottis, Shortest Distance of the pharyngeal space and
Pharyngeal Space Volume. In relation to the different facial types, Latero-Lateral distance of
Hyoid Bone, Transverse Angle of Mandible, Anterior-Posterior distance of Mandible, Anterior-
Posterior distance of the airway space in the region of C2, Anterior-Posterior distance of the
airway space in the region of Epiglottis and Shortest Distance of the pharyngeal space showed
statistically significant differences. There was a statistically significant correlation between the
Pharyngeal Space Volume and all the measurements, with exception of the Transverse Angle
of Hyoid Bone, Latero-Lateral distance of Hyoid Bone, Anterior-Posterior distance of
Mandible, Transverse Angle of Mandible and Anterior Nasal Spine—Posterior Nasal Spine
Distance. The linear regression model used to predict the pharyngeal space volume obtained an
R? of 0.8362. It was concluded that there were significant correlations between the pharyngeal

space volume and the mandible and hyoid bone measurements, suggesting that the



stomatognathic system should be evaluated in an integral and isolated way. Furthermore, it was
possible to develop a linear regression model with precision, resulting in a useful formula for

predicting the volume of the pharyngeal space.

Keywords: Cone-beam computed tomography. Pharynx. Mandible. Hyoid bone.
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Introducéao
. _______________________________________________________________________________________________________________________]

1 INTRODUCAO

O sistema estomatognatico é constituido por tecidos e 6rgdos que compreendem
estruturas Osseas, dentes, masculos, articulagdes e glandulas, além de sistemas vasculares,
linfaticos e nervosos. Dentre as fungbes desempenhadas por esse sistema destacam-se quatro
principais: respiracdo, mastigacao, degluticdo e fonacdo (Discher et al., 2005; Prado et al.,
2007).

A literatura apresenta-se escassa em relacdo a possiveis associacdes entre funcao
respiratoria, morfologia facial e oclusdo. Néo estd claramente elucidado como variages no
fluxo de ar do sistema respiratorio podem alterar o crescimento e o desenvolvimento dos seres
humanos. Alguns autores acreditam que variacdes durante a respiracdo podem contribuir no
desenvolvimento de ma oclusdo devido a pressdo exercida pelos tecidos moles nas demais
estruturas orofaciais, podendo afetar a erupcdo dos dentes, a forma do arco dentério e,
possivelmente, a diregdo do crescimento mandibular e maxilar (Ogawa et al., 2007; Walsh et
al., 2008). Outro estudo afirma que o volume da via aérea € influenciado pela posi¢cdo do 0sso
hioide, por meio do musculo constritor médio da faringe (Ha et al., 2013). Existe ainda a
vertente que acredita que uma ma propor¢do entre as bases dsseas, maxilar e mandibular,

ocasiona uma respiracdo deficiente (Freitas et al., 2006).

A morfologia e 0 mecanismo de acdo do espaco faringeo, da mandibula e do 0sso
hioide podem alterar significativamente o funcionamento craniofacial, necessitando, assim, de

conhecimento e atencdo aprofundados (McNamara, 1981).

O espaco faringeo é uma estrutura complexa do sistema respiratorio, estendendo-
se do 6stio da narina até a borda inferior da cartilagem cricéide e coincidindo com a sexta
vertebra cervical. Alguns autores o classificam em trés regifes: nasofaringe, orofaringe e
hipofaringe (Muto et al., 2002; Iwasaki et al., 2011). O espaco faringeo € responsavel por
fungdes relacionadas a filtracdo do ar inalado, removendo agentes infecciosos, alérgicos e
toxicos; defesa, através da mucosa que identifica, metaboliza e remove uma série de elementos
xenobidticos; conducgéo, aquecimento e umidificacdo de 10.000 a 20.000 litros de ar por dia; e
contribuicdo importante para audi¢do, olfacdo, gustacdo e fonacdo. Quando o tamanho do
espaco da nasofaringe aparece reduzido, devido a presencga de adendides ou ao estreitamento
anatdmico, o desequilibrio funcional resultante pode impactar no crescimento e no

desenvolvimento craniofaciais (Shapiro et al., 1988).
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A mandibula deriva do esqueleto visceral (primeiro arco branquial) e, a partir da
sexta semana de vida intrauterina, comega a ossificar-se antes de qualquer outro 0sso do
organismo, com excecao da clavicula (Madeira, 1971). Em fase embrionaria ha uma ossificacdo
bilateral em direcéo latero-medial. Quando os dois processos se unem, formam o Unico 0sso
movel da face, em forma de “U”, onde se desenvolve a arcada dentéaria inferior (Kribbs et
al.,1990). A mandibula articula-se com os dois 0ssos temporais por meio da articulacdo
temporomandibular (ATM), sendo capaz de realizar uma série de movimentos que sao produtos
da atividade sinérgica de diferentes musculos regulados e coordenados pelo sistema nervoso
central (Sicher and Du Brul, 1970). Dessa forma, os movimentos mandibulares funcionais,
especialmente durante a mastigacdo e a degluticdo, sdo controlados e guiados por meio de
quatro componentes fisiologicos basicos: componentes neuromusculares, articulacdes

temporomandibulares, oclusdo e gonfoses (Leite et al., 2010).

Observa-se que a relacdo entre a mandibula e o 0sso hioide é mantida constante
desde a idade de trés anos, correspondendo a etapa de desenvolvimento e crescimento
longitudinal da coluna cervical (Opdebeeck et al.,1978; Bobby et al., 1981; Bibby.,1984).

O osso hioide localiza-se imediatamente acima da laringe, na altura da terceira
veértebra cervical (Mukhopadhyay, 2010). Esse é o Unico 0sso do corpo que ndo esta articulado
com outros 0ssos do esqueleto humano. Sua origem € derivada dos segundo e terceiro arcos
braquiais, a partir dos quais sao formados seu corpo, dois cornos maiores e dois cornos menores.
A parte superior do corpo, cornos menores e ligamento estilo-hioide s&o derivados a partir do
segundo arco branquial, e a parte inferior do corpo e cornos maiores sao derivados do terceiro
arco branquial (Ito et al., 2012). Estudos tém descrito, com base na observacdo visual, a
morfologia do osso hioide em formatos de "U”, “V", ferradura e assimétrico (Koebke et al.,
1979; Papadopoulos et al., 1989; Miller et al., 1998; Fakhry et al., 2013).

Dez diferentes muasculos estdo diretamente associados ao 0sso hioide. Dentre 0s
principais, destacam-se os musculos da faringe (realizam a constrigéo e a elevam), os musculos
da laringe (ajustam as dimensdes da passagem do ar), os musculos infra-hioideos (posicionam
a laringe e o 0sso hioide no pesco¢o), os muasculos supra-hioideos (unem o 0sso hioide a
mandibula e a base do crénio) e os muasculos posturais no compartimento muscular do pescogo

(posicionam o pescoco e a cabega) (Graber, 1978).

