PONTIFICIA UNIVERSIDADE CATOLICA DE MINAS GERAIS
Programa de Pés-graduacdo em Odontologia

Carolina Morsani Mordente

AVALIACAO TRIDIMENSIONAL DO COMPLEXO NASO-MAXILAR-VIAS AEREAS
SUPERIORES APOS EXPANSAO RAPIDA DA MAXILA EM PACIENTES
PORTADORES DE FISSURA LABIOPALATINA:

uma comparacao entre diferentes disjuntores

Belo Horizonte
2013



Carolina Morsani Mordente

AVALIACAO TRIDIMENSIONAL DO COMPLEXO NASO-MAXILAR-VIAS AEREAS
SUPERIORES APOS EXPANSAO RAPIDA DA MAXILA EM PACIENTES
PORTADORES DE FISSURA LABIOPALATINA:
uma comparacgéo entre diferentes disjuntores

Dissertacdo apresentada ao Programa de Pos-
graduacdo em Odontologia — Mestrado da
Pontificia Universidade Catdlica de Minas
Gerais, como requisito parcial para obtencéo
do titulo de Mestre em Odontologia, area de

concentracéo: Ortodontia.

Orientador: Prof. Dr. lldeu Andrade Junior

Coorientador: Prof. Dr. Dauro Douglas Oliveira

Belo Horizonte
2013



FICHA CATALOGRAFICA

Elaborada pela Biblioteca da Pontificia Universidade Catélica de Minas Gerais

M834a

Mordente, Carolina Morsani

Avaliacdo tridimensional do complexo naso-maxilar-vias aéreas superiores
apos expansao rapida da maxila em pacientes portadores de fissura
labiopalatina: uma comparacao entre diferentes disjuntores / Carolina Morsani
Mordente. Belo Horizonte, 2013.

g2f.. il.

Orientador: lldeu Andrade Junior

Coorientador: Dauro Douglas Oliveira

Dissertacdo (Mestrado) — Pontificia Universidade Catolica de Minas Gerais.
Programa de P6s-Graduagdo em Odontologia.

1. Cavidades nasais. 2. Fenda palatina. 3. Orofaringe. 4. Técnicas de expansdo
palatina. 5. Tomografia computadorizada de feixe conico. I. Andrade Junior,
lldeu. 1. Oliveira, Dauro Douglas. I11. Pontificia Universidade Catolica de Minas
Gerais. Programa de Pés-Graduacdo em Odontologia. V. Titulo.

CDU: 616.212




Carolina Morsani Mordente

AVALIACAO TRIDIMENSIONAL DO COMPLEXO NASO-MAXILAR-VIAS AEREAS
SUPERIORES APOS EXPANSAO RAPIDA DA MAXILA EM PACIENTES
PORTADORES DE FISSURA LABIOPALATINA: uma comparacao entre
diferentes disjuntores

Dissertacao apresentada ao Programa de Pos-
graduacdo em Odontologia, da Pontificia
Universidade Catodlica de Minas Gerais, como
requisito parcial para obtencdo do titulo de
Mestre em Odontologia. Area de Concentragao:
Ortodontia.

COMPOSICAO DA BANCA EXAMINADORA:

1- Profa. Dra. Lucianne Cople Maia de Faria — UFRJ
2- Profa. Dra. Matriele Cristina Garcia Pantuzo — PUC Minas
3- Prof. Dr. lldeu Andrade Junior — PUC Minas

DATA DA APRESENTACAO E DEFESA: 28 de novembro de 2013

A dissertacéo, nesta identificada, foi aprovada pela Banca Examinadora

Belo Horizonte, 17 de dezembro de 2013

Prof. Dr. lldeu Andrade Junior Prof. Dr. Martinho Campolina Rebello Horta
Orientador Coordenador do Programa de Pos-graduacgao
em Odontologia - Mestrado



Aos meus pais e a Barbara,
pelo amor incondicional e por tornarem possivel a

realizacao deste sonho.



AGRADECIMENTOS

A0S meus pais por todo amor com que me educaram e por permitirem a
realizacdo desse sonho. A minha mae Vania por ser tudo para mim, por estar
sempre ao meu lado e ser meu porto seguro. Vocé € o meu maior exemplo, pelo seu
amor pela Odontologia, incansavel busca pela exceléncia e profissionalismo, e por
ser a pessoa em quem desejo sempre me espelhar. Ao meu pai Sérgio por todos os
valores a mim transmitidos. Obrigada por nunca medirem esforcos para fazer de
mim quem eu sou hoje.

A minha irma Béarbara, minha melhor amiga, pela cumplicidade, carinho e
atencao gque tem sempre por mim. Ao meu cunhado Idalisio, por ter feito parte dessa
etapa tdo importante da minha vida. E agora, a Julia, por ja fazer parte de mim e
encher minha vida de alegria a sua espera.

Ao Eduardo, por ser tdo especial para mim, por todo amor, dedicacao,
paciéncia e por ter participado dessa caminhada de maneira tdo intensa e
imprescindivel. Aos seus pais, Marlene e Gilberto, pelo grande carinho e torcida
sempre.

A V6 L, por ser para mim um grande exemplo de ser humano. Amo muito
VOCE.

Ao Professor Dr. lldeu Andrade Jr. pela orientacdo deste trabalho. Agradeco
por tudo que tive a oportunidade de aprender com vocé. Sua competéncia e
paciéncia sdo exemplos para mim.

Ao Professor Dr. Dauro Douglas Oliveira pela co-orientacdo deste trabalho,
pela vontade de ensinar e pela grande preocupacéo e dedicacdo a nossa formacéao.

Agradeco novamente aos Profs. Dr. lldeu Andrade Jr. e Dauro Douglas
Oliveira, e a Associacao dos Ex Alunos do COP pela grande oportunidade que me
concederam durante o curso, de representar a PUC Minas no 113° Congresso Anual
da Associacdo Americana dos Ortodontistas. Muito obrigada pela confianga que
depositaram em mim, foi uma experiéncia Unica e muito enriquecedora.

Ao Professor Dr. Bernardo Quiroga Souki pelo tempo que generosamente me
dedicou, ajudando e incentivando nas horas que precisei.

Ao Professor Juan Martin Palomo por ter me recebido tdo bem na Case
Western Reserve University, me auxiliando na andlise das tomografias dessa

pesquisa.



Ao Professor Dr. Martinho Campolina Horta pela valiosa ajuda na parte
estatistica deste trabalho.

As Professoras Luciana Fonseca e Fernanda Fonseca pela ajuda na
aguisicao das tomografias.

Aos ex-alunos que participaram dessa linha de pesquisa, Flavia Bartolomeo,
Lucas Cardinal, Daniel Figueiredo e Camila Romualdo pela contribuicdo na coleta da
amostra.

Uma vez que este trabalho representa ndo somente a conclusao do mestrado,
mas também minha formagdo como Ortodontista, agradeco a todos os meus
queridos professores Armando Lima, Bernardo Souki, Dauro Oliveira, Flavio
Almeida, lldeu Andrade, Heloisio Leite, Hélio Brito, José Eymard Bicalho, José
Mauricio Vieira e Tarcisio Junqueira por todos os ensinamentos, pela dedicagao
diaria a nossa formacéo, pelos exemplos de profissionalismo e 6tima convivéncia.

Agradeco aos meus queridos amigos da turma Xlll, Carina Montalvany,
Débora Cristina, Gabriela Godoy, Giselle Caballero, Maria Olivia Rocha e Thiago
Motta. Tive muita sorte em té-los em minha turma e poder conviver com VOCés
diariamente. Muito obrigada pela amizade, paciéncia e cumplicidade nos momentos
de desespero assim como naqueles de muitas risadas. Hoje tenho meu coracéo
apertado por estarmos nos separando, mas nao tenho duvida de que verdadeiras
amizades se formaram. Obrigada por tudo.

Aos colegas das turmas Xl e Xl por tdo bem nos ter acolhido quando
chegamos, e das turmas XIV e XV pela 6étima convivéncia e contribuicdo
profissional.

A todos os funcionarios da PUC Minas pela contribuicdo para minha formacéo
e por tornarem esses dois anos e meio ainda mais especiais pela valiosa
convivéncia que tivemos.

Aos pacientes da PUC Minas que tive a oportunidade de atender. Obrigada
pela confianca e contribuicdo para minha formacado como Ortodontista.

Aos demais familiares, pelo carinho e apoio em todos os momentos.

As minhas queridas amigas do CMDS pela amizade incondicional, por serem
pessoas maravilhosas com quem sempre poderei contar e por entenderem minha
auséncia em alguns momentos.

Agradeco a Deus, grande mestre, por todas as béncgdos concedidas e por

guiar meus passos em busca a mais essa conquista!



Ame as pessoas ao seu redor, diga-lhes o quanto elas significam para vocé,
perceba que a felicidade € uma coisa tdo simples, que vocé pode alcanca-la
num s6 gesto, Desde que esse gesto transmita tudo de bom que existe em
vocé. Desde que signifique SINCERIDADE. Desde que demonstre AMOR
(COELHO).



RESUMO

Objetivos: O objetivo deste estudo retrospectivo foi comparar, por meio de
tomografia computadorizada de feixe conico (TCFC), as mudancas que ocorreram
no complexo naso-maxilar-vias aéreas superiores de pacientes com fissura
labiopalatina unilateral (FLPU) apés expanséao rapida da maxila (ERM) com quatro
diferentes disjuntores. Material e Métodos: 40 pacientes com FLPU (idade média,
11.1 + 2.2 anos), deficiéncia transversa da maxila e que realizaram ERM foram
divididos nos seguintes grupos: (I) Hyrax, (II) Disjuntor em leque Borboleta, (Ill) iMini
Molar e (IV) iMini Pré-molar. TCFC foram obtidas antes (T0O) e ap0s 3 meses da
ERM (T1). As seguintes variaveis foram avaliadas: largura maxilar anterior e
posterior total (LAT e LPT), no lado fissurado (LALF e LPLF) e n&o fissurado (LALNF
e LPLNF), volume da passagem de ar nasal (VPN), orofaringe (VOF) e fissura
alveolar (VFA), além da area axial minima da orofaringe (AOF). Resultados: A
analise intragrupo revelou um significativo aumento no VPN em 1| e Ill, mas na
comparacao intergrupo, houve apenas diferenca estatistica entre Il e Ill. Nenhum
grupo apresentou mudancas significativas no VOF. A Unica correlagdo encontrada
entre o0 aumento da largura maxilar total e volume das vias aéreas foi entre LAT e
VOF em Il. Nesse grupo também foi encontrado uma expansao significativamente
maior na LALNF que na LALF, enquanto nos outros a expansao ocorreu de forma
simétrica. Todos apresentaram um aumento significativo no VFA, e nenhuma
diferenca foi encontrada entre eles. ConclusGes: Somente os disjuntores Hyrax e
iMini Molar aumentaram significativamente o VPN. Nenhum deles foi capaz de
modificar significativamente o VOF. Houve uma correlacdo positiva entre as
mudancas na LAT e no VOF. O Borboleta foi o Unico que mostrou diferenca
significativa na largura maxilar entre os lados fissurado e néo fissurado,
apresentando uma maior expansdo na LALNF que LALF. O VFA aumentou em

todos os grupos, mas nenhuma diferenca foi encontrada entre eles.

