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RESUMO

A fratura de angulo de mandibula é uma das fraturas mais comum entre as fraturas
mandibulares e em seu tratamento por fezes € utilizado placas e parafusos de titanio
para fixacdo dos segmentos. Com o tratamento cirargico podem ocorrer complicacfes
pos operatorias como infecgdes, a nao-fixacdo dos fragmentos e a fratura do material de
sintese. O método do elemento finito (MEF) é uma forma de analise matemética, que se
baseia na divisdo de uma estrutura para um numero finito de pequenas areas,
chamados elementos finitos. Para esta divisdo da o nome de "malha". Em geral, o MEF
tem a capacidade de matematizar estruturas e modelos, tornando-se possivel aplicar
forcas em qualquer lugar e / ou a direcdo. O objetivo do estudo foi avaliar 5 tipos
diferentes de fixacdo interna estavel de mandibula pelo MEF, avaliando forca de
propagacao ao 0sso e resisténcia a tensdo. Para este estudo, um modelo tridimensional
de uma mandibula foi obtido a partir de uma imagem de tomografia computadorizada e
uma fratura desfavoravel de angulo foi simulada. A partir deste modelo, foram avaliados
cinco tipos diferentes de fixacao interna estavel: grupo 1, a técnica de Champy com uma
miniplaca de 4-furos, sistema 2.0 mm ; grupo 2, técnica com duas miniplacas paralelas
convencionais de 4 furos, sistema 2.0mm ; grupo 3, técnica com duas placas locking
paralelas de 4 furos, sistema 2.0 mm; grupo 4, a técnica com uma placa reconstrucao de
6 furos, sistema 2.4 mm ; grupo 5, técnica com uma miniplacas de 4 furos, sistema 2.0
mm + uma placa de reconstrugéo de 6 furos, sistema 2.4 mm. Os resultados mostraram
gue as tensdes sdo mais bem distribuidas no sistema locking sendo que estas placas e
parafusos apresentaram menor concentracdo de tensdo, quando comparado com as
placas e parafusos convencionais. A técnica de Champy apresentou 0s piores
resultados relacionados a tensdes em placas e parafusos. H&4 pouca diferenca de
resisténcia a tensao entre as 0s grupos que continham placas de reconstrucdo. Conclui-
se, entdo, que a utilizacdo do sistema locking apresenta menor resisténcia a tenséo se
comparados ao sistema nao locking. Uma placa de reconstrucdo isolada néo foi capaz
de suportar a tensdo sem propagacdo ao tecido osso como a técnica sugere. A
presenca de uma placa de reconstrucdo associada a uma miniplaca ndo leva a maior

estabilidade se comparada com uma placa de reconstrucao isolada.

Palavras-Chave: Fratura Mandibular, Fixacdo interna Estavel, método de Elementos
Finitos



ABSTRACT

The mandibular angle fracture is the most common fracture among this type of injury
in jaw bone and also is the type of fracture treatment that presents a larger number of
complications as infections and non-fixation of the fragments. A series of treatments
for this typo of fracture with different types of osteosynthesis have been studied over
the years by the world literature. The finite element method (FEM) is a form of
mathematical analysis, which is based on dividing a structure into a finite number of
small areas, called finite elements. In this division receives the name of "mesh". In
general, the FEM has the ability to mathematically model structures, making it
possible to apply forces anywhere and / or direction. For this study, a three-
dimensional model of a mandible was obtained from a tomographic image. One
unfavorable angle fracture was simulated. From this model, five different types of
fixation techniqgue were evaluated: group 1, Champy technique with one 4-holes
miniplate, 2.0 system; group 2, technique with two parallel 4-holes conventional
miniplates, 2.0 system; group 3, technique with two parallel 4-holes locking
miniplates, 2.0 system; group 4, technique with one reconstruction 6-holes plate, 2.4
system in base jaw; group 5, technique with one reconstruction 6-holes plates, 2.4
system in jaw body + one parallel 4- holes conventional miniplate, 2.0 system.
Results: The results showed that strains are better distributed through the locking
miniplate and the locking screws presented higher stress concentration when
compared with the conventional ones. The Champy technique had the worst results
about stresses in plates and screw. There is no significant stress difference between
the groups with reconstruction plates. Conclusion: the use of the locking system
shows less stress compared to the non-locking system, the presence of a
reconstruction plate associated with a miniplate does not lead to increased stability
compared with an isolated reconstruction plate and one reconstruction plate doesn’t

protected the bone tissue as the technique suggests.

Keywords: Key words: finite element method, angle fracture, stable internal fixation.
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1. INTRODUCAO

A etiologia, a classificagéo e a incidéncia das fraturas mandibulares s&o bem
conhecidas e estdo descritas em diversos textos de cirurgia e traumatologia buco-
maxilo-faciais sendo alvo constantes de pesquisas epidemiolégicas e clinicas.
(MANGANELO et al., 2006 MILORO et al., 2004 ; ELLIS et al., 1993)

A mandibula € o Unico osso movel da face, apresentando duas articulagoes e
inser¢cdes musculares complexas, cujos mecanismos sdo amplamente discutidos na
literatura mundial. A descontinuidade do arco mandibular resulta em a¢cdo muscular
desordenada, produzindo deslocamento dos segmentos fraturados, mal-ocluséo
dentaria e anormalidade funcional. O deslocamento dos fragmentos varia conforme o
tipo e localizagdo da fratura e o método de tratamento deve neutralizar a agéo
muscular para se obter a estabilidade e efetividade no tratamento (MANGANELO et
al., 2006; MILORO et al., 2004)

