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RESUMO

O objetivo nesse trabalho foi avaliar a resisténcia mecanica, a distribuicao
de tensdes e a estabilidade em longo prazo das diversas formas de fixacao da
osteotomia sagital dos ramos mandibulares (OSRM). No trabalho 1, cinco técnicas
de fixagdo da OSRM foram submetidas a analise de elementos finitos: 3 parafusos
bicorticais lineares a 60° e a 90°, 3 parafusos bicorticais em disposicao L invertido,
1 miniplaca com 4 parafusos monocorticais convencionais e com sistema de
travamento. Pelos resultados obtidos, a disposicdo em L invertido foi a que
apresentou melhor distribuicdo de tensdes, seguido pela linear 90° e 60°. Em
relacdo as miniplacas, as tensdes apresentaram melhor distribuicdo naquela com
sistema de travamento se comparada com a convencional. No trabalho 2, foi
realizada um analise mecénica, fotoelastica e de elementos finitos da chamada
técnica hibrida, comparando-a com a fixagcdo tradiconal com trés parafusos
bicorticais em L invertido e com miniplaca e parafusos monocorticais. A técnica
hibrida apresentou resisténcia intermediaria entre os dois sistemas tradicionais de
fixacdo da OSRM, com concentracdo de tensbes principalmente ao redor do
parafuso bicortical e melhora da distribuicdo de tensdes na regido da miniplaca.
No trabalho 3, foi realizada uma analise da estabilidade esquelética de trés formas
de fixacdo da OSRM: técnica hibrida, parafusos bicorticais e miniplacas/parafusos
monocorticais. Os resultados mostraram nao haver diferenca estatisticamente
significante entre os trés grupos, sendo positiva a correlagdo entre a quantidade
de avanco mandibular e a quantidade de recidiva. Pelos resultados obtidos nos
trabalhos, pode-se concluir que todas as técnicas avaliadas podem ser
empregadas com seguranca na fixacdo da osteomia sagital dos ramos

mandibulares.
Palavras-Chave: Cirurgia e Traumatologia Buco-Maxilo-Faciais, Cirurgia

Ortognatica, Fixacdo Interna  Rigida, Cefalometria,
Estabilidade.
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ABSTRACT

The aim of this research was to evaluate the mechanical resistance, stress
distribution and long-term stability of fixation techniques of the sagittal split ramus
osteotomy (SSRO). In the first study, five fixation techniques of the SSRO were
submitted to finite element analysis: 3 linear screws 90°, 3 linear screws 60°, 3
screws in inverted L arrangement, conventional and locking miniplate with
monocortical screws. The results demonstrated that the bicortical screws in
inverted L arrangement presented the best stress distribution, followed by linear
90° and linear 60°. The locking system miniplate presented better stress
distribution if compared with conventional miniplate and monocortical screws. In
the second study, a mechanical, photoelastic and finite element analysis were
performed to the so-called hybrid technique, comparing it with bicortical screws in
inverted L arrangement and miniplate with monocortical screws. The hybrid
technique had an intermediate mechanical resistance between the two traditional
fixation techniques, with high stress concentration around the bicortical screw with
improvement in the stress distribution around the miniplate. In the third study,
skeletal stability was evaluated of three fixation techniques of the SSRO: the hybrid
technique, bicortical screws and miniplates with monocortical screws. The results
demonstrated no significant statistically difference between the groups, with a
positive correlation between the amount of advancement and relapse. From the
results obtained in the research, it is possible to conclude that all fixation
techniques could be safely applied to sagital split ramus osteotomy.

Key Words: Oral and Maxillofacial Surgery, Orthognatic Surgery, Rigid Internal
Fixation, Cefalometry, Stability.
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1. INTRODUCAO
A Osteotomia Sagital dos Ramos Mandibulares

A osteotomia sagital dos ramos mandibulares (OSRM) é o procedimento
cirurgico mais utilizado para o tratamento das deformidades dentofaciais e uma de
suas principais indicacdes é para a correcao do retrognatismo mandibular.

O primeiro relato na literatura sobre a realizacdo de uma cirurgia ortognatica
foi de Simon Hullihen, em 1847, para correcdo de uma importante deformidade
mandibular de uma jovem decorrente de contratura tecidual em face e pescoco
devido a uma queimadura (Hullihen, 1849). De acordo com a literatura, essa
paciente passou por trés procedimentos cirurgicos, incluindo a corregcédo
esquelética da mandibula, resseccao da cicatriz fibrosa e posterior correcao do
defeito em labio. Este procedimento foi marcado como a primeira osteotomia
mandibular, lembrando a atual técnica de osteotomia subapical anterior (Figura 1).

Figura 1 — Osteotomia realizada em mandibula por Huillihen (1948).
Fonte: Hullihen (1849)

Blair (1907) descreveu outra técnica para correcdo de prognatismo
mandibular através do uso da serra de Gigli de forma percutanea para a
realizacdao de uma osteotomia préxima a regidao do colo do céndilo, porém, tal



técnica apresentava como complicagdes a recidiva por falta de unido entre os
segmentos, devido a tracado muscular desfavoravel, além do pouco contato entre

0s segmentos 6sseos (Figura 2).

Figura 2 — Osteotomia proposta por Blair (1907) para correcao de

deformidade em mandibula.
Fonte: Blair (1907)

A primeira osteotomia em sentido sagital e por via intrabucal a ser proposta
para a mandibula foi descrita por Schuchardt (1942). Entretanto, a técnica
precursora da atual osteotomia sagital do ramo mandibular foi idealizada alguns
anos depois por Trauner e Obwegeser (1957).

Trauner e Obwegeser descreveram e denominaram essa osteotomia como
“separacgao vertical do ramo ascendente” e apresentava uma importante evolugéo
no desenho das osteotomias mandibulares, pois permitia a correcédo de trés tipos
de deformidades: prognatismo, retrognatismo e as deformidades de trespasse

vertical negativo (mordida aberta) com grande contato ésseo (Figura 3).



Figura 3 — Osteotomia Sagital segundo Trauner & Obwegeser (1957).
Fonte: Trauner & Obwegeser (1957).

Ap6s a idealizagdo e divulgacao da osteotomia sagital de Trauner e
Obwegeser, diversos autores ao longo do tempo fizeram contribuicdes de modo a
torna-la ainda mais versatil.

O italiano Dal Pont (1961) propds uma “osteotomia retromolar” modificando
a osteotomia horizontal inferior para uma osteotomia vertical na cortical externa
entre o primeiro e segundo molar. Em seu artigo, foram descritas duas técnicas
para esta osteotomia retromolar. A primeira foi a osteotomia sagital, em que o
corte localiza-se em um plano perto da margem da linha obliqua e estende-se
sagitalmente entre as duas corticais da regido retromolar ao angulo mandibular. A
segunda foi a osteotomia obliqua, em que a secg¢éo inicia-se na margem da linha
obliqua e passa acima da regido retromolar e emerge na regiao lingual ao longo
da linha milohioidéia (Figuras 4 e 5). Com essas modificagbes, esperava-se uma

melhor adaptagao entre os segmentos com minimo descolamento da musculatura.



Figura 4 — Osteotomia Sagital segundo Dal Pont (1961).
Fonte: Dal Pont (1961)

Figura 5 — Osteotomia Obliqua Retromolar segundo Dal Pont (1961).
Fonte: Dal Pont (1961)

Hundsuck (1968) descreveu outra modificagdo a osteotomia sagital com um
corte medial horizontal menor e com uma extensao posterior a depressao retro-
lingular, apdés o forame mandibular. Essa osteotomia lingual mais curta permitiria
uma separagdao dos segmentos 6sseos de forma mais previsivel e com menor
risco de dano ao nervo alveolar inferior (Figura 6).



Figura 6 — Osteotomia Sagital segundo Hundsuck (1968).
Fonte: Hundsuck (1968)

A osteotomia sagital dos ramos mandibulares como é atualmente realizada
segue as modificacoes propostas por Epker (1977). O autor propds minimo
descolamento da musculatura do masseter e mais limitada dissecgdo medial
(Figura 7). Essas alteragdes técnicas diminuiram o edema pds-operatério e as
hemorragias, facilitando também o manejo do feixe neuro-vascular alveolar
inferior. O mesmo conceito foi preconizado por Bell e Schendel (1977) que
mostrou que o menor descolamento da cinta pterigo-massetérica reduzia a

isquemia intra-0ssea e a possibilidade de necrose do segmento proximal.

Figura 7 — Osteotomia Sagital segundo Epker (1977).
Fonte: Epker (1977)



Depois da alteracao de Epker (1977), alguns autores também propuseram
mudancgas para melhoria da osteotomia sagital dos ramos mandibulares.

Wolford et al. (1987) propds uma osteotomia horizontal na cortical externa
para maior controle do posicionamento dos segmentos 6sseos. Posteriormente, a
osteotomia da borda anterior também foi proposta para maior previsibilidade da
separacao da osteotomia e diminuicdo do risco de fraturas incorretas (Wolford e
Davis Jr., 1990).

O Uso da Fixacao Interna Estavel nas OSRM

No inicio, acreditava-se que apenas o bloqueio maxilomandibular dental
fosse suficiente para a estabilizagdo dos segmentos das osteotomias do ramo
mandibular. Martis (1984) recomendava, por exemplo, a ndo utlizacdo de
qualquer tipo de fixagdo, deixando a cargo da alga muscular ptérigo-massetérica a
aproximacao dos segmentos proximais e distais. Entretanto, com a elevada taxa
de recidiva dos casos operados, necessitou-se de um melhor controle do
posicionamento dos segmentos no trans e pds-operatérios até a reparacdo da
osteotomia e a readaptacado da musculatura.

Autores como Epker (1977), Booth (1981) e Epker & Fish (1986)
recomendavam a utilizacdo de osteossintese com fio de ago para evitar a rotacéo
do segmento proximal e a manutengdo do contato 6sseo e a cabe¢a da mandibula
bem relacionada com a cavidade glendide.

Entretanto, diversos estudos mostraram as deficiéncias dessas técnicas de
fixacdo. Thomas et al. (1986) compararam grupos de pacientes submetidos a
avangos mandibulares que utilizaram fixacdo com fio de ago e parafusos lag
screw. Mudancas dentarias e O&sseas foram estatisticamente maiores nos
pacientes que utilizaram fio em relacdo aos parafusos. Resultado semelhante foi
encontrado por Will & West (1989), mostrando que fio de ago n&o proporcionava
estabilidade adequada entre os segmentos 6sseos, levando dessa forma a indices
maiores de recidiva éssea e dentaria, sem contar a necessidade de bloqueio

maxilo-mandibular no periodo pés-operatério.
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O emprego da fixag&o interna rigida (FIR) foi iniciado mais tardiamente nos
Estados Unidos (década de 80) do que na Europa (década de 70) e deve-se
principalmente a Michelet a popularizacdo das placas e parafusos para aplicacao
em cirurgias ortognaticas. Michelet et al. (1971) descreveram o uso de miniplacas
para estabilizacdo dos segmentos proximal e distal da osteotomia sagital do ramo
mandibular e em um artigo em 1973, eles descreveram a aplicacao de miniplacas
e parafusos em diversos tipos de cirurgia ortognatica, incluindo osteotomias
maxilares e mandibulares (Michelet et al, 1973). Esses artigos foram
responsaveis pela ampla e rapida disseminacao de técnicas de FIR para cirurgia
ortognatica na Europa.

Apesar da denominacao inicial e até hoje utilizada de fixacao interna
“rigida”, o grupo AO/ASIF (Arbeitsgemeinschaft fuer QOsteosynthesefragen/
Association for the Study of Internal Fixation) em 1994, modificou o termo para
fixagdo “funcionalmente estavel”’, ja que se provou que esse tipo de fixagéo
permitia funcdo durante o processo de reparo 6ésseo, entretanto, existia
micromovimentos interfragmentarios, que poderiam até ser benéficos ao processo
de reparo 6sseo (Ellis 1ll, 1999).

Spiessl (1974) propbs a utilizacdo de parafusos bicorticais compressivos
para a osteotomia sagital do ramo mandibular. De acordo com a proposta do
autor, seriam utilizados trés parafusos de 2,7 mm instalados de maneira
perpendicular & osteotomia para fixagdo da OSRM, sendo esta técnica uma das
mais popularmente utilizadas no mundo até hoje. Entretanto, a técnica proposta
originalmente por Spiessl (1974) veio sofrendo ao longo do tempo diversas
modificagdes.

Uma dessas modificacbes foi proposta por Turvey & Hall (1986) que
sugeriram a insercado dos parafusos de titanio de forma angulada e via intrabucal,
sem a necessidade de uso do trocarte, evitando assim possiveis cicatrizes
indesejaveis em pele, lesdes a estruturas vasculares e nervosas e simplificacdo da
técnica com consequente diminuicao do tempo cirurgico.

A possibilidade de utilizagdo de material de fixag&o interna rigida de menor
tamanho em cirurgia ortognatica foi proposta inicialmente por Jeter et al. (1984).

De acordo com Ellis Il (1993), o uso de parafusos do sistema 2,0 mm passou a

7



ser aquele de maior prevaléncia entre os cirurgides ao longo dos anos. Além
dessa miniaturizacao, o tamanho e o contorno das miniplacas utilizadas para as
osteotomias mandibulares também foram alterados para facilitar manipulacao
intrabucal.

A utilizacdo da fixagao interna rigida em cirurgia ortognatica permitiu um
grande avancgo técnico e a popularizacao do procedimento, ja que possibilitava o
reparo 6sseo em condicdes estaveis, resultando dessa forma em funcao imediata,
sem necessidade de blogueio maxilo-mandibular. Além disso, a técnica permite,
no momento da cirurgia, a posi¢cao funcional dos segmentos ésseos, garantindo
resisténcia suficiente contra a tracdo muscular sobre o esqueleto dsseo e,
portanto, mantendo a posicdo cirdrgica planejada durante toda a fase de
reparacao (Prein, 1998).

Outra vantagem da técnica de FIR € o manejo de complicagbes da propria
OSRM, como as fraturas incorretas, para as quais as miniplacas e parafusos
facilitam o posicionamento do segmento proximal e sua fixagdo aos demais
segmentos 6sseos (Ochs, 2003; Ardary, 1989).

Em relagdo as desvantagens da FIR quando comparadas com a fixagao
nao-rigida, destacam-se os maiores custos de materiais, maior necessidade de
conhecimento técnico para a realizagao do procedimento, aumento nos riscos de
infeccdo, necessidade de remogdo do material de sintese por sensibilidade a
palpacao ou fratura dos dispositivos e exposicdo de miniplacas (Schardt-Sacco,
2000).

As vantagens do uso da fixacdo interna rigida em comparagdo com a
chamada osteosintese a fio de aco ja sdo bastante conhecidas, como descritas
anteriormente.

Entretanto, ainda existe controvérsia na literatura quanto a técnica de
escolha para a fixagédo interna rigida a ser utilizada nas osteotomias sagitais dos
ramos mandibulares.

Por exemplo, alguns autores preconizavam o uso de parafusos bicorticais
de acordo com a técnica lag screw ou compressiva, que aumentaria a compressao
entre os segmentos 0sseos, melhorando o contato e consequentemente a

resisténcia mecanica. Entretanto, trabalhos como os de Watzke et al. (1990) e
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Schwimmer et al.(1994) nao mostraram diferenca tanto em estudos in vivo como in
vitro para as técnicas posicionais e compressivas. Além disso, a técnica lag screw
aumenta ainda o risco de torque condilar e lesdo ao nervo alveolar inferior devido
a compressao do mesmo entre os segmentos 0SSeos.

Em relacdo ao diametro dos parafusos, Spiessl (1974), em sua técnica
original, propunha a utilizagdo com diametro de 2,7 mm. Entretanto, ao longo do
tempo, autores como Schwimmer et al.(1994) e Kohn (1996) mostraram nao haver
diferenga em termos de resisténcia mecanica entre parafusos de 2,0 mm e outros
de maior diametro. Além disso, quanto maior o didmetro, maior o risco de lesdo ao
feixe vasculo-nervoso e de instabilidade principalmente em ossos mais medulares.

A instalacao dos parafusos bicorticais de forma intrabucal, conforme técnica
proposta por Turvey & Hall (1986) é ainda muito controversa quanto a melhoria na
resisténcia mecanica do sistema. Trabalhos como os de Kim et al. (1995)
mostraram que os parafusos a 60° apresentavam maior resisténcia que os
inseridos a 90°. Entretanto, a maior parte da literatura parece evidenciar que 0s
parafusos a 60° apresentam resisténcia mecanica semelhante (Uckan et al.,2001;
Foley et al., 1989) ou mesmo inferior aos parafusos a 90° (Sato et al., 2010).
Duvidas ainda persistem ja que os parafusos angulados apresentam maior
superficie de contato 6sseo, entretanto, o desempenho mecénico dos mesmos
ndo parece ser superior aos parafusos inseridos de forma perpendicular a
osteotomia.

Quanto ao padrdao de distribuicdo dos parafusos bicorticais, que sao
colocados pela grande maioria dos profissionais na distribui¢do linear (Figura 8) ou
em L invertido (Figura 9), a literatura mostra evidéncias que a disposicao em L
invertido apresenta melhor desempenho mecéanico em diversos trabalhos (Ardary
et al.,1989; Foley et al., 1989; Shetty et al., 1996; Haug et al.,1999).