Palavras-chave: Cavidade nasal. Fissura palatina. Orofaringe. Técnica de expansao

palatina. Tomografia computadorizada de feixe cénico.



ABSTRACT

Objectives: The objectives of this retrospective study was to compare, by means of
cone beam computed tomography (CBCT), the nasomaxillary complex and upper
airway changes that occur in cleft lip and palate (CLP) patients after rapid maxillary
expansion (RME) with four different expanders. Material and Methods: 40 unilateral
CLP patients (mean age, 11.1 + 2.2 years) with transverse maxillary deficiency that
underwent RME were divided into the following groups: (I) Hyrax, (II) Fan-type, (llI)
iMini Molar and (1V) iMini Premolar. CBCT images were taken prior to RME (T0) and
after the removal of the expander (T1). The following variables were analyzed:
anterior and posterior maxillary width (AMW and PMW), anterior and posterior
maxillary width in the cleft (AWCS and PWCS) and non-cleft sides (AWNCS and
PWNCS), nasal passage (NP), oropharyngeal (OP) and alveolar cleft (AC) volume,
and OP minimum axial area. Results: The intra-group analysis showed a significant
increase in the NP volume in groups | and lll, but in the inter-group comparison
revealed a significant difference only between Il and Ill. None of them showed
significant changes in the OP volume. The only correlation between the increase in
the maxillary width and upper airway changes was found between the AMW and OP
variables in group Il. There was a symmetric expansion of both cleft and non-cleft
segments in all groups, except for Il, that presented a greater increase in the
AWNCS than AWCS. All expanders significantly increased the AC volume and no
difference was found among them. Conclusions: Hyrax and iMini Molar were the only
expanders to significantly increase the NP volume. None of them significantly
modified the OP airway. There is a positive correlation between the changes in the
AMW and OP volume. The Fan-type was the only expander that showed significant
difference in the maxillary width between the cleft and non-cleft segments, presenting
a greater increase in the last one. The alveolar cleft volume significantly increased in

all groups and no significant difference was found among them.

Keywords: Cleft palate. Cone-Beam computed tomography. Nasal cavity.
Oropharynx. Palatal expansion technique.



LISTA DE ABREVIATURAS

AC — Alveolar cleft

AMW — Anterior maxillary width

AOF — Area axial minima da orofaringe

AWCS - Anterior maxillary width in the cleft side
AWNCS - Anterior maxillary width in the non-cleft side
CBCT - Cone beam computed tomography

CLP — Cleft lip and palate

ERM — Expanséo rapida da maxila

FEM — Finite element model

FLP — Fissura labiopalatina

FLPU — Fissura labiopalatina unilateral

FT - Fan-type

HE — Hyrax

ICC — Intraclass correlation coefficient

iIMini Molar — Inverted Mini-Hyrax with bands on first molars
iMini Premolar — Inverted Mini-Hyrax with bands on the first bicuspids
LAT — Largura maxilar anterior total

LALF — Largura maxilar anterior no lado fissurado
LALNF — Largura maxilar anterior no lado néo fissurado
LF — Lado fissurado

LNF — Lado nao fissurado

LPT — Largura maxilar posterior total



LPLF — Largura maxilar posterior no lado fissurado
LPLNF — Largura maxilar posterior no lado nao fissurado
NP — Nasal passage

OP — Oropharynx

OSA — Obstructive sleep apnea syndrome

PMW — Posterior maxillary width

PWCS - Posterior maxillary width in the cleft side
PWNCS - Posterior maxillary width in the non-cleft side
RME — Rapid maxillary expansion

TCFC — Tomografia computadorizada de feixe conico
TPA — Transpalatal arch

UCLP — unilateral cleft lip and palate

VFA — Volume da fissura alveolar

VOF — Volume da orofaringe

VPD - Velopharyngeal dysfunction

VPN — Volume da passagem de ar nasal
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1 INTRODUCAO

A fissura labio palatina (FLP) € uma ma formacao congénita e representa uma
das anomalias craniofaciais mais comuns (SHAPIRA et al., 1999), afetando um em
700 nascimentos (MOSSEY et al., 2011). Nos casos unilaterais, ela provoca ruptura
na integridade dos tecidos do labio e palato, dividindo a maxila em dois segmentos
distintos: um maior, no lado néo fissurado (LNF), e um menor, no lado fissurado (LF)
(SILVA FILHO; RAMOS; ABDO, 1992). Por esse motivo, cirurgias plasticas
reparadoras sdo realizadas ja nos primeiros anos de vida (KOSOWSKI et al., 2012).
Tais procedimentos cirirgicos geram um tecido cicatricial que exerce pressao sobre
0S segmentos maxilares, podendo levar a aproximacdo dos mesmos ha regiao
anterior do arco (SUBTENLY, 1966). Como consequéncia, esses pacientes
normalmente apresentam deficiéncia transversa da maxila, sobretudo em sua regiao
anterior (SUBTELNY, 1957; WADA; MIYAZAKI, 1976; TOWNEND, 1980; SILVA
FILHO et al., 1998). Devido ao grande impacto da FLP sobre o complexo naso-
maxilar, eles também normalmente apresentam-se com dimensdes das vias aéreas
superiores reduzidas e adendides aumentadas se comparados com individuos
normais (IMAMURA et al., 2002). Também sdo encontrados elevados indices de
respiracao oral, ronco e hipopnéia durante o sono (ROSE et al., 2002).

Para a correcdo da atresia maxilar e mordida cruzada em pacientes com FLP,
a expansdo rapida da maxila (ERM) é frequentemente indicada como parte do
tratamento ortodontico, sendo capaz de promover melhora significativa na dimenséo
transversa do arco maxilar (CAPELOZZA FILHO; DE ALMEIDA; URSI, 1994).
Devido a deformidade Ossea, é esperado que o mecanismo de interacdo entre as
forcas de expansdo e a resisténcia a expansdao nos segmentos fissurado e néo
fissurado seja diferente (GAUTAM; ZHAO; PATEL, 2011). Estudos clinicos e com
elementos finitos demonstram uma expansao assimétrica dos mesmos durante a
ERM (SUBTENLY; BRODIE, 1954; ISAACSON; MURPHY, 1964; PAN et al., 2007).
No entanto, ndo existe na literatura um consenso sobre qual dos segmentos € mais
lateralmente deslocado. Sabe-se ainda que a ERM tem um importante impacto na
geometria e funcédo da cavidade nasal, promovendo o deslocamento lateral de suas
paredes e com isso facilitando o fluxo de ar pelas vias aéreas superiores
(HERSHEY; STEWARD; WARREN, 1976; HARTGERINK; VIG; ABBOTT, 1987;
TRINDADE et al.,, 2010). No entanto, esse procedimento tem a desvantagem de
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aumentar as dimensdes do defeito 6sseo pré-existente, podendo influenciar no
planejamento clinico e prognostico das cirurgias de enxerto 0sseo secundario
(LONG; SPLANGER; YOW, 1995). Sendo assim, uma vez que varios tipos de
disjuntores séo disponiveis para a ERM, aqueles que promovem um menor aumento
na fissura alveolar deveriam ser preferidos.

Os efeitos da ERM na maxila e nas vias aéreas superiores tém sido
estudados a partir de varios métodos, como radiografias laterais e anteroposteriores,
rinometria acustica e tomografia computadorizada multislice (BUCCHERI; DILELLA;
STELLA, 2004; HABERSACK et al., 2007; TRINDADE et al., 2010). Avancos
recentes em tomografia computadorizada de feixe conico (TCFC) e softwares
relacionados, tém possibilitado a realizacao do diagndéstico e plano de tratamento de
maneira mais acurada em pacientes com FLP, devido a alta qualidade das imagens
geradas (YOSHIHARA et al., 2012). Estudos anteriores tém mostrado que a partir
da TCFC € possivel visualizar cavidades como estruturas solidas, permitindo
medidas volumétricas com minimo erro (ABOUDARA et at., 2009). Menor custo,
tempo de aquisicdo e dose de radiacdo tém tornado a TCFC um método cada vez
mais utilizado (LUDLOW et al., 2006).

Diversos disjuntores sdo utilizados para a ERM. Entre eles podemos citar: (1)
Hyrax (BIEDERMAN, 1968); (2) Haas (HAAS, 1961); (3) disjuntor “em leque”
Borboleta (SILVA FILHO et al., 2002); (4) Mini Hyrax Invertido, com um parafuso
menor do que o convencional, que possibilita seu posicionamento em uma regiao
mais anterior (BARTOLOMEO, 2010; FIGUEIREDO, 2011); (5) disjuntor Mini Hyrax
Invertido associado a uma barra transpalatina, confeccionado com o intuito de
estabilizar o arco na regido posterior e direcionar a forca ortopédica para a regiao
anterior da maxila (ROMUALDO, 2012). Diante das varias opcdes citadas acima,
evidéncias cientificas acerca dos efeitos de cada disjuntor tornam-se necesséarias.
Elas sdo capazes de auxiliar os ortodontistas clinicos na escolha pelo aparelho
capaz de trazer maiores beneficios para cada um de seus pacientes.

Sendo assim, este trabalho tem como objetivo comparar as alteragbes que
ocorreram no complexo naso-maxilar-vias aéreas superiores de pacientes com

fissura labiopalatina unilateral (FLPU) apés ERM com quatro diferentes disjuntores.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar e comparar, por meio de TCFC, as mudancas que ocorreram no
complexo naso-maxilar-vias aéreas superiores de pacientes com fissura FLPU apos

expansao rapida da maxila (ERM) com quatro diferentes disjuntores.

2.2 Objetivos especificos

Avaliar e comparar as mudancas geradas pelos quatro disjuntores nas

seguintes medidas:

a) largura maxilar anterior e posterior no LF;
b) largura maxilar anterior e posterior no LNF;
c) volume da passagem de ar nasal,

d) volume da orofaringe;

e) é&rea axial minima da orofaringe;

f) volume da fissura alveolar.
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3 MATERIAL E METODOS

O protocolo da pesquisa foi aprovado pelo Comité de Etica em Pesquisa da
Pontificia Universidade Catdlica de Minas Gerais (CAAE: 08111612.5.0000.5137),
Belo Horizonte, Brasil.