As fraturas de angulo de mandibula estdo entre as mais comuns entre as
fraturas mandibulares tanto em pacientes de paises desenvolvidos e néao
desenvolvidos. (MORAISSI et al., 2014), variando a incidéncia de acordo com o
centro hospitalar de referencia de atendimento ou estudo epidemioldgico realizado .
(LEPORACE et al., 2009)

Estudos realizados em diversos paises, tém indicado uma grande frequéncia
de fraturas mandibulares causadas por varios fatores que, por sua vez, variam de
acordo com a regido analisada, a época e as condicbes sbcio-econbmicas da
populacdo. Entre os agentes etioldégicos mais comuns, tem-se o0 aumento do nimero
de agressoes fisicas e acidentes automobilisticos, e em nosso meio o trauma por
projétil de arma de fogo (STROM et al., 1992), juntamente ao fator agresséao fisica os
qguais representa, em algumas regibes do pais, os maiores fatores etioldgicos de
fraturas mandibulares. (SASSI et al., 2010)

No Brasil o numero de fraturas faciais € elevado, mas poucas pesquisas
epidemiologicas tém sido realizadas, apontando, portanto, a necessidade de um
maior numero de estudos para se determinar perfis desses traumas, formas de
prevencao e adequacao dos servicos de atendimento (SASSI et al., 2010, STROM et
al., 1992; LEPORACE et al., 2009)

A maioria dos procedimentos atuais utilizam titanio como material para a

fixacdo, muitas vezes com procedimentos de tratamento de superficie, devido a sua
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propriedade de rigidez, resisténcia e biocompatibilidade (ERKMEN et al., 2005).
Essas propriedades proporcionam a estabilizagdo dos segmentos fraturados com a
minima movimentacdo dos mesmos, consequentemente os procedimentos de
fixacdo com este tipo de material melhoraram radicalmente os resultados da uniédo
0ssea e diminuiram as taxas de m& unido e ndo unido quando comparados a fixacdo
feitas com fios de aco. (WATZKE et al., 1990).

O tratamento das fraturas faciais tem como meta restabelecer completamente
a area afetada, incluindo a funcéo, a anatomia e a estética. Em qualquer modalidade
de tratamento para alcancar este objetivo € necesséario a reducdo e a fixagcdo dos
fragmentos fraturados. O meio de fixagdo mais recentemente utilizado antes das
placas e parafusos foi o fio de aco, para a realizacdo de amarrias para estabilizacéo
da reducdo da fratura mandibular. Todavia a utilizacdo do fio de aco atualmente é
uma técnica pouca utilizada para esse fim, mesmo sabendo que a mesma pode ser
utilizada como material de sintese para o tratamento de fraturas mandibulares.
(SASSI et al.,, 2010; MANGANELO et al.,, 2006; ELLIS et al., 1993). A fixacdo
realizada com placas e com parafusos € conhecida como fixacdo interna rigida
(FIR), a qual também podem ser chamada como fixacdo interna estavel (FIE).
(MARZOLA et al., 2008; MEHRA et al., 2008; MELO et al., 2014)

O termo fixacao interna é utilizado para designar a estabilizacdo de uma
fratura ou osteotomia, com dispositivo em contato direto com a estrutura 6ssea,
podendo ser obtida por meio de fio de aco, parafuso isoladamente ou associacdo de
placa e parafuso. E designada rigida quando o dispositivo de imobilizac&o, junto a
estrutura 6ssea, permite a funcdo do 6rgdo durante o processo de reparacao 0ssea.
A fixacdo interna estavel (FIE), utilizando-se miniplacas/parafusos de titanio, pode
ser utilizada com inteiro sucesso para 0 tratamento cirdrgico de fraturas
mandibulares (MARZOLA et al., 2008; MELO et al., 2014, GUTWALD et al., 1999)

Fixacdo interna com miniplacas é descrita como um sistema composto de
uma placa anexada ao parafuso por meio da interface parafuso-osso e é agora
usado rotineiramente, para cirurgia de tratamento das fraturas mandibulares. A
vantagem do uso de miniplacas € a garantia de uma estabilidade adequada da
fratura, reduzindo o risco de deslocamento pds-operatério dos fragmentos
fraturados. Miniplacas podem ser utilizadas para ramo, angulo, corpo, ou fraturas da

sinfise. As fraturas com cominuigdo minima séo as mais adequadas para a aplicacédo
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de miniplacas, e grandes segmentos 0sseos intactos fornecem Otimas condi¢des
para um bom resultado . (PEREIRA et al., 2011)

O modo mais simples para discutir os esquemas de fixacdo para fraturas é
dividi-los em dispositivos de fixagdo chamados Load-Sharing e de Load-Bearing. Os
dispositivos tipo Load-Sharing sdo aqueles que dividem a carga com 0 0sso em cada
lado da fratura. A fixacdo tipo Load Bearing € um dispositivo resistente e rigido o
suficiente para suportar toda a carga aplicada a mandibula durante as atividades
funcionais. Os danos que requerem as fixagcOes tipo Load- Bearing sao as fraturas
cominutivas da mandibula, aquelas as quais existe uma interface éssea muito
pequena devido a atrofia ou devido a danos que resultam em uma perda de uma
porcdo da mandibula. Em tais casos, o dispositivo de fixacdo tem que atravessar a
area cominutiva de contato 6sseo minimo ou de perda de 0sso, e suportar todas as
forcas transmitidas através da area afetada gerada pelo sistema mastigatério. A
fixacdo com o principio de Load-Sharing é qualquer forma de fixacdo que apresente
instabilidade insuficiente para aguentar todas as cargas funcionais aplicadas as
fraturas pelo sistema mastigatério. Esse dispositivo de fixacdo requer fragmentos
0sseos sOlidos de cada lado da fratura que possam suportar parte das cargas
funcionais. As fraturas que podem se adequadamente estabilizadas com dispositivos
de fixacao tipo Load-Sharing sao fraturas lineares simples que constituem a maioria
das fraturas mandibulares. Exemplos de sistemas tipo Load-Sharing sédo miniplacas
de 1,5 a 2,0 mm de espessura e de sistemas tipo Load-Bearing sdo as placas de
reconstrucdo as quais sdo mais espessa - 2,4 a 3 mm de espessura. ( MILORO et
al., 2004)

