Universidade Federal do Rio de Janeiro — UFRJ
Centro de Ciéncias da Saude

Faculdade de Odontologia

ESTUDO DA ANATOMIA DO SEPTO NASAL E SUA RELACAO

COM A MORFOLOGIA DO COMPLEXO NASOMAXILAR

Sarah Braga Sayao de Paula

CD

Dissertacdo submetida ao corpo docente da
Faculdade de Odontologia da Universidade Federal do Rio
de Janeiro - UFRJ, como parte dos requisitos, para a

obtencdo do Titulo de Mestre em Odontologia (Ortodontia).

Rio de Janeiro

2021



ESTUDO DA ANATOMIA DO SEPTO NASAL E SUA RELAGAO COM A

MORFOLOGIA DO COMPLEXO NASOMAXILAR

SARAH BRAGA SAYAO DE PAULA, CD

Orientadora: Prof?. Dr2. AMANDA CUNHA REGAL DE CASTRO

Dissertacao submetida ao corpo docente da
Faculdade de Odontologia da Universidade Federal do
Rio de Janeiro - UFRJ, como parte dos requisitos, para

a obtencdo do Titulo de Mestre em Odontologia

(Ortodontia).
Comissao Examinadora:
Prof®. Dr?. Matilde da Cunha Gongalves Nojima Prof. Dr. Eduardo Franzotti Sant’Anna
CD, MO, DO CD, MO, DO

Prof. Dr. Rodrigo Lopes de Lima
CD, MO, DO

Rio de Janeiro

2021



Ficha Catalografica

DE PAULA, Sarah Braga Sayao

Estudo da anatomia do septo nasal e sua relagdo com a morfologia do
complexo nasomaxilar. Rio de Janeiro: UFRJ/Faculdade de Odontologia, 2021.

xxvii, 80 f.

Dissertagao: Mestrado em Odontologia (Ortodontia) — Universidade
Federal do Rio de Janeiro — UFRJ, Faculdade de Odontologia, 2021.

1 Septo nasal 2 Complexo nasomaxilar

3 Tomografia Computadorizada de Feixe Cénico 4 Teses

| Titulo
Il Dissertacao (Mestrado — UFRJ/Faculdade de Odontologia)




Linha de Pesquisa do Programa de Pés-graduacao em Odontologia da
Faculdade de Odontologia da UFRJ (Area de Concentragdo em Ortodontia):
Avaliagdo do crescimento e do desenvolvimento da face e do aparelho

mastigador.

Plataforma Sucupira

Projeto: Aspectos moduladores da morfologia craniofacial, fisiologia do

movimento dentario, diagnostico e tratamento ortodénticos.

Comité de Etica em Pesquisa do Hospital Universitario Clementino Fraga
Filho (CEP-HUCFF) da UFRJ (Rio de Janeiro, Brasil)

Projeto: Estudo da relagdo do septo nasal com as caracteristicas do complexo
nasomaxilar (Cadastro na Plataforma Brasil).

Parecer de aprovacgao: 3.888.756

CAAE: 27431319.4.0000.5257



DEDICO

Dedico ao Mauro Sérgio de Paula Santos, meu esposo, que & meu
companheiro em todas as situagdes, que me ajuda e me apoia em todos os

momentos, e que esta sempre presente nas minhas maiores conquistas.



Vi

AGRADECIMENTOS

Agradeco primeiramente a Deus, que é meu escudo e fortaleza, e meu
forcas para continuar mesmo nos momentos mais dificeis.

Ao meu esposo Mauro Sérgio de Paula Santos, que esteve comigo
durante todo o curso, me apoiando e foi meu maior incentivador.

Aos meus pais, Eliane dos Santos Braga Sayao e Ricardo Beda de
Amorim Sayao, juntamente com minha irma Mariana Braga Sayao, que estao
sempre por perto dando apoio e porque sempre me incentivam a dar o melhor
de mim.

Aos meus grandes amigos da turma 55, Ericles Otavio Santos, Leticia
landeyara Dantas de Andrade Sant’Anna, Mariana Braz Herzog, Marina
Viudes Bruder Camara e Rafael Cunha de Bittencourt, que passaram por
momentos tanto dificeis quanto alegres comigo durante essa jornada que foi a
Ortodontia da UFRJ, por ouvirem meus desabafos e choros, e por estarem
sempre presentes. Passamos por essa pandemia juntos e por 3 anos de
mestrado. Obrigada por tudo, quero leva-los por toda a vida.

A turma 54, minhas veteranas, Annanda Pinheiro Martins, Daniela
Gomes Rezende de Azevedo, Luisa Schubach da Costa Barreto, Luiza
Trindade Vilela, Taiane dos Santos Lopes e Thais Prates Vieira por terem
sido um segundo ano maravilhoso, por me incentivarem e ajudarem muito.
Nossa convivéncia foi maravilhosa e levo todas vocés com muito carinho.

Agradeco também a turma 56, Joberth Rainner Baliza de Paula, Liris
Cristina Nepomuceno Pinto, Marcelly Dias Silva, Mariana Fernandes
Meirelles Azevedo, Michelle da Silveira Guimaraes e Thalita Teixeira
Santana, por todos os momentos bons que compartiihamos, pelas trocas e

aprendizados, foi muito bom conviver com vocés.



Vii

Um agradecimento muito especial a minha orientadora, professora Dra.
Amanda Cunha Regal de Castro, que foi muito presente, me ajudou muito, e
sem ela essa dissertacdo com certeza nao teria sido concluida. Agradego por
todo incentivo, paciéncia e parceria, ndo s6 como minha orientadora, mas
também nas clinicas e laboratérios. A senhora é motivo de inspiragdo para mim.

A professora e coordenadora do curso Dra. Ménica Tirre de Souza
Araujo por todo cuidado e carinho comigo e minha turma, por nos ajudar e
ensinar muito além da ortodontia.

Ao professor Dr. Anténio Carlos de Oliveira Ruellas, pelas aulas online,
por todos os seminarios que fizemos e aprendemos tanto, por toda paciéncia
conosco e vontade de nos ensinar. Agradego pela ajuda que me deu diversas
vezes em relagdo a minha dissertagdo. Obrigada por ser um profissional e
professor incrivel, todos somos inspirados por voceé.

A professora Dra. Matilde da Cunha Gongalves Nojima, por todo
carinho e preocupagcdo que sempre demostrou conosco, por todos os
ensinamentos em Ortodontia e também de vida, por ser uma maezona para nos.

Ao professor Dr. Lincoln Issamu Nojima, pelos valiosos ensinamentos
em clinica, laboratorio, seminarios, e por tentar sempre trazer o que temos de
mais tecnologico e sempre nos incentivar em melhorar e aprender.

Ao professor Dr. Eduardo Franzotti Sant’Anna, pelos ensinamentos
transmitidos em clinica e laboratério, e pela vontade de fazer o melhor para os
pacientes.

A professora Dra. Ana Maria Bolognese, por todos os ensinamentos
passados, por me ensinar a ser uma melhor aluna e futura professora, por toda
paciéncia e zelo conosco.

A professora Dra. Margareth Maria Gomes de Souza, por todo
companheirismo, por me passar nao s6 muito conhecimento em Ortodontia, mas
também em relac&o a vida. Por muitas vezes pegar na minha méo e fazer junto
comigo. Pela forga de vontade e por me inspirar a ser uma pessoa tao disposta
a fazer sempre o melhor.

Ao professor Dr. José Fernando Stangler Brazzalle, que se tornou uma
grande admiragao para mim, com seu fascinio e amor pela Ortodontia e por nos

ensinar e incentivar sempre a ser o melhor que pudermos. Obrigada pela sua



viii

dedicagao e paciéncia, e pelos valiosos ensinamentos que guardarei sempre
com muito carinho.

Ao professor Dr. Rodrigo Lopes de Lima, por toda paciéncia, atengéo e
carinho, por nos ensinar tanto e sempre de muito bom grado. Por ter me ajudado
diversas vezes no laboratério e me ajudado a melhorar sempre.

Ao professor Dr. Luiz Felipe Cardoso de Araujo, que pegou na minha
mao e acreditou no meu potencial, mesmo quando eu mesma nao acreditava.
Que me incentivou e me ensinou muito, sempre com muita paciéncia e
dedicacdo. Me inspiro no profissional que vocé é e sempre lembrarei de todos
0s seus ensinamentos com muito carinho.

Ao professor Dr. Sérgio Luiz Mota Junior, que chegou assim que nossa
turma entrou, e nos ajudou tanto, sempre nos incentivando a dar nosso melhor.
Agradeco por toda sua paciéncia, dedicagéo e vontade em nos ensinar. Vocé foi
um presente para a nossa turma.

A professora Luciana Rougemont Squeff, por todo carinho e ajuda em
algumas clinicas que tivemos. Gostaria que nossa convivéncia tivesse sido
maior, mas nesse tempo que tivemos, foi muito bom poder contar com a senhora.

A professora Lorena Andrade Nunes, da Bahia, que me ajudou muito em
diversas partes da minha dissertagao, por toda paciéncia, reunides online e pela
parceria que criamos. Vocé foi essencial para a conclusao deste trabalho.

Aos professores das disciplinas de areas conexas Dr. Bruno Santos de
Barros Dias, Dr. Carlos Nelson Elias, Dr. David Normando, Dr. Fabio Ribeiro

Guedes, Dr2. Andreia Cristina Breda de Souza, Dr?. Maria Augusta Visconti,
Dra. Maria Cynésia Medeiros de Barros, Dr. Rafael Seabra Louro, Dr. Ramiro
Beato Souza, Dr. Elson Braga de Mello, Dr. Ivo Carlos Corréa, Dr. Alexandre
Rezende Vieira, Dr. Jonatas Esteves Caldeira, pelas aulas importantissimas
para complementar a minha formag¢ao académica e profissional.

Aos amigos do doutorado, Bruna Caroline Tomé Barreto, Eduardo
Otero Amaral Vargas, Karoline de Melo Magalhaes, Flavio de Mendonga
Copello, Guido Artemio Marainon Vasquez, Katherine J. de C. M. P. Silver,
Kelly Galisteu Luiz, Sylvia de Araujo Paes Souza, Carolina Ribeiro Starling,
Lilian Siqueira de Lima, Pedro Lima Emmerich Oliveira, Alice Spitz,
Fernanda Blaudt Carvalho Marques, Johnny de Gawn, Ana Paula Tenério



de S3a, Luciana Duarte Caldas e Teresa Cristina Pereira de Oliveira, pelos
dias compartilhados e amizade criada no departamento.

Aos professores Dra. Mariana Martins e Martins, Dra. Beatriz Vilella e
Dr. Oswaldo Vilella, da Universidade Federal Fluminense, por despertarem
meu interesse pela Ortodontia ainda na Graduacgado, e por serem fonte de
inspiragéo e incentivo.

Aos funcionarios, Diane Esteves de Souza Gomes, Lais Paiva
Monteiro, Monica Mello do Nascimento Gongalves, Guilhermino Estanhe
Saturnino e Edinaldo da Silva, pelo 6timo convivio e disponibilidade.

Aos alunos da graduagao da turma 2021/1, que me ajudaram na minha
formacdo como Mestre.

Aos queridos pacientes do Departamento de Ortodontia e
Odontopediatria da UFRJ, obrigada por fazerem parte dessa historia, pelo
carinho e paciéncia em todas as consultas. Vocés me tornaram uma profissional
melhor.

A Coordenacio de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES), pela bolsa de estudos concedida, auxiliando na minha formacéo
académica e profissional. “O presente trabalho foi realizado com o apoio da
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior — Brasil
(CAPES) — Cdédigo de Financiamento 001.”

A todos que contribuiram direta e indiretamente para essa vitoria, meus

sinceros agradecimentos!



“Tudo posso naquele que me fortalece.”

(Filipenses 4:13)



Xi

RESUMO

DE PAULA, Sarah Braga Sayao. Estudo da anatomia do septo nasal e sua
relagdo com a morfologia do complexo nasomaxilar. Orientadora: Prof?. Dr?
Amanda Cunha Regal de Castro. Rio de Janeiro: UFRJ/Faculdade de

Odontologia, 2021. Dissertagcédo (Mestrado em Odontologia — Ortodontia) 80 f.

O presente estudo teve como objetivo investigar a influéncia do desvio do
septo nasal (DSN) na morfologia do complexo nasomaxilar quanto a
confiabilidade e precisdo na marcagao de pontos craniofaciais bidimensionais
(2D) e tridimensionais (3D) em imagens de tomografia computadorizada de feixe
cbnico (TCFC), verificagdo de assimetrias do complexo nasomaxilar em
individuos com diferentes niveis de DSN em estagios de maturagao esquelética
distintos, e analisar a associagéo entre o grau de severidade do DSN e o grau
de assimetria do complexo nasomaxilar. Este foi um estudo observacional
retrospectivo que utilizou um total de 60 TCFC alocadas em 4 grupos (n = 15) de
acordo com o grau de desvio septal e maturagéo esquelética (DSN <10°, desvio
de septo nasal leve, e DSN >10°, desvio de septo nasal moderado a severo,
ambos antes e depois do surto de crescimento). A etapa de validagao do estudo
compreendeu a utilizacdo de 30 TCFC e demarcacgao de 25 pontos craniofaciais,
a fim de avaliar a confiabilidade e precisdo desses pontos nas regidées nasal,

palatina e facial lateral. Dois métodos foram utilizados: 2D, em cortes
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multiplanares de TCFC no programa CS 3D Imaging; e 3D, com a segmentacéo
3D do cranio com visualizagéo simultanea dos cortes multiplanares no programa
ITK Snap. Os dados das coordenadas foram analisados por meio do indice de
Correlacédo Intraclasse (ICC), média das diferengas entre os tempos das
medi¢des, formula de Dahlberg e graficos de Bland-Altman. A analise da relag&o
entre a anatomia do septo nasal e morfologia do complexo nasomaxilar,
compreendeu a utilizacdo de 60 TCFC e a demarcacdo de 23 pontos
bidimensionais e, avaliados quanto a presenga de assimetria flutuante, por meio
da analise de Procrustes ANOVA, comparacgao intergrupos com o teste de Mann-
Whitney, além do teste de correlagdo de Spearman e regressdo multivariada
(2=0,05). Os resultados obtidos nas avaliagbes da reprodutibilidade dos pontos
craniofaciais nos mostraram que o ICC variou de 0,95 a 1,0 no método 2D e foi
maior ou igual a 0,99 no método 3D, indicando que ambos os métodos tiveram
alta confiabilidade. A férmula de Dahlberg, juntamente com Bland-Altman
indicaram menor precisdo nos pontos zigomaticomaxilar e orbitario no método
3D, e sutura zigomaticotemporal no método 2D. Os pontos impares (a maioria
no plano sagital mediano) e os pontos frontozigomatico temporal e
frontozigomatico orbital tiveram os melhores resultados de precisdo. Com
relacdo a influéncia do DSN e assimetrias no complexo nasomaxilar, nossos
resultados principais mostraram que nao foram observadas diferencas
estatisticamente significativas entre as distancias de Procrustes e Mahalanobis
(assimetria flutuante) do complexo nasomaxilar entre os grupos avaliados
(P>0.05). Entretanto, com os resultados da regressao multivariada, relacionado
aos aspectos mais especificos de assimetria (componente assimétrico), houve

uma correlagado positiva entre o angulo DSN e componente assimétrico das
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regides palatinas (P=0.035 e P=0.047, média e posterior, respectivamente), e
também com a forma do SN e componente assimétrico da regido palatina
anterior (P=0.039). Sendo assim, concluimos que, ambos os métodos 2D e 3D
de marcacao de pontos craniofaciais no complexo nasomaxilar e facial lateral
apresentaram alta confiabilidade, entretanto, o método 2D apresentou maiores
valores de precisdo na maioria dos pontos avaliados. Além disso, todos os
pontos avaliados neste estudo foram considerados aceitaveis para fins clinicos.
Com relagdo a analise da anatomia do septo nasal e morfologia do complexo
nasomaxilar, todos os grupos avaliados apresentaram niveis significativos de
assimetria flutuante. Entretanto, ndo foram observadas diferencas significativas
na assimetria flutuante do complexo nasomaxilar nos grupos com DSN leve em
relagdo aos grupos com DSN moderado a severo, em ambos os estagios de
maturacéo esquelética. Por fim, foi observada correlag&o positiva entre o angulo
DSN e o componente de assimetria nas regides palatinas média e posterior e
entre a forma do septo nasal e a regido palatina anterior. Nao foram observadas
correlagdes significativas com as regides nasal e lateral do complexo

nasomaxilar.
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SUMMARY

DE PAULA, Sarah Braga Sayao. Estudo da anatomia do septo nasal e sua
relagdo com a morfologia do complexo nasomaxilar. Orientadora: Prof?. Dr?
Amanda Cunha Regal de Castro. Rio de Janeiro: UFRJ/Faculdade de

Odontologia, 2021. Dissertagcédo (Mestrado em Odontologia — Ortodontia) 80 f.