Todos os pacientes e responsaveis foram esclarecidos sobre o estudo por

meio do Termo de Consentimento Livre e Esclarecido.

3.1 Amostra

A amostra foi proveniente do banco de dados do Departamento de Ortodontia
da Pontificia Universidade Catolica de Minas Gerais, Belo Horizonte, Brasil. Ela
consistiu de 40 pacientes (23 homens e 17 mulheres) entre 8 e 14 anos (idade
média 11.1 £+ 2.2 anos) portadores de FLP transforame unilateral. Todos receberam
tratamento na Clinica de Ortodontia da instituicao.

Os pacientes atenderam aos seguintes critérios de inclusdo: (1) presenca de
FLP transforame unilateral; (2) maior atresia maxilar na regido anterior que posterior
definida clinicamente, que os levaram a se submeter a ERM; (3) TCFC antes e apds
3 meses de contencdo da ERM; e (4) idade entre 8 e 14 anos. Os critérios de
exclusao foram: (1) presenca de sindrome associada; (2) lesbes cariosas ativas; (3)

doenca periodontal ativa; e (4) tratamento ortodéntico prévio a ERM.
3.2 Grupos

A amostra foi dividida em quatro grupos com 10 pacientes, de acordo com o
tipo de disjuntor utilizado para a ERM: (I) Hyrax, (II) Borboleta, (lll) Mini Hyrax
Invertido com bandas nos primeiros molares (iMini Molar) e (IV) Mini Hyrax Invertido
com bandas dos primeiros pré-molares associado a uma barra transpalatina (iMini
Pré-molar). A distribuicdo dos grupos pela idade, género e lado da fissura encontra-

se na Tabela 1.
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Tabela 1: Distribuicdo dos grupos pela idade (anos), género e lado da fissura.

Idade Género Lado da Fissura
Grupos Média DP M F D E
Hyrax 11.3 24 7 3 4 6
Borboleta 10.5 1,8 6 4 2 8
iMini Molar 104 2.4 7 3 3 7
iMini Pré-molar 12.3 2.3 3 7 4 6

DP, Desvio padrao; M, Masculino; F, Feminino; D, Direito; E, Esquerdo.

Fonte: Dados da pesquisa.

O disjuntor Hyrax foi confeccionado com o parafuso da marca Leone
(Florenca, Italia), posicionado anteroposteriormente na regido de molares deciduos
ou pré-molares, bandas nos primeiros molares permanentes e extensdes de fio
0.9mm apoiadas nas superficies palatinas dos caninos e molares deciduos ou pré-
molares (Figura 1).

Figura 1: Disjuntor Hyrax.

Fonte: Arquivo pessoal.

O disjuntor Borboleta foi confeccionado com o Expansor Ortodbntico em
Leque (Morelli, Sorocaba, Sao Paulo, Brasil) o qual apresenta uma dobradica
posterior. O aparelho também é composto por extensdes de fio 0.9mm apoiadas nas
superficies palatinas dos molares deciduos ou pré-molares e partes em acrilico, o
que o torna dentomucossuportado (Figura 2).
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Figura 2: Disjuntor Borboleta.

Fonte: Arquivo pessoal.

O disjuntor iMini Molar foi confeccionado com o mini parafuso Variety
Expander (Dynaflex, Sait Ann, Missouri, EUA) posicionado anteroposteriormente na
regido de caninos. As extensdes provenientes do parafuso contornam a superficie
palatina dos dentes posteriores até as bandas nos primeiros molares permanentes
(Figura 3).

Figura 3: Disjuntor iMini Molar.

Fonte: Arquivo pessoal.

O disjuntor iMini Pré-molar também foi confeccionado com o mini parafuso
importado Variety Expander, da marca Dynaflex, Sait Ann, Missouri, EUA,
posicionado anteroposteriormente na regido de caninos. As extensdes provenientes
do parafuso contornam a superficie palatina dos caninos até as bandas nos

primeiros pré-molares. Uma barra transpalatina confeccionada com fio 0.9mm
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soldada em bandas nos primeiros molares permanentes ainda estava presente
(Figura 4).

Figura 4: iMini Pré-molar.

Fonte: Arquivo pessoal.

Todos os disjuntores foram confeccionados pelo mesmo profissional técnico
responsavel pela confeccdo dos aparelhos ortoddnticos do Mestrado em Ortodontia

da Pontificia Universidade Catélica de Minas Gerais.

3.3 Protocolo de cimentacgéo, ativacao e contencao

Os disjuntores foram cimentados com o cimento Ultra Band-Lok Blue
(Reliance Orthodontics Products, Itasca, lllinois, EUA). As bandas receberam
jateamento prévio com Oxido de aluminio (particulas de 50 micrdmetros) para
aumento da retencdo. Resina composta (Z 100tm Restorative, 3M ESPE, Dental
Products, Saint Paul, Minnesota, EUA) foi colocada unindo as extensfes dos
disjuntores a superficie palatina dos dentes que nao receberam banda.

O protocolo de ativagéo foi meia volta no parafuso por dia (¥4 de volta pela
manhad e ¥ de volta a noite). A ativacdo foi realizada até que fosse obtida a
sobrecorrecdo da atresia maxilar, representada pela oclusdo da cuspide palatina do
primeiro molar permanente superior com a ponta da cuspide vestibular do primeiro
molar permanente inferior quando os disjuntores Hyrax e iMini Molar foram
utilizados. A sobrecorrecdo quando os disjuntores Borboleta e iMini Pré-molares
foram utilizados, foi obtida quando a cuspide palatina do primeiro pré-molar superior

passava a ocluir com a ponta da cuspide vestibular do primeiro pré-molar inferior.
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Os pacientes foram avaliados semanalmente. Apés a fase de ativagdo, o
disjuntor foi travado com fio de latdo 0.7mm e mantido cimentado durante trés
meses, como contencdo, sem que nenhuma intervencao ortodéntica fosse realizada.
Com o objetivo de evitar recidiva, a partir deste momento, o aparelho foi substituido
por uma barra transpalatina com extensdes anteriores de fio 0.9mm, até que a

proxima etapa do tratamento ortodontico fosse iniciada.

3.4 Exame tomografico

Os pacientes foram submetidos a TCFC antes da disjuncédo (T0), e ap6s 3
meses de contencdo da ERM (T1). Para a realizacdo da segunda TCFC, o disjuntor
foi removido, e s6 depois do exame a barra transpalatina foi instalada. As imagens
foram adquiridas no tomografo i-CAT (Imaging Sciences International, Hatfield,
Pennsylvania, EUA) com FOV (Field of View) de toda a regido do cranio, voxel de

0,3 mm e tempo de exposicao de 40 segundos.

3.5 Método de analise

Todas as imagens tomograficas foram analisadas utilizando os programas
Dolphin Imaging (versdao 11.5, Dolphin Imaging & Management Solutions,
Chatsworth, California) e ITK-SNAP (versdo 2.4, Penn Image Computing and
Science Laboratory, Philadelphia, PA), no Departamento de Ortodontia da Case
Western Reserve University, Cleveland, Ohio.

Antes da realizacdo das medidas no programa Dolphing Imaging, as 80
tomografias foram orientadas nos 3 planos do espaco, para que fossem feitas com o
cranio de todos 0s pacientes em uma mesma posi¢ao.

Na vista coronal, as suturas frontozigomaticas esquerda e direita foram
alinhadas paralelas ao solo, utilizando o ponto mais medial das mesmas como
referéncia. Sagitalmente, a orientacdo foi feita posicionando o Plano de Frankfurt
paralelo ao solo. Na vista axial, a crista galli e o ponto cefalométrico basion (ponto
mais baixo na margem anterior do forame magno) foram alinhados perpendiculares

ao solo (Figura 5).
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Figura 5: Orientacdo do cranio nas vistas (A) coronal, (B) sagital e (C) axial.

Fonte: Arquivo pessoal.

3.6 Medidas

As medidas foram realizadas por um Unico examinador (C.M.) devidamente
calibrado, que desconhecia o grupo e o momento da aquisi¢cdo das tomografias (TO
ou T1). Todas as medidas, os programas e as ferramentas dos programas utilizadas

encontram-se listados no Quadro 1.

Quadro 1: Medidas, programas e ferramentas utilizadas.

(continua)
Medidas lineares maxilares Programa/Ferramenta
Largura maxilar anterior no lado fissurado (LALF) Dolphing Imaging
“Digitize/Measurement”
Largura maxilar anterior no lado n&o fissurado (LALNF) Dolphing Imaging
“Digitize/Measurement”
Largura maxilar anterior total (LAT) Dolphing Imaging
“Digitize/Measurement”
Largura maxilar posterior no lado fissurado (LPLF) Dolphing Imaging
“Digitize/Measurement”
Largura maxilar posterior no lado n&o fissurado (LPLNF) Dolphing Imaging
“Digitize/Measurement”
Largura maxilar posterior total (LPT) Dolphing Imaging
“Digitize/Measurement”
Medidas das vias aéreas superiores Programa/Ferramenta
Volume da passagem de ar nasal (VPN) Dolphing Imaging
“Sinus/airway analysis”
Volume da orofaringe (VOF) Dolphing Imaging
“Sinus/airway analysis”
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(concluséo)

Medidas das vias aéreas superiores Programa/Ferramenta
Area axial minima da orofaringe (AOF) Dolphing Imaging
“Sinus/airway analysis”
Medida da fissura alveolar Programa/Ferramenta
Volume da fissura alveolar (VFA) ITK-SNAP
“Volumes and Statistics”

Fonte: Elaborada pela autora.

3.6.1 Medidas lineares maxilares
Antes da realizacdo das medidas, foi determinada uma linha média craniana,
representada pela linha perpendicular ao solo passando pela cripta frontal, na vista

axial (Figura 6).

Figura 6: Linha média craniana.

A linha vermelha representa a linha média craniana, que intercepta a cripta frontal (circulada em
vermelho).
Fonte: Arquivo pessoal.

a) Largura maxilar anterior no lado fissurado (LALF): o corte coronal que
mostrou a maior seccao da coroa do dente anterior (primeiro molar deciduo
ou primeiro pré-molar) no lado fissurado foi selecionado. Em seguida, o corte
axial passando pela juncdo amelocementaria da superficie palatina de cada
um foi selecionado. Neste corte, a distancia entre o ponto mais medial da face
palatina da coroa dentéria e a linha média craniana foi mensurada;

b) Largura maxilar anterior no lado néao fissurado (LALNF): realizada da

mesma forma da LALF, porém no lado néo fissurado;
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c) Largura maxilar anterior total: soma da LALF e LALNF;

d) Largura maxilar posterior no lado fissurado (LPLF): realizado da mesma
forma da LALF, porém na regiao do primeiro molar permanente (Figura 7);

e) Largura maxilar posterior no lado nao fissurado (LPLNF): realizada da
mesma forma LPLF, porém no lado nao fissurado (Figura 7);

f) Largura maxilar posterior total: soma da LPLF e LPLNF.

