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RESUMO

MATTOS, Claudia Trindade. Analise tomografica das vias aéreas e sua
aplicacao em pacientes ortognaticos. Orientador: Dr. Eduardo Franzotti
Sant'Anna. Rio de Janeiro: UFRJ/Faculdade de Odontologia, 2012. Tese

(Doutorado em Odontologia — Ortodontia). xxii, 72f.

O objetivo do autor foi avaliar o efeito dos diferentes tipos de cirurgia
ortognatica para corrigir discrepancias anteroposteriores faciais sobre as
dimensdes das vias aéreas superiores por meio de uma revisdo sistematica da
literatura com meta-analise, e a confiabilidade intra-avaliador e interavaliador da
andlise das vias aéreas em imagens de tomografia computadorizada de feixe
cbnico (TCFC) feita por avaliadores com diferentes niveis de conhecimento
prévio. As buscas eletronicas identificaram 525 artigos, seis foram adicionados
por busca manual, mas apos aplicagdo dos critérios de eligibilidade, 49 artigos
foram selecionados. Desses 49 artigos, apenas 22 apresentaram qualidade
metodoldgica boa ou moderada e foram incluidos na revisdo. Desses 22 artigos,
13 apresentaram dados que puderam ser incluidos na meta-analise. Os
resultados da meta-analise levaram a conclusdo de que a cirurgia de recuo
mandibular pode levar a uma diminuicdo nas dimensbes das vias aéreas; a

cirurgia combinada de avango maxilar e recuo mandibular pode levar a uma



diminuicdo mais suave das vias aéreas na regiao de palato mole, base da lingua
e valécula e a um aumento na altura do plano palatal; e a cirurgia de avango
maxilomandibular pode levar a um aumento nas vias aéreas na regiao do palato
mole. A anadlise de confiabilidade das medidas das dimensbes das vias aéreas
mostrou bom coeficiente para as medidas lineares anteroposteriores, para as
medidas de area axial (com excec¢ao da regiao da valécula), para a area sagital,
para a area axial minima e para o volume. As medidas de largura transversal
avaliadas em corte coronal foram as que apresentaram maior diferenga intra e

interavaliador e confiabilidade apenas moderada.
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SUMMARY

MATTOS, Claudia Trindade. Analise tomografica das vias aéreas e sua
aplicacao em pacientes ortognaticos. Orientador: Dr. Eduardo Franzotti
Sant'Anna. Rio de Janeiro: UFRJ/Faculdade de Odontologia, 2012. Tese

(Doutorado em Odontologia — Ortodontia). xxii, 72f.

The purpose of the author was to assess the effect of different types of
orthognathic surgery to correct anteroposterior discrepancies on the upper airway
dimensions through a systematic review of the literature and meta-analysis, and to
assess intraexaminer and interexaminer reliability of airway analysis in cone beam
computed tomographic (CBCT) images performed by examiners with different
backgrounds. Electronic searches identified 525 articles, six were added by hand
search, but after application of inclusion criteria, 49 studies were selected. Among
these 49 articles, 22 were considered as presenting good or moderate
methodological quality and were included in the review. Among these 22 articles,
13 presented data that could be included in the meta-analysis. Results from the
meta-analysis lead to the conclusion that mandibular setback surgery may lead to
a decrease in airway dimensions; maxillary advancement combined with
mandibular setback may be followed by a milder decrease in the airway

dimensions at the levels of soft palate, base of the tongue and vallecula and an
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increase at the level of the posterior nasal spine; and that maxillomandibular
advancement surgery may lead to an increase in the airway dimensions at the
level of the soft palate. The reliability assessment on airway dimensions
measurements showed a good coefficient for linear anteroposterior
measurements, axial cross sectional areas (except at the level of the vallecula),
sagittal area, minimum axial area and volume. Transversal width measurements in
coronal slices were the ones that presented the greatest intra and interexaminer

differences and only a moderate reliability.
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1 INTRODUCAO

As vias aéreas superiores tém sido objeto de pesquisa ha mais de trés
décadas e mais recentemente tém despertado o interesse de diferentes
profissionais que atuam na area da cabegca e pescogo, incluindo
otorrinolaringologistas, ortodontistas, cirurgides e patologistas, entre outros. Esse
interesse se deve principalmente a estreita relacdo que existe entre o
desenvolvimento e morfologia craniofacial, a configuracdo das vias aéreas
superiores e a Sindrome da Apneia Obstrutiva do Sono (SAOS) (TSO et al, 2009;
ABRAMSON et al, 2011; GUIJARRO-MARTINEZ e SWENNEN, 2011;
ALSUFYANI, FLORES-MIR e MAJOR, 2012).

Uma das especialidades que promove maiores alteracdes nas vias aéreas &
a cirurgia ortognatica (TURNBULL e BATTAGEL, 2000). Uma das indicagdes em
casos severos de deficiéncia das vias aéreas orofaringeas e de SAOS ¢ a cirurgia
de avango maxilomandibular (MEHRA et al, 2001; GONCALVES et al, 2006), que
tem como objetivo principal 0 aumento no espago aéreo faringeo. Outras cirurgias
ortognaticas que movimentam maxila e/ou mandibula com a intengéo de corrigir
discrepancias 6sseas podem também gerar alteracbes nas vias aéreas, a
despeito de essas consequéncias serem um beneficio ou um efeito indesejado.
Estudos relatam que a cirurgia de recuo mandibular isolada causa um

estreitamento das vias aéreas e que o paciente pode desenvolver disturbios



relacionados a respiragao noturna apos a cirurgia (RILEY et al, 1987; TSELNIK e
POGREL, 2000). Mehra et al (2001) recomendam uma avaliagéo pré-cirurgica da
morfologia facial do paciente que inclua as dimensdes do espago aéreo faringeo
antes de cirurgia bimaxilar com rotagdo anti-horaria, especialmente em casos de
recuo mandibular para evitar o desenvolvimento de possiveis sintomas de apneia
obstrutiva do sono apds a cirurgia.

E importante, portanto, que tanto o cirurgido quanto o ortodontista conhecam
as possiveis alteragdes das vias aéreas que possam advir de cada tipo de cirurgia
ortognatica, para que os efeitos decorrentes possam ser considerados durante o
planejamento e até mesmo discutidos com o paciente. Entretanto, a literatura
sobre o assunto se resume a estudos isolados e muitas vezes controversos
(ACHILLEOS, KROGSTAD e LYBERG, 2000; CHEN et al, 2007; DEGERLIYURT
et al, 2008; HWANG et al, 2010). Nenhuma revisado sistematica da literatura foi
feita com o objetivo de reunir a evidéncia existente e tirar conclusdes praticas e
com relevéancia clinica.

Com a introdugao da tomografia computadorizada de feixe cénico (TCFC),
os estudos das vias aéreas, que tradicionalmente eram feitos a partir de
radiografias cefalométricas laterais, ganharam forca (EL e PALOMO, 2010;
GHONEIMA e KULA, 2011) por poder contar a partir desse momento com uma
ferramenta de avaliagdo tridimensional amplamente aceita para o diagnostico e
planejamento do tratamento bucal e maxilofacial, e com custo mais baixo e dose
inferior as das tomografias computadorizadas convencionais (GUIJARRO-
MARTINEZ e SWENNEN, 2011; ALSUFYANI, FLORES-MIR e MAJOR, 2012).
Segundo Guijarro-Martinez e Swennen (2011), o numero de publicagbes

relacionado a anadlise das vias aéreas com TCFC aumentou significativamente



nos ultimos 5 anos na base de dados Pubmed (National Library of Medicine,
NCBI).

Entretanto, segundo duas revisbes sistematicas recentes sobre o assunto,
ainda ndo ha consenso ou evidéncia sobre importantes pontos que precisam ser
abordados por estudos com boa qualidade metodologica: validade e
confiabilidade dos modelos tridimensionais gerados pela TCFC; influéncia da fase
respiratoria, posicdo da lingua e morfologia mandibular nas dimensdes das vias
aéreas; avaliacdo longitudinal, transversal e tridimensional das vias aéreas com
TCFC; e definicdo dos limites anatOomicos tridimensionais das vias aéreas
superiores em imagens de TCFC (GUIJARRO-MARTINEZ e SWENNEN, 2011;
ALSUFYANI, FLORES-MIR e MAJOR, 2012).

Lenza et al (2010) ressaltaram que a melhor abordagem na avaliagao das
vias aéreas € uma analise completa, incluindo medidas lineares, de area e
volumétricas, uma vez que apenas a medida do volume ndo necessariamente
representa ou identifica as regides de maior constrigdo, que causam maior
preocupacao. E importante considerar que a realizagdo adequada de todas essas
medidas das vias aéreas em TCFCs demanda treinamento e atencdo. A questao
sobre se diferentes niveis de conhecimento prévio influenciariam no desempenho

do avaliador nessas medi¢cbes também ainda nao foi respondida.



2 PROPOSICAO

2.1 Realizar uma revisao sistematica da literatura com meta-analise que
avalie o efeito dos diferentes tipos de cirurgia ortognatica para corrigir
discrepancias anteroposteriores sobre as dimensdes das vias aéreas superiores
por meio de:

2.1.1 medidas lineares de comprimento anteroposterior;
2.1.2 medidas lineares de largura transversal;

2.1.3 medidas de area axial transversal;

2.1.4 medidas de volume.

2.2 Avaliar a confiabilidade intra-avaliador e interavaliador da andlise das
vias aéreas em imagens de tomografia computadorizada de feixe cénico feita por
avaliadores com diferentes niveis de conhecimento prévio por meio de:

2.2.1 medidas lineares de comprimento anteroposterior;
2.2.2 medidas lineares de largura transversal;

2.2.3 medidas de area axial transversal;

2.2.4 medidas de area sagital e area axial minima;

2.2.5 medidas de volume.



3 DELINEAMENTO DA PESQUISA

3.1 REVISAO SISTEMATICA E META-ANALISE

Com o objetivo de responder a um questionamento ainda ndo esclarecido na
literatura, um protocolo especifico foi desenvolvido. O objetivo primario da meta-
analise era avaliar o efeito da cirurgia ortognatica indicada para a corregéo de
problemas esqueléticos anteroposteriores sobre as vias aéreas orofaringeas. O
objetivo secundario era comparar os efeitos de diferentes tipos de cirurgia
ortognatica sobre as vias aéreas.

Os critérios formulados para inclusao na reviséo foram artigos publicados em
inglés, relativos a: ensaios clinicos em humanos com desenho prospectivo ou
retrospectivo; avaliacdo de individuos adultos; avaliacdo de pacientes submetidos
a cirurgia de avango maxilar ou mandibular, ou recuo mandibular, isolados ou
combinados de qualquer forma; relato de medidas das vias aéreas orofaringeas
em radiografias cefalométricas, ressonancia magnética ou tomografia
computadorizada (TC), antes e apds a cirurgia. Os critérios de exclusdo foram:
relatos de caso, artigos de revisao, editoriais, ou opinides; pacientes sindrébmicos,
comprometidos sistemicamente ou portadores de fenda labial e/ou palatina;
pacientes submetidos a outras cirurgias que nao envolvessem o0 aspecto

anteroposterior da maxila ou mandibula. Os autores de artigos que tinham o



potencial de serem selecionados para inclusao na revisdo, mas que estavam
escritos em lingua diferente da lingua inglesa, foram contactados para que

fornecessem uma versao do artigo em inglés ou as informagdes necessarias.

As buscas foram feitas nas bases de dados eletrénicas Biblioteca Virtual em
Saude (BVS), Scirus, Ovid e System for Information on Grey Literature in Europe
(SIGLE). A base de dados BVS inclui as bases de dados LILACS, IBECS,
MEDLINE, The Cochrane Library e Scielo em suas buscas. Estratégias de buscas
especificas foram desenvolvidas para cada base de dados. Foi necessario aplicar
limites na base de dados Scirus para restringir a pesquisa e reduzir o numero de
artigos encontrados. As estratégias de busca, palavras-chave e limites utilizados
estdo especificados na Tabela 1 (pagina 7). As buscas foram feitas até julho de
2010. Para localizar artigos adicionais relevantes que pudessem n&o ter sido
descobertos através das buscas, as listas de referéncias dos artigos incluidos
foram examinadas manualmente. Especialistas também foram consultados para

identificar estudos nao publicados e em andamento.

Os titulos e resumos de artigos possiveis de serem incluidos foram
avaliados por dois revisores. Os artigos foram incluidos baseados em consenso
em relagao aos critérios previamente determinados. Nos casos em que o titulo e 0
resumo de um artigo ndo forneciam informacao suficiente para uma decisao

definitiva, o texto completo foi obtido e examinado.



Tabela 1. Especificagdes utilizadas nas buscas nas bases de dados

Base de
Palavras-chave Resultados Limites Resultados
dados
“maxillofacial surgery’[DeCS] AND pharynx[DeCS] 1
BVS “mandibular advancement’[DeCS] AND pharynx[DeCS] 68
“orthognathic surgical procedures” [DeCS] AND 1
pharynx[DeCS]
orthognathic AND airway 740 68
humanos
Scirus®*  mandibular surgery AND airway 2705 306
adultos
maxillary surgery AND airway 2318 223
“orthognathic surgical procedures” AND pharynx 1
Ovid maxilla AND pharynx 31
“mandibular advancement” AND pharynx 29
orthognathic AND airway 0
SIGLE  mandibular surgery AND airway 1
maxillary surgery AND airway 1

*LIMITES: data — entre 1950 e 2011; tipos de informagao — resumos, prévias de publicagao, teses e

dissertagdes; fontes — revistas

Os mesmos revisores coletaram os dados dos artigos de forma
independente, utilizando tabelas de coleta de dados desenvolvidas especialmente
para essa finalidade. Essas tabelas haviam sido testadas em alguns artigos e
modificadas conforme a necessidade. Os autores dos artigos foram contactados
para esclarecer determinados pontos ou fornecer informag¢des nao encontradas
no texto, quando necessario. Em casos de autores que tinham mais de uma
publicagdo com o mesmo grupo de pacientes e 0 mesmo periodo de
acompanhamento, apenas um dos estudos foi incluido — o que apresentava a
maior amostra ou 0 que se aproximava mais dos objetivos dessa meta-analise.
Os estudos excluidos nessa etapa ou em etapas subsequentes foram registrados

e 0s motivos para exclusdo discriminados. Sempre que os dois revisores



discordavam, um terceiro era chamado e consultado até que um consenso se

estabelecesse.