Na mastigacdo, durante os movimentos de abertura e fechamento e de lateralidades

direita e esquerda, os movimentos mandibulares necessitam enormemente da ancoragem
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hioidea, principalmente com a acdo dos grupos musculares supra e infra-hioideos. No processo
de degluticdo é o 0sso hioide quem d& ancoragem a lingua para que ela se posicione mais para

posterior e superior, levando o bolo alimentar a regido orofaringea (Dutra et al., 2010).

O padréo facial e esquelético de cada individuo esta diretamente relacionado a acéo
muscular. Os musculos sdo as matrizes funcionais capazes de guiar o crescimento e 0
desenvolvimento do complexo craniofacial carregando em si uma caracteristica peculiar de
armazenar a carga genéetica (forma, tamanho, tipo de fibras) e reproduzi-la na elabora¢éo do
arcabouco craniofacial. Dependendo das caracteristicas intrinsecas deste complexo muscular,
as formas e direcbes de crescimento se alteram, formando padrBes faciais e esqueléticos
diferentes (Mclintyre and Mossey, 2003; Shah and Jadhav, 2004; Sies et al., 2007). A variavel
sexo também deve ser levada em consideracdo ao analisarmos padrdes esqueléticos e faciais,
uma vez que os individuos do sexo feminino atingem sua forma facial adulta numa idade
consideravelmente mais jovem do que os do sexo masculino. O surto de crescimento facial na
adolescéncia inicia-se mais tardiamente nos meninos, sendo de maior duracdo e mais
pronunciado do que nas meninas. Isso traduz uma diferenca definitiva na morfologia facial

entre os sexos masculino e feminino, como descreve Van der Linder (Bianchini, 1998).

O paciente com despropor¢des maxilomandibulares apresenta desequilibrio entre
as funcbes estomatognaticas e desarmonia entre as estruturas anatdbmicas, 0 que pode ser
corrigido por meio de cirurgia ortognatica promovendo, ainda, uma melhora na estética facial.
As mudancas bruscas de forma decorrentes do processo ortoddntico-cirirgico propiciam
melhores posicionamento e propor¢do das bases Osseas (Grauer et al. 2009). Esse
reposicionamento altera tanto o perfil 6sseo quanto os tecidos moles do paciente, que tendem a
se adaptar, até mesmo por acdo da inércia, a0 novo posicionamento dos 0ssos (Souza et al.,
1997). Alguns autores defendem que o paciente submetido a cirurgia ortognatica, cujas bases
Osseas foram reposicionadas, possuiria uma musculatura que tende a se adaptar a esse novo
espaco, devido a plasticidade do sistema estomatognatico. Entretanto, as pressdes musculares
atipicas, com seus padrfes adaptativos as caracteristicas dentofaciais e funcionais do paciente,
podem persistir apds a cirurgia, promovendo a recidiva do mau posicionamento das bases
oOsseas (Vreeke et al., 2011).

Com o advento da tomografia computadorizada de feixe conico (TCFC), com dose
menor de radiacdo em relacdo a tomografia computadorizada de feixe em leque, tornou-se

possivel obter imagens em trés dimenses e avaliagdes mais precisas, superando algumas das



20

Introducéao
. _______________________________________________________________________________________________________________________]

limitacOes apresentadas nos estudos com imagens 2D (Ludlow e lvanovic, 2008; Loubele et al.,
2009; Guijarro-Martinez e Swennen, 2011; Lorenzoni etal., 2012). A analise em trés dimenses
do volume e da forma do espaco faringeo é necessaria para se entender as adaptacdes da
cavidade oral e da faringe em diferentes condicOes respiratdrias e estimulos proprioceptivos
(Grauer et al., 2009). Dada a complexidade da estrutura 3D da via aérea, alguns autores
realizaram uma revisdo sistematica sobre o tema e concluiram que o uso da TCFC representa
uma ferramenta de diagnostico mais valiosa no estudo do espaco faringeo em relacdo a

radiografia convencional (Van Vlijmen et al., 2009).

Técnicas que possibilitem o diagndstico preciso de alteracGes no espaco faringeo e
que levem em consideracdo aspectos concernentes a sua morfologia e volume se tornam
fundamentais, tanto para assegurar o desenvolvimento normal do complexo craniofacial quanto
para garantir a escolha de um plano de tratamento adequado que resulte em beneficios e ndo
em atraso e recidiva do tratamento ortoddntico. Devido a estreita relacdo entre o espaco
faringeo, mandibula e osso hioide, além do fato de que as intervencBes ortoddntica e/ou
ortognatica podem afetar o sistema estomatognatico, informacgdes acerca da influéncia das
classes esqueléticas e dos tipos faciais sobre essas estruturas, podem proporcionar um melhor

direcionamento no diagndstico e no tratamento dos pacientes.

Sendo assim, o objetivo deste estudo foi avaliar o volume do espaco faringeo e sua
correlagdo com a mandibula e o hioide em pacientes com diferentes tipos faciais e classes
esqueléticas. Além disso, outro objetivo foi determinar o volume do espago faringeo por meio

de uma férmula usando apenas medidas lineares.
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2 ARTIGO: Evaluation of Pharyngeal Space and its Correlation with Mandible and
Hyoid Bone in Patients with different Skeletal Classes and Facial Types

A versdo em inglés desse artigo, intitulado Evaluation of Pharyngeal Space and its Correlation
with Mandible and Hyoid Bone in Patients with different Skeletal Classes and Facial Types, foi
submetida, no dia 09 de janeiro de 2017, a apreciacdo (Anexo 1), visando a publicacdo, ao
periédico American Journal of Orthodontics and Dentofacial Orthopedics, AJO-DO. A
estruturacdo do artigo baseou-se nas “Instrugdes aos autores” preconizadas pela editora do

periddico.
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ABSTRACT

Aim: To evaluate the pharyngeal space volume, the size and shape of mandible and hyoid bone,
as well as their relationships, in patients with different facial types and skeletal classes.
Furthermore, to determine the volume of the pharyngeal space through a formula using only

linear measurements.

Methodology: A total of 161 i-CAT Next Generation® (Imaging Sciences International,
Hatfield, PA) cone-beam CT images (80 males, 81 females, aged between 21 and 58 years old,
mean age = 27 years), were retrospectively studied. Skeletal class and facial type were
determined for each patient from multiplanar reconstructions using the NemoCeph® software
(Nemotec, Madrid, Spain). Linear and angular measurements were performed using the
Carestream 3D Imaging® software 3.4.3 (Carestream Health Inc., Rochester, NY), while
volumetric analysis of the pharyngeal space was carried out through the ITK-SNAP® 2.4.0
(Cognitica, Philadelphia, PA) segmentation software.