Figura 7: Obtencéo da largura maxilar posterior no lado fissurado (LPLF) e nédo
fissurado (LPLNF).

LPLNF

20.8 mm

143 mm

A, corte coronal selecionado; a linha azul passa pela juncdo amelocementaria na superficie palatina
de cada primeiro molar permanente; B, corte axial determinado pela linha azul, onde a distancia entre
0 ponto mais medial da face palatina da coroa dentaria e a linha média craniana foi mensurada.
Fonte: Arquivo pessoal.

3.6.2 Medidas das vias aéreas superiores

Antes da realizacdo das medidas, foram identificados os limites superior e
inferior da passagem de ar nasal (PN) e orofaringe (OF), conforme mostrado no
Quadro 2 e Figuras 8 e 9 (EL; PALOMO, 2010). Como a orofaringe trata-se de uma
estrutura cilindrica, também foi calculada através do programa sua area axial minima

(AOF), ou seja, sua area de maior constricdo axial (Figura 9).



Quadro 2: Limites da passagem de ar nasal e orofaringe.

Estruturas Limite Superior Limite Inferior
Passagem de ar nasal Corte axial anterior a fusao Plano que passa pelas espinhas
(PN) do septo nasal a parede nasais anterior e posterior
posterior da faringe. (plano palatino).
Orofaringe Plano paralelo ao plano palatino,
(OF) Plano palatino. passando pelo ponto mais antero-
inferior da segunda vértebra cervical.

Fonte: Elaborada pela autora.

Figura 8: Limites superior (A e B) e inferior (B) da passagem de ar nasal.

Fonte: Arquivo pessoal.

Figura 9: Limites superior e inferior da orofaringe (A e B).

A linha branca em A e a seccao verde em B representam a area axial minima da orofaringe.
Fonte: Arquivo pessoal.
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A colocacao de “Seed Points” selecionou todo o volume dentro dos limites
estabelecidos para a PN e OF, e o uso da opgao “Update Volume” calculou o volume

total das estruturas. O uso da opg¢éo “Enable Minimum Axial Area” gerou a AOF.
3.6.3 Medida da fissura alveolar

Antes da realizacdo das medidas, foram identificados os limites superior e
inferior da fissura alveolar (FA), conforme mostrado no Quadro 3 e Figura 10

(OBEROI et al., 2009).

Quadro 3: Limites da fissura alveolar.

Estrutura Limite Superior Limite Inferior
Fissura alveolar Plano paralelo ao solo passando
(FA) Plano paralelo ao solo pelo ponto mais inferior do processo
passando pelo ponto A. alveolar vestibular na regido dos
incisivos.

Fonte: Elaborada pela autora.

Figura 10: Limites superior, inferior (A) e anteroposterior (B) da fissura
alveolar.

Fonte: Arquivo pessoal.

A regido da FA foi demarcada e preenchida em cada corte axial dentro de
seus limites superior e inferior a partir da opcédo “Paintbrush Tool” e seu volume foi

calculado a partir da opgao “Volumes and Statistics”.
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3.7 Analise estatistica

Todas as medidas foram repetidas pelo mesmo examinador em 20
tomografias escolhidas de forma aleatéria apés um intervalo de duas semanas. A
reprodutibilidade intraexaminador foi testada através do intraclass correlation
coefficient (ICC). Os resultados variaram de 0.97 a 0.99 para todas as medidas,
exceto para VPN, cujo resultado foi de 0.87, indicando uma alta reprodutibilidade
das variaveis analisadas nesse estudo.

O teste D’Agostino e Pearson demonstrou que os dados das medidas
avaliadas apresentaram distribuicdo normal. O teste t pareado foi utilizado para
avaliar se havia diferenca em relacdo a idade entre os pacientes dos quatro grupos.
O teste qui-quadrado foi utilizado para avaliar se havia diferenca em relacdo ao
género e lado da fissura entre os pacientes dos quatro grupos. Para a avaliacéo
intra-grupos, o teste t pareado foi utilizado, avaliando a existéncia de diferengas
entre TO e T1 para cada uma das medidas em cada grupo. Para a avalicao inter-
grupos, o teste ANOVA um critério seguido pelo teste post hoc de Bonferroni foi
utilizado, verificando a existéncia de diferencas na variacdo entre TO e T1 de cada
medida entre cada um dos grupos. O teste de correlacdo de Pearson foi utilizado
para avaliar a existéncia de correlagao entre LAT e VPN, VOF, AOF, e entre LPT e
VPN, VOF, AOF. O teste t pareado foi utilizado para avaliar a existéncia de
diferencas na variacédo entre TO e T1 entre LALF e LALNF, bem como entre LPLF e
LPLNF, em cada um dos aparelhos. O nivel de significancia foi estabelecido em 5%
e as andlises foram realizadas por meio do software GraphPad Prism 5.01 (San
Diego, CA, EUA).
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4 ARTIGOS
4.1 Artigo 1

Three-dimensional analysis of the upper airway in cleft lip and palate patients

after rapid maxillary expansion with four different expanders

Artigo a ser submetido ao peridodico American Journal of Orthodontics and
Dentofacial Orthopedics (Qualis Al), cujas normas para submissao de artigos

podem ser visualizadas no endereco eletrénico: http://www.ajodo.org/authorinfo.



36

Three-dimensional analysis of the upper airway in cleft lip and palate patients
after rapid maxillary expansion with four different expanders

&Carolina Morsani Mordente
PCamila Rodrigues Romualdo
“Juan Martin Palomo

dMartinho Campolina Rebello Horta
°Dauro Douglas Oliveira

flideu Andrade Janior

%Graduate student in Orthodontics, Pontifical Catholic University of Minas Gerais,

Belo Horizonte, Brazil.

PFormer graduate student in Orthodontics, Pontifical Catholic University of Minas
Gerais, Belo Horizonte, Brazil.

‘Associate Professor, Program Director of Orthodontics and Director of the

Craniofacial Imaging Center at the Case Western Reserve University, Cleveland, OH.

dassociate Professor and Dean of Graduate Programs, Department of Dentistry,
Pontifical Catholic University of Minas Gerais, Belo Horizonte, Brazil.

®Associate Professor and Program Director of Orthodontics Pontifical Catholic

University of Minas Gerais, Belo Horizonte, Brasil.

'Associate Professor of Orthodontics, Pontifical Catholic University of Minas Gerais,

Belo Horizonte, Brazil.

Corresponding author:

lldeu Andrade Jr, DDS, MS, PhD

Av. Dom José Gaspar, 500, Prédio 46, Sala 106
Belo Horizonte, MG, Brazil, 30535-610

Phone: 55-31-9805-7048

E-mail: ildeuandrade@pucminas.br




37

ABSTRACT

Objectives: To evaluate, by means of cone beam computed tomography
(CBCT), the anterior and posterior maxillary width (AMW and PMW), nasal
passage (NP) and oropharyngeal (OP) volume changes that occur in unilateral
cleft lip and palate (CLP) patients after rapid maxillary expansion (RME) with four
different expanders. Methods: 40 unilateral CLP patients (mean age, 11.1 + 2.2
years) with transverse maxillary deficiency that received RME were divided into the
following groups: (I) Hyrax, (II) Fan-type, (lll) iMini Molar and (IV) iMini Premolar.
CBCT images were taken before (TO) and 3 months after RME (T1). Results: The
intra-group analysis showed a significant increase in the NP volume in groups | and
[, but in the inter-group comparison revealed a significant difference only between II
and Ill. None of them showed significant changes in the OP volume. The only
correlation between the increase in the maxillary width and upper airway changes
was found between the AMW and OP variables in group Il. Conclusions: Hyrax and
iMini Molar were the only expanders to significantly increase the NP volume. None of
them significantly modified the OP airway. There is a positive correlation between the

changes in the anterior maxillary width and OP volume.
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INTRODUCTION

Cleft lip and palate (CLP) is one of the most frequent craniofacial anomalies
worldwide and affects approximately one in every 700 live-births.! CLP has a
significant impact on the nasomaxillary complex and frequently leads to nasal
deformities such as septum deviation, nostril atresia, and turbinates’ hypertrophy. All
these anatomical alterations reduce the internal dimensions of the nose, increase
resistance to respiratory airflow, and produce mouth breathing.?® The scar tissue
from the primary surgeries required in most CLP patients commonly causes a
transverse maxillary deficiency, especially at the anterior region and a rapid maxillary
expansion (RME) is often part of the orthodontic treatment of these individuals.*”’

RME was first introduced by Angell in the 19™ Century, and its effects over the
maxilla and as a treatment for respiratory disturbances have been described in the
literature.®** RME has an important impact on the upper airway dimension due to the
transverse movement of the nasal lateral walls that pulls away the nasal turbinates in
relation to the nasal septum.*® Furthermore, RME also affects the position of the
mandible, which may change the size and volume of the oropharyngeal (OP)
airway.™®

The effects of RME over the upper airways have been studied with various

research methods such as lateral and anteroposterior cephalometric radiographs,****

1218 and multislice computed tomography.”*® Recent

acoustic rhinometric exams
advances in Cone Beam Computed Tomography (CBCT) and related softwares have
made the diagnosis and treatment planning of CLP patients more accurate due to the
higher quality of the images.*® Previous studies have confirmed that it is possible to
visualize and measure the upper airway as a solid structure, allowing volumetric
measurements with minimal error.?® Lower costs, shorter scanning time and
consequently lower radiation doses have made CBCT technology the preferred
method to assess the airways.?* However, there is a lack of CBCT studies assessing
the volumetric changes in the nasal and oropharyngeal airways during the
orthodontic treatment of CLP patients.

The objectives of this retrospective study were to evaluate the maxillary width,
nasal passage (NP) volume and OP airway minimum axial area and volume changes

after RME and, to compare the results of four different expanders in CLP patients.
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MATERIAL AND METHODS

Forty unilateral CLP patients (23 male and 17 female), aging from 8 to 14
years old (mean age of 11.1 years = 2.2) participated in this study. All participants
received treatment at the orthodontic clinic of the Pontifical Catholic University of
Minas Gerais and all CBCT scans evaluated were obtained from the existing patient
database. Sex and age distributions for all groups are shown in Table I. The
institutional review board on research ethics of our University approved this study
and signed informed consents were obtained from all patients and their parents prior
to the study.