Uma avaliagado da qualidade metodoldgica dos artigos incluidos foi realizada
de forma independente, de acordo com uma escala compilada pelos autores e
descrita na Tabela 2 (pagina 9). A maioria dos critérios incluidos foi baseada na
declaragdo do grupo CONSORT (Consolidated Standards of Reporting Trials),
sendo incluidos os quesitos que se aplicavam a essa revisdao. Qualquer
discordancia durante esta etapa foi discutida e o terceiro revisor consultado,
quando necessario. Os estudos considerados de baixa qualidade metodoldgica

foram excluidos da revisdo e da meta-analise.

Uma meta-analise foi realizada para avaliar resultados comparaveis em cada
categoria através do software Review Manager (version 5.0, Copenhagen: Nordic
Cochrane Centre, Cochrane Collaboration, 2008). A variavel avaliada foi a
dimensao das vias aéreas orofaringeas. Os estudos incluidos, agrupados pelo
tipo de cirurgia, foram comparados em relacdo a diferentes medidas das vias
aéreas orofaringeas (comprimento anteroposterior, largura transversal, e area
axial transversal) feitas em diferentes niveis (plano palatal, palato mole, base da

lingua, valécula, regidao de maior constricao).

Os dados foram incluidos como dados continuos. Os valores pré-cirurgicos
foram usados como grupo controle e os valores pds-cirirgicos como grupo
tratado. O método de analise estatistica foi o0 método de variancia inversa, com
modelo de efeito fixo, e a medida utilizada para obtencdo do efeito médio foi a

média das diferengas entre os grupos.



Tabela 2. Critérios para avaliagdo dos componentes de qualidade metodolégica nos artigos incluidos

Componente Classificacao Pontos Definicao
ADEQUADO 1.0 Descrigao dos critérios de inclusdo e exclusao
1. Descrigdo dos critérios para selegéo de INADEQUADO 05 Nenhuma descri¢do dos critérios de inclusédo e exclusdo, mas com a selegao feita pelo
participantes ’ menos por idade e tipo de cirurgia
NENHUM 0 Nenhuma descricao de critério de selecao
SIM 1.0 Presenca de grupo controle
2. Presenca de grupo controle NAO 0 Auséncia de grupo controle
3. Declaragéo de cegamento SI~M 1.0 Descricdo de cegamento na confecgao das medidas ou estatistica
NAO 0 Nenhuma descri¢gdo de cegamento
ADEQUADO 1.0 Descrigdo completa do tratamento estatistico e tratamento considerado adequado
4. Realizagao de tratamento estatistico INADEQUADO 0.5 Descrigado incompleta do tratamento estatistico ou tratamento considerado inadequado
NENHUM 0 Nenhum tratamento estatistico aplicado
ADEQUADO 1.0 Repeticdo de medidas aleatdrias e aplicacéo de teste estatistico
5. Teste da confiabilidade das medidas INADEQUADO 05 (F;;zttai’g%ig de medidas aleatdrias sem aplicagdo ou com aplicagédo inadequada de teste
NENHUM 0 Sem repeticao de medidas
EXPLICADO 1.0 Desisténcias relatadas com explicagao
6. Relato de desisténcias NAO EXPLICADO 05 Desisténpia; relatadas sem explicagé_o ou sem nenhuma descri¢do sobre se a coleta de
dados foi feita de forma completa ou incompleta
NENHUM 0 Sem descri¢cao de desisténcias ou da coleta de dados
7. Relato do periodo de acompanhamento SINM 1.0 Relato do periodo de acompanhamento
NAO 0 Sem descrigdo ou falta de clareza em relagao ao periodo de acompanhamento
8. Possiveis viéses e limitagges do ensaio TOTALMENTE 1.0 Descr?géo dos potenc?a?s v?éses e Iirnitagées do ensaig, reconhecendo-os
) PARCIALMENTE 0.5 Descrigao dos potenciais viéses e limitagcdes do ensaio sem reconhecé-los
comentados . L S .
NENHUM 0 Nenhuma descricdo de potenciais viéses ou limitagbes do ensaio
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Para cada estudo, foram inseridos no software o valor médio e o desvio
padrdao do grupo tratado (pos-cirurgico) e do grupo controle (pré-cirurgico) de
cada medida avaliada e o numero de individuos submetidos ao estudo. O préprio
software entdo, a partir dessas determinacdes, calculava o efeito médio e
intervalo de confianga, o peso de cada estudo, a heterogeneidade (medida
através do indice F) para os estudos de cada tipo de cirurgia e para todos os
estudos, e a significancia (p-valor). O software também gerava dois tipos de
graficos: os forest plots (construidos com as diferengas médias ponderadas) e os

funnel plots (que indicam vieses de publicagao).

3.2 META-ANALISE COM DADOS PAREADOS

A partir da sugestdo de Wu et al (2012) em relagao a metodologia aplicada a
essa meta-analise, as analises foram refeitas com abordagem especifica para

dados pareados como os dos artigos incluidos.

Os dados foram incluidos no software como dados de varidncia inversa
genérica. Os valores pré e pos-cirurgicos foram comparados. O método de
analise estatistica foi o método de variancia inversa, com modelo de efeito fixo, e
a medida utilizada para obtencao do efeito médio foi a diferenga média entre os

tempos.

Para que se pudesse fazer a analise eram necessarios a diferengca média e
o erro padrdo. Nenhum estudo incluido apresentava esses dois dados. Porém,

eles podem ser calculados (HIGGINS, DEEKS e ALTMAN, 2011).
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Nos estudos que nao apresentavam a diferenca média, mas apenas os
valores meédios dos tempos pré (M1) e pds-cirurgico (M), a diferenga média (DM)

foi calculada pela subtracdo das médias de cada tempo (DM = M3 — My).

Para o calculo do erro padrao da diferenga média (EPpm) era necessario o
desvio padrao da diferenca (DPys), dado que também né&o foi encontrado nos
artigos. Para se calcular o desvio padrao da diferenga, foi utilizada a seguinte

formula:

DPdif = ,\/BPMQZ - DPM12 - (2 x Corr X DPwm2 x DPM1)

O coeficiente de correlagao (Corr) pode ser inferido a partir de outro estudo
incluido ou ndo na meta-analise que apresente o desvio padrao da diferenga, ou
pode ser atribuido hipoteticamente como 0,5, sendo os valores de 0,3 e 0,7
também usados para analise de sensibilidade (WU et al, 2012), que avalia como
os resultados da meta-andlise mudam sob diferentes suposi¢gdes. O desvio
padrao da diferencga foi entdo calculado para cada medida avaliada, utilizando-se
os coeficientes de 0,5, 0,3 e 0,7. A partir desses valores, o erro padrao da

diferencga foi obtido através da seguinte formula:

EPpm = DPgit , onde n corresponde ao numero de participantes do estudo.
Jn
Para cada estudo foram entéo inseridos no software a diferenga média e o
erro padrao da diferenca de cada medida avaliada e o numero de individuos
submetidos ao estudo. O efeito médio e intervalo de confianca, o peso de cada
estudo, a heterogeneidade, a significancia (p-valor) e os graficos foram entédo

gerados pelo software.
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3.3 CONFIABILIDADE DA ANALISE TOMOGRAFICA DAS VIAS AEREAS

Imagens de TCFC de 12 pacientes foram selecionadas aleatoriamente entre
132 tomografias do arquivo de pacientes em tratamento na clinica de Ortodontia
do Programa de Pdés-Graduacgédo da Faculdade de Odontologia da Universidade
Federal do Rio de Janeiro (UFRJ). Os critérios de exclusdo foram: presenca de
fenda labial e/ ou palatina ou comprometimento sistémico. A presente pesquisa foi
aprovada pelo Comité de Etica em Pesquisa do Instituto de Estudos em Saude
Coletiva da UFRJ e um termo de consentimento livre e esclarecido (TCLE) foi
assinado por todos os individuos participantes.

As imagens de TCFC foram obtidas através de tomada feita por um unico
operador utilizando o mesmo tomadgrafo I-CAT (Imaging Sciences International,
Hatfield, Pennsylvania, USA). Os individuos foram posicionados com o plano de
Frankfurt paralelo ao solo e foram instruidos a manter intercuspidacdo maxima
com a lingua tocando o palato e a evitar deglutir durante o periodo de
escaneamento. O protocolo de imagem usado foi 120 kV, 5 mA, FOV 13 x 17 cm,
voxel de 0,25 mm e tempo de escaneamento de 20 segundos. As imagens foram
salvas em arquivos DICOM (Digital Imaging and Communications in Medicine),
que foram importados para o software Dolphin Imaging (version 11.5, Dolphin
Imaging and Management Systems, Chatsworth, California, USA) para a obtengao
de imagens primarias reconstruidas (sagitais, coronais e axiais) e de
reconstrugdes tridimensionais.

A orientacdo da cabeca para cada tomografia utilizada no estudo foi
realizada pelo mesmo operador experiente. O plano palatal foi orientado

horizontalmente, definido pela espinha nasal anterior (ENA) e espinha nasal
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posterior (ENP). O plano transporiénico foi orientado verticalmente, definido
bilateralmente pelos pontos pério e perpendicular ao plano palatal. O plano sagital
mediano foi orientado verticalmente, definido pelo nasio (N) e perpendicular aos
planos previamente definidos (Figura 1). A confirmacdo da definigdo do plano
palatal horizontalmente foi feita através do corte sagital na altura do plano sagital
mediano (Figura 2, pagina 14).

Um aluno do quarto ano de graduagcdo em Odontologia, um ortodontista e
um radiologista odontologico foram orientados, treinados e calibrados para
atuarem como avaliadores das vias aéreas usando imagens néo incluidas nesse
estudo. Cada avaliador foi considerado calibrado quando o coeficiente de
correlagao intraclasse (ICC) comparando as mesmas medidas realizadas em dois
tempos e comparando as suas medidas com a do treinador foi acima de 0,9 para

todas as variaveis.

Coronal Plane Mid-Sagittal Plane Coronal Plane

Figura 1. Imagem ilustrativa da orientacao da cabeca no software Dolphin Imaging com o
plano palatal definido como referéncia horizontal e os planos transporiénico e sagital
mediano como referéncias verticais
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Figura 2. Imagem ilustrativa da confirmacdo da determinagcéo do plano palatal como
referéncia horizontal no corte sagital referente ao plano sagital mediano

Apds a calibragdo, cada avaliador realizou independentemente medidas
lineares, de area e volumétricas das tomografias selecionadas para este estudo
em dois tempos, com intervalo de duas semanas entre eles. As imagens foram
analisadas aleatoriamente para permitir uma avaliagdo cega e os avaliadores nao
tinham acesso as suas primeiras medidas quando realizaram a analise pela
segunda vez.

Oito medidas lineares, seis de area e uma volumétrica foram realizadas para
cada imagem. Inicialmente, cada avaliador mediu o comprimento anteroposterior
das vias aéreas no corte do plano sagital mediano em quatro regides: plano
palatal, palato mole, lingua e valécula. Na regido do palato mole e da lingua, o
menor comprimento era determinado por inspecéao visual e medido. Neste mesmo

corte sagital, o plano coronal era deslocado para a regido das vias aéreas até que
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ficasse 1 mm posterior ao ponto mais posterior do palato mole, lingua ou parede
anterior da faringe, de tal forma que o corte coronal ficasse contido nas vias
aéreas em todos os niveis das medidas transversais. A largura transversal foi
medida no corte coronal nas mesmas alturas das medidas de comprimento.
Posteriormente, o plano axial foi movido para cada nivel das medidas
previamente realizadas no corte sagital e a area das vias aéreas era calculada
pelo software apds a demarcagéo de seus limites no corte axial (Figura 3, pagina
16). Finalmente, a ferramenta airway/sinus do software era acessada. Os limites
das vias aéreas eram definidos nessa ferramenta da seguinte forma: limite
superior — plano palatal estendido até atingir a parede posterior da faringe; limite
inferior — plano paralelo ao plano palatal passando pela valécula; limite posterior —
parede posterior da faringe; limite anterior — palato mole, lingua e parede anterior
da faringe. As vias aéreas foram escaneadas tridimensionalmente para assegurar
que todos os aspectos fossem incluidos. O software calculava a area sagital, a
area axial minima e o volume das vias aéreas dentro dos limites estabelecidos
(Figura 4, pagina 17).

A confiabilidade intra-avaliador foi calculada por meio do ICC para as
medidas obtidas por cada avaliador nos dois periodos. O ICC também foi usado
para determinar a concordancia interavaliador pela comparacao das medidas do
segundo tempo de todos os avaliadores incluidos. Os erros de mensuragao
(média das diferengas) intra e interavaliador foram determinados para todas as
variaveis examinadas, e a significancia estatistica das diferengas entre medidas
foi calculada por meio do teste t (intra-avaliador) e ANOVA (interavaliador). O

nivel de significancia foi determinado como sendo 0,05.



Figura 3. A e B, Medidas lineares ao nivel do plano palatal, palato mole, lingua e
valécula: A, Comprimento anteroposterior (plano sagital mediano), e, B, Largura
transversal (corte coronal); C, D, E, e F, Medidas de area em corte axial transversal em
diferentes niveis: C, Plano palatal, D, Palato mole, E, Lingua, e F, Valécula
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Figura 4. A, Limites determinados para avaliagdo volumétrica das vias aéreas; B, Célculo
da area sagital e da area minima axial (linha branca); C e D, Morfologia e calculo do
volume das vias aéreas: C, Vista lateral direita, e D, Vista frontal
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Effects of orthognathic surgery
on oropharyngeal airway:

a meta-analysis

C. T. Mattos, G. N. L. Vilani, E. F. Sant’Anna, A. C. O. Ruellas, L. C. Maia: Effects of

orthognathic surgery on oropharyngeal airway: a meta-analysis. Int. J. Oral
Maxillofac. Surg. 2011; 40: 1347-1356. © 2011 International Association of Oral
and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

Abstract. Oropharyngeal changes caused by orthognathic surgery have been a

concern because the sleep quality of patients may be enhanced or worsened by these
changes. The purpose of this meta-analysis was to identify, review and compare
scientific literature about changes in airway in adult patients undergoing
orthognathic surgery to correct anteroposterior osseous discrepancies. An electronic
search of four databases was carried out up to July 2010, with supplemental hand
searching of the references of the retrieved articles. Quality assessment of the
included articles was carried out. Data were extracted and a meta-analysis was
performed. Heterogeneity was assessed amongst the studies and results were
presented in forest plots. 49 studies met the inclusion criteria. Only studies with
moderate or high methodological soundness were included in the review. Moderate
evidence was found to support a significant decrease in the oropharyngeal airway in
mandibular setback surgery, a milder decrease in bimaxillary surgery to correct
Class III and an increase in maxillomandibular advancement surgery. Evidence is

lacking on airway volume changes after orthognathic surgery.
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An important aspect of orthognathic sur-
gery is the effect that skeletal movements
and changes in the position of the hyoid
bone and tongue may have on the orophar-
yngeal airway.