Results: The pharyngeal space volume, when correlated with mandible and hyoid bone linear
and angular measurements, showed significant correlations with regard to skeletal class and/or
facial type. The linear regression performed to predict the volume of the pharyngeal space
showed a R of 0.92 and an adjusted R? of 0.8362.

Conclusions: There were significant correlations between the pharyngeal space volume, the
mandible and hyoid bone measurements, suggesting that the stomatognathic system should be
evaluated in an integral and non-individualized way. Furthermore, it was possible to develop a
linear regression model with precision, resulting in a useful formula for predicting the volume

of the pharyngeal space.

Keywords: Cone-beam computed tomography; Pharynx; Mandible; Hyoid bone.
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INTRODUCTION

Craniofacial growth and occlusion are influenced, among other things, by the respiratory
function. An impaired nasal respiratory function is associated with airway inadequacy, which
can result in the habit of mouth breathing. This change in breathing pattern leads to lowering
of the mandible and the tongue and an extended head posture. Changes in normal airway
function during the active facial growth period can have had a profound influence on facial

development by the time a patient comes for orthodontic treatment.!?

Combined orthodontic and orthognathic surgical treatment has become a common treatment
modality for the correction of facial deformities. An important aspect of orthognathic surgery
is the effect of skeletal movements in the surrounding structures. Maxillomandibular
advancement leads to the anterior movement of the soft palate, base of the tongue, hyoid bone,
and anterior pharyngeal tissues, resulting in an increase in volume of the nasopharynx,
oropharynx, and hypopharynx and therefore increasing the posterior airway space.®* In the
other way, mandibular setback surgery can cause relative narrowing of the pharyngeal airway

and a significant posterior movement of the hyoid bone.>®

The hyoid bone is connected to the pharynx, mandible, and cranium through muscles and
ligaments. The hyoid bone and its connecting muscles are also part of the oropharyngeal
complex. Without the hyoid bone, our facility for maintaining an airway, swallowing,
preventing regurgitation, and maintaining the upright postural position of the head could not be

controlled as carefully.”

The use of cone-beam computed tomography (CBCT) in dentistry has increased considerably
in the last years. With the introduction of 3D imaging, the possibility for a quantification of the
dimension of the pharyngeal space has broadened. Because of its high spatial resolution,
adequate contrast between the soft tissue and empty space, and the relatively low radiation dose
compared with multi slice computed tomography, CBCT has been used to measure anatomical

structures and analyze the pharyngeal space morphology in three dimensions.291°

Due to the close relationship between the pharynx, mandible and hyoid bone and the fact that
orthodontic or orthognathic interventions may affect the pharyngeal space, information
regarding the influence of skeletal classes and facial types on this structures, which is scarce in
the literature, would improve the direction of the diagnosis and treatment of orthodontic

patients.
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The aim of this study was to evaluate the volume of the pharyngeal space, the size and shape
of mandible and hyoid bone, as well as their relationships, in patients with different facial types
and skeletal classes. Furthermore, to determine the volume of the pharyngeal space through a

formula using only linear measurements.

MATERIAL AND METHODS
This study was approved by the local ethics committee.

This retrospective study was performed on a batch of previously taken CBCT volumes (i-CAT
Next Generation®, Imaging Sciences International, Hatfield, PA - 120 kVp, 5 mA, 23 x 17 cm
field of view, 0.4-mm voxel, and 40 seconds scanning time) for various diagnostic reasons. The
CBCT exams were made with each subject sitting upright, and with the Frankfort horizontal

plane parallel to the ground and the patient’s teeth occluding in maximum intercuspation.

A total of 161 CBCT volumes from 80 males and 81 females, aged between 21 and 58 years
old (mean age = 27 years), were included in this study. Patients younger than 21 years of age
and patients subjected to orthognathic surgery and with pathologies in the region of head and

neck or syndromes were excluded from the study.

Skeletal class (class I, Il and IIl) and facial type (brachycephalic, mesocephalic, and
dolichocephalic) were determined, by an orthodontist, for each patient from multiplanar
reconstructions (lateral cephalometric) derived from the CBCT images with the NemoCeph®

software (Nemotec, Madrid, Spain).

To determine the skeletal classes, classified as class I, class Il or class 111, it was used the SNA,
SNB and ANB measures, acquired from the cephalometric analysis of Steiner. The Jarabak’s

AO-BO measure was used to confirm the skeletal classes classification.

With regard to facial type, differentiation into vertical groups (brachyfacial, mesofacial,
dolichofacial) was determined by the VERT index (arithmetic average of five cephalometric
measurements: angle of the facial axis, facial depth, mandibular plane angle, lower facial height

and mandibular arch) as calculated in Ricketts’ cephalometric analysis.
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The linear and angular measurements were performed based on Park et. al'! using the CS 3D
Imaging® software3.4.3 (Carestream Health Inc., Rochester, NY, USA). The measures were

implemented according to the following protocol:

Anterior Nasal Spine — Posterior Nasal Spine Distance (ANS-PNS Distance): In the axial
reconstruction both points were first identified as the most anterior and most posterior point of
the hard palate, respectively. Subsequently, this distance was measured in the sagittal
reconstruction (Figure 1A).

Anterior-Posterior Angle of Mandible (AP Angle of Mandible): First of all, the left side of the
mandible was assessed on the sagittal reconstruction in MIP (maximum intensity projection).
Subsequently, three points were marked on the left side of the mandible in the sagittal
reconstruction: the most posterior point of the mandibular condyle, the Gonion point and the
most inferior border of the mandible body (Figure 1B). Finally, the angle between the 2 lines

was measured.

Shortest Distance of the pharyngeal space (Shortest Distance): The point of greatest pharyngeal
space constriction was measured in the same sagittal reconstruction as where ANS-PNS was

measured (Figure 1C).

Figure 1- A - Distance ANS — PNS, B - AP Angle of Mandible, C - Shortest Distance.

Pharyngeal space dimensions: In the axial reconstruction, measurements of Anterior-Posterior
distance (AP) and Latero-Lateral distance (LL) of the pharyngeal space were performed on 4
different levels, which were determined by a line drawn in the midsagittal reconstruction at the
level of the most inferior and anterior point of the vertebrae (C1, C2 and C3) and on the most

concave point of the base of epiglottis (Figure 2).
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Figure 2- A-LLC1 and APC1, B - LLC2 and APC2, C - LLC3 and APC3, D - LL Epiglottis and AP
Epiglottis.

Transverse Angle of Hyoid Bone (TA Hyoid Bone): To determine this angle, a line connecting
the lesser with the greater horn of the hyoid bone, in the axial reconstruction, was drawn on the
left and right sides of the hyoid bone (Figure 3A).