The sample inclusion criteria were: (1) complete unilateral CLP patients that
received RME as an initial part of their comprehensive orthodontic treatment; (2)
greater anterior than posterior transverse maxillary deficiency before RME; and (3)
age between 8 and 14 years old. The following exclusion criteria were adopted: (1)
presence of active caries lesions; (2) signs of active periodontal disease; (3)
orthodontic treatment before RME; and (4) other associated craniofacial syndromes.
The stage of cervical maturation of all patients was evaluated and they ranged from
CS2 and CS4.

The sample was distributed into 4 groups of 10 patients each, according to the
type of expander used: Hyrax (HE), Fan-type (FT), Inverted Mini-Hyrax with bands on
first molars (iMini Molar), or Inverted Mini-Hyrax supported on the first bicuspids
(iMini Premolar). The HE is a tooth-borne appliance with the jackscrew (Leone
Orthodontics and Implantology, Firenze, Italy) located at first deciduous molars or
first premolars region (Fig 1A). The FT (Morelli Ortodontia, Sorocaba, SP, Brazil) is a
tooth and tissue-borne appliance presenting a hinge at the first permanent molars
region to restrain posterior expansion (Fig 1B). The iMini molar expander is also a
tooth-borne appliance with a Mini Hyrax screw (Dynaflex, Saint Ann, MO, EUA),
located at the anterior region of the arch with its arms bent posteriorly and soldered
to the first permanent molar bands (Fig 1C). Finally, on the iMini premolar expander,
the reduced size Hyrax screw is also located anteriorly, but the arms were soldered
to first premolar bands and it was used associated with a transpalatal arch (TPA)
attached to the first permanent molars (Fig 1D). The same lab technician fabricated

all expanders.
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A pre-treatment CBCT scanning (TO) was obtained as part of the initial
orthodontic records of the patients, in substitution to all conventional radiographs.
Each expander was cemented with a fluoride releasing cement (Ultra Band-Lok,
Reliance Orthodontic Products, Inc., Itasca, IL), and the activation regimen was
established at 2 turns/day until the required expansion was achieved. After the 3-
month retention period, the expander was removed, a post-expansion CBCT
scanning (T1) was acquired and a TPA presenting anteriorly extending arms was
immediately inserted to serve as a retainer until the next phase of the orthodontic
treatment was initiated. Obtaining the T1 CBCT was justified because of its
importance for adequate secondary bone graft surgical planning.

The same radiology technician obtained all tomographic scans using an iCat
machine (Imaging Sciences International, LLC, Hatfield, PA), adjusted to 23x17 cm
fov, 0,3 mm of voxel and a 40 seconds of exposure time. All measurements were
performed by the same operator who was properly calibrated and blind to the group
status. The changes in the maxillary width and upper airway (TO to T1l) were
analyzed with the 11.5 Dolphin Imaging software (Dolphin Imaging & Management
Solutions, Chatsworth, CA). The images of each patient’s head were oriented in all 3
planes of space using the frontal, right lateral and superior views. In the frontal view,
the head was positioned with the line connecting both right and left fronto-zygomatic
sutures parallel to the floor. In the right lateral view, the Frankfort horizontal line was
also positioned parallel to the floor. Finally, in the superior view, the line connecting
Crista Galli and Basion was aligned parallel to the mid-sagittal plane and
perpendicular to the ground.

The following measurements were performed to evaluate the upper airway
dimensions, as previously described by El and Palomo %2 (Figs 2 and 3):

1. Nasal passage volume: the NP airway inferior limit was defined as the
palatal plane (ANS-PNS) extending to the posterior wall of the pharynx. The superior
limit was defined as the last tomographic slice before the nasal septum fused with the
posterior wall of the pharynx. The superior border of the NP was determined on the
axial slice first and then it was reflected to the sagittal plane (Fig 2).

2. Oropharynx volume: defined as the volume of the pharynx between NP
inferior limit and the plane parallel to the palatal plane that passes from the most

anteroinferior point of the second cervical vertebrae (Fig 3A);
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3. Oropharynx minimum axial area: the most constricted cross sectional area
of OP, defined by the software (Fig 3);

Once each airway had been defined, the Dolphin software allowed the
selection of the airway by defining a threshold range of CT units that characterized all
air spaces of the head and neck regions. We arbitrarily standardized the threshold
range from 25 to 35 units (0-200 units were available) observing which unit provided
the most comprehensive airway selection without adding or leaving out upper airway
space. OP and NP volumes and minimal cross sectional area of the OP were
obtained by using the Sinus/airway analysis, Boundary Position, Seed Point, Update
Volume and Enable Minimum Axial Area options.

To assess the anterior maxillary width, a coronal cut that best showed the
crown of each anterior tooth (first deciduous molar or first premolar) was selected.
The axial plane that passes through the cement-enamel junction on the palatal
surface of each tooth was determined. The distance between the median point of the
palatal surface of the dental crown and a median line was measured on this cut. The
values for right and left sides were summed and represented the anterior maxillary
with (AMW). The same protocol was repeated to determine the posterior maxillary
width (PMW) using the first permanent molars as references (Fig 4). The midline was
determined by a line perpendicular to the ground that intersected the frontal crypt,

seen on axial slices.

Statistical analysis

All measurements were repeated in 20 random CBCT scans after a two-week
interval. Calibration of the operator was tested with the intraclass correlation
coefficient (ICC). The results varied from 0.97 to 0.99 for all measurements, except
for the NP volume, which was 0.87, indicating a high reproducibility and reliability of
all variables.

D’Agostino and Pearson tests indicated normal distribution of all variables
analyzed. The Paired t test was used to evaluate possible differences in patients’ age
and the Qui-square test analyzed differences in the patients’ gender and cleft side
among the groups. The Paired t test was also used to evaluate intra group changes
from TO to T1 for all expanders individually. The One-way ANOVA followed by

Bonferroni’s post hoc test were used to evaluate if there were differences from TO to



42

T1 in all variables among the expanders. The Pearson Correlation test was applied to
assess the correlations between the changes at AMW and PMW and at the airway.
The level of significance was set at 5% and the GraphPad Prism 5.01 software

(GraphPad Software, San Diego, CA) was used for all statistical tests.
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RESULTS
All groups were matched on age, sex, and cleft side.

No significant differences (p>0.05) were found in patients’ age, gender and

cleft side among the groups (Table 1).

A significant increase in the NP volume was found in the Hyrax and iMini Molar

groups.

The Hyrax and iMini Molar groups (Tables Il and IV) showed a significant
increase (p<0.05) in NP volume. The intergroup evaluation demonstrated that a
significant difference was found only between FT and iMini Molar groups (Table VI),
with the greatest increase in the iMini Molar group (1423 mm?), and the smallest in

the FT group (112 mm?®) [Tables Ill and V, respectively].

None of the groups showed significant changes in the OP volume and

minimum axial area.

The OP volume and minimum axial area increased in the Hyrax and iMini
Molar groups and decreased in the Fan-type and iMini Premolar groups, but these
changes were not statistically significant (p>0.05) [Tables Il to V]. There is no
significant intergroup difference (Table VI).

The maxillary width significantly increased in all groups, except for the PMW

with the iMini Premolar expander.

All groups showed a significant increase (p<0.05) in the anterior maxillary
width, with no intergroup differences (Tables Il to VI). The posterior maxillary width
significantly increased in all groups (p,0.05), except for the iMini Premolar expander
(P >0.05) (Table VI).
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A positive correlation was found between the increase in anterior maxillary

width and OP changes.

The only correlation found between the maxillary width and airway volume
changes was registered in the FT group between the AMW and OP volume and

minimum axial area changes (Table VII).
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DISCUSSION

The transverse skeletal and morphological effects of RME have been
investigated in non-cleft and cleft patients using different diagnostic methods.***823
This craniofacial anomaly has a major impact on the nasomaxillary complex and may
affect craniofacial development and compromise airway function.>*® However, there
is a lack of CBCT studies that quantify and compare the volumetric changes in the
upper airway post RME in CLP patients, especially evaluating the efficacy of different
types of expanders.

The maxilla forms most of the nasal cavity lateral walls. Thus, an increase in
nasal cavity volume would be an expected RME effect.”* The series of events that
cause this expansion is mainly a triangular* or parallel”® opening of the median
palatal suture, which increases the nasal floor width and the nasal cavity volume. The
results of this study showed a significant increase in the NP volume in the Hyrax and
iMini Molar groups. However, the intergroup analysis showed significant differences
only between FT and iMini Molar groups, which presented the smaller and greater
increase, respectively. These findings suggested that RME might be able to improve
the breathing pattern in CLP patients by reducing nasal resistance when the
expansion of the posterior part of the maxilla is not restricted when FT and iMini-
premolar expanders are used. However, our results did not show any correlation
between the increase in PMW and the changes in the NP volume. Further studies
are necessary to confirm such anatomical and functional correlations.

A previous study*? used acoustic rhinometry to assess the nasal cavity volume
changes in CLP patients with the Hyrax expander and found a significant increase
post RME. Thus, only 58% of the patients presented any RME’s beneficial effect in
respiratory terms. These findings demonstrated that it is not possible to extrapolate
the positive results observed in the group as a whole to individual patients. The
RME’s beneficial effect was 14% considering the whole group in their study. Since
they used acoustic rhinometry, it's difficult to compare their results with ours. In the
present experiment, the NP volume increased approximately 12,6% in the Hyrax
group, 1,5% in the FT, 26,1% in the iMini Molar and 6,3% in the iMini Premolar
group.

CLP patients may present velopharyngeal dysfunction (VPD), and
consequently they are unable to completely close the nasal airway when they speak.
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26 Secondary surgical procedures to correct VPD, such as the pharyngeal flap, alter
de nasopharyngeal airspace, increase nasal airway resistance, decrease airway size,
and increase the prevalence of mouth breathing.® Furthermore, a question is raised:
although improving CLP patient’s occlusion when performing RME, aren’t we
worsening the VPD at the same time? Further studies are necessary to confirm such
correlation.

Maxillary constriction might also play a role in the pathophysiology of
obstructive sleep apnea syndrome (OSA) because maxillary constriction is
associated with a lower posture of the tongue that could result in narrowing of the
oropharynx airway, which is an important risk factor for developing OSA. RME has
been proposed as a treatment modality for OSA based on the hypothesis that the
airway volume increases after maxillary expansion because the tongue would
reposition more anteriorly in the oral cavity.?” A previous RME study®® with non-cleft
patients reported that the mandibular position changes in different directions, which
may affect the OP airway size, shape, and volume. However, other studies evaluated
OP airway in patients with maxillary constriction treated with RME and concluded that
RME did not significantly affect the pharyngeal dimensions.?®?° This study confirms
such findings and also did not find significant changes in the OP volume and
minimum axial area in all groups.