The present study aimed to investigate the influence of nasal septum
deviation (NSD) on the morphology of the nasomaxillary complex regarding
reliability and accuracy in two-dimensional (2D) and three-dimensional (3D)
craniofacial landmarks in cone beam computed tomography images (CBCT),
verification of asymmetries of the nasomaxillary complex in individuals with
different levels of NSD at different stages of skeletal maturation, and to analyze
the association between the degree of severity of the NSD and the degree of
asymmetry of the nasomaxillary complex. This was a retrospective, cross-
sectional observational study that used a total of 60 CBCT. For the validation
study, 30 CTBC were used and 25 craniofacial landmarks were marked, in order
to compare the reliability and precision of these landmarks in the nasal, palatal
and lateral facial regions. Two methods were used: 2D, in CBCT multiplanar
sections using CS 3D Imaging Software; and 3D, from the 3D segmentation of
the skull in the software ITK Snap associated with multiplanar sections.

Coordinates data were analyzed using the Intraclass Correlation Coefficient
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(ICC), Dalhberg’'s formula, Bland-Altman plots and mean differences between
measurement trials. To study the relationship between nasal septum and
nasomaxillary complex, the 60 CBCT were divided into 4 groups (n = 15)
according to the degree of septal deviation and skeletal maturation (NSD <10°,
mild nasal septum deviation, e NSD >10°, moderate to severe nasal septum
deviation, both before and after the growth spurt). 23 two-dimensional landmarks
were marked and, to assess asymmetries, we used Procrustes ANOVA,
intergroups comparisons with the Mann-Whitney test, in addition to the
Spearman’s correlation test and multivariate regression. The results obtained in
the evaluations of the reliability and precision of craniofacial landmarks showed
that the ICC ranged from 0.95 to 1.0 in the 2D method and was greater than or
equal to 0.99 in the 3D method, indicating that both methods had high reliability.
Dahlberg’s formula, together with Bland-Altman, indicated lower precision in the
landmarks zygomaxillare and orbitale in the 3D method, and zygomaticotemporal
suture in the 2D method. The unpaired landmarks (mainly located at the
midsagittal plane) and the landmarks frontomalar temporale and frontomalar
orbitale had the best results of precision. Regarding the influence of NSD and
asymmetries in the nasomaxillary complex, our main results showed that no
statistically significant differences were observed between the Procrustes and
Mahalanobis distances (fluctuating asymmetry) of the nasomaxilar complex
between the groups (P>0.05). However, with the results of the multivariate
regression, related to the more specific aspects of asymmetry (asymmetry
component), there was a positive correlation between the NSD angle and palatal
regions (P=0.035 and P=0.047, middle and posterior, respectively), and also with

the shape of the NS and the anterior palatal region (P=0.039). Therefore, we
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conclude that both the 2D and 3D methods of positioning craniofacial landmarks
in the nasomaxillary complex and the lateral facial region showed high reliability,
however, the 2D method showed higher precision values in most of the
landmarks evaluated. Furthermore, all landmarks evaluated in this study are are
reasonably considered acceptable for clinical purposes. Regarding the study of
the nasal septum and nasomaxillary complex, all groups evaluated presented
significant levels of fluctuating asymmetry. However, no significant differences
were observed in the fluctuating asymmetry of the nasomaxillary complex in the
groups with mild NSD compared to the groups with moderate to severe NSD, in
both stages of skeletal maturation. Finally, a positive correlation was observed
between the NSD angle and the asymmetry component in the middle and
posterior palatine regions and between the shape of the nasal septum and the
anterior palatine region asymmetry component. There were no significant

correlations with the nasal and lateral regions of the nasomaxillary complex.
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ARTIGO 1

3D CBCT reconstruction illustrating skull segmentation and
demarcation of craniofacial landmarks used in the study. A, 1-
nasion, 2- rhinion, 3- anterior nasal spine, 4-point A, 5- prostium,
6,7- zygomaxillare, 8,9- orbitals and 10 to 15- landmarks in the
lateral region of the face. B, 16 to 25 - landmarks in the region of
the intermaxillary suture, junction of the alveolar and palatine
processes and posterior nasal spine.............ccccoiiiiiiiie,

Bland-Altman plots expressing intra-examiner agreement for the
landmark left zygomaxillare. A, in X coordinate, in the 2D method,
we can observe the points closer to the mean and more
homogeneous distribution, indicating good reproducibility. B, in X
coordinate, in the 3D method, we observed spread points
(heterogeneous distribution) and some distant from the mean,
indicating lower reproducibility. C and D, in Y coordinate, in both
methods, we have good reproducibility, with 2D a little better. E,
Z coordinate in 3D method, good reproducibility.........................

Bland-Altman plots expressing intra-examiner agreement for the
landmark right orbitale. A, in X coordinate, in the 2D method, we
can observe the points closer to the mean and more
homogeneous distribution, indicating good reproducibility. B, in X
coordinate, in the 3D method, we observed spread points
(heterogeneous distribution) and some distant from the mean,
indicating lower reproducibility. C, Y coordinate, 2D method, good
reproducibility. D, Y coordinate, 3D method, good reproducibility,
but lower. E, Z coordinate, 3D method, good reproducibility...........

Bland-Altman plots expressing intra-examiner agreement for the
landmark superior zigomaticotemporal suture (left). A, X
coordinate, 2D method, good reproducibility. B, X coordinate, 3D
method, great reproducibility, a little better than 2D. C, Y
coordinate, 2D method, we observed spread points
(heterogeneous distribution) and some distant from the mean,
indicating lower reproducibility. D, Y coordinate, 2D method, we
can observe the points closer to the mean and more
homogeneous distribution, indicating good reproducibility. E, Z
coordinate, 3D method, good reproducibility...............cccoeeiiiinnnnnns

Bland-Altman plots expressing intra-examiner agreement for the
landmark prosthion. A, X coordinate, 2D method, great
reproducibility. B, x coordinate, 3D method, great reproducibility.
C, Y coordinate, 2D method, good reproducibility. D, Y
coordinate, 3D method, good reproducibility. E, Z coordinate, 3D
method, good reproducibility..............ccooiiii

Bland-Altman plots expressing intra-examiner agreement for the
landmark right frontomalare orbitale. A, x coordinate, 2D method,
great reproducibility. B, x coordinate, 3D method, great
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Figure 7

Figure 1

Figure 2

Figure 3

reproducibility. C, y coordinate, 2D method, good reproducibility,
but with more scattered points. D, y coordinate, 3D method, good
reproducibility. E, z coordinate, 3D method, good reproducibility...

Bland-Altman plots expressing intra-examiner agreement for the
landmark left frontomalare temporale. A, X coordinate, 2D
method, great reproducibility. B, X coordinate, 3D method, great
reproducibility. C, Y coordinate, 2D method, good reproducibility,
but with more scattered points. D, Y coordinate, 3D method, good
reproducibility. E, Z coordinate, 3D method, good reproducibility..

ARTIGO 2

A, NSD angle measurement and B, deviation area measurement
(mm?), both in ImageJ® software. C, representation of the
landmarks in the TpsDIG2 software, used for morphometric
analysis. In the same coronal section, five landmarks were used,
namely: 1, top of the crista galli. 2, lowest point of the nasal
septum. 3, point of greatest deviation on the right side. 4, point of
greatest deviation on left side. 5, second point of greatest
deViation. ... ...

Two-dimensional representations of the landmarks in all regions.
A, in nasal region, landmarks were collected from two internal
planes: the first plane was located on top of the crista galli and the
second plane was at posterior nasal spine. B, the first plane,
indicating the landmarks: 1, top of the crista galli; 2/3, bilateral
landmarks located at the most lateral aspect of the nasal cavity;
4/5, bilateral landmarks located at the most lateral aspect of the
nasal floor. C, the second plane, indicating the landmarks: 6,
upper aspect of the nasal septum; 7/8, bilateral landmarks located
at the most lateral aspect of the nasal cavity. D, in lateral regions,
the landmarks used was: 9/10, zygomaticomaxillary sutures;
11/12, orbitals. E, in palatal regions, landmarks were collected
from three internal planes: NF = nasopalatine foramen, TPS =
transverse palatal suture and 50% = halfway distance between
NF and TPS. F, landmarks in the first plane: 13/15, bilateral
landmarks located at the alveolar/palatal process junction at the
level of the posterior margin of the NF; 14, intermaxillary suture at
NF. G, landmarks in the second plane: 16/18, bilateral landmarks
located at the alveolar/palatal process junction at TPS; 17,
intermaxillary suture at TPS. H, landmarks in the third plane:
19/21, bilateral landmarks located at the alveolar/palatal process
junction at 50%; 20, intermaxillary suture at 50%; 22/23, bilateral
landmarks located at the most lateral point of the buccal alveolar
ProCESS At 500 .. uueeeeiiiiiieeiii e

A, To select the external nasal angle, the coronal slice must be in
the transverse palatal suture (purple line) and the axial slice
perpendicular to it, at the junction of the perpendicular blade of
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Figure 4

Figure 5

Figure 6

Figure 7

the ethmoid with the vomer; B, in the axial slice, the angle is made
between the middle of the nose and the line representing the
midpalatal suture (the lower point should be halfway along the
length of the nasal septum)............cooiiii

A, Representation of the coronal section used in which it is
possible to visualize the tips of the buccal cusps of the maxillary
first molars and their relationship with the axial plane of the image
(yellow); B, View of the angle obtained in ImageJ® software.......

Analysis of Canonical Variables representing the slice of the
greatest NSD. It is possible to observe that groups MD BG and
MD AG (mild deviation) have a similar format (they are on the right
side of the graph), and groups MSD BG and MSD AG
(moderate/severe deviation) also have a similar format (right side
of the graph) ...

Thin-plate splines showing the shape of the nasal septum at slice
of the greatest NSD. The colors indicate that the closer to blue,
the greater the contraction region, while the closer to red, the
greater the expansion region. A, in control groups (mild
deviation), we can observe that the septum has a narrower shape
in general, with an expansion region in the central part of the
septum. B, in experimental groups (moderate/severe deviation),
we observed a wider shape, and an expansion region in the
central part of the septum...............

Scatter plot of our multivariate regression. A, correlating the
asymmetry component of variation of palatal region 2 (transverse
palatine suture) against nasal septal deviation angle. B,
asymmetry component of variation of palatal region 3 (halfway
distance between nasopalatine foramen and transverse palatine
suture) against nasal septal deviation angle. C, asymmetry
component of variation of palatal region 1 (nasopalatine foramen)
against nasal septumshape..............ooo
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1 INTRODUGAO

A analise da simetria facial € muito importante no diagndstico e
planejamento em diversas areas biologicas. Entretanto, ndo é facil determinar o
limiar que define faces simétricas e assimétricas, sendo este frequentemente
determinado pelo senso de equilibrio dos clinicos e pela percepcdo de
desequilibrio dos pacientes (BISHARA; BURKEY; KHAROUF, 1994). Para a
verificagdo de assimetrias, a tomografia computadorizada de feixe cénico
(TCFC) vem sendo muito utilizada por ser uma ferramenta diagnostica moderna,
onde podemos visualizar com precisao a forma tridimensional do créanio (LIN;
CHUANG; WENG; LO, 2015). Para fins de diagndstico e estudos nessa area, a
marcagao de pontos craniofaciais € geralmente utilizada (LOU; LAGRAVERE;
COMPTON; MAJOR et al., 2007; NUR; CAKAN; ARUN, 2016).

A assimetria facial esquelética apresenta diversas etiologias, e, embora a
causalidade nao possa ser determinada, estudos anteriores relataram uma
relagédo entre o desvio anatémico do septo nasal (SN) e assimetrias relacionadas
ao desenvolvimento facial (HARTMAN; HOLTON; MILLER; YOKLEY et al., 2016;
HOLTON; YOKLEY; FIGUEROA, 2012; KANG; HUN; PARK; CHUNG et al.,
2015). O septo nasal consiste em uma parede mediana que divide a cavidade
nasal em fossas nasais direita e esquerda. A porcédo anterior é formada pela

cartilagem do septo e pela lamina perpendicular do osso etmoide, e a porgéo



posterior € formada pelo osso vébmer (FEHRENBACH; MJ; HERRING; SW,
2005). O desvio do septo nasal (DSN) consiste em um desalinhamento do septo
em relacdo a linha média facial, podendo envolver as partes Ossea e
cartilaginosa isoladamente, ou de forma combinada (BAYRAK; USTAOGLU;
DEMIRALP; KURSUN CAKMAK, 2018), e é encontrado com uma prevaléncia
razoavel na populagdo em geral, mas principalmente em adultos (ROBLIN;
ECCLES, 2002). Visto que as estruturas anatdmicas do complexo nasomaxilar
apresentam intima relagcao durante sua formagao, é possivel que o crescimento
alterado do septo nasal possa influenciar a morfologia do complexo nasomaxilar.

Existem duas teorias principais que discorrem sobre o crescimento e
desenvolvimento pré e pds-natal da regido central da face. A primeira teoria, que
pode ser chamada de “teoria do septo nasal”, sugere que a cartilagem do septo
nasal € um centro primario de crescimento, deslocando os 0ssos centrais da face
para frente e para baixo (SCOTT, 1953). Latham, em uma modificacdo desta
teoria, propds que o septo nasal atua como um mecanismo iniciador, deslocando
a pré-maxila e maxila para frente através dos ligamentos septo-premaxilares
(LATHAM, 1970). A fungdo da cartilagem septal como um “centro de
crescimento” é certamente possivel, pois as suturas da maxila responderiam ao
crescimento da cartilagem nasal formando novo osso quando estas fossem
afastadas pelas forgas do crescimento da cartilagem septal (PROFFIT; FIELDS;
SARVER, 2012).

A segunda teoria considerou a cartilagem septal como uma estrutura da
cavidade nasal sem papel morfogenético primario, na qual, MOSS propds a
hipétese de que, em conformidade com a teoria da matriz funcional, o

crescimento do septo nasal é secundario e compensatorio a expansao da



cavidade nasal (MOSS; BROMBERG; SONG; EISENMAN, 1968). Sendo assim,
nesse ponto de vista conceitual, os tecidos moles crescem, e o 0sso juntamente
com a cartilagem, reagem a esse controle epigenético (PROFFIT; FIELDS;
SARVER, 2012).

Estudos prévios conduzidos em animais demonstraram que o septo nasal
desempenha um papel importante nos padrdes normais e anormais do
crescimento facial, uma vez que a ressecgao cirurgica de todo ou parte do septo
nasal resultou em deficiéncia nas dimensdes anteroposteriores da maxila e pré-
maxila (LATHAM; TG; CT, 1975; SARNAT; WEXLER, 1966; WEXLER; SARNAT,
1961). Pressupde-se que mecanismo semelhante ocorra em humanos, e que
portanto, o crescimento desviado do septo nasal possa ter alguma contribuicdo
para o desenvolvimento de assimetrias faciais (HARTMAN; HOLTON; MILLER;
YOKLEY et al., 2016).

A anatomia do septo nasal € amplamente estudada na area de
Otorrinolaringologia, enfatizando a importancia do diagnostico na tomada de
decisdes clinicas. De acordo com D’Ascanio et al., a indicagdo de septoplastia
pediatrica pode ser considerada, ja que de foi relatado que criangas respiradoras
bucais com DSN n&o corrigido demonstraram anomalias faciais e dentais em
comparagado as criangas com respiragao nasal (controles) (D'ASCANIO;
LANCIONE; POMPA; REBUFFINI et al., 2010). Além disso, o estudo prévio de
literatura de Lawrence, indicou que a opgao por nao realizar ou retardar a
septoplastia quando indicada pode afetar o crescimento nasal e facial
(LAWRENCE, 2012).