Latero-Lateral distance of Hyoid Bone (LL Hyoid Bone): In the same axial reconstruction as

above mentioned, the distance between the two greater horns was measured (Figure 3B).
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Anterior-Posterior distance of Hyoid Bone (AP Hyoid Bone): In the same axial reconstruction
as above mentioned, a line was dropped perpendicular from the most anterior point in the

concavity of the body of the hyoid bone to a line connecting the two greater horns (Figure 3C).

Figure 3 - A - Transverse Angle of Hyoid bone, B - LL Hyoid Bone, C - AP Hyoid Bone.

Transverse Angle of Mandible (TA Mandible): In the axial reconstruction, the angle was
measured between two lines connecting the most anterior point of the mandibular symphysis
and the Gonion point on left and right sides of the mandible (Figure 4A).

Latero-Lateral distance of Mandible (LL Mandible): In the same axial reconstruction as
described above, the distance was measured between the left and right Gonion points (Figure
4B).

Anterior-Posterior distance of Mandible (AP Mandible): In the same axial reconstruction as

above mentioned, a line was dropped perpendicular from the most anterior point on the lingual

surface of the symphysis to a line connecting the left and right Gonion points (Figure 4C).

Figure 4 - A — Transverse Angle of Mandible, B - LL Mandible, C - AP Mandible.
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The analysis of the Pharyngeal Space Volume (PS Volume) were carried out from the 3D
model. The reconstruction of the 3D model was established with the semiautomatic
segmentation mode of the software Insight ITK-SNAP® 2.4.0 (Cognitica, Philadelphia, PA,
USA), which measured the volume of the structure in cubic millimeters (mm?®). The volume
measured in this study corresponded to the union between oropharynx and hypopharynx. For
this, we followed the anatomical delimitations described by Grauer et. al ® establishing a
superior reference line traced from the posterior nasal spine to the lowest point of the first
cervical vertebra, and an inferior reference line traced on the most inferior point of the fourth

cervical vertebra perpendicular to the medial sagittal plane (Figure 5).

Figure 5 - A - Segmentation of the pharyngeal space using the reference points described in the text (in red) and
region not considered for delimitation of the pharyngeal space (in green), B - 3D volume of the union between

oropharynx and hypopharynx.

One calibrated examiner performed all software operations and measurements in a subdued and
quiet room. The examiner executed all measures 10 times of the same patient, with a day of
interval, to assess the reproducibility of the method. The intraclass correlation coefficient was

determined to assess the investigator’s reproducibility on the measurements.

Statistical analysis was performed using MedCalc Statistical® Software version 15.8 (MedCalc
Software bvba, Ostend, Belgium; 2015). ANOVA and Tukey’s tests with a significance level
of 5% were employed to compare the groups (facial type and skeletal class) and Pearson

correlation test was used to identify correlations between the volume of the pharyngeal space
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and the other variables analyzed. A linear regression was performed to create a formula for

predicting the volume of the pharyngeal space.

RESULTS

The intraclass correlation coefficient for the linear measurements was 0.988 (p <0.0001) and

for the angular measurements was 0.99 (p <0.0001).

The distribution of skeletal class and facial type is shown in table 1. No statistically significant

differences (p <0,0001) were observed between sexes for facial type or skeletal class.

Table 1. Distribution of patients according to skeletal classes and facial types in the different

SEXeES.

Skeletal Class |
Skeletal Class Il
Skeletal Class 11l

Brachycephalic
Dolichocephalic
Mesocephalic

Female (n=81)

Male (n=80)

Total (n=161)

37 (45.7%)
31 (38.3%)
13 (16.0%)

35 (43.2%)
17 (21.0%)
29 (35.8%)

23 (28.8%)
29 (36.2%)
28 (35.0%)

35 (43.8%)
21 (26.2%)
24 (30.0%)

60 (37.3%)
60 (37.3%)
41 (25.4%)

70 (43.5%)
38 (23.6%)
53 (32.9%)
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It was observed that with regard to skeletal class, Transverse Angle of Mandible, AP Mandible,
LL Mandible, LL Hyoid Bone, APC2, LL Epiglottis, Shortest Distance and PS VVolume showed

statistically significant differences (Table 2).

Table 2. All the measures in millimeters according to the skeletal class.

Mean (+SEM)

Class I (n=60) Class Il (n=60) Class Il (n=41)
Transverse Angle of Hyoid bone 41.7 (21.26) 43.5 (+1.38) 41 (£1.38)
AP Hyoid Bone 23.2 (+0.55) 23.5 (+£0.43) 25 (x0.72)
LL Hyoid Bone 36 (x0.6) b 38.5 (+0.65) a 37.5(x0.84) ab
Transverse Angle of Mandible 62.5 (£0.44) a 63.3 (x0.5) a 60.4 (x0.72) b

AP Mandible 56.4 (+0.66) b 57.8 (x0.73) b 62.8 (x1.09) a
LL Mandible 80.5 (+0.66) b 83.9 (£0.71) a 85.5(x0.9) a
AP Angle of Mandible 132 (119) 131 (118.5) 129 (12.5)
APC1 13.1(10.1) 15 (11.15) 13.4 (4.65)
APC2 10.5(x0.4) b 9.5(x0.45)c 12.3 (+0.67) a
APC3 11.7 (x0.45) 11.1 (x0.59) 13.1 (x0.65)
AP Epiglottis 14.9 (x0.31) 14.4 (+0.39) 15.3 (+0.49)
LLC1 29.2 (£0.85) 30.7 (x0.92) 31.2 (£1.14)
LLC2 24.6 (£0.74) 26.2 (£0.93) 27.5 (£1.3)
LLC3 29.6 (+0.54) 29.9 (+0.69) 30.9 (x0.72)
LL Epiglottis 34.2 (0.56) b 36.2 (0.49) a 36.3 (+0.68) a
ANS-PNS Distance 54.1 (+0.6) 54.9 (£0.54) 54.5 (£0.59)
Shortest Distance 7.8 (£0.35) ab 6.9 (£0.45) b 8.8 (x0.43) a
PS Volume 14560.2 (+660.32) b 16110.8 (+910.7) ab 18840.8 (+970.38) a

*Different superscripts indicate statistically significant difference between the indicated groups (p>0.05) by ANOVA
**SEM - Standard Error of Mean
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It was observed that with regard to the different facial types, LL Hyoid Bone, Transverse Angle
of Mandible, AP Angle of Mandible, APC2, AP Epiglottis, Shortest Distance and PS Volume

showed statistically significant differences (Table 3).

Table 3. All the measures in millimeters according to the facial types.