A possible limitation of this retrospective study was the absence of control
over tongue position when the CBCT images were taken. The position of the tongue
and soft tissues are important anatomic factors that affect the shape and size of the
oropharynx airway volume.*® Because of exact matching by age and sex, and the
standardized imaging protocol (scans taken during the same period of time by the
same operator with the same instructions to the patients), possible confounding
effects of tongue-position changes (changes in tongue length and height) might be
minimized. Further studies should be performed to assess those changes. From our
results, we found that RME treatment for orthodontic purposes is not an effective
method to increase the oropharynx airway volume of unilateral CLP patients with
maxillary constriction, no matter what kind of expander is chosen. It was found a
positive correlation between the anterior maxillary expansion and OP volume and
minimum axial area changes in the Fan-type group. However, since the intra-group
analysis did not show significant changes, this information might not have clinical

relevance.
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Clinically, the kind of expander to treat CLP patients’ maxillary transverse
deficiency is determine by the orthodontist’s preference and should be based on the
patients’ specific needs. The results of this study showed that if a greater increase in
the NP volume is required, the Hyrax and iMini Molar expanders should be chosen.
However, we found that RME is not an effective method to increase OP airway

volume of CLP patients, no matter what expander is chosen.
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CONCLUSIONS

a) the Hyrax and iMini Molar were the only expanders to significantly increase the
nasal cavity volume;

b) RME did not increase the volume of the oropharyngeal airway.
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FIGURES

Fig 1. Rapid maxillary expanders evaluated: A, Hyrax; B, Fan-type; C, iMini Molar and D, iMini
Premolar.

Fig 2. Limits of the nasal passage: A, determination of the last axial slice before the fusion of the nasal
septum with the pharyngeal posterior wall; B, the reflection of that slice in the sagittal plane defines
the upper limit, and the palatal plane determines the lower one.
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Fig 3. Oropharynx volume limits and minimum axial area: A, upper limit, palatal plane extended to the
pharyngeal posterior wall, and lower limit, plane parallel to the palatal plane intersecting the lower and
most anterior point in the second cervical vertebra; the horizontal white line represents the most
constricted axial area (minimum axial area); B, 3D view of the oropharynx where the green plane
represents its minimum axial area determined by the software within its limits.

14.3 mm
20.8 mm

PIVIV

Fig 4. Maxillary posterior width: A, selection of the coronal slice that best shows the crown of each
posterior tooth. In this patient, this cut was the same for both sides. The blue line intersects the
cement-enamel junction on the palatal surface of these teeth; B, axial cut determined by the blue line
on the coronal slice where the distance of the median point of the palatal surface of the dental crown
and a median line was measured. The values for right and left sides were summed and represent the
PMW.
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TABLES

Table I. Age (in years), gender and cleft side distribution and comparison among all
groups tested.

Age Gender Cleft side
Group Mean SD Pvaluer "7y F  Pvalue™ Rps |5 Pvalue™
Hyrax 111 24 7 3 4 6
Fan-type 10.5 1.8 6 4 2 8
IMini molar 105 24 ns 7 3 ns 3 7 ns
IMini premolar 125 2.3 3 7 4 6

M, male; F, female; RS, right side; LS, left side.
* P value obtained with ANOVA One Way; **P value obtained with Qui-square test; ns, non-significant.

Table Il. Comparison of the variables from TO to T1 on the Hyrax group.

TO T1 Mean of differences P value
Variables Mean SD Mean SD T1-TO
AMW (mm) 22.02 3.15 26.69 3.36 4.67 <0.05
PMW (mm) 31.71 246 36.39 2.50 4.68 <0.05
NP volume (m ma) 6738 1798 7588 1970 850 <0.05
OP volume (mm°®) 11127 3622 12290 5593 1163 ns
OP minimum area (mm®) 187.2 83.67 211.4 99.48 24.2 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table Ill. Comparison of the variables from TO to T1 on the Fan-type group.

TO T1 Mean of differences P value
Variables Mean SD Mean SD T1-TO
AMW (mm) 2157 312 2727 354 5.70 <0.05
PMW (mm) 3313 324 3523 257 2.10 <0.05
NP volume (mm?®) 7331 3318 7443 3041 112 ns
OP volume (mm3) 12273 2167 11627 4018 -646 ns
OP minimum area (mmz) 211.2 108.3 186.9 65.60 -24.3 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).
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Table IV. Comparison of the variables from TO to T1 on the iMni Molar group.

TO Tl Mean of diferences P value
Variables Mean SD Mean SD T1-T0
AMW (mm) 21.77 290 26.45 3.48 4.68 <0.05
PMW (mm) 33.17 229 3835 2.83 5.18 <0.05
NP volume (mm3) 5440 2246 6863 3182 1423 <0.05
OP volume (m m3) 8947 4146 11901 10638 2954 ns
OP minimum area (mm?) 127.2 45.82 190.5 127.1 63.3 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table V. Comparison of the variables from TO to T1 on the iMni Premolar.

TO T1 Mean of diferences P value
Variables Mean SD Mean SD T1-TO
AMW (mm) 2293 199 2679 250 3.86 <0.05
PMW (mm) 36.00 294 3593 278 -0.07 ns
NP volume (mm3) 8743 2325 9296 2897 553 ns
OP volume (mm®) 12200 4505 12068 5973 -132 ns
OP minimum area (mm?) 174.4 132.4 146.0 93.35 -28.4 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table VI. Comparison of variables’ changes (T1 —T0) among all expanders.

o iMini
Hyrax Fan-type iMini Molar
Premolar
Variables Mean SD Mean SD Mean SD Mean SD P value
AMW (mm) 570 289 468 160 467 087 3.86 1.42 ngt23456
PMW (mm) 518 178 210 125 468 105 -007 021  P<0.05%%
n.s.

NP volume 1
(mm) 112 681.2 1423 1261 850 937.9 553 1091 p<0.05
mm ns234>
OP volume 1,2,3,45,6

. -646 3603 2954 8684 1163 4272 -132 3144 nsh&3*>
(mm~)
OP minimum 123456

243 109.6 63.3 1444 242 945 -284 734 nsh&3*>

area (mmz)

P value obtained with one way ANOVA followed by the Bonferroni post hoc test to compare the pairs: - Fan-type
versus iMini Molar; 2 Fan-type versus Hyrax; 8 Fan-type versus iMini premolar; *iMini molar versus Hyrax; % iMini
Molar versus iMini premolar; 6 Hyrax versus iMini Premolar; ns, not significant (p>0.05).
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Table VII. Evaluation of the correlation among AMW and NP volume, OP volume, OP
minimum area and among PMW and NP volume, OP volume, OP minimum area.

Variables NP volume OP volume OP minimum é&rea
(P value) (P value) (P value)

Hyrax AMW ns ns ns

PMW ns ns ns
Fan-type AMW ns <0.05 (r 0.68) <0.05 (r 0.77)

PMW ns ns ns
iMini-Molar AMW ns ns ns

PMW ns ns ns
iMini-Premolar AMW ns ns ns

PMW ns ns ns

P value obtained with Pearson correlation test; r, Pearson’s correlation coefficient; ns, not significant (P >0.05).
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Maxillary segmental response and alveolar cleft changes following rapid
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ABSTRACT

Objectives: To analyze, by means of cone beam computed tomography
(CBCT), the transverse changes in the cleft and non-cleft maxillary segments
and the volumetric changes in the alveolar cleft defect that occur in unilateral
cleft lip and palate (UCLP) patients after rapid maxillary expansion (RME) with
four different expanders. Methods: 40 UCLP patients (mean age, 11.1 + 2.2 years)
with transverse maxillary deficiency that received RME were divided into the following
groups: () Hyrax, (lII) Fan-type, (lll) iMini Molar and (IV) iMini Premolar. CBCT
images were taken before (TO) and 3 months after RME (T1). Results: All groups
showed a significant increase in the anterior maxillary width. Only the iMini Premolar
group did not show a significant expansion in the posterior maxillary width. When the
transverse expansion in the cleft and non-cleft sides was compared, the Fan-type
group was the only one to show a significant difference, with a greater expansion in
the non-cleft side. A significant increase in the alveolar cleft volume was found in all
groups, but there was no significant intergroup difference. Conclusions: All
expanders significantly expanded the anterior region of the maxilla and,
consequently, increased the alveolar cleft volume. There was a symmetric expansion

between cleft and non-cleft sides in all groups, but the Fan-type one.
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INTRODUCTION

Cleft lip and palate (CLP) is one of the most frequent craniofacial anomalies
worldwide.! In unilateral cases, it can completely cleave lip and palate, dividing the
maxilla into two well distinguished segments: a major one (non-cleft side) and a
minor one (cleft side).? The early surgical correction initiates a molding action over
the maxillary arch and each segment can be displaced toward each other.® In
unilateral CLP (UCLP) patients, a differential collapse of the lateral maxillary
segments can cause an asymmetric transverse maxillary deficiency.*®

Rapid maxillary expansion (RME) is a well-known therapy for correcting the
maxillary deficiency.® Many different expanders have been developed to improve the
efficiency of the maxillary expansion and to prevent post expansion relapse.”® Their
effects have been demonstrated to be dental, based on increasing interdental
distances and teeth axial inclination, and skeletal, based on enlargement of the
maxillary base, widening of the nasal cavity, and increasing of maxillary sinus
volume.**°

With the missing midpalate and anatomical deformity of the maxillary bone in
the CLP patient, it can be expected that the interaction mechanism between the
expansive force and resistance to expansion would be different on cleft and non-cleft

maxillary segments.**

|6,12 11,13-15

Previous clinica and finite element model (FEM) studies have shown
an asymmetric response of the maxillary segments to expansion forces. However,
there is no consensus in the literature about which segment is more laterally
displaced.

Moreover, RME plays a role to restore the normal maxillary transverse
dimension in cleft patients, which is an essential condition for alveolar bone
grafting.'®*” However, it can widen the alveolar cleft defect, which may be a negative
factor for bone graft success.>*® Since there is several different types of expanders
available to perform the RME, those which promote the smallest increase in the
alveolar cleft dimension should be chosen.

The dentoskeletal effects of RME have been researched with various

19,20 and

techniques such as lateral and anteroposterior cephalometric radiographs
multislice computed tomography.? Recent advances in cone beam computed

tomography (CBCT) and related softwares have made the diagnosis and treatment
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planning of CLP patients more accurate due to the high-quality images.?*** However,
most of the RME studies have not taken into account the volumetric changes of the
alveolar cleft defect.