Ambas as teorias propostas sobre o papel da cartilagem septal no

crescimento e desenvolvimento da face tém fundamentos, porém nenhuma



destas esclarece a questdo de forma absoluta. Ainda ndo se sabe ao certo se,
durante a fase de crescimento e desenvolvimento do individuo, o desvio septal
apresenta relacdo com crescimento assimétrico da face, mais precisamente do
complexo nasomaxilar. Um estudo recente indicou que existe associacido entre
o DSN e o crescimento anormal do complexo nasomaxilar, sendo observadas
dimensdes reduzidas de largura e area da maxila e cavidade nasal nos grupos
de individuos com maior DSN (ABOU SLEIMAN; SAADE, 2021). Alguns estudos
prévios, abrangendo adolescentes e adultos entre 14 e 71 anos, observaram
associacao entre o desvio do septo nasal com assimetrias faciais por meio de
anadlises fotograficas (HAFEZI; NAGHIBZADEH; NOUHI; YAVARI, 2010; KIM;
RHA; WEISSMAN; HWANG et al., 2011), e outros estudos utilizando tomografia
computadorizada (HARTMAN; HOLTON; MILLER; YOKLEY et al., 2016;
HOLTON; YOKLEY; FIGUEROA, 2012; KANG; HUN; PARK; CHUNG et al.,
2015). Sendo assim, faz-se necessario o estudo da influéncia do desvio do septo
nasal na morfologia do complexo nasomaxilar em diferentes estagios do

desenvolvimento humano.



2 PROPOSIGAO

Investigar a influéncia do desvio do septo nasal na morfologia do

complexo nasomaxilar, quanto a:

2.1 Analisar a confiabilidade e precisdo na marcagao de pontos
craniofaciais bidimensionais e tridimensionais nas regides nasal, palatina e facial

lateral em imagens de TCFC;

2.2 Investigar a influéncia do desvio do septo nasal na morfologia do
complexo nasomaxilar, quanto ao grau de assimetria em individuos com estagios
de maturacdo esquelética distintos; bem como, verificar a relagdo entre o grau

de severidade do desvio do septo nasal e assimetria do complexo nasomaxilar.



3 DELINEAMENTO DA PESQUISA

3.1 DESENHO DO ESTUDO E ASPECTOS ETICOS

Trata-se de um estudo observacional retrospectivo, de corte transversal,
que foi aprovado pelo Comité de Etica em Pesquisa do Hospital Universitario
Clementino Fraga Filho (CEP-HUCFF/UFRJ) sob o parecer numero 3.888.756

(Anexo |, pagina 79).

3.2 CASUISTICA

A casuistica do presente estudo foi composta por 35 homens e 25
mulheres, de 9 a 30 anos de idade. Os critérios de elegibilidade do estudo
incluiram a disponibilidade de arquivos de TCFC em formato DICOM (Digital
Imaging and Communications in Medicine), incluindo a quarta vértebra cervical
de individuos saudaveis, auséncia de sindromes craniofaciais, deformidades
faciais, processos patoldgicos 6sseos extensos, trauma craniofacial, bem como
intervengdes cirurgicas na regido facial, incluindo septoplastia e cirurgia

ortognatica prévias, e auséncia de tratamento ortodontico.

3.3 SELEGCAO E CARACTERIZAGAO DA AMOSTRA



A amostra do presente estudo foi composta por exames de TCFC,
selecionados aleatoriamente do acervo da Clinica de Ortodontia do Programa de
Po6s-graduagdo em Odontologia da Faculdade de Odontologia da Universidade
Federal do Rio de Janeiro (PPGO FO-UFRJ). Uma vez que os exames de TCFC
sdo parte integrante da documentagdo ortodéntica solicitada para fins de
tratamento e/ou acompanhamento ortoddntico, o acesso e uso de banco de
dados obedeceu aos principios éticos legais regulamentados pela resolugéo
CNS 466/2012 e a Declaracdo de Responsabilidade foi devidamente assinada
(Anexo Il, pagina 80).

Os exames de TCFC foram realizados no tomografo Kodak 9500 Cone
Beam 3D System (Carestream Health, Rochester, NY, EUA), seguindo as
especificagdes de 90 KV, 10 mA, FOV (field of view) 18,4 x 20,6 cm, voxel de 0,3
mm e tempo de escaneamento de 24s.

A partir da analise de 120 exames de TCFC, 60 exames atenderam aos
critérios de elegibilidade, foram incluidos na amostra do estudo e alocados em
quatro grupos (n=15) de acordo com o estagio de maturac&o esquelética e grau
de desvio do septo nasal (Quadro 1, pagina 8).

O estagio de maturagao esquelética foi avaliado de acordo com o método
de Maturagao Vertebral Cervical, descrito por BACCETTI em 2005 (BACCETTI;
FRANCHI; JR, 2005) nos cortes sagitais das imagens de TCFC, obtidos no
programa CS 3D Imaging (Figura 1 A e B, pagina 9). De acordo com o método
proposto, o pico do surto de crescimento ocorre entre os estagios CS3 e CS4.
Considerando uma margem para variabilidade individual e visto que, que no
estagio CS4 o paciente ainda pode apresentar crescimento consideravel,

consideramos, para fins de melhor abrangéncia do presente estudo, o grupo



antes do surto de crescimento (AS) compreendendo os estagios CS1 a CS4, e
apos o surto de crescimento (DS), os estagios CS5 e CS6.

Em seguida, a intensidade do desvio de septo foi classificada de acordo
com o valor do angulo DSN, descrito no item 3.6 (Paginas 12 e 13), sendo
considerado como desvio de intensidade leve (DL) (DSN<10°), e intensidade
moderada a severa (DMS) (DSN>10°), considerando que a partir dos valores de
intensidade moderada o desvio de septo nasal € considerado clinicamente
significativo (GREGURIC; BAUDOIN; TOMLJENOVIC; GRGIC et al., 2016;

SERIFOGLU; OZ; DAMAR; BUYUKUYSAL et al., 2017) (Figura 1 C e D, pagina

9).
Grupos (n=15) Desvio de septo nasal Maturagao esquelética
DL-AS Grau leve (<10°) Antes do surto
DMS-AS Grau moderado a severo (>10°) Antes do surto
DL-DS Grau leve (<10°) Depois do surto
DMS-DS Grau moderado a severo (>10°) Depois do surto

Quadro 1. Descrigdo dos grupos do estudo de acordo com o desvio de septo nasal e
maturacdo esquelética. DL-AS, desvio leve antes do surto. DMS-AS, desvio moderado a
severo antes do surto. DL-DS, desvio leve depois do surto. DMS-DS, desvio moderado a
severo depois do surto.



Figura 1. A, Corte sagital de TCFC representando estagio de maturagdo esquelética antes do

surto de crescimento. B, Corte sagital de TCFC representando estagio de maturagéo esquelética
apos o surto de crescimento. C, Corte coronal de TCFC representando desvio de intensidade
leve (<10°). D, Corte coronal de TCFC representando desvio de intensidade moderada a severa

(>10°). Todos os cortes foram selecionados no programa CS 3D Imaging.

3.4 ORIENTAGAO DA CABEGA

Previamente a analise das imagens de TCFC, foi realizada a orientagao

da cabeca nos planos axial, coronal e sagital no programa CS 3D Imaging
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(Carestream Dental LLC Atlanta, GA, EUA) (Figura 2, pagina 10), adaptada de
Lin et al., (LIN; AHN; KIM; MOON et al., 2015) de acordo com os seguintes
critérios: no corte sagital, o plano axial paralelo ao plano palatal (Espinha Nasal
Anterior — Espinha Nasal Posterior); no corte coronal, o plano axial tangente ao
assoalho nasal em seu nivel mais inferior, onde ambas as raizes palatinas dos
primeiros molares superiores sdo vistas; e, no corte axial, o plano sagital
mediano ao longo da sutura palatina mediana. A orientagao no corte coronal sé
foi alterada quando o individuo apresentava o assoalho nasal muito assimétrico,
onde, nesses casos, foi feita uma média entre os lados direito e esquerdo,

sempre visualizando o efeito na posicédo natural da cabeca.

Ferramenta de reformatagho

Figura 2 Ferramenta de reformatagéo para orientagdo da cabega no programa CS 3D
Imaging. A, Corte sagital: plano axial (linha amarela) paralelo ao plano palatal. B, Corte
coronal: plano axial (linha amarela) tangente ao assoalho nasal em seu nivel mais
inferior, onde ambas as raizes palatinas dos primeiros molares superiores séo vistas.
C, Corte axial: plano sagital mediano (linha verde) ao longo da sutura palatina mediana.

3.5 VALIDAGAO DA DEMARCAGAO DOS PONTOS CRANIOFACIAIS
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A analise de validacdo da demarcagcdo dos pontos craniofaciais foi
realizada em 30 exames de TCFC, correspondendo a 50% da amostra total do
estudo.

Vinte e cinco pontos craniofaciais, descritos no Quadro 2 (pagina 12),
foram demarcados pelo mesmo examinador (S.B.S.P.) em um intervalo de duas
semanas. Estes pontos foram alocados em trés grupos conforme as regides
correspondentes, sendo elas regido nasal, palatina e facial lateral (adaptado de
HARTMAN; HOLTON; MILLER; YOKLEY et al., 2016). A regidao nasal foi
representada pelos pontos nasio, rhinion e espinha nasal anterior. A regido
palatina foi representada por pontos de referéncia unilaterais e bilaterais
posicionados na rafe, na jungdo dos processos alveolares e palatinos e na
espinha nasal posterior. Os pontos demarcados na abdbada palatina foram
coletados ao longo de quatro cortes coronais selecionados ao longo do
comprimento do palato. O primeiro corte foi posicionado na margem posterior do
forame nasopalatino; o segundo corte foi posicionado na sutura palatina
transversa; o terceiro corte foi posicionado no ponto médio entre a margem
posterior do forame nasopalatino e a sutura palatina transversa; e o quarto corte
foi posicionado na espinha nasal posterior. Por fim, a regido facial lateral foi
representada por marcos bilaterais ao longo da superficie lateral dos ossos
zigomaticos e no assoalho das orbitas.

A demarcacdo dos pontos foi realizada de forma bidimensional (2D) e
tridimensional (3D), como segue:
e método 2D, por meio de cortes multiplanares de TCFC no programa CS

3D Imaging. Este programa foi utilizado apenas para a obtencéo das imagens
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2D, em seguida, a marcagao dos pontos e obtengao das coordenadas (X, Y)
foram realizadas no programa TpsDIG2 (Rohlf, F. J. 2004); e

e método 3D, por meio de segmentagdo semiautomatica 3D do cranio
realizada no programa ITK Snap (Pensilvania, Utah, EUA) (Figura 3, pagina
12) com visualizagdo simultdnea dos cortes multiplanares da TCFC. As
coordenadas (X, Y, Z) dos pontos demarcados foram obtidas no programa

3D Slicer (The Slicer Community).

Numero Nome/descrigao do ponto Regiao

1 Nasio Nasal

2 Rhinion Nasal

3 Espinha nasal anterior Nasal/palatal

4 Ponto A Palatal

5 Prostio Palatal

6/7 Ponto mais inferior da sutura zigomaticomaxilar Facial lateral
(direito/esquerdo)

8/9 Orbitario (direito/esquerdo) Facial lateral

10/11 Sutura frontozigomatico-orbital (direito/esquerdo) Facial lateral

12/13 Sutura frontozigomatico-temporal (direito/esquerdo) Facial lateral

14/15 Ponto mais superior da sutura zigomaticotemporal Facial lateral
(direito/esquerdo)

16/18 Jungéo do processo alveolar/palatal a nivel da margem Palatal
posterior do forame nasopalatino (direito/esquerdo)

17 Sutura intermaxilar a nivel da margem posterior do forame Palatal
nasopalatino

19/21 Jungéo do processo alveolar/palatal a nivel da sutura palatina  Palatal
transversa (direito/esquerdo)

20 Sutura intermaxilar a nivel da sutura palatina transversa Palatal

22/24 Jungéo do processo alveolar/palatal na metade da distancia Palatal
entre margem posterior do forame nasopalatino e sutura
palatina transversa (direito/esquerdo)

23 Sutura intermaxilar na metade da distancia entre margem Palatal
posterior do forame nasopalatino e sutura palatina transversa

25 Espinha nasal posterior Palatal

Quadro 2 Definicdo dos pontos craniofaciais utilizados no estudo de validagdo de pontos
craniofaciais. Nota. Quadro adaptado do artigo de HARTMAN et al., 2016.
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Figura 3 Reconstrugédo 3D de TCFC feita no programa ITK Snap, ilustrando a segmentagéo do
cranio e demarcagao dos pontos craniofaciais utilizados no estudo. A, 1- nasio, 2- rhinion, 3-
espinha nasal anterior, 4-ponto A, 5- prostio, 6,7- suturas zigomaticomaxilares, 8,9- orbitarios e
10 a 15- pontos na regido lateral da face. B, 16 a 25- pontos na regido da rafe, jungdo dos
processos alveolares e palatinos e espinha nasal posterior.

3.6 ANALISE DO SEPTO NASAL

A analise do septo nasal foi realizada no programa CS 3D Imaging, no
qual foram percorridos os cortes coronais da TCFC, seguindo um eixo
anteroposterior, até a identificagcdo do corte com maior DSN. Apenas a regido
ossea do septo foi considerada na analise, para fins de evitar interferéncia da
cartilagem nasal na mensuracg&o do desvio. Apos a sele¢ao desse corte, 0 angulo
DSN (°) e a area DSN (mm?) foram mensurados no programa ImageJ® (National
Institutes of Health, Bethesda, Maryland, EUA).

A mensuragao do angulo DSN utilizou os seguintes pontos de referéncia:
crista galli (intersegcéo do plano sagital mediano ao nivel da crista galli); espinha
nasal anterior (interse¢cdo do plano sagital mediano ao nivel da espinha nasal
anterior) e ponto de maior desvio do septo nasal (ponto hiperdenso mais

proeminente ao longo do septo nasal (AKOGLU; KARAZINCIR; BALCI;
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OKUYUCU et al., 2007; BAYRAK; USTAOGLU; DEMIRALP; KURSUN
CAKMAK, 2018; CODARI; ZAGO; GUIDUGLI; PUCCIARELLI et al., 2016;
ORHAN; AYDIN; ORMECI; YILMAZ, 2014; SERIFOGLU; 0OZ; DAMAR;
BUYUKUYSAL et al., 2017) (Figura 4 A, pagina 14). A mensuracéo da area DSN
compreendeu o ponto de maior desvio do septo nasal até o plano sagital
mediano, adaptado de LIN; WHEATLEY; HANDWERKER; HARRIS et al., 2014
(Figura 4 B, pagina 14). A mensuracéo da area e a conversdo de pixels para
mm? foram realizadas com as ferramentas “Polygon” e “Set scale” do programa

ImageJ®, respectivamente.

¢ Results
File Edit

¢ Results - o

File Edit Font Results
[area [Mean [Min [Max [angle |
0 0 0 0 1142

Figura 4. Representagao de corte coronal de TCFC no programa ImageJ®. A, mensuragao do
angulo DSN (°). B, medigéo da area de desvio (mm?) com a ferramenta “Polygon”.

Em seguida, o corte coronal com maior DSN foi utilizado para a marcagao
de 5 pontos bidimensionais no software TpsDIG2, sendo estes: 1, ponto mais
alto (topo) da crista galli; 2, ponto mais inferior do septo nasal; 3, ponto de maior
desvio do lado direito; 4, ponto de maior desvio do lado esquerdo; 5, segundo
ponto de maior desvio (lado direito ou esquerdo, dependendo de cada individuo)
em relagdo ao plano sagital mediano (Figura 5, pagina 15). A morfologia do septo

nasal foi avaliada por meio de abordagem de geometria morfométrica, na qual
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as coordenadas dos pontos de referéncia foram submetidas a analise de
Procrustes (do inglés, Generalized Procrustes Analysis - GPA), no programa

Morphod (Versao 2.0, Klingenberg lab, The University of Manchester, Inglaterra).

Figura 5 Corte coronal de TCFC ilustrando a representagdo dos pontos
marcados no corte coronal de maior DSN, no programa TpsDIG2. 1, Topo da
crista galli. 2, Ponto mais inferior do septo nasal. 3, Ponto de maior desvio do
lado direito. 4, Ponto de maior desvio do lado esquerdo. 5, Segundo ponto de
maior desvio.

3.7 ANALISE DO COMPLEXO NASOMAXILAR

A morfologia do complexo nasomaxilar foi avaliada por meio da coleta de
23 pontos de referéncia bidimensionais do esqueleto facial (HARTMAN;
HOLTON; MILLER; YOKLEY et al., 2016) (Quadro 3, pagina 16). A analise dos
cortes multiplanares foi realizada no programa CS 3D Imaging, € os pontos
bidimensionais foram demarcados e suas respectivas coordenadas 2D (X, Y)

geradas no programa TpsDIG2. Os pontos de referéncia foram agrupados em
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trés regides faciais, sendo elas a regido nasal, facial lateral e palatina (Figuras
6, 7 e 8, respectivamente).