Many authors have reported a decrease
in airway dimensions after mandibular
setback surgery?®**2°. Others claim that
bimaxillary surgery to correct a Class III
skeletal deformity (maxillary advance-
ment and mandibular setback) might have
less effect on reduction of the pharyngeal
airway than mandibular setback surgery
alone®™®. Some studies assert that the
alterations produced by mandibular

0901-5027/1201347+010 $36.00/0

advancement (either a surgical one or
one obtained using a device) may result
in widening of the oropharyngeal air-
way'"'>. Maxillomandibular advancement
surgery may also be followed by airway
enhancement'*'®* Some authors have
found no changes in the airway after
orthognathic surgery to correct an antero-
posterior skeletal discrepancy™'’.

The main concern involving the phar-
yngeal dimensional changes caused by
orthognathic surgery is the sleep quality
of the patients. Obstructive sleep apnoea
(OSA) has been the subject of numerous
studies. It may be cured following a max-

illomandibular advancement>*, may be
attenuated by a mandibular advance-
ment®’ and may be worsened or developed
after mandibular setback surgery’".

The aim of this article was to report the
results from a meta-analysis of the scien-
tific literature concerned with changes in
the airway in human clinical trials in adult
subjects submitted to orthognathic surgery
to correct sagittal skeletal deformities.

Material and methods

A specific protocol and research question
were developed. The primary objective of

© 2011 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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this meta-analysis was to evaluate the
effect of orthognathic surgery to correct
anteroposterior skeletal problems on the
oropharyngeal airway. The secondary
objective was to compare the effects of
different types of orthognathic surgery.

The following criteria were formulated
to select articles for inclusion in this
review: human clinical trials with a pro-
spective or retrospective design; adults;
patients submitted to maxillary or man-
dibular advancement or setback surgery
isolated or combined in any way; mea-
surement of oropharyngeal airway in
cephalometric  radiographs, magnetic
resonance imaging or computed tomogra-
phy (CT) before and after surgery; articles
in English. The exclusion criteria were:
case reports, review articles, editorials, or
opinions; syndromic, medically compro-
mised or cleft patients; patients submitted
to other surgeries not involving the ante-
roposterior aspect of the maxilla or mand-
ible. Authors of potentially eligible
articles written in any language other than
English were contacted for a version of the
article in English or for the required infor-
mation.

The electronic databases Virtual Health
Library (VHL), Scirus, Ovid and the Sys-
tem for Information on Grey Literature in
Europe (SIGLE) were searched. The VHL
database includes LILACS, IBECS,
MEDLINE, The Cochrane Library, and
Scielo databases in its search. Detailed
search strategies were developed for each
database. Limits were applied only in the
search on the Scirus database to restrict the
search and reduce the number of articles
found. Search strategies, keywords and
limits are specified in Table 1. The
searches were performed until July
2010. To locate additional studies, refer-
ence lists of all included studies were hand
searched. Experts were also contacted to
identify unpublished and ongoing studies.

Table 1. Database searching.

Titles and abstracts of potential articles
for inclusion were examined by two
reviewers (C.T.M. and G.N.L.V.). Articles
were included based on consensus agree-
ment on the above criteria. Full articles
were retrieved and examined when their
title and abstract did not provide enough
information for a definite decision.

The same reviewers extracted data inde-
pendently, using specially designed data-
extraction forms, which were piloted on
several articles and modified as required.
Authors were contacted for clarification of
missing information when necessary. In
cases of more than one publication on the
same patient group for the same follow-
up, only the study nearest to the objectives
of this review or with the largest sample
was included. Studies rejected at this or
subsequent stages were recorded, with
reasons for exclusion listed. When the
two reviewers disagreed, a third investi-
gator was called in (L.C.M.), and consen-
sus was reached.

Independent quality assessment of the
included studies was performed according
to a scale compiled by the authors and
described in Table 2. Most of the criteria
were based on the CONSORT statement
when applicable to this review. Any dis-
agreement was discussed and a third
reviewer consulted when necessary. Stu-
dies considered as being of low research
quality or methodological soundness were
excluded from the review and meta-ana-
lysis.

The principal outcome measured was
the dimension of oropharyngeal airway in
linear, area or volume measurements and
the principal summary measure was the
difference in means.

Meta-analysis

A meta-analysis was performed to com-
bine comparable results in each category
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by using Review Manager (version 5.0,
Copenhagen: Nordic Cochrane Centre,
Cochrane Collaboration, 2008). The
included studies, grouped by the type of
surgery, were compared in relation to
different measurements of oropharyngeal
airway. Heterogeneity was assessed
amongst the included studies. Results with
less heterogeneity (I < 75%) were pre-
sented with a fixed-effects model. Results
were assessed with an inverse variance
statistical method. Weighted mean differ-
ences were used to construct forest plots of
continuous data. Publication bias was
examined through the use of funnel plots.

Results

The electronic search identified 525 titles
and abstracts. From these, 59 full articles
were retrieved for review. Three articles
were excluded for using the same sample
as in other articles included. Ultimately,
49 articles met the inclusion criteria,
including six articles added from hand
searching®*7'%473% and four articles pub-
lished during this review?6-30:44.48 (Fig. 1).
The 49 articles were all clinical studies
(22 prospective’!213:19.23.25-27.29-31.33.34,
394145475456 97 retrospective! &8 1011
14-18,20.28.35,37.38.4048-51.53,55.58)  Of the
49 articles, 27 were categorized as having
low research quality or methodological
soundness and were excluded from the
review? 7+12-15.17-20,23,27,30,31,33,34,37,41,43,
45,4748,51,53555658  The aseessiments for
the methodological quality items are
shown in Table 3. Characteristics of the
included studies are shown in Table 4.
The studies were further divided into
four categories of airway measurement
that were investigated: anteroposterior,
lateral width, axial section area and
volume. Thirteen studies reported results
that could be pooled for meta-analysis*
6.8.1626.28.29.35.39.404244 " The  suboroups

Database Key-words Results Refining Results
VHL ““‘maxillofacial surgery’’ [Mesh] AND pharynx [Mesh] 1
““mandibular advancement’” [Mesh] AND pharynx [Mesh] 68
“‘orthognathic surgical procedures’ [Mesh] AND pharynx[Mesh] 1
Scirus” orthognathic AND airway 740 humans 68
mandibular surgery AND airway 2705 adult 306
maxillary surgery AND airway 2318 223
Ovid “‘orthognathic surgical procedures’> AND pharynx 1
maxilla AND pharynx 31
““mandibular advancement’> AND pharynx 29
SIGLE orthognathic AND airway 0
mandibular surgery AND airway 1
maxillary surgery AND airway 1

"LIMITS: date — between 1950 and 2011; information types — abstracts, preprints, theses and dissertations; sources — journal sources.
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Table 2. Criteria for assessing quality components in the studies included.

Component Classification Points Definition
1. Eligible criteria for ADEQUATE 1.0 Inclusion/exclusion criteria described
participants described INADEQUATE 0.5 No description of inclusion/exclusion criteria, but selection done at
least by age and type of surgery
NONE 0 No description of criteria for selection
. Presence of a control YES 1.0 Presence of a control group
group NO 0 Absence of a control group
. Blinding assessment YES 1.0 Blinding assessment described in measures or statistics
stated NO 0 No blinding assessment described
. Statistical treatment ADEQUATE 1.0 Statistical treatment fully described and adequate
performed INADEQUATE 0.5 Statistical treatment not fully described or inadequate
NONE 0 No statistical treatment applied
. Reliability of ADEQUATE 1.0 Aleatory measures repeated and statistical test applied
measures tested INADEQUATE 0.5 Measures repeated and inadequate or no statistical tests applied
NONE 0 Measures not repeated
. Reporting drop-outs EXPLAINED 1.0 Drop-outs reported with explanation
NOT EXPLAINED 0.5 Drop-outs reported with no explanation or description of complete
or incomplete data retrieved
NONE 0 No description of drop-outs or data retrieved
. Follow-up period YES 1.0 Follow-up period reported
reported NO 0 No description or unclearness of follow-up period
. Potential bias and trial FULLY 1.0 Description of potential bias and trial limitations acknowledging them
limitations addressed PARTIALLY 0.5 Description of potential bias and trial limitations without
acknowledging them
NONE 0 No description of potential bias or trial limitations

( Eletronic Search ]

[ 70 VHL ][ 597 SCIRUS ][ 61 OVID ][ 2 SIIGLE ]

| |
—[ 205 Duplicated references ]

525 Titles and abstracts read ]

—{ 466 Excluded on basis of abstract ]

59 Full articles retrieved for review

\ »

ﬁ) Excluded on basis of full text

6 Inclusion criteria not met

- 5 no measurement of airway

- 1 not about orthognathic surgery
3 Exclusion criteria met

- 1 with compromised patients

- 2 different study designs (case

report, case series)

3 Same sample as in other articles

k 8 No version in English obtained J
v

{ 39 Included ] [4Newlypub|ished included] [ 6 Included ]

-

[ Hand Search ]

6 On basis of reference lists of retrieved articles ]

/AA

Final 49 included ]’

Fig. 1. Flow diagram of literature search.
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of sur-
135.42,44

’

assessed were defined by the type
gery: mandibular setback® %%
maxillary advancement combined with
mandibular setback®®%2%3%4% and max-
illomandibular advancement'®4°,

Five different anteroposterior airway
measurements were found to be common
amongst the selected studies. These mea-
surements were: posterior nasal spine to
pharyngeal wall; soft palate (or specifi-
cally the uvula) to pharyngeal wall; base
of tongue to pharyngeal wall; vallecula to
pharyngeal wall; and minimal pharyngeal
airway space. Studies were compared
according to the measurements they used.
All 13 studies previously mentioned were
compared in this category. Only one mea-
surement of lateral width changes in air-
way was compared, which was at the level
of the base of tongue. Axial section area
changes were compared at two levels: soft
palate and base of tongue. The comparison
of outcomes was between presurgical and
postsurgical values. One study®’ did not
show mean values and standard deviation,
but presented a table with values for each
patient. In this case, the authors calculated
the descriptive statistics necessary for the
meta-analysis and included the study.

According to Higains et al. 2, adjectives
of low, moderate and high heterogeneity
could be assigned to 7 values of 25%,
50%, and 75%, respectively. The hetero-
geneity amongst the subgroups assessed in
this meta-analysis was not high, varying
from 0% to 69%. Therefore, a fixed-
effects model with an inverse variance
statistical method was applied in the com-
parison of the outcomes. The funnel plots
did not show marked asymmetry, except
for the comparison of anteroposterior
changes measured from the soft palate
to the pharyngeal wall, where three dif-
ferent types of surgery with distinct out-
comes were compared, therefore, the risk
of publication bias can be considered low.

The comparison of anteroposterior
changes after mandibular setback surgery
showed a highly significant decrease in
oropharyngeal airway at the level of soft
palate (mean —2.57 mm) and at the level of
the base of tongue (mean —2.99 mm). The
comparison of studies that investigated
combined surgery of maxillary advance-
ment and mandibular setback showed a
highly significant increase in oropharyn-
geal airway at the level of the posterior
nasal spine (mean 3.81 mm), a significant
decrease at the level of the soft palate (mean
—0.91 mm), a highly significant decrease at
the levels of the base of tongue (mean
—2.83mm) and vallecula (mean
—2.20 mm) and no significant change in
the minimal pharyngeal airway space

25

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
1.1.1 Maxillary advancement + mandibular setback
Cakarne 2003 2013 41 22 2447 38 22 351% 4.65(238,694] -
Chen 2007 2448 3.7 31 2134 391 31 507% 3.14[1.24,5.04) -
Jakobsone 2010 3284 447 10 2876 367 10 142% 4.03(0.50,7.66) P
Subtotal (95% CI) 63 63 100.0% 3.81[2.46,5.16] L 2
Heterogeneity. Ch*=1.03, df= 2 (P=0.60), F=0%
Test for overall effect Z= 5§52 (P < 0.00001)
Total (95% CI) 63 63 100.0% 3.81[2.46,5.16] @
Heterogeneny. Chi*=1.03, df= 2 (P = 0.60), ¥= 0% t

Test for overall effect Z=5.52 (P < 0.00001)
Test for subaroup differences: Not applicable

10 -5 0 § 10
Decrease Increase

Fig. 2. Comparison of anteroposterior changes measured from the posterior nasal spine to the

pharyngeal wall.