Nas fixagOes utilizando placas e parafusos podem ser utilizados placas de
1.5mm, 2.0mm, e 2.4mm tanto convencionais quanto as do sistema locking.
Inimeras variagcdes podem ser realizadas usando uma placa de 4 furos, uma placa
de 6 furos, duas placas de 4 furos, duas placas de 6 furos, uma placa em duploy e
outras combinacfes. (TRENTO et al.; 2016) Pode-se também utilizar placas de
reconstrucdo que sao placas de 2.7mm a 3 mm de espessura. (STRINGHIWL et al.;
2016, GUILHERME et al.; 2016)

As placas reconstrutivas sdo as placas mais espessas e robustas aplicadas
em FIR. Também chamadas de “placas de reconstru¢céo”, muito usadas no passado
e, atualmente séo aplicadas para casos selecionados quando é preciso extrema

rigidez e estabilidade. As placas reconstrutivas exercem a funcdo de suporte de
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carga resistindo a todas as cargas que incidem durante a fungdo mandibular. Tais
dispositivos devem preencher o espaco de cominui¢cdo, entre o minimo contato
0sseo ou perda Ossea, e suportar todas as forcas transmitidas pelo sistema
mastigatorio. (MARZOLA et al., 2008; ELLIS Il et al., 2010)

O sistema conhecido como locking screw foi um avanco significativo em
relacdo as placas ja utilizadas anteriormente como as placas convencionas. O
sistema locking permite a fixacdo da cabeca do parafuso a placa, fazendo com que
sua estabilidade ndo dependa do contato da cabeca dele com o o0sso. Neste
sistema, o orificio da placa possui rosca da mesma maneira que cabeca do parafuso
em sua porcao externa, permitindo seu travamento a placa. Em outras palavras a
prépria placa apresenta rosca especifica para o parafuso, trazendo encaixe perfeito
entre os dispositivos placa e parafuso. Este sistema possui certas vantagens quando
comparado com o0s sistemas convencionais sendo uma delas a estabilidade do
parafuso que independente do contato da cabeca do parafuso com 0 0Sso
subjacente, pois o travamento da rosca de sua cabeca é feito com a rosca da placa.
(ELLIS et al., 1994; ELLIS et al. 1996)

O desenvolvimento do Método dos Elementos Finitos (MEF) teve suas
origens no final do século XVIII, quando Gauss propds a utilizacdo de funcdes de
aproximacdo para a solucdo de problemas matematicos. Durante mais de um
século, diversos matematicos desenvolveram teorias e técnicas analiticas para a
solucdo de problemas, entretanto, pouco se evoluiu devido a dificuldade e a
limitac@o existente no processamento de equacdes algébricas . (GALLAGHER et al.,
1975)

O desenvolvimento pratico desta andlise ocorreu somente muito mais tarde
em consequéncia dos avangos tecnoldogicos, por volta de 1950, com o advento da
computacdo. Isto permitiu a elaboracdo e a resolucédo de sistemas de equacdes
complexas. Em 1956, Turner, Clough, Martins e Topp, trabalhando em um projeto de
aeronaves para a Boeing, propuseram um método de andlise estrutural, similar ao
MEF. Mais tarde, em 1960, estes autores utilizaram pela primeira vez o nome de
Método dos Elementos Finitos, descrevendo-o. A partir de entdo, seu
desenvolvimento foi exponencial, sendo aplicado em diversas areas da Engenharia,
Medicina, Odontologia e areas afins (OLIVEIRA et al., 2000).

O método de elementos finitos (MEF) é uma técnica que permite a formulacéo

virtual de um modelo matematico adequado que representa ou simula o
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comportamento de um sistema fisico especifico. Sendo esse empregado em varias
areas da odontologia como periodontia (TANNE et al., 1987.), Implantodontia
(SAROT et al., 2008) e cirurgia buco maxilo faciais. (KILINC et al., 2016)

Outro fator que favorece as pesquisas com método dos elementos finitos é a
auséncia do comprometimento de estruturas biologicas, uma vez que, atualmente
por motivos éticos, tem-se dado muita atencdo e preferéncia por estudos que nao
incluam indiscriminadamente tecidos vivos, seja de origem humana ou animal.
(SAROT et al., 2008)

No entanto, algumas complicagfes relacionadas ao uso de materiais de
sintese de fraturas como mini placas e placas de reconstrugdo se fazem presentes,
ocorrendo com mais frequéncia a deiscéncia da ferida, seguida da fratura da placa
ou fracasso da rosca bem como a ocorréncia de infecgdo. (FULLER et al., 2003) Por
isso, justifica-se o avanco tecnoldgico auxiliar na escolha de melhores tipos de
fixacdo para cada caso para que 0 sucesso do tratamento ocorra com menor
morbidade ao paciente e com menor chance de complicacdes pds operatdrias para o
mesmo.

Na atualidade € indiscutivel a busca de uma odontologia baseada em
evidencias. Dessa maneira com esse trabalho podera ser observado e comparado
diferentes técnicas cirargicas para a fixacdo de fraturas desfavoraveis de angulo de
mandibula com a possibilidade de ampliar o conhecimento sobre o assunto ou até
mesmo direcionar a utilizacdo de técnicas de maneira mais especifica ou em casos
clinicos mais objetivos.