A regido nasal foi representada pela cavidade nasal interna (Figura 6),
onde os pontos de referéncia foram coletados ao longo de dois cortes coronais.
O primeiro corte (Figura 6 A e B, pagina 17) localizou-se na diregao do topo da
crista galli, aproximadamente na metade do comprimento do assoalho nasal, e
o segundo corte (Figura 6 A e C, pagina 17) localizou-se na espinha nasal
posterior, ou seja, 100% do comprimento do assoalho nasal. A regido lateral da
face foi representada por pontos de referéncia bilaterais localizados na sutura
zigomaticomaxilar e no assoalho das orbitas, avaliados em corte coronal (Figura
7, pagina 17).

A regido palatina foi representada por pontos de referéncia unilaterais e
bilaterais localizados na juncao dos processos alveolares e palatinos, coletados
ao longo de trés cortes coronais selecionados em relagdo ao comprimento do
palato (Figura 8 A, pagina 18). O primeiro corte foi posicionado na margem
posterior do forame nasopalatino (Figura 8 B, pagina 18), o segundo corte foi
posicionado na sutura palatina transversa (Figura 8 C, pagina 18) e o terceiro
corte foi posicionado no ponto médio entre a margem posterior do forame

nasopalatino e a sutura palatina transversa (Figura 8 D, pagina 18).

Numero Nome/Descrigdao Regiao
1 Topo da crista galli Nasal
2/3 Pontos de referéncia bilaterais localizados no aspecto mais lateral da cavidade nasal ao Nasal
nivel da crista galli
4/5 Pontos de referéncia bilaterais localizados no aspecto mais lateral do assoalho nasal ao Nasal
nivel da crista galli
6 Aspecto superior do septo nasal ao nivel da espinha nasal posterior Nasal
7/8 Pontos de referéncia bilaterais localizados no aspecto mais lateral da cavidade nasal ao Nasal
nivel da espinha nasal posterior
9/10 Pontos de referéncia bilaterais localizados no ponto mais inferior da sutura Facial Lateral
zigomaticomaxilar
11/12 Pontos de referéncia bilaterais localizados no ponto mais inferior da 6rbita Facial Lateral
13/15 Pontos de referéncia bilaterais localizados na jungéo do processo alveolar/palatal ao Palatal
nivel da margem posterior do forame nasopalatino
14 Sutura palatina mediana ao nivel da margem posterior do forame nasopalatino Palatal
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16/18 Pontos de referéncia bilaterais localizados na jungao do processo alveolar/palatal ao Palatal
nivel da sutura palatina transversa
17 Sutura palatina mediana ao nivel da sutura palatina transversa Palatal
19/21 Pontos de referéncia bilaterais localizados na jungdo do processo alveolar/palatal na Palatal
metade da distancia entre margem posterior do forame nasopalatino e sutura palatina
transversa
20 Sutura palatina mediana na metade da distancia entre margem posterior do forame Palatal
nasopalatino e sutura palatina transversa
22/23 Pontos de referéncia bilaterais localizados no ponto mais lateral do processo alveolar Palatal
vestibular no corte da metade da distancia entre margem posterior do forame
nasopalatino e sutura palatina transversa

Quadro 3 Pontos de referéncia usados para avaliar a morfologia do complexo nasomaxilar. Nota. Quadro
adaptado do artigo de HARTMAN et al., 2016.

Figura 6 Cortes multiplanares de TCFC ilustrando a representagao 2D dos pontos nasais internos utilizados para
avaliar assimetrias na regido nasal. A, corte sagital ilustrando as duas regides avaliadas na cavidade nasal. ENP,
Espinha Nasal Posterior. CG, crista galli. B, Pontos demarcados no corte localizado na CG. 1, Topo da CG. 2 e
3, Pontos bilaterais localizados no aspecto mais lateral da cavidade nasal. 4 e 5, Pontos bilaterais localizados no
aspecto mais lateral do assoalho nasal. C, Pontos demarcados no corte localizado na ENP. 6, aspecto superior
do septo nasal ao nivel da ENP. 7 e 8, Pontos bilaterais localizados no aspecto mais lateral da cavidade nasal.
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Figura 7 Corte coronal de TCFC ilustrando a representagdo bidimensional dos
pontos bilaterais na regido lateral da face. 9 e 10, Sutura zigomaticomaxilar. 11
e 12, ponto orbitario.

SPT 50% ENP

Figura 8 Cortes multiplanares de TCFC ilustrando a representagéo 2D dos pontos da regiao
palatina. A, Corte sagital ilustrando as trés regides utilizadas para determinagéo dos cortes
coronais. SPT, sutura palatina transversa. FNP, forame nasopalatino. 50%, metade da distancia
entre SPT e FNP. B, Pontos no corte FNP: 13 e 15, pontos bilaterais localizados na jungéo do
processo alveolar/palatino. 14, sutura palatina mediana. C, Pontos no corte SPT: 16 e 18, pontos
bilaterais localizados na jungao do processo alveolar/palatino. 17, sutura palatina mediana. D,
Pontos no corte 50%: 19 e 21, pontos bilaterais localizados na jungdo do processo
alveolar/palatino. 20, sutura palatina mediana. 22 e 23, pontos bilaterais localizados no ponto
mais lateral do processo alveolar vestibular.

Em seguida, foi realizada a Analise de Procrustes Generalizada para
avaliacao da simetria do complexo nasomaxilar por meio do programa MorphoJ

(KLINGENBERG, 2011).

3.8 AVALIAGAO DO ANGULO NASAL EXTERNO
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O angulo nasal externo (°) foi avaliado no programa CS 3D Imaging. A
partir da visualizagao do corte sagital determinado pelo plano sagital mediano, o
plano coronal foi posicionado ao nivel da sutura palatina transversa e o plano
axial perpendicular a esta, na altura da jungdo da ladmina perpendicular do
etmoide com o vomer (Figura 9 A). Em seguida, o angulo nasal externo foi

mensurado no corte axial, entre o plano sagital mediano e a ponta do nariz na

vista axial (Figura 9 B).

Figura 9 Cortes multiplanares de TCFC ilustrando a mensuragéo do angulo nasal externo. A,
Posicionamento dos planos coronal e axial no corte sagital. B, Mensuracdo do angulo nasal
externo no corte axial.

3.9 AVALIAGAO DO PLANO OCLUSAL

O plano oclusal (°) foi avaliado em corte coronal de TCFC, por meio da
determinacdo do plano formado pelas pontas das cuspides vestibulares dos
primeiros molares superiores direito e esquerdo (SYGOUROS; MOTRO;

UGURLU; ACAR, 2014), no programa CS 3D Imaging. O grau de assimetria foi
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determinado pela quantificacdo, em graus, da diferenca entre o plano oclusal
obtido e o respectivo plano axial da imagem, no programa ImageJ® (Figura 10,

pagina 20).

File Edit Font
Results

Figura 10 Cortes coronais de TCFC ilustrando a mensuragao do plano oclusal. A, Determinagao
do plano oclusal no programa CS 3D Imaging. B, Mensuragéo do angulo obtido no programa
ImageJ®.

4.0 ANALISE ESTATISTICA

O calculo do poder do estudo foi realizado, a posteriori, no software G *
Power (Faul, Erdfelder, Lang, & Buchner, 2007), a partir dos dados obtidos do
universo amostral de 15 exames de TCFC por grupo, e indicou tamanho do efeito
de 2,67 e 2,09 e poder de 0,99 para os dados apresentados pelos grupos antes
(DL-AS e DMS-AS) e apos (DL-DS e DMS-DS) o surto de crescimento puberal,
respectivamente.

A confiabilidade e precisdo das coordenadas dos pontos em ambos os
métodos foram avaliadas por meio do Coeficiente de Correlagado Intraclasse
(ICC) no programa SPSS versao 20 (Statistical Package of Social Sciences,
SPSS Inc., Chicago, IL, EUA), diferencas das médias obtidas entre as duas

medi¢des, formula de Dalhberg e graficos de Bland-Altman obtidos no programa
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MEDCALC (MedCalc statistical package v. 14.10.2; MedCalc Software, Ostend,
Bélgica).

A avaliagdo da normalidade dos dados e comparagdes intergrupos das
variaveis de desvio do septo nasal (d&ngulo DSN, area DSN), &ngulo nasal
externo, plano oclusal e variaveis morfométricas (distdncias de Procrustes e
Mahalanobis), de acordo com o estagio de maturagdo esquelética (DL-AS x
DMS-AS e DL-DS x DMS-DS), foram realizados com os testes Shapiro-Wilk e
Mann-Whitney U, respectivamente, no programa SPSS versao 20.

Os pontos de referéncia das coordenadas 2D da morfologia do septo
nasal foram avaliados por meio da analise de Procrustes, que permite
centralizar, dimensionar e girar cada configuragdo, removendo toda variagéo
morfolégica que ndo € devida a forma (GOWER, 1975). Em seguida, foram
utilizadas Funcg&o Discriminante de Fisher com validagdo cruzada, Analise das
Variaveis Canoénicas e grades de deformagao, a fim de visualizar a similaridade
entre os sujeitos de cada grupo, e indicar se os grupos poderiam ser distinguidos
de forma confiavel (KLINGENBERG, 2011). As grades de deformagao foram
usadas para construir imagens correspondentes as mudangas na forma, de
modo que, caracteristicas de forma que sdo compartilhadas por diferentes
individuos puderam ser descritas (KLINGENBERG, 2011; ROHLF; LOY; CORTI,
1996).

Previamente a analise de assimetria, as medigcbes dos pontos do
complexo nasomaxilar foram repetidas em 100% da amostra (n=60) e avaliadas
com o teste de Procrustes ANOVA (PALMER, 1999), a fim de garantir que o
efeito de assimetria flutuante ndo fosse decorrente do erro de medigao. Além

disso, uma analise de regressao foi realizada para verificar o efeito da alometria
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(forma x tamanho), devido as diferentes idades dos individuos do estudo. Como
o cranio apresenta simetria de objeto, as configuracbes dos pontos foram
distinguidas em um componente de variagdo simétrica e um componente de
variagao assimétrica, onde o componente simétrico é determinado pela média
das configuragdes de pontos reais e espelhados para cada individuo, e o
componente assimétrico da variagdo € calculado como o desvio entre a
configuragc&o do ponto original para cada individuo e sua configuragao simétrica
simulada (KLINGENBERG; BARLUENGA; MEYER, 2002; MARDIA KV;
BOOKSTEIN FL; IJ, 2000; SAVRIAMA; KLINGENBERG, 2011).

O teste de Procrustes ANOVA foi aplicado para avaliar o nivel de
assimetria nos grupos do estudo, testando os efeitos da assimetria direcional
(lado) e flutuante (“individuo x lado”) (KLINGENBERG; BARLUENGA; MEYER,
2002). A assimetria direcional é uma tendéncia para um trago a ser desenvolvido
em maneiras diferentes nos lados direito e esquerdo (KLINGENBERG, 2015), e
indicaria uma diferenga consistente na forma entre os lados esquerdo e direito
do individuo (isto &, um desvio ndo aleatorio da simetria). A assimetria flutuante
denota pequenas diferengas entre os lados esquerdo e direito devido a
imprecisdes aleatorias nos processos de desenvolvimento, ou seja, desvios
aleatérios da simetria entre os individuos (KLINGENBERG, 2015;
KLINGENBERG; BARLUENGA; MEYER, 2002; KLINGENBERG; MCINTYRE,
1998).

A relagao entre as variaveis do SN (angulo DSN, area DSN, tamanho do
centroide e forma do SN), angulo nasal externo, plano oclusal e as variaveis
morfométricas do complexo nasomaxilar (distdncias de Procrustes e

Mahalanobis, tamanho do centréide e formato das regides nasal, lateral e
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palatinas), foi avaliada por meio do teste de Correlacdo de Spearman no
programa SPSS versdo 20. O grau do coeficiente de correlagdo (r) foi
classificado nas seguintes categorias: correlagao positiva (negativa) muito alta
0,9a1,0(-0,9 a-1,0); correlagao positiva (negativa) alta 0,7 a 0,9 (-0,7 a -0,9);
correlagdo positiva (negativa) moderada 0,5 a 0,7 (-0,5 a -0,7); correlagéo
positiva (negativa) baixa 0,3 a 0,5 (-0,3 a -0,5); e pouca ou nenhuma correlagéo
0,0 a 0,3 (0,0 a-0,3). Além disso, foi realizada uma regressao multivariada a fim
de determinar se havia uma relagao significativa entre as variaveis do septo
nasal (angulo DSN, area DSN, tamanho do centroéide e forma do septo nasal)
(independentes) com componentes de assimetria das regides nasal, palatina e
lateral da face (variaveis dependentes). Nas analises de geometria morfométrica,
de simetria e regress&o multivariada, foi utilizado o programa Morphod. O nivel

de significancia de 0,05 foi adotado em todas as analises.
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ABSTRACT

Objective: To evaluate the reliability and precision of two-dimensional (2D) and
three-dimensional (3D) craniofacial landmarks in cone beam computed
tomography (CBCT) images, for the evaluation of the nasomaxillary complex and
lateral facial region.

Material and Methods: 30 CBCT exams were randomly selected. The marking
of 25 craniofacial landmarks was performed using two different methods: 2D, in
CBCT multiplanar sections (MPR) in CS 3D Imaging Software (Carestream
Dental LLC Atlanta, GA, EUA); and 3D, from the 3D segmentation of the skull in
the ITK Snap software (Pennsylvania/Utah, USA), together with MPR views.
Landmarks were selected by the same examiner at a 2-week interval. Data from
2D (X, Y) and 3D (X, Y, Z) coordinates were analyzed using the Intraclass
Correlation Coefficient (ICC) (a = 0.05), Dalhberg’s formula, Bland-Altman plots
and mean differences between measurements.

Results: ICC values ranged from 0.95 to 1.0 in the 2D method and were greater
than or equal to 0.99 in the 3D method, indicating that both methods are highly
reliable. Dahlberg’s formula and Bland-Altman plots indicated less precision in
the left zygomaxillare (D=1.80 mm) and right orbitale (D=1.82 mm) landmarks in
the 3D method (in the X coordinate) and in the left zygomaticotemporal suture
(D=1.95 mm) in the 2D method (in the Y coordinate). The unpaired landmarks
(mainly located at the midsagittal plane) and the right frontomalare orbital
(D=0.22 mm) and left frontomalare temporale (D=0.22 mm) sutures (in the X
coordinate) had the best results with higher precision.

Conclusions: Both methods had excellent reliability, but generally, the 2D
landmarks were slightly more precise than the 3D landmarks. All landmarks
evaluated in this study recorded mean differences around 1 mm, and therefore,
are reasonably considered acceptable for clinical purposes.

KEY WORDS: Cone-beam computed tomography; Anatomic Landmarks;
Orthodontics
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INTRODUCTION

Cone beam computed tomography (CBCT) is a diagnostic tool that
enables the visualization of the three-dimensional (3D) shape of the skull,
including soft and hard tissues', and provides clinicians to investigate human
anatomy slice by slice?. Craniofacial landmarks in CBCT images have been
widely used for many diagnostic and study purposes in the area of Maxillofacial
Surgery and Orthodontics, such as to verify asymmetries, for example. 34 As
interest in facial esthetics increases, complaints of asymmetry are likely to
increase, and an accurate diagnosis to address its etiology is important.*

CBCT allows the evaluation of several craniofacial asymmetry
measurements as distances, angles, as well as surface area and volume,
enabling a more realistically visualization of the craniofacial morphology.® Most
studies include landmarks on the mandible to analyze asymmetry, and
mandibular anatomical landmarks have been extensively evaluated®-® since facial
asymmetry is more frequently identified in the lower third of the face.>° However,
there may also be great levels of asymmetry in the midface®, which includes the
nasomaxillary complex, and this has been a region less studied in the literature
for the assessment of asymmetries.

Anatomical structures are better located on CBCT than on conventional
two-dimensional (2D) radiographs2. Many previous studies have seen the
reproducibility and precision of 3D craniofacial landmarks, but mainly related to
cephalometry’®-'5 In this study, we focused on evaluating craniofacial landmarks
of the nasomaxillary complex and lateral region of the face.