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Mandibular setback
Chen 2007 875 217 35 1301 371 35 9.9% -4.26[5.68,-2.84) -
Degerliyurt 2008 901 22 24 1137 284 24 98% -2.36[3.80,-0.92) -
Liukkonen 2002 83 37 22 105 36 22 4.3% -2.20[-4.36,-0.04) =
Muto 2008 107 34 49 123 32 49 11.8% -1.60[-2.91,-0.29 =
Park 2010 1325 349 12 1515 379 12 24% -1.90[-4.82,1.02 e o
Subtotal (95% CI) 142 142 38.2% -2.57 [-3.30,-1.85] ¢
Heterogeneity: Chi* = 7.92, df = 4 (P = 0.09); F= 50%
Testfor overall effect: Z= 6.94 (P < 0.00001)
1.2.2 Maxillary advancement + mandibular setback
Cakarne 2003 1465 31 22 135 34 22 55% 1.15[(0.77,3.07 i i
Chen 2007 1151 368 31 1446 419 31 564% -2.95[-4.89,-1.01) e
Degerliyurt 2008 1093 369 23 1307 494 23 32% -2.14[4.66,0.38) —
Jakobsone 2010 1543 48 10 1626 583 10 0.9% -0.83[-5.54,3.88) —
Marsan 2008 104 34 63 102 27 53 148% 0.20(-0.87,1.37] E
Mehra 2001 853 166 20 1065 266 20 10.7% -2.12[-3.48,-0.75) 5
Subtotal (95% CI) 159 159 40.3% -0.91[-1.62,-0.20] L]
Heterogeneity: Chi* = 16.02, df= 5 (P = 0.007); F=69%
Test for overall effect: Z= 2.53 (P = 0.01)
1.2.3 Maxillomandibular advancement
Gongalves 2006 132 36 58 95 28 58 146%  3.70(2.53,4.87 -
Mehra 2001 124 36 30 88 32 30 68% 3.50[1.78,5.22 ——
Subtotal (95% CI) 88 88 214% 3.64[2.67,4.61] L 2
Heterogeneity: Chi*= 0.04, df=1 (P = 0.85); F=0%
Test for overall effect: Z=7.35 (P < 0.00001)
Total (95% Cl) 389 389 100.0% -0.57 [-1.02,-0.12] #
Heterogeneity: Chi*= 126.31, df= 12 (P < 0.00001); F= 90% _1!0 '5 é 150

Test for overall effect: Z= 2.50 (P = 0.01)

Decrease Increase

Test for subaroup differences: Chi*= 102.33, df= 2 (P < 0.00001), F= 98.0%

Fig. 3. Comparison of anteroposterior changes measured from the soft palate to the pharyngeal

wall.

(mean 0.27 mm). The comparison of stu-
dies on the maxillomandibular advance-
ment surgery showed a highly significant
increase in oropharyngeal airway at the

level of the soft palate (mean 3.64 mm).
These findings are illustrated in Figs 2—6.

Two studies®?’ investigating the lateral
width of the oropharyngeal airway were

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Mandibular setback
Chen 2005 811 26 23 1248 283 23 13.9% -4.37(-5.94,-2.80 b o
Degerliyurt 2008 11.27 267 24 1424 316 24 125% -2.97[-4.63,-1.31) == =
Kawakami 2005 132 31 30 155 41 30 101% -2.30(-4.14,-0.46) ==
Kawamata 2000 138 3.65 30 18 3.16 30 11.5% -4.20[-5.93,-247) b
Liukkonen 2002 83 37 22 105 36 22 74% -2.20(-4.36,-0.04) =
Muto 2008 104 36 49 127 42 49 14.3% -2.30[-3.85,-0.79) il
Park 2010 135 359 12 1415 351 12 43% -0.65(-3.49,2.19] e B
Subtotal (95% CI) 190 190 74.0% -2.99[-3.67,-2.31] ¢
Heterogeneity: Chi*= 9.28, df= 6 (P = 0.16); F= 35%
Test for overall effect: Z= 8.61 (P < 0.00001)
1.3.2 Maxillary advancement + mandibular setback
Degerliyurt 2008 1349 291 23 1583 287 23 12.3% -2.34[-4.01,-0.67] -
Mehra 2001 102 301 20 1347 201 20 13.6% -3.27[-4.86,-1.68] 5
Subtotal (95% CI) 43 43 26.0% -2.83[-3.98,-1.68] L 2
Heterogeneity: Chi*= 0.63, df=1 (P = 0.43), F= 0%
Test for overall effect: Z= 4.82 (P < 0.00001)
Total (95% CI) 233 233 100.0% -2.95[-3.54,-2.36] ¢
Heterogeneity: Chi*= .96, df= 8 (P = 0.27); F= 20% _150 '5 5 130

Test for overall effect: Z= 9.87 (P < 0.00001)

Decrease Increase

Test for subaroun differences: Chi*= 0.06. df=1 (P=0.81). F=0%

Fig. 4. Comparison of anteroposterior changes measured from the base of tongue to the

pharyngeal wall.
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After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Maxillary advancement + mandibular setback
Cakarne 2003 98 39 22 118 42 22 183% -210[4.49,0.29 =
Chen 2007 1458 235 31 172 273 31 654% -2.62(-3.89,-1.35) =
Jakebsone 2010 1816 238 10 1873 334 10 163% -0.63[-3.17,1.91] —
Subtotal (95% CI) 63 63 100.0% -2.20[-3.23,-1.18] L
Heterogeneity: Chi*= 1.89, df= 2 (P = 0.39); F=0%
Test for overall effect: Z= 4.21 (P < 0.0001)
Total (95% ClI) 63 63 100.0% -2.20[-3.23,-1.18) L 2
Heterogeneity: Chi*= 1.89, df= 2 (P = 0.39); F=0% _110 5 5 150

Test for overall effect. Z= 4.21 (P < 0.0001)
Testfor diffe - Not applicak

Decrease Increase

Fig. 5. Comparison of anteroposterior changes measured from the vallecula to the pharyngeal

wall.
After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD Total Mean _ SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
151 Maxillary advancement + mandibular setback
Jakobsone 2010 106 41 53 103 4 63 893% 0.30[1.24,1.84)
Marsan 2009 1331 43 10 1333 574 10 10.7% -0.02[-4.47,4.43)
Subtotal (95% CI) 63 63 100.0% 0.27 [1.19, 1.72]

Heterogeneity: Chi*= 0.02, df=1 (P = 0.89); I*= 0%
Test for overall effect: Z= 0.36 (P=0.72)

Total (95% CI) 63
Heterogeneity: Chi*= 0.02, df=1 (P = 0.89); I*= 0%
Test for overall effect: Z= 0.36 (P = 0.72)

Test for subaroup differences: Not applicable

63 100.0% 0.27 [-1.19,1.72)

40 5 0 5 10
Decrease Increase

Fig. 6. Comparison of anteroposterior changes measured in the minimal pharyngeal airway

space.

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Mandibular setback
Degerliyurt 2008 2377 AN 24 2559 468 24 489% -1.82[-4.48,0.84] —_
Kawamata 2000 2513 5.61 30 2803 462 30 51.1% -2.90[5.50,-0.30] —
Subtotal (95% Cl) 54 54 100.0% -2.37[-4.23,-0.51] R
Heterogeneity. Chi*=0.32, df=1 (P= 0.57); F= 0%
Testfor overall effect: Z= 2.50 (P = 0.01)
Total (95% CI) 54 54 100.0% -2.37[-4.23,-0.51] £
Heterogeneity: Chi*=0.32, df=1 (P = 0.57); F= 0% _190 ‘5 % 150

Testfor overall effect: Z=2.50 (P = 0.01)
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Fig. 7. Comparison of lateral width of oropharyngeal airways measured at the level of the base

of tongue.

identified and their results pooled for ana-
lysis. Figure 7 shows the results of the
comparison of these two studies. There
was a significant decrease in the lateral
width of the oropharyngeal airway after
surgery (mean —2.37 mm). Both studies
comprised patients submitted to mandib-
ular setback.

Three studies comparing the axial
section area of the oropharyngeal airway
before and after orthognathic surgery were
found. Their analyses are shown in Figs 8
and 9. Comparison of studies on mandib-

8,26,44

ular setback surgery showed a significant
decrease in the axial section area of oro-
pharyngeal airway at the level of the base
of tongue (mean —46.23 mm?). Compar-
ison of studies investigating combined
surgery of maxillary advancement and
mandibular setback showed no significant
changes in the axial section area of the
oropharyngeal airways at the levels of the
soft palate (mean —10.73 mm?) and of the
base of tongue (mean —16.88 mm?).
Some of the studies included in the
review could not be used in the meta-

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1.1 Maxillary advancement + mandibular sethack
Degerliyurt 2008 152 78 23 178 91 23 628% -26.00[-74.98,22.98] —
Jakobsone 2010 1777 75 10 162 70 10 37.2% 15.00[-48.59,78.59) —
Subtotal (95% CI) 33 33 100.0% -10.73[-49.53, 28.07]

Heterogeneity: Chi*= 1.00, df=1 (P=0.32); F= 0%
Test for overall effect: Z= 0.54 (P = 0.59)

Total (95% Cl) 33 33
Heterogeneity: Chi*= 1.00, df=1 (P = 0.32); F= 0%

Testfor overall effect: Z= 0.54 (P = 0.59)

Test for subaroup differences: Not applicable

Fig. 8. Comparison of axial section area cha

-
200 -100 0 100 200
Decrease Increase

100.0% -10.73[-49.53, 28.07]

nges measured at the level of the soft palate.
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analysis for different reasons: three had
measurements too different from the other
authors®>%*°; three provided only the dif-
ference of mean values in the times of
follow-up'®'"*; two were not clearly
divided in groups by the type of sur-
gery’®** and one had no results of other
studies to be compared with'. For these
reasons, it was not possible to compare
articles that addressed maxillary or man-
dibular advancement surgery alone.

Only two of the articles measured the
volume of the oropharyngeal airway?®*,
but they could not be compared, since
they approached different kinds of sur-
gery. JAKOBSONE et al.>® observed a sub-
stantial increase in volume in the
oropharyngeal and hypopharyngeal areas
in patients submitted to bimaxillary sur-
gery to correct Class I1I malocclusion, but
they did not find any statistically signifi-
cant changes in the total volume. PARk
et al.** found no significant changes in
the volume of the oropharyngeal airway
in patients submitted to mandibular set-
back surgery.

Discussion

The comparisons used in this systematic
review with meta-analysis were done in
adult subjects and the dimensions of their
postoperative oropharyngeal airway were
compared to the preoperative ones. No
control group was used because there
are no randomized controlled clinical
trials in the literature with patients sub-
mitted to orthognathic surgery, since it
would not be ethical to prevent some
individuals from having surgery when it
is the best treatment for them. Besides, it
seems that the lower pharyngeal depth is
formed early in life>* and not likely to
change significantly in adulthood. KoLLias
& KroGsTAD?, observed a mean decrease
of 2.88 mm in males and 2.70 mm in
females in the sagittal dimension of the
oropharynx and a mean decrease of
4.46 mm in males and 3.20 mm in females
at the minimal pharyngeal airway space in
a longitudinal study in adults with a 20-
year follow-up. This could be critical if an
important decrease in the airway is
observed as a result of orthognathic sur-
gery.

Our study comprised both genders, but
it is debated whether changes in pharyn-
geal airway are different for each gender.
Some studies, based on this premise,
assessed only subjects of the same gen-
der'* 638394249 g, \mman et al. > showed
a reduction in the minimal airway depth
after mandibular setback surgery only in
males. DEGERLIYURT et al.” and Kim et al.*°
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After surgery Before surgery Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD _Total Welght IV, Fixed, 95% CI IV, Fixed, 95% CI
3.2.1 Mandibular setback
Degerliyurt 2008 134 54 24 190 79 24 383% -56.00[-94.28,-17.72] ——
Park 2010 206.31 69.78 12 23295 65.71 12 191% -26.64 [-80.87, 27.59] T—
Subtotal (95% CI) 36 36 57.4% -46.23[-77.51,-14.96] g
Heterogeneity: Chi*= 0.75, df=1 (P = 0.39); F=0%
Test for overall effect Z= 2.90 (P = 0.004)
3.2.2 Maxillary advancement + mandibular sethack
Degerliyurt 2008 191 72 3 209 76 23 30.7% -18.00[-60.78, 24.78) —r
Jakobsone 2010 263 50 10 277 99 10 11.8% -14.00[-82.74, 54.74] g
Subtotal (95% CI) 33 33 42.6% -16.88[-53.21,19.44] G
Heterogeneity: Chi*= 0.01, df=1 (P = 0.92), F=0%
Test for overall effect: Z=0.91 (P = 0.36)
Total (95% CI) 69 69 100.0% -33.74 [-57.44,-10.04] <>

- Chi*= = = :F= , 4 + :
Heterogeneity: Chi*= 2.20, df=3 (P = 0.53); F= 0% 00 100 o0 200

Test for overall effect. Z= 2.79 (P = 0.005)

Test for subaroup differences: Ch* = 1.44, df=1 (P = 0.23). F= 30.6%
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Fig. 9. Comparison of axial section area changes measured at the level of the base of tongue.

did not observe any difference between the
two genders.

The authors identified 22 pertinent stu-
dies with moderate research quality,
which were included in the review. Thir-
teen could be included in the meta-analy-
sis. The quality of most of the evidence in
the meta-analysis is moderate. The
amount of evidence for just the anteropos-
terior aspect was wide. For the other out-
comes of interest, the evidence was sparse,
with no analysis combining data from
more than two studies. No comparison
could be made for volume measurements.

Most studies that assess changes in
oropharyngeal airway obtain their mea-
surements from cephalometric radio-
graphs. Although cephalometric
radiography has been extensively used
as a diagnostic and follow-up technique
in the study of craniofacial morphology
and the surgical management of craniofa-
cial anomalies, one of its limitations is that
it is a two-dimensional method to measure
three-dimensional  structures'>-¢-%11-12:14.
364234 CT could offer a unique potential
for three-dimension reconstruction of the
structures and provide more precise mea-
surements of the changes'?®3%3742
RiLEy & PoweLL*® reported that a signifi-
cant correlation was found between the
pharyngeal airway space measured with
cephalometric  radiography and the
volume of the hypopharyngeal airway
on CT. Although CT has been more
widely used in scientific papers in the last
decade, there are still few studies asses-
sing changes in the volume of oropharyn-
geal airway following orthognathic
surgeries correcting anteroposterior 0ss-
eous discrepancies. These studies are
needed to confirm the results obtained
so far. As suggested by the studies
included in this review, the three-dimen-
sional evaluation of the airway may con-
tradict previous studies. The results of this
meta-analysis applied in two-dimensional
measurements showed a significant

decrease in patients submitted to mandib-
ular setback surgery in every dimension
analysed, whilst Park et al.* found no
significant changes in linear, area or volu-
metric measurements of oropharyngeal
airway in patients submitted to mandibular
setback surgery. The results of this study
in patients submitted to maxillary
advancement combined with mandibular
setback surgery showed a significant
decrease in linear measurements at the
level of soft palate, base of tongue and
vallecula and in the axial section area at
the level of the base of tongue, whereas
JakoBsoNE et al.*® observed a substantial
increase in volume in the oropharyngeal
and hypopharyngeal areas in patients sub-
mitted to bimaxillary surgery to correct
Class III malocclusion, but no statistically
significant changes in the total volume.
The hypothesis pointed out in some stu-
dies®®*° that bimaxillary surgery to cor-
rect Class III skeletal discrepancy might
have less effect on reduction of the phar-
yngeal airway than mandibular setback
surgery alone still has to be proved.