Figura 8 — Fixacao com parafusos Figura 9 — Fixagdo com parafusos
bicorticais diposic¢ao linear bicorticais diposi¢ao L invertido
Fonte: Sato et al. (2010) Fonte: Sato et al. (2010)

Em relacdo ao uso da miniplacas, a literatura também mostra que a
resisténcia mecéanica dessa forma de fixagdo € normalmente inferior quando
comparada com os parafusos bicorticais (Murphy et al., 1997; Peterson et al.,
2005; Brasileiro et al, 2009; Sato et al, 2010). Entretanto, apesar dessa
desvantagem quanto a resisténcia mecanica, a fixagdo com miniplacas e
parafusos monocorticais & muito utilizada pelos cirurgides por apresentar algumas
vantagens em relacdo a fixagdo com parafusos bicorticais, entre elas: acesso
intraoral, menor risco de torque condilar, menor risco de lesdo ao nervo alveolar
inferior, facil corregcdo do segmento distal quando esse é mal posicionado durante
a cirurgia e rapidez na retirada do sistema de fixagdo sob anestesia local.

Na tentativa de se conseguir unir as vantagens de ambas as técnicas
(parafusos bicorticais e placas + parafusos monocorticais), Schwartz & Relle
(1996) propuseram a chamada técnica hibrida, onde além da miniplaca com
quatro parafusos monocorticais, também é instalado um parafuso bicortical
posterior ao ultimo dente e acima do canal mandibular (Figura 10).
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Figura 10 — Fixagdo de acordo com a técnica hibrida
Fonte: Schwartz & Relle (1996)

Apesar de ser bastante empregada atualmente, a chamada técnica hibrida
ainda possui poucos estudos biomecanicos na literatura e nenhum estudo
avaliando clinicamente a estabilidade em longo prazo dessa técnica em
comparagao com outras comumente utilizadas para a osteotomia sagital dos
ramos mandibulares. Murphy et al. (1997) e Brasileiro et al. (2009) demonstraram
que a instalacdo de um parafuso bicortical aumentou a resisténcia do sistema
quando comparado com as miniplacas e parafusos monocorticais em estudos in
vitro.

Pesquisas envolvendo a resisténcia mecanica das diversas formas de
fixacdo sdo de grande importancia, pois elas indicam o desempenho do sistema
de fixacdo quando submetidos as cargas mastigatérias do sistema
estomatognatico no periodo pés-operatorio. Entretanto, mais importante do que se
conhecer a resisténcia total do sistema de fixagdo € se conhecer o comportamento
mecéanico dos materiais.

De acordo com Anusavice (2005), a resisténcia de um determinado sistema
de fixagdo € dependente das propriedades mecéanicas desse material (como
modulo de elasticidades, dureza, capacidade de deformagéo,...) e
consequentemente do comportamento mecanico dos materiais, ou seja, 0 modo
que ele reage aos carregamentos externos que incidem sobre ele.

A partir da andlise do estado de tensées em determinados corpos de prova,
€ possivel verificar qual dos mesmos apresenta melhor desempenho sob as
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solicitacbes mecéanicas, bem como propor melhorias para os mesmos.

Hoje, tem-se a disposi¢ao algumas metodologias para auxiliar na avaliacao
do estado das tensbes, como por exemplo, o uso dos strain gauges, a analise
fotoelastica e a andlise de elementos finitos.

Os strain gauges sao sensores que auxiliam na medicao das tensées em
pontos especificos de um determinado objeto. A dificuldade dessa metolodologia
esta no fato dela se restringir a mensurar as deformagdes em ponto especificos,
somado ao fato que os sensores sao de dimensdes elevadas para mensurar
tensdes em objetos de pequeno volume como é a mandibula humana (Eser et al.,
2009).

A analise fotoelastica é uma excelente técnica para avaliacdo das tensdes
em corpos de prova, ja que permite ensaiar em objetos de formas semelhantes a
incidéncia de cargas e a avaliagao tanto qualitativa como quantitativa das tensdes
geradas (Kim et al., 1993). Entretanto, algumas desvantagens existem, como por
exemplo, o fato de ndo se conseguir mensurar as tensdes no sistema de fixagao,
além de ndo se conseguir reproduzir as caracteristicas dos materiais na resina
fotoelastica e alguns pontos, principalmente aqueles de maior espessura e com
sobreposicao, ser dificil a avaliacao.

A analise de elementos finitos veio como promissora alternativa para a
analise das tensdes e suprir algumas lacunas de outras metodologias. A analise
de elementos finitos € baseada na criagcdo de modelos computacionais que séo
representados graficamente por malhas de geometria complexas. Entre as
vantagens dessa metodologia estd a possibilidade de uma avaliagao
tridimensional e capacidade de avaliar as tensdes geradas inclusive no sistema de
fixac&o, coisa que nao é possivel, por exemplo, na analise fotoelastica. Entretanto,
algumas desvantagens existem, como por exemplo, o fato de ser um modelo
matematico que precisa ser validado através de outras andlises (Noritomi, 2005).

Dessa forma, baseado nas informagdes obtidas, a proposta desse trabalho
e fazer inicialmente uma avaliacdo por meio da andlise de elementos finitos de
diversas formas de fixagdo da osteotomia sagital dos ramos mandibulares, que ja
foram previamente submetidas a testes mecanico e fotoelastico, conforme

trabalho de Sato et al. (2010), que também sera utilizado para fazer a validagéao da
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técnica.

A seguir, a técnica hibrida sera submetida a teste mecénico, fotoelastico e
de elementos finitos, comparando esse tipo de fixacdo com outras
tradicionalmente empregadas devido a falta de estudos sobre essa técnica.

Por fim, as tradicionais técnicas de fixacdo com parafusos bicorticais e com
miniplacas e parafusos monocorticais serdo avaliadas juntamente com a técnica
hibrida quanto a estabilidade esquelética em longo prazo através de tracados
cefalométricos.

Essa tese foi desenvolvida em formato alternativo, de acordo com
informacdo CCPG 002/06, cujos objetivos gerais foram avaliar e comparar
diferentes formas de fixacao interna estavel para as OSRM, por meio de testes
mecanico, fotoelastico, analise de elementos finitos e de estabilidade clinica, na
tentativa de validar os resultados obtidos entre esses testes.
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COMPARISON OF FIVE DIFFERENT FIXATION TECHNIQUES OF SAGITTAL SPLIT
RAMUS OSTEOTOMY USING THREE-DIMENSIONAL FINITE ELEMENTS ANALYSIS

ABSTRACT

Purpose: The aim of this study was to comparatively evaluate the mechanical
stress over hemimandible substrate and hardware after sagittal split ramus
osteotomy (SSRO) fixed with five different techniques using three-dimensional
finite element analysis.

Materials and Methods: A three-dimensional finite element model of a

hemimandible was created and a SSRO with 5 mm advancement was simulated
on a computer model. The model was fixed with five different techniques: 3 linear
60° screws arrangement, 3 linear 90° screws arrangement, 3 inverted L screws
arrangement, 1 conventional miniplate and 1 locking miniplate with four
monocortical screws. Load was applied until a displacement of 3 mm and the
results obtained compared with previous mechanical and photoelastic tests,
analyzing the mechanical stresses developed in the proximity of miniplates and
screws and within the fixation system themselves.

Results: The values maximum principal stresses demonstrate a lower mechanical
stresses in bone and in the fixation system with inverted L arrangement, followed
by linear 90° and linear 60° arrangement. The locking miniplate/screw system
presented lower Maximum Principal Stress and better stress distribution in
comparison with conventional system.

Conclusions: Under the conditions tested, the reversed L arrangement provided
the most favorable stress dissipation behavior.

Keywords: Finite Element Analysis, Sagittal Split Osteotomy, Rigid Internal

Fixation.
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INTRODUCTION

The sagittal split ramus osteotomy (SSRO) was initially described by
Obwegeser, with innumerous modification through the years, is now a standard,
common and very successful procedure in oral and maxillofacial surgery for the
treatment of mandibular discrepancies.

In the beginning, patient needed maxillo-mandibular fixation (IMF), as bone
stabilization was done by wire osteosynthesis. However, today, stability is reached
by metal plates, screws and combinations of both, that are referred as “Rigid
Internal Fixation” (RIF)"2,

The introduction of modern devices for internal fixation substantially
shortens the duration of IMF or even obviated it completely®. Rigid fixation has
become the standard method of controlling the position of skeletal segments
against muscular pull, contraction of soft tissues and gravitational displacement®.
The miniplates and screws are used to stabilize the proximal and distal segment
after osteotomy, to achieve fast bone healing, to avoid postoperative intermaxillary
fixation, to initiate early postoperative mandibular function and oral hygiene, and to
improve postoperative skeletal stability®.

Unfortunately, rigid fixation has some disadvantages that must be kept in
mind such as displacement of the condyle from the fossa and irreversible nerve
damage due to the applied compression with miniplates and mainly with lag
Screws.

Relapse after osteotomy is common and an incidence as high as 50% has
been reported?. Movement at the site of osteotomy is the main cause of relapse.
According to some authors, the use of miniplates or screws can prevent or at least
reduce the incidence of relapse. Different fixation methods including miniplate and
lag screws have been compared in numerous studies, some with contradictory
results®®”’,

Although the internal rigid fixation has been used for more than three
decades in orthognathic surgery, since the classic works of Spiessel, so far there
isnt a unanimous consensus in the international literature to support the

conclusion about the ideal rigid fixation technique of choice for SSRO, and many
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surgeons take their decisions about the fixation methods based on their own
clinical experience in working with some kinds of RIF.

Titanium is the most used material to manufacture the miniplates and
screws. This is due to its high stiffness, strength and biocompatibility. It is these
properties that help to accurately maintain the relative position of the bone
segments. Consequently, rigid fixation procedures have radically improved the
prospects of the healthy bone union and lowered the rate of mal-union and
nonunion®.

Through the years, many authors have been dedicating to the study of the
mechanical characteristics and differences between the techniques that are used
to stabilize a SSRO. Direct experimental measurements, although not impossible,
are limited due to many factor, such as the number and type of data points,
instrumentation, cost, time, patient availability, and its potential invasive nature®.
The majority of the studies about the topic used high idealized in vitro models. The
specific design, model geometry and the type of loading regimens chosen often
limit these studies. In most of these studies, it is also difficult to understand the
subtle mechanical interactions between bone and fixation devices. Further,
generalization of the results of these studies toward possible improvements in
surgical design presents a difficult task'®"".

Several authors have reported the accuracy of finite element analysis (FEA)
in describing the biomechanical behavior of bone specimens®'®. FEA is an
analytical system widely applied in engineering and in the aerospace industry and
can also be used to solve complex problems in biomechanics. In FEA method, the
computational model is developed based on the modular principle and is made
from many finite size elements adapted to the real structures. In some given
conditions of stress, the displacement and strains of these simple elements can be
calculated. Based on the linkage conditions of elements to nodes, the
displacement of the overall structure at every node and the variables derived from
this as well as the strains can be calculated®.

The aim of the present study was to compare five methods of rigid fixation

following SSRO advancement surgery in respect to stress values. The results of
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FEA will be compared and validated with the results of mechanical and
photoelastic tests of the authors previously done and published?'.

MATERIAL AND METHODS

Construction of the Geometric Structures

To create the finite element model, it was necessary to construct the
geometric structures of the hemimandible and the screws and miniplates. The
hemimandible was constructed from a DICOM file of a mandible taken from CTI
(Center for Information Technology Renato Archer, Campinas, SP, Brazil)
data bank, that was previously obtained from a dry mandible submitted to a
helical CT scan with thickness of 1 mm.

The computer model of the titanium miniplates (conventional and locking)
and screws were developed based on physical specimens from Neoortho (JUGC
Ind. e Com. de Mat. Dent. Ltda. — Curitiba, Parand, Brazil), the same used in the
work of Sato et al?', that was applied to compare the results obtained with finite
elements analysis.

The SSRO were fixed with five techniques of RIF that are commonly used in
the clinical setting. Technique 1 uses 3 bicortical titanium screws in inverted L
arrangement (diameter 1.5 mm and length 13 mm), technique 2 uses 3 bicortical
titanium screws in 90° linear disposition, technique 3 uses 3 bicortical screws in
60° linear arrangement, technique 4 uses a conventional titanium miniplate of 4
holes with 4 monocortical screws (diameter 1.5 mm and length 5 mm) and
technique 5 uses a locking titanium miniplate with 4 monocortical screws (same
measures of the conventional plates and screws).

Each miniplate and screws was determined to be in perfect contact with the
bone, with exception of locking plates, which presented a small misalignment to
simulate its clinical application.

The tridimensional geometry of both mandible and miniplate/screws were
created by the software Rhinoceros 4.0 (McNeel North America, Seattle, WA). In

this part, the mandible was separated in two parts to generate a hemimandible,
19



due to the symmetry in both sides and with just the first molar to simplify the

modeling.

Finite Element Model Development and Properties

The geometry was imported to the software Femap v.10.1 (Siemens PLM
Software Inc., Plano, TX) for the preprocessing of the finite element (FE) model
development. All the materials were considered to be homogenous, isotropic and
linear elastic.

As the results of the finite elements analyses were going to be validated with
previous tests, it was choosen to model the bone as one phase and homogeneous,
just like the material used in the mechanical and photoelastic tests (polyurethane
and phoelastic resin). The properties from polyurethane mandibular substratum
were obtained from a compression test at Instron 4411 and the properties from the
titanium alloy provided by the manufacturers, with an isotropic Young’s modulus of
624.42 MPa for the mandibular substratum and 116,000 MPa for the titanium alloy,
and a Poisson’s ratio of 0.2817 and 0.34, respectively.

A SSRO was simulated according to Epker??, with an advancement of 5 mm
between the proximal and distal segments, just like proposed by the majority of the
studies in orthognathic®. The two bone fragments were tightly fixed together after
the bone was cut, therefore only allowing the displacement in the direction of the
chewing force.

The mandible was constrained in the region of TMJ (Temporomandibular
Joint) and posterior ramus, simulating the mechanical and photolastic test. Load
was applied in the middle of the occlusal face of the first molar and the FEA done
until a displacement of 3 mm.

The tetrahedral elements of ten nodes of each model were listed in table 1.
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Table 1 — Elements and notes for each 3D FE model

Model Elements Nodes

Linear 90° 91,578 138,942
Linear 60° 65,445 100,526
Inverted L 129,548 194,667
Conventional Miniplate 65,550 100,446
Locking Miniplate 96,410 146,673

A mechanical structural analysis was done in the software NEi Nastran
v.9.2.3 (NEi Software, Westminister, CA). Stress contours were computed and
plotted in the bone tissue and in the fixation appliances. The stability of a three-
dimensional stress state was evaluated according to the stress hypothesis of
Maximum Principal Stress whose stress scale measures the general effective
stress in a material. All stress values are given in MPa (N/mm?). A color scale with
16 stress values served to evaluate quantitatively the stress distribution, varying
between -3 to 20 MPa for the hemimandible and -3 to 500 MPa for the
miniplates/screws.

The graphical visualization of the results were exported again to the
software FEMAP v.10.1 The stress values in the adjacent bone were compared
with the fringes from photoelastic test, taking in consideration the pattern and
intensity. A quantitative analysis was carried out considering the load performed by
the model in the standardized 3 mm displacement.

RESULTS

Validation of the FEA models

The results obtained by finite element analysis was compared in a
qualitative manner with the photoelastic analysis results from Sato et al?', with
similar stress pattern between both group samples, what validates the FEA
models.
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90?2 Linear Screws Arrangement

The highest Maximum Principal Stress of the proximal segment was
measured around the superior and inferior screws, with minimum stress distribution
in the middle screw. In the upper screw, the stress is higher in the external area od
the mandible, with the stress dissipating to the superior and posterior region, an
area with good bone thickness (oblique line of the mandible) while in the lower
screw; the stress is dissipating to superior and anterior region. When analyzing the
distal segment, stress was higher in the lower screw, medium in the middle and
lower in the upper screw. If taken in consideration the whole set, the lower screw is
the one submitted to the higher stress, as seen in the photoelastic test. The stress
in the screws showed that the higher stress value was in the middle of the lower
screw (Figure 1).

Figure 1 — Maximun Principal Stress values of FEA of the Linear 90° Arrangement: a)

buccal view of the distal segment, b) buccal view of proximal and distal segment, c)

lingual view of the proximal segment, d) bicortical screw infero-superior view.
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60?2 Linear Screws Arrangement

The Maximum Principal Stress in the proximal segment demonstrates that
the higher stress was in the lower screw, and the others screws had just few
stress. The same pattern of stress distribution happens in the distal segment.
When comparing with the 90° arrangement, in the 60°, the stress was more
concentrated in the lower screw than in the 90°. Maximum Principal Stress in the
screws was distributed in the middle of the screws, with higher stress when
compared with 90° arrangement, that was concentraded in the lower one (Figure
2).

Figure 2 — Maximun Principal Stress values of FEA of the Linear 60° Arrangement:
a) buccal view of the distal segment, b) buccal view of proximal and distal
segment, c) lingual view of the proximal segment, d) bicortical screw superior-

inferor view.
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Inverted L Arrangement

The higher Maximum Principal Stress in the proximal segment were
concentrated in the upper and lower screws in the distal segment, and in the
proximal segment, the concentration was much higher in the upper screw, followed
by the inferior one, and with minimum stress in the medium screw. The stress
seems to be much more homogeneous in this group when compared with others
bicortical screws fixation techniques. It is also interesting to emphasize that the
stress zones in the proximal segment were dissipating to areas with higher bone
thickness (oblique line of the mandible), providing more resistance to the fixation
system. Very little stress was concentrated in the anterior region of the osteotomy,
what could generate a fragility zone, however, stress was found in the interior of
the bone segments, in direction to the inferior border of the mandible. The stress in
the screws showed that highest stress value was in the middle of the upper screw,
followed by the lower one. The middle screw had almost minimum stress (Figure
3).
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Figure 3 — Maximun Principal Stress values of FEA of the Inverted L Arrangement:

a) buccal view of the distal segment, b) buccal view of proximal and distal
segment, c) lingual view of the proximal segment, d) bicortical screw superior-

inferor view.