The objectives of this study were (1) to assess the transverse changes in the
cleft and non-cleft maxillary segments and (2) to evaluate the volumetric changes in
the alveolar cleft defect that occur after RME with four different expanders in UCLP

patients.
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MATERIAL AND METHODS

Forty UCLP patients (23 male and 17 female), aging from 8 to 14 years old
(mean age of 11.1 years = 2.2) participated in this study. All participants received
treatment at the orthodontic clinic of the Pontifical Catholic University of Minas Gerais
and all CBCT scans evaluated were obtained from the existing patient database. Sex
and age distributions for all groups are shown in Table I. The institutional review
board on research ethics of our University approved this study and signed informed
consents were obtained from all patients and their parents prior to the study.

The sample inclusion criteria were: (1) complete UCLP patients that received
RME as an initial part of their comprehensive orthodontic treatment; (2) greater
anterior than posterior transverse maxillary deficiency before RME; and (3) age
between 8 and 14 years old. The following exclusion criteria were adopted: (1)
presence of active caries lesions; (2) signs of active periodontal disease; (3)
orthodontic treatment before RME; and (4) other associated craniofacial syndromes.
The stage of cervical maturation of all patients was evaluated and they ranged from
CS2 and CS4.

The sample was distributed into 4 groups of 10 patients each, according to the
type of expander used: Hyrax (HE), Fan-type (FT), Inverted Mini Hyrax with bands on
first molars (iMini Molar), or Inverted Mini-Hyrax supported on the first bicuspids
(iMini Premolar). The Hyrax expander is a tooth-borne appliance with the jackscrew
(Leone Orthodontics and Implantology, Firenze, Iltaly) located at first deciduous
molars or first premolars region (Fig 1A). The FT (Morelli Ortodontia, Sorocaba, SP,
Brazil) is a tooth and tissue-borne appliance presenting a hinge at the first permanent
molars region to restrain posterior expansion (Fig 1B). The iMini molar expander is
also a tooth-borne appliance with a Mini Hyrax screw (Dynaflex, Saint Ann, MO,
EUA), located at the anterior region of the arch with its arms bent posteriorly and
soldered to the first permanent molar bands (Fig 1C). Finally, on the iMini premolar
expander, the reduced size Hyrax screw is also located anteriorly, but the arms were
soldered to first premolar bands and it was used associated with a transpalatal arch
(TPA) attached to the first permanent molars (Fig 1D). The same lab technician
fabricated all expanders.

A pre-treatment CBCT scanning (TO) was obtained as part of the initial

orthodontic records of the patients, in substitution to all conventional radiographs.
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Each expander was cemented with a fluoride releasing cement (Ultra Band-Lok,
Reliance Orthodontic Products, Inc., Itasca, IL), and the activation regimen was
established at 2 turns/day until the required expansion was achieved. After the 3-
month retention period, the expander was removed, a post-expansion CBCT
scanning (T1) was acquired and a TPA presenting anteriorly extending arms was
immediately inserted to serve as a retainer until the next phase of the orthodontic
treatment was initiated. Obtaining the T1 CBCT was justified because of its
importance for adequate secondary bone graft surgical planning.

The same radiology technician obtained all tomographic scans using an iCat
machine (Imaging Sciences International, LLC, Hatfield, PA), adjusted to 23x17 cm
fov, 0,3 mm of voxel and a 40 seconds of exposure time. All measurements were
performed by the same operator who was properly calibrated and blind to the group
status. The changes in the maxillary width (TO to T1) were analyzed with the 11.5
Dolphin Imaging software (Dolphin Imaging & Management Solutions, Chatsworth,
CA). The images of each patient’s head were oriented in all 3 planes of space using
the frontal, right lateral and superior views. In the frontal view, the head was
positioned with the line connecting both right and left fronto-zygomatic sutures
parallel to the floor. In the right lateral view, the Frankfort horizontal line was also
positioned parallel to the floor. Finally, in the superior view, the line connecting Crista
Galli and Basion was aligned parallel to the mid-sagittal plane and perpendicular to
the ground.

To assess the anterior maxillary width in the cleft side (AWCS), a coronal cut
that best showed the crown of each anterior tooth (first deciduous molar or first
premolar) was selected. Then, the axial plane that passes through the cement-
enamel junction on the palatal surface of each tooth was found. The distance
between the median point of the palatal surface of the dental crown and a median
line was measured on this cut and represented the AWCS. The same was repeated
for the other side and represented the anterior maxillary width in the non-cleft side
(AWNCS). The same protocol was also repeated to determine posterior maxillary
width in the cleft (PWCS) and non-cleft side (PWNCS) using the first permanent
molars as references (Fig 2). The midline was determined by a line perpendicular to
the ground that intersected the frontal crypt, seen on axial slices.

The changes in the alveolar cleft (TO to T1) were analyzed with the 2.4 ITK-
SNAP software (Penn Image Computing and Science Laboratory, Philadelphia, PA).
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The alveolar cleft superior limit was defined as the line parallel to the ground passing
through the point A and the inferior limit as a line also parallel to the ground passing
through the most inferior point of the buccal alveolar crest at the superior central
incisors region, chosen in sagittal slices.?® The alveolar cleft region was painted in all
axial slices within these limits using the ‘Paintbrush Tool'’ and the volume was

calculated using the “Volumes and Statistics” option.?*

Statistical analysis

All measurements were repeated in 20 random CBCT scans after a two-week
interval. Calibration of the operator was tested with the intraclass correlation
coefficient (ICC). The results varied from 0.97 to 0.99 for all measurements, except
for the NP volume, which was 0.87, indicating a high reproducibility and reliability of
all variables.

D’Agostino and Pearson tests indicated normal distribution of all variables
analyzed. The Paired t test was used to evaluate possible differences in patients’ age
and the Qui-square test analyzed differences in the patients’ gender and cleft side
among the groups. The Paired t test was also used to evaluate intra group changes
from TO to T1 for all expanders individually. The One-way ANOVA followed by
Bonferroni’s post hoc test were used to evaluate if there were differences from TO to
T1 in all variables among the expanders. The Paired t test was applied to evaluate if
there was significant difference in the changes from TO to T1 between AWCS and
AWNCS, and PWCS and PWNCS for all expanders individually. The level of
significance was set at 5% and the GraphPad Prism 5.01 software (GraphPad

Software, San Diego, CA) was used for all statistical tests.
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RESULTS

All groups were matched on age, sex, and cleft side.

No significant differences (p>0.05) were found in patients’ age, gender and

cleft side among the groups (Table 1).

There was a significant increase in the anterior region of the maxilla in all

groups, with no intergroup difference.

A significant increase in the anterior maxillary dimension (AWCS and AWNCS)
was observed in all groups (Tables Il to V), but no significant intergroup difference
was found (Table VI).

The FT group showed a greater anterior expansion in the non-cleft side.

The maxillary segments (AWCS and AWNCS) showed a symmetric expansion
in all groups, except in the FT one, where the non-cleft side expanded more than the
cleft side (P <0.05) [Table ViII].

The iMini Premolar group showed the smallest posterior expansion, while the

Hyrax and iMini Molar the greatest ones.

A significant increase in the posterior maxillary width was observed in the
Hyrax and iMini Molar groups (Tables Il to IV). There was smaller posterior

expansion in the FT and iMini Premolar groups, the latter being insignificant.

No significant intergroup difference was found among the groups when the

cleft and non-cleft posterior expansion was compared.

The PWCS and PWNCS changes were compared in all groups and the

findings did not show any significant difference (Table VIII).
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A significant increase in the alveolar cleft volume was found in all groups, but

there was no significant intergroup difference.

The alveolar cleft volume significantly increased in all groups (Hyrax:
92.4mm?%; FT: 109.0mm?; iMini Molar: 78.9mm?; iMini Premolar: 169,1mm?®) [Tables II
to V]. The iMini Premolar group showed the greatest increase and the iMini Molar the

smallest one. However, no significant intergroup difference was found (Table VI).
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DISCUSSION

Maxillary transverse deficiency is a frequent malocclusion in CLP patients and
an asymmetric collapse of the cleft and non-cleft segments, with a greater
constriction in the anterior region, is common characteristics in these individuals.*®
To solve this problem many different expanders have been developed, with the goal
to provide a greater anterior than posterior maxillary expansion without widening the
alveolar cleft defect.”® The objectives of this study were to evaluate four different
appliances regarding the maxillary segments and cleft defect changes.

The results showed that all expanders significantly increased the anterior
region of the maxilla, at the cost of widening the alveolar cleft defect. When the cleft
and non-cleft segments of the anterior part of the maxilla were evaluated, we found a
symmetric response to the expansion forces, except in the FT group, where there
was a greater anterior expansion in the non-cleft side. The greatest posterior
maxillary expansion was achieved by the Hyrax and iMini Molar groups and the
smallest one in the iMini Premolar. When the posterior expansion of the maxillary
segments was analyzed, a symmetric expansion was observed in all groups.

It seems to have a controversy in the literature regarding the expansion of the
cleft and non-cleft sides of the maxilla. Previous studies have reported an
asymmetric expansion, with greater expansion in either the cleft side*® and the non-
cleft side.’**®> These might be due to the fact that they used different methods, as
FEM and 2D, and samples not homogenous. Moreover, an implant study suggested
that the response of the maxilla to the RME procedure is unpredictable in nature,®
especially in UCLP patients, with the absence of thru midpalate and the deformity of
the maxillary bone.**

Despite the capacity of the RME to correct the transverse maxillary deficiency,
it is evident that the separation of the maxillary halves caused by the incidence of the
orthopedic forces significantly increases the alveolar cleft dimension.***® Although

1625 qurs is

previous studies have already volumetrically measured this cleft defect
the first one to volumetric calculate how much it increases during the RME and with
different expanders. The results showed that the alveolar cleft volume significantly
increase in all groups (Hyrax: 13,99%; FT: 20,36%; iMini Molar: 15,29%; iMini

Premolar: 29,02%). Therefore, the orthodontist and the surgeon must be aware of
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this information when planning an interdisciplinary treatment for UCLP patients who
require further alveolar bone graft.

Clinically, the decision of using one of these expanders to treat CLP patients
relies on the orthodontist’'s preference and on the patients’ specific needs. If both
anterior and posterior expansion is required, the Hyrax and iMini Molar should be
chosen. If a greater anterior than posterior expansion is necessary, the FT or iMini
Premolar is the most indicated. However, the cleft and non-cleft sides may expand
symmetrically, which in most cases is not clinically desirable. Furthermore, the results
of this study showed that the increase in the alveolar cleft volume is unavoidable, no

matter what expander is chosen.
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CONCLUSIONS

a) all expanders significantly increase the anterior region of the maxilla;

b) the Hyrax and iMini Molar expanders showed the greatest posterior maxillary
expansion, and the iMini Premolar the smallest one;

c) the cleft and non-cleft sides in the anterior and posterior region of the maxilla
presented a symmetric expansion in all groups, except in the anterior region in
the FT one;

d) the alveolar cleft volume significantly increased in all groups.
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e) FIGURES

Fig 1. Rapid maxillary expanders evaluated: A, Hyrax; B, Fan-type; C, iMini Molar and D, iMini
Premolar.