Transverse Angle of Hyoid bone

AP Hyoid Bone
LL Hyoid Bone

Transverse Angle of Mandible

AP Mandible
LL Mandible

AP Angle of Mandible

APC1

APC2

APC3

AP Epiglottis
LLC1

LLC2

LLC3

LL Epiglottis
ANS-PNS Distance
Shortest Distance
PS Volume

Brachyfacial (n=70)

Mean (+SEM)

Mesofacial (n=53)

Dolichofacial (n=38)

42.2 (£1.24)
24.2 (+0.5)

37.4 (0.65) ab
61.9 (+0.5) b

58.9 (0.85)
83.8 (£0.73)

124.4 (+0.83) ¢

13.2 (£0.47)
11.7 (+0.5) a
12.5 (+0.5)

15.6 (0.37) a

29.5 (+0.75)
26.3 (+0.9)
30.2 (+0.65)
35.4 (+0.56)
55.2 (+0.48)
8.4 (x0.39) a

17370.9 (+810.77) a

41.6 (+1.24)
23.4 (+0.56)
36.1 (+0.65) b
61.5 (£0.5) b
58.2 (+0.76)
81.5 (+0.74)
127.8 (20.7) b
12.8 (+0.51)
9.9 (+0.42) b
11.3 (0.6)
13.8 (+0.34) b
29.7 (1)
25 (+0.96)
29.3 (+0.57)
34.9 (£0.47)
53.9 (+0.53)
7.3 (20.39) b

15080 (+752.22) b

43.1 (+1.69)
23.5 (+0.64)
38.8 (x0.72) a
64 (+0.62) a
58.5 (+0.96)
83.8 (+0.86)
132.3 (x1.12) a
11.7 (x0.5)
9.4 (x0.49) b
11.4 (+0.6)
14.9 (+0.4) ab
32.5 (+1.21)
26.4 (+1.04)
31 (+0.64)
36.4 (20.7)
53.9 (+0.8)

7 (x0.48) b
15720.9 (+1050.9) b

*Different superscripts indicate statistically significant difference between the indicated groups (p>0.05) by ANOVA

**SEM - Standard Error of Mean
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A significant correlation between the PS Volume and the measurements performed, except for
the Transverse Angle of Hyoid Bone, LL Hyoid Bone, Transverse Angle of Mandible, AP
Angle of Mandible and ANS-PNS Distance was found. When the sample was divided into
skeletal classes and facial types, it was observed that there was a significant correlation in all
the subgroups in the following measurements: APC2, APC3, AP Epiglottis, LLC1, LLC2,
LLC3 and Shortest Distance. Furthermore, it was noticed that there was significant correlation
between the PS VVolume and the measurements of AP Hyoid Bone, AP Mandible, LL Mandible,
APC1 and LL Epiglottis, although only in few subgroups (Table 4).

Table 4. Correlation (Pearson — rP) between PS Volume and all other variables, segmented in
groups (facial types or occlusal classes) or not (total).

rP (p value)

PS Volume Total Brachy Dolicho Meso Class | Class Il Class 111

. -0.1604 01872 01962 -0.0921 00746 -02432  -0.1051
Transverse Angle of Hyoid bone 6 0451y (5=0.1207) (p=0.2378) (p=05121)  (p=0.571) (p=0.0612) (p=0.5133)
AP Hyoid Bone 0.3229 03755 02307  0.2754 0.2097 02804  0.4316
(p<0.0001)  (p=0.0014) (p=0.1472) (p=0.0459) (p=0.1079) (p=0.03) (p=0.0048)

LL Hyoid Bone 0.0369 01221  -00422  -0.0945 00834  -0.0615  0.0451
(p=0.6419)  (p=0.3138) (p=0.8012) (p=0.5011) (p=05264) (p=0.6406) (p=0.7796)

Transverse Angle of Mandible 01398 01894 -0.2298  0.0262 0024  -0.2253  -0.013
(p=0.077)  (p=0.1163) (p=0.1652) (p=0.8522) (p=0.8556) (p=0.0835) (p=0.9355)

AP Mandible 0.2907 0339 03534 01191 00124 04292 0.0979
(p=0.0002)  (p=0.0041) (p=0.0295) (p=0.3955) (p=0.9252) (p=0.0006) (p=0.5425)

LL Mandible 0.2594 03328 00652  0.2274 0217 02288 0.1102
(p=0.0009)  (p=0.0049) (p=0.6974) (p=0.1016) (p=0.0958) (p=0.0787) (p=0.4926)

AP Angle of Mandible -0.0868 01177 00059 00771 01524 -0.0687  -0.1736
(p=02736)  (p=0.332) (p=0.972) (p=05832)  (p=0.245) (p=0.6019) (p=0.2776)

ApCL 0.3404 0.2557 04575  0.3892 04055 03496  0.1686
(p<0.0001)  (p=0.0326) (p=0.0039) (p=0.004)  (p=0.0013) (p=0.0062) (p=0.292)

APC2 0.6123 0.6222 0624 05574 06357 0722 0.4405
(p<0.0001)  (p<0.0001) (p<0.0001) (P<0.0001) (p<0.0001) (p<0.0001) (p=0.0039)

APC3 0.6696 07733 05362 05971 0612 07019  0.6708
(p<0.0001)  (p<0.0001) (p=0.0005) (p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)

AP Epiglotis 0.5244 06182 03946 0.3808 04381 06279  0.467
(p<0.0001)  (p<0.0001) (p=0.0142) (p=0.0049) (p=0.0005) (p<0.0001) (p=0.0021)

Lot 0.5641 0.6274 05416  0.604 05547 06069  0.495
(p<0.0001)  (p<0.0001) (p=0.0004) (p<0.0001) (p<0.0001) (p<0.0001) (p=0.001)

LLeo 0.6727 07286  0.5015 0.72 06201 06589  0.7177
(p<0.0001)  (p<0.0001) (p=0.0013) (p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001)

L3 0.5747 0.6066 05235 05777 04022 06273  0.6467
(p<0.0001)  (p<0.0001) (p=0.0007) (p<0.0001) (p=0.0014) (p<0.0001) (p<0.0001)

LL Epiglottis 0.3004 02029 0295  0.3377 0.2034 02854  0.3394
(p=0.0001) (p=0.0139) (p=0.0722) (p=0.0134)  (p=0.119) (p=0.0271) (p=0.0299)

ANS PNS Distance 0.128 01585 01553  -0.0349 0.1964 00167  0.2208
(p=0.1056)  (p=0.1899) (p=0.3518) (p=0.8042)  (p=0.1327) (p=0.8992) (p=0.1654)

0.6615 0.6358 06746  0.6727 0.7258 07632 0.4089

Shortest Distance (p<0.0001)  (p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001) (p<0.0001) (p=0.0079)




33

Artigo

The linear regression model led to the formula: PS Volume =-2533.1 + (27.1 x LLC2) + (52 x
Shortest Distance) + (46.3 x APC3) + (11.2 x LL Mandible) + (13.3 x LLC1) + (23.1 x AP
Hyoid Bone) + (15.8 x LL Epiglottis) + (25.1 x APC1) — (11.3 x ANS-PNS Distance) + (11.9
x LLC3). The inclusion of other variables, such as age (p=0.61), sex (p=0.063), skeletal class
(p=0.34) or facial type (p=0.20) did not improve the model (Table 5). ANOVA showed that the
model is valid. The R was 0.92 and the adjusted R? was 0.8362, showing that the model can be

very useful to predict the PS Volume.