It is suggested that there are differences in the landmark’s localization
depending on the method used', and it is unclear if there is a difference in the
reproducibility of craniofacial landmarks when demarcated exclusively in CBCT
multiplanar sections (MPR) or when combined with a 3D segmentation of the
areas of interest.

Therefore, this study aimed to assess the reliability and precision of the
identification of anatomical landmarks in CBCT images using a 2D method with
only MPR visualization, and a 3D method, which comprised a MPR with a 3D
segmentation visualization for the evaluation of the nasomaxillary complex and

lateral facial region.
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MATERIAL AND METHODS

This study was approved by the Research Ethics Committee of the
Hospital Universitario Clementino Fraga Filho (CEP-HUCFF/UFRJ) under
protocol number 3.888,756.

The sample consisted of 30 CBCT of randomly selected patients (13 male
and 17 female; ages, 9 - 30 years) from the Orthodontics Clinics of the Graduate
course in Dentistry of the Universidade Federal do Rio de Janeiro. These records
were available due to previous acquisition for orthodontic diagnosis and
treatment planning purposes.

Eligibility criteria comprised availability of CBCT DICOM files of healthy
subjects, without craniofacial syndromes, facial deformities, extensive bone
pathological processes, craniofacial trauma, as well as surgical interventions in
the facial region, like orthognathic surgery, and no history of orthodontic
treatment.

CBCT scans were performed on a Kodak 9500 digital tomograph
(Carestream Health, Rochester, NY, USA) under the acquisition parameters: 90
kVp, 10 mA, field of view (FOV) of 18.4 x 20.6 cm, 0.3 mm isotropic voxel size,

and scanning time of 24 s.

CBCT analysis
The CBCT images were oriented in the axial, coronal and sagittal
planes, using the CS 3D Imaging Software program (Carestream Dental LLC
Atlanta, GA, USA), addapted from Lin, et al.’®. Sagittal section: axial plane
parallel to palatal plane; Coronal section: axial plane tangent to nasal floor; Axial
section: midsagittal plane parallel to midpalatal suture.

Nasomaxillary complex and lateral facial region analysis comprised the
identification of 25 craniofacial landmarks (described in Table 1). The
nasomaxillary anatomical landmarks were located in three regions, which were
nasal, palatal and lateral region of the face (adapted from Hartman et al.'”). The
nasal region was represented by the landmarks nasion, rhinion and anterior nasal
spine. The palatal region was represented by unilateral and bilateral landmarks
representing anterior midline (i.e., subnasal region), roof of the palate and
posterior nasal spine. Palatal landmarks on the roof of the palate were collected
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along three coronally oriented planes selected relative to the length of the palate.
The first plane was located at the posterior margin of the nasopalatine foramen,
the second plane was located at the transverse palatine suture, and the third
plane was located at the midpoint (between the posterior margin of the
nasopalatine foramen and the transverse palatine suture). The lateral facial
region was represented by bilateral landmarks along the lateral surface of the
zygomatic bones and floor of the orbits.

Two different methods of landmark identification were applied: a 2D,
performed in CBCT MPR visualization using CS 3D Imaging Software
(Carestream Dental LLC Atlanta, GA, USA); and a 3D, comprised of CBCT MPR
visualization with a semi-automatic 3D segmentation of the skull in the ITK Snap
software (Pennsylvania/Utah, USA) (Figure 1). The coordinates (X, Y) of the 2D
method were obtained in the TpsDIG2 software (Rohlf, F. J. 2004. tpsDig, digitize
landmarks and outlines, version 2.0. Department of Ecology and Evolution, State
University of New York at Stony Brook), while the coordinates (X, Y, Z) of the 3D
method were obtained in the 3D Slicer software.

STATISTICAL ANALYSIS

All craniofacial landmarks were performed by the same observer
(S.B.S.P.) and repeated after a 2-week interval. Reliability of all landmarks
coordinates was verified through the Intraclass Correlation Coefficient (ICC)
(x=0.05) in the SPSS software version 20 (Statistical Package of Social
Sciences, SPSS Inc., Chicago, IL, USA), and was graded as follows: excellent
when it was above 0.90; good, when it was between 0.75 and 0.90; moderate,
when it was between 0.50 and 0.75; and poor when it was below 0.50."8

Precision was verified through mean differences between the first and
second measurements, Dalhberg’s formula, and Bland-Altman plots (MedCalc
statistical package v. 14.10.2; MedCalc Software, Ostend, Belgium), a statistical
approach based on the quantification of the agreement between two quantitative
measurements by studying the difference against their mean and estimating the
limits of agreement (LoA)."?

RESULTS



30

The ICC values ranged from 0.95 to 1.0 in X and Y coordinates of all
landmarks in the 2D method, and were greater than 0.99 in X, Y and Z
coordinates of all landmarks in the 3D method.

Mean differences between the first and second measurements were
generally less than 1.0 mm in both of the methods, except from the X coordinate
of the left zygomaxillare (1.03 mm) and left orbitale (1.06 mm) 3D measurements
(Table 2).

According to the Dahlberg’s formula, in the 2D method, 4 landmarks
recorded values above 1.0 mm, and were specifically in the Y coordinate (rZigT,
D=1.17 mm; I1ZigT, D=1.95 mm; rNPF, D=1.31 mm; INPF, D=1.18 mm). In the 3D
method, 9 out of the 25 landmarks recorded values above 1.0 mm (X coordinate:
rZigM, D=1.69 mm; IZigM, D=1.80 mm; rOr, D=1.82 mm; IOr, D=1.18 mm; rNPF,
D=1.01 mm; INPF, D=1.01 mm; Y coordinate: rTPS, D=1.40 mm; ISTPS, D=1.46
mm; ITPS, D=1.44 mm; and Z coordinate: rNPF, D=1.19 mm; INPF, D=1.23 mm).
Therefore, the less precise landmarks (above 1.5 mm) were: the Y coordinate of
the left zygomaticotemporal suture (D=1.95 mm) in 2D method; and the X
coordinate of the right zygomaxillare (D=1.69 mm), left zygomaxillare (D=1.80
mm) and right orbitale (D=1.82 mm) in the 3D method (Table 2, in bold).

Figures 2, 3 and 4 illustrates the Bland-Altman plots of the landmarks
with the lowest intra-examiner agreement in 2D and 3D methods. For the left
zygomaxillare and right orbitale (X coordinate), the width of LoA of the 2D method
was narrower (TO-T1: -1.12 and +1.08; TO-T1: -1.6 and + 1.3, respectively) than
the 3D method (TO-T1: -3.6 and +5.7; TO-T1: -3.9 and + 5.7, respectively).
However, the width of LoA of the Y coordinate of the left zygomaticotemporal
suture, in the 3D method was narrower (TO-T1: -2.5 and +2.2) than the 2D method
(TO-T1: -5.2 and +5.8). Figures 5, 6 and 7 show the Bland-Altman plots of the
landmarks with the highest intra-examiner agreement in 2D and 3D methods. For
the prosthion (X coordinate), the width of LoA of the 2D method was narrower
(TO-T1: -0.6 and +0.3) than the 3D method (TO-T1: -0.82 and +0.63). For the
landmarks right frontomalare orbitale and left frontomalare temporale (X
coordinate), the width of LoA of the 3D method was narrower (TO-T1: -0.64 and
+0.62; TO-T1:-0.48 and +0.7, respectively) than the 2D method (TO-T1:-1.11 and
+0.67; TO-T1: -0.97 and +0.72, respectively).
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DISCUSSION

Several studies evaluated the reproducibility and precision of 3D
craniofacial landmarks, mainly related to cephalometry,’®'® and to facial
asymmetry.®” However, there is no previous data comparing two different
methodologies (2D and 3D) in relation to the nasomaxillary complex, including
nasal, lateral facial and palatal region, which may be of interest to professionals
in the field of maxillofacial surgery and orthodontists, especially.

In addition, in this study, the 3D methodology was not performed with
the software’s 3D rendering, but with a semi-automatic segmentation method,
which can improve the reliability of the measurements. The 2-week interval period
between the first and second measurements was chosen since it is important that
the observer do not memorize the landmarks position,' so that it does not
compromise the veracity of the results.

In the present study, ICC values were > 0.90 for all coordinates in 2D
and 3D methods, indicating that they both have a high reliability. However, when
we observe the results of the mean differences between the first and second
measurements and Dahlberg’s formula, we can observe that, in general, the 2D
landmarks was slightly more precise than the 3D landmarks.

The unpaired landmarks (N, Rhi, ANS, A, Pr, PNS) and the frontomalare
orbitale and frontomalare temporale were the landmarks that had the best
reproducibility and precision considering all coordinates in both of the methods.
This is probably because they are easier to visualize in anatomic regions that are
better demarcated in the CBCT. In the 2D method, at the Y coordinate, the
landmark zygomaticotemporal suture was less precise. This result indicates that
this suture is very difficult to visualize only in MPR views, especially the
determination of the landmark height in the 2D image (Y-axis), requiring a 3D
segmentation of this region to better visualize and for a more reliable marking. In
the 3D method, at the X coordinate, the landmarks zygomaxillare and orbitale
were less reproducible. This indicates a greater difficulty found in marking these
landmarks lateral position (right-left). Orbital landmarks, in other studies, were
better visualized with 3D reconstruction'®'4, which contrasted with the present

study results. This can be possibly attributed to the fact that as the image with 3D
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segmentation can be rotated and seen from different angles, it can easliy confuse
the observer in the landmark position.

According to Lagravere et al.?%, it is reasonable that mean differences
less than 1 mm are considered clinically acceptable, and that mean differences
between 1 and 2 mm are useful in most analyses. All landmarks used in this study
had small mean differences, and only two landmarks above 1.0 mm, that were
the X-coordinate of the left zygomaxillare (1.03 mm) and left orbitale (1.06 mm)
in 3D method. However, even so, those differences were very close to 1.0 mm,
indicating that these landmarks might be considered under clinically acceptable
differences.

It is important to note that, with the results of the present study, the 3D
segmentation might induce the observer to inaccuracy, mainly because it is an
image with three dimensions and can be visualized from different angles.
Therefore, as much as the segmentation is one more tool that can be used to
landmarks identification, it must be used with great care and caution, as any small
deviation can lead to a greater measurement error. However, depending on the
anatomical region, the 3D segmentation can quite help in the landmark

visualization.

CONCLUSIONS

» Both methods had excellent reliability (ICC > 0.90) in nasomaxillary
complex and lateral facial region measurements.

e The unpaired landmarks, the frontomalare orbitale and frontomalare
temporale recorded a higher precision in both of the methods, while the
3D landmarks zygomaxillare and orbitale, and the 2D landmark superior
zygomaticotemporal suture were less precise. Generally, the 2D
landmarks were slightly more precise than the 3D landmarks.

e All landmarks evaluated in this study recorded mean differences around 1
mm, and therefore, are reasonably considered acceptable for clinical

purposes.
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Table 1 Definition of Landmarks.
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Number Landmark name/description Abreviattion Region

1 Nasion: most anterior point of the frontonasal suture in the N Nasal
median plane

2 Rhinion: midpoint, in the internasal suture, in its lowest and Rhi Nasal
most anterior part

3 Anterior nasal spine: tip of the anterior nasal spine ANS Nasal/palatal

4 A point: point at the deepest midline concavity on the maxilla A Palatal
between ANS and prosthion

5 Prosthion: most anterior point on the alveolar ridge, between Pr Palatal
the maxillary central incisors

6/7 Right/Left ~ zygomaxillare:  lowest  point of  the rZigM/IZigM Lateral facial
zygomaticomaxillary suture)

8/9 Right/Left orbitale: lowest point in the inferior margin of the rOr/IOr Lateral facial
orbit

10/11 Right/Left frontomalare orbitale: most anterior point of the rFMO/IFMO Lateral facial
frontomalar suture, where it cuts the orbital edge

12/13 Right/Left frontomalare temporale: most posterior and lateral rFMT/ IFMT Lateral facial
point of the frontomalar suture, in the temporal region

14/15 Right/Left superior point of the zygomaticotemporal suture rZigT/ 1ZigT Lateral facial

16/18 Right/Left alveolar/palatal process junction at nasopalatine rNPF/ INPF Palatal
foramen

17 Intermaxillary suture at nasopalatine foramen ISNPF Palatal

19/21 Right/Left alveolar/palatal process junction at transverse rTPS/ITPS Palatal
palatal suture

20 Intermaxillary suture at transverse palatal suture ISTPS Palatal

22/24 Right/Left alveolar/palatal process junction at 50% of the r50%/150% Palatal
distance between NF and TPS

23 Intermaxillary suture at 50% of the distance between NF and 1S50% Palatal
TPS

25 Posterior nasal spine: tip of the posterior nasal spine PNS Palatal
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Table 2 Mean differences and standard deviation between the first and second measurements and results of
Dahlberg's formula for the coordinates of the 2D and 3D methods.

_poncmark 2D Method 3D Method
X Y X Y Y4
Mean SD D Mean SD D Mean SD D Mean SD D Mean SD D

N 003 030 021 019 057 043 004 063 044 0.09 031 023 010 122 0.85
Rhi 010 042 030 023 041 033 012 034 025 0.01 071 049 0.02 0.82 057
ANS 015 059 043 0.06 030 021 008 037 026 0.03 069 048 0.06 0.61 043
A 002 033 023 034 064 051 014 037 027 0.06 046 032 016 090 0.63
Pr 013 024 019 039 054 047 009 036 026 013 065 046 036 0.79 0.61
rZigM 016 120 086 024 076 056 098 223 169 047 109 0.83 019 093 0.66
1ZigM 002 055 038 023 040 032 103 236 1.8 0.18 077 055 019 1.06 0.75
rOr 016 072 052 010 037 027 093 244 182 036 125 090 0.03 060 042
10r 021 077 056 0.07 036 026 106 132 118 035 079 060 0.04 0.54 0.38
rFMO 022 044 035 028 083 062 001 032 022 0.02 050 035 011 071 0.50
IFMO 0.02 046 032 014 084 060 021 073 053 013 048 035 021 0.85 0.61
rFMT 014 033 025 0.03 060 042 013 033 025 024 084 061 0.09 0.70 049
IFMT 012 042 031 0.09 063 045 010 030 022 012 064 045 0.03 0.51 0.35
rZigT 023 062 047 033 162 117 030 062 048 0.15 125 088 0.12 045 0.32
1ZigT 017 085 061 030 273 195 011 055 039 013 121 084 013 059 042
rNPF 077 079 078 025 184 131 043 138 101 016 140 098 033 168 1.19
ISNPF 0.15 031 024 003 117 083 010 045 032 010 133 093 013 1.10 0.77
INPF 067 083 075 036 163 118 017 145 101 022 139 098 039 172 1.23
rITPS 040 099 075 015 044 033 034 095 070 043 197 140 0.14 0.83 0.59
ISTPS 016 032 025 012 035 026 008 036 026 058 202 146 020 0.73 0.3
ITPS 029 081 061 0.07 055 039 022 1.04 074 050 200 144 011 0.76 0.53
r50% 048 083 068 015 050 036 023 094 067 036 121 0.88 027 0.72 053
1S50% 016 031 025 019 066 049 009 049 035 030 125 0.89 018 048 0.36
150% 0.15 067 049 0.00 060 042 001 085 059 034 126 091 016 0.65 047
PNS 0.17 040 031 014 036 027 000 057 039 020 104 073 0.07 061 042

Note. SD= standard deviation. D= Dahlberg’s formula.
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FIGURES

12,13 (FT) - 2 . Nasopalatine
g . - foramen

10,11 (FOr)

50% cross
section

14,15 (ZigT)

8,9(0r)

. Transverse
6,7 (ZigM) . S § palatine
.3 (ANS) suture
+ 4(A)