¥ PWNCS
PWCS
14.3 mm

on-cleft side Cleft side” 20.8 mm

Fig 2. Maxillary posterior width in the non-cleft (left) and cleft (right) sides: A, selection of the coronal
slice that best shows the crown of each posterior tooth. In this case this cut was the same for both
sides. The blue line intersects the cement-enamel junction on the palatal surface of these teeth; B,
axial cut determined by the blue line on the coronal slice where the distance of the median point of the
palatal surface of the dental crown and a median line was measured.
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Fig 3. Limits of the alveolar cleft: A, the superior limit was defined as the line parallel to the ground
passing through the point A and the inferior limit as the line also parallel to the ground passing through
the most inferior point of the buccal alveolar crest at the superior central incisors in the sagittal view.
B, in every slice within these limits the alveolar cleft was painted and then its volume was calculated.
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TABLES

Table I. Age (in years), gender and cleft side distribution and comparison among all
groups tested.

Age Gender Cleft side
Group Mean ) P value* ™  F_ P value** RS LS P value**
Hyrax 111 2.4 7 3 4 6
Fan-type 10.5 1.8 6 4 2 8
ns ns ns
IMini molar 10.5 2.4 7 3 3 7
IMini premolar 12.5 2.3 3 7 4 6

M, male; F, female; RS, right side; LS, left side.
* P value obtained with ANOVA One Way; **P value obtained with Qui-square test; ns, non-significant.

Table Il. Comparison of the variables from TO to T1 on the Hyrax group.

TO T1 Mean of differences P value
Variables Mean SD Mean SD T1-T0
AMWCS (mm) 11.34 182 1343 1.82 2.09 <0.05
AMWNCS (mm) 10.96 2.61 1350 2.18 2.54 <0.05
PMWCS (mm) 16.30 2.22 1857 2.25 2.27 <0.05
PMWNCS (mm) 15.27 181 17.47 1.89 2.20 <0.05
Alveolar cleft volume (mm® gg0.1 260.7 7525 269.7 92.4 <0.05

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table Ill. Comparison of the variables from TO to T1 on the Fan-type group.

TO Tl Mean of differences P

Variables Mean SD Mean SD T1-T0O value
AMWCS (mm) 1122 242 1365 2.64 2.43 <0.05
AMWNCS (mm) 1035 1.70 1362 1.77 3.27 <0.05
PMWCS (mm) 16.97 255 1792 219 0.95 <0.05
PMWNCS (mm) 16.16 1.23 1731 0.86 1.15 <0.05
Alveolar cleft volume

(mm3) 535.2 154.4 644.2 157.5 109.0 <0.05

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).



Table IV. Comparison of the variables from TO to T1 on the iMini Molar group.

TO T1 Mean of differences P value
Variables Mean SD Mean SD T1-T0
AMWCS (mm) 11.36 248 13.82 299 2.46 <0.05
AMWNCS (mm) 1041 232 12.62 2.85 2.21 <0.05
PMWCS (mm) 16.78 1.77 1954 194 2.76 <0.05
PMWNCS (mm) 16.39 198 1885 2.18 2.46 <0.05
Alveolar cleft volume (mm® 5159 1755 594.8 175.5 78.9 <0.05

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table V. Comparison of the variables from TO to T1 on the iMini Premolar group.

T1 T2 Mean of differences P value
Variables Mean SD Mean SD T1-T0O
AMWCS (mm) 12.36 354 1420 3.00 1.84 <0.05
AMWNCS (mm) 12.16 279 1399 230 1.83 <0.05
PMWCS (mm) 18.02 250 18.02 2.42 0.00 ns
PMWNCS (mm) 1798 154 1791 1.39 -0.07 ns
Alveolar cleft volume (mm®) 5826 3831 751.7 474.8 169.1 <0.05

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0.05).

Table VI. Comparison of variables’ changes (T1 —T0) among all expanders.
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Hyrax Fan-type iMini Molar iMini P value
Premolar
Variables Mean SD Mean SD Mean SD Mean SD
AMWCS (mm) 209 133 243 163 246 097 184 111 n.sb?3*°0
AMWNCS (mm) 254 138 327 143 221 138 183 099 gL28456
p<0 051,2,5,6
PMWCS (mm) 227 124 095 070 276 1.09 0.00 0.24 '
ns
p<0.05°>°
PMWNCS (mm) 220 152 115 081 246 138 -0.07 0.28 1234
ns -

Alveolar cleft volume

92.4 91.0 109.0 50.4 789 640 169.1 146.8 ns-?3*56

(mm°)

P value obtained with one way ANOVA followed by the Bonferroni post hoc test to compare the pairs: * Fan-type

versus iMini Molar; 2 Fan-type versus Hyrax; 8 Fan-type versus iMini premolar; *iMini molar versus Hyrax; % iMini

Molar versus iMini premolar; ® Hyrax versus iMini Premolar; ns, not significant (p>0.05).
p Yl
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Table VII. Comparison of the anterior maxillary width changes (T1 — TO) between the
cleft and non-cleft sides in all expanders.

AMWCS (T2 -T1) AMWNCS (T2 -T1) Mean of diferences P Value

Groups Mean SD Mean SD T1-TO

Hyrax 2.09 1.33 254 1.38 0.45 ns
Fan-type 2.43 1.63 3.27 1.43 0.84 <0.05
IMini Molar 2.46 0.97 2.21 1.38 -0.25 ns
IMini Premolar 1.84 1.11 1.83 0.99 -0.01 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0,05).

Table VIII. Comparison of the posterior maxillary width changes (T1 — TO) between
the cleft and non-cleft sides in all expanders.

PMWCS (T2 -T1) PMWNCS (T2 -T1) Mean of diferences P Value

Groups Mean SD Mean SD T1-TO

Hyrax 2.27 1.24 2.20 1.52 -0.07 ns
Fan-type 0.95 0.70 1.15 0.81 0.20 ns
IMini Molar 2.76 1.09 2.46 1.38 -0.30 ns
IMini Premolar -0.00 0.24 -0.07 0.28 -0.07 ns

P value obtained with Paired t test: TO versus T1; SD, standard deviation; ns, not significant (P >0,05).
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5 CONSIDERACOES FINAIS

Esta linha de pesquisa se iniciou em 2009 pelos Profs. Dauro Douglas
Oliveira e lldeu Andrade Jr., diante da necessidade de se corrigir a atresia maxilar
presente em boa parte dos pacientes portadores de FLP atendidos no Centro de
Tratamento e Reabilitacdo de Anomalias e Deformidades Craniofaciais (CENTRARE
- PUC Minas). Frente a dificuldade de se obter a correcdo da dimenséao transversal
maxilar destes pacientes, principalmente na regido anterior do arco, 3
questionamentos surgiram: (1) O disjuntor tipo Hyrax é eficaz na expanséo da regido
anterior do arco, uma vez que é citado na literatura como o aparelho mais utilizado?
(2) O disjuntor tipo Haas Borboleta realmente promove uma maior expansao anterior
do arco? (3) Qual seria uma alternativa clinica para obtencdo da expansao anterior,
sem prejudicar a manutencdo de uma higienizacdo satisfatoria, jA que o Haas
Borboleta é composto por uma volumosa parte em resina acrilica?

Devido a estas questdes, houve a idéia de se utilizar um disjuntor menor,
facilitando a higienizacdo e possibilitando o posicionamento do parafuso em uma
regido mais anterior do arco maxilar. Por isto, o disjuntor Mini Hyrax Invertido
comecou a fazer parte das opcdes de tratamento dos pacientes portadores de FLP,
promovendo resultados bastante satisfatérios. Logo, estudos vém sendo
desenvolvidos em nossa Universidade para verificar a eficacia deste novo disjuntor.
O presente estudo ainda visou comparar os efeitos desse aparelho com aqueles
encontrados com o uso dos disjuntores Haas Borboleta e Hyrax.

Clinicamente, a decisdo de qual disjuntor utilizar depende da preferéncia do
Ortodontista e das caracteristicas de cada paciente, devendo ser considerados os
aspectos dentoesqueléticos, as vias aéreas superiores e a fissura alveolar.

Em relacdo aos fatores dentoesqueléticos, se expansdo anterior e posterior
forem requeridas, tanto o Hyrax como o iMini Molar podem ser utilizados. Se maior
expansao anterior que posterior for necesséria, tanto o Borboleta quanto o iMini Pré-
molar podem ser escolhidos. Esta decisdo deve ser tomada com base na
necessidade de manutencdo da dimensao transversa posterior e comprometimento
do conforto do paciente durante esta fase do tratamento. Ja em relacdo ao volume
da passagem de ar nasal, se a ERM for realizada visando um aumento nessa
dimenséo, o Hyrax e o iMini Molar devem ser escolhidos. Eles foram os Unicos que

provocaram esse efeito, e nenhuma diferenca foi encontrada entre eles. Os efeitos
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dos disjuntores sobre a orofaringe e a fissura alveolar ndo mostraram ter capacidade
de influenciar essa escolha, uma vez que nenhum deles alterou significativamente
essas estruturas.

A amostra do presente estudo é inferior ao necessario de acordo com o
calculo amostral realizado. No entanto, € bastante homogénea, uma vez que todos
0s pacientes apresentam FLP transforame unilateral e a faixa de idade entre os
grupos ndo possui diferenca estatisticamente significante. E importante salientar a
dificuldade de se selecionar uma amostra com estas caracteristicas especificas,
mesmo em grandes centros de tratamento de pacientes portadores de FLP. Pode-se
dizer também que h& muito poucos estudos na literatura que utilizaram TCFC para
avaliar os efeitos da ERM no volume das vias aéreas superiores e fissura alveolar
em pacientes com FLP e ainda compararam os efeitos de diferentes disjuntores. A
grande precisdo das TCFCs contribui para a confiabilidade dos resultados
(YOSHIHARA et al., 2012) e permite melhor avaliagéo do paciente para obtencédo do
diagndstico e planejamento seguros.

Apesar de algumas limitacdes, o estudo respondeu aos objetivos propostos.
Todavia, trabalhos futuros s&@o necessérios para continuar compreendendo o0s
efeitos desses aparelhos na ERM em pacientes portadores de FLP. Dessa forma,
buscamos encontrar o aparelho capaz de trazer os maiores beneficios para cada um

destes pacientes, que ja possuem um elevado comprometimento psicossocial.
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