The important increase in the orophar-
yngeal airway at the level of the soft palate
in individuals submitted to maxilloman-
dibular advancement surgery seems to
justify the indication of this type of sur-
gery'®*3 for patients with OSA.

Few studies™*’ assessed changes in the
lateral width of the oropharyngeal airway,
but the results of the meta-analysis are
consistent with anteroposterior findings,
showing a decrease in mandibular setback
surgery. Changes in axial section area of
the oropharyngeal airway were assessed
by three studies®™****. They observed a
significant postoperative decrease in the
cross-sectional area of the pharynx at the
level of the base of tongue in mandibular
setback surgery, but no significant changes
in bimaxillary surgery for correction of
Class III discrepancy.

A difficulty in this study was the dif-
ferent measures adopted by each author to
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assess oropharyngeal airway changes.
This variability made it impossible to
compare all studies on each type of sur-
gery together, which could have made the
evidence in this meta-analysis even stron-
ger. Another difference amongst the stu-
dies was the time of follow up, which
varied from 6 weeks to 12 years; the most
common period of follow-up was 6
months*6-10:11,26.29,40,44.49,50 4 “Ji ol
in most studies may be the lack of control
over the patients’ head and neck position,
which would be necessary to decrease the
variability observed in the airway'®*'.
According to HELLSING®', a change from
natural head posture to 20° extension can
result in increased dimensions of the phar-
yngeal airway. The position of the tongue
is another issue that may interfere with the
outcome. Few studies tried to standardize
this position or told the patient to avoid
swallowing during the radiographic or
tomographic examination®®26-8:4049,
Based on available information, there is
moderate evidence to conclude that man-
dibular setback surgery may lead to a
decrease in the oropharyngeal airway;
maxillary advancement surgery combined
with mandibular setback may be followed
by a milder decrease in oropharyngeal
airway at the levels of the soft palate, base
of tongue and vallecula and an increase at
the level of the posterior nasal spine and
no differences in the axial section areas;
and that maxillomandibular advancement
surgery may lead to an increase in the
airway at the level of the soft palate.
Three-dimensional studies are impor-
tant in the near future to confirm the results
observed using two-dimensional tools,
as evidence is lacking on the volume
changes of the airway after orthognathic

surgery.
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Two different opinions on a published
systematic review

Dear Editor,

We read the published systematic review
by Mattos et al." with interest. The authors
used the methods of systematic review and
meta-analysis to explore the changes in the
airway of adult patients who underwent
orthognathic surgery to correct anteropos-
terior osseous discrepancies. This article
provided much clinical evidence for clin-
icians and we think it will play an important
role in clinical decision making.

The authors also used meta-analysis to
compare the preoperative and postopera-
tive values (derived from one group of
patients in a study). This is a method we
have seldom seen and it provides some
new ideas for us to further practice evi-
dence-based dentistry, but we have some
opinions on the method that we think
might lead to more accurate outcomes.

First, the authors directly input the
mean and SD values of the pre- and post-
operative data into Revman to obtain the
forest plot; and we do not think that such a
method could reflect the actual outcome of
the original studies accurately. As in the
original studies, the pre- and postoperative
data were compared in a paired way (for
example, the original authors might use a
paired Student’s #-test). When we input
these data directly into Revman they will
be treated as group data and the 95% Cls
of these outcomes will be wider than they
actually were (which is why we could use
Revman to analyze randomized controlled
trials (RCTs), as RCTs could not be
paired). The solution to such a problem
is quite simple. The Cochrane Handbook
introduced a way of dealing with paired
outcomes, which is to calculate or assume
the correlation coefficient (Corr), and use
Corr to calculate the SD of the mean

0901-5027/070882 + 02 $36.00/0

difference.” The Corr could be assumed
as 0.5. The stability of the outcomes
should be detected by sensitivity analysis
by assuming Corr as 0.7 and 0.3.

Second, the authors mentioned that a
fixed-effects model would be used if
P> < 75%. The Handbook suggests that a
fixed-effects model should be used when
I < 50%, not 75%; and for I* = 75%, it is
the threshold whether to conduct a meta-
analysis.’

Overall, we think these suggestions
might make the outcomes more accurate,
but we still hope that we could discuss
these with the authors as the method,
which compares the pre- and postopera-
tive data in the meta-analysis, is quite new
and still need some improvement.
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Response to ‘Two different opinions
on a published systematic review’

Dear Editor,

We appreciate the interest of Wu et al.
in our systematic review and we wish to
discuss some aspects raised in their letter.

The method we used in the meta-
analysis, which compared pre- and post-
operative data with the assumption of
preoperative data as a control group,
was rendered necessary by the lack of
selected studies presenting a control
group. In such a case, control must be
perceived as a self controlled situation
before treatment, not as a non-treated
sample.

© 2012 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.



We would like to thank Wu et al. for
their suggested approach to obtaining for-
est plots. We performed the analyses as
proposed and observed that the results
obtained further validate and corroborate
our findings. There was practically no
change when these newly calculated data
were compared to the outcomes presented
in our article and significant and non-sig-
nificant differences in our published
results were confirmed with this approach.
The summary effects calculated assuming
a correlation coefficient (Corr) of 0.5
showed a difference of less than
0.09 mm and 0.41 mm?” and this difference
can be represented as less than 1% in 10
subgroups studied, 1.5% in 1 subgroup
and 4.4% in 1 subgroup when compared
with the published summary effects. The
stability of the outcomes was confirmed by
the sensitivity analysis by assuming Corr
as 0.7 and 0.3, as the most discrepant
summary effects showed a difference of
0.21 mm and 0.95 mm? from the pub-
lished ones. CIs and heterogeneity were
fairly different, but as the summary effects
were basically the same, the results pre-
sented and discussed are valid.

Although the summary effects calcu-
lated did not really differ from the ones
previously presented when the method
suggested was applied to the data sum-
marized in our article, we were interested
in the method and we think it should be
used in future meta-analyses that compare
data in a paired way.

Another point raised was the use of a
fixed-effects model when I* < 75% in our
meta-analysis. Authors tend to diverge
when it comes to the appropriate method
for selecting between fixed- and random-
effects models. We followed the method
used by Chen et al.,' and the use of ran-
dom-effects model when /> > 75% is also
recommended by Ried.” In our published
analyses, from the 12 subgroups studied,
in only two subgroups /> was not lower
than 50% (50% and 69%). The most
recently updated Cochrane Handbook®

says that thresholds for the interpretation
of I can be misleading, since the impor-
tance of inconsistency depends on several
factors. Looking in the Handbook, we
could not find the suggestion that a
fixed-effects model should be used when
P> < 50% or the suggestion that I> = 75%
is the threshold for whether to conduct a
meta-analysis. The Handbook does
recommend® that when review authors
are concerned about the influence of
small-study effects on the results of a
meta-analysis in which there is evidence
of between-study heterogeneity (/> > 0),
they compare the fixed- and random-
effects estimates of the intervention effect.
Borenstein et al.” suggest that the selection
between fixed- and random-effects models
be based on the authors’ expectation about
whether the studies share a common effect
size and on the goals in performing the
analysis — either computing the common
effect size for the identified population or
generalizing to other populations. Recent
literature™ leads us to think that in future
analyses a model must be chosen and
heterogeneity should not be a determinant
point in this choice and that high hetero-
geneity must be further investigated
through subgroup analyses and meta-
regression.

We are pleased for the opportunity to
discuss these points as this discussion may
enhance our knowledge and help other
authors when performing their meta-ana-
lyses.
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ARTIGO 3

Reliability of upper airway linear, areal and volumetric measurements in

cone beam computed tomography

ABSTRACT

Objective: To assess intra- and interexaminer reliability of upper airway linear,
areal and volumetric measurements in cone beam computed tomography (CBCT).
Study design: CBCT scans of 12 subjects were randomly selected from a pool of
132 orthodontic patients. An undergraduate student, an orthodontist and a dental
radiologist independently performed linear, areal and volumetric measurements in
two times. The intraclass correlation coefficient (ICC) was used to assess intra-
and interexaminer reliability and measurement errors were assessed through the
mean difference by using the t test and ANOVA.

Results: Overall, ICC indicated a good reliability for the measurements assessed.
The ICC was > 0.9 (excellent) for 86% of intraexaminer and 66% of interexaminer
assessments. No poor reliability (ICC < 0.5) was found. Transversal width
measurements presented the less expressive results (moderate reliability). No
significant differences were observed for any of the measurements performed.
Conclusion: Accurate two-dimensional and three-dimensional upper airway

analysis may be accomplished if a training and calibration protocol is instituted.
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INTRODUCTION

An increasing interest in cone beam computed tomography (CBCT) and in
the benefits it may bring to diagnosis and treatment plan in the oral and
maxillofacial specialties can be detected in the literature in the last decade.’”
Particularly, CBCT airway assessment has been studied by many authors,®'* as
this three-dimensional tool has many advantages over the way we used to analyze
the airway in the past, that is, mainly through two-dimensional cephalometric
radiographs.

Two recent systematic reviews'>'®

on airway analysis using CBCTs, one
focusing on clinical indications, technical parameters and accuracy and reliability
of upper airway analysis'® and the other on upper airway segmentation,’® show
that some aspects are not yet completely elucidated due to the limited number of
adequate studies. Some of the aspects regarding upper airway analysis that lack
evidence and still need to be addressed are: the validity and reliability of CBCT-
generated three-dimensional models;'® the influence of the respiratory phase,
tongue position and mandibular morphology on the CBCTs obtained; longitudinal
and cross-sectional analysis; and determination of anatomical limits."

Accuracy and reliability of airway measurements in CBCTs has been tested.
Lenza et al."” compared linear, areal and volumetric measurements performed by
two observers and found no significant differences. However, they did not use the

intraclass correlation coefficient (ICC), which is the most appropriate statistical tool

to measure validity,® since their focus was not the reliability.
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The best approach in airway assessment is a thorough analysis including
linear measurements, area and volume, as volume information alone may not
necessarily represent neither identify where relevant constrictions may lie."”

Nevertheless, airway measurements are not so easy to perform and they
demand a great deal of attention and concentration. The question of whether or
not the background influences on the examiner’s performance in these particular
measurements when the examiner has been properly calibrated remains
unanswered.

The purpose of this study was to assess intra- and interexaminer reliability of
upper airway linear, areal and volumetric measurements in CBCTs among

observers with different backgrounds.

MATERIAL AND METHODS

CBCT images of 12 patients were randomly selected from an available pool
of 132 images from patients enrolled in the Orthodontics clinics of the Post-
graduation Course in Dentistry of the Universidade Federal do Rio de Janeiro. The
exclusion criteria were: presence of a cleft or systemic condition. The research
was approved by the Research Ethics Committee of the Institute of Collective
Health Studies of the Universidade Federal do Rio de Janeiro and informed
consent was signed by all subjects.

The CBCT scans were obtained by a single operator using the same |-CAT
tomograph (Imaging Sciences International, Hatfield, Pennsylvania, USA).
Subjects were positioned with the Frankfurt plane parallel to the floor and were
instructed to maintain maximum intercuspation and the tongue touching the palate

and to avoid swallowing during the scanning period. The imaging protocol used
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was 120 kV, 5 mA, 13 x 17 cm field of view, 0.25-mm voxel and a scanning time of
20 seconds. Images were saved in DICOM files and these files were imported into
Dolphin Imaging software (version 11.5, Dolphin Imaging and Management
Systems, Chatsworth, California, USA) in order to obtain primary reconstructed
images (sagittal, coronal and axial) and the three-dimensional reconstructions.

Head orientation was performed for each CBCT used in the study by the
same experienced operator. The palatal plane was oriented horizontally defined by
the anterior nasal spine (ANS) and the posterior nasal spine (PNS). The
transporionic plane was oriented vertically defined bilaterally by porion landmarks
and perpendicular to the palatal plane. The midsagittal plane was oriented
vertically defined by nasion (N) and perpendicular to the previously defined planes.

An undergraduate dental student in the fourth year, an orthodontist and a
dental radiologist were oriented, trained and calibrated to serve as examiners for
airway analysis using images not included in this study. Each examiner was
considered calibrated when an ICC test between two time measurements and
between his/her measurements and the ones from their trainer was above 0.9 for
all variables. After calibration, each observer independently performed linear, areal
and volumetric measurements twice in the CBCTs selected for this study and
there was a two-week interval between these two periods. The images were
randomly analyzed to allow a blinded assessment and the examiners did not have
access to their previous measurements when they performed the analysis for the
second time.

Eight linear, six areal and one volumetric measurement were performed for
each image. Initially, each observer measured the airway anteroposterior length in

the midsagittal plane slice in four levels: palatal plane, soft palate, tongue and
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vallecula. In the soft palate and in the tongue levels the smaller anteroposterior
length was determined by visual inspection and measured. In this same slice view,
the coronal plane was moved to the airway region until it reached a position 1 mm
posterior to the most posterior point in the soft palate, tongue or anterior
pharyngeal wall so that the coronal slice would fall into the airway region in every
level that it would have to be measured. The airway transversal width was then
measured in the coronal slice at the same levels of the measurements made in the
sagittal slice. The axial plane was then moved to each of the levels of the previous
measurements in the sagittal slice and the airway area was then calculated by the
software after its limits were determined (Figure 1). Finally, the airway/sinus tool
from the software was accessed. Airway limits were defined in this tool according
to the following: upper limit — palatal plane extended until it reached the posterior
pharyngeal wall; lower limit — a plane parallel to the palatal plane passing through
the vallecula; posterior limit — posterior pharyngeal wall; anterior limit — soft palate,
tongue and anterior pharyngeal wall. The airway was scanned three-dimensionally
to assure that every aspect was included. The software calculated the sagittal
area, the minimum axial area and the volume of the airway within the established
limits (Figure 2).