Conventional Miniplate

The highest Maximum Principal Stress in the proximal segment was around
the anterior screw, with stress dissipating to the anterior and superior region, in the
direction of the osteotomy. The distal screw of the proximal segment had the
lowest stress of all groups, with no stress in the bone around the screw. In the
distal segment, some stress was found near the screws, but with lesser intensity
that the anterior screw of the proximal segment. It is also interesting to notice that
stress in the screw near the osteotomy of the distal segment dissipates to the
inferior and posterior directions, while the other screw of this segment, the stress
was distributed to the superior and anterior course. About the titanium miniplate
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and screw complex, the stress was concentrated mainly in the lower part of the
miniplate from the gap to both screws in the distal segment. Stress was also
detectable in the upper part of the miniplate near the first screw of the proximal
segment, near osteotomy, but with less intensity. About the screws, the screw near

the osteotomy in the proximal segment was the one submitted to the highest stress

of the system, followed by the screw near the osteotomy of the distal segment
(Figure 4).

Figure 4 — Maximun Principal Stress values of FEA of the Conventional Miniplate: a)
buccal view of the proximal and distal segment, b) buccal view of the miniplate, c)

axial view of the segments, d) lingual view of the miniplate and monocortical screws.

Locking Miniplate

Locking minplate presented better Maximum Principal Stress distribution in
comparison with conventional miniplates. There was an important stress

concentration with high values neighboring the screw near the osteotomy in the
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proximal segment, however, values were lower than in the conventional miniplate,
with higher values in the others screws” periphery, including the last screw in the
proximal segment, that in the conventional miniplate, had almost meanest stress
value. In relation to the fixation system, the highest stress region was in the gaps of
the miniplates between the holes, with stress concentration in the superior part of
the plate near the proximal segment, and in the inferior part in the distal segment.
The stress in the screws were much high in the ones located in the proximal

segmental than in the distal segment (Figure 5).

Figure 5 — Maximun Principal Stress values of FEA of the Locking Miniplate: a)

buccal view of the proximal and distal segment, b) buccal view of the miniplate, c)
axial view of the segments, d) lingual view of the miniplate and monocortical

SCrews.

DISCUSSION

Finite element analysis is a numerical method for addressing biomechanical
questions and is a powerful research tool that can provide precise insight into the
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complex mechanical behavior of the mandible affected by mechanical loading,
which is still difficult to assess otherwise'®. Three-dimensional finite element
analysis illustrates stress behavior more realistically than the other methods in
considering the complexities that characterize actual clinical conditions?. However,
the model used, implied several assumptions about the simulated structures,
therefore, such analysis has inherent limitations. One of the most important
limitation of this model is the fact that the model could be resumed to a
mathematical equation, and if there is any mistake, the model is not correct. So the
finite element model must be validated with other methods, just like done in this
research, with mechanical and photoelastic analysis, what is not practiced by many
works in literature.

Despite these limitations, using this modeling approach, it is possible to gain
insights into 1) the mechanical coupling of the distal and proximal mandibular parts
after the SSRO, and 2) the mechanical coupling between the implanted devices
and their neighboring bone, which are both difficult to obtain otherwise®. Further, it
was possible to quantify the stress in fixative appliance and neighboring, what is
very difficult in other techniques.

Animal’s studies like the one from Ellis & Goallo®, have shown that
inadequate securing of the segments can allow a displacement of the distal
segment and initiate a early relapse. It has been shown that rigid fixation can
provide sufficient resistance to the displacing forces that encourage micro
movements across the osteotomy site. At the same time, an appropriate
immobilization of the osteotomy gap ensures an uncomplicated healing process,
which guarantees favorable long-term results'™.

Internal fixation using miniplates comprises a plate attached to living bone
by screws. Because the biomechanical function of rigid fixation systems depends
clinically on the interaction between all three components (plate, bone and screws),
we think that an appropriate in vitro testing model should investigate a fixation
system acting as a unit under biologically relevant conditions. The screw and plate
designs, with their geometry and material, as well as the bone properties (strength
and thickness) influence the results in the overall load-bearing capacity of the

plate-screw-bone unit?*.
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Experimental models and clinical observation have shown that when a test
fixation system is placed across a gap, like mandibular advancement that occurs
between the proximal and distal segments there is no bone buttressing effect. The
lack of direct axial loading between bone segments requires maximal stability from
the fixation system that acts as a compound beam with broad cross-sections of
bone on the proximal and distal aspects and a thin cross-section in which the
hardware is attached. Consequently, the magnitude of the bending resistance
depends almost entirely on the material properties and geometry?>.

An ideal internal fixation method should obtain a maximum rigidity in-
between the segments while it constitutes minimum stress on the surrounding
tissue for healing properly. Excessive stress around the fixative appliances can
cause gradual resorption of the surrounding bone and loosening of the screws.
This is a common clinical experience and important point that must be
considered'®%.

The influence of various screw configurations on the strength of fixation after
SSRO has been studied by some authors. In our previous research?', we found
that linear 90° and inverted L configuration of bicortical screws, present the highest
mechanical resistance, followed by linear 60° bicortical screws pattern and
miniplate with four monocortical screws. This results about the screws disposition

is similar to other works'%'"-1> 16, 17, 27, 28

, although others do not found difference
between linear and inverted L disposition®* #°. From the results obtained by the
finite element analysis, the amount and mainly the distribution of the stress had a
better performance in inverted L screw arrangement in comparison with linear
configuration (both 90° and 60°). The same results were found in the fixative
appliance when comparing Maximum Principal Stress between the bicortical
screws fixation techniques. This better stress distribution in the FEA model,
probably justify the better results of the mechanical tests of the inverted L
distribution in comparison with others techniques, hypothesis already proposed
based in the results of the previous photoelastic analysis?'.

A polemical topic about the fixation techniques of the SSRO is about the
effect of the angle of the screw (90° or 60°), when authors discuses if this

angulation could interfere in the mechanical resistance of the fixation system. The
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screws inserted at 90° simulate the extraoral technique, while the 60° angulation,
the intraoral technique. According to literature, placement of screws perpendicular
to the osteotomy site is desirable, as it could provide about 20% more resistance to
the displacement of segments®. Uckan et al.® suppose that screws inserted at 60°
have a larger area of contact in the bone cortex, and this factor could balanced the
theoretical disadvantage of placing screws at a 60° angulation. Despite this
hypothesis, our previous work®' demonstrate that this screw disposition were less
resistant than linear 90° arrangement. By FEA analysis, it is possible to verify that
the amount stress is not very different between linear 90° and 60° screw
arrangement, with stress concentration in the neighboring bone around the first
and last screws, however, the stress dissipation pattern is not very similar. In linear
90° configuration, the stress presents better dissipation than linear 60°, whose
stress zones were concentrated near the fixative appliance, which is a fragility
area. Moreover, it is notable, for example, in the linear 90°, that the stress was
distributed though areas of more bone thickness, like the oblique line of the
mandible, what could justify the higher mechanical resistance. Furthermore, the
stresses in the screws are higher in the 60° than in the 90° arrangement, what can
cause fatigue of the screw’s material.

It is a consensus in the literature that the miniplate with monocortical screw
technique for fixation of SSRO presents inferior mechanic resistance than the

12,1315, 27, 28 29 However, the resistance of the

bicortical screws techniques
miniplates is clinically enough to promote the bone healing in the postoperative
period, as bite forces in the acute postoperative period are much lower than
recorded in the postoperative period or in the nonoperated population®'. This lower
mechanical resistance is due to an inferior bone contact in the osteotomy region
when compared with bicortical screws fixation techniques, besides the fact that
miniplate receives great part of mastigatory load with great stress concentration
around the screws in areas of little bone thickness.

The introduction of the locking plate/screw system tried to eliminate some of
the disadvantages of conventional miniplates, such as screw loosening, need of

precise plate adaptation to the bone, no traction of the bone segment to the plate
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and avoidance of compression of the plate and screw against bone cortex, which
could result in bone compression and localized osteolysis®*3*.

Although we had just few researches in literature about the use of 2.0-mm
locking miniplate/screw system, some indicates that locking system presents better
mechanical performance in resisting bone displacement®®, others no difference
between both systems®. In relation to our FE analysis, the locking miniplate
system compared with conventional miniplate system had better Maximum
Principal Stress distribution, although for both systems we had a great stress in the
neighboring of the screw near the osteotomy in the proximal segment that must be
the critical part of the fixation system. When analyzing the fixation appliance, stress
was distributed through all miniplate and screws, while in the conventional system,
too much stress was found in the first screw of the proximal segment, near
osteotomy. Based on that, locking miniplates/screws spread the load over the plate
and screws diminish the amount of force transferred to each unit, eliminating
excessive forces and screw loosening observed with conventional systems.

We used a three-dimensional finite element analysis to compare the
characteristics of mandibular structure and fixation hardware after SSRO
stabilization using five different techniques. The technique with three bicortical in
inverted L arrangement is shown to offer more effective load transmission in the
mandibular construct and hardware compared with linear 90° and 60°
configuration. This better load distribution was also found in the locking

miniplates/screws system in comparison with conventional system.
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A COMPARATIVE EVALUATION OF THE HYBRID TECHNIQUE FOR FIXATION OF THE
SAGITTAL SPLIT RAMUS OSTEOTOMY IN MANDIBULAR ADVANCEMENT BY
MECHANICAL, PHOTOELASTIC AND FINITE ELEMENT ANALYSIS

ABSTRACT

Purpose: This study was developed with the aim to evaluate the mechanical
characteristics and stress distribution in the so called hybrid technique of rigid
internal fixation of the sagital split ramus osteotomy, comparing this technique with
the traditional ones with miniplates/monocortical screws and bicortical screws.

Materials and Methods: Three methods were used to evaluate the fixation

techniques. In the mechanical test, 10 polyurethane replicas of human
hemimandibles were fixed in accordance with the three groups to be tested and
submitted to linear loading test. For the photoelastic evaluation, 3 hemimandible
replicas were made of photoelastic resin and subjected to photoelastic analysis
after linear loading with a 3 mm displacement. In the Finite Element Analysis, 3
models were created and the displacement simulated on a computer model and
the values of maximum principal stress results were analyzed.

Results: The results of this study demonstrated that the fixation of the sagital split
ramus osteotomy with three bicortical screws presented better mechanical
resistance and stress distribution pattern if compared with the hybrid technique that
however, presents better results than the fixation with just a miniplate and
monocortical screws.

Conclusions: The results suggested that installation of a bicortical screw in the
retromolar area (hybrid technique) may increase the resistance and improve stress
distribution of miniplate/monocortical screws fixation maintaining the majority of the

advantages and indications of this technique if corrected applied.

Keywords: Oral and Maxillofacial Surgery, Orthognathic Surgery, Rigid Internal

Fixation.
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INTRODUCTION

The use of the rigid internal fixation (RIF) has been widely used by the
surgeons in both maxillofacial trauma and orthognathic surgery due to the
inumerous advantages in comparison with wire osteosynthesis. Theses
advantages include no rigid intermaxillary fixation (IMF), which contributes to
patient comfort, with internal fixation that does not allow the bone fragments to
displace, what means long term treatment stability.

As the benefits of rigid internal fixation are obvious, the question raised
today is about how rigid should the RIF be and what is the best technique to apply
this fixation. The most used techniques for fixation of the sagittal split ramus
osteotomy (SSRO) are bicortical screws (both in lag and positional techniques,
with different disposition, like inverted L and linear arrangement) and miniplates
with monocortical screws.

More recently, many surgeons have been using the so-called hybrid
technique, which was initially proposed by Schwartz and Relle', aiming to
associate the advantages of the fixation with bicortical screws and miniplates with
monocortical screws. Before been considered a form of fixation of the SSRO, the
use of screws associated with miniplates were primarily used for the management
of unfavorable splits, lingual or buccal plate fracture or bone gaps due to third
molar sockets®*.

Clinically, a miniplate is first applied across the anterior vertical osteotomy
using four monocortical screws. Then, a bicortical positional screw is then placed
just posterior to the last tooth and above the inferior alveolar nerve', aiming to give
more mechanical resistance to the fixation system. However, some surgeons
prefer installing first the bicortical screw to stabilize the segments, and after, the
miniplate with monocortical screws.

Until nowadays, very few studies have analyzed the mechanical
characteristics and stress distributions of the hybrid fixation technique in
comparison with the traditional fixation with bicortical screws and miniplates with

monocortical screws.

39



Based on this fact, the aim of the study was to evaluate the hybrid technique
of fixation of the sagittal split osteotomy in comparison with bicortical screws and
miniplates with monocortical screws by two in vitro tests: mechanical and

photoelastic and one virtual simulation using finite element analysis.

MATERIAL AND METHODS

Mechanical Test

To reach standardization in the sagittal split ramus osteotomies, an
osteotomy was performed on a polyurethane hemimandible replica according to
what is proposed by Epker®. Then, 30 polyurethane samples, in two pieces, were
produced from this SSRO mandible for mechanical tests.

The experimental samples were equally divided into 3 groups. Each group
was reconstructed simulating 5 mm advancement, as proclaimed by other studies
in literature®®, with 3 different techniques using 2.0 mm system plates and screws
(Neoortho® — JJGC Ind. e Com. de Mat. Dent. Ltda. — Curitiba, Parana — Brazil).
Group 1 was fixed with the hybrid technique, using 1 bicortical screw of 13 mm and
a miniplate with 4 monocortical screws, group 2 with a three bicortical screws of 13
mm in reversed L arrangement and the group 3, fixed with a 4-hole miniplate with 4
monocortical screws of 5 mm (Figures 1 to 3).

Figure 1 — Hemimandible fixation Figure 2 — Hemimandible fixation
using a hybrid technique using bicortical screws
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Figure 3 — Hemimandible fixation
using a 4-hole miniplate

To reach standardization in relation to the hemimandible segments with a 5
mm advance fixation placement, the methodology proposed by Asprino et al.” has
been used: it suggests the use of a guide made of acrylic resin for the
advancement and attachment of the miniplates and screws.

The three sample groups were submitted to linear loading test from the
upper part to the lower part, in the first molar region, by means of the Instron 4411
(Instron Corp., Norwood, MA) servohydraulic material testing unit. The material
testing unit produced linear displacement at a rate of 1 mm/min and the loading
was continued up to failure. Peak and ending load data (kgf) were obtained, as well
as peak and ending displacement information (mm). Peak load is the load at which
the system begins to permanently deform. Peak displacement is the one at which
permanent deformation begins. Mean and standard deviation values were derived
and compared as for statistical significance within the attachment categories and
test using analysis of variance (ANOVA). A p<0.05 was considered significant and

mean values were compared by use of the Tukey test.

Photoelastic Test

The sample for the photoelastic tests were produced by the impression of
the two pieces of the polyurethane mandible replica with SSRO in a silicone
impression material. A total of three identical photoelastic resin models were made,

one for each of the three tested groups.
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The photoelastic models were taken to a plane polariscope (Eikonal
Instrumentos Opticos Comércio e Servico Ltda., Sdo Paulo — SP, Brazil) attached
to the Instron 4411 test machine (Figure 4), and submitted to load at the first molar
region up to a 3 mm displacement, at a Tmm/min speed, which was the one which
presented the best distribution of isochromatic fringes during the pilot tests for
stress distribution evaluation. The photoelastic models were photographed before
load input, in order to check the absence of residual stress over the models. They
have also been filmed and photographed after the desired displacement (3mm)

was reached. For this task, the qualitative method of analysis has been applied.

Figure 4 — The polariscope adapted to the Instron 4411 mechanical testing

unit

Finite Element Analysis

A human hemimandible similar to the one used in the mechanical and
photoelastic tests were constructed based on a mandible in DICOM format from
CTI (Center for Information Technology Renato Archer, Campinas, SP, Brazil) data
bank, that was previously obtained from a dry mandible submitted to a helical CT

scan. The screws and miniplate were computer simulated based on the physical
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specimens from Neoortho®, the same fixation used in the mechanical and
photoelastic tests. The hemimandible in DICOM format and of the
miniplates/screws were assembled to Rhinoceros 4.0 (McNeel North America,
Seattle, WA) and 3D hemimandible geometry of the three groups were created
with just the first molar to simplify the model.

The hemimandible geometry was exported to the software Femap v.10.1
(Siemens PLM Software Inc., Plano, TX) for the preprocessing of the finite element
(FE) model for the three rigid internal fixation techniques studied.

The tetrahedral elements with ten nodes each constituting the models tested

were listed in table 1.

Table 1 — Characteristics of the 3D finite element models

Model Elements Nodes
Hybrid 145,698 219,928
Inverted L 129,548 194,667
Miniplate 65,550 100,446

The finite element models must have some mechanical properties of the
materials that are being simulated. These mechanical properties considered the
materials homogenous, isotropic and linear elastic are the Young’s modulus and
the Poisson’s rate. The properties from mandibular polyurethane substratum were
obtained from a compression test in a specimen at Instron 4411 and the properties
from the titanium alloy provided by the manufacturers. The Young’s modulus for
the mandibular substratum was 624.42 MPa and the Poisson’s ratio was 0.28. For
the titanium alloy, the Young’s modulus and the Possion’s ratio were respectively
116,000 MPa and 0.34.