Table 5. The best (ANOVA, F=82.7; p<0.0001) linear regression (stepwise) model for PS
Volume.

Non-standardized Standard Standardized

coefficient (B) deviation coefficient (Beta) SIg. VIF

Constant -2533.1 371.2 -6.8 <0.0001

LLC2 27.1 4.1 0.30 6.6 <0.0001 2.0043
Shortest Distance 52 9.8 0.25 5.3 <0.0001 2.1900
APC3 46.3 6.9 0.30 6.7 <0.0001 1.9403
LL Mandible 11.2 4.2 0.10 2.7 0.0088 1.4238
LLC1 13.3 4.1 0.15 3.3 0.0013 1.9209
AP Hyoid Bone 23.1 5.8 0.15 4 0.0001 1.3197
LL Epiglottis 15.8 5.9 0.10 2.7 0.0083 1.4981
APC1 25.1 7.3 0.15 3.4 0.0008 1.7510
ANS-PNS Distance -11.3 5.6 -0.08 -2 0.0428 1.3168
LLC3 11.9 5.9 0.09 2 0.0436 1.8444

DISCUSSION

The pharyngeal space is a region which allows the passage of air inspired or expired from the
nasal cavity to the glottis. It is composed of the union between three different anatomical areas:
nasopharynx, oropharynx and hypopharynx.'? In the present study, the volume corresponding
only to the union between the oropharynx and hypopharynx was evaluated, because these two
areas are connected through muscles and ligaments to the hyoid bone and mandible. Since the
growth of the hyoid bone and mandible varies with the facial type and skeletal class, the authors
believe that this variation could influence the volume of the pharyngeal space.

The understanding about the morphology and relationship of structures in the head and neck of

patients with different facial types and skeletal classes may help predicting unfavorable growth
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and anatomical variations, which may lead to better treatments, including orthognathic surgery,

for patients with cranio-facial disorders.**344

There are studies that evaluated the volume of the pharyngeal space in the different skeletal
classes, although they reported controversial results. Some authors have not found a
statistically significant difference ¢, while others have described that class Il had lower values
when compared with classes | and 111, with statistically significant differences.!”8 Furthermore,
there is a study that compared males and females, classes I and 111, and found a statistically
significant difference only between females.® In our research, we have found a statistically
significant difference between classes | and I11, with higher values in class 11l individuals. The
authors believe that these variations may be related to the different methodologies adopted,
including different sample sizes, ethnicities, exam types (two dimensional or three dimensional)
and software programs used. From other studies, it is known that when the volume of the
pharyngeal space is compared between the different facial types, statistically significant

differences were observed'>1®, which is in accordance with our results.

Linear and angular measurements were performed in the mandible and hyoid bone to classify
different degrees of Obstructive Sleep Apnea (OSA) in some studies. These have found that the
smaller is the measure, the more severe is the degree of OSA.1%2°21 |n our study, we have
performed the same measurements for the different skeletal classes and facial types. Our results
have shown that some of these measurements presented statistically significant differences.
Thus, due to the variation observed in the measurements, the authors believe that skeletal class
and facial type can be factors that influence the degree of OSA.

Studies performed to assess the pharyngeal space through linear measurements along all its
extension to compare the before and after maxillomandibular advancement observed that the
measures increased after the maxillomandibular advancement.*! Our study executed the same
measurements to compare possible differences between skeletal classes and facial types, and

only the APC2 showed a statistically significant difference.

In order to assess the volume of the pharyngeal space by professionals who do not have access
to segmentation software programs, we created a formula through linear regression analysis
using only linear measurements, obtaining 92% accuracy. As far as we know, there are no other
studies that developed a formula with this goal, and our model showed to be very useful to

predict the volume of the pharyngeal space.
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CONCLUSION

It was concluded that there were significant correlations between the volume of the pharyngeal
space and mandible and hyoid bone measurements, suggesting that the stomatognathic system
should be evaluated in an integral and isolated way. Furthermore, it was possible to develop a
linear regression model with precision, resulting in a useful formula for predicting the volume

of the pharyngeal space.
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3 CONCLUSAO

Concluiu-se que houve correlagdes significativas entre o volume do espaco faringeo
e as mensuragdes realizadas na mandibula e no osso hioide, recomendando-se que o sistema
estomatognatico seja avaliado de uma maneira integral e ndo individualizada. Além disso, foi
possivel desenvolver um modelo de regressao linear com precisdo, o0 que resultou em uma

férmula atil para a predicdo do volume do espago faringeo.
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APENDICE 1

METODOLOGIA DETALHADA

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa da Faculdade de
Odontologia de Piracicaba, da Universidade Estadual de Campinas — FOP/UNICAMP —
protocolo n°® 092/2014 (Anexo 1).

SELECAO DA AMOSTRA

Foram utilizadas 161 imagens por TCFC, sendo 80 de individuos do sexo masculino
e 81 do sexo feminino, com idades entre 21 e 58 anos (média de idade de 27 anos). As imagens
foram selecionadas por um radiologista, a partir de um arquivo de exames de pacientes
atendidos na Clinica de Radiologia Odontol6gica da Faculdade de Odontologia de Piracicaba,
da Universidade Estadual de Campinas — FOP/UNICAMP, Brasil, no periodo de fevereiro/2014
a agosto/2014. Foram excluidas da amostra imagens de pacientes menores de 21 anos de idade,
pacientes submetidos a cirurgia ortognatica, e aqueles com presenca de patologia na regido de

cabeca e pescogo.

OBTENCAO DAS IMAGENS

As imagens por TCFC foram adquiridas por meio do tomdgrafo i-CAT Next
Generation® (Imaging Sciences International, Hatfield, PA, EUA), com os pardmetros de
exposicdo de 120 kVp e 5 mA, tempo de aquisicdo de 40 s e de reconstrucdo de 62 s, com voxel
de 0,4 mm e FOV (Field of View) de 23 x 17 cm. As imagens foram adquiridas nesse FOV por
apresentarem indicacdo para tratamento ortoddntico ou cirurgico-ortognatico, e foram
selecionadas por permitirem a completa visualiza¢éo do osso hioide, da mandibula e do espaco
faringeo. Todas as imagens utilizadas nesse estudo foram obtidas com os pacientes
posicionados sentados, com a posicdo da cabega estabilizada pelos proprios dispositivos do
aparelho, de modo que o plano sagital mediano ficasse perpendicular ao plano horizontal e o
Plano de Frankfurt paralelo ao plano horizontal. Todas as imagens foram obtidas com os

pacientes posicionados em maxima intercuspidacgao interdentaria.