Contudo, a avaliagdo de diferentes tipos de fixacdo de fraturas de angulo de
mandibula com utilizacdo de placas locking e ndo locking em diferentes padrdes de
fixacdo sob a analise estrutural, tridimensional e biomecanica ainda ndo ocorre na
literatura mundial. Ainda ndo ha consenso de qual tipo de fixacdo interna estavel &
mais eficaz em analises biomecanicas e também ainda ndo € senso comum para
quais tipos especificos de placas e sistemas de fixacdo apresentam superioridade se

comparados entre eles.
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2. OBJETIVO GERAL

e Verificar a resisténcia ao deslocamento e a tensdo em diferentes métodos de
fixacdo utilizados em osteossintese de fraturas desfavoraveis de angulo de

mandibula.

2.1 Objetivo Especifico

e Comparar a resisténcia ao deslocamento e o padréo de resisténcia a tensao

entre os sistemas de fixacdo convencional e locking.
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3. MATERIAL E METODO
3.1. Construgao do modelo tridimensional

Para realizar a simulacao através dos métodos de elementos finitos foi obtido
um sélido tridimensional a partir de imagens tomograficas de uma mandibula de um
adulto jovem, do sexo masculino, realizada no Labim — Laboratério de Ensino e
Pesquisa ( UFPR — BRASIL).

Os arquivos contendo as imagens tridimensionais das placas e parafusos de
titAnio foram fornecidas pela empresa NEORTHO Ltda, Curitiba, Brasil. Foram
utilizadas as seguintes imagens: placa reta de 4 furos convencional de 2.0 mm,
placa reta de 4 furos locking de 2.0 mm, placa reta de 6 furos locking 2,4 mm,
parafuso convencional de 6mm, parafuso 2.0mm locking de 6mm e parafuso
convencional de 15 mm.

Apo6s a obtencdo do modelo tridimensional, os arquivos foram reduzidos a
estrutura de milhares de triangulos, e exportados para o programa Solidworks 2012
(Dassault Systemes, Solidworks Corps, USA), com a finalidade de remover
interferéncias entre os triangulos citados acima e tornar o mesmo compativel com a
leitura do arquivo no programa Ansys Workbench 14.0 (NASDAQ: ANSS) utilizado

na simulacao.

3.2 Simulacdo de movimento com diferentes métodos de fixacdo

Uma fratura desfavoravel de angulo de mandibula foi simulada no programa
Ansys Workbench 14.0. A partir deste modelo com a presenca da fratura 5
diferentes tipos de fixagBes foram simuladas: grupo 1, a técnica Champy com uma
miniplaca  de 4-furos, sistema 2.0; grupo 2, técnica com dois miniplacas
convencionais de 4 furos paralelos, sistema 2.0; grupo 3, técnica duas placas
locking paralelas de 4 furos, sistema 2.0; grupo 4, a técnica com uma placa
reconstrucdo de 6 furos, sistema 2.4; grupo 5, técnica com uma miniplacas de 4
furos, sistema 2.0 no corpo da mandibula + uma placa de reconstrucdo de 6 furos,
sistema 2.4.

Figura 1. Modelo 3 D de mandibula com fratura desfavoravel em regiao de angulo.
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Figura 2. Cinco diferentes métodos de fixacdo da fratura mandibular.
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3.3 Aplicacgéo de forca

As estruturas foram divididas em o0sso trabecular e osso cortical, sendo
consideradas com um comportamento isotropico, homogéneo e linear elastico.
Foram aplicadas forcas na regido de insercdo dos musculos temporal (margem
lateral do processo corondide da mandibula) de 235N, pterigbide medial
(tuberosidade pterigdidea) de 145N e masseter (face lateral do ramo da mandibula)
de 151N, envolvidos no levantamento da mandibula no ato mastigatorio. Estas
forgas foram aplicadas segundo o estudo de Choi e colaboradores no ano de 2005.
O anteparo foi aplicado nos contatos oclusais de todos os dentes, reproduzindo

melhor as forcas mastigatoérias (Fig. 3).

0,00 40,00 80,00 (mm)
I 40O 490000

20,00 60,00

Figura 3. Simulagdo com a aplicacdo das forcas referentes aos musculos da

mastigacao.
3.4 Mensuracgéo daresisténcia ao deslocamento e a tenséo.

Posteriormente a simulacdo foram avaliados cada tipo de fixacdo com relacédo
ao stress sofrido na placa em mega pascal e o deslocamento do material de sintese
em milimetros. Para a avaliacdo dos parafusos foi verificado o stress sobre o préprio
parafuso isoladamente, utilizando os valores maximos e minimos encontrados
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Foram determinados valores minimo e maximo de resisténcia a tensdo e
estabilidade. A resisténcia ao deslocamento foi verificada através da comparacéo da
posicdo prévia nos pontos com maior € menor deslocamento. Portanto quanto maior
o valor maximo e maior o valor minimo, maior o deslocamento e menor a
estabilidade. Quanto maior o valor de deslocamento menor a estabilidade. Para
avaliacdo de propagacao de forcas ao tecido ésseo foi avaliada a regido de contato
do material de sintese com 0 0sso e observando os pontos de maior e menor tensao

mensurados em mega pascal.

3.4 Escolha de técnicas e placas utilizadas.

As técnicas utilizadas no estudo foram escolhidas por serem as mais descritas
e discutidas na literatura, ja em relacdo a definicdo das placas e parafusos se deu
pelos mesmos motivos, além de serem as que possuiam dados técnicos e cientificos
que possibilitaram replicar a sua acdo no modelo tridimensional e foram
disponibilizadas pela empresa NEORTHO Ltda, CURITIBA, BRASIL.