5(Pr) - Posterior
nasal spine

Figure 1 3D CBCT reconstruction illustrating skull segmentation and demarcation of craniofacial
landmarks used in the study. A, 1- nasion, 2- rhinion, 3- anterior nasal spine, 4-point A, 5-
prosthion, 6,7- zigomaxillares, 8,9- orbitales and 10 to 15- landmarks in the lateral region of the
face. B, 16 to 25 - landmarks in the region of the intermaxillary suture, junction of the alveolar and
palatine processes and posterior nasal spine.
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Figure 2 Bland-Altman plots expressing intra-examiner agreement for the landmark left
zygomaxillare. A, in X coordinate, in the 2D method, we can observe the points closer to the mean
and more homogeneous distribution, indicating good reproducibility. B, in X coordinate, in the 3D
method, we observed spread points (heterogeneous distribution) and some distant from the
mean, indicating lower reproducibility. C and D, in Y coordinate, in both methods, we have good

reproducibility, with 2D a little better. E, Z coordinate in 3D method, good reproducibility.
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Right orbitale
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Figure 3 Bland-Altman plots expressing intra-examiner agreement for the landmark right orbitale.
A, in X coordinate, in the 2D method, we can observe the points closer to the mean and more
homogeneous distribution, indicating good reproducibility. B, in X coordinate, in the 3D method,
we observed spread points (heterogeneous distribution) and some distant from the mean,
indicating lower reproducibility. C, Y coordinate, 2D method, good reproducibility. D, Y coordinate,
3D method, good reproducibility, but lower. E, Z coordinate, 3D method, good reproducibility.
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Superior zygomaticotemporal suture (left)
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Figure 4 Bland-Altman plots expressing intra-examiner agreement for the landmark superior
zigomaticotemporal suture (left). A, X coordinate, 2D method, good reproducibility. B, X
coordinate, 3D method, good reproducibility, a little better than 2D. C, Y coordinate, 2D method,
we observed spread points (heterogeneous distribution) and some distant from the mean,
indicating less reproducibility. D, Y coordinate, 2D method, we can observe the points closer to
the mean and more homogeneous distribution, indicating good reproducibility. E, Z coordinate,
3D method, good reproducibility.
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Prosthion
2,5 25
1,51 1,51
- -
- -
><: i ><: +1.96 SD
- * +1.! -
] 0.5 03 ¥ 3 2 88 > -t l" 0,63
' 0 oo s o Mean ' A g’ Mean
4 . 40 e 4ee o -0,13 e o 0,10
x: 0,5 . . -1-9:?3 ><: -0,51- " «? 196D
] =] . -0,82
151 1,5
-2,5 ol 1 1 1 | 1 1 -2,5 L 1 1 1 1 | 1 1
114 116 118 120 122 124 126 -100 -80 -60 -40 -20 0 20 40
Mean of 2D_X_T0 and 2D_X_T1 Mean of 3D_X_T0 and 3D_X_T1
A B
2,51 2,5
*
1,51 1,5|- +1.96 SD
= s e o 142
ol +1.96SD L " ki
[ - | L .
9 e & . i O 069 g o ¥4 ,%Mean
' . * * * ' "4 0.13
e . . . ¢ Mean e R
>_: 0,51 . . o 0. 0.. . -0,40 >_: 0,51 . 5
a . a ¢ -1.96 SD
N -» * -1.96 SD L 1,15
1,5} -1,51 . ’
-1,48
‘2.5 ol 1 1 1 1 1 1 1 1 '2»5 -l 1 1 1 1
10 115 120 125 130 135 140 145 150 -100 -50 0 50 100
Mean of 2D_Y_TOand 2D_Y_T1 Mean of 3D_Y_T0and 3D_Y_T1
C D
2,5
*
151 +1.96 SD
-
g 1,19
N,
o 05
- LRAS
e LN :: b + Mean
N 0,51 A ¢ 037
a T R
“ -
A5 :
-1.96 SD
¢ 1,93
-2,5 l 1 1 | 1 | L 1
-60 -40 -20 0 20 40 60 80
Mean of 3D_Z _TO and 3D_Z_T1
E

Figure 5 Bland-Altman plots expressing intra-examiner agreement for the landmark prosthion. A,
X coordinate, 2D method, good reproducibility. B, Xcoordinate, 3D method, good reproducibility.
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scattered points. D, Y coordinate, 3D method, good reproducibility. E, Z coordinate, 3D method,
good reproducibility.



43

Left frontomalare temporale

251 2,5
_ 15F 1.5l
5 pa
x . e o _+1.96SD
0,5 ¢ 0,72 | E S 20 0,7
2 : . . § 0,5 - 4
< s * 0 e ¢ oo ¢ o Mean l‘n'! ; - Meoa';_
e .. . . = g
" o5 .o o o e -0,12 E s N 19650
X -1.96 SD x M “0,48
& 097 Q
1,51 * 1,51
=250 1 1 1 1 I ! -25h i i i i i i 2
152 154 156 158 160 162 164 100! A Y28 Ties: iaN 0w e @9
Mean of 2D_X_T0 and 20_X_T1 Mean of 3D_X_T0 and 3D_X_T1
A B
25 25
v, .
1,5F +1.96 SD 15 +1.96 SD
ps v 135 & 1,39
! . . !  ®
>.l 05 . . . >-' 0,5 "..
Q - . . o + Mean Q" . w® . Mean
. ® ¢ & £ 2 4 ¢ . b *
2 . IR TR IR - 0,09 e . - 0,13
o -0,5( 4] -0,5( L4
g * 19680 g -1.96 SD
51 1,17 51 1,14
*
*
‘2,5 ol 1 L Il 1 1 1 1 1 ‘2,5 1 1 L L 1 1 1 Il 1
90 95 100 105 110 115 120 125 130 -80 -60 -40 -20 0 20 40 60 80
Mean of 2D_Y_TO0 and 2D_Y_T1 Mean of 3D_Y_TO0 and 3D_Y_T1
C D
2,51
1,51 o
c +1.96 SD
N 05 o) e
,5 1 .
8 e $a—~ . Mean
° M 4 . 0,04
" oosf .
N, H . -1.96 SD
8 . 0,97
1,5
=250 L ! L ! ! ! ) !

0 20 40 60 80 100 120 140 160
Mean of 3D_Z TOand 3D_Z_T1

E

Figure 7 Bland-Altman plots expressing intra-examiner agreement for the landmark left
frontomalare temporale. A, X coordinate, 2D method, good reproducibility. B, X coordinate, 3D
method, good reproducibility. C, Y coordinate, 2D method, good reproducibility, but with more
scattered points. D, Y coordinate, 3D method, good reproducibility. E, Z coordinate, 3D method,
good reproducibility.
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ABSTRACT

INTRODUCTION: The aim of the present study was to investigate the influence
of nasal septum deviation on nasomaxillary complex fluctuating asymmetries at
different stages of skeletal maturation, and if there is an association between the
degree of severity of the septal deviation and the degree of asymmetry of the
nasomaxillary complex.

METHODS: This was a retrospective, cross-sectional observational study, which
sample consisted of 60 selected CBCT scans and divided into four groups (n =
15), according to the degree of septal deviation and skeletal maturation, being
mild deviation (MD) <10°, moderate to severe deviation (MSD) (=10°), before
spurt (BS) and after spurt (AS). The angle of greatest nasal septal deviation
(NSD) was measured, as well as the area of deviation. A Geometric
Morphometrics approach was performed to evaluate the nasal septum (NS). The
morphology of the nasomaxillary complex and presence of fluctuating
asymmetries was evaluated by 23 two-dimensional landmarks on the
nasomaxillary complex (nasal, lateral and palatal regions) and by making
Procrustes ANOVA and Mann-Whitney test. In addition, we used Spearman's
correlation and multivariate regression to correlate nasal septum deviation with
asymmetries in these regions.

RESULTS: No significant differences were observed in the Procrustes and
Mahalanobis distances (fluctuating asymmetry) of the nasomaxillary complex
between the groups MD-BS x MSD-BS and MD-AS x MSD-AS (P<0.05)
However, with the results of our multivariate regression, we saw that regarding
the more specific aspects of asymmetry (asymmetry component), there was a
positive correlation between the NSD angle and the palatal regions (P=0.035 and
P=0.047, middle and posterior, respectively), and also between nasal septum
shape and anterior palatal region (P=0.039). The nasal and lateral regions were
not correlated with the NSD angle in our multivariate regression (P>0.05).
CONCLUSION: The groups with mild NSD did not show significant differences in
the fluctuating asymmetry of the nasomaxillary complex in relation to the groups
with moderate to severe NSD, both before and after the growth spurts stages.
However, a positive correlation was observed between the nasal septum

deviation angle and asymmetry component in the middle and posterior palatal
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regions, and between nasal septum shape and anterior palatal region asymmetry
component. No significant relationships were observed with the nasal and lateral

regions of the nasomaxillary complex.

KEY WORDS: Nasal septum, Facial Asymmetry, Cone-beam computed
tomography
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INTRODUCTION

Facial symmetry is an important parameter for diagnosis analysis and
treatment planning of different biological areas. However, it is not simple to
determine the threshold that defines symmetrical and asymmetrical faces, which
is often determined by the clinicians' sense of balance and the patients'
perception of imbalance." Several etiological factors have been attributed to
skeletal facial asymmetry, and despite causality cannot be determined, previous
studies reported a relationship between anatomical deviation of the nasal septum
(NS) and facial development.?#

Nasal septum deviation (NSD) consists of a misalignment of the septum
in relation to the facial midline, which may involve the bony or cartilaginous parts
isolated, or in combination®, and is found with a reasonable prevalence in the
general population, but mainly in adults.® The "nasal septum theory" suggests
that the nasal septum cartilage is a primary growth center, displacing the central
bones of the face forward and downward.” Latham proposed that the nasal
septum acts as an initiating mechanism moving the premaxilla and maxilla
forward through the septum-premaxillary ligaments.® The function of the septal
cartilage as a “growth center” is certainly possible, as the maxillary sutures would
respond to the growth of nasal cartilage forming new bone when they were
pushed aside by the forces of septal cartilage growth.® Besides, a surgical
resection of all or part of the nasal septum, in a variety of animal models, resulted
in a deficiency in the anteroposterior dimensions of the maxilla and premaxilla.’®-
12 Therefore, it is hypothesized that the deviated growth of a nasal septum may
have some contribution to the development of facial asymmetries.?

Previous studies, comprising adolescents and adult subjects aged from
14 to 71 years, observed an association between nasal septum deviation and
facial asymmetries, through photographic analysis, '>'* and also with facial
asymmetries, evaluated by computed tomography (CT) 24.

Regarding patients in growing stages, diagnosis is critical, and the
indication of pediatric septoplasty can be considered, since a previous study by
D’Ascanio et al. reported that mouth-breathing children with uncorreted NSD in
comparison to nose-breathing children demonstrate facial and dental
anomalies.® Furthermore, not performing or delaying septoplasty when indicated
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may affect nasal e facial growth.'® A recent study indicated that there is an
association between NSD and the abnormal growth of the nasomaxillary
complex, with reduced dimensions of width and area of the maxilla and nasal
cavity being observed in the groups of individuals with greater NSD'".
Therefore, the aim of the present study was to investigate the influence
of nasal septum deviation on nasomaxillary complex fluctuating asymmetries at
different stages of skeletal maturation, and if there is an association between the
degree of severity of the septal deviation and the degree of asymmetry of the

nasomaxillary complex.

MATERIAL AND METHODS

Study design

This was a retrospective, cross-sectional observational study'®, approved
by the Research Ethics Committee of the Hospital Universitario Clementino Fraga
Filho (CEP-HUCFF/UFRJ) under the protocol number 3.888,756.

The sample consisted of cone-beam computed tomography (CBCT)
exams of 60 randomly selected patients (25 male and 35 female; ages, 9 - 30
years) from the Orthodontics Clinics of the Graduate course in Dentistry of the
Universidade Federal do Rio de Janeiro. These records were available due to
previous acquisition for orthodontic diagnosis and treatment planning purposes.

Eligibility criteria comprised availability of CBCT DICOM files, including full
fourth cervical vertebra of healthy subjects, without craniofacial syndromes, facial
deformities, extensive bone pathological processes, craniofacial trauma, as well
as surgical interventions in the facial region, including septoplasty and previous
orthognathic surgery, and no history of orthodontic treatment.

CBCT scans were performed on a Kodak 9500 digital tomograph
(Carestream Health, Rochester, NY, USA) under the acquisition parameters: 90
kVp, 10 mA, field of view (FOV) of 18.4 x 20.6 cm, 0.3 mm isotropic voxel size,
and scanning time of 24 s. CBCT exams were allocated into four groups (n = 15)
according to the skeletal maturity stage and nasal septum deviation. The skeletal
maturity stage was identified by the Cervical Vertebral Maturation (CVM) method
described by BACCETTI in 2005'. Exams were assigned to the group before
growth spurt (BG) from stage CS1 to CS4, and after growth spurt (AG), for stages
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CS5 and CS6. According to the angle of the nasal septum deviation, CBCTs
images were further assigned to group MD, with mild deviation (<10°), and group

MSD, with moderate to severe deviation (210°)%°,

CBCT analysis

The CBCT images were oriented using the CS 3D Imaging software
(Carestream Dental LLC Atlanta, GA, USA), adapted from LIN et, al. 2! Sagittal
section: axial plane parallel to palatal plane; Coronal section: axial plane tangent
to nasal floor; Axial section: midsagittal plane parallel to midpalatal suture. In
cases where the patient had an extensive nasal floor asymmetry, observed in the
coronal section, an average between the right and left sides of the nasal floor was
used, always considering the effect of the movement on the head and its
proximity to its natural position.

Nasal septum

Nasal septum analysis was performed using the CS 3D Imaging
software, in the slice with the greatest nasal septum deviation, and, for this, the
CBCT coronal slices were covered, following an anterior to posterior axis of the
nasal septum, until this point was visible. This slice was selected in the bone
region of the septum, from the Crista Galli (CG) to the most posterior region, so
that the cartilage area would not compromise the measurement.

Once the coronal slice with the greatest nasal septum deviation was
selected, ImageJ® software was used to measure the NSD angle (°) and NSD
area (mm?). NSD angle (°) was measured, following the reference points: superior
intersection of the NS at the level of CG; inferior intersection of the NS at the level
of the anterior nasal spine; and the most prominent hyperdense point along the
NS (Figure 1A).52225 NSD angle degree was considered as mild (<10°), and
moderate to severe (210°)?°, and determined the MD and MSD groups allocation,
respectively. NSD area (mm?) was measured from the point of greatest NSD to
the midsagittal plane (Figure 1B).

Nasal septum morphology was assessed by Generalized Procrustes
Analysis (GPA) performed in the MorphoJ software?® (Klingenberg, 2011), by
identifying two-dimensional (2D) landmarks in the previously selected coronal
slice, with the TpsDIG2 software?” (Rohlf, F. J. 2004. tpsDig, digitize landmarks
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and outlines, version 2.0. Department of Ecology and Evolution, State University
of New York at Stony Brook). For this, five landmarks were used: top of the CG,
lowest point of the NS, point of greatest deviation on the right side, point of
greatest deviation on left side and second point of greatest deviation (right or left
side — depending on each subject) (Figure 1C).

Nasomaxillary complex

The morphology of the nasomaxillary complex was assessed through 23
2D coordinate landmarks of the nasal, lateral and palatal regions of the face,
adapted from Hartman et al., 20162, described in Table 1. The 2D images and
respective coordinates of the nasomaxillary complex were obtained with the CS
3D Imaging and TpsDIG2 software. Then, a Generalized Procrustes Analysis
(GPA) was performed for evaluating the nasomaxillary complex symmetry using
the Morphod software.

The nasal region was represented by the internal nasal cavity, where
unilateral and bilateral landmarks were collected along two coronally oriented
planes (Figure 2A), located on top of the Crista Galli (nasal region 1) (Figure 2B)
(corresponding to approximately 50% of nasal floor length), and at the posterior
nasal spine (PNS) level (nasal region 2) (Figure 2C) (approximately 100% of
nasal floor length). The lateral region of the face (Figure 2D) was represented by
bilateral landmarks of the zygomaticomaxillary suture and the floor of the orbits,
visualized in a coronally oriented plane.

The palatal region comprised unilateral and bilateral landmarks placed
on the roof of the palate, which were collected along three coronally oriented
planes selected in relation to the length of the palate (Figure 3E). The first plane
was located at the posterior margin of the nasopalatine foramen (NPF) (palatal
region 1) (Figure 2F), the second plane was located at the transverse palatine
suture (TPS) (palatal region 2) (Figure 2G), and the third plane was located at
the midpoint between the posterior margin of the NPF and the TPS (palatal region
3) (Figure 2H).

External nasal angle and occlusal plane
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External nasal angle (ENA) and occlusal plane (OP) analysis were
evaluated on axial and coronal slices images, respectively, provided by the CS
3D Imaging software.

In order to perform the external nasal angle (°) measurement, the
coronal and axial planes were positioned parallel and perpendicular to the TPS,
at the level of the junction of the perpendicular blade of the ethmoid with the
vomer (Figure 3A). Then, the angle between the median sagittal plane and tip of
the nose was measured in the axial view (Figure 3B).