Mandible was constrained in the region of TMJ (Temporomandibular Joint)
and posterior ramus, just like the other tests and the load applied in the region of
the central fossa of the first molar until a 3 mm displacement. The models were
evaluated according to Maximum Principal Stress whose stress scale measures
the tensile and compressive stresses in the material in MPa (N/mm?). For the
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qualitative analysis, a color scale with 16 stress values was used, varying between
-3 to 20 MPa for the hemimandible and -3 to 500 MPa for the miniplates/screws.

RESULTS

Mechanical Tesis

The hemimandibles were submitted to linear loading test and the results of
peak and final load and displacement recorded. These values and a summary of
the statistical analysis are presented in table 2 and 3.

Table 2 — Mean, standard deviation and Tukey test - peak load and displacement

Sample Category Peak Load (kgf) Peak Displacement (mm) \

Hybrid Technique 19.21 (1.91) B 18.34 (4.62) A

Reversed L Screws 28.30 (4.33) A 9.20 (2.54) B
Miniplates and Screws 4.27 (0.93) C 5.36 (1.45) B

Table 3 — Mean, standard deviation and Tukey test - ending load and displacement

Sample Category Ending Load (kgf) Ending Displacement (mm) \
Hybrid Technique 18.44 (3.74) B 19.20 (5.28) A
Reversed L Screws 27.93 (4.18) A 9.41 (2.92) B
Miniplates and Screws 4.27 (0.93) C 5.36 (1.45) B

Note: Matching letters (A,B,C) indicate no significant statistical difference.

In accordance with the results of mechanical tests, fixation with bicortical
screws in reversed L arrangement is the group with highest mechanical resistance,
both for the peak and the final load. The hybrid technique was less resistant than
the bicortical screws, and the fixation with miniplate and monocortical screws was
the less resistant group.

Regarding the peak and final displacement, the highest displacement
occurred for the hybrid technique, and for both bicortical screws in reversed L
arrangement and for the miniplates with monocortical screws, there was no
statistically significant difference and the displacement were lower than the hybrid
technique.
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Photoelastic Test

Figure 5 — Photoelastic test of the Figure 6 — Photoelastic test of the
Hybrid fixation technique Reversed L arrangement fixation

Figure 7 — Photoelastic test of the
Miniplates and screws fixation

For the hybrid fixation technique (figure 5), in the photoelastic analysis, the
highest stress concentration was found around the bicortical screw, and the fringes
dissipate mainly toward the distal direction through the mandibular ramus.

In the case of inverted L arrangement fixation (figure 6), the highest stress

concentration was found in the screws located more superiorly and near the
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osteotomy, with less stress concentration in the screw located more inferiorly. The
stress concentration in this group presented the highest homogeneity in the stress
distribution when comparing the three studied groups.

For the fixation with miniplates and monocortical screws (figure 7), the
stress concentration happened mainly around the screws near the osteotomy, in
the proximal and distal segments, and the stresses were of higher intensity when

compared with the hybrid technique fixation.

Finite Element Analysis

Figure 8 — Maximun Principal Stress Figure 9 — Maximun Principal Stress
values of FEA in a Buccal view of hybrid values of FEA in a Internal view of
fixation technique hybrid fixation technique

Figure 10 — Maximun Principal Stress values of FEA of the
fixation in the hybrid technique

In the case of hybrid fixation technique, by the finite element analysis, the

area of highest stress concentration was around the screws close to the
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osteotomy, and for the screw near the osteotomy in the proximal segment, the
dissipation of the stress happened mainly from anterior to posterior, in an area of
less bone thickness (Figure 8). Interestingly, in an internal view of the osteotomy,
an important area of stress concentration was formed around the bicortical screw,
that was the highest stress concentration of the entire fixation system (Figure 9). In
relation to the stress generated in the fixation system, an important amount of
stress was created in the bicortical screw and in the miniplate close to the screw
near the osteotomy in the distal segment (Figure 10).

Figure 11 — Maximun Principal Stress Figure 12 — Maximun Principal Stress
values of FEA in a Buccal view of hybrid values of FEA in a Internal view of hybrid
fixation technique fixation technique

Figure 13 — Maximun Principal Stress
values of FEA in the bicortical screws

For the fixation technique with bicortical screws, the stress distribution
around the screws was the most homogeneous of the three tested groups, mainly
when analyzing the finite element model in the buccal view of the distal segment
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(figure 11). In the internal view of the proximal segment (figure 12), an important
quantity of the stress generated in the simulation, was concentrated near the upper
screw (figure 13), with dissipation though the oblique line of the mandible, with little

stress around the screw that was nearest the osteotomy, that was the region of the

segment with less bone thickness.

Figure 14 — Maximun Principal Stress Figure 15 — Maximun Principal Stress

values of FEA in a Buccal view of the values of FEA in a Axial view of the
fixation with miniplate and monocortical fixation with miniplate and monocortical
screws screws

Figure 16 — Maximun Principal Stress values of
FEA in the miniplate and screws

The fixation group with a miniplate and four monocortical screws had a high
stress concentration around the screws near the osteotomy, mainly in the screw in
the proximal segment (figure 14). The stress near this screw in the proximal
segment was dissipated in the direction of the osteotomy, which is a region with a
little bone thickness (figure 15). When analyzing the stress in the fixation system,
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the concentration in the miniplate was higher near the region of the osteotomy in
the distal segment, however, when evaluating the screws, the stress was

concentrated in the one near the osteotomy in the proximal segment (figure 16).
DISCUSSION

The use of the so called hybrid technique has been adopted by many oral
surgeons in the last years based mainly in two arguments: improvement of the
mechanical resistance of the fixation with miniplates and monocortical screws and
to facilitate the fixation technique, maintaining some of the advantages of the
conventional miniplante/monocortical screws fixation technique and combining with
the advantages of the bicortical screws techniques.

The fixation with bicortical screws were introduced by Spiessl® and later
popularized by Paulus and Steinhauser®. Almost at the same time, Michelet et al.™
also proposed the fixation of the segments of the sagittal split osteotomy with
miniplates and monocortical screws.

The SSRO advancement procedure has a very particular biomechanical
feature, as with the advancement of the segments, a gap is produced in the
osteotomy area, what requires load transfer between segments to occur mainly
through their fixation systems'’, what requires maximum stability from the fixation
system that acts as a compound beam with broad cross-sections of bone on the
proximal and distal aspects and a thin cross-section in which the hardware is
attached in the middle (miniplate group), at a few points across the osteotomy site
(bicortical screws group) and a combination of both'2,

The literature has been demonstrating that the fixation using bicortical
screws has more mechanical resistance than the fixation with miniplates in in vitro
studies. Anucul et al.’® described that bicortical screws fixation is three times more
resistant than miniplates. This result is similar to the one obtained by Hammer et
al.'* Peterson et al.”® in a study comparing the different methods of fixation of the
SSRO advancement, demonstrated that the both straight and curved miniplates
were less resistant than bicortical screws. Other studies in literature also found

6,12,16

similar results , wWhat is in accordance with the results of this research.
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By adding a bicortical screw to a SSRO fixed with a miniplate/monocortical
screws, the mechanical resistance improved with statistical significance in this
study, although not as resistant as three bicortical screws. This result is in
accordance with others studies in literature, like Ozden et al.'® and Shetty et al."”
From a mechanical perspective, a screw applied bicortically in this retromolar
region inhibits the trend toward segment displacement through its resistance to
axial and shear stresses. Relative displacements between the mandible segments
can be further reduced by widening the separation between the miniplate and
retromolar screw, thereby, increasing the length of the moment arm.'? "’

The decision about placing a screw in the superior border of the mandibular
ramus in the hybrid technique is based in researches like from Obeid and
Lindquist'® that demonstrated in an anatomic study of human cadaveric mandibles
that the superior border of the ramus was the one with thickest buccal and lingual
cortical bone. Moreover, the retromolar region has also excellent accessibility
through an intraoral approach.®

The resistance and mechanical stability of the fixation with three bicortical
screw can be explained by the photoelastic and finite elements analysis due to the
good uniformity of stress distribution, that were not concentrated in specific areas
of fragility as in other modalities of fixation. The stress areas in the three bicortical
screw fixation were in areas of greater thickness and bone strength. Besides that,
the stress in the fixation system is not as intense as in other groups.

In the case of the fixation with miniplates and monocortical screws, as
demonstrated in other studies in literature®?°, the stress concentration is always
higher around the screws near the osteotomy, especially in the proximal segment
that has a thin bone thickness, what increases the fragility of the fixation system.
Moreover, the evaluation of the stress in the fixation system, that is only possible in
the finite element analysis, demonstrated that an important amount of stress is
located in the miniplate in the region of the osteotomy, exactly where this hardware
works with loadbearing function, which is usually an area for high risk of fixation
failure near the osteotomy.

The behavior of the stress in the so called hybrid technique is very

interesting, as with the addition of a bicortical screw, a decrease in the stress
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around the miniplates happened and important concentration of stress was created
around the bicortical screw, however, this screw is located in an area that the bone
is thicker and more cortical, which provides more stability to the fixation system. In
relation to the stress in the fixation system, it was less intense when compared with
the traditional fixation with miniplate/monocortical screws, what decreases the
possibility of fixation failure due to material fatigue. Moreover, the stress generated
in the bicortical screw was similar to those created in the inverted L arrangement
fixation, so the risk of overloading in the bicortical screw was similar to the ones in
the fixation with three bicortical screws.

Important information is related to the displacement, what was always higher
for the hybrid technique when compared to the other tested groups. This
mechanical characteristic is due to the fact that the bicortical screw gives higher
mechanical resistance, however, it also served as a fulcrum point for the system,
and an additional screw does not change the mechanical resistance of the
system'®.

Ochs?' listed some factor that may influence the use of the rigid internal
fixation, like bone anatomy, osteotomy design, surgical movement, third molars,
unfavorable splits, inferior alveolar nerve position and proximal segment
positioning.

For example, a patient with a high mandibular plane angle and a short
ramus, there may not have enough bone between the second molars and posterior
extent of the lingual plate of the distal segment for three superior border
screws®??®, Infrequently, the lingual cortex just below the superior border is very
thin and does not engage well and does not provide adequate stability for bicortical
screw fixation. In those cases, a miniplate fixation must be used and can be
associated to a bicortical screw to increase stability.

Another case for hybrid technique fixation is for advancements beyond 10
mm, when begins to have inherent increased instability and less available bone

overlap for bicortical screw fixation?*°.

Similar case occurs in significant
asymmetric SSRO advancement. The side that the midline moves toward normally
fits quite nicely with flat, even contacts and it is possible to apply any kind of

fixation. However, the contralateral side is advanced farther, and due to the distal
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segment’s lingual plate rotating toward that side it will cause considerable flaring of
the proximal segment with a sizable anterior gap. Once the proper proximal
segment and condylar position have been determined, then bone reductions
should be done to eliminate point’s contacts and interferences on the lingual plate
of the distal segment. In those cases that the contact between the segments are
not so good and with a large movement, the use of a positional screw in the region
of minimal gapping and a miniplate with monocortical screw below that is indicated,
trying to avoid a recreation of the preexisting asymmetry or intercondylar
widening?.

The majority of the surgeons prefer to remove wisdom teeth, impacted or
erupted at least 6 months before the orthognathic surgery?’. However, the
presence of the third molar do not avoid the procedure and the surgeon should
ignore the tooth and guide the osteotomy through whatever portion of the tooth
structure is in the way, and after complete the osteotomy, the tooth is removed.
The problem is that the third molar leaves a significant bone void with thin cortical,
and in those cases, hybrid technique is used with a miniplate/monocortical screw
with an additional bicortical screw in an area with adequate bone stock.

Although the hybrid technique has many advantages and indications, like
described previously, some surgeons still prefer to choose the original techniques
only with bicortical screws or miniplate with monocortical screws, as some the
advantages of the fixation with miniplates could be lost with the insertion of a
bicortical screw. For example, with the use of a bicortical screw, even in the
positional technique, there is torsion at the level of the condyles and a risk of
compression of the inferior alveolar nerve, although more evident in the lag screw
technique. Sometimes the bicortical screw is not so easily inserted intrabucally,
and a stab incision is needed, and another advantage of the miniplates is lost.
Also, the removal of the fixation, in case of infection, for example, became difficult,

and in some cases, cannot be done under local anesthesia®.
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CONCLUSIONS

By the mechanical tests, the insertion of a bicortical screw associated to a
miniplate/monocortical screws, in a hybrid technique, increases the resistance of
the fixation, however, still less resistant than the fixation with bicortical screws. The
improvement in the mechanical resistance is also followed by a better stress

distribution around and through the fixation.
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COMPARISON OF POSTOPERATIVE STABILITY OF THREE RIGID INTERNAL
FIXATION TECHNIQUES AFTER SAGITTAL SPLIT RAMUS OSTEOTOMY FOR
MANDIBULAR ADVANCEMENT

ABSTRACT

Purpose: This investigation had the objective to compare the long-term skeletal
stability of three different methods of rigid fixation after mandibular advancement.
Materials and Methods: Twenty-five patients with class I malocclusion treated by

bilateral sagittal split ramus osteotomy and mandibular advancement were
selected for this retrospective study. Group 1(n = 7) had miniplates with
monocortical screws, Group 2 (n = 6) had bicortical screws and Group 3 (n = 12)
had the osteotomy fixed with the hybrid technique. Cephalograms were taken
preoperatively, 1 week postoperatively, and 6 months after the orthognathic
surgery. The linear and angular changes of the cephalometric landmarks of the
chin region were measured at each period, and the changes of each cephalometric
landmark were determined for the time intervals. Postoperative changes in
mandibular shape were analyzed to determine the stability of fixation methods.
Results: There was a minimal difference in relapse of the mandibular advancement
between the three groups. Statistical analysis showed no significant difference in
postoperative stability. However, a positive correlation between the amount of
advancement and the amount of postoperative relapse was demonstrated by linear
multiple regression test (p<0.05).

Conclusions: It can be concluded that all techniques could be used to obtain stable
postoperative results after 6 months in mandibular advancement.

Keywords: Rigid Internal Fixation, Mandibular Osteotomy, Skeletal Relapse.
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INTRODUCTION

Various techniques of rigid internal fixation (RIF) have been used in recent
years by several authors to achieve skeletal stability. The primary purposes of rigid
internal fixation with sagital split ramus osteotomy (SSRO) are to achieve fast bone
healing without maxillomandibular fixation, to initiate postoperative mandibular
function as early as possible and to decrease the amount of relapse ™.

The most used methods of RIF of the SSRO are bicortical screws or
miniplates with monocortical screws. Although these techniques have been applied
for some years with clinical success, controversial still remains about this topic.
Previous studies have shown that bicortical screws fixation tends to be more rigid
and less susceptible to deformation than monocortical plate fixation®'°, however,
other studies demonstrated no statistically significant difference between the
strength of bicortical fixation and miniplate/monocortical screws* .

Despite the majority of the studies in literature show that bicortical screws
fixation have better mechanical resistance, several long-term follow-up studies of
miniplates with monocortical osteosynthesis after SSRO have presented stable

1213 Also, the use of miniplates has several

results with regard to relapse
advantages compared with bicortical screw fixations. The easy access and
manipulation without a transbuccal fixation system is one of the advantages, added
by the facilitation in manipulating the proximal segment and seating of the condyle.
Also, large advancement movement is not restricted as in bicortical fixation due to
the amount of bone contact and the chance of mandibular flaring decreases'*'°.

In order to maintain the advantages of the miniplate/monocortical screws
and to increase the stiffness of the fixation system, some authors proposed a
supplementary bicortical screw in the retromolar region, and these fixation
techniques are known as “hybrid technique”. These techniques have been
described primarily for the management of unfavorable splits, lingual or buccal
plate fracture, or bone gaps due to third molar sockets'®. Some in vitro studies in
literature demonstrated that additional application of a single bicortical screw in the
retromolar region could substantially enhance the stability of monocortical plate

fixation; however, no clinical long term follow-up was done until nowadays.
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Based on these facts, the purpose of this study was to examine the skeletal
stability comparing three methods of rigid fixation in SSRO after 6 months: 1) three
bicortical screws, 2) one miniplate and monocortical screws and 3) a hybrid
technique, one miniplate/monocortical screws with a bicortical screw in the

retromolar region.

MATERIAL AND METHODS

This retrospective study includes 25 patients submitted to orthognathic
surgery by the Department of Oral and Maxillofacial Surgery of Piracicaba Dental
School — State University of Campinas — UNICAMP that were selected on the
basis of the following criteria: 1) who had combined orthodontic and surgical
treatment of a skeletal Class Il malocclusion, 2) who were surgically treated by
means of an SSRO and mandibular advancement according to Epker’s
modification of Obwegeser-Dal Pont osteotomy method, 3) who completely fulfilled
the regular postoperative check-ups, 4) age 16 or older at the time of the surgery
and a willingness to participate as a volunteer in the research, that was approved
by the local Committee of Ethics under number 078/2010.

Exclusion criteria applied were: 1) previously orthognathic surgery
procedure; 2) temporomandibular joint surgery; 3) need for simultaneous 2-jaw
surgery; 4) any medical, physical or mental condition that would impair the
patient’s ability to follow instruction, 5) patients who had transoperative accident
like bad split or postoperative complications, like malunion or non-union, 6) patient
who needs to undergo a wiring maxillomandibular fixation (MMF) in the
postoperative period, 7) patients with less than 20 teeth total or 10 teeth in an arch,
or severe periodontal disease; 8) craniofacial deformities; 9) change in the
residence that would preclude the follow-up and 10) incomplete records, like
clinical data and radiographies.