3.4 Propriedades Mecanicas dos materiais

Material Médulo de Yang
Esmalte 4,1 x 100000 mpa
Dentina 1,3 x 100000 mpa
Osso Cortical 1,37 x 100000 mpa
Osso Esponjoso 1,37 x 10000 mpa
Titénio 110 x 10000 mpa

Tabela 1. Propriedades Mecéanicas dos Materiais (Choi e colaboradores, 2005)
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4. RESULTADOS

Os resultados de todas as analises sao apresentados pelas tabelas 2 e 3.

Em andlise da simulagdo do grupo da técnica de Champy a resisténcia a
tensdo em miniplacas e parafusos foram uma das as maiores de entre 0S grupos € o
item deslocamento ficou intermediario entre todos eles. Com relacdo a propagacao
de tensdo ao 0sso esta técnica mostrou que existe significativa quantidade de
propagacéao de forca em 0sso se comparada as outras técnicas.

Se analisados os dados separadamente é possivel observar que o grupo 3, o
qual utiliza placas locking paralelas, apresenta menos resisténcia a tensdao em
placas e parafusos em comparacdo com a técnica que utiliza placas convencionais
para fixacao (grupo 2). Porém, nas placas convencionais a resisténcia a tensao foi
mais homogénea se comparada ao grupo de placas locking, no caso com a
resisténcia sendo distribuida de maneira semelhante por todo o material de sintese.

Observa-se que o grupo 3 o qual usa duas placas locking paralelas apresenta
melhor resultado em relacdo a nado propagacdo de tensdo ao 0sso, se comparado
com o grupo 2 técnica que tem a mesma configuracdo espacial, mas com diferentes
tipos de placas.

Pode ser visto que a técnica de grupo 4, a que utiliza uma placa de
reconstrucao isolada, o item deslocamento apresenta o menor valor se comparado
com 0s outros grupos, porém foi um dos grupos que apresentou valores mais
elevados de propagacédo de tensdo para 0 0SsO.

Pode ser visto que o grupo 5 apresentou 0s menores valores de propagacao

forcas de tensdo de em tecido 6sseo se comparado aos outros grupos.

Tipo de fixacdo Tens&o em Deslocamento Tensdo em Parafusos (MPA)
Miniplcas (MPA) (mm) Min./Max.
Min./Max.

1. Técnica de Champy 3,509/6.247 19.695 0,0032/21.422

2. 2 4F Miniplaca Conv. 0,227/37.037 24.963 0/32.310

3. 2 4F Miniplaca Lock. 0,011/22.512 21.229 0,0014/9.143

4. 6F Lock Placa Rec. 0,215/2.371,2 9.8738 0,05/2.904

5. 6F Lock Miniplaca Rec + 0,325/2.173,8 10.988 0,117/3.263

1 4F Miniplaca Conv

Tabela 2. Tabela apresentando dados relacionados a tensdo em miniplacas, deslocamento e tenséo
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em parafusos. grupo 1, a técnica de Champy; grupo 2, duas miniplacas convencionais de 4 furos
paralelos; grupo 3, duas placas locking paralelas de 4 furos; grupo 4, a técnica com uma placa
reconstrucdo de 6 furos; grupo 5, técnica com uma miniplacas de 4 furos+ uma placa de reconstrucao

de 6 furos. F= furos , Rec= reconstrugéo, Lock= locking, Conv= convencional, MPA = mili pascal

Tipo de fixacéo Tensdo em Osso
Min./Max.
1. Técnica de Champy 0,02/5.6
2. 2 4F Miniplaca Conv. 0,0064/4,25
3. 2 4F Miniplaca Lock. 0,02/2.9
4. 6F Lock Placa Rec. 0,029/5.8
5. 6F Lock Miniplaca Rec + 0,029/1.5

1 4F Miniplaca Conv

Tabela 3. Tabela apresentando dados relacionados a tensdo osso. F= furos,

Rec= reconstruc¢éo, Lock= locking, Conv= convencional
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5. Evaluation of different stable internal fixation in unfavorable mandible

fractures under finite element analysis
Abstract

The mandibular angle fracture is the most common fracture between this type of
injury in jaw bone and also is the type of fracture treatment that presents a larger
number of complications and a series different osteosynthesis types have been
studied over the years by the world literature. The finite element method is a form of
mathematical analysis, which is based on dividing a structure into a finite number of
small areas. It has the ability to mathematically model structures, making it possible
to apply forces anywhere. For this study a three-dimensional mandible with an
unfavorable angle fracture was simulated. Five different types of fixations were
evaluated: group 1, Champy technique with one 4-holes miniplate, 2.0 system; group
2, technique with two parallel 4-holes conventional miniplates, 2.0 system; group 3,
technique with two parallel 4-holes locking miniplates, 2.0 system; group 4, technique
with one reconstruction 6-holes plate, 2.4 system in base jaw; group 5, technique
with one reconstruction 6-holes plates, 2.4 system in jaw body + one parallel 4-
holes conventional miniplate, 2.0 system. The results showed that strains are better
distributed through the locking miniplate and screws system and presented less
stress concentration when compared with the conventional ones. The Champey
technigue had more tension in plates and screws and more bone propagation tension
if compared to the others techniques. One reconstruction plate doesn’t protected the
bone tissue as the technique suggests The use of the locking system shows less
stress compared to the non-locking system and the presence of a reconstruction
plate associated with a miniplate does not lead to increased stability compared with

an isolated reconstruction plate.

Key words: finite element method, angle fracture, stable internal fixation
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Introduction

Fractures of the mandibular angle are one of the most problematic in the facial
region due to the high frequency of complications after treatment. These
complications mainly involve infections and non-union of the fragments * 2. This injury
is the most common in mandible fractures, which account for 23-97% of all facial
fractures. Common causes of mandible fracture include physical assault, sports

activities, motor vehicle accidents, industrial accidents, warfare, and falls #,

The angle of the mandible commonly associated with fractures because the
presence of third molars; a thinner cross-sectional area than the tooth-bearing region;

and biomechanically the angle can be considered a "lever" area °.