The occlusal plane was determined in the coronal CBCT slice, by
intercepting the buccal cusp tips of upper right and left first molars?® (Figure 4A).
Then, the angle between the determined occlusal plane and the respective axial
plane of the image was measured using the ImageJ® software (Figure 4B).

Statistical analysis

A posteriori power analysis was performed in G*Power software?® (Faul,
Erdfelder, Lang, & Buchner, 2007) and indicated an effect size of 2.67 and 2.09,
and achieved power of 0.99 for the groups before and after growth spurts,
respectively.

Data normality assessment and intergroup comparisons of the NS
deviation variables (NSD angle, NSD area), ENA, OP, and morphometric
variables (Procrustes and Mahalanobis distances), according to skeletal
maturation stage (MD-BG x MSD-BG and MD-AG x MSD-AG), were performed
with Shapiro-Wilk and Mann-Whitney U tests, respectively, using the SPSS
software version 20 (Statistical Package of Social Sciences, SPSS Inc., Chicago,
IL, USA). All measurements were performed by the same observer (S.B.S.P.)
and repeated after a 2-week. Reliability and precision were assessed for NSD
angle, NSD area, ENA, OP and skeletal stage in 50% of the sample using the
Intraclass Correlation Coefficient (ICC) (> 0.90) and Dahlberg's formula (0.02 —
0.78). Also, in order to ensure that the fluctuating asymmetry effect was not due
to the measurement error, the 2D coordinate landmarks measurements of the
nasomaxillary complex were carried out twice in the overall sample (n= 60) and
assessed with the Procrustes ANOVA test.3°
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2D coordinate landmarks of NS morphology was assessed with a GPA, for
purposes of superposition of these points, eliminating the effects of translation
and rotation. In this way, the Procrustes superposition allows to centralize, scale
and rotate each configuration, removing all morphological variation that is not due
to the shape.3! Then, we made Fisher's Discriminant Function (FDF) with cross
validation, Canonical Variable Analysis (CVA) and thin-plate splines, in order to
visualize the similarity between the subjects of each group, and to indicate
whether the groups could be distinguished reliably.?® The thin-plate spline
function was used to construct images corresponding to changes in shape, thus,
shape features shared by different subjects could be described.?6:3?

A regression analysis was performed to check the effect of allometry
(shape vs. size), owing to the different ages of the subjects analyzed in the study.
As the skull has object symmetry, landmarks configurations were distinguished
into a component of symmetric variation and a component of asymmetric
variation,3334 where the symmetric component was the average between the
original configuration and reflected copy of each individual, and the asymmetric
component was calculated as the differences between the original configurations
and reflected copies.333% The Procrustes ANOVA test was applied to compare
the level of asymmetry among the study groups, by testing the effects of
directional (side) and fluctuating asymmetry (“individual X side”).33 Directional
asymmetry is a tendency for a trait to be developed in different ways on the right-
left sides,3¢ and would indicate a consistent difference in shape between the left
and right sides (i.e., a non-random deviation from symmetry). Fluctuating
asymmetry denotes small differences between the left and right sides due to
random imprecisions in developmental processes, that is, random deviations
from symmetry among individuals.33-36:37

The relationship between the NS variables (NSD angle, NSD area, NS
centroid size and NS shape) and ENA, OP, and morphometric variables of the
nasomaxillary complex (Procrustes and Mahalanobis distances, centroid size
and shape of nasal, lateral and palatal regions), was assessed with the
Spearman's Correlation test using the SPSS software version 20. The degree of
the correlation coefficient (r) was classified into the following categories: very high
positive (negative) correlation 0.9 to 1.0 (-0.9 to -1.0); high positive (negative)
correlation 0.7 to 0.9 (-0.7 to -0.9); moderate positive (negative) correlation 0.5 to
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0.7 (-0.5 to -0.7); low positive (negative) correlation 0.3 to 0.5 (-0.3 to -0.5); little
if any correlation 0.0 to 0.3 (0.0 to -0.3).2® Also, a multivariate regression was
performed in the Morphod software in order to determine whether there was a
significant relationship between the NS variables (NSD angle, NSD area,—NS
centroid size and NS shape), as independent variables, with asymmetry
component of the nasal, palatal, and lateral facial regions, as dependent
variables. For morphometric, symmetry and regression analyses, the Morphod
software was used. The significance level of 0.05 was adopted in all analyzes.

RESULTS

Descriptive statistics of NSD angle, NSD area, ENA and OP variables
are presented in Table 2. Statistically significant increased values of NSD angle
and NSD area were observed in the groups with moderate to severe deviation
before (MD-BG: 7.99 (2.26)° and 55.2 (31.0) mm?/ MSD-BG: 13.03 (3.04)° and
117.0 (34.8) mm?) and after growth spurt stages (MD-AG: 7.65 (2.62)° and 56.7
(23.1) mm?/ MSD-AG: 14.04 (3.44)° and 95.5 (100.1) mm?) (P<.001). ENA and
OP did not present a statistically significant difference between the evaluated
groups (MD-BG x MSD-BG and MD-AG x MSD-AG) (Table 2).

The morphological analysis of the nasal septum by Fisher's Discriminant
Function with cross-validation indicated that, in relation to shape, there was a
statistically significant difference between the groups MD-BG x MSD-BG
(P<0.0001) and MD-AG x MSD-AG (P=0.006). Intergroup comparisons are
presented in a CVA graph (Figure 5). In addition, Figure 6 illustrates the similarity
in the shape of the groups through thin-plate splines, in which the groups with
mild deviation had a narrower shape and those with moderate/severe deviation
had a wider/expanded shape, especially in the nasal septum central region. The
regression analysis for the allometry effect was not significant (P>0.05), indicating
that individual size did not interfere with the shape morphology in our study
groups.

Regarding the nasomaxillary complex analysis, Procrustes ANOVA
results indicated that there are significant levels of fluctuating asymmetry
(“Individual x Side”) in the nasal, lateral and palatal regions of all the study groups
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(Supplementary Tables 1, 2 and 3). It is important to note that the measurement
error value was smaller than the fluctuating asymmetry (“Individual X Side”),
indicating that the asymmetry values were not due to a measurement error on the
right and left sides. No intergroup differences (MD-BG x MSD-BG and MD-AG X
MSD-AG) were observed in the Procrustes and Mahalanobis distances variables
(fluctuating asymmetry) (P<0.05) (Table 3).

Spearman's Correlation results (Table 4) indicated that the NSD angle had
a low positive correlation with centroid size of the palatal region 2 (r= 0.32;
P=0.010) and with the shape of the palatal region 3 (r= 0.46; P=0.0007). NSD
area presented little if any correlation with the centroid size in the nasal region 1
(r=0.26; P= 0.040), and with Procrustes values (fluctuating asymmetry) in the
nasal region 2 (r= 0.26; P= 0.038), but presented a low positive correlation with
the shape of the palatal region 3 (r= 0.44; P=0.0004). NS Centroid size had a low
positive correlation with centroid size of the nasal region 1 (r= 0.37; P=0.002).
Finally, the variable NS shape had a low positive correlation with centroid size of
the nasal region 2 (r= 0.31; P=0.014) and presented little correlation with the
centroid size of the palatal region 1 (r=-0.26; P=0.037).

The results of multivariate regression are presented in Table 5. NSD
angle was positively correlated with the asymmetry component on palatal regions
2 and 3 (P=0.047 and P=0.035, respectively; Figure 7A and B), and there was no
correlation with the other areas (nasal, lateral facial and palatal region 1). The
other independent variables, NSD area and NS centroid size, did not correlate
with the asymmetric component in any of the evaluated regions. And, finally, the
NS shape independent variable was positively correlated with the asymmetry
component of palatal region 1 (NPF) (P=0.039).

DISCUSSION

Small levels of facial asymmetry are common in most individuals, and
since they are not perceptible by most people, they are considered to be within
the normal range.®®#' There are numerous factors that can cause facial
asymmetry, such as genetic factors or malformations, environmental factors and

functional deviations. "2 Nasal septum deviation has been widely studied in the
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literature, but there is no consensus on its role in the growth of the face, and more
specifically, of the nasomaxillary complex.

To further understanding about the influence of a deviated nasal septum
in the asymmetries of the nasal, lateral and palatal regions of the face in
individuals who are still growing and who have already gone through the growth
spurt, the present study used a geometric morphometric approach in CBCT
images like some previous studies?3, which contrasts with previous studies that
used photographs analysis. 314

When it comes to nasal septum morphological variation, Fisher's
Discriminant Function with cross-validation indicated that the slice with the
greatest NSD showed significant differences between the groups, which was
expected, since this slice was used to separate the groups. Therefore, the FDF
showed us that the division of the groups was done correctly. Through the CVA
(Fig. 5) and thin-plate splines (Fig. 6), it was clear that, the groups with mild
deviation have a narrower deviation region, while the groups with moderate to
severe have a wider/expanded deviation region. So, we could observe that,
despite the difference between the growth stages, the mild deviation groups have
similar septal shapes, as well as the moderate to severe groups.

The results of our Procrustes ANOVA indicate that all three regions of
the nasomaxillary complex (i.e., nasal, lateral and palatal regions) exhibited
significant levels of fluctuating asymmetry. Fluctuating asymmetry distance
values, represented by Procrustes and Mahalanobis distances, are measures of
deviation from perfect symmetry, and a greater distance value corresponds to a
greater magnitude of total asymmetry for the given region.? Although all of the
groups presented fluctuating asymmetry levels, no statistical differences were
observed between the groups with mild and moderate to severe septal deviation,
before and after the growth spurt.

Corroborating this comparison test, no correlation was found between
the NSD angle and the Procrustes and Mahalanobis distances (fluctuating
asymmetry), as seen in the study by Hartman et, al.?> Regarding the other
correlations found in this study, although existing, they were low or null.

In the multivariate regression, we evaluated the relation of the
asymmetric component of each region with independent variables: NSD angle,
NSD area, NS centroid size and NS shape. Although there was a positive
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correlation between NSD angle and nasal region 2, in the multivariate regression
we were unable to observe this relationship (which contrasted with other studies),
probably because, this correlation, despite existing, was little. Our sample
consisted of individuals with mild, moderate and severe NSD, but, on average,
our total sample has a small amount of deviation (mainly in degrees). In samples
with less septal deviation on average, it has been suggested that the nasal
airways and associated turbinates can act as an accommodation zone that
dampens the development of nasal wall asymmetries.? In individuals with NSD,
it is common for the inferior turbinate on the opposite side to the deviation to be
hypertrophied, being a compensatory mechanism to protect the nasal
cavity,?24344 therefore, it is possible that the asymmetrical development of the
turbinates can compensate for the asymmetry of the nasal cavity in individuals
with less deviation.? This can also happen with asymmetries in the lateral facial
region, as the maxillary sinuses can act as a cushion, compensating for the
internal nasal shape,* thus avoiding greater asymmetries in this region. Our
study, as well as Hartman et. al?, did not find a relationship between NSD and
asymmetries in the lateral region of the nasomaxillary complex. Regarding to
NSD angle, the regression results showed that the asymmetry component was
related to the increase in the deviation angle in palatal regions 2 and 3 (transverse
palatine suture and middle region of the roof of the palate). This result shows us
that even though our sample does not have a high septal deviation degree, on
average, the regression was able to detect an increase in asymmetry in palatal
regions, probably because of the close relationship in these regions. The
independent variables NSD area and NS centroid size did not have a significant
relationship with any of the regions in our multivariate regression. Regarding the
independent variable of NS shape, the results showed that there was a positive
correlation between the NS shape and the asymmetry component of the palatal
region 1. The other regions did not present this relationship.

The ENA and OP did not show statistical differences between the study
groups, indicating that these variables were not influenced by the degree of
septum deviation. For the ENA, this result shows us that, even if the individual
has a considerable degree of deviated septum, the tip of the nose is not
necessarily affected by it and may not be deviated. And, for the OP, we observe
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that, with the results we obtained, there was no relationship of this angle with any
of the septum variables (NSD angle, NSD area, NS centroid size and NS shape).

The results of the present study indicate that there is an association
between the nasal septum and asymmetries in the nasomaxillary complex,
mainly by the results of our multivariate regression. Therefore, we believe that
this influence exists, but that it is not possible to establish a determining causal
factor, since several external factors can act. Despite our study covered
individuals with different stages of growth, since it is not a longitudinal study, we
were unable to assess whether the septum deviation increases with increasing

age and cessation of growth.

CONCLUSIONS

The groups with mild nasal septum deviation did not show significant
differences in the fluctuating asymmetry of the nasomaxillary complex in relation
to the groups with moderate to severe nasal septum deviation, both before and
after the growth spurts stages. However, a positive correlation was observed
between the nasal septum deviation angle and asymmetry component in the
middle and posterior palatal regions, and between nasal septum shape and
anterior palatal region asymmetry component. No significant relationships were
observed with the nasal and lateral regions of the nasomaxillary complex.
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TABLES

Table 1 Nasomaxillary complex landmark’s number and description according to the nasal,
lateral, and palatal regions of the face.

Number Landmark description Region
1 Top of the crista galli Nasal
2/3 Bilateral landmarks located at the most lateral aspect of the nasal cavity at the level of the crista
alli Nasal

4/5 gilateral landmarks located at the most lateral aspect of the nasal floor at the level of the crista

galli Nasal
6 Upper aspect of the nasal septum at the level of the posterior nasal spine (PNS) Nasal
7/8 Bilateral landmarks located at the most lateral aspect of the nasal cavity at the level of the posterior

nasal spine Nasal
9/10 Bilateral landmarks located at the most inferior point of the zygomaticomaxillary suture Lateral
11/12 Bilateral landmarks located at the most inferior point of the orbit Lateral
13/15 Bilateral landmarks located at the alveolar/palatal process junction at the level of the posterior

margin of the nasopalatine foramen Palatal
14 Intermaxillary suture at the level of the posterior margin of the nasopalatine foramen Palatal
16/18 Bilateral landmarks located at the Alveolar/palatal process junction at transverse palatine suture  Palatal
17 Intermaxillary suture at transverse palatine suture Palatal
19/21 Bilateral landmarks located at the alveolar/palatal process junction at half the distance between

the posterior margin of the nasopalatine foramen and the transverse palatine suture Palatal
20 Intermaxillary suture at half the distance between the posterior margin of the nasopalatine foramen

and transverse palatine suture Palatal
22/23 Bilateral landmarks located at the most lateral point of the buccal alveolar process in the slice of

half the distance between the posterior margin of the nasopalatine foramen and the transverse

palatine suture Palatal

Note. Table adapted from HARTMAN et al., 2016(HARTMAN; HOLTON; MILLER; YOKLEY et al., 2016)

Table 2 Descriptive statistics of NSD angle, NSD area, ENA and OP variables according to the
study groups.

Groups NSD angle (°) NSD fmnﬂze) ENA (%) OP (°)
MD - BG 7.99 (2.26) 55.2 (31.0) 20(3.0) 12(13)
MSD - BG 13.03 (3.04) 117.0 (34.8) 2.0 (3.0) 13(1.3)
P-value 0.000* 0.000* 0.935 0.870
MD - AG 7.65 (2.62) 56.7 (23.1) 1.0 (3.0) 1.4 (0.5)
MSD - AG 14.04 (3.44) 95.5 (100.1) 2.0 (2.0) 1.8 (2.6)
P-value 0.000* 0.000* 0.305 0.281

Note. Descriptive statistics represented as median (interquartile range). MD-BG, mild deviation before growth. MSD-
BG, mild to severe deviation before growth. MD-AG, mild deviation after growth. MSD-AG, mild to severe deviation
after growth. NSD, nasal septum deviation; ENA, external nasal angle. OP, occlusal plane. Intergroup comparisons
performed with the Mann-Whitney U test. *(P<0.05). ** (P<0.01).
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Table 3 P values of Procrustes (PC) and Mahalanobis (MH) distances (fluctuating asymmetry) of
nasomaxillary complex nasal, lateral and palatal regions according to the study groups.

Nasal Nasal Lateral Palatal Palatal Palatal
Groups . . . . . .
region 1 region 2 region region 1 region 2 region 3
PC distances 0.486 0.436 0.539 0.187 0.174 0.935
MD-BG x MSD-BG
MH distances 0.935 0.595 0.775 0.653 0.202 0.870
PC distances 0.744 0.367 0.775 0.389 0.217 0.624
MD-AG X MSD-AG
MH distances 0.653 0.624 0.713 0.967 0.389 0.595

Note. MD-BG, mild deviation before growth. MSD-BG, mild to severe deviation before growth. MD-AG, mild
deviation after growth. MSD-AG, mild to severe deviation after growth. Intergroup comparisons performed with
the Mann-Whitney U test.