Intraexaminer reliability was calculated by using intraclass correlation
coefficient (ICC) for the measurements obtained by each examiner in the two
times. ICC was also used to assess interexaminer concordance by comparing
second time measurements of the included examiners. Reliability was ranked
according to the ICC value and was considered excellent when above 0.9, good
when between 0.75 and 0.9, moderate when between 0.5 and 0.75 and poor when

below 0.5. Intraexaminer and interexaminer measurement errors (average of the
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mean differences) were determined for all variables assessed and the statistical
significance of differences between measurements were calculated using the
paired t test (intraexaminer) and ANOVA (interexaminer). The level of significance

was set at .05.

RESULTS

Intraexaminer and interexaminer reliability estimated by ICC for each
measurement is displayed in Table |. These results indicate a good reliability for
both intraexaminer and interexaminer assessments. The ICC was above 0.9 for 37
(82.2%) of 45 intraexaminer assessments and none presented poor reliability (ICC
< 0.5). The ICC was above 0.9 for 10 (66.7%) of 15 interexaminer assessments
and none presented poor reliability in this matter either. The less reliable
measurements in this research, which presented moderate reliability (0.6 <ICC <
0.75), were the transversal width at the level of the tongue (intraexaminer for one
examiner and interexaminer) and at the level of the vallecula (interexaminer), the
cross sectional area at the level of the vallecula (interexaminer), and the minimum
sagittal area (intraexaminer for one examiner).

Table Il shows measurement errors (average of the mean differences) put
into perspective, considering their relation to measurement mean values. The
paired t test results indicated no statistically significant differences between
measurements in the two time periods considering the same examiner. The
analysis of variance (ANOVA) did not show statistically significant differences
between second time measurements from different examiners either. The greatest
mean differences (greater than 10% of the mean measurement value) in linear

measurements were the transversal width at the level of the soft palate
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(interexaminer), at the level of the tongue (intra and interexaminer) and at the level
of the vallecula (interexaminer). The greatest mean differences in areal
measurements were the cross sectional area at the level of the vallecula
(interexaminer) and the minimum axial area (interexaminer). The volumetric mean
differences were below 10% of the mean measurement value.

The frequency of mean differences in the linear, areal and volumetric

measurements assessed is illustrated in Table Ill.

DISCUSSION

The findings in this study indicate reasonable intra- and interexaminer
reliability in upper airway linear, areal and volumetric measurements.

Airway volume is highly variable and may be influenced by breathing stage

and head posture.® Tso et al.’®

adds that both inspiration and expiration may
contribute to changes in airway volume. One of the limitations in this study was
that the respiratory phase could not be controlled in this research, as the scanning
time for the CBCT was 20 s. However, as the objective of the study was not to
compare airway dimensions of different patients neither the dimensions of the
same patient in different times, such limitation had probably no effect on the
results. Head posture and tongue position were standardized.

The results for this study show good intra- (ICC > 0.88) and excellent
interexaminer (ICC > 0.91) reliability in anteroposterior length at all levels.
Measurement errors in this aspect were also very low, as all mean differences
were below 0.53 mm. These are probably the less challenging measurements in

the research, since they are similar to measurements performed in cephalometric

analyses.'®?' Even though the length at the levels of the soft palate and tongue
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needed a keener judgment so that the most constricted region was really
measured, the reliability presented was good.

Transversal width, on the contrary, showed moderate intra- (ICC > 0.63) and
interexaminer (ICC > 0.66) reliability, especially at the level of the tongue and
vallecula, and the greatest measurement errors proportionally (mean difference as
high as 4.57 mm). This result may be due to the difficulty in selecting a specific
coronal slice within the upper airway region to measure transversal width, as there

.22 performed

are few anatomical references that may be used in this sense. El et a
transversal measurements in the coronal plane similarly to the ones in this study,
but they did not specify which parameters they used to select this slice. A good
alternative to obtain the airway transversal width at different levels may be to
measure it directly in the cross sectional axial slices, like other authors'"?*?* did.
Nonetheless, the reliability of these measurements would then have to be tested.
Cross sectional areas presented an excellent intra- and interexaminer (ICC >
0.93) reliability, except at the level of the vallecula, where intraexaminer reliability
was good (ICC > 0.86), but interexaminer coefficient was only moderate (ICC =
0.672). Measurement errors were also proportionally greater at the vallecula level
(mean difference of 44.48 mm?). Cross sectional areas, including the minimum
axial area, are a very important parameter in airway assessment as they have a
direct implication in the airflow for being perpendicular to it."' Sagittal area showed
all ICCs above 0.96, which indicates that the limits determined for volume
assessment were similar among examiners and for each examiner. The minimum

axial area presented a reasonably good reliability (above 0.74 and above 0.82

intra- and interexaminer coefficients, respectively).
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Volume measurement showed the greatest coefficients (above 0.97),
indicating an excellent intra- and interexaminer reliability.

Ghoneima and Kula'™ have reported a good accuracy and reliability for
airway volume analysis when comparing CBCT measurements and manual
measurements of an airway model. El and Palomo® showed a high reliability and
poor accuracy in airway volume calculations when 3 commercially available
DICOM viewers were compared.

Oliveira et al." and Cevidanes et al.? have introduced the protocol used in this
study, which included the use of an undergraduate dental student, an orthodontist
and a dental radiologist to assess intra- and interexaminer reliability with ICC in
CBCTs measurements. Good reliability among three observers with different
backgrounds may be attributed to careful observer calibration.”? These authors
reported an ICC above 0.9 for 86%', 90%° and 72%? of intraexaminer
assessments and 66%' and 74%? of interexaminer assessments. However,
although they reported good reliability and percentage similar to the present study,
their results cannot be compared to the findings presented because they did not
analyze the upper airway. These authors focused on three-dimensional landmark
identification’ and head orientation in CBCT-generated cephalograms.?

Divergences in diagnostic measurements may affect treatment planning and
follow-up and, thus, be clinically significant. The differences observed in this
research do not seem to compromise an accurate airway measurement. The
comparison of the same subject’s airway measurements in two or more specific
time periods or the comparison of different subjects’ airway measurements should
be reliable when they are assessed by the same calibrated examiner.

Nonetheless, the comparison of airway measurements made by different
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examiners may be less reliable, especially if these examiners were not calibrated
in the same way.
Future research should aim to investigate intra- and interexaminer reliability

for airway transversal width measured in cross-sectional axial slices.

CONCLUSION

Overall, the intra- and interexaminer reliability was very consistent. No
statistically significant differences were observed for any of the measurements
performed.

Accurate two-dimensional and three-dimensional upper airway analysis may
be accomplished if a training and calibration protocol is instituted.

Transversal width measurements presented the less expressive results

(moderate reliability).
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Fig. 1. A and B, Linear measurements at the levels of the palatal plane, soft palate,
tongue and vallecula: A, Anteroposterior length (midsagittal plane), and, B, Transversal
width (coronal plane); C, D, E, and F, Cross sectional axial slice areas at the level of: C,

Palatal plane, D, Soft palate, E, Tongue, and F, Vallecula
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Fig. 2. A, Limits determined to assess airway volume; B, Calculation of sagittal area and
minimum axial area (white line); C and D, Morphology and calculation of airway volume:
C, Right lateral view, and D, Frontal view




Table I. Intraexaminer and interexaminer reliability estimated by intraclass correlation coefficient (ICC) for each measurement

Intraexaminer ICC

Interexaminer ICC
Undergraduate Orthodontist Radiologist

student

Anteroposterior length at the level of:

Palatal plane 0.981 0.979 0.955 0.983

Soft palate 0.908 0.881 0.987 0.919

Tongue 0.991 0.975 0.996 0.986

Vallecula 0.999 0.995 0.989 0.996
Width at the level of:

Palatal plane 0.994 0.824 0.996 0.969

Soft palate 0.955 0.943 0.976 0.866

Tongue 0.852 0.637 0.765 0.703

Vallecula 0.987 0.855 0.975 0.664
Cross sectional area (axial slice) at the level of:

Palatal plane 0.993 0.993 0.993 0.988

Soft palate 0.975 0.947 0.996 0.956

Tongue 0.935 0.952 0.987 0.939

Vallecula 0.993 0.868 0.989 0.672
Sagittal area 0.971 0.996 0.963 0.962
Miminum axial area 0.997 0.744 0.995 0.823
Volume 0.990 0.977 0.985 0.983

8y



Table Il. Sample descriptive statistics and intraexaminer and interexaminer measurement error assessed by the mean difference for each measurement

Measurements Intraexaminer Interexaminer
Mean SD Minimum Maximum diflrtleer::ce SD Minimum Maximum difl;/(le(:::ce SD Minimum Maximum

Anteroposterior length at the level of:

Palatal plane (mm) 20.70 2.91 17.06 26.61 0.48 0.45 0.00 1.88 0.49 0.39 0.03 1.39

Soft palate (mm) 10.35 1.88 8.38 13.76 0.36 0.55 0.00 2.42 0.43 0.57 0.00 2.75

Tongue (mm) 11.24 3.53 8.31 20.71 0.37 0.40 0.00 2.22 0.35 0.44 0.00 2.08

Vallecula (mm) 15.91 4.06 10.08 24.12 0.32 0.29 0.00 1.21 0.52 0.30 0.00 1.12
Width at the level of:

Palatal plane (mm) 26.83 7.49 15.23 37.40 0.91 2.31 0.00 13.84 1.26 1.36 0.06 4.86

Soft palate (mm) 21.90 8.08 10.03 35.38 1.44 2.25 0.00 9.43 3.24 3.59 0.11 12.07

Tongue (mm) 26.21 6.94 16.62 37.68 3.24 4.36 0.00 15.98 4.11 4.05 0.01 15.43

Vallecula (mm) 20.43 7.49 9.81 35.56 1.49 2.27 0.11 10.96 4.57 5.81 0.11 25.92
Cross sectional area (axial slice) at the level of:

Palatal plane (mm?®)  485.67 154.65  263.35 825.44 14.99 11.58 0.05 38.78 20.87 15.06 0.18 53.27

Soft palate (mm®) 224.45 83.85 107.62 405.44 12.42 17.42 0.18 88.38 20.27 19.91 1.23 78.33

Tongue (mm?) 253.48 75.40 136.90 423.20 15.06 16.56 0.75 72.27 20.65 19.61 0.07 101.81

Vallecula (mm?) 232.62 79.24 126.17 359.46 12.07 21.47 0.65 128.67 44.48 56.15 0.03 254.26
Sagittal area (mm?) 701.01 147.80  498.50 886.40 22.21 21.43 0.30 99.00 38.36 33.90 2.80 142.00
Miminum axial area (mm?) 198.41 61.52 103.10 291.20 12.63 21.62 0.00 69.20 30.98 41.81 0.00 131.30
Volume (mm?) 17184.49 6238.42 7667.40 25512.40 563.08 586.08 11.30 2527.80 1115.39 967.94  97.50 3492.20

6%



Table Ill. Frequency of the mean difference in the measurements assessed

Intraexaminer Interexaminer

Linear measurements (mm)

<05 4 3

0.5<x<1 1 1

l<x<2 2 1

22 1 3
Areal measurements (mm?)

<20 5 0

20<x<50 1 6
Volume (mm?)

500 < x <1000 1

1000 < x < 1500 0 1

15 15
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5 DISCUSSAO

A meta-analise é o maior nivel de evidéncia na pesquisa e tem o mérito de
sintetizar os dados de diversos estudos através de analise estatistica. Com isso,
podem-se obter conclusdes mais concretas do que na revisdo narrativa, ja que a
analise fornece dados ndo apenas do efeito obtido, mas também de sua
consisténcia nos estudos avaliados, assim como a significancia do mesmo
(BORENSTEIN et al, 2009).

Os artigos incluidos na meta-analise feita nessa pesquisa apresentaram, em
sua maioria, medidas lineares. As medidas lineares anteroposteriores foram as
mais frequentes e indicaram o0s seguintes resultados estatisticamente
significativos: a cirurgia de recuo mandibular pode levar a uma diminuicdo nas
dimensdes das vias aéreas orofaringeas (efeito médio de -2,57 mm na regiao do
palato mole e de -2,99 na regido da base da lingua); a cirurgia de avango maxilar
combinada com recuo mandibular pode levar a uma menor diminuicdo nas vias
aéreas nas regides do palato mole (efeito médio de -0,91 mm), base da lingua
(efeito médio de -2,83 mm) e valécula (efeito médio de -2,20 mm) e a um aumento
na altura da espinha nasal posterior (efeito médio de 3,81 mm); e a cirurgia de
avang¢o maxilomandibular pode levar a um aumento das vias aéreas na regidao do
palato mole (efeito médio de 3,64 mm). Medidas lineares transversais foram

menos frequentes e indicaram diminuigdo significativa (efeito médio de -2,37 mm)
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da largura das vias aéreas em pacientes submetidos a cirurgia de recuo
mandibular. Essas medidas transversais foram feitas em imagens de tomografia
computadorizada em apenas dois estudos.

Esses resultados precisam, porém, ser interpretados com cautela, ja que se
tratam apenas de medidas lineares, advindas, na sua maioria, de estudos que
utilizaram radiografias cefalométricas. As radiografias cefalométricas tém sido
amplamente utilizadas como meio de diagndstico e acompanhamento da
morfologia craniofacial, dos disturbios de desenvolvimento e das vias aéreas
(TURNBULL e BATAGGEL, 2000; HWANG et al, 2010), e tém ainda um papel
importante e seu espacgo garantido. Porém, no que diz respeito as vias aéreas,
esse € um recurso limitado por ser uma ferramenta bidimensional usada para
avaliar uma estrutura tridimensional e que abrange apenas o aspecto
anteroposterior, que na maioria das vezes nao é o mais critico (FAROLE,
MUNDENAR e BRAITMAN, 1990; ENACAR et al, 1994; LOWE et al, 1995;
ACHILLEOS, KROGSTAD e LYBERG, 2000; TURNBULL e BATTAGEL, 2000;
CHEN et al, 2005,.EGGENSPERGER et al, 2005, CHEN et al, 2007;
DEGERLIYURT et al, 2008; MUTO et al, 2008).

Talvez o parametro mais importante na analise das vias aéreas quando se
considera possiveis obstrugdes seja a area transversal axial, principalmente a
area axial minima, uma vez que ela tem uma implicagéo direta na passagem de ar
por ser perpendicular a mesma (ABRAMSON et al, 2010). A analise da area
transversal axial em estudos incluidos na meta-analise mostrou diminuigcao
significativa na regido da base da lingua em pacientes submetidos a cirurgia de

recuo mandibular (efeito médio de -46,23 mm?) e ndo mostrou alteracdes
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significativas em pacientes submetidos a cirurgia combinada de avang¢o maxilar e
recuo mandibular.