In this study, patients submitted to genioplasty were also accepted, as the
stability and changes in the bone could also be evaluated by this complementary
orthognathic procedure and a non-influenced cephalometric point was also

presented (B point).
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The patients were divided in three groups according to the rigid internal
fixation technique used for the SSRO. In the study, three techniques were
evaluated: 1 titanium miniplate and 4 monocortical screws 2.0-mm system along
the oblique ridge of the mandible, 3 linear bicortical screws inserted transbucally 90
degree above the mandibular canal around the retromolar area and a hybrid
technique, with a 2.0-mm titanium miniplate and 4 monocortical screws and one
bicortical screw placed posterior to the last tooth and superior to the inferior
alveolar nerve.

In all groups, maxillomandibular fixation with elastics was maintained for at
least 7 days, thereafter by functional training with light guiding elastics. No final
splints were maintained in the immediate post-operative period in the patients of
the sample that could lead to an autorotation of the mandible caused by the
removal of the splint, depending on its thickness. All patients received preoperative
and postoperative orthodontic treatment.

In order to evaluate stability of mandibular shape and position linear
measures to depict sagittal and vertical positions of the skeletal structures in
relation to a cranial base reference system were taken from cephalometric
radiographs, which were done preoperatively (T0), and at 1 week (T1) and at 6
months (T2) postoperatively. All radiographs were traced and analyzed by the
same individual. The magnification at all sites was around 9% to 10%'’, but
corrections for linear measurements were not made.

A coordinate system (x,y) was constructed. A line 7° above the nasion-sella
line (SN) at nasion (N) indicates the x-axis, and its perpendicular line through the
sella (S) indicates the y-axis.

To evaluate the preoperative facial characteristics as well as the operative
and postoperative mandibular chances the following cephalometric measures were

made:

1. Sagittal changes:
a. B-point to the y-axis
b. Pg-point (Pogonium) to y-axis

c. Me-point (Mentum) to the y-axis
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2. Vertical changes:
a. B-point to x-axis
b. Pg-point to x-axis
c. Me-point to x-axis
3. Rotational changes:
a. Mandibular Depth (Angle formed by the Frankfort horizontal and a

line from nasio through point B — NB Line)

The linear measurements were made with a ruler and the angular
measurement with a protractor. Changes to these landmarks were determined at 2
different time intervals: TO to T1 (AT1) and T1 to T2 (AT2).

Statistical analyses were performed in order to correlate and compare the
cephalometric parameters. Postoperative changes in the mandibular position were
analyzed by an arithmetic mean and standard-deviation for linear and angular
measurements and a Kruskal-Wallis ANOVA test compare the stability of the three
fixation methods and a linear multiple regression test to verify the association
between the amount of advancement and relapse (SPSS Version 11, Chicago, IL).
Probability values less than 0.05 were considered statistically significant.
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Figure 1 — Cephalometric landmarks and distances. Horizontally: B(h): B-point — y-
axis, Pg(h): Pg-point — y-axis, Me(h): Me-point — y-axis, B(v): B-point — x-axis,
Pg(v): Pg-point — x-axis, Me(v): Me-point — x-axis, Mandibular depth: Frankfort

horizontal/NB Line.

RESULTS

Sample Characterization

In accordance with the inclusion and exclusion criteria, the patient’s sample
composition and characterization was presented in table 1.
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Table 1 — Patient’s Characteristics by Sample Group

Miniplate/Monocortical Bicortical Hybrid
- Total
Screws Screws Technique
Number of
Patients ! 6 12 25
Male 1 2 0 3
Female 6 4 12 22
Age at Surgery
(mean = SD - 23.67 +6.98 3457 +£1233 28.75+9.58 29.16 £10.31

yrs)

The sample was randomly chosen and the majority of the patients were
women (88%), which can be explained by the higher demand for this type of
surgery by this gender in the service. Hybrid technique (48% of the cases) seen
also to be more used that the conventional ones with miniplate/monocortical
screws (28%) and bicortical screws (24%).

Surgical Changes

To analyze the surgical movement done in the surgery, the results from AT1

(TO to T1) were presented in table 2.

Table 2 — Surgical changes in mm to sagittal and vertical movement and in
degrees for mandibular depth

Miniplate/Monocortical Bicortical Hybrid
Screws Screws Technique
B Point 4.14 £ 3.62 25+1.52 8.67 £5.19
Sagittal  Pogonion 5.00 £ 3.41 2.17 £3.43 11.17 £ 7.28
Menton 443 +4.24 1.5+3.27 11.58 +7.38
B Point 2.14 +4.41 -1.5+4.18 -2.75+5.85
Vertical  Pogonion 3.28 £10.87 -1.00 +5.55 -3.00 £ 6.12
Menton 1.86 £ 8.78 0.17 +5.81 -1.17 £5.15
Mandibular depth 1.00 + 4.65 0.16 £4.26 4.92 +5.32

By the results of the table 2, the movement of the mandible can be
characterized an advancement for all the studied groups with a superior movement
of the chin landmarks, except for the miniplate/monocortical screws group. An
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increase in the mandibular depth angle was also seen in the patients in the

postoperative period when comparing to the preoperative mandibular depth angle.

Postoperative Stability

The verification of the postoperative stability has done by comparing the
results obtained in the T1 (1 week after surgery) with T2 (6 month after surgery).
The results were presented in table 3.

Table 3 — Changes in the mandibular position in mm to sagittal and vertical
movement and in degrees for mandibular depth

Miniplate/Monocortical Bicortical Hybrid

Screws Screws Technique p value
B Point 0.71 +1.89 0.17+299 -0.83+272 0.512
Sagittal Pogonion -0.28 + 2.06 117+248 -125+3.93 0.376
Menton -0.14 + 2.672 1.50+2.17 -1.58 £ 3.21 0.146
B Point -1.71+£1.89 0.17+3.49 1.25+3.23 0.134
Vertical Pogonion -2.86 + 3.67 -0.83+248 1.67 +3.34 0.053
Menton -2.71 £ 3.25 -0.67 £3.39 0.75+2.56 0.071
Mandibular depth -0.28 + 1.97 267+3.88 -0.83+1.80 0.098

From the results obtained in the analysis between T1 and T2, which
assesses the stability of the treatment, it was possible to observe that in the
sagittal direction, the fixation with miniplates and monocortical screws was more
stable than the others. However, there was a small tendency of the mandible fixed
with bicortical screws to be repositioned more anterior, and for the hybrid
technique, to be repositioned more posterior. However, there was no statistically
significant difference among the three fixation groups.

For the vertical movement, the tendency for the fixation with miniplates and
monocortical screws was a superior repositioning, with reduction of the facial
height, tendency that is also identified in the bicortical screw fixation, but in lower
proportion. For the hybrid technique, there was a tendency for an inferior
repositioning of the mandible with increase of the facial height. Despite these

65



trends in changing the mandibular position, no statistically significant difference
exists between the groups.

The mandibular depth is determined mainly by the sagittal positioning of the
mandible. Based on this fact, the greater the movement forward, the greater will be
the mandibular depth. So, in the case of bicortical screw fixation, that presented
the higher amount of mandibular advancement, it was also the group that
presented the highest increase in this angle, while the hybrid technique, which had
the highest reduction in the sagittal mandibular position was the one with the
highest reduction in the mandibular depth.

It was also evaluated the correlation between the amount of advancement in
B point and the relapse for the three groups of fixation analyzed (figures 1 to 3).
For all the groups, there was positive correlation when a linear multiple regression
was performed (p<0.05). Thus, for all cases, the greater the mandibular

advancement, the greater was the relapse over time.
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Figure 1 — Correlation between the amounts of advancement and relapse in the

fixation with miniplates and monocortical screws
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Figure 2 — Correlation between the amounts of advancement and relapse in the

fixation with bicortical screws
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Figure 3 — Correlation between the amounts of advancement and relapse in the
fixation with hybrid technique

DiSCcusSION

Mandibular advancement surgery may be the procedure that is most prone

to skeletal relapse according to some authors'®'"'®

, as a result of stretching of the
supra-hyoidal musculature and they suggest for major anterior movements to cut

the geniohyoid muscle and part of the digastrics muscle, although none of the
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patients of the sample was submitted to myotomy. However, classical works like
from Proffit et al.'® reported on the hierarchy of stability in orthognathic surgery,
that mandibular advancement in patients with normal to decrease facial height as
the second most stable orthognathic surgical procedure after maxillary upward
positioning. In their view, the order of importance begins with the direction of
movement, the type of fixation used and at the end, the surgical technique.
Schendel and Epker? distinguished between early relapse, or what occurs
in the first few months after surgery, and late relapse. Early relapse seems to be
related to surgical technique and fail in the fixation system. Later relapse would be
the results of unbalanced forces in the stomatognathic system and would occur
more slowly, normally leading to condylar resorption. In this study, the focus was in
the early relapse, as condylar resorption is a multifactorial phenomenon affected by
many different variables and has a specific target group that is young women with

2122 and early relapse is more affect by the rigid

a high mandibular plane angle
internal fixation hardware and technique, and the stability in the bone healing
period, that was the objective of this research.

The use of the rigid internal fixation is the gold standard to stabilize the
proximal and distal segment of the SSRO, and the professionals could choose the
type of RIF, that can be bicortical screws, miniplates with monocortical screws or
even a “hybrid technique”, a mix between both anterior techniques, according to
the mandibular movement, to the amount of movement and also personal choice.

The most significant load that affects the stability of the maxillomandibular
complex after osteotomy is the shearing force. This shearing stress acts on the
osteotomy site after SSRO and causes clockwise rotation of distal segment and
counterclockwise of the proximal segment of the mandible®. The consequences of
a bent at the osteotomy site could be identified as a movement of B, Pog and Me
points. Although many in vitro studies demonstrated that bicortical screws presents
better mechanical resistance than the miniplates with monocortical screws'®2*%’,
the results of the study find no statistically significant difference in the stability in all
groups between the early and late posteoperative cephalometrics.

A comparison between the relapse rate between miniplates and bicortical

screws were only studied by Kahnberg et al.?®, that found no significant difference
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between the two groups in skeletal relapse during the control period, that is similar
to the result obtained in this study. Unfortunately no study is available in the
literature comparing the stability of the hybrid technique with others.

Joss and Vassalli®® in a systematic review of the literature evaluated the
relapse of the SSRO with rigid internal fixation. The authors found few studies
about the stability with miniplates and a great number with bicortical screws. In
accordance with the results, little difference in relapse was presented between
bicortical screws and miniplate/monocortical screws, and both are stable fixation by
the results of the meta-analysis.

As identified in this study, a positive correlation between amount of
advancement and relapse rate was found in other studies in literature®*3®. These
relapse is also influenced by soft tissues/muscles and condylar position during the
surgery, besides the facts already mentioned. Muscular pull after readaptation of
elevator muscles after SSRO could also lead to relapse of the mandible after the
fixation of the osteotomy®, as a result of increase soft tissue and muscular
tensions because of the advancement of the mandible.

If the condyles were not properly positioned, they could undergo a process
called condylar distraction, as they were positioned interiorly and anteriorly to the
glenoid fossa seated position. The condyle is therefore unable to support the
mandible in the new advanced position defined by the surgeon, and the muscular
sling exerts its influence when function resumes and tends to return the proximal
segment to the original and correct position®.

When analyzing the long term condylar position changes, as the amount of
mandibular advancement increases, the intercondylar width tends also to increase,
as changes in axial inclination involving either a medial or lateral rotation of the
condylar axis, mainly in the rigid internal fixation using bicortical screws. Those
alterations in condylar position, with excessive compressive or tensile loading in
the area, probably leads to a decrease in nutrition from the synovial fluid, resulting
in possible condylar resorption®”.

In a multicenter randomized clinical trial, Van Sickels et al.*® showed that
advancement with RIF of more than 5.2 mm is prone to relapse. Scheerlinck et

al’® also find that the amount of advancement is correlated positively with

69



progressive condylar resorption that is one of main factor of relapse. The results
indicate that the risk of condylar resorption was 5.2 times higher for those with a
mandibular advancement between 5 and 10 mm than those with an advancement
of 5 or less. For 10 mm or more, the risk was as much as 20 times higher,
compared with 5 mm or less.

Another important factor is the age of the patient submitted to orthognathic
surgery. The mean age of the sample was 29.16 years-old, so the patients were in
the majority young adults. Surgery should mainly be provided to patients when the
end of the growth is at least confirmed, to minimize relapse due to continuous
growth. On the other hand, it is likely that remodeling and remaining growth could
be a cofactor for relapse in older patients. The initial growth of the patient’s face
and continuous remodeling process may lead to an advantageous or
disadvantageous change of position of the mandible after SSRO.

Besides all factors related to relapse described previously, it also important
to remember that good surgical training, profound experience in orthognathic
surgery, technical refinements by the surgeon and control of the surgical splint and
its newly defined occlusion to allow correct placement of the mandible during
surgery are also required to achieve good results in regard to stability and
esthetics. The orthodontist had also an important role in long term stability by
preparing the patient before the surgery in regard to a perfect coordination of both
dental arcades in transverse width and the correct decompensation of the incisors.

The results of the present study suggest that the stability between the
groups were similar in the postoperative period, with a good stability of the
mandibular advancement for all of the three groups. There is also evidence that the

amount of advancement is positively related to the amount of relapse.
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DISCUSSAO

Atualmente a osteotomia sagital dos ramos mandibulares (OSRM) é o
procedimento cirlrgico mais utilizado para a corregdo das deformidades
dentofaciais que envolvem a mandibula, sendo empregada com sucesso desde a
sua idealizacao por Trauner & Obwegeser (1957).

Ao longo dos anos, os diversos aspectos envolvendo o aprimoramento das
técnicas cirurgicas para corre¢cao do prognatismo e do retrognatismo mandibular
vém sendo estudados com o objetivo de conseguir aprimorar a técnica e
principalmente os resultados clinicos obtidos.

A literatura demonstrou que inumeros fatores estdo relacionados com a
recidiva no periodo pés-operatério, como a idade, género, angulo do plano
mandibular no pré-operatério, a quantidade de avango (Van Sickels et al., 1986),
estiramento dos tecidos moles com a criacdo de um vetor de forca posterior
(Bloomquist & Lee, 2004), rotagdo e deslocamento do segmento posterior,
duracao e método de bloqueio maxilo-mandibular (Watzke et al., 1990), qualidade
do preparo ortodontico pré-operatério, experiéncia do cirurgidao, reabsorcao
condilar (Moore et al.,, 1991) e método de fixacdo dos segmentos osteotomizados
(Bailey et al., 2004), fator esse que é o objeto de estudo desse trabalho.

A resisténcia dos diversos métodos de fixagdo é avaliada por meio dos
chamados testes mecénicos, nos quais as diversas formas de fixagdo da OSRM
sé&o submetidas a testes de carregamento in vitro e algumas varidveis analisadas,
como a carga e o deslocamento de pico e final.

Em termos de resisténcia mecénica, a literatura mostra um consenso que
as fixagdes utilizando parafusos bicorticais apresentam maior resisténcia que as
fixagdes que utilizam as miniplacas e parafusos monocorticais (Anucul et al., 1992;
Hammer et al., 1995; Peterson et al.; 2005; Ozden et al., 2006; Sato et al., 2010).

Apesar dessa diferenga em termos de resisténcia mecénica, cada uma
dessas técnicas de fixacdo apresenta indicacées especificas, de acordo com as
vantagens e desvantagens que cada uma delas.

No caso das fixagbes com parafusos bicorticais, as principais vantagens

sd0 a maior resisténcia mecanica, que teoricamente levaria a uma maior
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estabilidade em longo prazo do tratamento, facilidade da técnica, podendo os
parafusos inclusive serem inseridos de forma intrabucal, menor custo em relagéo a
fixacdo com miniplacas e maior contato Gsseo, inclusive pela possibilidade de
emprego da chamada técnica compressiva ou lag screw (Ochs, 2003).

Como desvantagens do uso da fixagdo com parafusos bicorticais tém-se a
maior chance de lesdao ao nervo alveolar inferior, tanto no momento das
perfuragcdes como pela compressao entre os segmentos (Bouwman et al., 1995),
maior risco de torque condilar (Hackney et al., 1989) e dificuldade de fixacdo em
casos de fraturas incorretas ou grandes avancos/casos de assimetria, pela
limitacdo da quantidade Ossea para o engajamento dos parafusos bicorticais
(Tucker & Ochs, 1988).

No caso das fixagdes utilizando as miniplacas e parafusos monocorticais,
as principais vantagens sdo o menor torque condilar, principalmente em casos de
grandes movimentos, ja& que a placa consegue ser adaptada a superficie da
mandibula, menor chance de lesdo ao nervo alveolar inferior, possibilidade de
fixacdo por via intrabucal, facilidade de correcdo em caso de malposicionamento
do segmento distal durante a fixacdo, bem como de remocdo em caso de
infecgdo, inclusive sob anestesia local, além de facilitar a fixagdo em casos de
fraturas incorretas (Stoelinga & Borstlap, 2003).