MENSURACOES LINEARES, ANGULARES E VOLUMETRICAS

Foram realizadas mensuracdes lineares no 0sso hioide, na mandibula e no espaco
faringeo. Também foram obtidas medidas angulares no 0sso hioide e na mandibula, e o volume

correspondente ao espaco faringeo.
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Para a realizacdo das mensuragdes lineares e angulares nas estruturas supracitadas
foram utilizadas as reconstrugdes multiplanares e as ferramentas préprias do software CS 3D
Imaging® Software 3.4.3 (Carestream Health Inc., Rochester, NY, EUA), em um notebook Dell
Inspiron® 5537 (Dell Inc., Round Rock, TX, EUA) com tela de 15 polegadas e resolucio de
1366 x 768 pixels.

Anteriormente a analise das medidas, todas as imagens foram classificadas por um
ortodontista quanto ao tipo facial e a classe esquelética dos pacientes, utilizando-se o software
NemoCeph® (Nemotec, Madri, Espanha).

Para determinar a classe esquelética foram utilizadas as medidas SNA°, SNB° e
ANB?®, obtidas a partir da analise cefalométrica de Steiner. Por meio dessas medidas, 0s
pacientes foram classificados em Classe | — valor de ANB entre 0 e 4 graus, Classe Il — valor
de ANB maior que 4 graus ou Classe Il — valor de ANB menor que 0 graus. Para confirmar a
correta classificacdo esquelética, foi mensurada a distdncia AO-BO por meio da analise

cefalométrica de Jarabak.

Para a classificacdo dos pacientes em relacdo ao tipo facial, foi calculado o indice
VERT por meio da andlise cefalométrica de Ricketts. Esse indice é composto pela média
aritmética de cinco mensuracgdes cefalométricas: eixo facial, profundidade facial, angulo plano
mandibular, altura facial inferior e arco mandibular. De acordo com os valores obtidos, o0s

pacientes foram classificados como braquifaciais, mesofaciais ou dolicofaciais.

As mensurac0es lineares e angulares foram realizadas apés a correta orientacao das
imagens. Desse modo, para as medidas realizadas no espaco correspondente ao espaco faringeo,
as linhas de orientagéo do software foram posicionadas de forma que passassem pelas espinhas
nasais anterior e posterior, nas reconstrucdes axial e sagital (Figura 1A e 1B). Para a obtencéo
das medidas angulares e lineares em mandibula, a linha de orientagdo do software foi
posicionada de forma tangente a borda inferior da mandibula na reconstrugéo sagital (Figura
2A). Na reconstrucdo axial, a linha de orientagéo foi posicionada sobre o longo eixo da espinha
geniana (Figura 2B). Posteriormente, na reconstrucdo sagital, a linha de orientag&o foi movida
superiormente até o encontro da espinha geniana (Figura 2C). Para a realizagdo das medidas
angulares e lineares no osso hioide, a linha de orientagcdo do software foi posicionada, na
reconstrucdo sagital, sobre o longo eixo desse osso (Figura 3).
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Figura 1 — Padronizacéo dos exames de tomografia computadorizada de feixe cdnico.

A — Posicionamento das linhas de orientacdo do software para realizacdo das mensura¢Bes do espaco faringeo na
reconstrucédo axial, B - Posicionamento das linhas de orientacdo do software para realizacdo das mensuragdes do espago

faringeo na reconstrucéao Sagital.

Figura 2 — Padronizagdo dos exames de tomografia computadorizada de feixe conico.

A — Posicionamento da linha de orienta¢do do software de forma tangente a borda inferior da mandibula na reconstrugao
sagital, B - Posicionamento da linha de orientacéo do software sobre o longo eixo da espinha geniana na reconstrugdo axial,
C - Posicionamento final das linhas de orientacdo do software para realizagdo das mensura¢fes na mandibula na
reconstrucéo sagital.
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Figura 3 — Posicionamento da linha de orientacdo do software sobre o longo eixo do osso hioide na
reconstrucéo sagital.

As mensurac0es realizadas na mandibula, no 0sso hioide e no espaco faringeo estdo

descritas e ilustradas abaixo:

e Distancia espinha nasal anterior - espinha nasal posterior: mensurada entre o ponto
mais anterior e 0 ponto mais posterior do palato duro, na reconstrucdo sagital
(Figura 4A).

e Angulo antero-posterior da mandibula: formado entre o ponto mais posterior do
condilo da mandibula, o ponto gonio e o ponto mais inferior da borda inferior do
corpo da mandibula. Mensurado no lado esquerdo da mandibula, na reconstrugéo
sagital em MIP (Figura 4B).

e Menor distancia do espaco faringeo: mensurada como a menor distancia entre as
paredes anterior e posterior do espaco faringeo, na reconstrucao sagital (Figura 4C).

e Dimensdo do espago faringeo: obtida, na reconstrucdo axial, como a distancia
antero-posterior e a distancia latero-lateral do espaco faringeo em quatro diferentes
niveis (C1, C2, C3 e ponto mais concavo da base da epiglote), observados na
reconstrucdo sagital (Figura 5).

e Angulo transverso do osso hioide: angulo formado entre a juncdo das linhas
tracadas nos lados direito e esquerdo do 0sso hioide, e que transpassam seus cornos

menor e maior. Obtido na reconstrucgéo axial (Figura 6A).



47

Apéndice 1

e Distancia latero-lateral do osso hioide: distancia entre os cornos maiores do 0sso
hioide, mensurada no plano axial (Figura 6B).

e Distancia antero-posterior do 0sso hioide: distancia entre 0 ponto mais anterior do
corpo do 0sso hioide e a linha que conecta seus cornos maiores. Mensurada no plano
axial (Figura 6C).

 Angulo transverso da mandibula: angulo formado entre a juncio das linhas tracadas
sobre o ponto mais anterior da sinfise mandibular e o ponto gonio, bilateralmente.
Obtido na reconstrucdo axial (Figura 7A).

e Distancia latero-lateral da mandibula: mensurada, no plano axial, como a distancia
entre o ponto Gonio do lado esquerdo e o ponto Gonio do lado direito (Figura7B).

e Distancia antero-posterior da mandibula: distancia do ponto mais anterior da face
lingual da sinfise mandibular a linha que conecta os pontos Gonio dos lados direito

e esquerdo. Mensurada na reconstrucdo axial (Figura 7C).