Apenas dois estudos incluidos na meta-analise mediram o volume das vias
aéreas. Jakobsone et al (2010) observaram um aumento no volume das regides
da orofaringe e hipofaringe, sem alteragdo no volume total de pacientes
submetidos a cirurgia combinada para corre¢cao da maloclusao de Classe lll. Park
et al (2010) ndo encontraram mudangas significativas no volume das vias aéreas
orofaringeas em pacientes submetidos a cirurgia de recuo mandibular. Entretanto
esses estudos ndo puderam ser comparados, pois tratavam de tipos diferentes de
cirurgia.

Nao houve estudos suficientes para se analisar os efeitos da cirurgia de
avango maxilar ou de avango mandibular isoladas.

A comparacéao utilizada na meta-analise incluida no presente estudo, feita
entre valores pré e poés-cirurgicos derivados de um mesmo grupo de pacientes, &
um método inovador e raramente visto, que fornece novas idéias para enriquecer
a Odontologia baseada em evidéncias (WU et al, 2012). Pela escassez desse tipo
de comparacao na literatura, a meta-analise foi feita de forma convencional, com
a utilizacdo da media e desvio padrao dos valores pré e pds-cirurgicos. A carta ao
editor escrita por Wu et al (2012), entretanto, nos impulsionou a testar um método
que seria mais especifico para a comparacdo de forma pareada. Os resultados
dessa segunda andlise (Anexo 3, pagina 70) validaram e corroboraram os
resultados obtidos anteriormente, pois praticamente ndao houve diferenga nos
efeitos médios calculados. Essa abordagem especifica deve ser utilizada em

futuras meta-analises que comparem os dados de forma pareada.
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A heterogeneidade dos estudos incluidos na meta-analise foi testada através
do indice P e foi baixa para a maioria das comparacdes. Esse indice é
apresentado em forma de percentual e quanto mais baixo é o seu valor, menor a
heterogeneidade entre os estudos avaliados. Dos 12 subgrupos avaliados nas
diferentes comparagodes, em 9 o indice foi 0%, em 1 foi 35%, em 1 foi 50% e em 1
foi 69%. Os maiores valores de heterogeneidade (69% e 50%) foram encontrados
na comparagao da medida do comprimento anteroposterior das vias aéreas na
altura do palato mole para os subgrupos de cirurgia combinada para corregcéo da
Classe Ill e de recuo mandibular, respectivamente, e provavelmente foram
devidos a pequenas diferengas na forma de realizar essa medida por cada autor.

Uma questdo controversa na realizagdo de meta-analises € a escolha do
modelo estatistico apropriado: o modelo de efeito fixo ou aleatério. Alguns autores
(RIED et al, 2006; CHEN et al, 2010) usam o modelo de efeito aleatorio apenas
quando # é maior que 75%. A Ultima versdo do Cochrane Handbook (STERNE,
EGGER e MOHER, 2011) recomenda que quando autores de revisao estiverem
preocupados em relacdo a influéncia do efeito de estudos pequenos nos
resultados da meta-analise em que ha evidéncia de heterogeneidade entre os
estudos (P > 0%), eles comparem os modelos de efeito fixo e aleatério e sua
influéncia no efeito médio. Ja Borenstein et al (2009) sugerem que a selegao entre
os modelos de efeito seja baseada nas expectativas dos autores sobre se os
estudos compartilham um mesmo tamanho de efeito, e nos objetivos da analise —
computar o efeito para a populacéo identificada (modelo fixo) ou generalizar para
outras populagdes (modelo aleatério). Essas ultimas afirmag¢des nos indicam que

em futuras analises o modelo deve ser escolhido sem que a heterogeneidade seja
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um fator determinante nessa escolha e que uma heterogeneidade alta deve ser
investigada através de analises de subgrupos e meta-regresséo.

De uma forma geral, os resultados da meta-analise apontaram para a
necessidade de confirmagcdo das suas conclusbes, que foram obtidas
principalmente a partir de estudos bidimensionais. Até a finalizagcdo dessa meta-
analise poucos estudos abrangendo medidas tridimensionais das vias aéreas em
pacientes submetidos a cirurgia ortognatica de corregao de discrepancias 0sseas
anteroposteriores tinham sido publicados.

A TCFC tem se mostrado uma excelente ferramenta para a realizagao
dessas medidas tridimensionais nas vias aéreas e vem sendo cada vez mais
utilizada na dudltima década. Porém, para que estudos de boa qualidade
metodoldgica possam ser feitos de maneira adequada e sejam comparaveis, a
confiabilidade das medigdes lineares, de area e volumétricas feitas a partir de
imagens de TCFC deve ser confirmada.

A confiabilidade das medidas das vias aéreas foi definida (ALSUFYANI,
FLORES-MIR e MAJOR, 2012) como a concordancia entre medidas de um
mesmo avaliador (intra-avaliador) ou entre diferentes avaliadores (interavaliador),
usando-se um software comercial ou reconstrugdo algoritmica. Os resultados
deste estudo indicaram uma boa confiabilidade intra e interavaliador em medidas
lineares, de area e volumétricas das vias aéreas superiores ao se comparar
avaliadores com diferentes niveis de conhecimento prévio.

As medidas de comprimento anteroposterior mostraram excelente
confiabilidade intra (ICC > 0,88) e interavaliador (ICC > 0,91). Os erros de
mensuragao para essas variaveis também foram muito baixos, sendo todas as

diferencas médias abaixo de 0,53 mm. Essas medidas sdo provavelmente as
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menos desafiadoras, uma vez que se assemelham as medidas normalmente
realizadas em andlises cefalométricas (POON, CHAY e CHIONG, 2008;
KAYGISIZ et al, 2009; SHENG et al, 2009). Dentre essas medidas, as que
exigiam maior atengdo eram as de selegdo da regiao mais constrita das vias
aéreas na altura do palato mole e da lingua, mas que também apresentaram boa
confiabilidade.

A largura transversal, ao contrario, mostrou confiabilidade apenas moderada
intra (ICC > 0,63) e interavaliador (ICC > 0,66), sendo os piores coeficientes na
altura da lingua e valécula. Os maiores erros de mensuragdo, quando
comparados proporcionalmente com os valores médios medidos nos pacientes,
também foram dessas medidas (diferenga média de até 4,57 mm). Esse resultado
pode ser consequéncia da dificuldade de selecionar um corte coronal especifico
na regido das vias aéreas para medir a largura transversal, ja que ha poucas
referéncias anatémicas que poderiam ser usadas. El et al (2011) fizeram medidas
transversais no plano coronal de forma semelhante as que foram feitas nesse
estudo, mas eles nao especificaram os paradmetros utilizados para obter esse
corte. Uma alternativa para se obter a largura transversal das vias aéreas em
diferentes regides poderia ser sua medigao direta nos cortes transversos axiais,
como outros autores fizeram (DEGERLIYURT et al, 2008; ABRAMSON et al,
2010; ABRAMSON et al, 2011). No entanto, a confiabilidade dessas medidas
precisaria ser testada.

As areas axiais apresentaram excelente confiabilidade intra e interavaliador
(ICC > 0,93), exceto na altura da valécula, que apresentou boa confiabilidade
intra-avaliador (ICC > 0,86), mas um coeficiente interavaliador apenas moderado

(ICC = 0,672). Os erros de mensuragdo também foram proporcionalmente
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maiores na regido da valécula (diferenca média de 44,48 mm?). A confiabilidade
da medida da area sagital foi acima de 0,96, o que indica que os limites
determinados para avaliagdo do volume das vias aéreas foram semelhantes entre
avaliadores e para cada avaliador. A area axial minima apresentou boa
confiabilidade (coeficientes intra e interavaliador acima de 0,74 e de 0,82,
respectivamente).

A mensuracgao do volume mostrou os maiores coeficientes (acima de 0,97),
indicando uma confiabilidade intra e interavaliador excelente.

Outros trabalhos procuraram avaliar a confiabilidade das medidas das vias
aéreas, mas segundo Alsufyani, Flores-Mir e Major (2012), os autores nao usaram
o coeficiente de correlagdo intraclasse, que é a ferramenta estatistica mais
apropriada para se medir a confiabilidade por ser uma medida de concordancia ou
consenso, que leva em consideragcdo as diferencas nas avaliagbes juntamente
com a correlagao entre os avaliadores. Ghoneima e Kula (2011) relataram boa
precisao e confiabilidade na analise do volume das vias aéreas ao se comparar
medidas em TCFC e medidas manuais de um modelo das vias aéreas. El e
Palomo (2010) mostraram alta confiabilidade e baixa precisdo nos calculos do
volume das vias aéreas quando 3 softwares de observacdao de imagens DICOM
disponiveis comercialmente foram comparados.

Oliveira et al (2009) e Cevidanes et al (2009) introduziram o protocolo
utilizado nesses estudo, que inclui a utilizagdo de um aluno de graduagéo em
Odontologia, um ortodontista e um radiologista odontolégico para avaliar a
confiabilidade intra e interavaliador com o ICC em medidas em TCFC. Uma boa
confiabilidade entre trés avaliadores com diferentes niveis de conhecimento

prévio pode ser atribuida a uma calibragdo cuidadosa dos avaliadores
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(CEVIDANES et al, 2009; OLIVEIRA et al, 2009). Esses autores relataram um ICC
acima de 0,9 para 86% (OLIVEIRA et al, 2009), 90% e 72% (CEVIDANES et al,
2009) das analises intra-avaliador e para 66% (OLIVEIRA et al, 2009) e 74%
(CEVIDANES et al, 2009) das analises interavaliador. Entretanto, apesar de
demonstrarem boa confiabilidade, seus resultados ndo puderam ser comparados
com os deste estudo porque os autores n&o avaliaram as vias aéreas. Esses
autores focaram na identificagdo tridimensional de pontos de referéncia
(OLIVEIRA et al, 2009) e na orientagdo da cabega em cefalogramas gerados de
TCFCs (CEVIDANES et al, 2009).

As divergéncias em medidas de diagnéstico podem afetar o plano de
tratamento e o acompanhamento dos pacientes e, portanto, podem ser
clinicamente relevantes. As diferencas observadas nesta pesquisa ndo parecem
comprometer uma medida precisa das vias aéreas. A comparagao das medidas
das vias aéreas de um mesmo individuo em dois ou mais periodos de tempo ou a
comparacao das medidas de vias aéreas de diferentes individuos devem ser
confiaveis quando feitas por um mesmo avaliador calibrado. Entretanto, a
comparagao dessas mesmas medidas feitas por avaliadores diferentes tende a
ser menos confiavel, especialmente se esses avaliadores nao tiverem sido
calibrados da mesma maneira.

Algumas limitagdes da avaliacdo das vias aéreas em TCFCs ainda nao
foram totalmente superadas e podem introduzir vieses nas pesquisas realizadas e
precisam ser mencionadas. O volume das vias aéreas € altamente variavel e
pode ser influenciado pela fase de respiracdo, postura da cabeca, posicdo da
lingua e morfologia mandibular (TSO et al, 2009; EL e PALOMO, 2010;

GUIJARRO-MARTINEZ e SWENNEN, 2011). Neste estudo procurou-se
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padronizar a postura da cabega e a posi¢cao da lingua, de forma a diminuir as
variaveis que pudessem influenciar nos resultados. Nao foi possivel padronizar a
fase de respiracédo devido ao tempo de escaneamento, que foi de 20 segundos.
Como um ciclo respiratério longo, incluindo as duas principais fases da respiragao
— inspiracdo e expiragdo — dura cerca de 4 segundos (DERCHAK et al, 2002),
dificilmente se conseguira eliminar essa variavel em um futuro proximo, mesmo

com a constante evolugédo dos tomdgrafos.
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6 CONCLUSAO

6.1 A revisao sistematica da literatura e meta-analise permitiu concluir que:
6.1.1 em relagdo ao comprimento anteroposterior, a cirurgia de
recuo mandibular pode levar a uma diminuigdo significativa nas vias aéreas nas
regides do palato mole e base da lingua, a cirurgia combinada de avan¢o maxilar
com recuo mandibular pode levar a um aumento significativo na regido da espinha
nasal posterior e a uma diminuigao significativa na regido do palato mole, base da
lingua e valécula, e a cirurgia de avango maxilomandibular pode levar a um
aumento significativo na regido do palato mole;
6.1.2 em relacdo a largura transversal, a cirurgia de recuo
mandibular pode levar a uma diminui¢ao significativa na regido da base da lingua;
6.1.3 em relagdo a area axial transversal, a cirurgia de recuo
mandibular pode levar a uma diminui¢ao significativa na regido da base da lingua;
6.1.4 em relagédo ao volume, ndo houve estudos comparaveis.
6.2 A analise da confiabilidade intra-avaliador e interavaliador mostrou-se:
6.2.1 excelente para as medidas lineares de comprimento
anteroposterior;
6.2.2 moderada para as medidas lineares de largura transversal,
6.2.3 boa para as medidas de area axial transversal;
6.2.4 boa para medidas de area sagital e area axial minima;

6.2.5 excelente para as medidas de volume.
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7 RECOMENDACOES

Para futuras pesquisas com analises das vias aéreas superiores em
imagens de tomografia computadorizada de feixe cbnico, sugere-se a avaliagado
da confiabilidade de medidas lineares de largura transversal feitas em cortes
axiais. Além disso, ha necessidade de estudos com boa qualidade metodoldgica
avaliando as vias aéreas de pacientes submetidos a diferentes tipos de cirurgia
ortognatica com tomografia computadorizada de feixe cdnico a curto e longo
prazo, principalmente nas cirurgias de avango maxilar e de avango mandibular

isolada, por n&o haver evidéncia sobre sua influéncia nas vias areas.
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9.1 ANEXO 1: Aprovagdo do Comité de Etica

PARECER N°110/2011
PROCESSO N°33/2011

Projeto de Pesquisa:.Analise tridimensional do espaco aéreo faringeo de pacientes com

diferentes padrdes esqueléticos.

Pesquisador: Eduardo Franzotti Sant’Anna

O Comité de Etica em Pesquisa, tendo em vista o que dispde a Resolucdo 196/96
do Conselho Nacional de Saude, resolve APROVAR o presente projeto.