Outra opgcao de sistema de fixagdo com miniplacas e parafusos
monocorticais € 0 que usa as chamadas placas com sistema de travamento
(locking), onde os parafusos ficam presos a placa através de um sistema de
roscas internas. Entre as vantagens desse sistema tem-se a menor probabilidade
de perda de estabilidade dos parafusos, maior estabilidade, menos necessidade
de adaptacao da placa, menor compressao da placa contra a cortical 6ssea, que
poderia levar a uma area de osteodlise local, entre outras vantagens (Ellis &
Graham, 2002). Estudos mostram uma melhoria na distribuicdo das tensdes
nessas placas com travamento, porém a diferenca de resisténcia mecanica nao é
significativa (Oguz et al., 2009; Lyrio, 2009; Ribeiro-Jr et al., 2010).

Em relacédo a fixagdo com parafusos bicorticais, existe dentro da técnica,
uma grande variagdo quanto a disposi¢cao dos parafusos para essa fixagao, sendo

as principais em L invertido (seguindo uma disposi¢do triangular), linear 90°
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(parafusos perpediculares a osteotomia) e linear 60° (parafusos angulados em
relacdo a osteotomia).

Trabalhos na literatura mostram que a disposicao em L invertido
normalmente € a que apresenta maior resisténcia, sendo em alguns casos
superiores a linear 90° (Ardary et al., 1989; Foley et al., 1989; Shetty et al., 1996;
Haug et al,, 1999, Peterson et al., 2005; Ozden et al., 2006) e em outros, sem
diferenca estatistica entre ambos os grupos (Kohn et al, 1995; Murphy et al.,
1997). Ja para a fixacao linear 60°, essa parece ter sempre resisténcia inferior as
demais disposicoes dos parafusos bicorticais (Uckan et al., 2001; Sato et al.,
2010).

Como alternativa intermediaria a ambas as técnicas, foi idealizada a
chamada técnica hibrida, com o uso de uma miniplaca e parafusos monocorticais,
mais um parafuso bicortical na regido posterior ao ultimo dente e acima do nervo
alveolar inferior (Schwartz & Relle, 1996). Ainda sdo poucos os trabalhos na
literatura avaliando a resisténcia mecéanica da chamada técnica hibrida, e os
resultados ainda nao sao totalmente conclusivos (Shetty et al., 1996; Brasileiro et
al., 2009).

A resisténcia mecanica, que é o resultado obtido nos testes mecanicos,
advem de uma série de fatores, que podem ser divididos em dois grandes grupos:
as caracteristicas intrinsecas dos materiais e o comportamento dos mesmos
(Anusvice, 2005).

As caracteristicas intrinsecas do material envolvem dados como coeficiente
de elasticidade, dureza, capacidade de deformacéo, entre outros, que podem ser
melhorados a partir de estudos de otimizagdo das caracteristicas estruturais e
quimicas desse material. J& os estudos do comportamento mecanico envolvem
principalmente a avaliagdo de como esses materiais reagem quando S&o
submetidos as tensbes mecénicas e como 0s mesmos dissipam essas tensdes.
Esses estudos sdo avaliados através de diversas técnicas, como através de strain
gauges, a analise fotoeléstica e a analise de elementos finitos. Apesar da grande
importancia desse tipo de analise, elas ainda s&o pouco utilizadas para avaliar as
diversas formas de fixagdo da osteotomia sagital dos ramos mandibulares.
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Quanto mais homogénea a distribuicdo das tensdes e quanto mais distante
elas sdo dissipadas para longe do sistema de fixacdo, bem como para area de
maior espessura 0ssea, mais resistente sdo os sistemas de fixacdo (Obeid &
Lindquist, 1991).

Os resultados da analise de elementos finitos desse trabalho mostram que
a fixagao utilizando parafusos bicorticais apresenta melhor distribuicdo de tenséo
quando comparado com as fixagcbes com miniplacas e parafusos monocorticais,
resultado esse que coincide com outros da literatura, e que levam o sistema a ter
maior resisténcia mecanica, o que pode ser constatado nos teste de carregamento
linear (Erkmen et al., 2005; Sato et al., 2010; Bohluli et al., 2010).

Isso se deve principalmente ao fato que no caso das miniplacas, elas
funcionam como uma ponte que une os segmentos da osteotomia, sendo que
nesse ponto, quase toda a carga mastigatoria acaba sendo exercida sobre ela
(sistema de carga suportada — loadbearing), enquanto que nos parafusos, o
objetivo principal é aproximar os segmentos 6sseos, mantendo um bom contato
entre eles, e permitindo o travamento entre os dois segmentos. Dessa forma, a
maior parte da tensdo é dissipada na mandibula, e os parafusos acabam ajudando
a manter os segmentos em posicao, nao ficando responsaveis por receberem toda
a carga mastigatoria (sistema de carga compartilhada — loadsharing).

Em relacdo a disposi¢do dos parafusos, a forma em L invertido apresenta
melhor distribuicao de tensbes se comparado nos testes de elementos finitos com
a distribuicao das fixagdes do tipo linear, tanto a 90°, como a 60°. Esse resultado é
semelhante ao obtido nos testes com andlise fotoelastica (Sato et al., 2010), ja
que as tensdes na disposicdo em L invertido apresenta-se menos concentrada do
que nos padrdes lineares, e estdo localizadas, no caso da disposi¢ao triangular,
principalmente, em area de maior espessura 0ssea. Soma-se também o fato de
que o préprio sistema de fixagdo apresenta menos concentracdo de tensao no
caso do L invertido.

Apesar de alguns autores defenderem o uso dos parafusos inclinados,
como uma possivel forma de se aumentar a resisténcia do sistema, j& que os
mesmos poderiam ter maior contato 6ésseo do que os parafusos a 90° (Shepherd

et al., 1991), os testes mecénicos indicam que isso ndo ocorre. A justificativa que
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€ obtida a partir dos testes de elementos finitos é que no caso dos parafusos a
60°, tensbes sdo dissipadas para regides de menor espessura éssea quando
comparado com a fixacao com parafusos a 90° e, portanto, sdo geradas areas de
fragilidade para o sistema de fixacao.

Em relacdo ao uso da placas com sistema de travamento, pelo teste de
elementos finitos, realmente existe uma melhoria da distribuicdo de tensdes,
sendo a mesma mais homogénea, principalmente ao longo da placa de fixacao,
entretanto, essa ndo parece ser tao significativa a ponto de trazer repercussao em
termos de resisténcia nos testes mecanicos, fato este ja descrito em trabalhos
avaliando resisténcia mecénica na literatura (Lyrio, 2009; Ribeiro-Jr et al., 2010).

O acréscimo de um parafuso bicortical a fixacdo, utilizando placas e
parafusos monocorticais, na chamada técnica hibrida apresentou melhoria da
resisténcia mecanica, entretanto, esta ainda se mostrou inferior a fixacado somente
com parafusos bicorticais. Devido aos poucos trabalhos existentes na literatura
(Shetty et al., 1996; Brasileiro et al., 2009) nao existe um consenso, porém existe
uma tendéncia a aceitar que o uso de um parafuso bicortical adicional a placa com
parafusos monocorticais aumenta a resisténcia dos sistema de fixacao, porém
essa ainda nao é superior a fixacao com parafusos bicorticais.

Nos estudos com andlise fotoelastica e de elementos finitos, o acréscimo do
parafuso bicortical promoveu uma grande melhoria na distribuicdo de tens&o na
placa e parafusos monocorticais, entretanto, grande area de tensao foi gerada ao
redor e no parafuso bicortical, tornando-o ponto de fragilidade do sistema de
fixagdo. Nesse tipo de fixagdo hibrida, a tendéncia do sistema é de rotacionar ao
redor do parafuso bicortical, sendo que a placa passa a ter fungao principalmente
de bloguear esse tipo de movimento (acdo anti-rotacional). Tal situagdo poderia
ser solucionada com o acréscimo de mais um parafuso bicortical, entretanto,
nesse caso, as caracteristicas da fixacdo com a técnica hibrida comecam a se
perder, e se torna mais vantajoso fazer uso da técnica tradicional com parafusos
bicorticais, devido a questao de se otimizar tempo e custo.

Apos a andlise dos trabalhos realizados e da literatura sobre o assunto,
pode-se montar uma hierarquia do desempenho mecéanico das diversas formas de

fixacdo da osteotomia sagital dos ramos mandibulares, levando-se em
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consideracao a resisténcia apresentada nos testes mecanicos, bem como a forma
de absorcéao e dissipacao das tensdes ao redor e nos sistemas de fixacao apds os
testes fotoelasticos e analise de elementos finitos (Figura 11).

BicorticaisL
Melhor Invertido
Bicarticais Ideal para pequenos
; - — avancose movimentos
Linear 90 ¢ e
simétricos
Bicorticais
Linear 60°
Desempenho -
P _ Placa+ 1
em Testes in
+ Parafuso
vitro : :
Bicortical
Placa + Parafusos
Monocorticaiscom
Travamento ldeal para grandes
= avancos, movimentos
Placa + Parafusos assimétricos e fraturas
Pior Monocorticais incorretas
Convencionais

Figura 11 — Hieraraquia da estabilidade das diversas formas de fixagdo da
osteotomia sagital dos ramos mandibulares de acordo com o desempenho em
testes mecanicos e de distribuicao de tensdes (analise fotoelastica e de elementos

finitos) in vitro

Todos o0s resultados obtidos de trabalhos realizados em modelos
experimentais ndo podem ser levados de imediato para a pratica clinica, ja que
nos modelos in vitro nunca é possivel incluir todas as variaveis que envolvem as
caracteristicas do sistema estomatognatico.

Dessa forma, sdo necessarios estudos clinicos em longo prazo procurando
avaliar a estabilidade dos resultados obtidos nas corre¢cdes das deformidades
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dentofaciais que envolvem a mandibula e fixadas com as diversas técnicas
descritas na literatura.

Ja é consenso que a fixacao interna rigida ou estavel promoveu grande
avancgo na area quando comparada, por exemplo, com a osteosintese com fio de
aco, cuja recidiva era bastante elevada, além do desconforto para o paciente
devido a necessidade do bloqueio maxilo-mandibular (Moenning et al., 1990;
Dolce et al., 2000).

Desde a introducdo da fixacao interna estavel para a estabilizacdo da
osteotomia sagital dos ramos mandibulares na década de 70 com parafusos
bicorticais e com o surgimento de outras técnicas ao longo dos anos, diversos
autores comecaram a avaliar a estabilidade em longo prazo dessas técnicas.

Joss & Vassalli (2009) fizeram uma revisao sistematica da literatura sobre a
estabilidade em longo prazo das fixagcdes das osteotomias sagitais utilizando
parafusos bicorticais e miniplacas com parafusos monocorticais. De acordo com a
metandlise dos autores envolvendo 24 trabalhos, pequena diferenca existe em
termos de estabilidade entre as diversas formas de fixagdo, sendo que o0s
parafusos apresentaram uma taxa de recidiva maior, entretando, poucos foram os
trabalhos avaliando a estabilidade em longo prazo das miniplacas.

Ainda segundo Joss & Vassalli (2009), os trabalhos da literatura evidenciam
que quanto maior a quantidade de avancgo, independente do tipo de técnica de
fixacdo adotada, maior é a quantidade de recidiva, fato este também identificado
nos resultados obtidos neste trabalho.

Na literatura temos poucos trabalhos comparando a estabilidade entre as
fixacbes com parafusos e miniplacas/parafusos monocorticais. Blomqvist et al.
(1997) e Kahnberg et al. (2007) ndo encontraram diferenca estatisticamente
significante entre os dois tipos de fixagao, resultado semelhante deste trabalho.
Infelizmente na literatura pesquisada ndo ha nenhum trabalho avaliando
estabilidade em longo prazo da técnica hibrida de fixagcdo, mas como nos demais
trabalhos de estabilidade de fixacdo interna rigida em sagital ndo foram
identificadas diferencas estatisticamente significante entre as trés formas de
fixacdo da osteotomia sagital.
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A partir desses resultados, em que nao ha diferenca significante quanto a
estabilidade em longo prazo entre as diversas técnicas de fixagdo interna estavel
da osteotomia sagital dos ramos mandibulares, surge uma pergunta, mesmo com
as diferencas identificadas nos testes mecanicos e de distribuicdo de tensoes, que
€ 0 quao rigida precisa ser a fixagdo a fim de se conseguir a estabilidade entre os
segmentos 0sseos.

A funcéao da fixacao é basicamente estabilizar os segmentos 6sseos apos a
osteotomia sagital até a consolidacdo dos mesmos. Felizmente, ap6s a cirurgia,
em especial nas primeiras 6 semanas, existe uma drastica diminuicdo das forcas
mastigatérias devido ao edema, hematoma e descolamento dos musculos
mastigatoérios (Throckmorton & Ellis, 2001). Dessa forma, mesmo sistemas com
menor resisténcia podem exercer satisfatoria estabilizacdo durante a fase inicial
do reparo 6sseo (Maurer et al., 2003).

Na realidade, ainda ndo se sabe a quantidade de estabilidade que se
precisa ter para um reparo 6ésseo adequado, e clinicamente, pelos estudos
existentes, todas as técnicas de fixagdo interna estavel apresentam adequada
estabilidade. Entretanto, o cirurgido deve sempre levar em consideragao algumas
variaveis que podem ajudar a obter melhores resultados pds-operatérios, como,
por exemplo, o tipo de movimento (avancgo, recuo ou assimetria), a quantidade de
movimento e a exata posi¢cao entre os segmentos proximal e distal, que interfere
no grau do contato 6sseo.

Nos casos em que existe um bom contato 6sseo, principalmente em
pequenos movimentos simétricos, com pouco impacto sobre a musculatura e
articulacao, teoricamente, qualquer técnica de fixagdo interna rigida pode ser
adotada que se tera resultados pds-operatérios adequados, ficando a decisdo
baseada em termos de familiariedade com a técnica, menor tempo cirurgico e
menor custo.

Ja nas situacbes clinicas em que o contato 6sseo € menor, existe grande
resisténcia da musculatura ou que o paciente apresente grande forga mastigatoria,
para se conseguir o maximo de rigidez na fungdo mandibular imediata,
recomenda-se técnicas com maior resisténcia mecanica, como os parafusos
bicorticais e as técnicas hibridas (Ochs, 2003; Van Sickels et al., 2005).
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Entretanto, ha casos com limitac6es anatdmicas, como posicao dos dentes,
do nervo alveolar inferior, pareder alveolares delgadas apds exodontia de terceiros
molares durante a osteotomia sagital, minima superficie de sobreposicéo entre os
segmentos distais e proximais, fraturas incorretas ou casos de grandes avangos e
assimetrias, que a melhor técnica passa a ser o uso da miniplacas, ja que nao ha
quantidade éssea suficiente para a utilizacdo dos parafusos bicorticais ou o0 seu
uso poderia levar a um torque condilar importante (Scheerlinck et al., 1994;
Stoelinga & Borstlap, 2003) .

Como consideracao final, pode-se afirmar que os estudos mecanicos, de
distribuicdes de tensdes e de estabilidade em longo prazo trazem aos profissionais
informagdes importantes que irdo ajudar na tomada de decisdo quanto a técnica a
ser adotada para a fixagdo das osteotomias sagitais dos ramos mandibulares,
porém a decisédo final é dependente de uma avaliacdo pessoal de cada caso,
baseado nas caracteristicas clinicas de cada paciente, da experiéncia profissional
e da disponibilidade local de material de fixagao.

83



84



CONCLUSAO

As metodologias empregadas na elaboracdo dos trés trabalhos foram
complementares e auxiliaram no melhor entendimento do comportamento das
diferentes formas de fixacdo interna estavel da osteotomia sagital dos ramos
mandibulares, pela confirmagao dos resultados entre os testes. Dessa forma, os
testes in vitro analisados podem ser utilizados de maneira isolada ou em
associacao, ja que os resultados foram validados e se mostraram confiaveis.
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APENDICE

Material e Métodos referente a Analise de Elementos Finitos dos
Capitulos 1 e 2

A chamada analise de elementos finitos baseia-se na criacdo de um modelo
matematico que simula as condi¢gdes geométricas e propriedades mecéanicas dos
objetos a serem testados.

Para a criacdo dos modelos deste trabalho, alguns passos precisam ser
seguidos, que sao o0s a seguir descritos: tomografia computadorizada ou
escaneamento de superficie do objeto a ser estudado, com a reconstrucao
tridimensional do mesmo; criacao da malha geométrica do objeto a ser estudado,
com uma maior concentracdo de nés em regides de interesse, introdugdo no
modelo das informagbes referentes as propriedades mecanicas do objeto,
condi¢des de contorno, realizacdo da simulacdo propriamente dita e interpretacao
dos resultados obtidos.

A seguir serdo descritos cada um desses passos em detalhes:

Tomografia computadorizada e criacdo do modelo tridimensional (Etapa de Pré-

processamento)

Inicialmente foi utilizada uma mandibula em formato DICOM tomada do
banco de dados da Divisdo de Tecnologia Tridimensionais do Centro de
Tecnologia da Informacao Renato Archer (CTl) obtida a partir de uma a tomografia
computadorizada helicoidal multslice de uma mandibula humana com cortes de
espessura de 1 mm. Esse arquivo em formato DICOM foi exportado entdo o
software Rhinoceros 4.0 (McNeel North America, Seattle, WA), de onde foi criado
o modelo tridimensional da mandibula. Essa mandibula obtida a partir do banco de
dados do CTI foi remodelada tendo como base a hemimandibula dos testes
mecanicos e fotoelastico, com a finalidade da mesma ter as mesmas dimensodes

das utilizadas nesses testes. Ainda nesse mesmo software, a mandibula foi
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segmentada em duas metades, gerando assim uma hemimandibula semelhante a
utilizada nos testes mecanicos e fotoelasticos.