Figura 4 — Mensuracdes lineares e angular.

A - Distancia Espinha Nasal Anterior (ENA) — Espinha Nasal Posterior (ENP), B - Angulo antero - posterior da mandibula,

C - Regiéo de maior constricdo do espaco faringeo.
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Figura 5 — Mensuracdes de distancia antero - posterior e de largura transversa do espaco faringeo em quatro diferentes
niveis (C1, C2, C3 e base da epiglote)

A - Mensuragdes no nivel de C1, B - Mensuragdes no nivel de C2, C - Mensuragdes no nivel de C3, D — Mensuracgdes

no nivel de base da epiglote.
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Figura 6 — Mensuragdes no 0sso hioide.

A - Angulo transverso do osso hioide, B - Distancia latero - lateral do osso hioide, C - Distancia antero - posterior do 0sso
hioide.

Figura 7 — Mensuragfes na mandibula.

79.8mm /9.8mm £18mm

A - Angulo transverso da mandibula, B - Distancia latero - lateral da mandibula, C - Distancia antero — posterior da
mandibula.

As analises volumétricas do espaco faringeo foram realizadas a partir do modelo
3D. A reconstru¢cdo do modelo foi estabelecida por meio da ferramenta de segmentacdo
semiautomatica do software Insight ITK-Snap® 2.4.0 (Cognitica, Filadélfia, PA, EUA), que
mediu o volume da estrutura em milimetros cubicos. O volume medido nesse estudo foi o
correspondente a unido entre a orofaringe e a hipofaringe. Os limites para selecdo da area de
interesse a ser segmentada foram delimitados de maneira que as linhas de referéncia superior,
inferior, anterior, posterior, lateral e medial do software abrangessem toda a regido do espago

faringeo (Figura 8).
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Figura 8 - Sele¢do da &rea de interesse para mensuracéo do volume do espaco faringeo

A segmentacdo do espaco faringeo foi realizada no software em 3 passos:

1° Passo: Selecdo do recurso de imagem “region competition” para ativacdo do
contorno evolugdo, por meio do pré-processamento da imagem. Para o preenchimento do
volume a ser segmentado, foram estabelecidos parametros de “threshold” de -1000 ao valor
minimo, e variando de -400 a -850 ao valor maximo, com esfumacamento fixo em 3,00. Esses
parametros variaram de acordo com os valores de densidade presentes no exame de imagem de
cada paciente. Foi utilizada a op¢éo de display combinado para a verificagdo do completo
preenchimento dos volumes do espago faringeo (Figura 9).
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Figura 9 - Seleg¢do do recurso de imagem “region competition” para ativagdo do contorno evolugdo, por meio do pré-
processamento da imagem.

ITKSNAP Toobox 8 - - Segment 3D 8
= E &
Main Toolbar = f 59 [ Current Stage
= N & (] Step 1/3
P LIS : < Preprocessing
L] Actions:
Cursor Inspector behaver
HR S DR R =
Cursor position
% = - P e 5 ate a speed image
s 95 Sis Thresholding | Clustering
ity I CREOr Image to threshold: Component:
’ Paima, Maria Alice 10_14_20090; v
yer |
Paima. Maria Thresholding function:
Speed Image
§ 1 zo0m to fit
2
g
2
gos5
2
Label under cursor °
1d:  Description: [SEGER 7 .
-1000 1000 2000 3000
0 | [Clear Label Input image intensity
Lower threshold: Threshold direction:
-1000 ® Two-sided
Upper threshold: Lodat ool
409 3
Upper only
Smoothness:
3,00 3
3D Toolbar
T % Live Preview
=5 & &
e 950f 196 Cancel Segmentation

2° Passo: Colocacdo de bolhas de raios ajustaveis ao longo da imagem, para
inicializacdo do contorno de evolucéo ativo (Figura 10).

Figura 10 - Colocacéo de bolhas de raios ajustaveis ao longo da imagem.
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3° Passo: Selecdo da velocidade (fixada em 5) para o preenchimento do volume a ser

segmentado, com inicio e finalizagdo do preenchimento ainda nesse passo. (Figura 11)
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Figura 11 - Inicio e finalizagdo do preenchimento do espaco correspondente ao espago faringeo.
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Ao fim da segmentacéo, a imagem do volume do espaco faringeo foi reconstruida
na janela 3D do software. Os volumes das estruturas foram mensurados pelo proprio software

em milimetros ctbicos (mm?®) (Figura 12).

Figura 12 — Preenchimento completo e valor do volume em mm? do espaco faringeo.
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ANALISE ESTATISTICA

Um radiologista oral previamente treinado realizou todas as mensura¢ées em uma
sala com ambiente e iluminagdo adequados. Essas medidas foram realizadas 10 vezes no mesmo
paciente, com intervalo de 1 dia entre elas, para avaliar a reprodutibilidade do método. O
coeficiente de correlacdo intraclasse foi determinado para avaliar a reprodutibilidade das

medicdes executadas pelo examinador.

A andlise estatistica foi realizada utilizando-se o software MedCalc Statistical®
versdo 15.8 (MedCalc Software BVBA, Ostend, Bélgica). Os testes ANOVA e Tukey, com
nivel de significancia de 5%, foram utilizados para comparar os grupos (tipos faciais e classes
esqueléticas) e a correlagdo de Pearson foi utilizada para verificar correlagBes entre o volume
do espaco faringeo e as outras variaveis do estudo. Uma regressdo linear foi realizada para

possibilitar a criacdo de uma férmula para prever o volume do espaco faringeo.
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ANEXO 2 — Comité de Etica em Pesquisa.

| COMITE DE ETICA EM PESQUISA
: FACULDADE DE ODONTOLOGIA DE PIRACICABA
T UNIVERSIDADE ESTADUAL DE CAMPINAS

CERTIFICADO
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092/2014, dos pesquisadores YURI NEJAIM, FRANCISCO HAITER NETO, LEONARDO VIEIRA PERONI, GINA DELIA ROQUE TORRES e
DANIELI MOURA BRASIL satisfaz as exigéncias do Conselho Nacional de Satide — Ministério da Satide para as pesquisas em seres humanos e foi

aprovado por este comité em 09/12/2015.
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airways and their correlation with the mandible and the hyoid bone in patients with different facial skeletal types and classes 7 register number
092/2014, of, YURI NEJAIM, FRANCISCO HAITER NETO, LEONARDO VIEIRA PERONI, GINA DELIA ROQUE TORRES and DANIELI MOURA
BRASIL, comply with the recommendations of the National Health Council ~ Ministry of Health of Brazil for research in human subjects and therefore was

approved by this committee on Dec 09, 2015.
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