Informamos que o CEP estéd a disposicdo do pesquisador para quaisquer
esclarecimento ou orientacdo que se fagam necessarios no decorrer da pesquisa.

Lembramos que o pesquisador devera apresentar relatério da pesquisa no prazo

de um ano a partir desta data.

Cidade Universitaria, 14 de setémbrq,;ﬁe 2011.

r
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9.2 ANEXO 2: Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Pesquisa Cientifica: Avaliagao tomografica do espaco aéreo faringeo
Pesquisadores responsaveis: Prof. Dr. Eduardo Franzotti Sant’ Anna; Doutoranda Claudia Trindade
Mattos

Vocé foi convidado a participar de um estudo e deve ficar a vontade para decidir se deseja ou
ndo participar. Leia cuidadosamente o que segue e pergunte ao profissional responsavel sobre
qualquer duvida que vocé possa ter.

Um exame que fornece ao cirurgido muitas informagdes e seguranga no planejamento e
determinagdo do seu tratamento é a tomografia computadorizada. Ela fornece uma visdo
tridimensional de todo o complexo cranio-facial (maxila, mandibula, cranio e dentes) e permite a
avaliac@o especifica do espago aéreo faringeo. Esse exame foi feito por vocé como documentacao
inicial para tratamento ortodontico na clinica do programa de pods-graduagdo em Odontologia
(Ortodontia) da Universidade Federal do Rio de Janeiro.

A presente pesquisa, realizada no mesmo programa, ajudard a compreender melhor e
diagnosticar altera¢des nas vias respiratorias. Por isso, sua colaboragdo, autorizando a utilizag¢ao
das imagens obtidas ¢ muito importante.

Observacoes adicionais

1) Se vocé desejar ndo participar ou ser excluido do estudo a qualquer momento, o seu
tratamento nesta instituicdo nao sera prejudicado.

2) Assegura-se que sera mantido sigilo em relagdo a sua identidade, sendo acessivel somente
aos participantes da pesquisa.

3) Garante-se o esclarecimento de davidas, antes e durante o curso da pesquisa. O
profissional responsavel podera ser encontrado no endereco Av. Professor Rodolpho
Paulo Rocco, 325 — Ilha do Fundao — Departamento de Odontopediatria e Ortodontia
— Faculdade de Odontologia, no telefone (021) 25902727 e celular (21) 95311848
(Doutoranda Claudia).

4) Este estudo podera ser publicado em revista cientifica ou apresentado em reunides
cientificas. Contudo, a identidade dos participantes ndo sera divulgada.

5) Assegura-se que os dados obtidos ndo serdo ser usados para outros fins que os ndo previstos
no protocolo.

EUy oot (paciente) acredito ter sido suficientemente
informado a respeito do estudo acima citado com as informagédes que li ou que foram lidas para
mim. De acordo com o exposto nesse documento, concordo com minha participacdo para
realizacdo da pesquisa, autorizando a utilizacdo do exame citado.

Assinatura do Paciente Assinatura do Pesquisador Responsavel

Rio de Janeiro, de de 20

Caso vocé tenha dificuldade em entrar em contato com o pesquisador responsdvel, comunique o
fato a Comissdo de Etica em Pesquisa do Instituto de Estudo em Satide Coletiva pelo telefone (21)
25989328 ou pelo e-mail cep@nesc.ufrj.br
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9.3 ANEXO 3: Graficos da analise feita com a diferenca média e o erro padrao

(considerando o coeficiente de correlagéo de 0,5)

After surgery Before surgery

Mean Difference

Mean Difference

Study or Subgroup  Mean Difference  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Maxillary advancement + mandibular setback
Cakarne 2003 466 0.82 22 22 351%  4.66[3.059 6237 —&—
Chen 2007 314 068 H M AT0% 314[1.81, 4.47) ——
Jakohsone 2010 408 13 10 10 14.0% 4.08[1.53 6E3) e —
Subtotal (95% CI) 63 63 100.0% 3.80[2.85, 4.76] &
Heterogeneity: Chi®= 2,09, df= 2 (P=0.349), F=4%
Testfar overall effect: £=7.83 (P = 0.00001)
Total (95% CI) 63 63 100.0% 3.80[2.85,4.76] &
Heterogeneity: Chif= 2,09, df= 2 (P = 0.38) F= 4% 1_1 n =5 5 é 1IZI=
Test for overall ef’fec_t: I=T83(F= EI.EIEI_DDH Decrease Increase
Testfar subaroun differences: Mot applicable

Figura 1. Comparagcédo das mudangas no comprimento anteroposterior das vias aéreas

superiores medido da espinha nasal posterior até a parede posterior da faringe

After surgery Before surgery Mean Difference Mean Difference

Study or Subgroup  Mean Difference  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Mandibular setback
Chen 2007 -4.26 054 a5 35 G1% -4.26[5.32 -3.20] -
Degerlivurt 2008 -236 042 24 24 98% -236[3.38 -1.34)] -
Liukkonen 2002 S22 0T 22 22 448% -2.20[3.71,-0.649] —_—
Muto 2008 16 047 49 48 121% -1B0[-2.52, -0.68) =
Park 2010 -1.9 1.05 12 12 24%  -1.90[-3.96, 0.16] |
Subtotal (95% Cl) 142 142  37.9% -2.53 [-3.05, -2.01] [ ]
Heterogeneity: Chi®=14.83, df=4 (P = 0.009); F= 73%
Test for overall effect: £=9.54 (P = 0.00001)
1.2.2 Maxillary advancement + mandibular setback
Cakarne 2003 114 068 22 22 a6% 115020, 250 —
Chen 2007 -85 07 H M A4% -2495[4.32 -1.58] —_—
Degerlivurt 2008 -214 0492 23 23 1% 214 [3.94,-0.34)] —
Jakohsone 2010 -0.83 1M 10 10 09% -0.83[418 252 — 1
Marsan 20049 02 042 a3 83 151%  0.20 062, 1.02) T
Mehra 2001 -212 042 20 20 Q8% -212[F3.14,-1.10] —-
Subtotal (95% Cl) 159 158  40.0% -0.87 [-1.38, -0.37] L
Heterogeneity: Chi®= 3157, df=5 (P = 0.00001}), = 84%
Test for overall effect; £=3.38 (F=0.0007)
1.2.3 Maxillomandibular advancement
Gongalves 2006 T 042 a8 58 151% 3.70[2.88, 452 -
Mehra 2001 3.5 062 30 30 B.9% 3.50[2.28, 477 —_—
Subtotal (95% Cl) a8 88  22.0% 3.64 [2.96, 4.32] &
Heterogeneity: Chi*=0.07, df=1 (P=0.79); F=0%
Testfor overall effect: £Z=10.46 (P = 0.00001)
Total (95% CI) 389 389 100.0% -0.51[-0.83, 0.19] 4
Heterogeneity: Chi®= 24868, df=12 (P = 0.00001%; F= 95% 5_1 0 55 b é 1IZII
Testfor overall effect. £2= 311 (P=0.002 Decrease Increase

Testfor subaroup differences: Chi®= 202,22, df=2 (P = 0.00001), F=99.0%

Figura 2. Comparagdo das mudangas no comprimento anteroposterior das vias aéreas
superiores medido do palato mole até a parede posterior da faringe
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After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Mandibular setback
Chen 2005 -4.37 086 23 23 143% -437[547 -3.27] —_
Degerlivurt 2008 -2497 0B 24 24 125% -287[415-1.79] —
Kawakarmi 2005 -2.3 067 30 30 10.0% -2.30[-3.61,-0.49] —_
Kawamata 2000 -42 0E62 30 0 MMT7% -420[542 -24598] —
Liukkonen 2002 -2.2 077 22 22 A% -2.20[-3.71,-0.68] —
Muto 2008 -23 D56 48 453 14.3% -2.30[-3.40 -1.20] =
Park 2010 -0.65 1.02 12 12 4.3%  -0.65 [2.65, 1.35] I
Subtotal (95% CI) 190 190 74.6% -3.00([-3.48,-2.52] *
Heterogeneity: Chi*=18.78, df= 6 (P = 0.009); F= 8%
Test for overall effect: Z=12.24 (P = 0.00001)
1.3.2 Maxillary advancement + mandibular setback
Degerlivurt 2008 -234 0B 23 23 125% -2.34[3.52 116 —
Mehra 2001 -3.27 0488 20 20 129% -3.27[4.43-211] —
Subtotal (95% CI) 43 43 254% -2.81[-3.64, 1.99] &
Heterogeneity: Chi*=1.22 df=1{F=027)F=18%
Test for overall effect: £=6.649 (P = 0.00001)
Total (95% CI) 233 233 100.0% -2.95[-3.37,-2.54] 4
Heterogeneity: Chi*= 2015 df=8 (P =0.010); F=60% =-1E| % b é 1|Z|=
Test for overall effect: £=13.94 (P = 0.00001) Decrease Increase
Test far subgroup differences: Chi*= 015, df=1 (P= 070}, F= 0%

Figura 3. Comparagdo das mudangas no comprimento anteroposterior das vias aéreas
superiores medido da base da lingua até a parede posterior da faringe

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference  3E Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1 Maxillary advancement + mandibular setback
Cakarne 2003 -21 0.86 22 22 188% -210[-3.79,-0.41] —
Chen 2007 -2.62 046 ch| 31 B55% -262[352 177 ' B
Jakobsone 2010 -0.63 0494 10 10 157% -063[247,1.21] —
Subtotal {95% CI) 63 63 100.0% -2.21[-2.94, 1.48] &
Heterogeneity: Chi®= 3.64, df=2 (P=016); F= 45%
Testfor overall effect; £=5.93 (P = 0.00001)
Total {95% CI) 63 63 100.0% -2.21[-2.94, 1.48] &
Heterageneity Chit= 3.64, df= 2 (P = 0.16); F= 45% 5_1 m IS 5 é 1D=
Testfor overall effect; £=5.93 (P = 0.00001) Decrease Increase

Testfor subgroup differences: Mot applicable

Figura 4. Comparagado das mudangas no comprimento anteroposterior das vias aéreas
superiores medido da valécula até a parede posterior da faringe
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After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference  SE Total Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.5.1 Maxillary advancement + mandibular setback
Jakobsone 2010 0.3 1.43 a3 53 89.7% 0.30[2.480 310
Marsan 2009 -0.02 4.1 10 10 10.3% -0.02[8.27,8.23]
Subtotal (95% Cl) 63 63 100.0% 0.27 [-2.39, 2.92]

Heterogeneity: Chi*=0.01, df=1 (P =054} F=0%
Test for overall effect: £=0.20(F = 0.834)

Total {95% Cl) 63 63 100.0% 0.27 [-2.39, 2.92]
Heterogeneity: Chi*=0.01, df=1 (F = 0.94); F= 0% I_m IS 3 é 1|:|=
Test for overall effect: £=0.20 (F = 0.84) Decrease Increase
Test for subagroup differences: Mot applicable
Figura 5. Comparacao das mudangas no comprimento anteroposterior medido no espago
minimo das vias aéreas superiores
After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference  SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Mandibular setback
Degerlivurt 2008 -1.82 044 24 24 495% -1.82[-3.68 0.04] —l—
Kawarata 2000 -29 054 a0 30 505% -2.80[-4.74, -1.08] ——
Subtotal {95% CI) 54 54 100.0% -2.37 [-3.68, -1.06] <4
Heterogeneity: Chi*= 065, df=1 (P=042; F=0%
Testfor overall effect: £=3.94 (F=0.0004)
Total (95% CI) 54 54 100.0% -2.37 [-3.68, -1.06] <4
Heterogeneity, Chif= 0.65, df=1 (P = 0.42%; F= 0% f 1|J=

TR 0 5
=]

Testfor overall effect, 2= 3.54 (P = 0.0004) Decrease Increas

Testfor subgroup differences: Mot applicable

Figura 6. Comparagado das mudangas na largura transversal das vias aéreas superiores
medida na regido da base da lingua

After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference 5E Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
3.1.1 Maxillary advancement + mandibular setback
Cegerliyurt 2008 -26 1777 23 23 B25% -26.00[-60.83, 8.83] ——
Jakohsone 2010 15 2296 10 10 375% 1500 [-30.00, 60.00] —

Subtotal (95% CI) 33 33 100.0% -10.64 [-38.18, 16.90]
Heterogeneity: Chi®=1.99, dfi=1(F=016); F=a0%
Testfor overall effect £=0.76 (F=0.49)

B
Total (95% CI) 33 33 100.0% -10.64 [-38.18,16.90] '*'

Heterageneity: Chi®=1.99, df=1 (FP=016); F= a0%
Testfor overall effect £ = 0.76 (F=0.49)
Testfar subgroup differences: Mot applicable

“00 &0 0 50
Decrease Increase

Figura 7. Comparagdo das mudangas na area axial transversal das vias aéreas
superiores medida na regiao do palato mole

100
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After surgery Before surgery Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Total Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.2.1 Mandibular setback
Degerliyurt 2008 -66 1427 24 24 3TE% -56.00[-83.497,-28.03] —&—
Fark 2010 -26.64 19488 12 12 200% -26.64 [[65.02 11.74] —
Subtotal {95% CI) 36 36 &57.5% -45.82[-68.42, -23.21] <
Heterogeneity: Chif=1.47, df=1{P=023) F=32%
Testfor overall effect 2= 3.97 (F = 0.0001)
3.2.2 Maxillary advancement + mandibular setback
Degerliyurt 2008 -18 15.44 23 23 321% -18.00[48.26,12.26] —
Jakohsaone 2010 -14 2711 10 10 104% -14.00[67.13, 39.13] . E—
Subtotal {95% CI) 33 33 425%  -17.02[43.32,9.28] -
Heterogeneity: Chi*=0.02 di=1{F=0490) F=0%
Test for overall effect Z=1.27 (P =020
Total (95% CI) 69 69 100.0% -33.58[-50.72,-16.44] <&
Heterogeneity: Ch|’f 413, di=3(P=029),F=27T% 1 hD -E:EI g SID 1If||2|
Testfor overall effect £=3.84 (F=0.0001) Decrease Increase

Testfor subgroup differences: Chi*= 265 df=1{P=0100, F=623%

Figura 8. Comparagdo das mudancas na area axial transversal das vias aéreas

superiores medida na regido da base da lingua