Table 4 Spearman’s correlation test (and P values) for nasal septum and nasomaxillary complex
variables (n = 60).

NSD angle NSD angle area NS Centroid size NS Shape
r (P value) r (P value) r (P value) r (P value)
ENA 0.04 (0.706) 0.15 (0.228) 0.21 (0.100) 0.12 (0.333)
OoP 0.08 (0.541) 0.02 (0.840) -0.08 (0.498) -0.07 (0.589)
PC_nasal region 1 0.10 (0.412) 0.09 (0.472) -0.07 (0.587) -0.02 (0.874)
MH_nasal region 1 0.03 (0.786) 0.08 (0.538) 0.06 (0.623) 0.03 (0.817)
Shape_nasal region 1 0.12 (0.354) 0.09 (0.491) -0.04 (0.708) -0.09 (0.470)
Centroid size_nasal region1 0.15 (0.244) 0.26 (0.040)* 0.37 (0.002)** 0.17 (0.173)
PC_nasal region 2 0.11 (0.381) 0.26 (0.038)* 0.04 (0.732) 0.06 (0.638)
MH_nasal region 2 -0.13 (0.319) 0.03 (0.784) 0.09 (0.483) 0.06 (0.612)
Shape_nasal region2 0.16 (0.205) 0.22 (0.078) -0.10 (0.446) 0.10 (0.415)
Centroid size_nasal region2 0.03 (0.800) 0.13 (0.318) 0.13 (0.286) 0.31 (0.014)*
PC_lateral region 0.06 (0.631) -0.01 (0.934) 0.17 (0.177) -0.07 (0.581)
MH__ lateral region -0.00 (0.984) -0.05 (0.655) 0.15 (0.223) -0.05 (0.663)
Shape__ lateral region 0.24 (0.061) 0.21 (0.091) -0.06 (0.641) -0.24 (0.055)
Centroid size__ lateral region 0.19 (0.143) 0.24 (0.061) 0.15 (0.244) 0.10 (0.405)
PC_palatal region1 0.17 (0.180) 0.17 (0.193) -0.07 (0.545) 0.03 (0.775)
MH_palatal region1 0.18 (0.154) 0.18 (0.146) -0.12 (0.359) 0.01 (0.918)
Shape_palatal region1 0.21 (0.103) 0.24 (0.060) 0.10 (0.444) -0.02 (0.821)
Centroid size_palatal region1 0.19 (0.131) 0.12 (0.345) -0.12 (0.352) -0.26 (0.037)*
PC_palatal region2 0.17 (0.193) 0.09 (0.484) 0.01 (0.895) 0.01 (0.936)
MH_palatal region2 0.12 (0.328) 0.06 (0.630) 0.03 (0.817) 0.00 (0.976)
Shape_palatal region2 -0.03 (0.790) -0.10 (0.428) 0.05 (0.649) -0.24 (0.062)
Centroid size_palatal region2 0.32 (0.010)* 0.20 (0.122) 0.07 (0.574) -0.08 (0.525)
Procrustes_palatal region 3 -0.03 (0.817) -0.18 (0.153) -0.01 (0.936) -0.04 (0.761)
Mahalanobis_palatal region3 0.06 (0.645) -0.02 (0.832) 0.03 (0.779) 0.00 (0.945)
Shape_palatal region3 0.46 (0.0001)** 0.44 (0.0004)** -0.08 (0.534) -0.14 (0.268)
Centroid size_palatal region3 0.22 (0.084) 0.15 (0.251) -0.02 (0.874) -0.08 (0.519)

Note. NSD, nasal septum deviation. NS, nasal septum. ENA, external nasal angle. OP, occlusal plane. PC,

Procrustes. MH, Mahalanobis. *(P<0.05). ** (P<0.01).
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Table 5 Multivariate regression for nasal septum and nasomaxillary complex variables (n = 60).

NSD angle NSD area NS Centroid size NS Shape
P-value P-value P-value P-value
Nasal region 1 0.5313 0.9736 0.3225 0.6261
Nasal region 2 0.0972 0.7229 0.9001 0.0707
Lateral facial region 0.9443 0.9021 0.3411 0.6245
Palatal region 1 0.8371 0.9272 0.7596 0.0392*
Palatal region 2 0.0473* 0.3066 0.3314 0.9758
Palatal region 3 0.0346* 0.1066 0.6640 0.4561
Note. NSD, nasal septum deviation. NS, nasal septum. *(P<0.05).
Supplementary Table 1 Procrustes ANOVA results for the nasal regions
Region Effect SS MS df F P
Individual 0.26138190 0.0062233786 42 11.35 <.0001
MD-BG Side 0.00204000 0.0006800008 3 1.24 0.3073
Ind*Side 0.02303331 0.0005484122 42 2.27 0.0006
Error 0.02178623 0.0002420693 90
Individual 0.33752062 0.0080362053 42 5.16 <.0001
MSD-BG Side 0.00030087 0.0001002894 3 0.06 0.9784
Ind*Side 0.06544212 0.0015581456 42 29.69 <.0001
Error 0.00472290 0.0000524766 90
Nasal region Individual 0.18632128 0.0044362209 42 9.42 <.0001
(Cristagalli) -\~ Side 0.00036024  0.0001200810 3 0.25 0.8574
Ind*Side 0.01978414 0.0004710510 42 4.52 <.0001
Error 0.00938956 0.0001043284 90
Individual 0.27869468 0.0066355877 42 14.86 <.0001
MSD-AG Side 0.00102164 0.0003405474 3 0.76 0.5215
Ind*Side 0.01875700 0.0004465951 42 7.79 <.0001
Error 0.00515720 0.0000573022 90
Individual 0.84250872 0.0601791942 14 37.48 <.0001
MD-BG Side 0.00064350 0.0006434967 1 0.40 0.5369
Ind*Side 0.02247705 0.0016055039 14 5.36 <.0001
Error 0.00898829 0.0002996096 30
Individual 0.52345645 0.0373897462 14 11.16 <.0001
MSD-BG Side 0.03551168 0.0355116814 1 10.60 0.0057
Ind*Side 0.04689461 0.0033496152 14 5.22 <.0001
Nasal region Errpr. 0.01924588 0.0006415292 30
(Posterior Individual 0.43592890 0.0311377783 14 37.62 <.0001
Nasal Spine) MD-AG Side 0.00169503 0.0016950298 1 2.05 0.1744
Ind*Side 0.01158858 0.0008277555 14 6.65 <.0001
Error 0.00373214 0.0001244048 30
Individual 0.86926433 0.0620903095 14 21.03 <.0001
MSD-AG Side 0.00682434 0.0068243409 1 2.31 0.1507
Ind*Side 0.04132946 0.0029521044 14 24.92 <.0001
Error 0.00355349 0.0001184495 30
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Supplementary Table 2 Procrustes ANOVA for the lateral facial region

Region Effect SS MS df F P
Individual 0.02281257 0.0008147345 28 3.82 0.0003
MD-BG Side 0.00018837 0.0000941869 2 0.44 0.6475
Ind*Side 0.00597299 0.0002133211 28 6.95 <.0001
Error 0.00184039 0.0000306732 60
Individual 0.05370147 0.0019179096 28 6.21 <.0001
MSD-BG Side 0.00122076 0.0006103813 2 1.98 0.1573
Ind*Side 0.00864256 0.0003086630 28 16.34 <.0001
Error 0.00113368 0.0000188946 60
Individual 0.04885393 0.0017447834 28 6.23 <.0001
Lateral MD-AG Side 0.00076047 0.0003802325 2 1.36 0.2738
facial region Ind*Side 0.00784443 0.0002801581 28 18.17 <.0001
Error 0.00092514 0.0000154190 60
Individual 0.05770155 0.0020607698 28 8.26 <.0001
MSD-AG Side 0.00001355 0.0000067759 2 0.03 0.9732
Ind*Side 0.00698887 0.0002496024 28 11.66 <.0001
Error 0.00128407 0.0000214011 60

Supplementary Table 3 Procrustes ANOVA for the palatal regions

Region Effect SS MS df F P
Individual 0.23752344 0.0169659598 14 6.48 0.0006
MD-BG Side 0.00008213 0.0000821308 1 0.03 0.8619
Ind*Side 0.03663565 0.0026168322 14 3.43 0.0023
Error 0.02290949 0.0007636496 30
Individual 0.18362342 0.0131159586 14 3.01 0.0240
MSD-BG Side 0.01780111 0.0178011071 1 4.09 0.0628
Ind*Side 0.06100068 0.0043571916 14 4.86 0.0001
Palatal region Error 0.02688631 0.0008962105 30
(nasopalatine Individual 0.77984704 0.0557033597 14 6.85 0.0005
foramen) MD-AG Side 0.06127597 0.0612759686 1 7.54 0.0158
) Ind*Side 0.11376668 0.0081261916 14 10.09 <.0001
Error 0.02416745 0.0008055817 30
Individual 0.27834959 0.0198821136 14 4.54 0.0039
MSD-AG Side 0.02558959 0.0255895865 1 5.84 0.0299
Ind*Side 0.06130409 0.0043788632 14 6.85 <.0001
Error 0.01916597 0.0006388657 30
Individual 0.01239905 0.0008856465 14 0.34 0.9751
MD-BG Side 0.00182763 0.0018276272 1 0.69 0.4195
Ind*Side 0.03697748 0.0026412484 14 13.12 <.0001
Error 0.00603914 0.0002013046 30
Individual 0.07390053 0.0052786090 14 1.73 0.1577
MSD-BG Side 0.00591196 0.0059119563 1 1.94 0.1854
Ind*Side 0.04265536 0.0030468113 14 8.53 <.0001
Palatal region Error 0.01071909 0.0003573031 30
(transverse quividual 0.04852798 0.0034662845 14 1.38 0.2776
palatal suture)  MD-AG Side 0.00120981 0.0012098105 1 0.48 0.4991
Ind*Side 0.03518003 0.0025128591 14 9.96 <.0001
Error 0.00756985 0.0002523283 30
Individual 0.04072837 0.0029091694 14 0.87 0.5996
MSD-AG Side 0.06102127 0.0610212696 1 18.28 0.0008
Ind*Side 0.04672325 0.0033373748 14 15.81 <.0001
Error 0.00633174 0.0002110580 30
Individual 0.13831244 0.0032931533 42 7.31 <.0001
MD-BG Side 0.00375850 0.0012528321 3 2.78 0.0526
Palatal region at Ind*Side 0.01891070 0.0004502548 42 7.79 <.0001
50% of the Error 0.00520225 0.0000578028 90

distance MSD-BG Individual 0.21326153 0.0050776555 42 11.34 <.0001
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between Side 000929912 00030997076 3 693  0.0007
nasopalatine Ind*Side 001879942 00004476053 42 283 <0001

foramen and Error 0.01422445 00001580494 90
transverse Individual 0.14292500 0.0034029762 42 6.08 <.0001
palatal suture AG Side 000553033 00018434438 3 329  0.0296
- Ind*Side 002350254 00005595844 42 1392  <.0001

Error 0.00361741 00000401934 90
Individual 026871215 00063979083 42 1396  <.0001
MSDAG Side 001327017 00044233902 3 965 <0001
Ind*Side 001925292 00004584029 42 545 <0001

Error 0.00756704  0.0000840783 90

FIGURES
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File Edit Font Results

Figure 1 A, NSD angle measurement and B, deviation area measurement (mm?), both in ImageJ® software.
C, representation of the landmarks in the TpsDIG2 software, used for morphometric analysis. In the same
coronal section, five landmarks were used, namely: 1, top of the crista galli. 2, lowest point of the nasal septum.
3, point of greatest deviation on the right side. 4, point of greatest deviation on left side. 5, second point of
greatest deviation.



TPS 50% NPF

Figure 2 Two-dimensional representations of the landmarks in all regions. A, in nasal region,
landmarks were collected from two internal planes: the first plane was located on top of the crista
galli and the second plane was at posterior nasal spine. B, the first plane, indicating the
landmarks: 1, top of the crista galli; 2/3, bilateral landmarks located at the most lateral aspect of
the nasal cavity; 4/5, bilateral landmarks located at the most lateral aspect of the nasal floor. C,
the second plane, indicating the landmarks: 6, upper aspect of the nasal septum; 7/8, bilateral
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landmarks located at the most lateral aspect of the nasal cavity. D, in lateral regions, the
landmarks used was: 9/10, zygomaticomaxillary sutures; 11/12, orbitals. E, in palatal regions,
landmarks were collected from three internal planes: NF = nasopalatine foramen, TPS =
transverse palatal suture and 50% = halfway distance between NF and TPS. F, landmarks in the
first plane: 13/15, bilateral landmarks located at the alveolar/palatal process junction at the level
of the posterior margin of the NF; 14, intermaxillary suture at NF. G, landmarks in the second
plane: 16/18, bilateral landmarks located at the alveolar/palatal process junction at TPS; 17,
intermaxillary suture at TPS. H, landmarks in the third plane: 19/21, bilateral landmarks located
at the alveolar/palatal process junction at 50%; 20, intermaxillary suture at 50%; 22/23, bilateral
landmarks located at the most lateral point of the buccal alveolar process at 50%.

Figure 3 A, To select the external nasal angle, the coronal slice must be in the transverse palatal
suture (purple line) and the axial slice perpendicular to it, at the junction of the perpendicular blade
of the ethmoid with the vomer; B, in the axial slice, the angle is made between the middle of the
nose and the line representing the midpalatal suture (the lower point should be halfway along the
length of the nasal septum).

File Edit Font

Results
Angle |+

0.69

) °
Y0 .8mm

Figure 4 A, Representation of the coronal section used in which it is possible to visualize the tips
of the buccal cusps of the maxillary first molars and their relationship with the axial plane of the
image (yellow); B, View of the angle obtained in ImageJ® software.
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Figure 5 Analysis of Canonical Variables of nasal septum morphology. It is possible to observe
that groups MD BG (mild deviation before growth) and MD AG (mild deviation after growth) have
a similar format (right side of the graph), and groups MSD BG (moderate/severe deviation after
growth) and MSD AG (moderate/severe deviation after growth) also present a similar format (right
side of the graph).
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Figure 6 Thin-plate splines showing the shape of the nasal septum at slice of the NSD angle. The
colors indicate that the closer to blue, the greater the contraction region, while the closer to red,
the greater the expansion region. A, in control groups (mild deviation), we can observe that the
septum has a narrower shape in general, with an expansion region in the central part of the
septum. B, in experimental groups (moderate/severe deviation), we observed a wider shape, and
an expansion region in the central part of the septum.
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Figure 7 Scatter plot of our multivariate regression A, correlating the asymmetry
component of variation of palatal region 2 (transverse palatine suture) against nasal septal
deviation angle. B, asymmetry component of variation of palatal region 3 (halfway) against
nasal septal deviation angle. C, asymmetry component of variation of palatal region 1
(nasopalatine foramen) against nasal septum shape.
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5 CONCLUSAO

A partir dos resultados do presente estudo observacional retrospectivo,
pode-se concluir que:

5.1 ambos os métodos bidimensionais e tridimensionais de marcacgao de
pontos craniofaciais no complexo nasomaxilar e facial lateral apresentaram alta
confiabilidade, entretanto, o método bidimensional apresentou maiores valores
de precisdo na maioria dos pontos avaliados. Além disso, todos os pontos
avaliados neste estudo sao considerados clinicamente aceitaveis;

5.2 todos os grupos de individuos avaliados apresentaram niveis
significativos de assimetria flutuante. Entretanto, ndo foram observadas
diferencas significativas na assimetria flutuante do complexo nasomaxilar dos
grupos com DSN leve em relagé&o aos grupos com DSN moderado a severo, em
ambos os estagios de maturagao esquelética. Foi observada correlagéo positiva
entre o angulo DSN e o componente de assimetria nas regides palatinas média
e posterior e entre a forma do septo nasal e a regido palatina anterior. Nao foram
observadas correlagdes significativas com as regides nasal e lateral do complexo

nasomaxilar.
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6 RECOMENDAGOES

Para estudos futuros, sugere-se a condugéo de estudos longitudinais que
avaliem os mesmos individuos ao longo do tempo, com desvio de septo severo
e que nao fizeram septoplastia comparando-os a individuos sem desvio de septo
ou que foram submetidos a septoplastia. Assim, sera possivel avaliar de forma
mais assertiva se o desvio do septo nasal pode ser considerado, de fato, um

fator predisponente para assimetrias no complexo nasomaxilar.
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