Com o objetivo de simplificacdo do modelo foram eliminas areas que nao
tinham interesse para o estudo da dissipacao das tensdes, como foi 0 caso dos
dentes, onde s6 permaneceu o 1° molar que € o dente de incidéncia da carga, ja
que os demais sdo geometrias complexas e deixaria 0 modelo com uma
quantidade de noOs ainda maior, muitas vezes a custa de ndés em regides de
interesse, como préximo a fixacdo e no sistema de fixacdo. Além disso, é
importante ressaltar, que a mesma era homogénea, sem diferenciagao entre 0sso
cortical e medular, assim como nas hemimandibulas utilizadas nos testes
mecanicos e fotoelastico.

Os parafusos e as miniplacas dos modelos computacionais foram gerados
no software Rhinoceros 4.0 (McNeel North America, Seattle, WA) a partir das
pecas fisicas da empresa Neoortho (JUGC Ind. e Com. de Mat. Dent. Ltda.,
Curitiba, Parand) que também foram utilizadas no trabalho de Sato et al. (2010),
cujos resultados foram utilizados para a valiacdo dos modelos de elementos
finitos. Para a fixagdo com parafusos bicorticais, os mesmos apresentavam
didametro de 1,5 mm e comprimento de 13 mm. Para os parafusos monocorticais,
0s mesmos tinham didmetro de 1,5 mm e comprimento de 5 mm.

Nesse momento, apdés a criagdo dos modelos de hemimandibula e
miniplacas e parafusos, foi simulada na mesma uma osteotomia sagital do ramo
mandibular, seguindo o padrdo da osteotomia proposto por Epker (1977) com
avanco de 5 mm, conforme empregado pela maioria dos estudos nessa area (Sato
et al, 2010). Os segmentos da osteotomia foram entdo fixados com cinco
diferentes técnicas de fixagdo interna rigida que foram testadas neste
experimento: linear 90° e 60°, L invertido, miniplacas e parafusos monocorticais
convencionais e com sistema de travamento.

Os modelos tridimensionais gerados no software Rhinoceros foram
exportados para o software Femap versdo 10.1 (Siemens PLM Software Inc.,
Plano, TX) para a etapa de processamento para a criacdo da chamada malha
geométrica que foi utilizada para a andlise de elementos finitos propriamente dito.
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As condicbes de contato foram definidas entre as miniplacas, os parafusos
e 0s segmentos da osteotomia como estando em perfeito contato com o substrato,
com excecao das placas com sistema de travamente, que tiveram um minimo
desalinhamento, simulando o seu uso clinico. Além disso, nas placas com sistema
de travamento, os parafusos e as miniplacas tinham contatos colados, simulando
o travamento placa-parafuso do sistema locking. Os modelos de elementos finitos

foram todos considerados homogéneos, isotropicos e com elasticidade linear.

Os modelos apresentaram as caracteristicas de malha descritas a seguir
(Tabela 1):

Tabela 1 — Elementos e nés dos modelos de elementos finitos

Modelo Elementos Nés
Linear 90° 91.578 138.942
Linear 60° 65.445 100.526
L Invertido 129.548 194.667
Miniplacas Convencionais 65.550 100.446
Miniplaca com Sistema Travamento 96.410 146.673

Ainda nesta etapa de pré-processamento, algumas caracteristicas precisam
ser inseridas no modelo de elementos finitos. Uma observagéao importante é que a
hemimandibula foi considerada como uma fase Unica, assim como ela foi
confeccionada para os testes mecanico e fotoelastico, ou seja, ndo existe
diferenciacdo entre cortical e medular 6ssea.

O modelo de material aplicado a analise deste trabalho exige o
conhecimento de duas propriedades dos materiais: Coeficiente de Poisson e
Médulo de Elasticidade (ou de Young). O Mddulo de Elasticidade, segundo
Anusavice (2005), é a relacao existente entre o esforgco especifico e a elongacéo
especifica, ou seja, € a relacdo entre as tensdes e as deformagdes elasticas.
Dessa forma, quanto maior o mddulo de elasticidade para uma determinada
tensdo, menor sera a deformacao correspondente, ou seja, esta relacionado com

a rigidez do material.
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O coeficiente de Poisson pode ser definido como a relacao existente entre o
deslocamento no sentido de aplicacdo de um carregamento e o deslocamento do
corpo na direcdo transversal, ou seja, um alongamento no sentido longitudinal
ocasiona uma contracao no sentido lateral e vice-versa (Meyers & Chawla, 1982).

O mobdulo de elasticidade e o coeficiente de Poisson para o poliuretano
foram estabelecidos por meio de ensaio mecénico na maquina Instron 4411
(Instrons Corp., Norwood, MA) através do uso de corpos de prova (Figura 11). No
caso das miniplacas e parafusos, as propriedades dos materiais foram fornecidas

pelo fabricante.

Figura 11 — Corpo de Prova utilizado para determinagéo do coeficiente de Poisson
e modulo de elasticidade. a =30 mme b =15 mm

De acordo com os testes realizados para o substrato (hemimandibula), o
coeficiente de Poisson e modulo de elasticidade foram respectivamente 0,2817 e
624,42 MPa. Para a liga de titanio, 0,34 e 116.000 MPa.

A condicao de fixacdo ou restricdo foi aplicada em toda a regido da cabeca
de mandibula e ramo mandibular, permitindo a fixacdo do segmento proximal
enquanto a forga era exercida na regido da fossa central do primeiro molar,
permitindo a realizagdo do teste de carregamento e a analise das tensdes

geradas.

94



Etapa de Processamento

Depois de finalizada a etapa de pré-processamento, os modelos
geométricos foram exportados para o software NEi Nastran versdao 9.2.3 (NEi
Software, Westminister, CA) para a realizacdo da etapa do processamento.

No software NEi Nastran os modelos foram submetidos a analise de
elementos finitos. Um deslocamento de 3 mm na regidao do ponto de aplicacao da
carga foi estipulada, tendo sido calculadas para cada um dos modelos as Tensdes
Maximas Principais em MPa (N/mm?).

Etapa de Pds-processamento

As imagens obtidas com as Tensdes Maximas Principais foram entao
analisadas e comparadas com as imagens obtidas nos testes fotoelasticos de
Sato (2009) para validacdo dos modelos de elementos finitos. Para essa
validacdo, observaram-se que os padrdes de distribuicdo das tensdes nos
modelos fotoelasticos e comparam-se esses padrées com os obtidos na analise
de elementos finitos, e verificou-se que os mesmos tinham semelhanga entre os
modelos, validando dessa forma os modelos obtidos através da analise de
elementos finitos.

A andlise de elementos finitos foi feita de maneira qualitativa por meio da
avaliagéo das tensdes maximas principais representadas em uma escala com 16
faixas de valores de tensdo com distribuicdo entre -3 a 30 MPa para a
hemimandibula e -3 a 500 MPa para as placas e parafusos.

Referéncias:
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4. Sato FRL. 2009. Avaliagdo mecanica e fotoelastica de diferentes técnicas de
fixacdo interna rigida da osteotomias sagital em avangos mandibulares
[dissertacao]. Piracicaba: UNICAMP/FOP; 2009.

Material e Métodos referente aos Testes Mecanico e Fotoelastico
do Capitulo 2

Testes Mecanicos

Para os testes mecanicos foram utilizadas hemimandibulas
anatémicas sintéticas padronizadas, confeccionadas com poliuretano rigido
da marca comercial Nacional e densidade padronizada de 200 g/L
(Franceschi & Costa e Silva Ltda. — Jau, S&o Paulo — Brasil).

Inicialmente foi adquirida 1 mandibula dentada integra da marca
Nacional (Codigo 4013), que foi seccionada em 2 partes entre os incisivos
centrais inferiores, sendo geradas dessa forma 2 hemimandibulas.

Essa hemimandibula foi entdo submetida a uma osteotomia sagital do
ramo mandibular com o0 uso de uma serra reciprocante acoplada a um
motor tipo TPS (Stryker Instruments Inc. Kalamazoo, MI, EUA).

Essa hemimandibula j& com a osteotomia foi enviada a empresa
Nacional que realizou a reproducdo da mesma em poliuretano, permitindo
dessa forma a padronizacao de todas as amostras.

Para a realizacdo desse trabalho, as amostras foram divididas da
seguinte forma:

e Grupo 1 — 10 hemimandibulas com OSRM fixadas com 1 placa de titanio
de 4 furos mais 1 parafuso bicortical de 13 mm posterior ao ultimo dente
(técnica hibrida)

e Grupo 2 — 10 hemimandibulas com OSRM fixadas com 3 parafusos (2 x
13 mm) dispostos em L invertido;
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e Grupo 3 — 10 hemimandibulas com OSRM fixadas com 1 placa de titénio

de 4 furos com extenséo de 0,55 mm espessura.

Todas as hemimandibulas foram fixadas com um avanco de 5 mm
com as técnicas de fixacdo que foram propostas nesse estudo. Para a
padronizacdo do avanco entre os segmentos ésseos e da fixacdo com
placas e parafusos de titanio, foram confeccionados guias de resina acrilica
quimicamente ativada incolor (Dental Vipi Ltda., Pirassununga — Sao Paulo,
Brasil), que permitiam o correto posicionamento dos segmentos para
fixacdo, conforme metodologia proposta por Asprino (2005).

Para a fixacdo, os dois segmentos que formavam a hemimandibula
eram inseridos nos guias de resina acrilica e perfurados com o uso de uma
broca do sistema 2,0 mm da Neoortho (JUGC Industria e Comércio de
Materiais Dentarios Ltda. — Neodent — Curitiba, Parana — Brasil) e fixados
com os parafusos do mesmo sistema ou miniplaca, ainda com o uso dos
guias. Apé6s a fixacdo as hemimandibulas eram retiradas dos guias e
verificada a correta reducéo e fixacdo dos segmentos (Figura 12).



Figura 12 — Hemimandibulas fixadas com um avanco de 5 mm: a) Hemimandibula fixada
utilizando técnica hibrida, b) Hemimandibula fixada com miniplaca e parafusos

monocorticais, ¢) Hemimandibula fixada com 3 parafusos em L invertido.

Apds as fixagdes, todas as amostras foram incluidas em um bloco de
resina acrilica, quimicamente ativada, incolor (Dental Vipi Ltda.,
Pirassununga — S&ao Paulo, Brasil) em toda a extensdo do ramo mandibular
(Figura 13), para permitir seu posicionamento e apreensdo nos suportes em
que foram levadas a maquina de ensaio. Para isto foi utilizado um molde
metalico retangular, previamente lubrificado com vaselina solida branca
(Industria Farmacéutica Rioquimica Ltda. Sdo José do Rio Preto, Sao
Paulo, Brasil).

A confeccao dessa base em resina acrilica, neste molde, permitiu a

padronizacdo das dimensdes de todos os blocos de resina e do
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posicionamento e apreensdo das amostras no suporte para o teste

mecanico.

Figura 13 - Base em resina acrilica confeccionada

para as hemimandibulas nos testes mecanicos

O Teste de Carregamento teve como objetivo avaliar a resisténcia dos
sistemas de fixacdo as forcas exercidas sobre os mesmos. Para isso, foi
utilizada uma maquina para ensaio universal servohidraulica Instron, modelo
4411 (Instron Corp, Norwood, MA) do Departamento de Materiais Dentarios
da Faculdade de Odontologia de Piracicaba da Universidade Estadual de
Campinas (FOP-UNICAMP) (Figura 14).

Para a realizacdo de tal teste, foram confeccionados, em aco
inoxidavel, um dispositivo de aplicagdo de carga e um dispositivo para
fixacdo das hemimandibulas (suporte) junto ao equipamento do teste de

carregamento.

Para o teste de carregamento, foi estabelecida uma velocidade de
1mm/min, para aplicacdo de carga progressiva sobre o sistema, quando foi
realizada a obtencdo do valor de resisténcia ao carregamento, em

quilograma-forga, na carga de pico e carga final e aferido o deslocamento
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imposto pelo ensaio, em milimetros, nestes dois momentos. A carga foi
sempre aplicada no segmento distal num ponto fixo, que recebia o
dispositivo de aplicacao de carga, previamente confeccionado, na fossa
central do primeiro molar inferior. Os valores da carga de pico foram
tomados no momento em que se alcangou a carga maxima antes da
primeira falha do sistema, logo apés esta, a carga comecgava a diminuir, e
era possivel observar na maquina de ensaio, o registro deste valor,
chamado pela maquina de carga de pico. Além do valor da carga era
registrado o deslocamento que o corpo de prova havia sofrido até o
momento da carga de pico, chamado deslocamento de pico. Apds a
afericao da carga de pico, ou seja, carga maxima antes da primeira falha do
sistema, e seu respectivo deslocamento, na aplicacdo de carga progressiva
o sistema continuou a ser submetido ao teste até a falha total do mesmo,
quando havia perda da resisténcia e a maquina terminava o ensaio (parava
automaticamente, indicando “break”), também registrando os valores de

carga e deslocamento finais.
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Figura 14 — Maquina de Ensaio Instron 4411 com suporte e amostra em posicao

A analise estatistica foi realizada a fim de comparar,
quantitativamente, as médias das cargas de pico (em kgf), o deslocamento
de pico (em mm), a carga final (em kgf) e o deslocamento final (em mm)
para todos os grupos estudados.

Os valores foram analisados no programa de analise estatistica SAS
(SAS Institute Inc., Cary NC, EUA). Na analise exploratoria utilizando PROC
LAB, foi indicada a necessidade de transformacdo logaritmica para a
variavel carga e a inversa para a variavel deslocamento. Apds a
transformacdo foi aplicada a Analise de Variancia (ANOVA) One-way e
posterioriormente o teste de Tukey com significancia de 5% (a=0,05) para a

comparacao entre as médias.
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Teste Fotoelastico

Para a confeccao dos modelos para analise fotoelastica, partiu-se de
uma hemimandibula de poliuretano rigido da marca Nacional (Franceschi &
Costa e Silva Ltda. — Jau, Sado Paulo — Brasil), seccionada em dois
segmentos por OSRM, idéntica aquelas utilizadas nos teste mecanicos. Os
segmentos foram ent&do lixados com uma lixa d’agua modelo T277 (Norton
Abrasivos Brasil Ltda. — Guarulhos, S&o Paulo - Brasil) e posteriormente
aplicada uma camada de esmalte de unha transparente (Niasi Ind.
Comeésticos Ltda. — Taboado da Serra, Sdo Paulo — Brasil) sobre os modelos
para eliminacgao das irregularidades da superficie.

Para a confeccdo do grupo controle no teste fotoelastico foi utilizada
uma hemimandibula integra para a qual a superficie também foi lixada e
aplicada sobre a mesma uma camada de esmalte, assim como realizado
com os segmentos dos grupos testes.

Inicialmente foi construida uma moldeira em acrilico para a moldagem
dos segmentos das hemimandibulas com material de moldagem a base de
silicone.

A seguir foi preparado o material de moldagem a base de silicone
Silibor® (Classico Artigos Odontolégicos Ltda. — Sdo Paulo, Sdo Paulo -
Brasil) (Figura 15). Este material foi manipulado na proporgédo de 3 a 4% de
liquido catalisador para cada porcéo de silicone dosada, a fim de preencher
completamente a moldeira acrilica. O preenchimento da moldeira com o
material de moldagem foi realizado de maneira lenta, a fim de evitar a
formagdo de qualquer tipo de bolha no material. O segmento da
hemimandibula foi entdo inserido lentamente na silicona, de modo a estar
totalmente imerso no material. Para cada segmento da hemimandibula

(parte proximal e distal) foi realizado um molde de silicone.
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Figura 15 — Material a base de Silicone para Moldagem

Foi aguardado entdo um periodo de 24 horas para a completa presa
do material de moldagem e a separagdo do molde/matriz, de acordo com a
recomendacao do fabricante. Cada molde foi utilizado uma Unica vez para
evitar distorcdes quando da insercdo da resina e retirada dos modelos
fotoelasticos. O segmento da hemimandibula foi entdo retirado do interior do
material de moldagem com o maximo de cuidado possivel para evitar que a
moldagem sofresse alteracées como perfuracdées ou rasgamento (Figura
16).

Figura 16 — Abertura e retirada da hemimandibula do interior do molde
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A confeccdo dos modelos fotoelasticos foi realizada com resina
Araldite (Araltec Produtos Quimicos Ltda - Hunstman) que possui dois
componentes liquidos, a GY-279 modificada, com diluido reativo, de baixa
até média viscosidade, formulada a base de bisfenol A, e um endurecedor
HY 2964 a base de amina cicloalifatica, modificado, de baixa viscosidade, o
que permite maior aplicacdo e manuseio.

A cura deste material ocorre a temperatura ambiente por meio de um
sistema endurecedor, 0 que possibilita a confeccdo de modelos de plastico
fotoelastico, transparente, de alto brilho e sem exsudacao. Os componentes
devem ser armazenados a 18-25°C e tempo de armazenamento de um ano
(GY279 BR) e dois anos (HY 2964).

A quantidade de material a ser utilizada deve ser previamente
calculada de acordo com o tamanho da peca a ser modelada, e a proporcéao
da mistura recomendada é de 100 partes de GY 279 para 48 partes de HY
2964.