Some studies has showed that the region of the mandibular angle is thinner
than both the bone of the body region located more anteriorly, and the bone of the
ramus located more posteriorly. Thus, a given force applied to the lateral aspect of
the mandible might be expected to fracture at the region with the smallest cross-
sectional area the angle of the mandible. Combine this with the fact that the angle of
the mandible is where there is an abrupt change in shape from horizontal to vertical
rami, which would imply that this region might be subjected to more complex forces
than a more linear geometric shape, and one can begin to understand why fractures

occur in this location > .

Over the years, various methods of treatment for fractures of the angle of the
mandible have been studied at the word literature, various with large acceptance for
the surgical professionals and some that lead a bigger discussion about their
efficacy. These techniques have ranged from closed reduction with
maxillomandibular fixation (MMF), to open reduction with wire osteosynthesis, to

open reduction with either rigid internal fixation or adaptive miniplate fixation * "8,

The complex mechanical problem of identifying the response to loading of
mandible can be investigated by means of finite element analysis (FEA). Finite
element analysis (FEA) is a computational technique originally developed by
engineers to model the mechanical behavior of structures such as buildings, aircraft,
and engine parts and is also applicable to dentistry. When a structure is loaded, its

response can be described in terms of stress and strains within the structure. In a
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simple geometric structure created from homogeneous man-made materials, stress
and strain can be predicted with reasonable accuracy from analytical mathematical

equations > *°.

Finite element analysis (FEA) is a suitable tool to conduct comparative stress
analyses in the field of maxillofacial surgery and to make inferences that will enable
more efficient designs of osteosynthesis systems. It can provide insight to the
complex mechanical behavior of natural and restored craniofacial structures affected
by three-dimensional stress fields, which are still very difficult to assess otherwise as
such as sinuses and their reconstructions, alveolar bone and dental implants, teeth

and restorations, and osteosynthesis system as in the study ** > 13,

Biomechanical behavior of different rigid fixation methods and the stresses
arising in the region of mandibular angular fractures has not yet been definitively
discussed in the literature. Therefore, the aim of this study is compare 5 different rigid
fixation methods of osteosynthesis in unfavorable mandibular angle fractures and

evaluate the complex mechanical behavior by means of FEA.

Material and methods

For the simulation through finite element analysis, it was obtained a
tridimensional solid from computed tomography in 1-mm-thick slices of a mandible of
a 27-year-old man who showed no craniofacial abnormalities. The mandibular mask
was manipulated to approximate a typical angular fracture with proximal and distal
parts fully separated. (Figure 1)

The 3-dimensional geometry of the mandible, miniplates, and screws was
created with Rhinoceros 4.0 (McNeel-North America, Seattle, WA). The geometry
data were imported into Ansys Workbench 14.5 (Ansys, Inc, Canonsburg, PA) for
preprocessing before FEA.

The files containing the tridimensional images of titanium miniplates and
screws were provided by the NEORTHO enterprises and five types of osteosynthesis
ware used. (Figure II)

Type 1. Champy technique with one 4-holes conventional miniplate, 2.0

system
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Type 2. Technique with two parallel 4-holes conventional miniplates, 2.0
system

Type 3. Technique with two parallel 4-holes locking, 2.0 system

Type 4. Technique with one reconstruction 6-holes plate, system 2.4 in base
jaw.

Type 5. Technique with one parallel 4-holes conventional miniplates, 2.0
system + one reconstruction 6-holes plate, system in jaw bases.

For the FEA analysis, the models were considered homogeneous, isotropic,
and linear elastic: homogeneous due to the same mechanical properties in all their
points; isotropic, because in all points the mechanical properties do not change with
direction; and linear elastic because they return to the original shape when tensions
are removed.The structures were divided into: trabecular bone and cortical bone,
being considered with a homogeneous, isotropic and linear elastic behavior. Forces
applied in the region of the insertion of the temporal muscle (lateral margin of the
coronoid process of the mandible) of 235N, medial pterygoid muscle (pterygoid
tuberosity) of 145N and the masseter muscle (lateral side of the mandible) of 151N,
which are involved in the lifting of the mandible during the masticatory act °. The
bulkhead was applied on the occlusal surfaces of the teeth. (Figure III)

After this simulation the stress of the plates were evaluated in mega pascal
and the displacement resistance was verified in millimeters. The dislodgment
resistance was checked at the proximal segment once the distal segment was stable
because the screen at the oclusal tooth, it was measured the region with the lower
displacement and the region with the higher displacement. So longer as higher was
the values, the greater was the stress and displacement of the miniplates. The
screws were evaluated in separately, and it was just evaluated the stress once to
verify the displacement to many vectors will be present. At the tension simulations
the green colors demonstrate a less stress and the red colors are related with higher
tension values * 1.

The techniques related to the number and the authors choice types of plates.
Just as the choice of unfavourable angle fracture in jaw because they suffer greater

muscle strength and have the largest and most relevant discussions in the literature.
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Resultes

Output measures from all analyses are shown below in Table 1 and 2.

In the simulation analysis the Champy technique it was the group that had
highest values of mini plates and screws tension and the item displacement was
intermediate between all. In relation to the spread of stress to the bone tissue this
technique showed that there is a great amount of stress in bone compared to other
techniques.

If analyzed the data separately it is possible to observe that systems with
locking plates have less strain and stress on the plates and screws compared to the
techniques which conventional plates are used (in the conventional plates the tension
in plates and screws were more homogeneous if compared to the other group).

It is observed that the group 3 that has two parallel locking plates performed
better role in relation to non-tension propagation to the bone if compared to group 2
technique that has the same spatial configuration but with different types of plates.

It was observed that the technique of group 4, technique that uses an isolated
reconstruction plate, the displacement showed lower if compared to the other groups,
but is the group with one of the highest values of stress spread to the bone.

It can be seen that the group 5 showed the lowest propagation tension forces

to the bone tissue compared to the other groups.

Discussion

The primary goals for the treatment of mandibular fractures are the restoration
of occlusion and healing of the fracture. The use of fixation applied trans orally to
meet these goals in the management of mandibular angle fractures is not new *°.
When the decision is made to treat these fractures with internal fixation, discussion
may arise over the type and number of plate(s) to use and the configuration of plates
to provide the fixation > " 8. Various biomechanical and epidemiological studies have
been conducted for evaluating different fixation systems following mandibular fracture
" but no consensus exists in which technique is better and the gold standard to be
followed. Probably because exist an enormous numbers of plates configuration and
more those configurations are arising every day, and also the opinion and experience

of the surgeon are always taken into account in deciding which technique will be
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used.

Choi et al proposed that the intraoral approach was more efficient than using a
trans facial approach because the surgery was shorter with less chance of facial
nerve damage, less expensive because of less hardware, and allowed the patient to
return to normal function sooner- describing the Champy technique 2. Another study
indicate that the use of 1 miniplate on the lateral cortex placed with trans buccal
instrumentation decreased the risk of postoperative complications by 110%
compared with using transorally placed miniplates along the external oblique ridge *°.
Study points that with MAFs who were treated with a trans orally placed miniplate
along the external obligue ridge were 2.10 times more likely to develop a
postoperative complication than were patients with MAFs treated by a miniplate on
the superior aspect of the lateral cortex placed with trans buccal instrumentation™®.

In this work it was possible to observe that the Champy technique showed the
greatest tension on the plate and screws and also further spread of tension and
forces to the bone. Fact that brings discussion related to the use of the technique
since even presenting clinical features with great success rates their performance in
the simulation was the worst compared to other groups. But the decision to use a
surgical technique should not be taken only through an isolated data and this
analysis does not dismiss or makes a contraindication of using this technique, which
logically it could be expected more tension in the synthesis material by the position of
the plate and description of the Champy technique. (Figure 1V)

The major discussion and the largest quantity of studies about this subject are
a comparative observation between locking systems against conventional plates. It is
possible to observe clinical studies that there were no significant differences in the
post-operative complications between the conventional and the locking plate/screw
mandibular systems. Locking plate/screw system was more rigid than conventional
plate/screw system, thereby reducing the need and duration of intermaxillary fixation
2 Prospective randomized studies have been done about this types of miniplates
and studies concluded that locking miniplates give the advantage of greater stability
and early restoration of function with almost similar results as seen in non-locking
miniplate osteosynthesis **. The author also found that less precision was required in
plate adaptation. Suggesting that complication rates are more likely to be related to
bone quality and surgical technique rather than to the fixation system 2. And a meta-
analysis that confirms that mandible fractures treated with 2.0-mm locking miniplates
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and 2.0-mm non-locking miniplates present similar short term complication rates,
corroborating the previous mentioned study. In addition, the low postoperative MMF
rate of using 2.0-mm locking miniplates also indicates that the 2.0-mm locking
miniplate is a prospective fixation system in the treatment of maxillofacial fractures 2.

In this study it was possible to observe that the locking plates positioned in
parallel showed greater stability and stress distributed on the plate and screws with
little force propagating to the bone compared to the group of conventional plates with
the same spatial arrangement. In this way can be evaluate in a biomechanical test
what is observed in clinical practice, in relation to superior stability of this type of
system compared to the conventional system. (Figure V)

The use of reconstruction plates in mandibular fractures without major loss of
continuity or without major bone comminuted injuries are not widely used, but are
plates systems which the surgeon can used to at the time of reduction and fixation of
mandibular segments in simple mandibular angle fracture. Some authors have
classified this technique as the technique of the A O (Arbeitsgemeinschaft fur
Osteosynthesefragen) * which represents the fourth group in this study and modified
AO technique with use of 2 plates representing the group five of the methodology.
According to (AO)/Association for the Study of Internal Fixation principles, the main
objective of open reduction and internal fixation in the management of mandibular
fractures is to achieve undisturbed healing and immediate restoration of form and
function without the adjunctive use of MMF %,

Some studies show that the use of this type of fixation system in angle
fractures is very satisfactory with low number of post-operatory complications .
Other authors indicate this technique when there is a great loss of bone, when the
first technique used failure (with other systems of fixation) or when there is tooth
missing in the trauma, because the technique provides more stability if compare with
the more slender systems and can provide high rate of success 2* 2 %,

It was observed that the stability of the two plates is not added or is higher
compared to the group with only one reconstruction plate. It is noted that the
behavior of the variables studied (tension in plate, tension in screws and
displacement) are similar between the two groups, but with a discreet and increased
stress in the group with two plates. In analysis of the tension transmitted to the bone,
the configuration which has two plates (one reconstruction plate and conventional

plate system 2.0) showed the lowest stress in bone compared with the group with
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only one reconstruction plate and also with the other groups of the study. One
possible explanation of the fact that occurred greater, discreet but slightly
accentuated, tension in plates and screws on group 5 is that this technique has a
protection in the bone tissue, transmitting less stress to the region. A favorable
argument for this group related to tension in bone structure but unfavorable about the
fixation system itself since there is greater chance of fracture or dislocation of the
synthesis material. Since there is no clear and widespread data about how much
tension the fixation system supports or how much strain the bone can suffer for no
post operative problems the related discussion about the choice between the two
techniques should be clinically or even by logistic and financial analysis from cost of
using larger amount of this material, but more important that all is the correct
indication of the these technique that may be used in greater fractures with more
bone injury that needs more stability. (Figure VI)