Ambas as porgbes foram vertidas em um recipiente tipo Becker e
misturadas de forma manual com um bastdo de vidro bem vagarosamente,
de modo a evitar a incorporacdo de bolhas no material, que poderiam
dificultar o processo de leitura — Figura 17 a 19.
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Figura 17 — Resina Araldite Figura 18 — Resina Araldite com
adicionada ao Becker 0 endurecedor
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Figura 19 — Mistura da resina com o
endurecedor com o auxilio de um
bastao de vidro

A resina e o endurecedor foram misturados até a completa
homogeneizagdo dos produtos e com o auxilio de uma seringa foram
injetados lentamente no interior do molde até completar todo o conteudo
interno do mesmo (Figura 20).

Figura 20 — Aplicagéo da resina fotoelastica no interior do molde

O tempo estimado para o modelo fotoelastico alcangar o estagio de
recontorneamento é de 2 a 3 horas apds o inicio da mistura, dependendo do

tamanho da amostra, espessura e do ambiente de polimerizagdo. Foi
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aguardado um periodo adicional de 72 horas, seguindo recomendacdes do
fabricante, para a remocéao dos modelos fotoelasticos dos moldes.

Apbs o periodo necessario para a presa da silicona, foi realizado um
corte no molde e a hemimandibula retirada com muito cuidado para evitar
ao maximo a indugao de tensoes.

Os segmentos da hemimandibula foram entdo fixados com o auxilio
dos guias confeccionados em resina acrilica, os mesmos utilizados na
fixacdo das hemimandibulas em poliuretano. Para o teste fotoelastico, foram
confeccionados 3 modelos correspondentes: as seguintes amostras:
miniplacas e parafusos monocorticais, parafusos bicorticais em disposicao
em L e técnica hibrida, com as miniplacas e parafusos monocorticais, mais
1 parafuso bicortical.

Para a fixagdo, foram utilizadas miniplacas de titanio retas com
extensao sistema 2,0 mm de 4 furos e parafusos de titdnio monocorticais de
5 mm e parafusos bicorticais de 13 mm da marca comercial Neoortho (JJGC
Industria e Comércio de Materiais Dentérios Ltda. — Neodent — Curitiba,
Parana — Brasil).

A perfuragcdo das amostras foi realizada lentamente com brocas do
sistema 2,0 mm Neoortho (JJGC Industria e Comércio de Materiais
Dentarios Ltda. — Neodent — Curitiba, Parana — Brasil) a 30.000 rpm com
irrigacdo abundante para evitar a indugcédo de tensdes no modelo de resina
fotoelastica.

Apds a fixacdo dos modelos, os mesmos foram a maquina de ensaio
universal Instron, modelo 4411, acoplada ao polariscépio plano
desenvolvido pela empresa Eikonal Instrumentos Opticos Comércio e
Servico Ltda. (Sdo Paulo — SP, Brasil) do Departamento de Materiais
Dentarios da Faculdade de Odontologia de Piracicaba da Universidade

Estadual de Campinas (FOP-Unicamp) (Figura 21 e 22).
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Figura 21 — Vista Lateral do Polariscopio ja acoplado a maquina de ensaio e

com a caAmera em posicao

Figura 22 — Vista Frontal do Polariscépio acoplado a maquina de ensaio
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As amostras foram submetidas a carga vertical na regido de fossa
central do primeiro molar inferior através de um dispositivo de aplicacdo de
carga semelhante ao utilizado no teste mecanico, que foi adaptado a
maquina de ensaio universal Instron modelo 4411 (Instron Corp, Norwood,
MA - EUA) da mesma instituicdo. Essa incidéncia de carga permitiu uma
avaliagao das tensdes geradas na face vestibular da mandibula.

Hemimandibulas em resina fotoelastica também foram preparas e
fixadas de modo semelhante a dos testes mecanico, e com cuidado para
evitar pressdo no momento da perfuracdo e com uso de irrigacdo em
abundancia com o intuito de reduzir a geragao de tensoes.

Para melhorar a visualizagdo das franjas de tensbes nas
hemimandibulas confeccionadas em resina fotoelastica, foi utilizado um
cubo de 30 x 30 x 30 cm confeccionado em vidro temperado, onde foi
adicionado 6leo mineral transparente (Campestre Ind. e Com. de Oleos
Vegetais Ltda. — Sado Bernardo do Campo, Sao Paulo, Brasil).

Para a realizagdo do teste fotoelastico, foi confeccionada uma base
de resina acrilica (Dental Vipi Ltda., Pirassununga — Sao Paulo, Brasil),
também vazada na moldeira metélica utilizada para a confeccdo das bases
para o teste mecéanico. Como molde, foi utilizado uma hemimandibula em
poliuretano. Apds a polimerizacéo da resina, a base foi seccionada ao meio,
possibilitando, dessa forma, a retirada da hemimandibula que serviu como
molde e a inser¢cao das hemimandibulas em resina fotoelastica.

As hemimandibulas em resina fotoelastica foram entdo posicionadas
entre ambas as partes da base de resina acrilica e presas ao suporte
metélico, através da compressdo desta base de resina com o apertamento
dos parafusos. Esse suporte foi entdo levado ao interior do cubo de vidro
para a realizagdo do teste fotoelastico.

A maquina de ensaio foi programada para realizar um deslocamento

constante de 1Tmm/min até atingir o deslocamento de 3 mm, quando a
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mesma estacionava a ponta de incidéncia de carga e era realizada a
tomada fotografica das franjas isocromaticas. Além da tomada fotografica
na carga final, também foi realizada a tomada fotografica inicial, a fim de se
demonstrar a auséncia de tensdes residuais na amostra.

Para se tentar minimizar as tensdes geradas no modelo fotoelastico,
os mesmos foram levados a uma estufa com temperatura de 55°C onde
permaneceram por 5 minutos para eliminacdo das tensbes residuais,
conforme proposta de Torres (2008), que é o protocolo utilizado na
Faculdade de Odontologia de Ribeirao Preto da Universidade de Sao Paulo.

A resina fotoelastica utilizada nesse estudo possui alta sensibilidade,
porém apresenta baixa resisténcia a deformacédo, desta forma, a faixa de
trabalho de forga aplicavel sobre este material € pequena e com valores
mais baixos, quando comparados com a resina de poliuretano utilizada nos
testes mecanicos.

Para a andlise fotoelastica desse trabalho, a opcédo foi pela
padronizacdo do deslocamento, e nao pela carga. Isso se deve ao fato de
que os sistemas de fixacdo apresentam diferentes resisténcias, e dessa
forma o deslocamento parece ser a melhor forma de se padronizar e avaliar
as franjas isocromatica das amostras.

As hemimandibulas foram filmadas e fotografadas no deslocamento
de 3 mm, por ser aquele que apresentou uma ordem de franjas mais nitida
para a analise das hemimandibulas. Antes de iniciar os testes fotoelasticos,
foram realizadas fotos iniciais com uma Maquina Fuji Modelo 9000 (Fuji
Corporation, Japdo) para registro das minimas tensdes residuais
remanescentes nas amostras, em decorréncia das perfuragdes realizadas
previamente a insercdo dos parafusos de fixagdo, bem como a propria
pressdo dos parafusos sob o substrato. O teste foi filmado na integra com o
uso de uma filmadora Sony Modelo Handycam DCR-SR300 6.1 MP (Sony

Corporation, Japao). Apdés a maquina de ensaio universal ter realizado o
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deslocamento desejado (3 mm), a mesma era automaticamente colocada

em pausa e uma foto final realizada.
Referéncias:

Asprino L. Comparacao da resisténcia ao carregamento de trés técnicas
de fixagdo interna rigida utilizada no tratamento de fraturas condilares.
Estudo in vitro em hemimandibulas de poliuretano. [Tese]. Piracicaba:
Unicamp/FOP, 2005.

Torres EM. Analise fotoelastica das tensbes geradas por préteses sobre
implantes com diferentes planejamentos para reabilitacbes parciais em
areas posteriores da mandibula. [Tese]. Ribeirao Preto: FORP-USP, 2008.

Material e Métodos referente a Analise de Estabilidade
Cefalométria em Longo Prazo do Capitulo 3

A amostra desse estudo incluiu 25 pacientes que foram submetidos a
cirurgia ortognatica pela Area de Cirurgia Bucomaxilofacial da Faculdade de
Odontologia de Piracicaba — UNICAMP para corre¢ao de deformidade dentofacial
envolvendo avangco mandibular através de osteotomias sagitais dos ramos
mandibulares.

Os critérios de inclusao dos pacientes para esse estudo foram: 1) pacientes
que foram submetidos a tratamento ortodéntico-cirirgico para correcao de
deformidade esquelética do tipo classe Il, 2) pacientes submetidos a avanco
mandibular através de osteotomias sagitais dos ramos mandibulares de acordo
com a técnica proposta por Epker (1977), 3) pacientes que compareceram a
avaliagbes pos-operatérias regulares, 4) idade igual a 16 anos ou acima no
momento da cirurgia € que aceitaram de forma voluntaria a participares da
pesquisa que foi aprovada pelo Comité de Etica em Pesquisa da Faculdade de
Odontologia de Piracicaba — UNICAMP sob numero 078/2010.
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Os critérios de exclusao foram: 1) procedimento prévio de cirurgia
ortognética 2) cirurgia da articulacao temporo-mandibular prévia ou posterior a
cirurgia, 3) necessidade de cirurgia bimaxilar, 4) qualquer problema de saude ou
mental que impossibilitaram o paciente a seguir as recomendagdes poés-
operatérias, 5) casos de acidentes transoperatérios, como fraturas incorretas ou
complicagdes poés-operatérias, como nao-unido ou mal-unido, 6) pacientes que
necessitaram permanecer com bloqueio maxilomandibular no pés-operatério, 7)
menos de 20 dentes no total ou menos de 10 dentes em algum dos arcos ou
problema periodontal severo, 8) deformidades ou sindromes craniofaciais, 9)
mudanca de residéncia que impossibilitasse o0 acompanhamento pos-operatério e
10) dados clinicos incompletos no prontuario, como de radiografias e dados
referentes a cirurgia ou do periodo pés-operatério.

Para esse estudo, pacientes submetidos a mentoplastia também foram
incluidos na amostra, pois a estabilidade e as mudancgas 6sseas também puderam
ser avaliadas por esse procedimento cirurgico complementar e um ponto
cefalométrico nao influenciado pela cirurgia também estava presente (ponto B).

Os pacientes foram divididos em trés grupos de acordo com a técnica de
fixacdo interna rigida adotada para a osteotomia sagital dos ramos mandibulares.
Para esse estudo, trés técnicas de fixacao foram avaliadas: 1 miniplaca de titanio
com 4 parafusos monocorticais do sistema 2,0 mm ao longo da linha obliqua da
mandibula, 3 parafusos bicorticais em disposi¢céo linear 90° inseridos de modo
transbucal acima do canal mandibulares proximo a area retromolar e a técnica
hibrida, composta por 1 miniplaca de titanio fixada por 4 parafusos monocorticais
do sistema 2,0 mm, e mais 1 parafuso bicortical instalado posterior ao ultimo dente
e acima do canal mandibular.

Para todos os grupos, fixagdo maxilo-mandibular com elasticos pesados foi
mantida por um periodo de 7 dias, seguido por fisioterapia pds-operatéria com
elasticos leves. Nao foram mantidos no periodo pés-operatdrio os guias finais dos
pacientes da amostra, pois a sua remogao poderia levar a uma autorotacdo da
mandibula dependendo da espessura do guia. Todos os pacientes receberam
tratamento ortoddntico pré-cirirgico para coordenar apropriadamente os arcos

dentarios e eliminar as compensacoes dentarias, melhorando o posicionamento
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dos dentos dentro das respectivas bases 6sses e tratamento ortodéntico pés-
cirurgicos para refinamento da oclusdo com diversos profissionais especialistas
em ortodontia.

Com o intuito de se avaliar a estabilidade dos procedimentos mandibulares,
medidas lineares e uma angular foram utilizadas para se avaliar as posicoes
sagitais e verticais da estruturas esqueléticas mandibulares em relagdo as
estruturas cranianas em telerradiografias, que foram tomadas no periodo pré-
operatério (T0), com 1 semana (T1) e com 6 meses de pds-operatério (T2). As
telerradiografias foram tomadas em norma lateral de acordo a técnica de
posicionamento ao cefalostato preconizada por Broadbent (1931).

Todas as radiografias foram tracadas e analizadas por um mesmo
individuo. A magnificacdo foi ao redor de 9 a 10% em todos os campos, porém
nenhuma correc¢ao para as medidas foi realizada.

Para a realizacdo dos tragados, foi adaptada uma folha de papel vegetal
(gramatura 90) sobre as telerradiografias e fixada com o auxilio de fita adesiva
transparente sobre negatoscopio de luz branca centralizada. Para melhor
visualizagdo das radiografias, os tracados foram realizados em sala escura. Para
delineamento das estruturas anatémicas, foi utilizada uma lapiseira (Pentel 0,5
mm) com grafite (Pentel HB de 0,5 mm) e borracha (Mercur Record 40), sendo
que onde se onde encontrava dupla imagem, foi delineado um ponto médio entre
as duas. As medidas lineares foram tomadas com uma régua milimetrada
(Dessetec modelo 7115 — Trident) e a medida angular com o auxilio de um
transferidor (Dessetec numero 1521 - Trident).

Para se minimizar a possibilidade de erro, foram realizadas quatro
repeticdes e obtidas meédias, como preconizou Houston (1983), sendo que essas
meédias foram as utilizadas para as analises estatisticas e descritivas dos dados.

Foram demarcados os seguintes pontos cefalométricos para esse trabalho,
de acordo com Gregoret (1999):

S (sela): centro geométrico da sela tarcica

N (nasio): ponto de intersecdo entre a sutura do osso frontal com os 0ssos
nasais

Or (orbitario): ponto mais inferior do rebordo infra-orbitario
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Po (p6rio): ponto mais superior do meato acustico externo
B: ponto mais profundo da concavidade anterior da mandibula
Pg (pogbnio): ponto mais anterior do mento ésseo

Me (mentoniano): ponto mais inferior da sinfise mandibular

Um sistema de coordenada (x,y) foi construido. Uma linha 7° acima da linha
nasio-sela (NSL) no ponto nasio (N) indicando o eixo x, e uma linha perpendicular
pelo ponto sela (S) indicando o eixo y.

Para se avaliar as caracteristicas faciais pré-operatorias, bem como as
variagdes da cirurgia, bem como no periodo pds-operatoério, as seguintes medidas

cefalométricas foram realizadas:

1. Medidas Sagitais:
a. Ponto Bao Eixoy
b. Ponto Pg (Pogbnio) ao Eixo y
c. Ponto Me (Mentoniano) ao Eixo y
2. Medidas Verticais:
a. Ponto B ao Eixo x
b. Ponto Pg (Pog6nio) ao Eixo x
c. Ponto Me (Mentoniano) ao Eixo x
3. Medida Rotacional:
a. Profundidade Mandibular (Angulo formado pelo Plano de Frankfort e
a linha entre o ponto nasio e o ponto B — Linha NB)

As medidas lineares foram feitas com o auxilio de uma régua e as medidas
angulares com o auxilio de um transferidor. As mudangas entre essas medidas
foram calculadas em dois intervalos diferentes de tempo: TOa T1 (AT1) e T1 a T2
(AT2).

Andlise estatistica foi realizada com o objetivo de se verificar a correlagéo e
se comparar os parametros cefalométricos entre os intervalos de tempo. As
mudancas pds-operatérias do posicionamento mandibular foram analisados
através das meédias aritméticas e desvio-padrao para as medidas lineares e
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angulares, e através do teste de ANOVA de Kruskal-Wallis para se comparar a
estabilidade entre os trés métodos de fixacdo e um teste de regressao multipla
linear para verificar a associagao entre a quantidade de avanco e recidiva (SPSS
Version11, Chicago, IL). Valores inferiores a 0,05 foram considerados

estatisticamente significantes.

Eixo-y

Eixo-x

7 ( e EAE
graus /7%
== S

Profundidade
Mandibular

Figura 23 — Pontos e Medidas Cefalométricas. Horizontais: B(h): Ponto B — Eixo y,
Pg (h): Ponto Pg — Eixo y, Me (h): Ponto Me — Eixo y; Sagitais: B(v): Ponto B —
Eixo x, Pg (v): Ponto Pg — Eixo x, Me (v): Ponto Me — Eixo x, Profundidade
Mandibular: Plano de Frankfurt/Linha NB.
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ANEXO

o COMITE DE ETICA EM PESQUISA =
"5 FACULDADE DE ODONTOLOGIA DE PIRACICABA
FO UNIVERSIDADE ESTADUAL DE CAMPINAS

CERTIFICADO

O Comité de Etica em Pesquisa da FOP-UNICAMP certifica que o projeto de pesquisa "Comparagéo da estabilidade pés-
operatdria de trés técnicas de fixacao interna rigida da osteotomia sagital dos ramos mandibulares para
avanco mandibular®, protocolo n9 078/2010, dos pesquisadores Fabio Ricardo Loureiro Sato, Luciana Asprino e Marcio
de Moraes, satisfaz as exigéncias do Conselho Nacional de Salide - Ministério da Satide para as pesquisas em seres humanos
e foi aprovado par este comité em 04/08/2010.

The Ethics Committee in Research of the School of Dentistry of Piracicaba - State University of Campinas, certify that the
project "Comparison of postoperative stability of three rigid internal fixation techniques after sagittal split
ramus osteotomy for mandibular advancement”, register number 078/2010, of Fabio Ricardo Loureiro Sato, Luciana
Asprino and Marcio de Moraes, comply with the recommendations of the National Health Council - Ministry of Health of
Brazil for research in human subjects and therefore was approved by this committee at 08/04/2010.
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