Comparing studies on finite elements in the area of traumatology and
maxillofacial surgery are difficult and can often bring comparative counterfeit
interpretations since each study is done in a way and developed by a researcher.
There are numerous factors that can affect the comparison of data between different
studies such as: the geometry of the plate may vary from company to company that
supply this material, forces used which may vary at the time of simulation and at the
time the methodology of choice, operator's computer systems which make the
calculations are not the same and there is no calibration for this bias be reduced,
different software which can lead to discrete but not measurable comparisons and
even the limitation of the type of study which is strictly mathematical without
capability of a logic analysis at the time of simulation. Therefore way the authors
restrict this study to compare the data obtained with the clinical and epidemiological
papers in synthesis material in the jaw angle fracture, it is what seems to be a data
more faithful and more relevant to the scientific community.

Analyzing the concepts of Load-Sharing and Load-Bearing it would be
expected that the techniqgue number 4 would have a lower quantity of the propagation
of tension in bone if compared to other techniques. Because to the concept the plate
should support the jaw function because of the bone not have this capability
momentarily. The authors believe to be one of the most important data found in this
study, because even using a thicker plate has not reached the lower propagation of

stress to the bone as would be expected.
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It is possible to conclude that the Champy technique was the one that shows
more tension in plate and screws and also bring more stresses to the bone tissue.
The use of locking system has less stress compared to the conventional plate
system. The presence of a reconstruction plate associated with a conventional
miniplate does not lead to increased stability when compared with an isolated
reconstruction plate. And, the more surprisingly data founded in this study that the
use of one reconstruction plate doesn’t protected the bone tissue as the technique
suggests, in this type of analyses The finite element analysis in a large and varied
group of study confines itself to clinical researches comparison and the data found in
the work is unique and not replicable with easily.
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Tables
Type fixation Miniplate Displacement Screws Tension (MPA)
tension (MPA) (mm) Min./Max.
Min./Max.

1. Champy technique 3,509/6.247 19.695 0,0032/21.422

2.2 4H Conv. Miniplate 0,227/37.037 24.963 0/32.310

3. 2 4H Lock. Miniplate 0,011/22.512 21.229 0,0014/9.143

4. 6H Lock Rec. Miniplate 0,215/2.371,2 9.8738 0,05/2.904

5. 6h lock Rec Miniplate + 0,325/2.173,8 10.988 0,117/3.263

14h Conv Miniplate

Table 1. Table showing all groups with mini plate tension , displacement an screws tension values.
Champy technique with one 4-holes miniplate, 2.0 system; group 2, technique with two parallel 4-holes
conventional miniplates, 2.0 system; group 3, technique with two parallel 4-holes locking miniplates,
2.0 system; group 4, technique with one reconstruction 6-holes plate, 2.4 system in base jaw; group 5,
technique with one reconstruction 6-holes plates, 2.4 system in jaw body + one parallel 4- holes
conventional miniplate, 2.0 system. H: holes, Conv= conventional, Lock: locking, Rec: reconstruction.

Type fixation Bone tension

Min./Max.
1. Champy technique 0,02/5.6
2. 2 4H Conv. Miniplate 0,0064/4,25
3. 2 4H Lock. Miniplate 0,02/2.9
4. 6H Lock Rec. Miniplate 0,029/5.8
5. 6h lock Rec Miniplate + 0,029/1.5

14h Conv Miniplate

Table 2. Table showing the bone tension values in all 5 grupos. Champy technique with one 4-holes
miniplate, 2.0 system; group 2, technique with two parallel 4-holes conventional miniplates, 2.0
system; group 3, technique with two parallel 4-holes locking miniplates, 2.0 system; group 4, technique
with one reconstruction 6-holes plate, 2.4 system in base jaw; group 5, technique with
one reconstruction 6-holes plates, 2.4 system in jaw body + one parallel 4- holes conventional
miniplate, 2.0 system. H: holes, Conv= conventional, Lock: locking, Rec: reconstruction
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Figure Legends.

Figure 1. 3D model of a jaw with unfavorable angle fracture.
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Figure Ill. Simulation with the application of the forces related to the mastication
muscles.
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Figure IV. Figure showing bone tension in the Champy technique. It is possible to

observe great quantity of tension around the screws ‘s perforations.
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Figure V. Comparative image of the groups 2 and 3. There is greater tension on the

plates and screws in the group with conventional plates if compared to the group with

locking plates.
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Figure VI. Comparative image of the groups 4 and 5. It is possible to see a similar

patter of two types of fixation.
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6. CONCLUSAO
Tendo esse modelo como aproximado, os dados levam a seguinte concluséo:

1. A técnica de Champy é a que apresenta um dos maiores valores resisténcia a
tensdo em placa e parafusos e, também, um dos maiores valores de propagacao de
tensdo para o tecido 6sseo.

2. A utilizacdo do sistema locking apresenta menor resisténcia a tensdo se

comparados ao sistema néo locking

3. A presenca de uma placa de reconstrucdo associada a uma miniplaca nao leva a
maior estabilidade se comparada com uma placa de reconstrucéo isolada.

4. Uma placa de reconstrucdo isolada néo foi capaz de suportar a tensao sem

propagacéo ao tecido 0sso como a técnica sugere.

5. A andlise de elementos finitos em um grupo de estudo especifico se limita a
comparacao do achado com as das pesquisas clinicas e epidemioldgicas sobre o
assunto sendo que os dados encontrados no trabalhos s@o Unicos e nao replicaveis

de maneira idénticas com facilidade.
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